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Summary. In  rats,  the  ve r tebra l  a r t e ry  makes  only  a minor  con t r ibu t ion  to  t he  blood perfus ion of t he  pon to -medu l l a ry  
area. This  was measured  wi th  rad ioac t ive  microspheres  and was conf i rmed by  m e t h y l m e t a c r y l a t e  casts  and local 
inject ion of a cent ra l ly  act ing hypo tens ive  drug. 

In  numerous  studies,  the  cent ra l  hypo tens ive  act ion of 
drugs has  been eva lua ted  by  local in jec t ions  in to  t he  
ve r tebra l  a r t e ry  in r abb i t s  3, ca ts  ~,~ or dogs4,6, L The 
d i s t r ibu t ion  of the  ve r tebra l  blood has been s tudied  in 
rabb i t s  s, ca ts  0-~2 and dogs 10-~4 using var ious  t echn iques  
such as the  in jec t ion  of r ad iopaque  or dye solutions,  of 
po lymer iz ing  compounds  or of rad ioac t ive  microspheres .  

The p resen t  inves t iga t ion  deals wi th  the  d i s t r ibu t ion  of 
mater ia ls  in jec ted  in to  the  ve r tebra l  a r t e ry  of t he  rat ,  
using polymer iz ing  compounds  and radioac t ive  micro-  
spheres.  The effect  of a cen t ra l ly  ac t ing  hypo tens ive  
drug, e -me thy ldopa ,  admin i s t e red  by  the  same way  was 
also s tudied.  

Material and methods. 1. Func t i ona l  and  ana tomica l  
s tudies  of the  cerebral  circulation.  Adu l t  male  Wis t a r  
ra ts  (400 to 500 g) were anaes the t i zed  wi th  0.6 ml  of 

H y p n o r m  | s.c. ( =  fluanison, 6 mg + fen tany l  0.12 mg). 
In  all instances,  a po lye thy lene  ca the t e r  was ad v an ced  
cent ra l ly  into the  left  subclavian  a r t e ry  unt i l  t he  ca the t e r  
t ip  reached  the  os t ium of t he  ve r t eb ra l  a r t e ry  w i t h o u t  
impeding  the  blood flow to  th is  vessel.  The same surgical 
procedure  was followed as descr ibed below for renal  
hype r t ens ive  rats.  

In  5 exper iments ,  rad ioac t ive  microspheres  of 15 =k 5 
am d iamete r  (3M-Company) were infused t h r o u g h  the  
ca the ter .  The microspheres  were suspended  in 10% 
d ex t r an  and 0.5% Tween 80. A vo lume of 0.5 ml  was 
infused over  a per iod of 2 min.  The spheres  were labeled 
wi th  ssSr. The in jec ted  a m o u n t  of r ad ioac t iv i ty  ranged  
f rom 0.44 to  0.51 [xCi. A p p r o x i m a t e l y  5 min  af ter  t he  
in ject ion of t he  microspheres  t he  animals  were killed wi th  
an overdose of anaes the t ic .  The head  and  neck  were f ixed 
in 4% fo rma ldehyde  for 3 days.  Af te r  th is  per iod the  
fol lowing t issue samples  were t aken :  the  whole  b ra in  
(including cortex,  cerebel lum and  bra in  stem),  t he  left  
neck muscles,  t h e  r igh t  neck muscles,  t he  remain ing  
cervical  s t ruc tures  f rom C~ to  C~. The samples  were  coun ted  
and the  r ad ioac t iv i ty  was calcula ted per  g ram t issue  as 
previous ly  desc r ibed  ~~ a n d  expressed as % of t he  
in jec ted  amount .  

In  a second series of anaes the t i zed  rats ,  in add i t ion  to 
the  ca t h e t e r  to  t he  left  ve r t eb ra l  a r tery ,  a n o t h e r  ca the t e r  
was in t roduced  per iphera l ly  in t he  left c o m m o n  carot id  
a r t e ry  a t  t he  midcerv ica l  level. Simul taneously ,  poly-  
meriz ing m e t h y l m e t h a c r y l a t e  (Technovit ,  t y p e  8001 | 
was infused t h ro u g h  b o t h  ca the ters .  The ve r t eb ra l  a r t e ry  
was filled wi th  blue s ta ined  mater ia l ,  whereas  t h ro u g h  the  
lef t  co mmo n  carot id  ar tery ,  t he  ex te rna l  and  in te rna l  

Fig. 1. Extraeranial blood supply. Dorsal view on methylmethacrylate 
cast of the vertebral and carotid vascular beds of the rat. Photo- 
graphs were taken with a red filter in order to differentiate between 
red and blue stained arteries. Dark (blue stain) : vessels filled via the 
left vertebral artery (LVA). This concerns mainly the territory of the 
left-sided neck muscles. Light (red stain) : vessels filled under equal 
pressure via the left common carotid artery (LCC). This concerns 
mainly the blood supply to the head. 
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carot id  beds  were filled wi th  red s ta ined  mater ia l .  Dur ing  
the  in ject ion procedure  the  ref lux to  the  aor ta  and to  the  
h e a r t  was blocked by  c lamping  a t  t he  base of b o t h  sub- 
clavian arteries.  In 3 rats ,  1 ml  of coloured m e t h y l m e t h a -  
cry la te  was infused in 2 rain t h rough  e i ther  ca the ter .  
In  3 o the r  ra t s  the  infusions were made  unde r  cons t an t  
pressure,  which  was ident ical  in b o t h  in ject ion catheters ,  
since b o t h  filling reservoirs  were connec ted  to  the  same 
expans ion  chambe r  a t  200 to  300 cm H~O. The casts  were 
p repa red  as previous ly  descr ibed 12. 

2. Pharmacologica l  s tudies  pe r fo rmed  in non-anaes the-  
t ized  renal  hype r t ens ive  rats .  Rena l  hype r t ens ion  was 
induced  b y  appl ica t ion  of a solid si lver clip ( internal  
d iamete r  0.20 mm) on the  left renal  a r t e ry  of male Wis t a r  
ra t s  (outbred stock, Cpb, W U ,  TNO, Zeist, The Nether -  
lands) weighing 130-160 g15. The hyper t ens ive  ra t s  were 
used, 4-6 weeks af ter  appl ica t ion  of t he  clip. B o d y  
w e i g h t  range a t  t h a t  t ime  was 200-240 g. A p e r m a n e n t  
indwell ing iliac cannula  was used for cont inuous  recording 
of blood pressure  16. Cannula t ion  of the  iliac a r t e ry  as 
well as t h a t  of t he  subclavian a r t e ry  were carr ied out  
under  e the r  anaes thes ia  a t  least  i day  before the  experi-  
m e n t s  were per formed.  The t echn ique  for in ject ion of 
drugs  i n t o  the  ve r tebra l  a r t e ry  n was modif ied to  p r e v e n t  
respi ra t ion  d i s tu rbances  in conscious rats.  I n s t ead  of a 
comple te  t ho raco tomy ,  only  the  clavicle and  the  f irs t  r ib 
were t r ansec t ed  in order  to  expose the  left  subc lav ian  
ar tery.  A cannula  (PP  10) was inser ted  into the  left  sub- 

clavian a r t e ry  and  l igated in such a way  t h a t  i ts  t ip  was  
laying at  the  b i fu rca t ion  of the  ve r tebra l  ar tery .  Af te r  
t he  implan ta t ion ,  t he  clavicle and  the  f irs t  r ib  were 
fas tened  to  the  s t e r n u m  and  muscles  and  skin were  
s t iched.  Aqueous  solut ions of c~-methyldopa were  infused 
in t he  unaes the t i zed  ra ts  via  th is  c a t h e t e r  a t  a r a te  of 
0.01 ml /min .  

Results. Vir tual ly  no microspheres  were found  wi th in  
the  bra in  in any  of t he  animals  and  t h e  average radio- 
ac t iv i ty ,  expressed per  g ram t issue as % of t he  in jec ted  
a m o u n t  was 0.1% (range: 0 to 0.35). The cor responding  
average  in the  neck  muscles  on the  in jec ted  side was 7% 
(range 4 to  12), whereas  in t h e  cont ra la te ra l  neck muscles  
i t  was  0.1% (range 0 to 0.38). Various amo u n t s  of micro-  
spheres  were  de tec ted  in the  remain ing  neck  s t ruc tu res  
(range 0.1 to 3.8%). These resul ts  indica te  t h a t  the  blood 
of the  ve r tebra l  a r t e ry  is ma in ly  d i s t r ibu ted  ex t rac ran ia l ly  
and the  grea ter  p a r t  of i t  goes to t he  homola te ra l  neck  
muscles.  The plast ic  casts  fo rmed by  m e t h y l m e t h a c r y l a t e  
filling of the  left  ve r tebra l  and  caro t id  ar ter ies  conf i rmed 
these  findings.  In  all cases the  b lue-s ta ined  mater ia l ,  
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Fig. 2 a) and b). Intracranial blood supply. 

a) Dorsal view on plastic cast of the vertebral and carotid vascular beds after withdrawal of the skull and of dorsal vertebral parts. Extra- 
cranial vessels were also largely removed in order to allow a better View on the intraeranial vascular structures. Dark (blue stain) : injection 
via the left vertebral artery, which is partly hidden behind vertebral parts out of focus. The left vertebral side branches and the spinal artery 
are clearly shown. The right vertebral artery is retrogradely filled with a mixture of blue and red material. Light (red stain) : injection via 
the left common carotid artery, filling the whole vascular area of the circulus Willisii and the basilar artery and its side branches; retrograde 
filling of the right vertebraI and carotid arteries. 

b) ACA, anterior cerebral artery; RCC, right common carotid artery; BA, basilar artery; REC, right external carotid artery; LEC, left 
external carotid artery; RIC, right internal carotid artery; LIC, left internal carotid artery; RVA, right vertebral artery; LVA, left vertebral 
artery; SA, spinal artery; l e A ,  middle cerebral artery; SCA, superior cerebral artery; PeA, posterior communicating artery. 
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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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