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The specific therapeutic effectiveness of  a single intravitreal injection of  native and im- 
mobilized recombinant  prourokinase is assessed in lensvitrectomized rabbits with the 
fibrinoid syndrome. The agents almost completely lyse the fibrin clot within 1-8 h. 
Heteroprotein conjugates of  protein kinase with molecular weight of  900 kD and high 
fibrinolytic activity at 2-20-fold lower doses of  the enzyme are preferable. Native and 
immobilized prourokinase are recommended for clinical use in case of  intraocular fibrin 
formation after lensvitrectomy and other operations. 
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New-generation fibrinolytics --  prourokinase (PU) 
and tissue plasminogen activator --  have been re- 
cently developed and are now widely used in clinical 
practice [4,13]. Polymeric immobilized forms of the 
activators are preferable due to prolonged effect and 
the ability to accumulate in the pathological focus. 
They minimize the risk of  side effects as a result of  
decrease in dosage and the number of  drug injections 
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at the same therapeutic effectiveness [ 3,10,12]. Fibrino- 
lyrics are widely used in ophthalmology for the treat- 
ment of  intraocular hemorrhages and massive fibrin 
exudation after surgery [9,11]. The presence of the 
b lood-aqueous  barrier necessitates intraocular ad- 
ministration of  the enzymes, which requires low drug 
doses and prolonged effect to prevent toxicity and 
repeated injections [1,2,6,8]. 

Our objective was to study the effectiveness of  
immobilized PU --  soluble heteroprotein conjugates 
of  a preset molecular weight and composition based 
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on recombinant P U  and oligomeric serum albumin 
(OSA) -- in the treatment of  the fibrinoid syndrome 
developing after cataract, vitreous body, and retina 
surgery. Tissue pIasminogen activator has been used 
for this purpose [9,11], whereas the potentialities of  
PU and immobilized forms of the enzymes are still 
to be researched. 

MATERIALS AND METHODS 

The study was carried out on 16 Chinchilla rabbits 
(29 eyes) weighing 1.5 to 2.5 kg. After premedication 
(1 ml of 1% diphenhydramine intramuscularly), a 
rabbit was ftxed on the operation table and narco- 
tized with calypsot (30 mg/kg intramuscularly) and 
1% procaine (1 ml retrobulbar injection). The pupil 
was dilated with 1% atropine sulfate and subcon- 
junctival injection of  0.1 ml of  1% mesatone. The 
operation field was limited with the use of  glove 
rubber ( 1 0 x l 0  cm, a hole 10 mm in diameter) ,  
through which the eyeball was mobilized. Incisions 
were made on the conjunctiva and sclera at a dis- 
tance of  1.5 mm from the limbus, and through these 
incisions tips of  instruments were inserted in the eye: 
ultrasonic vitreophage and needle for liquid delivery. 
The lens was removed by phacoemulsification. Total 
vitrectomy was performed using a mechanical vitreo- 
tome. After the vitreous was removed, the liquid was 
replaced with gas by injecting a bubble of  sterile air 
occupying 50-90% Of the volume and the eye was 
hermetized by tying II-shaped sutures round sclero- 
tomic holes. After the operation, 1 ml of  5% siso- 
mycin sulfate was injected subconjunctivally. Laevo- 
mycetin (0.25%) and 1% atropine sulfate were daily 
instilled for 5 days postoperation. 

Round or oval fibrin clot usually formed during 
the postoperative period. It was located near the 
pupil, and its size was expressed in arbitrary diameter 
(mm). If the clot was not round, a pair (or several 
pairs) of "diameters" were measured in perpendicular 
planes with a ruler and a slit lamp, and the mean 
arithmetic was calculated. The size of fibrin clot was 
measured on days 1, 2, 3, 5, 7, and 10 postoperation. 

Fibrinolytic effect was studied aRer a single (on 
day 1 postoperat ion)  intravitreal injection of  re- 
combinant PU with a molecular weight of  50,000 
and specific activity of 130,000 IU/mg protein (Car- 
diology Research Center, Russian Academy of Medi- 
cal Sciences) or soluble OSA-PU conjugates syn- 
thesized at the Institute of  High-Molecular-Weight 
Compounds (Russian Academy of Sciences), using 
glutaraldehyde [5-7]. The OSA-PU conjugates ex- 
hibited 100% catalytic activity in comparison with 
intact PU, they had a mean molecular weight of  900 
kD and equimolar  composi t ion,  as estimated for 
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Fig. 1. Time course of lysis of intraocular fibrin clot after lens- 
vitrectomy in a rabbit./) controls (n=12); II, I I I) prourokinase in doses 
of 500-1000 IU (n=6) and 100-250 IU (n=5), respect ive ly ;  IV) 
heteroconjugates of ol igomeric serum albumin and prourokinase 
with Mr 900 kD in a dose of 50 IU (n=6). 

monomeric serum albumin and PU. The molecular 
weight of 900 kD was chosen previously as the opti- 
mal for intravitreal injection of  OSA-PU [6]. 

The agents were dissolved in 0.9% NaC1 solution 
to attain the needed concentration immediately before 
intravitreal injection of 0.i ml. Controls (n=6) were 
either intact or intravitreally injected with 0.1 ml of 
0.9% NaC1. 

RESULTS 

A round clot formed during the postoperative period 
in the lumen of the pupil. Sometimes, the clot was 
crescent-shaped and was located in the median and 
inferior compartments  of  the anterior chamber or 
looked like a semitransparent pupil membrane di- 
viding the ocular cavity into two chambers. If the 
pupil lumen was completely blocked, ultrasonic B- 
scanning was employed. Fibrin clot never spread to 
the vitreous body and was located 1-2 mm beyond 
the iris on aphakic eyes. The clot was the largest on 
day 1 after surgery: in 12 control eyes its arbitrary 
diameter was 8 mm in 2 eyes, 7 mm in 2 eyes, 6 
mm in 5 eyes, and 5 mm in 3 eyes. Later, the clot 
was spontaneously lyzed (Fig. 1); in control rabbits 
its lysis was completed on days 7-10. As fibrin dis- 
appeared, the pupil lumen was cleared, and the status 
of the vitreous chamber and retina was assessed by 
biomicroscopy and ophthalmoscopy. Gas was dis- 
solved after 5-7 days, and the ocular cavity was filled 
with liquid which was slightly opalesced but then 
became absolutely transparent. 
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Fig. 2. Rabbit eye on day 1 after lensvitrectomy, a) fibrin clot 7 mm in diameter in the pupil zone and in the anterior chamber; b) complete 
lysis of fibrin in the pupil zone and its rudiments in the inferior compartments of the anterior chamber 6 h after intravitreal injection of 50 IU 
of conjugate of ol igomeric serum albumin and prourokinase with Mr 900 kD. 

The mean size of  the clot in experimental groups 
did not differ from that in the controls on day 1 after 
surgery before injection of  PU. The time course of  
fibrin lysis after injection is presented on Fig. 1. 
Intravitreal injection of  native PU in doses of 500 to 
1000 IU (effective in hemophthalmia,  as reported 
previously [6]) resulted in virtually complete lysis of  
fibrin in 30-60 min after the injection. Biomicro- 
scopy showed a slight increase in the opalescence of  
the intraocular fluid. On day 2, the irritation of the 
eye was the same as is common for the postoperative 
period, intraocular fibrin was seen in 2 cases (the 
mean arbitrary diameter  of  the clot was 0.5+0.3 
mm). There were no relapses of fibrin production 
within 10 days. A decrease in the dose of  native PU 
to 100-250 IU stimulated lysis of intraocular fibrin, 
but complete dissolving of  the clot was slower: a 6- 
7-mm clot lyzed for 3-8 h. Relapses of fibrin pro- 
duction were observed on day 2 in all 5 cases, with 
the mean arbitrary diameter of  the clot being 2.8+0.3 

mm. New fibrin threads dissolved spontaneously and 
more rapidly (p<0.05) than in the control; by days 
3-5 intraocular fluid was transparent. In the control, 
the mean diameter of fibrin clot at these terms was 
2.7+0.2 and 1.5+0.2 mm, respectively. The fibrino- 
lytic effect of  PU in doses of  100 to 250 IU is 
evident, but such a dose is insufficient to prevent 
recurrences of  fibrin formation. 

Previously [1,6], we demonstrated a higher thera- 
peutic efficacy of  high-molecular forms of  immobi- 
lized PU in hyphema and hemophthalmia due to 
prolongation of  the fibrinolytic effect. Specifically, 
the use of OSA-PU with Mr 900 kD allowed us to 
decrease the dose of the enzyme injected in the 
vitreous chamber 50 times in comparison with native 
preparation used in the treatment of hemophthalmia. 

Figure 2 shows the effectiveness of  OSA-PU 
heteroconjugates in the fibrinoid syndrome following 
lensvitrectomy. Fibrin clot was aImost completely 
dissolved 4-6 h after injection of  50 IU of OSA-PU, 
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i.e., in a dose lower than that of native PU. It should 
be emphasized that there were no relapses of  fibrin 
exudation. 

It is noteworthy that the incidence of postopera- 
tive complications (corneal opacities, hemophthal-  
mia, detachment of  the retina) was low and did not 
differ from that in the control animals. 

Hence, intravitreal injection of  PU in doses of  
100 to 1000 IU and OSA-PU (Mr 900 kD) in a dose 
of 50 IU promoted lysis of  intraocular fibrin clot 
after lensvitrectomy and arrested the fibrinoid syn- 
drome within 1-2 days. Administration of  P U  and 
OSA-PU in the early postoperative period did not 
impair the cornea, induced no intraocular hemor-  
rhages, and did not increase the incidence of  de- 
tachment of  the retina after vitrectomy. Intravitreal 
injection of lower doses of  immobilized PU (2- to 
20-fold in comparison with native preparation) pro- 
vided a pronounced fibrinolytic effect without re- 
lapses of  intraocular fibrin formation. Native and 
immobilized PU are recommended for prevention of  
the intraocular fibrin clot formation after lensvitr- 
ectomy and other intraocular operations. 
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