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Fig. 1. Effect of isoprenaline before (A) and after (]3) 0.3 mg/kg 
propranolol administration. 10 kg dog. Above: mean arterial blood 
pressure. Below: local flow of cerebral cortex. 
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Fig. 2. Effect of adrenaline before (A) and after (B) 0.3 mg/kg 
phentolamine administration. 24 kg dog. From top to bottom : mean 
arterial blood pressure, local flow of cerebral cortex and subcortical 
white matter. In panel A) blood pressure increase was damped with 
a pressurized chamber connected to the arterial system. 

Results. The  resu l t s  o b t a i n e d  b y  d i rec t  b lood  f low 
d e t e r m i n a t i o n s  are s u m m a r i z e d  in  t h e  Table .  f i -adrenergic 
s t i m u l a t i o n  b y  i soprena l ine  a d m i n i s t r a t i o n  failed to 
induce  a n y  s ign i f i can t  change  in  t he  cerebra l  h a e m o -  
d y n a m i c s  (I). Adrena l ine ,  a s t i m u l a t o r  of b o t h  e- and  
f l -act ivi t ies  induced  in t he  cerebra l  vascu la r  bed  pu re  
vasocons t r i c t i on  ( increase of resis tance) ,  wh ich  was 
comple t e ly  p r e v e n t e d  b y  p h e n t o l a m i n e ,  a n  a -b locking  
agen t  (II). P h e n t o l a m i n e  p r e t r e a t m e n t  d id  no t  revea l  a n y  
m a s k e d  d i l a to r  ac t ion  of t h e  ad rena l ine  ( I I /B) ,  no r  was i t  
r evea led  b y  select ive for f l -blockade induced  b y  p ropra -  
noloI, since a f te r  t he  l a t t e r  drug,  ad rena l ine  a d m i n i s t r a t i o n  
failed to elicit  an  a c c e n t u a t e d  increase  in cerebral  vascu la r  
res i s tance  (III) .  F ina l ly ,  /%blockade p roved  to  be  ineffec- 
t ive  in mod i fy ing  t he  well  k n o w n  e n o r m o u s  d i l a to r  effect  
of a s p h y x i a  on  cerebra l  v a s c u l a t u r e  (IV). This  excludes  
t he  poss ib i l i ty  t h a t  f i -adrenergic inf luences  c o n t r i b u t e  to  
the  me tabo l i c  a d a p t a t i o n  of t he  vessels in  t he  bra in .  

Resu l t s  of t h e  m e a s u r e m e n t s  of t he  iocal f low changes  
were cons i s t en t  w i t h  the  above  da ta .  N o t  a s ingle exper-  
i m e n t  revea led  t r ue  d i l a to r  effects a f te r  a n y  types  of 
adrenerg ic  s t imu la t ion .  F igure  1 shows t he  t y p i c a l  effect  of 
i soprena l ine :  on  a d m i n i s t e r i n g  t he  drug,  a flow decrease  
ensues in  t he  cor t ica l  grey  m a t t e r ,  wh ich  is r o u g h l y  
p ropo r t i ona l  to  t he  c o n c o m m i t t a n t  s l igh t  b lood pressure  
drop.  On t h e  con t ra ry ,  e -adrenerg ic  s t i m u l a t i o n  of ten  
resu l ted  in a regional  cons t r i c t ion  wh ich  could be  abol i sh-  
ed b y  e-blokade .  As seen in F igure  2, t he re  was a g rea te r  
chance  to  o b t a i n  a c lear  cons t r i c to r  response  in t he  sub-  
cor t ica l  w h i t e  m a t t e r  t h a n  in t he  cortex.  

Comments. On the  bas is  of t he  p r e s en t  pha rmaco log ica l  
analysis ,  t h e  vascu la r  bed  of t he  b r a i n  appea r s  to  r e p r e s e n t  

a typ ica l  a-region. This  concep t  cor responds  well  w i t h  t h a t  
r ecen t ly  descr ibed  for t he  neura l  con t ro l  of t he  cerebra l  
vesselsZ. I n  mos t  cases ~-adrenergic  cons t r i c t ion  resul ted  
in a mere  increase  of ca lcu la ted  va scu l a r  res i s tance  
w i t h o u t  a n  apprec iab le  flow decrease  as fa r  as t he  overa l l  
f low response  is concerned.  However ,  e -adrenerg ic  
s t i m u l a t i o n  does no t  af fec t  t he  en t i re  cerebra l  vascu la r  
s y s t e m  u n i f o r m l y :  b y  m e a s u r i n g  local  t i ssue  hea t  
c learance  an  e-sens i t ive  decrease  in  f low was f r e q u e n t l y  
found,  especial ly  in t he  subcor t i ca l  regions,  desp i te  the  
s i m u l t a n e o u s  increase  of t he  a r te r ia l  b lood  pressure.  I n  
t he  cor tex  t h i s  t y p e  of response  was rare.  Ev iden t ly ,  t h e  
more  p r o n o u n c e d  m e t a b o l i c  d e m a n d  of t he  cor t ical  ceils 
was  able  to  m a s k  adrenerg ic  cons t r i c t ion  too soon and  too 
easi ly in  t he  l a t t e r  region.  On t he  o the r  hand ,  al l  a t t e m p t s  
to  induce  be t a - ad rene rg i c  d i l a t a t i o n  in t he  b r a i n  p roved  
to be  unsuccessful .  Moreover ,  as hypox ic  d i l a t a t i o n  did  
no t  change  s ign i f ican t ly  a f te r  p roprano lo l  admin i s t r a t i on ,  
fl-infIuences could n o t  p l ay  an  i m p o r t a n t  role in t h e  m e t a -  
bol ic  a d a p t a t i o n  of t he  vessMs. 

Zusammen/assung. Die W i r k u n g  der  K a t e c h o l a m i n e  ru f t  
in  der  ze rebra len  D u r c h b l u t u n g  eine V a s o k o n s t r i k t i o n  
hervor ,  die m i t t e l s  e -Block ie rung  b e h o b e n  werden  kann .  
f l -d i la ta tor ische  W i r k u n g  is t  a n  den  ze rebra len  Gef~ssen 
n i c h t  nachweisbar .  
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Effect of S o m e  Drugs  on the C h e m o t a x i s  of Rabbit  

Introduction, There  is s t rong  ev idence  t h a t  cel lular  
a c c u m u l a t i o n  in i n f l a m m a t o r y  r eac t ions  is due  to  
chemotac t i c  a n d  no t  r a n d o m  m i g r a t i o n  of l eukocytes l -4 .  
I n h i b i t i o n  of l eukocy te  c h e m o t a x i s  b y  drugs  has  been  
s tud ied  b y  severa l  workers ,  y ie ld ing  h i g h l y  d ive rg ing  
and  no t  d i r ec t ly  c o m p a r a b l e  results .  The  p r e s en t  s t u d y  
includes  20 drugs  wh ich  could be  suspec ted  of i n t e r f e r r ing  
w i t h  c h e m o t a c t i c  migra t ion .  T he  e x p e r i m e n t a l  des ign 

Neutrophi l s  in vitro 

allows t h e  de t ec t ion  of on ly  a d i rec t  ac t ion  of t he  d rug  on  
t h e  cell. W e  h a v e  looked for  n e i t h e r  i n h i b i t i o n  of c y t o t a x i n  
f o r m a t i o n  nor  i n a c t i v a t i o n  of a l r eady  fo rmed  cy to t ax ins .  

Methods. The  B o y d e n  c h a m b e r  m e t h o d  for t he  in  
v i t ro  e v a l u a t i o n  of c h e m o t a x i s  was  used 5,6. The  ceils 
used t h r o u g h o u t  these  e x p e r i m e n t s  were  de r ived  f rom 
r a b b i t  pe r i t onea l  exuda t e s  i nduced  b y  t h e  in jec t ion  of 
3% sod ium case ina te  2.5 11 before  col lec t ion a n d  con ta in -  
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ing  95 to  100% n e u t r o p h i l s .  T h e  cell s u s p e n s i o n  w a s  
s t a n d a r d i z e d  to  4 • 10 ~ cells p e r  c h a m b e r  a n d  t h e  g r a n u l o -  
cytes ,  s u s p e n d e d  in mod i f i ed  G e y ' s  so l u t i on  (10 m g  
g lucose /ml ) ,  were  p r e i n c u b a t e d  w i t h  t h e  d r u g  for  20 m i n  
a t  37~ T h e r e a f t e r  t h e  m i x t u r e  of cells p l u s  d r u g  w a s  
t r a n s f e r r e d  i n to  t h e  u p p e r  c o m p a r t m e n t  of  t h e  B o y d e n  
c h a m b e r ,  t h e  lower  c o m p a r t m e n t  of w h i c h  h a d  j u s t  been  
filled w i t h  5% n o r m a l  r a b b i t  s e r u m  in G e y ' s  so lu t i on  
a c t i v a t e d  w i t h  a n  i m m u n e  c o m p l e x  (2% H S A - a n t i - H S A )  
as c y t o t a x i n .  T h e  i n c u b a t i o n  pe r i od  in t h e  c h a m b e r  w a s  
2.5 h. A s ingle  f i l te r  t e c h n i q u e  w i t h  3 a m  Mil l ipore  
f i l te rs  w a s  u sed  7. 

A su i t ab l e  s o l v e n t  for  each  d r u g  h a d  to  be  f o u n d  a n d  
each  s u b s t a n c e  w a s  a s sessed  in severa l  d i l u t i o n s  fo r  i t s  
c y t o t o x i c i t y  on  CrSMabel led  r a b b i t  e x u d a t e  n e u t r o p h i l s .  
A Cr 5~ re lease  of ~ 5 %  a b o v e  con t ro l s  w a s  cons ide red  as  
t h e  t o x i c  l imi t .  I n  a r a n g e  of  on ly  2 - 5 %  a b o v e  c o n t r o l  
va lues ,  t h e  t ox i c  effects  we re  d o u b t f u l  a n d  in t h e  T a b l e  

t h o s e  c o n c e n t r a t i o n s  are  p r e c e d e d  b y  t h e  s ign  >_. T h e  
c o m p o u n d s  were  s u b s e q u e n t l y  t e s t e d  in n o n - t o x i c  doses  
fo r  i n h i b i t i o n  of c h e m o t a x i s .  D e s p i t e  n u m e r o u s  exper i -  
m e n t s ,  s o m e  d r u g s  l ike h y d r o c o r t i s o n e  succ ina te ,  Na-  
sa l i cy la te  a n d  colchicine p r o d u c e d  s u c h  v a r i a b l e  effects  
t h a t  i t  r e m a i n s  q u e s t i o n a b l e  w h e t h e r  o r  n o t  t h e y  i nh ib i t  
c h e m o t a x i s .  

1 j .  V. HURLEY, Ann. N.Y. Acad. Sei. 116, 918 (1964). 
2 H. J. SEN~r, Experimentelle Medizin, Pathologic und Klinik (Sprin- 

ger, Berlin 1972}, vol. 36. 
H. U. KELLER, Agents Actions 2, 161 (1972). 
C. FEURER and J. F. BOREL, in preparation. 

a S. BoYnE~, J. exp. Med. 115, 453 (1962). 
6 H. U. KELLER and E. SORKI~;, Int. Archs Allergy appl. Immun. 31, 

575 (1967). 
H. U. KE~LER, J. F. BOREL, P. C. WILRINSON, M. W. HESS and 
H. COTTIER, J. Immun. Meth. 1, 165 (1972). 

Substances tested for inhibition of rabbit neutrophil chemotaxis in vitro 

Drugs tested Solvent Minimal toxic level 
for neutrophils 
ptg/ml 

Chemotaxis test in vitro 

Concentration 
~tg/ml 

Number of migrated cells; No. of tests Inhibition 
treated cells as % n 
of controls (Mean 4- S.E.) 

Anti-inflammatory drugs 

Hydroeortisone (Sigma) 
Hydroeortisone succinate (Upjohn) 
Dexamethasone (Ciba-Geigy) 
Indomethacine (Merck) 
Phenylbutazone (Ciba-Geigy) 
Naproxen (Syntex) 
Na-salieylate (Merck) 

Inhibitors of cell division 

Demecolcine (Ciba-Geigy) 
Colchieine (Sandoz) 
Vineristine (Lilly) 
Actinomycin D (Serva) 

Mitogenie agents 

Phytohaemagglutinin P (Difco) 
Concanavalin A (Calbiochem) 

Agents interfering with glyeolysis 

Iodoacetic acid (Merck) 
Cytoehalasin B (Sandoz) 
2-deoxyglucose (Fluka) 

Miscellaneous 

Dipotassium ethylenediamine-tetra- 
cetate (Fluka) (chelating agent) 
Adenosine-3' 5'-cyclic monophos- 
phate (Fluka) (effect on motility ?) 
Chloroquine (Bayer) (lysosomal 
stabiIiser) 
Trypsin (Difco) (proteinase) 

Tw/DMSO 100 10-3 92.2:~ 8.4 6 -- 
Gey's > 100 100 84.54- 6.1 6 ?b 
Tw/DMSO 10 3-1 106.1 4- 12.6 13 -- 
Tw/DMSO 10 3-1 90.94-10.7 12 -- 
NaHCO 3 > 100 100 98.64-10.5 5 -- 
NaHCO 3 >1000 100 108.8 4- 16.2 5 -- 
Gey's >1000 1000 59.94- 17.0 8 + / ?  b 

Gey's k 100 1 35.54- 8.2 8 + 
Gey's k 100 100 60.34- 11.9 6 + / ? b  
Gey's >1000 10-3 29.94- 4.9 7 + 
Gey's > 10 10 98.5 1 -- 

Gey's > 100 25 12.1 4- 6.1 7 + 
Gey's _> 300 10 14.8 :L 4.9 5 + 

Gey's _> 100 10 11.7 4- 3.6 9 + 
DMSO _> 30 0,3 17.5 4- 5.8 4 + 
Gey's > 1000 8000 c 94.2 4- 11.4 5 -- 

Gey's _>2000 1000-100 39.3 4- 6.3 4 + 

Gey's > 100 100-3 93.4 -E 8.1 5 -- 

Gey's >_ 10 10 90.7 ~ 8.6 6 -- 
Tris _> 2000 2000 123.0 4- 20.0 3 -- 

Solvents: Gey's solution was used as diluting solution. Tw/DMSO, 0.02 ml Tween 80 plus 0.1 ml DMSO (dimethylsulfoxide) used as solvent 
for 1 mg substance; DMSO, 1.0 mI dimethylsulfoxide for dissolving 1 mg substance; NaHCQ, 0.1 mI 5% sodium bicarbonate for dissolving 
1 mg substance. Tris-buffer (pH 7.2) used as diluent for trypsin, bThese substances showed inconsistent results ranging from no inhibition at 
all to weak or sometimes intermediate inhibition. , Only 1 mg glucose/mI Gey's solution instead of 10 mg/ml was used in these tests. 
Summary indicating source and known effect of substance, solvent used, lowest cytotoxic concentration for neutrophils and results of the 
chemotaetic experiments. Each test included one to several concentrations of a substance, each dilution being always assayed in triplicate. 
The average number of control cells (4- S.D.) having migrated through the entire thickness of the filter in the 61 tests included in this 
Table was 103 4- 76 cells per high power field. The numbers of migrated cells incubated with substance are expressed as percentage of the 
controls. The average percentage from n experiments using the drug concentration indicated in the previous column is shown for each com- 
pound with the standard error of the mean. Tests performed with other concentrations are not considered here. 
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Results. The  resul t s  are s u m m a r i s e d  in t he  Table.  None  
of t he  a n t i i n f l a m m a t o r y  drugs  clear ly i nh ib i t s  n e u t r o p h i l  
chemotax i s .  The  i nh ib i t o r s  of cell d iv is ion  demecolcine,  
v inc r i s t ine  a n d  to  a l imi ted  e x t e n t  colchicine,  b u t  no t  
a c t i n o m y c i n  D, exe r t  a clear i n h i b i t o r y  effect  on  cell 
migra t ion .  The  comple te  i n h i b i t i o n  of n e u t r o p h i l  chemo-  
toxis  b y  2 mi togen ic  subs tances ,  p h y t o h a e m a g g l u t i n i n  P 
a n d  c o n c a n a v a l i n  A, is n o t e w o r t h y .  I n  t he  g roup  of 
agen t s  in t e r fe r ing  w i t h  glycolysis,  iodoacet ic  acid and  
cy tocha l a s in  B i n h i b i t  c h e m o t a x i s  of r a b b i t  neu t roph i l s .  
E v e n  w h e n  t e s t ed  in a r a t io  of 8 m g  2-deoxy-glucose:  
1 m g  glucose pe r  ml,  t he  n o n - m e t a b o l i s a b l e  2-deoxy- 
glucose p roduces  no s ign i f ican t  d i m i n u t i o n  of cel lular  mi-  
g ra t ion  in vi t ro .  A m o n g  t he  misce l laneous  drugs,  on ly  
d i p o t a s s i u m  E D T A  cons i s t en t ly  shows a weak  to in te r -  
m e d i a t e  i nh ib i t i on  of migra t ion .  Cyclic AMP,  ch lo roqu ine  
a n d  t r y p s i n  do no t  af fec t  chemotax i s .  

Discussion. The  B o y d e n  c h a m b e r  r ep resen t s  a n  in v i t ro  
model  su i t ab le  for m e a s u r i n g  l eukocy te  c h e m o t a x i s  and  
does no t  a d e q u a t e l y  r ep roduce  in v ivo  condi t ions .  There -  
fore, some of t he  subs t ances  t e s t ed  m a y  ac t  a t  a d i f fe ren t  
level  t h a n  t h a t  i nves t i ga t ed  w i t h  t h e  p r e s en t  t echn ique .  
Our  e x p e r i m e n t a l  d a t a  sugges t  t h a t  a n t i - i n f l a m m a t o r y  
drugs  do n o t  p r i m a r i l y  in te r fe r  w i t h  cell m i g r a t i o n  ~ a n d  
t h a t  d rugs  ac t ing  a t  t h e  level  of c h e m o t a c t i c  m i g r a t i o n  
are sti l l  to  be  discovered.  KELLER and  SORKIN 9, using  the  
same B o y d e n  t echn ique ,  h a v e  found  hydrocor t i sone ,  
p redn i so lone  a n d  p h e n y l b u t a z o n e  to  h a v e  no  i n h i b i t o r y  
a c t i v i t y  aga ins t  g r anu locy te  chemotax i s .  MOWAT and  
BAUM 10 obse rved  t h a t  i n c u b a t i o n  w i t h  hyd roco r t i sone  in 
v i t ro  of p o l y m o r p h o n u c l e a r  l eukocy tes  f rom p a t i e n t s  
w i t h  r h e u m a t o i d  a r t h r i t i s  fails to  a l t e r  t h e i r  c h e m o t a c t i c  
behav iour .  PETERS et  al. n found  no  s ign i f ican t  effect  on  t he  
localised mob i l i s a t i on  of Ieukocytes  f rom p a t i e n t s  t r e a t e d  
w i t h  hydrocor t i sone .  However ,  KETCH~L et  al. ~ observed  
i n h i b i t i o n  of t h e  amoebo id  m i g r a t i o n  of h u m a n  leukocy tes  
w h e n  hyd roco r t i sone  was added  in v i t ro .  WARD 13,14 
repor t s  t h a t  hydrocor t i sone ,  me thy lp redn i so lone ,  pheny l -  
bu t azone ,  a n d  ch lo roqu ine  are all  s t rong  chemosuppres -  
san t s  of leukocytes .  A l t h o u g h  PHELPSl5 has  c la imed  t h a t  
i n d o m e t h a c i n e  inh ib i t s  t he  r a n d o m  m o t i l i t y  of poly-  
m o r p h o n u c l e a r  leukocytes ,  our  resul t s  sugges t  t h a t  th i s  
c o m p o u n d  is i nac t ive  for d i rec ted  migra t ion .  

The  m e c h a n i s m  for m i g r a t i o n  i n h i b i t i o n  b y  demecolcine,  
colchicine, a n d  v inc r i s t ine  is a t  p r e s en t  no t  u n d e r s t o o d  ~6,17. 
I t  is k n o w n  t h a t  these  3 c o m p o u n d s  affect  t h e  process  of 
cell d iv is ion  b y  p r e v e n t i n g  f o r m a t i o n  of t he  m i to t i c  
spindle,  whi le  a c t i n o m y c i n  D has  a d i f fe ren t  m e c h n i s m  of 
act ion.  Our  resu l t s  w i t h  demecolcine,  colchicine and  

v inc r i s t i ne  agree w i t h  those  of WARD 13. CANER 18 also 
conf i rmed t h a t  eolchicine inh ib i t s  l eukocy te  m i g r a t i o n  in 
vi t ro .  However ,  PHELPS 19 d iscovered  t h a t  colchicine 
suppresses  t h e  f o r m a t i o n  of t he  c h e m o t a c t i c  s u b s t a n c e  
re leased b y  granuloCytes  a f te r  phagocy tos i s  of u r a t e  
crystals .  

The  m e c h a n i s m  b y  wh ich  mi togen ic  agen t s  in te r fere  
v e r y  ef fec t ively  w i t h  g ranu locy te  m i g r a t i o n  r ema ins  
obscure.  The  two  subs t ances  t e s t ed  h a v e  also shown  a 
s t rong  a c t i v i t y  in  t he  t a r g e t  cell d e s t r u c t i o n  test ,  where  
t h e y  m a r k e d l y  i nh ib i t  t he  cy to tox i c i t y  of seusi t ised spleen 
ceils ~0. 

I n h i b i t i o n  of c h e m o t a x i s  can  be  ach ieved  b y  iodoacet ic  
acid, a n  a g e n t  a f fec t ing  glycolysis,  a n d  b y  cy tocha la s in  ]3, 
wh ich  in te r feres  w i t h  glucose t r a n s p o r t  in to  cells ~, ~2, b u t  
no t  b y  2-deoxyglucose.  The  p r e sen t  resu l t s  w i t h  iodo- 
acet ic  acid conf i rm those  o b t a i n e d  b y  CARRUTHERS 23 
w i t h  h u m a n  leukocytes .  Cy tocha las in  ]3 i nh ib i t s  r evers ib ly  
c h e m o t a x i s  of r a b b i t  neu t roph i l s  2~, a f ind ing  also r epo r t ed  
b y  BECK]~R e t  al. 25 for b o t h  r a b b i t  and  h u m a n  po lymor -  
p h o n u c l e a r  leukocytes .  Moreover,  i t  is ques t i onab l e  
w h e t h e r  cy tocha l a s in  B inf luences  cell m o v e m e n t  b y  
i n h i b i t i n g  t he  glucose t r a n s p o r t  in to  t he  cell or b y  
in te r fe r ing  d i rec t ly  w i t h  t he  con t rac t i l e  m ic ro f i l amen t s  26. 

The  s o m e w h a t  weak  i n h i b i t i o n  exe r t ed  b y  the  che la t ing  
a g e n t  E ] ) T A  seems to  be  due  to dep le t ion  of free b i v a l e n t  
an ions  needed  for mot i l i ty .  Cyclic A M P  as well  as d ibu-  
t y r y l  c A M P  (da ta  for  t h e  l a t t e r  no t  s h o w n  here) ne i t he r  
possess a c t i v i t y  i n h i b i t o r y  to cell m o t i l i t y  no r  ac t  as 
c h e m o t a c t i c  agen ts  27, 22. 

M a n y  aspects  of t h e  i n t e r ac t i on  of drugs  w i t h  the  me-  
c h a n i s m  of c h e m o t a c t i c  cell m i g r a t i o n  are  no t  ye t  under -  
stood. Such  s tudies  m a y  c o n t r i b u t e  to  t he  con t ro l  of 
c h e m o t a x i s  in  i n f l a m m a t o r y  reac t ions  20. 

Zusammen[assung. U n t e r s u c h u n g e n  fiber den  Einf luss  
20 b e k a n n t e r  S u b s t a n z e n  auf  die c h e m o t a k t i s c h e  W a n d e -  
r u n g  yon  K a n i n c h e n e x s u d a t z e l l e n ,  v o r a b  Neu t roph i l en ,  
werden  dargelegt .  I m  C h e m o t a x i s t e s t  n a c h  B o y d e n  
w u r d e n  die L e u k o z y t e n  z u s a m m e n  m i t  S u b s t a n z  inku-  
b i e r t  u n d  die V e r ~ n d e r u n g  ih re r  ge r i ch t e t en  W a n d e r u n g s -  
f~higke i t  gemessen.  Die B e d e u t u n g  der  Ergebn i s se  
werden  kurz  besprochen .  
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