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i n j ec t ed  v ia  t h e  lef t  v e r t e b r a l  a r t e ry ,  filled t he  vascu la r  
bed  of t he  lef t  neck  musc les  (Figure  1). I n  t he  bas i l a r  
a r t e ry ,  p a r t i c u l a r l y  a t  i t s  c a u d a l  end,  a m i x t u r e  of b lue  
a n d  red  m a t e r i a l  was  observed .  Mixed m a t e r i a l  was  also 
found  in t he  t e r r i to r i es  w h i c h  were r e t r o g r a d e l y  filled v ia  
t h e  r i g h t  v e r t e b r a l  a r t e ry .  

However ,  t h e  smal le r  vessels of t he  b ra in ,  even  in t h e  
p o n t o - m e d u l l a r y  a rea  were filled w i t h  red-co loured  
m e t h y l m e t h a c r y l a t e  coming  f rom t h e  ca ro t id  a r t e r y  
(Figure  2). 

I n  conscious, r ena l  h y p e r t e n s i v e  ra ts ,  a d m i n i s t r a t i o n  
of e - m e t h y l d o p a  b y  t h e  i.p. r ou t e  (10-800 mg/kg)  caused  
a d o s e - d e p e n d e n t  decrease  in b lood  pressure  (7-53 m m  
Hg). Af te r  in fus ion  of ~ - m e t h y l d o p a  (25 mg/kg)  in to  t he  
j ugu la r  ve in  also a fall  in b lood  pressure  was observed .  
Blood pressure  decreased  g r a d u a l l y  w i t h  a m a x i m u m  5 h 
a f t e r  s t a r t i n g  t he  in fus ion  ( - -27  4- 5 m m  Hg).  The  
decrease  in b lood pressure  a f t e r  in fus ion  of t he  same dose 
of ~ - m e t h y l d o p a  in to  t he  v e r t e b r a l  a r t e r y  was less pro-  
n o u n c e d  ( - -16  • 3 m m  H g  a f t e r  5 h). T he  difference,  
however ,  was  n o t  s ign i f i can t  a t  2 -6  h. I n t r a v e r t e b r a l  
fusion of ~ - m e t h y l d o p a  in  a dose of 10 m g / k g  caused  no  
change  in b lood  pressure .  

Discussion. The  b lood  pressure  lower ing  effect  of a- 
m e t h y l d o p a  in t he  r a t  is m e d i a t e d  b y  a c en t r a l  ac t ion  of 
t h e  d rug  ~6,~s,~~ a n d  is st i l l  p r e s e n t  a f t e r  midco l l i cu la r  
t r a n s e c t i o n  of t h e  b r a i n s t e m  20. I n  cats ,  a n d  to  a lesser 
degree in dogs, t he  m a j o r  p a r t  of v e r t e b r a l  a r t e r y  b lood  
goes to  t he  p o n t o - m e d u l l a r y  s t r u c t u r e s  of t h e  brain~~ 
I n  cats ,  t h e  i n t r a v e r t e b r a l  i n j ec t i on  of ~ - m e t h y l d o p a  

lowers t h e  b lood  pressure  a t  doses w h i c h  do n o t  lower 
b lood  pressure  a f t e r  i.v. in jec t ion2L W e  found  no  differ- 
ences be tween  i n t r a v e r t e b r a l  and  i.v. a d m i n i s t r a t i o n  of a 
low dose of ~ - m e t h y l d o p a  in r ena l  h y p e r t e n s i v e  ra ts .  A n  
e x p l a n a t i o n  for t h i s  f ind ing  was  p r o v i d e d  since t h e  radio-  
ac t ive  microspheres ,  i n j ec ted  in to  t h e  v e r t e b r a l  a r t e r y  of 
t he  r a t  were  m a i n l y  found  in t h e  n e c k  musc les  on  t he  
in jec ted  s ide a n d  n o t  in  t h e  b ra in .  Th i s  m e a n s  t h a t  drugs,  
w h e n  in jec ted  in a s imi la r  way,  will  a r r ive  m a i n l y  in t he  
e x t r a c r a n i a l  t issues.  Consequen t ly ,  a c en t r a l l y  i nduced  
h y p o t e n s i v e  effect  of e - m e t h y l d o p a  c a n n o t  be  d e m o n s t r a t -  
ed w i t h  t h i s  i n j ec t ion  t e c h n i q u e  in ra ts .  T h e  q u a n t i t a t i v e  
f ind ings  of mic rosphe re  d i s t r i b u t i o n  were  f u r t h e r  con-  
f i rmed  b y  ce reb ro -vascu la r  m e t h y l m e t a c r y l a t e  cas ts  of t h e  
ra t .  I n  these  casts,  t h e  s ideb ranches  of t he  ba s i l a r  a r t e r y  
p r o v i d i n g  t he  p o n t o m e d u l l a r y  s t r u c t u r e s  were m a i n l y  
filled b y  m a t e r i a l  in j ec ted  v ia  t h e  c o m m o n  ca ro t id  ar-  
te ry .  I t  is conc luded  t h a t  i n j ec t ion  of c o m p o u n d s  in to  t he  
v e r t e b r a l  a r t e r y  of the  r a t  is n o t  an  a p p r o p r i a t e  p rocedure  
for  t h e  e v a l u a t i o n  of t h e i r  pha rmaco log ica l  a c t i v i t y  a t  t he  
level  of t he  r h o m b e n c e p h a l i c  s t ruc tu res .  
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Summary. The  ab i l i t y  of dog rena l  cor tex  slices to  a c c u m u l a t e / % m e t h y l - g l u c o s i d e  or glycine is e n h a n c e d  b y  t he  fla- 
vono id  ( + ) - c a t e c h i n  a t  a c o n c e n t r a t i o n  of 3.5 raM.  Th i s  s t~mula to ry  e f fec t  is a p p a r e n t l y  due  to  a decreased  r a t e  of 
eff lux of e i t he r  subs t ra t e .  On t h e  o t h e r  h a n d ,  t he  u p t a k e  of p - a m i n o - h i p p u r i c  acid and  N a - m e t h y l - n i c o t i n a m i d e  is 
i n h i b i t e d  b y  ( + ) - c a t e c h i n .  T he  d rug  a t  t he  same  c o n c e n t r a t i o n  is w i t h o u t  ac t ion  on  amino -ac id  t r a n s p o r t  b y  guinea-  
pig in t e s t ine  in v i t ro .  

The  t h e r a p e u t i c  a n d  pha r m aco l og i ca l  effects of f lavo-  
no ids  h a v e  been  r e l a t ed  to  t h e i r  ac t ion  a t  t he  level  of t he  
vascu la r  endo the l ium3,  a n d  some of these  effects m a y  be  
a consequence  of t h e  i n t e r a c t i o n  of these  d rugs  w i t h  
m e m b r a n o u s  s t ruc tu res .  

Ce r t a in  effects  of f l avonoids  on  m e m b r a n e  p e r m e a b i l i t y  
h a v e  been  s tud ied .  TESI a n d  FORSSMANN 3 h a v e  shown  
t h a t  t h e  passage  of i nu l in  across i so la ted  r a t  m e s e n t e r y  
was  i n h i b i t e d  b y  a so luble  d e r i v a t i v e  of ( + ) - c a t e c h i n ,  
n a m e l y  N a ( + ) - e p i c a t e c h i n - 2 - s u l p h o n a t e .  RING e t a l .  ~ 
d e m o n s t r a t e d  t h a t  t he  pass ive  p e n e t r a t i o n  of t h i o u r e a  
a n d  amino-ac ids  i n to  bac t e r i a l  a n d  a n i m a l  ceils was  
r educed  b y  ( + ) - c a t e c h i n ,  whereas  t h e  po la r  d e r i v a t i v e  
used  in a b o v e - m e n t i o n e d  s t u d y  h a d  no  effect. I n  t he  
p r e s e n t  paper ,  we r e p o r t  t h e  effect  of ( + ) - c a t e c h i n  on 
t he  ac t ive  t r a n s p o r t  a n d  a c c u m u l a t i o n  of s u b s t r a t e s  in  
ep i the l ia l  cells of r ena l  co r t ex  and  smal l  i n t e s t ine  in v i t ro .  

Methods and materials. Studies  on  rena l  co r t ex  slices: 
The  e x p e r i m e n t s  were p e r f o r m e d  on k idneys  f rom h e a l t h y  
mongre l  dogs. M u c h  of t h e  m e t h o d o l o g y  cIose!y follows 
t h a t  descr ibed  b y  ROBINSON 5. Af te r  r e m o v a l  of t he  r ena l  

capsule,  t he  co r t ex  was d issected  a n d  cu t  w i t h  a spr ing-  
loaded  gui l lo t ine  6 in to  slices of 0.4 m m  th ickness .  The  
u p t a k e  of /~-methyl-glucoside,  glycine,  p - a m i n o - h i p p u r i c  
acid (PAH) or  N l - m e t h y l - n i c o t i n a m i d e  (NMN) was de- 
t e r m i n e d  a f t e r  i n c u b a t i o n  of t he  t i ssue  slices in  a so lu t ion  
of t he  label led  s u b s t r a t e s  in  K r e b s  b i c a r b o n a t e  buf fe r  
a t  37 ~ for 60 rain.  ( + ) - C a t e c h i n  {( + ) - cyan idano l -3}  was  
a d d e d  a t  a c o n c e n t r a t i o n  of 3.5 m M  to  t he  a p p r o p r i a t e  
solut ions.  Af te r  t he  incuba t ion ,  t h e  slices were br ie f ly  
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rinsed, b lo t ted ,  weighed and  dissolved in 0.1 ml  30% 
KOH, prior  to  rad ioac t iv i ty  de t e rmina t ion  ~. Ef f lux  of a 
previous ly  accumula ted  subs t r a t e  was de t e rmined  as 
descr ibed by  SEGAL et  al. s. Tile slices were incuba ted  as 
for the  up take  exper imen t s  for 60 min,  a f te r  which  the  
t issues were removed,  b lo t t ed  and t r ans fe r red  to  a t he rmo -  
s ta t ica l ly  control led double-wal led chambe r  conta in ing  
5 ml  Krebs  buffer.  Gas (95%/5% OJCO2) was bubb led  
f rom below to ensure mix ing  as well as oxygena t ion .  50 F1 
samples  of the  incuba t ion  fluid were t a k e n  a t  10 rain 
intervals .  Af ter  40 mill, the  slices were r emoved  and the i r  
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Fig. 1. Effect of (+)-cateehin on glycine and /~-methyl-glucoside 
uptake by dog renal cortex slices. Tissues were incubated for 1 h in 
either 0.1 mM substrate with or without 3.5 'mM (+)-catechin. 
Results are the means of 6 experiments - -  SEM. The stimulatory 
effect of (+)-cateehin is significant at the 1% level. 
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Fig. 2. Efflux of accumulated/~-methyl-glucoside from dog kidney 
cortex slices. The tissues were preineubated at 37~ in 0.1 mM 
14C-labelled fl-methyl-glueoside in Krebs buffer for 1 h, then the 
sliees were transferred to solutions with (O) or without (O) 3.5 mM 
(+)-catechin regulated either at 25 or 37~ Results are expressed 
as the fraction of initial radioactivity that remains on the tissue at a 
given time (1 -- Rt]Ro). In the inset, results at 37 ~ are presented on a 
semilogarithmic plot from which the time constants of efflux Call be 
calculated. Results are the means of 6 experiments. 

r ad ioac t iv i ty  was assessed. By  adding  t o g e t h e r  t he  
quant i t i es  in the  m e d i u m  alld in the  t issue a t  40 rain, a 
value of Ro, the  original  ac t iv i ty  in t he  t issue a t  t he  
beginning  of the  second incubat ion ,  was calculated.  The 
results  are p resen ted  graphica l ly  as 1 -- Rt/Ro agains t  t 
on a normal  or a log scale, where  Rt is tile ac t iv i ty  in the  
t issue a t  t ime  t. 

For  s tudies  on the  small  intest ine,  sect ions were r emoved  
f rom anaes the t i sed  guinea-pigs and cu t  in to  rings. In i t ia l  
ve loci ty  of up take  or accumula t ion  a t  the  s t eady - s t a t e  
was de t e rmined  for L-phenylalanine as descr ibed pre-  
viously".  

Results. The up take  of glycine and E-methyl  glucoside 
by  dog k idney  cor tex  slices af ter  60 min  incubat ions  is 
shown in Figure  1. Their  up takes  were s ignif icant ly  
s t imula ted  when  ( + ) - c a t e c h i n  was added  to t he  incuba t ion  
med i u m (p < 0.01). 

Eff lux  of /3-methyl-glucoside f rom pre loaded t issues 
was examined  and the  results  are shown in Figure  2. 
The ra te  of /3-methyl-glucoside eff lux f rom slices was  
d iminished  when  the  expe r imen t  was pe r fo rmed  ill a 
med i u m conta in ing  (+ ) - ca t ech in .  The effect  was smaller  
when  the  efflux was measured  a t  25 ~ at  th is  t e m p e r a t u r e  
the  efflux was d iminished in accordance  wi th  previous  
f indings 1% b u t  the  effects of the  drug  and  the  t e m p e r a t u r e  
are seen to be addi t ive.  As shown in t he  inset,  t he  eff lux 
da t a  can be f i t t ed  to a closed t w o - c o m p a r t m e n t  sys tem.  
The ra te  co n s t an t  of eff lux of /3-methyl-glucoside a t  
37~ calcula ted f rom the  slopes of these  two lines, 
decreased f rom 0.0289 mill -1 ill cont ro l  eff lux expe r imen t s  
to  0.0161 mill -1 in expe r imen t s  pe r fo rmed  in tile presence  
of 3.5 m M  (+) -ca tech in .  A similar  ac t ion of t he  drug  on 
glycine eff lux was also observed (result no t  shown).  

The effect  of ( + ) - c a t e c h i n  on the  up take  of P A H  and  
NMN was also s tudied:  These up takes  were ve ry  signifi- 
can t ly  inhib i ted  by  the  drug (p < 0.00l), as shown ill 
Figure 3. 

The possible influence of ( + ) - c a t e c h i n  on in tes t ina l  
t r a n s p o r t  was also tes ted .  The drug  had  no s ignif icant  
effect  on the  equi l ibr ium up take  of L-phenyla lanine  by  
guinea-pig in tes t ina l  rings, t he  accumula t ions  being 
respect ive ly  8.1 ~ 0.71 and 8.8 + 0.58 amoles /g  fresh 
t issue (~ = 6) in the  absence and presence  of 3.5 m M  
(+ ) - ca t ech in .  In  addi t ion  no effect  of t h e  drug was  
de tec ted  on the  init ial  ra te  of inf lux of t he  amino-ac id  
across the  b rush -borde r  m e m b r a n e  dur ing  2 rain incuba-  
t ions. 

Discussion. The results  p resen ted  in th is  s t u d y  show 
t h a t  ( + ) - c a t e c h i n  is able to  s t imula te  sugar  and  amino-  
acid accumula t ion  ill v i t ro  b y  renal  cor tex  slices. This  
act ion appears  to  be due to an inh ib i t ion  of t h e  eff lux 
processes of the  subs t ra tes .  A similar exp lana t ion  has  been  
suggested to  account  for the  differences in s t e a d y - s t a t e  
up take  of a methyl -g lucos ide  a t  25 and 37~ in r a t  
k idney  cor tex  slices 10, a fact  t h a t  is conf i rmed in F igure  2. 

A l though  ( + ) - c a t e c h i n  appears  to  inf luence the  
eff lux of glycine and  /~-methyl-glucoside, the  ac tua l  
localisat ion of these  effects a t  a given ana tomica l  si te 
remains  uncer ta in .  The exi t  of sugars and amino-acids  
f rom the  p rox imal  cell appears  to  occur p r imar i ly  across 
t he  la tera l /basa l  m e m b r a n e  n,13. T h a t  fact  suggests  t h a t  
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(1971). 

8 S. SEGAL, M. ROSENHAGEN and  C. REA, Biochim. biophys.  Ae ta  
291, 519 (1973). 

9 j .  W. L. ROBINSON, Comp. Biochem. Physiol. 34, 641 (1970). 
lo p. McNAMARA, C. REA and S. SEGAL, Science 772, 1033 (1971). 
lZ p. DEETJ~N and J. W. BOYLAN, Pfliigers Arch. 299, 19 (1968). 
t2 IV[. SILVERMAN, IX/J[. A. AGANON and F. P. CHINARD, Am. J. Physiol. 

218, 735 (1970). 



15. 1. 1976 Speeialia 89 

3 

.~ 2 

"-6 
E 
=L 

PAH 

Cont +C Cont § 

Fig. 3. Effect of (+)-catechin on PAH and NIV[N uptake by dog 
renal cortex slices. Tissues were incubated for 1 h in 0.1 mM PAH 
or 0.1 mM NlV[N with or without 3.5 mM (+)-eatechin. The inhi- 
bitory effect of (+)-cateehin is significant at the 0.1% level in both 
cases. Results are the means ~ SElVf of 6 experiments. 

( + ) - c a t e c h i n  m a y  ac t  preferent ia l ly  on th is  membrane ,  
where  t he  t r a n s p o r t  mechan i sms  for NMN and  P A H  are 
t h o u g h t  to be located ~3-~5. The inh ib i t ion  of the  u p t a k e  
of b o t h  these  subs t ra tes  b y  ( + ) - c a t e c h i n  provides  fu r the r  
suppor t  for t he  hypo thes i s  of an in te rac t ion  wi th  tile 
basal  membrane .  

RING e t  al. ~ sugges ted  t h a t  ( + ) - c a t e c h i n  reduces  the  
passive pe rmeab i l i t y  of m e m b r a n e s  b y  in te rac t ion  w i t h  
some of the  l ipophilic m e m b r a n e  components .  Such an 
exp lana t ion  would  agree wi th  the  decreased passage of 
sugars and  amino-acids  across the  pe r i tubu la r  membrane .  
Equal ly ,  a d i rect  effect  of ( + ) - c a t e c h i n  a t  t h a t  locus 
would  affect  the  accumula t ion  of P A H  and  NMN across 
t h a t  membrane .  I t  r emains  to be e lucidated w h y  ( + ) -  
ca tech in  appears  specifically to affect  the  pe r i tubu la r  
membrane ,  r a t h e r  t h a n  t h a t  of t he  brush-border .  I t  is 
p robab le  t h a t  the  d i f fe rent  composi t ions  of the  two  
m e m b r a n e s  m a y  be responsible  for th is  specifici ty.  
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Summary. The d i s t r ibu t ion  of h i s t amine  receptors  was s tud ied  in the  isolated perfused  vascular  bed of the  ca t  t e rmina l  
ileum. The resul ts  ind ica ted  t h a t  tile depressor  effect  of h i s t amine  is med i a t ed  t h r o u g h  the  s t imula t ion  of me t i amide -  
sensi t ive H2-receptors,  while  t he  pressor  effect  of t he  amine  is med ia t ed  by  the  s t imula t ion  of mepyramine - sens i t i ve  
Hi- receptors .  

The d i s t r ibu t ion  of h i s t amine  receptors  in the  t issues 
could easily be s tudied  using classically known  H 1 and  
recen t ly  discovered H2-receptor  blockers 2, K B o t h  re- 
ceptors  have  been  shown to  be p resen t  in d i f ferent  regional  
vessels. Using I-Is-receptor blockers,  we have  recen t ly  
shown the  presence  and  the  role of H2-receptors  in t he  
vascular  bed  of t he  guinea-pig  lung 4, r abb i t  k idney  5, 
guinea-pig h e a r t  6 and  r abb i t  e a r l  

In  c o n t i n u i n g  these  studies,  we recen t ly  ind ica ted  the  
presence of h i s t amine  H2-receptors  in t he  mesenter ic  
circulat ion of the  ca t  t e rmina l  ileum. The p resen t  r epor t  
conta ins  the  da t a  of th is  inves t igat ion.  

Material and method. The t e rmina l  i leums f rom adu l t  
mongre l  cats,  anes the t i zed  wi th  sod ium pen toba rb i t a l  
(30 mg/kg  i.v.), were  isolated according to  t he  m e t h o d  
descr ibed previous ly  s,9. The ileal s egmen t  was perfused  
wi th  oxygena ted  (5% CO2 in 03) and wa rmed  (37~ 
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v mm Fig. 1. A recorder tracing fromiso- 
lated perfused cat terminal ileum 

(.g/ml H~st ) showing the effect of histamine on 
perfusion pressure before and 
after addition of metiamide (Met) 
to the perfusion medium. 


