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A haemostatic material suitable for embolization was prepared by the adsorption of 
haemostatics - ethamsylate and aminocaproic acid in the spherical particles of porous poly(2- 
hydroxyethyl methacrylate) (p(HEMA)). The degree of purification of ethamsylate-treated particles 
was tested by an analysis of donor blood in contact with the material. An evaluation of the 
haemostatic properties of these materials was obtained by the determination of the indicators of 
blood clotting: activated partial thromboplastin time, thrombin time, and prothrombin time. 
Ethamsylate or aminocaproic acid-containing p(HEMA) has a distinct haemostatic effect on 
pathological blood of patients suffering from focal alterations of the liver. These haemostatic 
emboli materials show promise for the immediate control of various haemorrhages; when 
introduced into a zone with increased haemorrhage, they may help to correct disturbed 
haemostasis. 
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Embolization of arterial vessels is increasingly used in 
surgery and clinical oncology’. It may be indicated by a 
threatening haemorrhage from a decomposing tumour, 
the necessity of creation of a ‘dry’ operative field or the 
need to reduce the release of tumour cells into the 
bloodstream during surgical intervention. In the case of 
non-resectable tumours, embolization of the supply 
vessels often slows the growth of the neoplasm, post- 
pones formation of metastases, removes painful para- 
neoplastic syndromes and provides favourable conditions 
for the subsequent radiation or drug treatment with 
palliative aims. 

Earlier, we demonstrated the prospects and justification 
of endovascular embolization in haemostasis and as a 
prophylactic measure for bleeding, using emboli made 
from poly(2-hydroxyethyl methacrylate) (p(HEMA)) 
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hydroge12-6. To achieve an immediate and efficient 
management of bleeding from a variety of origins, 
further development of new composition of the emboli, 
having increased haemostatic properties, is needed. This 
may be accomplished by immobilization or adsorption of 
biologically active compounds. 

In an earlier study we reported the preparation and 
properties of thrombin-containing p(HEMA) hydrogels5. 
The immobilization or adsorption of a coagulating enzyme 
(thrombin) to the p(HEMA) emboli strengthened their 
haemostatic properties and activated the coagulation 
system of the organism. However, the thrombin used in 
the preceding study showed several drawbacks: it may 
stimulate allergic reactions and, if applied in the wrong 
way, the activation of the whole coagulation system can 
be pathological. This is probably due to the fact that, 
because of the high costs of purified thrombin, an 
unpurified enzyme was used. For this reason, haemostatics 
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such as ethamsylate and aminocaproic acid whose effect 
is not identical with that of thrombin were used in this 
study to intensify the haemostatic properties of p(HEMA) 
emboli. Ethamsylate (Dicynone in Switzerland and other 
countries) is a well-known synthetic water-soluble non- 
steroidal haemostatic agent (diethylammonium 1,4- 
dihydroxy-3-benzenesulphonate) with a broad range of 
activity7. Unlike thrombin, ethamsylate can be used in 
the treatment of capillary bleedings without stimulation 
of allergic reactions. It exerts its action on primary 
haemostasis and is effective in restoring platelet functions, 
e.g. reduces bleeding time in patients with thrombopathies 
(platelet dysfunctions). Essentially, the effect of 
ethamsylate consists in that it helps (a) raise the number 
of thromboc~es, (b) increase their adhesiveness, and (c) 
increase capillary strength by reinforcement of the 
capillary basal membrane while shortening the bleeding 
time. 

Aminocaproic acid (6-aminohexanoic acid), as a 
synthetic inhibitor of proteolysis, stimulates the blockage 
of proteolytic enzymes while simultaneously inhibiting 
the effect of plasmin (fibrinolysin) on fibrinogen and 
coagulation factors’. By blocking activators of 
plasminogen and partly suppressing the effect of plasmin, 
aminocaproic acid has a specific haemostatic effect in 
haemorrhages connected with increased fibrinolysis. 
Unlike ethamsylate, which intensifies the aggregation of 
thromboc~es, aminocaproic acid has no effect on their 
aggregation. 

MATERIALS AN”J METHODS 

Synthesis 

The synthesis of spherical p(HEMA) particles and the 
method of their purification have been described2. The 
beads used in this investigation were 0.4-0.6 mm in size 
in the dry state. A part (1 g) of these particles of medical- 
grade purity was immersed in 16 ml of a 0.125 wt% 
aqueous solution of ethamsylate misdone, Lek, ~jublj~a, 
Slovenia) for 6 d. The amount of ethamsylate adsorbed 
on 1 g of carrier amounted to 0.67 g which represents 
43.5% of the ethamsylate in the initial solution: this was 
determined from the weight balances before and after 
ethamsylate adsorption. 

Another part (1 g) of the above-mentioned p(HEMA) 
particles was immersed in 16 ml of a 5% aqueous solution 
of aminocaproic acid (Acikaprin, Polfa, Warszaw, Poland] 
and left there for 3 h. 

Purification methods 

In a 10 ml cell was placed 0.1 g of the spherical emboli 
which had been treated with ethamsylate. Water was 
changed after incubation times of 5, 15, 25, 40, 60 min. 
Washings took place under spectrophotometric control 
until the release of the drug had ceased. The spectroscopic 
measurements were carried out at 215 nm with a Pye- 
Unicam SP 100 apparatus. The kinetic curve of drug 
release from the spherical particles is obtained as a result 
of summation of the amount of drug released within each 
time interval. The amount of ethamsylate adsorbed on 1 g 
of the hydrogel was determined from the weight balance 
of ethamsylate in solutions before and after washing. 

Biocompatibility tests 

Analysis of the donor blood before and after contact with 
the polymeric materials in terms of number of leucocytes, 
erythrocytes and thrombocytes was used as a criterion of 
the quality of emboli purification. Changes in the 
morphological picture of blood were quantified under 
the microscope in samples prepared as a mixture of 1 vol. 
part of a suspension of hydrogel emboli in water and 
9 vol. parts of the donor bIood. 

Haemostatic properties of the emboli were characterized 
in terms of donor plasma clotting: the activated partial 
thromboplastin time (APTT), the thrombin time (TT) and 
the prothrombin time (PT). All these indicators were 
determined using a Hyland coagulometer in the donor 
plasma, to which 0.1 ml of a suspension of hydrogel 
emboli in water (1:3) was added. This is a ratio analogous 
to that introduced into the vessels during the emboliza- 
tion. The control consisted in the addition of water 
(without particles) which diluted the plasma and thus 
prolonged both APTT and TT. 

RESULTS AND DISCUSSION 

In an attempt to prepare an embolic material suitable for 
efficient management of massive bleeding, spherical 
p(HEMA) particles used in earlier endovascular occlusion 
studies3 were used as the matrix for adsorbing haemo- 
statics (ethamsylate or aminocaproic acid). 

For any modification of p(HEMA) emboli, preservation 
of their biological compatibility must be examined. 
Investigation of the interaction between native blood and 
unwashed spherical hy~gel imme~ately after treatment 
with ethamsylate solution showed that this embolic 
material causes a substantial pathological change in 
blood (acute haemolysis, leucocytopenia, thrombo- 
cytopenia, anaemia and morphological damage to blood 
cells). This would indicate potential tissue incompatibility, 
Indeed, histomorphological investigation of excess of 
ethamsylate-containing emboli implanted in the rabbit’s 
femoral artery revealed necrosis of the intima and of the 
muscular skeletal envelope of the vessel surrounding the 
hydrogelg. 

For the purpose of subsequent clinical application a 
washing of the emboli to achieve desorption of the excess 
of ethamsylate is required if medical grade particles are 
to be obtained. To remove excess ethamsylate, the 
ethamsylate-adsorbed emboli were placed in distilled 
water at room temperature; the release rate was obtained 
by using the kinetics of desorption (Figure 2). The curve 
is characterized by a large initial slope corresponding to a 
fast release rate (50% of unbound ethamsylate is released 
within 10 min) and is followed by a stationary state, 
which should indicate the complete elimination of 
redundant ethamsylate. Redundant ethamsylate release 
is virtually completed within 40 min. This is achieved by 
the four to five changes of water at 10 min intervals at 
room temperate. Desorption of the excess of eth~sylate 
shows that this ethamsylate is adsorbed in a less stable 
way than is for example methotrexate, which is released 
from the hydrogel at a concentration lower by one and a 
half orders of magnitudeg. That is, in contrast to 
methotrexate, which is ionically bound to the aminohexyl 
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Time fmin) 

Figure 1 Desorption of redundant ethamsylste from spherical 
p(HEMA) particles as a function of time. 

derivative of p(HEMA], ethamsylate appears to be 
attached to p(HEMAf via hydrophobic interactions. It 
seems that purification of the emboli is accompanied 
with unloading of the ethamsylate molecules located 
near the outer surface, Other ethamsylate molecules 
remain adsorbed in the p(HEMA) particles. Calculations 
carried out using the kinetic curve data (Figure 2) 
showed that after purification by washing with distilled 
water the hydrogel contained 0.33 g of adsorbed 
ethamsylate per g of the polymer. The efficiency of 
ethamsylate binding with the p(HEMA) hydrogel from 
the ethamsylate saturated solution is lS.!Y% 

After purification of the polymer by washing with 
distilled water, the haemolysis of blood cells was retested 
and minimal damage was observed (cf. Figure4a, b 
compared with Figures &?I). All blood cells retained their 
natural character and no haemolysis took place. Thrombo- 
cytopenia was still observed with the washed ethamsylate- 
containing hydrogel (F2gz.a 4bJ; this was accompanied 
by the formation of thrombocyttc aggregates (3-10 
aggregates per 1000 erythrocytes). The aggregate of 
thrombocytes (Figures 4b] was bulkier than that seen 

Figure2 tnitlal state of donor blood. Erythrocytes and 
thrombocytes (represented a8 small black points) are situated 
separately and fully preserved. 

Figure3 Reaction of blood in contact with unmodified 
p(HEMA). Note formation of macroaggregate of thrombocytes. 

Figure4 Reaction of blood in contact with washed 
ethamsylate-containing p(HEMA). a, Erythrocytes and 
lymphocyte (surrounded with erythrocytes) are marphologically 
preserved; b, macroaggregate of thrombocytes is seen. 

with the ethamsylate-free p(~EMA] hydrogel (Figure 3); 
this indicates that ethamsylate is slowly released from 
the washed embolic material inducing aggregation of the 
thrombocytes. However, such material satisfies the 
toxicological requirements and thus can be used in the 
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endovascular occlusion. The spectrophotometrically 
determined ethamsylate concentration in an external 
aqueous medium which does not stimulate haemolysis 
was 5 X lo-’ g ethamsylate/ml water. 

To determine the in vitro haemostatic properties of the 
purified ethamsylate-containing p(HEMA) in contact 
with donor plasma, both thrombocytic and plasma 
haemostasis were characterized by determining the 
activated partial thromboplastin time (APTT, standard 
30-35 s), thrombin time fr?‘, standard 16-21 s) and 
prothrombin time (PT, standard 12 s). The investigation 
concerned both normal plasma of healthy donors and 
pathologically altered plasma of patients suffering from 
focal alterations of the liver (haemangiomas). In such 
patients the acute hypocoagulation reaction of blood is 
typical. Basically, this blood can be divided into two 
groups, namely, with less pronounced pathological 
changes (APTT 40-48 s, the standard being 30-35 s) and 
more pronounced pathological changes (APTT 69-90 s). 
The control consisted in the determination of indicators 
of plasma clotting, with distilled water added instead of 
the suspension of particles. The indicators did not exceed 
the standard very much, i.e. water has no haemostatic 
effect at all (Table 1). 

As can be seen, the values of indicators of coagulogram 
for a healthy plasma in contact with ethamsylate-free 
and ethamsylate-containing hydrogel are close to each 
other. This suggests that in the case of normal healthy 
blood one could use the hydrogel without its modification 
with ethamsylate (or aminocaproic acid) if endovascular 
embolization is indicated. However, in the group of 
patients with more distinct blood changes the haemostatic 
properties of free hydrogel will probably be unsatisfactory, 
In the case of blood with more or less distinct pathological 

changes the ethamsylate-treated emboli possess stronger 
haemostatic properties than the control starting 
ethamsylate-free emboli. Such materials accelerate the 
coagulation (APTT and ‘IT) of pathologically changed 
blood whereas the blood clotting time had been slowed 
down and is almost three times that of normal blood. It 
should be noted that, while the APTT and TT reduction is 
very pronounced, the PT shows rather minor changes. 
Such reduction in APTT and IT indicated that escalate, 
which is a general haemostatic, is effective even after 
being adsorbed in the p(HEMA) hydrogel. The haemostatic 
effect of p(HEMA) is thus intensified. 

Figure 5a, b shows the morphology of blood in contact 
with the hydrogel treated with a 5% aqueous solution of 
amino~aproic acid for 3 h. Since this solution is the same 
concentration as that used clinically in the intravenous 
infusion (and does not provoke haemolysis), the hydrogel 
treated with aminocaproic acid was not washed to 
remove any redundant acid. While the morphology 
shown in Figure 5 confirms that no haemolysis takes 
place, there is indication of a mild aggregation of 
thrombocytes (less than with ethamsylate) which can be 
explained by the effect of aminocaproic acid on blood 
plasma factors. The aminocaproic acid-treated hydrogel 
possesses a pronounced haemostatic effect (Table I), 
although the latter was examined using only blood 
plasma with less pronounced pathological changes, 
Unlike the ethamsylate-treated hydrogel, not only the 
effect of decreased APTT, but also the effects of the other 
two decreased indicators of a coagulogram, TT and PT, 
can be seen, 

Thus, we recommend p(HEMA) as the carrier of two 
drugs: ethamsylate, which increases thrombocyte adhesive- 
ness and capillary resistance while affecting the thrombo- 

Table 1 Indicators of normal and abnormal plasma in contact with ethamsylate or aminocaproic acid-containing hydrogels 

No. of Standard Water p(HEMA) Ethamsylate- Aminocaproic 
donor containing acid-containing 

P(H~MA) p(HEMA) 

APTT (s) Healthy plasma 

Less pronounced pathological changes 

More pronounced pathologi~l changes 

TT (s) Healthy plasma 

Less pronounced pathological changes 

More pronounced pathological changes 

PT (s) Healthy plasma 

Less pronounced pathological changes 

More pronounced pathological changes 

1 

: 

: 
6 

: 
9 

: 
3 

: 
7 
8 
9 
1 
2 
3 

: 
7 

x 

36 
31 
52 
50 
42 

24 

38 

23 
25 
24 

z: 
71 
76 
70 
58 
18 
14 
17 
24 

109 
106 

;; 

9 
10 
3 

14 

-28 

-27 

8 
16 
5 
7 

14 

10 

;4 

7 

; 
8 

APTT. activated partial thromboplastin time; TT, thrombin time; PT. prothrombin time. 
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FlgureS Reaction of blood in contact with aminocaproic 
acid-containing p(HEMA). a, Erythrocytes, lymphocytes (two 
black cells) and neutrophile (one black cell with a light nucleus 
in the centre) are preserved; b, aggregates of thrombocytes. 

cyte-vessel wall interaction, and aminocaproic acid 
which is a synthetic inhibitor of proteolysis and an anti- 
allergic substance. The ethamsylate or aminocaproic acid- 
treated p(HEMA) hydrogel has a particularly strong 
effect on the pathologically abnormal blood (i.e. accelerates 
the clotting time) of patients suffering from focal 
alterations of the liver. These patients have a disturbed 
synthesis of proteins and blood coagulation factors. 
Thus, this biologically active hydrogel is recommended 
for the endovascular occlusion treatment of haemangiomas 
of the liver associated with acute hypocoagulation. The 
use of these emboli with intensified haemostatic properties 
will reduce intraoperational blood loss from the liver 
tissue in acute parenchymatic haemorrhages, not only 
due to the blockage of blood vessels with the emboli, but 
also because of the effect of adsorbed aminocaproic acid. 
The rate of release of haemostatics from p(HEMA) is due 
to the porous structure of the hydrogel and to the gradual 
washing out of the haemostatics by tissue liquids. The 
haemostatics may be effective in restoring factors of the 
disturbed plasma and thrombocytic haemostasis, and can 
mediate activation of reparatory processes in the dys- 
function of the third stage of coagulation (the stabilization 
of fibrin when fibrin S is transformed into fibrin I). This 

extends the application of endovascular occlusion in the 
urgent treatment of various forms of hypocoagulation 
bleedings [parenchymatous bleeding of the liver, pul- 
monary bleeding, bleeding from stomach ulcer, acute 
bleedings in childbirth, including haemangiomas of the 
small pelvis), as well as in the treatment of pronounced 
allergic reactions. 

CONCLUSIONS 

The haemostatic properties of p(HEMA) emboli can be 
improved by adsorption of ethamsylate or aminocaproic 
acid. The ethamsylate-sorbed emboli cause haemolysis 
and morphological changes of blood cells, unless they are 
purified to remove the redundant solution of ethamsylate. 
The threshold ethamsylate concentration, below which 
no haemolysis takes place, is 5 X 10e7 g/ml. 

An analysis of donor blood in contact with the 
material (change in the number of erythrocytes, 
leucocytes, thrombocytes and their morphological 
changes] as well as determination of indicators of 
coagulogram can be used for the evaluation of haemo- 
static properties of new materials intended for contact 
with blood. Haemostatic properties of ethamsylate- 
adsorbed hydrogel particles tested on normal healthy 
plasma were not very distinct. Tests carried out with 
pathologically changed plasma of the patients suffering 
from focal alteration of the liver showed a pronounced 
haemostatic effect of ethamsylate or aminocaproic acid- 
containing hydrogels. 

A comparison of haemostatic properties of drug-free 
p(HEMA) emboli with those of ethamsylate or amino- 
caproic acid-treated p(HEMA) indicate their potential in 
the treatment to prevent bleeding, particularly for those 
caused by a disturbed haemostasis system. 
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