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UROKINASE: STABILITY STUDIES IN SOLUTION AND LYOPHILIZED 

FORMULATIONS 

J. P. Pate1 

Pharmaceutical Products Division, Abbott Laboratories, 1401 

Sheridan Road (D-495),  North Chicago, I11 inois 60064, USA. 

Abstract 

Urokinase - a serine protease - is used clinically as a 

thrombolytic agent to dissolve blood clots. Low molecular weight 

Urokinase (33,000 dalton) isolated from human kidney cells using 

tissue culture techniques was used in the stability studies. 

Quantitative determination o f  Urokinase was accomplished by either 

amidolytic or fibrinolytic activity assay methods. 

degradation of Urokinase in solution at 55 "C follows pseudo-first 

order kinetics at several pH values. 

stability has been determined t o  be about 6 to 7 .  

The 

The pH range for maximum 
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The s t a b i l i t y  o f  Urok inase i s  ve ry  s e n s i t i v e  t o  t h e  q u a n t i t y  

o f  r e s i d u a l  m o i s t u r e  i n  t h e  l y o p h i l  i z e d  f o r m u l a t i o n .  Rubber 

s toppers  used as c l o s u r e s  f o r  t h e  g l a s s  v i a l s  were i d e n t i f i e d  as a 

major  source o f  mo is tu re .  

f o r m u l a t i o n s  was i n v e r s e l y  r e l a t e d  t o  t h e  s p e c i f i c  a c t i v i t y  o f  

t i s s u e  c u l t u r e  d e r i v e d  Urokinase. 

observed f o r  t h e  a d s o r p t i o n  o f  Urok inase f rom 5% dex t rose  d i l u e n t  

t o  t h e  s u r f a c e  o f  p o l y v i n y l  c h l o r i d e  l a r g e  volume p a r e n t e r a l  

d i l u e n t  bags. I n i t i a l  deg rada t ion  r a t e s  ( ze ro  o r d e r )  f o r  f r e e z e  

d r i e d  u rok inase  f o r m u l a t i o n s  w i t h  and w i t h o u t  t h e  a d d i t i o n  o f  

human serum albumin (HSA) as a s t a b i l i z e r  determined a t  50, 40 and 

30 "C demonstrated t h a t  l o s s  o f  u rok inase  f o l l o w e d  t h e  Arrhen us 

r e l a t i o n s h i p  w i t h  an apparent energy o f  a c t i v a t i o n  (Ea) o f  15 k c a l  

p e r  mol.  The a d d i t i o n  o f  HSA r e s u l t e d  i n  an i n c r e a s e  i n  s t a b  l i t y  

by about a f a c t o r  o f  f o u r .  However, t h e  apparent Ea f o r  t h e  

f o r m u l a t i o n s  w i t h  and w i t h o u t  HSA was n o t  s i g n i f i c a n t l y  d i f f e r e n t  

as e v i d e n t  f rom p a r a l l e l  s lopes i n  t h e  A r rhen ius  p l o t s .  

The loss o f  a c t i v i t y  f rom f r e e z e  d r i e d  

S i m i l a r  r e l a t i o n s h i p  was a l s o  

INTRODUCTION 

Urokinase, a n a t u r a l l y  o c c u r r i n g  plasminogen a c t i v a t o r  enzyme 

( p r o t e i n ) ,  i s  used as a t h r o m b o l y t i c  agent i n  c l i n i c a l  p r a c t i c e  

(1). 

c o n v e r t  plasminogen t o  p lasmin,  which u l t i m a t e l y  d i s s o l v e s  b lood  

c l o t s .  I t  has been used i n  deep v e i n  thrombosis ,  pulmonary 

embolism and a r t e r i a l  thrombosis  ( 2 ) ;  and may a l s o  be usefu l  i n  

Urok inase a c t s  on t h e  endogenous f i b r i n o l y t i c  system t o  
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STABILITY STUDIES OF UROKINASE 2615 

myocardi a1 infarction. Urokinase enzyme has been prepared and 

i sol ated from urine, kidney cell , and 1 ung adenocarci noma cell 

line cultures; and by expression in both bacterial and human cells 

using recombinant DNA techniques ( 3 ) .  S ructurally, urokinase has 

two peptide chains, designated A and B, inked by disulfide bonds. 

There are two forms of urokinase differing in molecular weight 

(MW) but having similar clinical effects ( 4 ) .  Both molecular 

forms of urokinase are used clinically as thrombolytic agents (5). 

The high and low MW forms o f  urokinase have been assigned values 

of 33,000 and 54,000 dalton, respectively ( 6 ) .  Limited 

proteolysis o f  the high molecular weight form yields low molecular 

weight urokinase in vitro (4 ) .  

purified high and low MW urokinase have been reported ( 3 )  to be 

about 120,000 and 240,000 International Units (IU) per mg. 

The specific activities o f  highly 

ANALYTICAL METHODS 

AMIDOLYTIC ASSAY: Urokinase activity i s  quantitatively 

related to its ability to hydrolyze the synthetic chromogenic 

substrate, (pyre)-glutamyl -glycyl -arginyl -p-nitro-anil ide, 

(S-2444), to a yellow colored product, p-nitroaniline. 

Quantitation of samples was achieved using a standard curve with 

urokinase standards at 129-516 IU/ml. 

response for Urokinase in the 30 to 1000 IU/ml range. 

amidolytic activity assay measures the ability of urok nase t o  

The assay has a 1 inear 

The 
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2616 PATEL 

c a t a l y z e  t h e  c leavage o f  t h e  p e p t i d e  l i n k a g e  between a r g i n i n e  and 

p - n i t r o a n i l i n e  i n  t h e  s y n t h e t i c  s u b s t r a t e  S-2444.  Thus, i t  i s  

i n d i c a t i v e  o f  t h e  i n t e g r i t y  o f  t h e  s e r i n e  p ro tease  a c t i v e  s i t e  o f  

t h e  enzyme ( 7 ,  8 ) .  

o t h e r  s e r i  ne p ro teases  , i n c l  u d i  ng t r y p s i  n, thrombin,  F a c t o r  Xa and 

plasm n (9) .  However, bov ine p a n c r e a t i c  t r y p s i n  i n h i b i t o r ,  

a p r o t  n i n ,  which i s  added t o  t h e  assay s o l u t i o n s  i s  an e x c e l l e n t  

i n h i b  t o r  o f  t hese  p o t e n t i a l l y  i n t e r f e r i n g  enzymes (10). 

S-2444 i s  a l s o  a s u b s t r a t e  f o r  a number o f  

FIBRINOLYTIC ASSAY: A m o d i f i c a t i o n  o f  an i n  v i t r o  c l o t  

l y s i s  assay (11, 1 2 )  i n  which a m i x t u r e  o f  f i b r i n o g e n  i s  c l o t t e d  

w i t h  th romb in  i n  t h e  presence o f  p lasminogen and v a r i o u s  d i l u t i o n s  

o f  u rok inase  t e s t  samples and r e f e r e n c e  s tandards was used. The 

f o l l o w i n g  sequence o f  r e a c t i o n s  fo rm t h e  b a s i s  o f  t h i s  a n a l y t i c a l  

method. 

b F I B R I N  CLOT (1) 

PLASMIN (2) 

THROMBIN HUMAN PLASMA 

PLASMINOGEN UROKINASE 

(PLASMIN)  F I B R I N  CLOT DEGRADATION PRODUCTS (3) 

I n  r e a c t i o n  1, thrombin c a t a l y z e s  t h e  convers ion  o f  s o l u b l e  

f i b r i n o g e n  i n  human plasma t o  an i n s o l u b l e  f i b r i n  c l o t  i n  a t e s t  

t ube  i n  an i c e - w a t e r  ba th .  

Urok inase a c t i v a t i o n  o f  t h e  p r i m a r y  s u b s t r a t e  plasminogen 

( r e a c t i o n  2)  a t  37 " C ,  r e s u l t s  i n  t h e  f o r m a t i o n  o f  p lasmin  which 

c a t a l y z e s  t h e  d i s s o l u t i o n  o f  t h e  f i b r i n  c l o t .  

A g l a s s  bead i s  p laced  ove r  t h e  c l o t .  

The amount o f  
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FIGURE 1 

Urokinase s t a b i l i t y  i n  s o l u t i o n  a s  a func t ion  of pH a t  55 " C .  

plasmin produced in  each assay  tube  i s  dependent on t h e  urokinase 

d i l u t i o n  used and i s  r e l a t e d  t o  the t ime requi red  f o r  the g l a s s  

bead t o  f a l l  t o  the bottom of the tube .  The c l o t  l y s i s  t ime i s  

r e l a t e d  t o  the concen t r a t ions  o f  urokinase i n  t h e  t e s t  sample and 

r e fe rence  s tandards  using a p a r a l l e l  l i n e  b io log ica l  assay  

approach (13 )  r e l a t i n g  log  l y s i s  t ime t o  log  dose ( log  d i l u t i o n  

l e v e l ) .  

t e s t  samples a r e  p a r a l l e l  and t h e r e f o r e  the  hor izonta l  d i s t a n c e  

between t h e  l i n e s  i s  r e l a t e d  t o  the r e l a t i v e  s t r e n g t h  of t h e  two 

m a t e r i a l s .  

The two reg res s ion  l i n e s  f o r  the r e fe rence  s tandard  and 
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5 6 7 9 

O H  

FIGURE 2 

pH - Rate p r o f i l e  o f  Urok inase a t  55 "C. 

SOLUTION STABILITY STUDIES 

pH Rate Profile: The l o s s  i n  a m i d o l y t i c  a c t i v i t y  of  

Urok inase f rom s o l u t i o n  a t  55 "C f o l l o w s  pseudo f i r s t - o r d e r  

k i n e t i c s  f rom pH 5-9 ( F i g u r e  1 ) .  

F i g u r e  2 .  

i n i t i a l  u rok inase  c o n c e n t r a t i o n  o f  50,000 I U / m l .  The pH of  

maximum s t a b i l i t y  i s  6.5. 

pH o f  about 9 f o r  t h e  maximum s t a b i l i t y  o f  u r i n e  d e r i v e d  l o w  MW 

Urokinase.  

Urok inase was e q u a l l y  s t a b l e  i n  a broad pH range o f  3-9.  

The pH r a t e  p r o f i l e  i s  shown i n  

These s t u d i e s  were done i n  u n b u f f e r e d  s o l u t i o n s  a t  an 

Miwa and co-workers (14) have r e p o r t e d  

A d d i t i o n a l l y ,  t hese  researchers  i n d i c a t e d  t h a t  h i g h  MW 

T h i s  
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FIGURE 3 

Adsorption dependence of Urokinase on protein specific activity. 

suggests that the pH for maximum stability is dependent on the 

source and the MW of the enzyme. 

Adsorption Losses: Lyophi l  ized Urokinase formulations 

containing mannitol and sodium chloride as excipients were 

dissolved in Water for Injection, USP and diluted to 1500 IU/rnl in 

5% Dextrose for Injection, USP. Some loss due to adsorption to 

polyvinyl chloride (PVC) infusion bags occurs almost 

instantaneously. 

dependent on the specific activity of the urokinase. 

preparation, isolation and purification of Urokinase by the tissue 

Figure 3 indicates that the percent adsorbed i s  

In the 
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FIGURE 4 

Rubber closure drying process effects on lyophilized Urokinase 
stability at 5 "C. 

culture technique, bulk drug solutions undergo a "heat treatment" 

process f o r  virus inactivation resulting in some loss  of urokinase 

activity. From the adsorption study results it appears that this 

active and inactive urokinase compete for the same sites on the 

PVC container. 

LYOPHILIZED FORMULATION STABILITY 

Residual Moisture E f fec ts :  The incomplete drying o f  rubber 

stoppers used as closures for lyophilized proteins may decrease 

the stability of the product. Figure 4 shows the average potency 
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TABLE 1 

2621 

M o i s t u r e  Content o f  West-867 Stoppers Processed w i t h  Two D r y i n g  
Cycles . 

D r y i n g  Cyc le  S toppers lT ray  M o i s t u r e  V i s u a l  
Content ,  % I n s p e c t i o n  

1 X 6-Hour 1600 

2 X 6-Hour 1600 

1000 

0.19 Wet 
0.26 

0.04 Dry 
0.04 

0.01 Dry 
0.01 

va lues  and t h e  r e g r e s s i o n  l i n e s  f o r  t h e  s t a b i l i t y  ( 5  " C )  f r om 

seve ra l  batches o f  Urok inase f o r m u l a t i o n s .  These s t a b i l i t y  l o t s  

used r u b b e r  s toppers  prepared by two d r y i n g  processes.  The c y c l e  

c o n s i s t s  o f  vacuum d r y i n g  a t  50 " C  f o r  s i x  hours a f t e r  t h e  rubber  

s toppers  have been c leaned and s t e r i l i z e d  i n  an au toc lave .  The 

r e s u l t s  i n  Tab le  1 i n d i c a t e  t h a t  s i n g l e  d r i e d  s toppers  c o n t a i n  

c o n s i d e r a b l e  amount o f  m o i s t u r e  which can d i f f u s e  i n t o  t h e  

f o r m u l a t i o n  d u r i n g  s to rage .  

D u r i n g  t h e  course o f  these s t a b i l i t y  s t u d i e s  t h e  l y o p h i l i z e d  

Urok inase  f o r m u l a t i o n s  l o t s  which used s toppers  prepared by t h e  

s i n g l e  d r y i n g  process had an average r e s i d u a l  m o i s t u r e  c o n t e n t  o f  

0.8%, w h i l e  those  t h a t  were manufactured u s i n g  t h e  t w i c e  d r i e d  

s topper  had 0.3% r e s i d u a l  m o i s t u r e .  The average degrada t ion  r a t e  

a t  5 " C  f o r  batches t h a t  used t h e  t w i c e  d r i e d  s topper  was 0 .3  % 
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2622 PATEL 

FIGURE 5 

Urok inase s p e c i f i c  a c t i v i t y  e f f e c t s  on l y o p h i l  i z e d  Urok inase 
s t a b i l i t y  a t  5 "C. 

p e r  month, w h i l e  l o t s  u s i n g  s i n g l e  d r i e d  s topper  degraded a t  0.7 % 

pe r  month ( F i g u r e  4)  i n d i c a t i n g  t h e  impor tance o f  removing t h e  

m o i s t u r e  f rom rubber  s toppers.  

E f f e c t  o f  S p e c i f i c  A c t i v i t y :  The s t a b i l i t y  o f  l y o p h i l i z e d  

f o r m u l a t i o n s  prepared u s i n g  u rok inase  w i t h  d i f f e r e n t  s p e c i f i c  

a c t i v i t y  was mon i to red  a t  5 "C and t h e  zero o r d e r  r a t e  cons tan ts  

c a l c u l a t e d  f o r  each l o t .  T h i s  f o r m u l a t i o n  d i d  n o t  c o n t a i n  any 

s t a b i l i z e r s  (e.g.  a d d i t i o n a l  p r o t e i n s ) .  The r e s i d u a l  m o i s t u r e  

c o n t e n t  f o r  a l l  t hese  l o t s  was s i m i l a r  (average v a l u e  0.6%). 

F i g u r e  5 demonstrates t h e  r e l a t i o n s h i p  between ze ro  o r d e r  r a t e  

cons tan t  ( s t a b i l i t y )  and Urok inase s p e c i f i c  a c t i v i t y .  These d a t a  
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TABLE 2 

Effects of Temperature and HSA on the Stability of Lyophilized 
Urokinase Formulations. 

Initial Rate 
ko, (Percent / Month) 

Temperature 
( " C )  No HSA HSA Stability Ratio 

50 8.19 1.66 
40 3.43 0.70 
30 1.46 0.34 

4.9 
4.9 
4.3 

indicate that inactive Urokinase (produced during "heat treatment" 

of bulk drug) appears to improve the stability of the lyophilized 

formulation. 

processing and any associated changes on the stability of a 

protein formulation. 

These results underscore the impact of bulk drug 

Effect  o f  Stabilizers: The stability of lyophilized 

formulations of urokinase was evaluated at 30, 40 and 50 " C  in the 

presence and absence of human serum albumin (HSA). The stability 

data follow zero order kinetics. The initial rates for the 

degradation of Urokinase (Table 2) demonstrate about 4-5 fold 

improvement in stability of the formulation due to the addition of 

HSA. The rate constants at different temperatures follow the 

Arrhenius relationship (Figure 6 )  with an apparent energy of ' 

activation (Ea) of 15 kcal per mol. Although the addition of HSA 

resulted in an increase in lyophilized urokinase stability by 
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FIGURE 6 

Arrhenius plot for lyophil ized Urokinase formulations. 

about 

and w 

para1 

1. 

2.  

a factor of 4-5  , the apparent Ea for the formulations with 
thout HSA was not significantly d fferent as evident from 

el slopes in the Arrhenius plots n Figure 6 .  
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