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max ima l  yon  6 Kul tu ren  je zwei DoppelansS~tze gleich- 
zeitig mi t  Colcemid versehen, bzw. 12 Einzelans~tze 
verarbe i te t  werden. Es ist  aber  durchaus m6glich, ein 
gr6sseres Gerat  zu bauen. I n  F igur  2 wird das Gerat  
schemat isch dargestell t .  Es  bes teht  aus e inem Zug- 
magne ten  (1) 220 V, 50 Hz, 3,8 kp Dauerbelas tung,  
42 m m  Hub,  einer Grundschale  ( 2 ) a u s  Sus tamid  
zur Aufnahme  d e r  Kul tur f laschen  (6), einer Druckfeder  
(3), einer Einh~tngescheibe (4), fiir die Einwegspr i tzen  
(7) und ether Druckscheibe  (5), beide Scheiben ebenfalls 
aus Sus tamidmater ia l .  

Der  Zugmagne t  s teht  in Verb indung  n i t  einer elek- 
t r ischen Zei tschal tuhr  (8), die ausserhalb des Brut-  
schrankes (9) s teht  und die Vorwahl  des gewiinschten 
Zei tpunktes  der E inspr i tzung  des Mi tos ta t ikums ge- 
w/ihrleistet.  
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Fig. 2. Schematische Darstellung des automatisehen Pipettierger~ites. 

Die Zei tschal tuhr  kann 24 h vorher  eingestel l t  werden 
und schal te t  das P ipe t t ie rger~t  in einem 15 min  In te rva l l  
ein und aus. W~hrend  der 15 min  Schal tzei t  f ibriert  der 
Zugmagne t  und gewghrleis te t  somit  eine Durchmengung  
des Mi tos ta t ikums mi t  der Medienmenge.  

Einstellung des Geriites. Eine  den Kul tur f laschen ent-  
sprechende Anzahl  an  1 ml Einwegspr i tzen  wird n i t  der 
n6t igen Menge Colcemid (zumeist 0.3 ml  ether 10 vg/ml  
Colcemidl6sung) versehen, die Nadel  mi t  der Spri tze in die 
Kul turf lasche (besitzt als Verschluss einen Gummistopfen)  
eingestochen, die Nadel  bis zum Anschlag vorgeschoben,  
die Spri tze in die Einh~ngescheibe eingeh/ingt und der 
Spr i tzenkolben bis zur Druckscheibe  zum Anschlag auf- 
gezogen. D a m i t  en ts teh t  ein Luf tpols ter  zwischen 
Kani i lenansatz  und Mitostat ikafl i issigkeit ,  wodurch ein 
Austropfen ve rh inder t  wird. 

Zum eingestel l ten Ze i tpunkt  schal te t  die Zei tschal tuhr  
den Zugmagne t  ein, dieser zieht  die Druckscheibe  an 
und dri ickt  somit  die aufgesogene Menge Colcemid mi t  
Druek  in die Kulturf lasche.  Der  Druck  re icht  fiir die 
leichte Aufwirbelung der Zelloberfl/iche aus, womi t  die 
Zellen in innigen K o n t a k t  mi t  d e n  Mi tos t a t ikum ge- 
langen. Druck  und t Iubweg  k6nnen eingestel l t  werden. 
In  Ser ienversuchen konnte  die einwandfreie  Wi rksamke i t  
des Colcemids nach einer Verwei ldauer  yon 24 h i m  
Pipe t t ie rger~t  e rmi t t e l t  werden. 

Summary. An ins t rument  for the  au toma ted  and t ime-  
var iable  supply of mi tos ta t i ca  to leucocyte  cultures for 
chromosome prepara t ions  is described. This  ins t rument  
allows a rout ine  labora tory  to prepare  cultures wi th  a 
be t te r  t ime  schedule. The  act ion of colcemid was success- 
fully tes ted af ter  a 24-h period in the  incubator  before 
adding to the  culture. 

G. STRANZINGER und A. KUCHLER 1 

Institut fr Tierzucht der Technischen Universitiit 
Miinchen, D 805 Freising-Wei/~enstephan 
(Bundesrepublik Deutschland, BRD),  78. September 7974. 

1 Der Hersteller des Gerfites ist: Elektromeister Alfred Kuchler, 
D-8399 Prienbach 153, Bundesrepublik Deutschland. 

Measurement of Fibrinolysis in Rat System by One-Dimensional Diffusion Method 

The most  commonly  used me thod  of es t imat ing  fibri- 
nolyt ic  ac t iv i ty  is based on the  external  lysis of pre- 
formed fibrin plate  1. Most recent ly  a one-dimensional  
diffusion method  using small  f ibrin tubes was developed 
by  YASUKOUCIII and WATANABE 2, and in the  h u m a n  
sys tem it  has been proved  to be more advantageous  than  
the  convent ional  f ibr in plate  technique.  Methods measur ing 
f ibr inolyt ic  ac t iv i ty  in h u m a n  sys tem cannot  be applied 
to rat,  a species convenient  for s tudying  Iibrinolysis, 
wi thou t  modif ica t ion  3. I n  the  present  exper iments  the  
appl icabi l i ty  of the  above-ment ioned  me thod  to ra t  
sys tem was established and the  op t imal  condit ions were 
determined.  

Materials and methods. Blood was obta ined f rom the  
inferior vena  cava  of Wis ta r  male  rats  by  a plast ic 

syringe in deep pen tobarb i t a l  anaesthesia.  Euglobul in  
(Eug) fract ion was prepared f rom the  pooled p lasma of 
12 animals  according to GALLIMORE et al. 3. The  precipi-  
t a ted  Eug  was redissolved in 1/10 vo lume  of 0.12 M p H  
7.4 sodium aceta te  solution (10 • Eug) and then  di luted 
as indicated in the  Table  and the  Figures.  

1 T. ASTRUP and S. MULLERTZ, Arc]]. Biochem. Biophys. 40, 346 
(1952). 

2 T. YASUKOUCHI and T. WATA~ABE, Thromb. Diath. haemorrh. 
28, 329 (1972). 

8 M .  J .  G A L L I M O R E ,  H .  M .  T Y L E R  and J. T. B. SHAW, Thromb. 
Diath. haemorrh. 26, 297 (1971). 



calculated as an average of t r ip l ica te  determinat ions .  
The  f ibrin p la te  assay was carried out  according to 
GALLIMORE et al. *. Occasional ly tubes  or plates were 
prehea ted  at  70 ~ for 60 rain in order to inac t iva te  thei r  
p lasminogen conten t  ~. 

Urokinase  (850 Ploug uni ts /mg,  Calbiochem) and 
E A C A  were dissolved in the  di luted Eug  solutions. 

To prepare  f ibrin tubes 0.5 ml  t h rombin  (2 U/ml ,  
H o f f m a n - L a  Roche) was mixed  to 4.5 ml  f ibr inogen 
(Sigma Chemical  Co.) solut ion (0.1% clot table  prote in  in 
0.1 M p H  7.4 Tris HC1 buffer) in a pe t r i  dish. The  
mix tu re  was p ipe t t ed  into small  ca l ibra ted glass tubes  
(7 cm long wi th  a uni form d iamete r  of 3.5 mm) exac t ly  to 
the  height  of the  cal ibrat ion (50 m m  from the  bot tom).  
Af ter  the  coagulat ion had t aken  place, 50 ~xl, if not  
otherwise indicated,  of Eug  solut ion was added onto the  
top. of the  f ibr in column. The length  of the  f ibr in co lumn 
dissolved af ter  18 h incuba t ion  at  37~ was t aken  as a 
measure  of the  I ibr inolyt ic  ac t iv i ty .  Each  of the  da ta  was 

Results and discussion. Under  the  exper imenta l  
condit ions,  the  p lasminogen c o n t e n t  of bo th  subs t ra ted  
f ibr inogen and tes t  Eug  was ac t iva ted  (see differences 
be tween  hea ted  and nonhea ted  f ibr in tubes  in Figure  1). 
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Fig. 1. Relation between fibrinolytic activity and Eug concentration. 
O, heated; O, nonheated. 
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Fig. 2. The sensitivity of the fibrin tube assay to the "activation 
(urokinase) and inhibition (EACA) of fibrinoiysis. EugSt: 50 [xl of 
2.5 • Eug, 
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W h e n  the  l o g a r i t h m  of E u g  c o n c e n t r a t i o n s  was p lo t t ed  
aga ins t  t he i r  f ib r ino ly t i c  ac t iv i ty ,  a s t r a igh t  l ine  was 
ob t a ined  over  a b r o a d  range,  i.e. t h e  resu l t s  agreed 
well  w i t h  t he  law Of one -d imens iona l  diffusion.  On the  
basis  of F igure  1, 2 . 5 •  E ug  seems to  be 
o p t i m a l  for rou t ine  inves t iga t ions .  I n  t h i s  r ange  changes  
(increase as well  as decrease) of f ib r ino ly t i c  a c t i v i t y  
are well  eva luab le  (Figure 2). 

Compared  to  t h e  p l a t e  t echn ique ,  t he  lysis of f i b r in  
tubes  was less inf luenced  b y  t he  v o l u m e  of t he  samples  

Reproducibility and accuracy of fibrin plate and fibrin tube assays 

Method Fibrinolytie activity ~ Mean -4- SD 

Plate b 6.5 7.4 9.0 9.6 10.0 5.8 7.2 7.9 ~ 1.54 
6.0 7.9 9.5 

Tube b 11.2 12.3 12 .1  11.8 11.5 11.9 11.9 q- 0.34 
12.1 12.0 11.5 11.9 

Diameter or length of digested fibrin (ram). b Test sample: 50 ~zl 
of 2.5 • concentrated Eug. 

4 M. LASSEN, Acta physiol, scan& 27, 371 (1953). 

a n d  2.5 •  Eug  is an  o p t i m a l  one f rom th i s  
p o i n t  of view, too (Figure 3). I t s  v o l u m e  d e p e n d e n c e  can  
be  neglec ted  a b o v e  50 ~zl. O t h e r  a d v a n t a g e s  descr ibed  b y  
YASUKOUCI-II a n d  WATANABE~ for  h u m a n  sys tem,  
i.e. a clear l ine of d e m a r c a t i o n  be tween  lyzed a n d  re- 
m a i n i n g  f ibr in,  sma l l  a m o u n t  of f ib r inogen  required,  
s t ab le  enzyme  a c t i v i t y  of t e s t ed  mate r ia l s ,  were found  in 
rats ,  too. Resu l t s  shown  in t he  Tab le  i nd i ca t e  t h a t ,  
e s t i m a t i n g  a t  o p t i m a l  condi t ions ,  t he  r ep roduc ib i l i t y  of 
t u b e  assay  is also super ior  to  t h a t  of t h e  p l a t e  t echn ique .  

To summar ize ,  we sugges t  t h e  fol lowing cond i t ions  
for t he  e s t i m a t i o n  of f ib r ino ly t i c  a c t i v i t y  in  r a t  s y s t e m  
b y  f ib r in  t u b e  assay :  0 .1% f ib r in  t u b e  as subs t r a t e ,  
50 ~xl of 2.5 •  E u g  as t e s t  sample ,  18 h 
i n c u b a t i o n  a t  37 ~ I t  can  be used in each  case w h e n  t he  
ASTRUP t e c h n i q u e  is ind ica ted ,  b u t  t h e  t u b e  one is m u c h  
more  a d v a n t a g e o u s .  

Zusammen/assung. Fes ts te l lung ,  dass  die e ind imen-  
s ionale  Di f fus ions -Methode  eine sensi t ive ,  e infache und  
r ep roduz ie rba re  Techn ik  zur  B e s t i m m u n g  de r  Ver~nde-  
r u n g e n  der  f i b r ino ly t i s chen  A k t i v i t ~ t  bei  R a t t e n  ist.  
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1~5I in Electron Microscope  A u t o r a d i o g r a p h y  

1~I has. been  used fai r ly  wide ly  i.ll l igh t  and  e lec t ron  
microscope a u t o r a d i o g r a p h y ,  pa r t i cu l a r l y  in s tud ies  on 
iodine m e t a b o l i s m  l-a. Theore t i ca l  cons ide ra t ions  4 sugges t  
t h a t  t he  isotope is l ikely to possess a h i g h  p o t e n t i a l  for 
e lec t ron  microscope  a u t o r a d i o g r a p h y  and  th i s  is bo rne  ou t  
b y  e x p e r i m e n t a l  s tud ies  5. A d r a w b a c k  to  t he  wider  use of 
iodine is t h a t  i t s  i n t r o d u c t i o n  can  a l t e r  t h e  biological  and  
phys i cochemica l  p roper t i e s  of p ro t e in s  ~. This  r e p o r t  
descr ibes  s tud ies  emp loy ing  t h e  i so tope  in a biological  
s i t ua t i on  where  th i s  d i f f icu l ty  has  been  overcome  and  
where  t he  h igh  re so lu t ion  a t t a i n a b l e  w i t h  125I can  more  
read i ly  be d e m o n s t r a t e d .  

I n  these  s tud ies  e lec t ron  microscope  a u t o r a d i o g r a p h y  
ha s  been  used to measu re  t he  r a t e  of g r o w t h  of col lagen 
f ibri ls  in  v i t ro .  As obse rved  b y  BENSUSA~ a n d  SCANUT, 
full i o d i n a t i o n  of t he  col lagen was found  to h a v e  a 
p ro found  effect  on  g r o w t h  ra tes .  W e  were neve r the l e s s  
able  to  e s t i m a t e  t he  g r o w t h  r a t e  of n o r m a l  f ibri ls  w i t h  a 
m e t h o d  of i od ina t ion  u t i l iz ing  carr ier- f ree  radio iodide ,  
t h u s  p r o v i d i n g  m a x i m u m  specific a c t i v i t y  for  m i n i m u m  
iod ina t ion .  A specific a c t i v i t y  suff ic ient  for au to rad iog-  
r a p h y  could be  ach ieved  for a degree of i o d i n a t i o n  so smal l  
t h a t  g r o w t h  ra t e s  were no t  m e a s u r a b l y  affected.  Such  a n  
economica l  use of 1~5I is poss ible  la rgely  because  of i t s  
ha l f  life of 60 days.  This  is long e n o u g h  to  p e r m i t  con- 
v e n i e n t  hand l ing ,  b u t  is suf f ic ien t ly  sho r t  to  ut i l ize  a 
s u b s t a n t i a l  f r ac t ion  of t h e  iodine a t o m s  d u r i n g  t h e  au to -  
r ad iog raph i c  exposure .  I n  a d d i t i o n  each  nuc lea rd i s in t e -  
g ra t ion  yields  (on aver3ge)  1.7 e lec t rons  4. 

Solu t ions  of calf sk in  col lagen were  p r e p a r e d  b y  s t an -  
d a r d  m e t h o d s  s. Labe l l ing  of t h e  p r o t e i n  w i t h  ~25I fol lowed 
essent ia l ly  t he  c h l o r a m i n e - T  m e t h o d  of GREENWOOD et  al. 9 
,who o b t a i n e d  specific ac t iv i t i e s  up  to 300 m C i / m g  on 
h u m a n  g r o w t h  h o r m o n e  w i t h o u t  loss of a n t i - s e r u m  aff in i ty .  

Calf sk in  col lagen has  on ly  11 ty ros ines  pe r  molecule  of 
3000 residues,  b u t  a n  a c t i v i t y  of 1 m C i / m g  (cor responding  
to  i o d i n a t i o n  of less t h a n  1% of these  tyros ines)  was  
found  to be a d e q u a t e  for e lect ro  n microscope  au to rad iog -  
r a p h y  w i t h  on ly  3 days  exposure .  The  emiss ion  of y- 
r a d i a t i o n  b y  1~5I m e a n t  t h a t  t h e  a c t i v i t y  could  con-  
v e n i e n t l y  be  m o n i t o r e d  on  a sod ium iodide c rys ta l  scint i l -  
l a t ion  counte r .  

Af te r  s epa ra t i on  f rom excess rad io iod ide  b y  dialysis,  
col lagen f ibr i l  p r e c i p i t a t i o n  was  i n i t i a t ed  b y  warming .  
Al iquo ts  were r e m o v e d  a t  a n  ear ly  s tage w h e n  t h e  f ibr i ls  
were shor t .  These  sho r t  label led  f ibri ls  were t h e n  p laced  
in a large excess of un labe l l ed  col lagen solut ion,  a l lowing 
f u r t h e r  (unlabel led)  g r o w t h  to  t a k e  place. Af t e r  k n o w n  
t imes ,  d rops  of p r ec ip i t a t e  were r e m o v e d  for  au to rad iog -  
r a p h y .  The  spec imen  was m o u n t e d  on  one side of a 400 A 
t h i c k  c a r b o n - f o r m v a r  f i lm a n d  a m o n o l a y e r  of I l ford  L4 
emuls ion  was  app l ied  to  t he  o ther .  Deta i l s  fo t h e  au to -  
r ad iog raph ic  t e c h n i q u e  are descr ibed  sepa ra t e ly  10. 
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