
point to a dec rea se  in the functional power  of the mechan i sms  of ionic t r a n s p o r t  in the p r e s e n c e  of mass ive  
hyper t rophy  of the hear t  [2, 3, 4, 9, 14]. This  sugges ts  that during adaptation to physical  exe rc i se ,  the power  of 
the ionic t r anspo r t  s y s t e m  in hear t  musc le  ce i l s  i nc reases .  
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E F F E C T  O F  S A L I V A R Y  K A L L I K R E I N S  ON 

O F  T H E  H A M S T E R  R E T R O B U C C A L  P O U C H  
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M I C R O V E S S E L S  
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The effect  of pur i f ied  human, ra t ,  and h ams t e r  s a l iva ry  ka l l ikre ins  on m i c r o v e s s e l s  of the ra t  
m e s e n t e r y  and h a m s t e r  r e t robueca l  pouch was studied by in t ravi ta l  microscopy .  Dilatation of 
a r t e r i o l e s ,  a reduct ion in d i am e t e r  of  the venules ,  and an inc rease  in the number  of act ive  capi l -  
l a r i e s  were  found. These effects  differed depending on the spec ies  and organ concerned.  Homo-  
genates of the m e s e n t e r y  and r e t robucca l  pouch, pro te ins  of the albumin type, h is tamine,  and c e r -  
tain amino acids were  found to ac t iva te  the sa l iva ry  kal l ikre ins .  

KEY WORDS: kal l ikrein;  sal iva;  blood supply; digest ive organs .  

The physiological  role  of the s a l i va ry  ka l l ikre ins  in the digest ive sy s t em has v i r tua l ly  not been studied 
except  for  t he i r  par t ic ipat ion  in the development  of working hyperemia  of the sa l iva ry  glands [12]. 

The object  of this invest igat ion was to study the effect  of purif ied sa l iva ry  ka l l ikre ins  on the m i c r o e i r e u -  
lation in the ra t  m e s e n t e r y  and h a m s t e r  r e t robueca l  pouch. 

E X P E R I M E N T A L  M E T H O D  

The effect  of  pur i f ied  ka l l ikre ins  isolated by the w r i t e r s '  own methods f r o m  ra t ,  hams te r ,  and human 
sal iva  [3, 5], on m i c r o v e s s e l s  10-75 ~ in d i ame te r  in the m e s e n t e r y  and re t robucca l  pouch was studied in ex-  
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TABLE 1. Changes in Diameter  of Mierovessels  (in ~o of initial) in Rat Mesentery and 
Hamster  Retrobuccal  Pouch under the Influence of Salivary Kallikrcins (M �9 m) 

Preparalions 

Salivary kallikmins: 
rat 
hamsmr 
human 

Bradykinin 

Dose  

(in 
~g) 

51 
170 
0,5 

Rat mesentery 

venules 
(15-60 g) 

--16,1-+2,8 
--16,2--5,1 
- - I  1,0 + 1,2 
--31,5-----2,6 

arterioles 
(10-50 ~) 

~J-21,5~6,4 
@15,0~3,8 
+I0.0~4,1 
-I-13,3• 

Hamster retrobucal pouch 

venules 

--9,7 ~- 1,5 
--10,O~4.O 
--10,8• 
--13.5~0,5 

arterioles 

4s-Ts (,u) ~o-4O 6u) 

--10,0~2,3 -.{-8,3~3,1 
--5,3• 1,5 -F7,7-+ 3,1 

--10,8• 
--9,0~ 1,7 

Legend. The dose given indicates the quantity of active substance in solution per  
application. +) Increase ,  - )  decrease  in d iameter  of microvessel .  

experiments  in vivo on 32 Wistar ra ts  and 25 golden hamsters .  Solutions were applied to the surface of the 
organs exter ior ized  into a thermosta t ica l ly  controlled chamber.  The diameter  of the mic rovesse l s  was r e -  
corded instravital ly by an image-spl i t t ing method [1]. In experiments  in vi tro the effect of rat  and hamster  
blood serum,  homogenates of the mesentery  and re t robuccal  pouch, bradykinin (Sandoz, Switzerland), histamine 
(Fluke, Switzerland), acetylcholine chloride (USSR), heparin (Gedeon Richter,  Hungary), protamine sulfate 
(Spofa, Czechoslovakia), collagen, elastin, L-hist idine hydrochloride,  glyclne (Reakhim, USSR), serotonin-  
creatinine sulfate, lyophilized human se rum albumin, and L-arginine  and L-hydroxyprol ine  (Reanal, Hungary) 
on the activity of the saliVary kall ikreins was investigated. The: concentrat ion of the substances added and the 
doses of the kall ikreins are  given in Tables 1 and 2. The protein concentrat ion in the eluates was determined 
by Lowry ' s  method [15]. The concentrat ions and doses of the three isolated kall ikreins were chosen so that 
the i r  BAEE (N-c~-benzoyl-L-arginine ethyl ester)  - e s t e r a s e  activity [2] was the same. Kininase activity in the 
t issue homogenates was determined relative to hydrolysis  of h ippuryl -L- lys ine  [7]. The numerical  resul ts  
were subjected to stat ist ical  analysis  [6]. 

E X P E R I M E N T A L  R E S U L T S  

The sa l ivary  kall ikreins and bradyklnin induced dilatation of the a r te r io les  in the rat  mesen te ry  and r e -  
duced the diameter  of the venules (Table 1), together  with the appearance of per ipheral  s tas is  of the leukocytes 
in the venules, an increase  in the number of open (active) capi l lar ies ,  and accelera t ion of the lymph flow and an 
increase in the number of cells in the lymphatics.  These phenomena are evidence of an increased intensity of 
c a p i l l a r y - t i s s u e  exchange in the mesen te ry  under the influence of the sa l ivary  kall ikreins [8]. Incidentally, 
dilatation of a r te r io les  [13, 20], swelling of the endothelium of the venules [14], and an increase in the p re s su re  
in the venules [17] are  charac te r i s t i c  responses  of the mesenter ic  mic rovesse l s  to bradykinin. Consequently, 
the sal ivary kall ikreins act on the mesenter ic  microvesse l s  not directly,  but through kinin formation. 

Since the kallikreins of rat  saliva p rese rve  their  activity throughout the length of the digestive t rac t  [4] 
and since experiments  with kallikreins f rom the submandibular glands and pancreas  have shown that they readily 
penetrate through the intestinal mucosa of ra ts  into the mesenter ic  vesse l s  [16, 19], it canbe assumed that under 
natural conditions also the sal ivary kallikreins part icipate in the regulation of the blood supply of the digestive 
organs.  

The response  of the mierovesse ls  of the hamster  re t robuccal  pouch to the substances studied differed 
somewhat f rom the response of the mesenter ic  vesse l s  descr ibed above. For instance, dilatation in response 
to rat and hams te r  sa l ivary  kall ikreins developed only in a r te r io les  of small  d iameter  (20-40 ~). Ar te r io les  of 
l a rge r  diameter  responded by constr ic t ion to the application of all kall ikreins and bradykinin (Table 1), possibly 
a resul t  of species differences in the react ivi ty  of the vesse l s  of the re t robuccal  pouch. This hypothesis is con-  
f i rmed by observat ions showing that the sensit ivity of the re t robucca l  pouch mic rovesse l s  to cer tain kinins is 
much weaker than that of the rat  mesentery  [10]. 

Investigation of the effect of the t i ssues  of the two organs on kall ikrein activity showed that homogenates 
of the bloodless mesentery  and re t robuccal  pouch caused substantial activation of sa l ivary  kall ikreins (Table 2). 
No kiniaase was found in the t issue homogenates.  Rat blood se rum inhibitor exhibited nar row spec ies - spec i f i -  
city toward sa l ivary  kallikreins,  but hamster  blood se rum inhibitor inhibited all three kallikreins.  In the search  
for individual substances activating sa l ivary  kall ikreins lnthe homogenates ,  biologically active substances of the 
mast  cells and cer tain proteins and free amino acids were tested. This choice was based on data showing the 
ability of collagen to adsorb kall ikreins [ t l ] ,  marked activation of mouse sa l ivary  gland pro teases  by most 
amino acids [18], and the degranulation of mast  cells part icipating in the regulation of the local blood flow [8] 
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TABLE 2. Changes in Kal l ikre in  Activity in Vitro under the Influence of Cer ta in  
Substances  (M �9 m) 

[Homogenate Hpmogenat~ Rat blood Hamster Ace- 
~ [ o f  rat rues- I otnamster.|serum blood se- Bradyki- Hista- ,Seroto- tylcho- 

Preparation I I retroouceal! rum 
1r 1~ ~ Jentery ]pouch | nifl mine ~rl Line 

l ~ | 1:20o ~/ml  

Salivary kallikreim 0,072 8,8 o ' 
rat  + 3 6 . 7 +  - 2 9 . 3 •  - 6 3 . 0 ~ 1 0 , 1  -52,2~8.5 0 -41,6• 0 
ham•ter 1 --4,7 4 27,0----b~ 7;B human t ,36 + 3 5 , 8 •  454,8~+16,3 +19,9~+8,0 --54,2+___12,4--51,9• +19,8__+4,0 --24,90• 0 

, ] + 3 1 , g ~  4 5 1 , 2 •  - -15 ,0 •  i--54,2+4,5 +15,5• 0 

Preparation •J Heparin 
~.,- 1000 units/ 

Albumin Col- Elasfin 
I 250 lagen 250 

25O 

Prot- Arginine IHistidine Glycine Hydroxy- 
proline amine 200 1 200 200 200 

250 
gglml 

salivary kallikmim: t ' ~1 
rat  0,072 I --17.21-7,2 +15,8• t --68,6_+8,9 --14,7_+3,1 
ha ,ter oo 
human S,3 J --8,8__---r 437,1• 0 +12,9..+__+5,5 --82,2~6,5 +28,5• --~13,D__4,1 . 8• 2 

Legend. Mean values  of inc rease  (+) or  dec rea se  ( - )  in kal l ikrein act ivi ty  ex-  
p r e s s e d  as  pe rcen tages  of act iv i ty  of control  s amples  containing only enzyme and 
physiological  sal ine.  

through the act ion of kal l ikre in  [9]. Most of the subs tances  tes ted  e i ther  did not affect  or  inhibited (heparin, 
bradykinin,  and the compet i t ive  subs t ra te ,  protamine)  the ra te  of BAEE hydro lys i s ,  and only l o w - m o l e c u l a r -  
weight pro te ins  of the albumin type signif icantly act ivated all  th ree  sa l iva ry  ka l l ikre ins ,  his tamine inactivated 
human and h a m s t e r  ka l l ikre ins ,  and the f ree  amino acids inhibited human kal l ikre in  only. The act ivat ing action 
of ra t  blood s e r u m  on h a m s t e r  and human kall ikreit ls  a lso  was evidently linked with a lbumins  (Table 2), for in 
the dilutions used, blood s e r u m  had v i r tua l ly  no B A E E - e s t e r a s e  activity.  

The r e su l t s  thus indicate that the abi l i ty of s a l iva ry  kal l ikre ins  to regulate  the blood supply of the d iges-  
t ive organs  p o s s e s s e s  spec ies  specif ic i ty  and is l a rge ly  dependent on the p r o p e r t i e s  of the organs  at different 
l eve l s  of the digest ive t rac t .  
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