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ABSTRACT 

I t was shown by a radioimmunoassay t h a t p i g p a n c r e a t i c k a l l i k r e i n 
can be absorbed i n the r a t i n t e s t i n a l t r a c t . The a b s o r p t i o n seems 
to o c c u r both by way of l y m p h a t i c s and m e s e n t e r i c v e i n r o u t e . 
G l a n d u l a r k a l l i k r e i n was shown to be present i n the serum of p i g 
and man i n c o n c e n t r a t i o n s of 10 - 20 ng/ml by employing radioimmuno
assays . 
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INTRODUCTION 

The p h y s i o l o g i c a l r o l e of t i s s u e k a l l i k r e i n s i s s t i l l l a r g e l y un
known, the same holds t r u e f o r the mechanism of a c t i o n by which ad
m i n i s t e r e d k a l l i k r e i n causes the many e f f e c t s which have been ob
ser v e d . Such e f f e c t s a r e , f o r example, the s t i m u l a t i o n of i n t e s t i 
n a l a b s o r p t i o n of v a r i o u s s u b s t a n c e s , l i k e g l u c o s e , amino a c i d s and 
v i t a m i n B 12 (Caspary and C r e u t z f e l d t , 1973* Rumpeltes, Koeppe and 
P r i b i l l a , 1975), the s t i m u l a t i o n of c e l l p r o l i f e r a t i o n (Schütte and 
L i n d n e r , 1977), the s t i m u l a t i o n of both number and m o t i l i t y of 
spermatozoa i n p a t i e n t s w i t h asthenozoospermia and o l i g o z o o s p e r m i a 
a f t e r o r a l o r p a r e n t e r a l a d m i n i s t r a t i o n ( S c h i l l , 1977; S c h i r r e n , 
1977), and an enhancing e f f e c t on muscular g l u c o s e 'uptake i n pa
t i e n t s w i t h m a t u r i t y onset d i a b e t e s (Wicklmayr and D i e t z e , 1977). 
Thus, a l a r g e v a r i e t y of e f f e c t s of exogenous k a l l i k r e i n i s known, 
however, the knowledge on what happens to k a l l i k r e i n between the 
a d m i n i s t r a t i o n and the observed e f f e c t i s r a t h e r l i m i t e d . 
In our s t u d i e s on the f a t e of a d m i n i s t e r e d k a l l i k r e i n and the phy
s i o l o g i c a l r o l e of g l a n d u l a r k a l l i k r e i n s we apply the radioimmuno-

111 



112 E. Fink e t a l . 

assay technique which, because of i t s s e n s i t i v i t y and high s p e c i 
f i c i t y , s h o uld a l l o w to get new i n s i g h t i n t o the a c t i o n and f a t e 
of g l a n d u l a r k a l l i k r e i n i n the organism. 

MATERIALS AND METHODS 

M a t e r i a l s . P i g p a n c r e a t i c k a l l i k r e i n used i n the radioimmunoassay 
f o r r a d i o i o d i n a t i o n and as a st a n d a r d was a h i g h l y p u r i f i e d , neu-
r a m i n i d a s e - t r e a t e d p r e p a r a t i o n ( F i e d l e r , 1976) k i n d l y p r o v i d e d by 
D r . F . F i e d l e r , Munich; guinea p i g c o a g u l a t i o n gland and guinea p i g 
submandibular gl a n d k a l l i k r e i n s were g i f t s from Dr.C.Moriwaki, 
Tokyo and Dr.M.Lemon, B r i s t o l . P i g u r i n a r y k a l l i k r e i n and p i g sub
man d i b u l a r gland k a l l i k r e i n p r e p a r a t i o n s were i s o l a t e d as d e s c r i 
bed (Tschesche and o t h e r s , 1976; Lemon, Förg-Brey and F r i t z , 1976) 
P i g p a n c r e a t i c k a l l i k r e i n used i n experiments on i n t e s t i n a l ab
s o r p t i o n (1 180 KU/mg) was a g i f t of Bayer AG, Wuppertal. Sepha-
c r y l S-200, Pharmacia. 
Radioimmunoassays. The radioimmunoassays f o r p i g p a n c r e a t i c k a l l i 
k r e i n and human u r i n a r y k a l l i k r e i n are d e s c r i b e d elsewhere ( F i n k 
and Güttel, 1978; Mann and Ge i g e r , 1977). 
Gel f i l t r a t i o n . Samples of s e r a and ly m p h a t i c f l u i d were s u b j e c t e d 
to g e l f i l t r a t i o n on S e p h a c r y l S-200, column s i z e : 0.9 x 95 cm; 
e l u t i o n b u f f e r : 0.015 mol/1 NaH 2 P 0 4 , 0.15 mol/1 NaCl, 0.01 mol/1 
EDTA, pH 7.4; f l o w r a t e : 3 - 4 ml/h. The e f f l u e n t was monitored at 
254 nm. 
Experiments on i n t e s t i n a l a b s o r p t i o n . The ductus t h o r a c i c u s of 
a l b i n o r a t s was c a n u l a t e d w i t h a U - l i k e p o l y t h y l e n e tube ( S e i f e r t , 
1976;Bollmann, Cain and G r i n d l a y , 1948) and the l y m p h a t i c f l u i d 
c o l l e c t e d i n t o tubes which were changed at 30 or 60 min i n t e r v a l s , 
at the same times blood samples were o b t a i n e d from the t a i l v e i n . 
A f t e r an i n i t i a l c o n t r o l p e r i o d of 1 h 10 mg p i g p a n c r e a t i c k a l l i 
k r e i n , d i s o l v e d i n 1 ml 0.9 % s a l i n e , were i n j e c t e d i n t o the lumen 
of the duodenum. The samples of l y m p h a t i c f l u i d and the serum sam
p l e s , c o l l e c t e d f o r up t o 6 h a f t e r i n j e c t i o n , were examined f o r 
k a l l i k r e i n by radioimmunoassay. 

RESULTS AND DISCUSSION 

An i m p o r t a n t p r e r e q u i s i t f o r i n v e s t i g a t i o n s on the p h y s i o l o g i c a l 
r o l e of g l a n d u l a r k a l l i k r e i n s i s a s e n s i t i v e and s p e c i f i c assay 
method. The d e t e r m i n a t i o n of k a l l i k r e i n i s g e n e r a l l y a c h i e v e d by 
measuring the r a t e of h y d r o l y s i s e i t h e r of s y n t h e t i c s u b s t r a t e s 
o r of the n a t u r a l s u b s t r a t e k i n i n o g e n . These assays a r e not spe
c i f i c f o r k a l l i k r e i n because they a l s o d e t e c t o t h e r p r o t e a s e s . For 
p h y s i o l o g i c a l s t u d i e s , which i n c l u d e the measurement of k a l l i k r e i n 
i n t i s s u e s and body f l u i d s , where o t h e r p r o t e a s e s may be p r e s e n t , 
a more s p e c i f i c assay i s r e q u i r e d . This requirement i s met by the 
radioimmunoassay t e c h n i q u e . 
Radioimmunoassay. With the radioimmunoassay developed i n our l a -
b o r a t o r y ( F i n k and Güttel, 1978) the lower d e t e c t i o n l i m i t f o r p i g 
p a n c r e a t i c k a l l i k r e i n i s 40 - 300 pg c o r r e s p o n d i n g t o a c o n c e n t r a 
t i o n of 0.2 - 1.5 ng/ml. T h i s s e n s i t i v i t y i s at l e a s t e q u a l to 
t h a t of the most s e n s i t i v e enzymatic a s s a y s . 
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The assay i s h i g h l y s p e c i f i c f o r p i g g l a n d u l a r k a l l i k r e i n s , no 
c r o s s r e a c t i v i t y c o u l d be found f o r p o r c i n e t r y p s i n , bovine t r y p s i n 
and chymotrypsin and k a l l i k r e i n of guinea p i g submandibular glands 
and guinea p i g c o a g u l a t i o n g l a n d s , whereas p i g u r i n a r y and p i g 
submandibular k a l l i k r e i n s show an immunochemical r e a c t i v i t y i n d i s 
t i n g u i s h a b l e from t h a t of p i g p a n c r e a t i c k a l l i k r e i n under the r a d i o 
immunoassay c o n d i t i o n s as i n d i c a t e d by the p r a l l e l dose-response 
curves ( F i g . 1). 

K-164.10 

016 0.31 0.63 1.25 2.5 5.0 10.0 2A0 

Kallikrein [ng/tube] 

F i g 1. Dose-response curves of p i g g l a n d u l a r k a l l i k r e i n s 

I n t e s t i n a l a b s o r p t i o n . The radioimmunoassay was employed to i n v e s t i 
gate wheter k a l l i k r e i n can be absorbed i n the i n t e s t i n a l t r a c t 
u s i n g the r a t as a model. K a l l i k r e i n (10 mg d i s s o l v e d i n 1 ml 0.9 % 
NaCl) was i n j e c t e d i n t o the lumen of the duodenum of a n e s t h e t i z e d 
a l b i n o r a t s . When samples of l y m p h a t i c f l u i d o b t a i n e d from the 
t h o r a c i c duct and blood samples were assayed by radioimmunoassay, 
k a l l i k r e i n was d e t e c t e d i n c o n c e n t r a t i o n s up to 200 ng/ml w i t h i n 
4 h a f t e r i n j e c t i o n . However, the time dependence of the concen
t r a t i o n i n c r e a s e of k a l l i k r e i n i n lymph and blood was h i g h l y v a r i 
a b l e w i t h i n s e r i e s of experiments both w i t h f a s t e d and w i t h unfas-
t e d r a t s . I t was not yet p o s s i b l e t o s t a n d a r d i z e the experiments 
i n a way t h a t would make the k i n e t i c s of a b s o r p t i o n i n d i f f e r e n t 
animals comparable. F i g . 2 demonstrates the h i g h l y d i f f e r e n t absorp
t i o n k i n e t i c s , the two experiments were done under i d e n t i c a l con
d i t i o n s w i t h f a s t e d r a t s . 
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F i g 2. K i n e t i c s of i n t e s t i n a l a b s o r p t i o n of p i g p a n c r e a t i c k a l l i 
k r e i n i n t o serum and lymph of r a t s a f t e r i n t r a d u o d e n a l i n j e c t i o n 

In Table 1 those two r a t s of the f a s t e d and u n f a s t e d groups are 
compared which showed the h i g h e s t a b s o r p t i o n . 
The data suggest t h a t f a s t i n g has a s t i m u l a t i n g e f f e c t on the i n 
t e s t i n a l a b s o r p t i o n o f k a l l i k r e i n . 
In o r d e r to c l a r i f y whether o r not the radioimmunoassayable ma
t e r i a l c o n s i s t e d of low m o l e c u l a r d e g r a d a t i o n p r o d u c t s , samples 
of l y m p h a t i c f l u i d were s u b j e c t e d t o g e l f i l t r a t i o n on S e p h a c r y l 
S-200 and the e l u a t e was t e s t e d by radioimmunoassay. Two main peaks 
of immunochemically r e a c t i v e m a t e r i a l were found, the one i n an 
e l u t i o n p o s i t i o n c o r r e s p o n d i n g t o the m o l e c u l a r weight of p i g pan
c r e a t i c k a l l i k r e i n , t h e o t h e r i n a p o s i t i o n of a m o l e c u l a r weight 
of about 80 000. These f i n d i n g s i n d i c a t e t h a t undegraded m o l e c u l e s 
of k a l l i k r e i n were absorbed i n the r a t i n t e s t i n e and t h a t the ab-
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sorbed k a l l i k r e i n i s p a r t l y bound t o a plasma p r o t e i n , presumably 
to - a n t i t r y p s i n . 

Table 1 I n t e s t i n a i A b s o r p t i o n of P i g P a n c r e a t i c K a l l i k r e i n 
i n the Rat. 

Rat A Rat B 
(wit h o u t f a s t i n g ) 24 h f a s t i n g 

Dose a d m i n i s t e r e d 10 mg 10 mg 
T o t a l amount of o n n A r- n n n 
• 1 *i * I • • 1 300 ng 1 5 000 ng 
k a l l i k r e i n i n lym- f o n ? c n n „ 
p h a t i c f l u i d ( 3 0 P P m ) ( 1 5 0 0 p p m ) 

Maximal c o n c e n t r a 
t i o n i n l y m p h a t i c 800 ng/ml 33 000 ng/ml 
f l u i d Maximal c o n c e n t r a - -,nn . n - -,nn , n . 700 ng/ml 4 700 ng/ml t i o n i n serum & & 

In two samples of l y m p h a t i c f l u i d , which had been s t o r e d f r o z e n f o r 
s e v e r a l months, one peak of immunoreactive m a t e r i a l was found i n 
the p o s i t i o n of a m o l e c u l a r weight near 80 000 as d e s c r i b e d above 
whereas the second peak was i n a p o s i t i o n near the v o i d volume 
of the column. We assume t h a t t h i s high m o l e c u l a r m a t e r i a l r e p r e 
s e n t s k a l l i k r e i n u n s p e c i f i c a l l y bound t o high m o l e c u l a r p r o t e i n s , 
p o s s i b l y an a r t e f a c t as a r e s u l t of prolonged s t o r a g e . A complex 
w i t h ( * 2 ~ m a c r o g l ° D U l i n seems improbable because of the f i n d i n g of 
Hamberg (Vathera and Hamberg,1976) t h a t k a l l i k r e i n i s not i n h i 
b i t e d by <*2~macroglobulin • 
In s p i t e of the high v a r i a b i l i t y d i s c u s s e d above our r e s u l t s demon
s t r a t e t h a t g l a n d u l a r k a l l i k r e i n can be absorbed by the i n t e s t i n e 
w i t h o u t d e t e c t a b l e d e g r a d a t i o n . The p a r t i a l b i n d i n g t o a serum pro
t e i n , p r o b a b l y & \ - a n t i t r y p s i n , suggests t h a t at l e a s t some of the 
absorbed k a l l i k r e i n i s e n z y m a t i c a l l y a c t i v e . Furthermore, the r e 
s u l t s suggest a s i g n i f i c a n t r o l e of l y m p h a t i c s i n the i n t e s t i n a l 
a b s o r p t i o n o f p a n c r e a t i c k a l l i k r e i n i n a d d i t i o n to the a b s o r p t i o n 
v i a p o r t a l v e i n r o u t e s . A b s o r p t i o n v i a the m e s e n t e r i c v e i n r o u t e 
was demonstrated e a r l i e r by Moriwaki and co-workers (1973) u s i n g 
a m e s e n t e r i c p e r f u s i o n system. 
G l a n d u l a r k a l l i k r e i n i n b l o o d . The radioimmunoassay was f u r t h e r 
a p p l i e d t o i n v e s t i g a t e , whether endogenous g l a n d u l a r k a l l i k r e i n 
i s p r e s e n t i n the b l o o d . We found g l a n d u l a r k a l l i k r e i n i n p i g serum 
i n c o n c e n t r a t i o n s of 10 - 20 ng/ml. In o r d e r to a s c e r t a i n t h a t the 
radioimmunoassayable substance was not a low m o l e c u l a r d e g r a d a t i o n 
p r o d u c t , serum samples were s u b j e c t e d t o g e l f i l t r a t i o n and the 
f r a c t i o n s t e s t e d by radioimmunoassay. One peak was found i n a p o s i -
t i o n which would correspond to the complex w i t h - a n t i t r y p s i n , 
i n s e v e r a l samples a second peak was d e t e c t e d i n the e l u t i o n po
s i t i o n of f r e e k a l l i k r e i n ( F i g . 3 ) . 
For boar semina l plasma mainly one peak was found c o r r e s p o n d i n g 
to f r e e k a l l i k r e i n . 
S i m i l a r e x p e r i m e n t s , employing a radioimmunoassay f o r human u r i 
nary k a l l i k r e i n (Mann and G e i g e r , 1977), demonstrated the pre
sence of g l a n d u l a r k a l l i k r e i n a l s o i n human serum i n a c o n c e n t r a t i o n 
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of 10 - 15 ng/ml u s i n g our human u r i n a r y k a l l i k r e i n p r e p a r a t i o n as 
a s t a n d ra d . 

F i g 3. Gel f i l t r a t i o n of boar semina l plasma and p i g serum through 
S e p h a c r y l S-200. The f r a c t i o n s were assayed by a radioimmunoassay 
f o r p i g p a n c r e a t i c k a l l i k r e i n . 

A f t e r g e l f i l t r a t i o n one peak was d e t e c t e d i n the p o s i t i o n of a mole
c u l a r w e i g h t o f 80 000 whereas our k a l l i k r e i n p r e p a r a t i o n was e l u t e d 
i n the p o s i t i o n of 50 000. Nustad and co-workers (1978) p u b l i s h e d 
r e c e n t l y t h a t a l s o i n r a t serum an a n t i g e n can be d e t e c t e d by a 
radioimmunoassay f o r r a t submandibular k a l l i k r e i n which i s immuno
l o g i c a l l y i d e n t i c a l t o g l a n d u l a r k a l l i k r e i n but appears t o be 
complexed w i t h plasma p r o t e i n s . Thus, the o c c u r r e n c e of g l a n d u l a r 
k a l l i k r e i n s i n the blood i s now e s t a b l i s h e d f o r t h r e e s p e c i e s . The 
exact o r i g i n of the g l a n d u l a r k a l l i k r e i n i n b l o o d i s unknown, a 
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d i s c r i m i n a t i o n by radioimmunoassay i s i m p o s s i b l e because of the 
immunological c r o s s r e a c t i i v i t y of the v a r i o u s t i s s u e k a l l i k r e i n s . 

F i g 4. Gel f i l t r a t i o n of human serum through S e p h a c r y l S-200. The 
f r a c t i o n s were assayed by a radioimmunoassay f o r human u r i n a r y 
k a l 1 i k r e i n . 

Our f i n d i n g s and the f i n d i n g s of o t h e r authors suggest t h a t g l a n 
d u l a r k a l l i k r e i n s have access t o the c i r c u l a t i o n v i a i n t e s t i n a l 
a b s o r p t i o n and v i a r e l e a s e i n t o the g l a n d u l a r c i r c u l a t i o n . The 
presence of g l a n d u l a r k a l l i k r e i n i n b l o o d leads t o the assumption 
t h a t r e n a l f i l t r a t i o n might c o n t r i b u t e to some e x t e n t to the amount 
of k a l l i k r e i n found i n u r i n e . 
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