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Prostacyclin, Throm boplastin, and Anti heparin Activities of the Rat Aorta (41 078) 
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Abstract. We detected three “hemostasis-relevant” activities in an isotonic Tris-saline 
buffer in which fragments of normal rat aorta had been incubated for 10 min. One activity 
inhibited adenosine diphosphate-induced platelet aggregation, the other promoted clotting of 
citrated plasma and caused aggregation of platelets in heparinized piatelet-rich plasma, and 
the third suppressed the inhibitory effect of heparin on thrombin. These activities are repre- 
sented by prostacyclin, thromboplastin, and an antiheparin of unknown nature. The platelet 
aggregation inhibiting activity in aorta-incubated buffer (AIB) disappeared upon storage or 
at high temperature, and was not present in AIB of aortas of aspirin-treated rats. Platelet 
aggregation of heparinized samples was inhibited by hirudin, citrate, high concentrations of 
heparin, and synthetic prostacyclin. The previously undescribed antiheparin activity ap- 
pears to be distinct from both prostacyclin and thromboplastin. 

Moncada et al. (1) demonstrated vessel 
wall release of prostacyclin (PGI,) with a 
technique involving incubation of vessel 
segments in a buffer, and then testing the 
ability of the buffer to inhibit platelet aggre- 
gation induced by an aggregating agent. In 
analogous experiments using an isotonic 
Tris - saline buffer as the incubation fluid, 
we found two additional activities in buffer 
in which fragments of rat aorta had been 
incubated for 10 min. One is a thrombo- 
plastic activity, the other a heparin inhibito- 
ry activity. 

Materials and Methods. Male Sprague - 
Dawley rats (Charles River, Wilmington, 
Mass., 250-350 g), anesthetized with an 
intraperitoneal injection of sodium pento- 
barbital (Nembutal sodium, Abbott Lab., 
North Chicago; about 30 mg/kg), were bled 
by cardiac puncture. The blood was anti- 
coagulated with either 1/10 vol of buffered 
sodium citrate (17.64 g trisodium citrate 
and 7.88 g citric acid per liter) or sodium 
heparin (mucosal heparin, Upjohn Co., 
Kalamazoo, Mich.; 2.5 U/ml blood). Ci- 
trated and heparinized platelet-rich and 
platelet-poor plasmas (cPRP, hPRP, and 
cPPP and hPPP) were prepared as pre- 
viously described (2). Platelets in PRP 
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were counted with a phase-contrast mi- 
croscope. Washed platelet suspensions 
(WPS) were prepared according to Rossi 
(3). PRP and WPS were used in platelet 
aggregation experiments, citrated PPP was 
using in clotting tests. 

While PRP and PPP were being prepared, 
laparotomy was performed and the ab- 
dominal aorta and inferior vena cava were 
severed to drain off remaining blood. The 
chest wall was then opened and the entire 
length of the descending thoracic aorta was 
removed. The lumen of the aorta was rinsed 
with isotonic saline and the surrounding 
connective tissue of the aorta was peeled 
off. The aorta was slit open and cut into 1 x 
4-mm strips. Ten strips weighing 15-20 mg 
(wet wt) were placed in each milliliter of 
Tris (0.06 M)-saline (0.09 M) buffer (pH 
7.5) at 24“ for 10 min. The aortic fragments 
were removed and the buffer was tested 
either immediately, or after being left at 
room temperature for an hour or in a boiling 
waterbath for 15 sec to 30 min. Preliminary 
experiments showed absence of PGI, ac- 
tivity in all boiled samples of aorta- 
incubated buffer (AIB), but thromboplastic 
activity was highest in samples boiled for 3 
or 5 min. Therefore, the 3-min boiled AIB 
was used in the experiments. In addition to 
aorta specimens prepared from normal rats, 
similar samples were prepared from two 
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rats that had been given 80 mg of acetyl- 
salicyclic acid (ASA, Sigma Co., St. Louis, 
Mo.) 2 hr prior to sacrifice. The ASA was 
suspended in water and administered via a 
gastric tube while the animal was anes- 
thetized with ether. 

Demonstration of PGI, activity. PGIz ac- 
tivity in the buffer was determined by a 
modification (4) of the method of Moncada 
et al. (1) .  Usually 5 and 0.5 p M  of ADP 
(Sigma Co., dissolved in saline) were used 
to induce threshold platelet aggregation in 
citrated PRP (cPRP) and heparinized PRP 
(hPRP), respectively. 

Demonstration of thromboplastic activ- 
ity. Thromboplastic activity in the AIB was 
demonstrated by two methods. (A) Clotting 
of cPPP. cPPP, 0.1 ml, was mixed with 0.1 
ml of plain Tris - saline buffer or AIB. After 
3 min at 37", 0.1 ml of calcium chloride 
(0.025 M ,  prewarmed to 37") was added and 
the clotting time was determined by fi- 
brometers (BioQuest Biological Lab., Cock- 
eysville, Md.) in duplicate. (B) Aggrega- 
tion of platelets in hPRP. 0.05 ml of buffer 
or AIB was delivered to 0.35 ml of hPRP in 
a cuvette. The mixture was stirred in a 
Chronolog platelet aggregometer for up to 6 
min. In some experiments, 0.33 ml of hPRP 
was mixed with 0.02 ml of synthetic PGI, 
(kindly provided by Dr. John Pike of Up- 
john Co., final conc. 0.1-0.5 ng/ml reaction 
mixture), ASA (f.c. 0.3 mM), heparin (f.c. 
10 U/ml), buffered sodium citrate (0.1 M ) ,  
or hirudin (Grade IV, Sigma Co., f.c. 10 and 
20 U/ml) prior to the addition of AIB. In 
o ther  experiments ,  0.05 ml of bovine 
thrombin (Dade Corp., Miami; f.c. 0.25- 
12.5 U/ml) or a commercial tissue throm- 
boplastin (Simplastin Automated, Gen- 
eral Diagnostics, Morris Plains, NJ) was 
added to 0.35 ml of hPRP. The commercial 
thromboplastin was extracted from rabbit 
brain and lungs and contained CaCl,. Each 
vial of the preparation was reconstituted as 
recommended by the manufacturer and fur- 
ther diluted 1:4 with saline. 

Release of [ 1 4 C ] ~ e r ~ t o n i n  (Amersham- 
Searle Co., Arlington Ht., Ill.) and forma- 
tion of malondialdehyde (MDA) by hPRP 
exposed to AIB were determined with the 
method of Jerushalmy and Zucker (3, and 

Smith et al. (6), respectively. Serotonin re- 
lease and MDA formation were also mea- 
sured using collagen and arachidonic acid 
(AA, Nu-chek, Elysian, Minn.; f.c. 0.25 
mM) as the stimuli. 

Demonstration of antiheparin activity. 
Antiheparin activity of AIB was demon- 
strated by the use of a thrombin-sensitive 
synthetic substrate (H-D-phenylalanine - 
proline - arginine-5-amidoisopht halic acid, 
dimethyl ester, diacetate, or Phen-Pro- 
Arg-AIE; Dade Corp.). In the presence of 
heparin and antithrombin I11 (At-III), the 
amidolytic activity of thrombin will be 
inhibited. When the amidolytic activity 
of a known thrombin is established, the 
system can be employed to  determine 
heparin (7) or At-I11 (8) activity by vary- 
ing the concentration of these two com- 
ponents. We modified the method to as- 
say antiheparin activity in AIB and in a 
commercial thromboplastin. Mucosal hepa- 
rin (Upjohn) was diluted to 4.0 U/ml with 
saline and further diluted 10-fold with 
buffer, AIB, or a commercial thromboplas- 
tin. Since preliminary studies indicated that 
the antiheparin activity was better demon- 
strated in a stronger AIB than the one used 
in preceding experiments, we prepared AIB 
with 20 rather than 10 aortic fragments per 
milliliter. Five microliters of each heparin 
dilution was mixed with 200 pl  human ci- 
trated plasma diluted 1:40 with a glycine 
buffer (Dade Corp., described in Ref. (7)) 
and warmed to 37". Human plasma was the 
source of At-111. Then 50 pl  of thrombin 
(1.0 U/ml) was added to the mixture. After 
a 1-min incubation, 2 ml of the synthetic 
substrate (0.14 mg/ml, prewarmed to 37") 
was added. Uninhibited thrombin activity, 
expressed as percentage of original activity 
which was set a t  loo%, was determined 
with the "Protopath" (Dade Corp.) by ki- 
netic measurement of release of the 
fluorophore AIE (excitation at  335 nm, 
emission at 430 nm). The presence of an- 
tiheparin in the test solution increases re- 
sidual thrombin activity. AIB and commer- 
cial thromboplastin did not hydrolyze the 
synthetic substrate in the presence or ab- 
sence of diluted human plasma, or inhibit 
At-111 (8). No fibrin strands formed in a 
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mixture of thromboplastin and diluted 
human plasma after a 5-min incubation at 
37", nor did the mixture clot plasminogen- 
free bovine fibrinogen (97% clottable pro- 
tein, Miles Lab., Elkhart, Ind.; 400 mg/dl; 
1 : 1 mixture). 

Results. Freshly prepared AIB was clear 
without macroscopically evident debris. It 
turned cloudy after being placed in a boiling 
waterbath for as little as 30 sec. The degree 
of cloudiness, judged by the naked eye, did 
not increase after 1-min boiling. Demon- 
stration of PGIz, thromboplastic, and an- 
tiheparin activities in AIB are described. 

PGI, activity. AIB of normal rats com- 
pletely inhibited ADP-induced platelet 
aggregation of cPRP and hPRP (Fig. 1). 
AIB left at room temperature for an hour, 
subjected to boiling, or  obtained from aor- 
tas of ASA-treated rats had no inhibitory 
effect on platelet aggregation. 

Thromboplastic activity. 
(A) The recalcification time of rat cPPP, 

diluted 1 : 1 with Tris - saline buffer was 85.6 
2 13.3 sec (mean 2 1 SD; n = 12). When 
the buffer was replaced by AIB or heated 
AIB, the clotting time was shortened to 
27.2 2 2.9 sec and 24.5 5 1.8 sec, respec- 
tively. The difference between the latter 
two values was not statistically significant. 

(B) Freshly prepared AIB (50 pl) or AIB 
that had been left at room temperature for 
an hour did not cause any discernible 
change in PRP (350 pl) in the aggregometer. 
However, heated AIB samples from 28 
normal and 2 ASA-treated rats induced 
aggregation of platelets in hPRP of normal 
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FIG. 1 .  Complete inhibition of ADP-induced aggre- 
gation of rat cPRP and hPRP by aorta-incubated buffer 
(AIB). AIB left at room temperature for an hour or 
placed in boiling waterbath for 3 min did not show this 
inhibitory activity. Neither did AIB of ASA-treated 
rats. 

and ASA-treated animals. The ASA was 
effective since platelets in hPRP of ASA- 
treated rats did not respond to a concentra- 
tion of collagen that caused marked aggre- 
gation of platelets in hPRP of normal rats. 
None of the heated samples induced aggre- 
gation of platelets in cPRP or in an artificial 
medium. Representative hPRP responses to 
fresh and serially diluted heated AIB are 
shown in Fig. 2. Buffer alone, or buffer (0.5 
ml) containing hPPP (0.02 ml), did not 
cause aggregation in hPRP after heating. 
The latter turned very cloudly after boiling. 

The lag period between the addition of 
heated AIB and aggregation of platelets in 
hPRP was long (2.4 2 0.8 min). It was 
lengthened by synthetic PGI, or  hirudin 
(Figs. 3A and B). ASA only slightly pro- 
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FIG. 2. Representative light transmission tracings of rat hPRP (350 pl) exposed to fresh and heated 
AIB (50 pl undiluted and 1:2, 1:4, and 1:8 diluted) in platelet aggregometer. Recalcification time of 
cPPP in the presence of these samples is stated in the parentheses. 
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FIG. 3. Dose-dependent inhibition of AIB (heatedhinduced aggregation of rat hPRP by synthetic 
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FIG. 3. Dose-dependent inhibition of AIB (heatedhinduced aggregation of rat hPRP by synthetic 

PGI, (A) and hirudin (B). 

longed the lag period (<30 sec); the same 
concentration of ASA completely sup- 
pressed arachidonic acid-induced aggrega- 
tion. Heated AIB-induced aggregation was 
not observed in hPRP samples containing 
sodium citrate or additional heparin. 

Aggregation of hPRP by heated AIB was 
accompanied by release of labeled seroto- 
nin, without significant formation of MDA 
(Table I). While release of serotonin in- 
duced by heated AIB was comparable to 
that induced by collagen, MDA formation 
stimulated by heated AIB was far less than 
by arachidonic acid or collagen. 

Commercial thromboplastin also induced 
aggregation of rat hPRP; 3-min boiling had 
only a slight effect on its ability to aggregate 
hPRP or to clot cPPP (not shown). Com- 
mercial thrombin in a final concentration of 
12.5 Ulml failed to induce aggregation of rat 

TABLE I .  [14C]SEROTONIN RELEASE A N D  MDA 
FORMATIONOF RAT hPRP EXPOSED TO HEATED 

AIB, AA, O R  COLLAGEN 

Percentage 
[ I4C] serotonin 

release nM MDA/lOY plts 

Heated AIB 46 (3)" 0.82 (8) 

Collagen 41 (3) 3.04 (3) 
AA Not determined 4.33 (3) 

The number of determinations is shown in 
parentheses. 

hPRP. Two percent of it, or 0.25 U/ml, 
caused marked aggregation of rat cPRP, 
followed by rapid clotting. 

Antiheparin activity. Heparin diluted in 
Tris-saline buffer exerted an 86% inhibi- 
tion of the amidolytic activity of thrombin. 
Heparin diluted in heated AIB or heated 
thromboplastin caused comparable inhibi- 
tion (79 and 86%, respectively). However, 
heparin diluted in unheated AIB or  un- 
heated thromboplastin caused significantly 
less inhibition (71%) than when diluted in 
Tris-saline buffer or heated samples. Con- 
sequently, residual thrombin activity was 
greater in the former than in the latter (Fig. 
4). When heparin was not included in the 
assay system, thrombin caused equal hy- 
drolysis of the substrate in samples con- 
taining unheated AIB or  thromboplastin 
and in those containing Tris - saline buffer. 

Discussion. We demonstrated three 
hemostasis-relevant activities in the Tris - 
saline buffer in which fragments of rat 
aorta were incubated for 10 min. One activ- 
ity inhibited platelet aggregation, the other 
shortened clotting time of cPPP and pro- 
moted aggregation of platelets in hPRP, and 
the third inhibited the activity of heparin. 

The finding of inhibiting platelet aggrega- 
tion activity in AIB is consistent with ob- 
servations of other investigators performing 
analogous experiments ( 1 ,  9-  12). The ac- 
tivity is considered to be PG12. This notion 
is further supported by the findings of ab- 
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FIG. 4. Percentage residual thrombin activity de- 
termined in a system containing heparin and human 
plasma (to supply AT-111). Greater residual thrombin 
activity was found in samples whose heparin was di- 
luted in fresh AIB (six determinations) or thrombo- 
plastin (five determinations) than in those whose hepa- 
rin was diluted in buffer, or heated AIB, or heated 
thromboplastin. Difference in residual thrombin activ- 
ity between unheated and heated samples is signifi- 
cant. 

sence of inhibiting activity in media pre- 
pared with aortas of ASA-treated rats, and 
by the disappearance of the activity after 
heating. Inhibition of production by ASA 
and lability at high temperatures are well- 
known properties of PGI,. 

The aortic wall is known to  contain 
thromboplastin (13 - 15). With peroxidase- 
conjugated antibodies raised against bovine 
lung thromboplastin, Zeldis et al. (16) lo- 
calized thromboplastin to the intima of 
bovine aorta. Earlier, thromboplastic ac- 
tivity was demonstrated in extracts of 
homogenized vessels. Recently, the activ- 
ity has been shown to be released from rat 
aortic tissue to autologous PRP and PPP; 
the activity appears to be affected by the 
fatty acid composition in the diet (17). 
Here, we showed the presence of throm- 

boplastic activity in a buffer which had 
been incubated with fragments of aortas of 
normal and ASA-treated rats. 

We used two methods to demonstrate 
t hromboplastic activity: promotion of 
plasma clotting and induction of platelet 
aggregation. The former is an established 
technique to detect and quantitate throm- 
boplastic activity (13- 15). The latter was 
conceived on grounds that a given concen- 
tration of heparin, sufficient to prevent 
blood from clotting, would not inhibit all 
thrombin generated from plasma by the ac- 
tion of thromboplastin. The residual throm- 
bin would induce platelet aggregation. 
Since a lower concentration of thrombin is 
required to induce platelet aggregation than 
fibrinogen - fibrin conversion, platelet 
aggregation induced by thromboplastin can 
be separated from plasma clotting. In addi- 
tion, since divalent cations in the blood are 
not chelated in heparinized samples, there 
is no need for exogenous CaCl,. The ad- 
vantages of using platelet aggregation to 
study thromboplastic activity are twofold: 
(a) it represents another method with which 
thromboplastic activity can be evaluated, 
and (b) it permits investigation of effects of 
platelet-affecting substances (e.g., PGI,, 
ASA) on the overall impact of thrombo- 
plastin on the hemostatic system. 

When freshly prepared AIB failed to in- 
duce aggregation of platelets in hPRP, we 
suspected, among other possibilities, that 
the presence of PGI, in AIB had inhibited 
platelet aggregation. We chose a quick way 
(boiling) to inactivate PGI,. Every heated 
AIB sample caused platelet aggregation. 
However, as indicated by additional work, 
the ability of heated AIB to induce platelet 
aggregation is not due merely to the de- 
struction of PGI,. Unheated AIB, left at 
room temperature for an hour and showing 
no PGI, activity, did not induce platelet 
aggregation. Furthermore, we excluded the 
possibility that the aggregation was induced 
by denatured protein particles in heated 
AIB, because heat-denatured plasma pro- 
teins in Tris-saline buffer did not cause 
platelet aggregation. It is not clear why 
heating of AIB would enable it to induce 
aggregation. There is little doubt that the 
aggregation of hPRP by heated AIB was a 
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result of generation of thrombin from 
plasma by thromboplastin released from rat 
aorta, because it was abolished or inhibited 
by sodium citrate, additional heparin, or 
hirudin, a specific inhibitor of thrombin. 
Had stronger hirudin been used (the 
amount of hirudin in the container did not 
allow us to make it stronger without altering 
the volume ratio of PRP, hirudin, and AIB), 
the aggregation might be completely inhib- 
ited. 

It is not surprising the AIB-induced 
aggregation was accompanied by release of 
labeled serotonin, and was inhibited by 
PG12. It is unexpected that the aggregation 
was hardly affected by ASA. Both the ab- 
sence of effect by ASA and the low levels of 
MDA formation appear to indicate that the 
arachidonic acid -prostaglandin pathway is 
only minimally involved in these AIB- 
induced rat platelet aggregation reactions. 
When PGI, production is inhibited while 
thromboplastic activity is not, the throm- 
bogenic potentials of the vessel wall would 
be increased. This could explain the throm- 
bogenecity of high doses of aspirin (18). 

Gomperts and Zucker (19) found a hepa- 
rin inhibitory activity in brain thrombo- 
plastin which parallels the procoagulant ac- 
tivity. Using a different technique, we also 
detected an antiheparin activity in a com- 
mercial thromboplastin as well as in AIB 
samples. Contrary to findings of Gomperts 
and Zucker, who noted the disappearance 
of both antiheparin and procoagulant ac- 
tivities in brain thromboplastin after incu- 
bation of 56" or higher temperatures, the 
procoagulant activity in our samples (AIB 
and thromboplastin) survived our heating 
treatment ( 3  min in a boiling water bath) 
whereas the antiheparin activity did not. 
The antiheparin activity appears to be dis- 
tinct from the procoagulant activity. At the 
present time, neither the nature nor the 
function of vascular antiheparin is known. 
It may very well be a positively charged 
basic protein. Since the arterial wall does 
contain heparin-like substances (e.g., pro- 
teoglycans (20-22)),  it is tempting to  
speculate that the antiheparin may play a 
role in the maintenance of the homeostasis 

of the arterial wall and in the overall func- 
tion of the wall in hemostasis and throm- 
bosis. 
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