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L y m p h a t i c  F i b r i n o l y s i s  i n  R a t s  

Al though  the  c lo t t ing  capac i ty  of l y m p h  and the  con- 
cen t ra t ion  of c lo t t ing  factors are well  inves t iga ted~,L 
only  a few d a t a  are  avai lable  concerning the  f ibr inolyt ic  
sys tem in l y m p h  of var ious  mammalsa ,  a. In  this repor t  
the  t ibr inolyt ic  components  in l y m p h  of ra t s  were 
studied,  beginning wi th  the  end of the  cannula t ion  proce-  
dure of the  thoracic  duc t  unt i l  7 days  af ter  operat ion.  

Mater ia l s  and methods. F e m a l e  rats  of a Wis ta r  strain,  
weighing f rom 200-250 g were used. According to a 
t echn ique  descr ibed by  B O L L g ~ ,  Ca in  and GR~NDLAV s, 
the  thoracic  duc t  of these an imals  was cannula ted  in its 
abdomina l  pa r t  w i th  a po lye thy lene  cannnla .  Dur ing  
the  t ime  of  observat ion ,  t he  animals  were kep t  in cages 
special ly designed s imilar  to  those  described by  ]BOLL- 
M~N ". L y m p h  specimens were sampled  wi th in  1 h in 
cold glass tubes  con ta in ing  ~/~, v o l u m e  of a hepar in  
solution. Ci t ra ted  blood was ob ta ined  by  aort ic  puncture .  
Es t ima t ions  were carr ied ou t  i m m e d i a t e l y  af ter  sampling.  

P lasminogen  was de te rmined  according to the  casein- 
olyt ic  me thod  of ALKJAERSIG et  alS, wi th  appl ica t ion 
of the  L o w g v - t e c h n i q u e .  1 U / m l  is def ined as the  tyros in  
amount ,  emerged f rom a 2% casein solution, t h a t  gives 
an O.D. of 0.001 in our  l abora to ry  condit ions.  The  ant i -  
p lasmin  level  was de te rmined  in a caseinolyt ic  assay too, 
1 U / m l  being 1°/o prote inolysis  inhibi t ion  of a porcine 
p lasmin  s tandard .  

P lasmin  a c t i v i t y  on hea ted  I ibr in-agar  plates  was 
de te rmined  according to the  modif ied  m e t h o d  of ASTRUP 
and M/2LLERTZS. The  p ro te in  concen t ra t ion  of  each l y m p h  
specimen was de te rmined  according to the  Biure t  method .  

Results .  The  results  of the  measu remen t s  of t he  
I ibr inolyt ic  a c t i v i t y  of l y m p h  on hea ted  f ibr in-agar  
pla tes  are shown in F igure  1. In  16 of  22 opera ted  ani- 
mals,  we observed  a d i s t inc t  I ibr inolyt ic  ac t iv i ty  wi th in  
the  first  8 h a f te r  operat ion.  The  lysed areas in these 
specimens ranged f rom 110 to 260 m m  ~, tt~e pro te in  
concen t ra t ion  being be tween  1.8 g/100 ml  and 2.5 g/  
100 ml. On the  f irs t  day  af te r  cannulat ion,  only  1 of the  
24 animals  showed a f ibr inolyt ic  ac t iv i ty ,  the  lysed area  
being 70 m m  ~ and the  pro te in  concen t ra t ion  1.1 g/100 ml. 
The  n u m b e r  of animals  showing f ibr inolyt ic  a c t i v i t y  
increased cont inuous ly  f rom day  1 unt i l  d a y  7 a f te r  
cannula t ion .  A t  this t ime  we observed  lysed areas  
rang ing  f rom 110 to  320 m m  ~ in 18 f rom 20 animals .  
The  pro te in  concen t ra t ions  were be tween  0.7 and 1.9 g /  
100 ml.  

The  first  Mood specimen,  ob ta ined  4-6  h a f te r  opera-  
t ion,  showed enzymat i c  a c t i v i t y  in 8 ou t  of 10 animals.  
The  lysed areas of p lasma samples  ranged  f rom 50 to  
75 m m L  the  prote in  concen t ra t ion  being abou t  3.5 g/ 
100 ml. No f ibr inolyt ic  a c t i v i t y  was observed in the  
p lasma dur ing the  fol lowing 7 days.  

The  Table  summar izes  the  averages  of the  p lasminogen 
and an t ip lasmin  levels in l y m p h  and p lasma on var ious  
days.  The  levels are a lways lower in l y m p h  than  in 
plasma.  The  p lasminogen level  of no rmal  ra t  p l a sma  is 
abou t  227 U / m l  (S.D. -V 26 U/ml) ,  the  an t ip lasmin  con- 
t en t  abou t  70 U / m l  (S.D.-4-9 U/ml) .  A compar ison  of 
p lasminogen and  an t ip lasmin  levels in l y m p h  is diff icul t  
because of t he  va ry ing  l y m p h  flow ra tes  and pro te in  
concentrat ions .  As p lasminogen and  an t ip lasmin  are  
prote ins  too, we expected  a corre la t ion  be tween  the  
pro te in  concen t ra t ion  of l y m p h  and t h e  p lasminogen  
and  an t ip lasmin  ac t iv i ty .  The  par t i a l  corre la t ion of 
prote in  concent ra t ion  to  p lasminogen ac t i v i t y  was 
h ighly  s ignif icant  (r = 0.355; p = 0.005). The  par t ia l  
correlat ion of pro te in  concen t ra t ion  to an t ip lasmin  was 
even higher  (r = 0,536; p = 0.0005). In  respect  to these 

correlat ions,  i t  seems reasonable  to  p lo t  the  p lasminogen  
and an t ip lasmin  levels of l y m p h  and p lasma agains t  the  
prote in  con ten t  of l ymph  and p lasma and to  give the  
da t a  expressed as 'Uni t s /g  protein ' .  

The  p lasminogen levels, expressed as Uni t s /g  protein,  
are higher  in l y m p h  than  in p lasma (Figure 2). The  levels'  
increase bo th  in l y m p h  and plasma,  bu t  in l y m p h  the  
increase is much  stronger.  On day  1 af ter  operat ion,  
when the  f ibr inolyt ic  a c t i v i t y  is low, there  is a decrease 
of  p lasminogen  in l ymph  and plausma. 

This  m a y  indicate  a consumpt ion  of p lasminogen,  fol- 
lowing the  opera t ion- induced  ac t iva t ion  of the  f ibrino- 
Iysis. The  an t ip lasmin  levels  (Uni ts /g  protein)  are  lower 
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:Fig. 1, Positive results of lymph samples on heated Iibrin-agar 
plates during 7 days of thoracic duct cannulation. 

Averages of plasminogen and antiplasmin levels (Units per ml) 
in lymph and plasma 

3-6 h Day 1 Day 7 
atter after after 
eannulation cannulation cannulation 
n = 10 n ---- 10 n = 8 
Plasmi- Anti- Plasmi- Anti- Plasmi- Anti- 
nogen plasmin nogen piasmin nogen plasmin 

Lymph 105 23 60 14 74 27 
Plasma 199 57 127 56 252 74 
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in the lymph than in the plasma from 4 h until one day 
after operation (Figure 3). Later on, the antiplasmin 
levels in lymph and plasma do not differ significantly. 

The results of our investigations reveal a high fibrino- 
lyt;c act ivi ty in thoracic duct lymph of rats. The varia- 
tions of this act ivi ty  in the course of the cannulation 
allow 2 kinds of interpretat ion:  1. The first peak in 
act ivi ty  is due to the stress of operation. I t  is well 
known 9-11 tha t  stress enhances the act ivation of fibrino- 
lysis in various mammals.  After a phase of depletion, 
there is a second stress-induced peak caused by the 
confinement in the narrow cages and the manipulations 
during the sampling periods. 2. Following a stress-induced 
activation of the fibrinolytic system in lymph and 
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Fig. 2. Plasminogen levels in lymph and plasma of rats during 
7 days of thoracic duct cannulation. 
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Fig. 3. Antiplasmin levels in lymph and plasma of rats during 
7 days of thoracic duct cannulation. 

plasma, there is a phase of depletion. On day 6 and 7 
after operation the fibrinolytic act ivi ty  returns to normal 
values. Our results in these days therefore indicate an 
activation of the lymphatic fibrinolytic system even in 
the preoperative state. 

Whatever  kind of interpretation may be applied, the 
results reveal that,  at  least at some times, the Iibrinolytic 
activity in rat  lymph exceeds tha t  of plasma. These 
findings are in part  explained by the higher plasminogen- 
antiplasmin ratio in lymph, compared with tha t  of 
plasma. A high plasminogen-antiplasmin ratio in lymph 
will enhance the fibrinolysis, but  plasmin will be present 
only if an activation of plasminogen has taken place. 
BEARD et al. ~° stated that  after stress the lysosomes in 
the rat  liver release plasminogen activators into the body 
fluids. One could suggest tha t  the act ivator  reaches th~ 
blood stream not directly, but  by the way of the lym- 
phatic system. Following this hypothesis, the lymphatic 
system of rats would play a par t  in the act ivation of 
plasmatic fibrinolysis after stress. 

The s ta tement  of a high fibrinolytic ac t iv i ty  in lymph 
is in contrast  to other investigations performed on dogs 3 
and humans t. In these reports, however, no data  are 
given as to what  t ime has elapsed between cannulation 
and lymph sampling. I t  is possible tha t  the lymph has 
been sampled in the phase of depletion where the fibrino- 
lytic act ivi ty  is low. The fibrinolytic system of rats, on 
the other  hand, may  behave differently to tha t  of dogs 
and humans ~. 

Zusammen]assung. Rat ten  zeigen regelmitssig zu be- 
s t immten Zeiten nach Ductus-Thoracicus-Kannulierung 
eine hohe, unter Umstitnden durch Stress induzierte 
fibrinolytische Aktivitit t  in der Lymphe;  diese Aktivit/~t 
braucht nicht yon einer plasmatischen Fibrinolyse be- 
gleitet zu sein. 
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I m m u n o l o g i c a l  R e a c t i v i t y  of  a S y n t h e t i c  P o l y m a n n a n  

In  recent years, the water-soluble polysaccharides 
(galactomannans, mannan, and glucans) of a number of 
dermatophytes have been studied in this laboratory 1. 
Each species investigated contains a galactomannan I, 
galactomannan I I  and a glucan, except Tricholhyton 
rubrum, which yielded a mannan instead of a galacto- 
mannan I. The molecular weights of these polysaccha- 
rides are about  10,000. 

A synthetic polymannan, free of nitrogen, was obtained 
from Dr. C. SCHUERCH. I t  consists of ~1--~6 linked 
D-mannopyranose units resembling the basic chain of 
the dermatophyte galactomannans I, but  has a molecular 

weight of 40,0002. I t  was, therefore, of interest to study 
the ability of this synthetic polymannan to induce 
cutaneous hypersensitivity and humoral  antibody for- 
mation. 

The polymannan was dissolved in sterile saline and 
emulsified in an equal volume of Freund 's  complete 
adjuvant  for immunization of guinea-pigs and mice. 

Hart ley strain guinea-pigs were iniected with 2.0 mg 
(Group I) or 4.0 mg (Group II) of synthetic polymannan 
in Freund's complete adjuvant .  A total  volume of 
1.0 cm 3, 0.5 cm 3 s.c. in the nape of the neck and 0.5 cm 3 
in the hind foot pads was injected. 21 days later, guinea- 


