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Enhancement of Fibrtnolysis and Thrombolysis  
b y  P o l y s o r b a t e  80 ( T w e e n  80 ®) 

We wish to report some observations on urokinase (UK) 
which indicate tha t  Polysorbate 80 (Tween 80®) can en- 
hance fibrinolysis in vitro and thrombolysis in vivo. The 
enhancing effect in vitro is in part  caused by a decrease 
m adsorption of U K  to glass in the presence of Poly- 
sorbate. Whether a similar mechanism is involved in vivo 
is as yet unknown. 

Experimental. UK preparations: Leo Pharmaceuticals, 
Copenhagen: Batch No. 161071, 4200 Ploug U/rag (equi- 
valent to approximately 5250 C.T.A. units, as defined by 
the Committee on Thrombolytie Agents, Advisory to the 
National Heart  Insti tute,  National Inst i tutes of Health). 
Batch No. 63012, 25,000 Ploug U/rag (approximately 
31,250 C.T.A. units). Batch No. 65097, 7500 Ploug U]mg 
(approximately 9400 C.T.A. units). Sterling-Winthrop: 
Batch No. 64-489, 85,000 C.T.A. U/vial. Saline barbi tal  
buffer (SBB) : 0.05M barbital  in 0.10M NaC1 at pH 7.75. 
Gelatine-buffer: SBB with 0.25% gelatine (granular, 
for bacteriological use, Fisher Scientific). Polysorbate- 
buffer: SBB with 0.005% Polysorbate 80 (Tween 80®, 
Nutrit ional Biochemical Corporation). Glass powder, 200 
mesh (Fisher Scientific). Assays of fibrinolytic act ivi ty 
were performed on normal unheated fibrin plates pre- 
pared from plasminogen-rich bovine fibrinogen (0.1%) 1 
with bovine thrombin (Leo Pharmaceuticals). 

In vitro experimentL UK solutions containing Poly- 
sorbate in concentrations above 0.02%, when  dropped on 
the fibrin plates, spread over the whole surface of the 
fibrin and could not  be assayed. Polysorbate in  a con- 
centration of 0.005% was nearly as effective in preventing 
adsorption of U K  to glass as a 0.25% gelatine solution 
(Table). After adsorption to glass in the presence of Poly- 
sorbate, additional fibrinolytic activity could be ex- 
tracted from the glass with fresh Polysorbate solution, 
yielding an increase in total  activity and suggesting a 
potentiat ing effect on UK. Gelatine behaved similarly 
(Table). When adsorption had taken place in SBB alone a 
small fraction only of the adsorbed UK could be re- 
covered from the glass powder by t reatment  with Poly- 
sorbate. Fibr in plates containing 0.25% gelatine in the 
fibrin clot gave only a negligible increase in activity over 
the normal  plates. In  contrast, fibrin plates prepared 
with 0.005% Polysorbate gave a twofold increase in 
act ivi ty though the drops tended to spread making the 
reading of assays difficult. 

In vivo experiments. Because Polysorbate is used in 
media for tissue cultures and can be injected into animals 
in reasonable concentrations without untoward signs of 

harm, it was thought  of interest to see whether the throm- 
bolytic properties of U K  would be enhanced in the 
presence of Polysorbate. 

Thrombi were produced in white New Zealand female 
rabbits (3-3.5 kg) in a 2 cm long segment of the marginal 
ear vein isolated between 2 bulldog clamps. Blood in the 
segment was withdrawn and replaced with 0.05 ml of 3% 
sodium morrhuate solution (27 gauge needle). After 15 sec 
both clamps were removed. The segment was observed at 
intervals by  transi l lumination with a powerful pencil 
flashlight. During the next  15-20 rain the lumen gra- 
dually became occluded by  a thrombus and the flow of 
blood stopped, After the thrombus had been observed 
for an appropriate length of time the venous segment was 
removed under Nembutal® anesthesia. Paraffin sections 
were prepared and stained with hematoxylin and eosin. 
The lowest concentration of sodium morrhuate regularly 
producing complete occlusion was found to be 3%. None 
of the thrombi thus produced showed signs of lysis within 
72 h. This concentration was, therefore, used in the 
comparative experiments. In  all animal  experiments 
sterile physiological saline was used as di luent  for U K  
or Polysorbate. 

2 different series of experiments were run. In  the first 
series each of the thrombosed rabbits received i.v. every 
1/~ h in the contralaterat ear 1 ml of U K  solution (2500 
C.T.A. U/ml), In  3 rabbits receiving the U K  solution 
alone clot lysis occurred after 10, 10x/z and 12 h respec- 
tively. In  3 other rabbits receiving the UK in 5% Poly- 
sorbate solution clot lysis occurred after 61/e, 61]~ and 
7 h. In  control series in which the thrombosed animals 
received saline or Polysorbate solution alone no lysis 
occurred within 72 h. 

Since thrombolysis depends upon the ability of UK to 
come into contact with the thrombus, in another series of 
experiments the animals were primed with UK so that  
thrombus formation took place in  the presence of fibrino- 
lyric activity in the circulating blood. In  these animals 
1 ml of the UK solution was injected i.v. 5 min before 
the venous segment was clamped and thrombus formation 
induced. Thereafter, 1 ml UK solution was given as 
before every 1[~ h unt i l  the experiment was terminated.  
When the test solution contained UK alone (2500 C.T.A. 
U/ml), in 8 animals lysis was observed after the following 
periods of time in h: 7, 7, 61/~, 7x/~, 7, 8, 10 and 91/~ 
(average: 748/60). In  another similar group of 8 rabbits  
the test solution contained UK in 5% Polysorbate. Clot 
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Effects of Polysorbate 80 and gelatine on adsorption of urokinase to glass 

Glass SBB Polysorbate-SBB SBB Gelatine-SBB 

mg/ml Supernatant Eluate, Supernatant Eluate~ Supernatant Eluate b Supernatant Eluate b 

0 543 - 564 - 550 - 600 - 
5 227 227 556 146 63 334 625 16 

I0 16 258 465 125 0 280 644 154 
25 0 186 440 133 0 209 650 182 

Eluates with Polysorbate, 0.005%. b Eluates with gelatine, 0.25%. The urokinase (No. 161071) solutions containing 2.5 C.T.A. U/ml were 
shaken slowly for 30 min at room temperature with the amounts of glass powder mentioned. After centrifugation (15 rain at approximately 
1500 g) the supernatant was replaced with an equal volume of the solution mentioned -,b and the suspension was shaken for 15 rain. The 
fibrinolytic activity was assayed by placing drops of 0.030 ml on the fibrin plates and recorded as the diameter products of the lysed zones 
(average of triplicate). 
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lysis occurred af ter  the  fol lowing periods in h:  23/a, 3 V,, 
4, 41/2, 4, 5, 3~/2 and 4 (average:  355/60). 

In  a th i rd  series, separa te  solut ions oI U K  (2500 U/ml)  
and  5% Po lysorba te  were  g iven  s imul taneous ly  in 
separate  veins. I n  9 animals  lysis occurred af te r  the  fol- 
lowing hours :  71/2, 7~/1, 6, 41/2, 4, 5, 71/,, 7 and 8 (average:  
61~],0). Th is  approaches  t he  per iod of t ime  requi red  for 
U K  alone. 

Discussion. Many  organic  compounds  are known to en- 
hance lysis of f ibrin clots ~. Q u a t e r n a r y  de te rgents  enhance  
the  f ibr inoly t ic  a c t i v i t y  of t ryps in  and  in  smal l  concen-  
t ra t ions  also t h a t  of s t r ep tok inase -ac t iva ted  h u m a n  plas-  
min  (chiefly consist ing of SK-act iva tor )~ .  Some non-ionic  
we t t ing  agents  also enhanced  fibrinolysis  by  SK-ac t iva -  
tor,  p r e sumab ly  due  to  a s tabi l iz ing inf luence ~. Loss in 
a c t i v i t y  caused b y  adsorp t ion  to  glass can  of ten  be pre-  
v e n t e d  by  gela t ine  ~," or  b y  Tween  80®L Our results  
show t h a t  gelat ine or  Po lysorba te  80 preven t s  or  de- 
creases t h e  adsorp t ion  of U K  to  glass, b u t  a po ten t i a t ing  
effect  appears  also to exist ,  since the  to ta l  y ie ld  of a c t i v i t y  
was increased.  Tr i ton  X, ano the r  surface-act ive  agent ,  
releases p lasminogen a c t i v a t o r  f rom lysosomes s. In t r a -  
venous ly  appl ied,  an  inh ib i t ion  of f ibrinolysis  was re- 
por ted  ~. Sod ium morrhua te ,  an  anionic  de tergent ,  de- 
s t roys f ibr inoly t ica l ly  ac t ive  cells of the  vessel wall  t°. Our  
resul ts  indicate  t h a t  Po lysorba te  enhances  t he  effect  of 
U K  on th rombolys i s  in v ivo.  W'hether  this  e n h a n c e m e n t  
is due  to  a s tabi l iza t ion  of t h e  ac t ive  compound  or  to  a 
p r even t ion  of i ts  r emova l  by  adsorp t ion  is as ye t  un-  
known.  In teres t ingly ,  a compound  enhanc ing  t h rombo ly -  
sis in a s imula ted  c i rcula t ion sys tem has  been  isolated 
f rom red  blood celts ax, suggest ing a possible role in t he  
normal  resolut ion of t h rombi  ~. 

Zu.sammen]assung. Polysorba te  80 (Tween 80®), eine 
po lyhydroxyle ,  nicht- ionis ierbare,  oberf i i tchenakt ive  Sub- 

stanz,  ve rminde r t  die Adsorp t ion  von  Urokinase  an  Glas, 
e rh6h t  deren f ibr inolyt ische Ak t iv i t~ t  in v i t ro  und  stei- 
ge r t  ihre th rombolyf i sche  Wi rkung  in experimenteI1 her-  
vorgerufenen  Thrombosen  im Kaninchen .  
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Inhib i t ion  par les  se ls  de t e t razo l ium de l 'act ivit6 
m o n o a m i n e - o x y d a s i q u e  d 'une  s u s p e n s i o n  m i t o -  

chondr ia l e  de cerveau de m o u t o n  

Les sels de t e t r azo l ium sent  d ' un  emploi  f r6quent  en 
microscopic op t ique  e t  61ectronique pour  la  d6tect ion de 
diverses deshydrog6nases ;  c ' e s t  pourquoi  il nous a paru  
int6ressant  d '6 tud ie r  l ' ac t ion 6ventuel le  de  ces sels sur 
l ' ac t iv i t6  de l 'une  &ent re  elles: la monoamine -oxydase  
d 'or ig ine  c6r6brale. 

Matdriel et rngthodes. (1) Source enzymat ique .  Nous  
avons  choisi comme  pr6para t ion  enzyma t iqne  une suspen- 
sion de mi tochondr ies  de cerveau de mou ton  pr6par4e 
d 'apr6s  SOMOGYI et  al. 1 Les ce rveaux  d ' agneaux  de  6-7 
mois  recueill is h l ' aba t t o i r  i m m 6 d i a t e m e n t  apr6s l ' aba t -  
rage dans une  solut ion de saccbarose 0 ,25M main tenue  
envi ron  4°C, sont  ensuite  broy6s et  homog6n6is6s au 
b royeur  de Po t t e r  dans une solut ion de saccharose 0 ,25M 
tamponn6e  £ p H  7,4 ( E D T A :  0,001 M -  t a m p o n  Tris HCI 
0,01 M). Le surnageant  ob tenu  apr6s une premi6re centr i-  
fuga t ion  de 10 min  ~ 1150 g est centr ifug6 15 min  
12650 g. Le cu lo t  ainsi ob tenu  est  repris  pa r  une solut ion 
de saccharose 0,25 M non t amponn6e  e t  centr i fug6 10 min  

16 500 g. Le dernier  culot  est  f ina lement  repris par  une 
solut ion de saccharose 0 ,25M non t amponn6e  de Iacon 

obteni r  envi ron  0,5 ml de suspension pour  1 g de tissu 
c6r6bral frais. 

Toutes  les op6rat ions  sen t  condui tes  en chambre  
froide ent re  0 at  4°C et  les suspensions ob tennes  sen t  
conserv6es congel6es ~ - 20 °C. 

Les pr6parat ions  mi tochondr ia les  on t  6t6 contr616es 
par  une  6rude au microscope 61ectronique. Les culots  de la 
derni6re cen t r i fnga t ion  sen t  Iix6s ~ l ' ae ide  osmique  ~ 2% 
en milieu t amponn6  selon PALADE 2 pendan t  1 h puis, 
apr6s deshydra ta t ion  k l 'a lcool  6thyl ique,  inclus dans 
l ' a ra ld i te  selon la m6thode  de GLAUERT et  GLAUERT 8. 
Les coupes u l t ra  fines prat iqu6es  grace ~ u n  u l t ra -micro-  
t ome  Por t e r  B l u m  on t  6t6 examin6es sans colorat ion pre- 
alable avec  un Superscope JEM.  Les images  obtenues  
m o n t r e n t  des ptages de mi tochondr ies  s emblan t  gonfl6es, 
d ' a spec t  ova ide  e t  d o n t  le grand axe  mesure  1-1,5 #. La  
puret6  des pr6parat ions  est sup6rieure A 95%. 
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