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Responses of Isolated Blood Vessels to Acetyl- 
choline, Epinephrine, Norepinephrine, and 

Histamine ~ 

There  is still  a ques t ion  as to  the  m e c h a n i s m  of  the  
d i la t ion of t he  co ronary  ar ter ies  by  no rep inephr ine  a n d  
ep inephr ine  (GREGG~; S~IITH, SYVERTON, and  CoxEa;  
HILTON and EICHHOLTZ4; BLAINES). In  an a t t e m p t  to  
elucidate this  mechan i sm an in vi t ro  vessel t echn ique  was 
employed  which  previous  s tudies  (CAR~IE~ e t  al. ~,7) h a v e  
shown to  be a sensi t ive  i nd ica to r  of vascu la r  reac t iv i ty .  
The p resen t  p a p e r  is a r epo r t  of these  s tudies .  

M e t h o d s .  A to ta l  of 180 a r t e ry  segments ,  1 cm in l eng th  
and 0.5 m m  in d iameter ,  were t a k e n  f rom the  descending  
b ranches  of t he  left  co ronary  a r t e ry  of the  dog, f rom the  
dog 's  m e s e n t e r y  jus t  a d j a c e n t  to  t he  in tes t ine  or  spleen,  
and  f rom the  surface of skeleta l  muscles  in  t h e  leg. The  
segments  were  cannu la t ed  b y  a No. 20 b lun ted  and  buf fed  
syr inge needle  in situ, t ied  securely and  r emoved  f rom 
dogs anes the t i zed  wi th  30 mg/kg  sod ium p e n t o b a r b i t a l  
and  given 5 mg /kg  hepar in  in t ravenous ly .  U p o n  r emova l  
the  vessels  were placed in whole,  hepar in ized ,  o x y g e n a t e d  
blood unt i l  used.  The  vesseIs were  used wi th in  30 rain t o  
1 h of the i r  r emova l  f rom the  animal .  

The e x p e r i m e n t s  consis ted  of per fus ing  the  vessels  un-  
der  c o n s t a n t  pressure  (90 m m  Hg) wi th  e i ther  o x y g e n a t e d  
whole  dog ' s  blood or o x y g e n a t e d  Tyrode ' s  solut ion for  30 
min  followed b y  a per fus ion  of the  t e s t  subs t ance  (in 
e i the r  Mood or  T y r o d e ' s  solut ion)  for 5 min.  Detai ls  of t he  
m e t h o d  have  been  prev ious ly  descr ibed  (CARRIER e t  
al.~,~). F low was  measured  con t inuous ly  by  m e a n s  of a 
d rop  coun te r  and  res is tance  ca lcula ted  for t he  vessels by  

p ressure  (mm Hg) 
the  re la t ionsh ip :  res i s tance  --- 

f low (drops/rain) 

Change in l es i s tance  occurr ing  dur ing  the  5 rain per fus ion  
wi th  t he  tes t  subs t ance  was  used as a measure  of t he  ves- 
sel 's  vasocons t r i c t ion  or di la t ion in response  to  the  t e s t  
subs tance .  

W h e n  a vessel  is per fused  b y  th is  m e t h o d  i t  re laxes  for 
the  f i rs t  15 or  20 rain. At  t h e  end  of th is  t ime  i t  ma in t a ins  
a c o n s t a n t  flow. However ,  a t  th is  po in t  t he  vessel  is still 
no t  fully d i la ted  and  can be used to  assess qua l i t a t ive  
vasoac t ive  p roper t i e s  of subs tances .  

To b e t t e r  eva lua te  t he  responses  of t he  co ron a r y  
ar ter ies ,  mesen te r i e  and  femora l  a r t e r y  s egmen t s  were  
also t e s t ed  u n d e r  t he  same condi t ions .  Tes t  subs t ances  
used were  ep inephr ine  hydrochlor ide ,  no rep inephr ine  bi- 

t a r t r a t e ,  h i s t amine  acid p h o s p h a t e  and  acety lchol ine  
chloride.  All concen t r a t ions  given are in g /ml  final con- 
cen t r a t i on  in the  per fusa te .  Neos t igmine  b romide  (10 -6 
g/ml) was  added  to  all solut ions con ta in ing  acetylchol ine.  

R e s u l t s  a n d  d i s cus s ion .  The  responses  ob ta ined  in these  
e x p e r i m e n t s  to  acetylchol ine,  ep inephr ine ,  no rep inephr ine  
and  h i s t amine  are  s u m m a r i z e d  in t he  Table.  Responses  
are  expressed  as % change  in res is tance.  E a c h  subs t ance  
was t e s t ed  in T y r o d e ' s  solut ion and  whole blood. There  
were q u a n t i t a t i v e  differences  in responses  to t he  var ious  
subs t ances  w h e n  t h e  pe r fusa te  was  c h a n g e d  f rom blood to  
T y r o d e ' s  solut ion,  There  were Mso di f ferences  in response  
in t he  th ree  d i f fe ren t  a r t e r y  s egmen t s  when  t h e y  were 
sub jec ted  to the  t e s t  subs tances .  Acety lchol ine  caused  a 
cons t r ic t ion  in all th ree  of the  vessel  t ypes ;  however ,  t h e  
ca techol  amines  caused  a s l ight  b u t  s ignif icant  d i la t ion in 
t he  co rona ry  vessels while caus ing a cons t r ic t ion  in t h e  
o the r  two.  The resul ts  o b t a i n e d  wi th  h i s t amine  were ex-  
t r e me l y  var iable  and  in m a n y  cases i r reversible  (DoDD 
and  DANIEL'). In  over  f i f ty  var ious  vessel  s egmen t s  no 
response  a t  all was ob ta ined  wi th  th is  subs tance .  

These  resul ts  are in ag reemen t  w i th  those  r e p o r t e d  by  
o the r s  (S~m'rH, S'ZVZRTON, a n d  CoxE ~) for i sola ted  vessel  
sys tems .  The cons t r i c t ion  in response  to  acetytchol ine ,  
t h o u g h  in par t ia l  ag reemen t  wi th  t he  r epor t s  of o the r s  for 
in v i t ro  sys t ems  (SMITtL SYVERTOIV, and  CoxES; JEL- 
LIFFEg), is no t  the  same as t h a t  ob ta ined  in vivo (vaso- 
depressor) .  This  can  poss ibly  be expla ined  on  the  re la t ive ly  
h igh  concen t r a t ion  m a i n t a i n e d  in t h e  per fus ion  sys tem.  

The  ca techot  amines  in these  expe r imen t s  caused  re- 
sponses  similar  to  those  r epo r t ed  by  o thers  for in v i t ro  
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Percent change in resistance of isolated vessels in response to acetylcholine, epinephrine, norepinephrine and histamine 

Vessels 10 - ~  in blood 10 -s in Tyrode's 10 .5 in blood 10 s in Tyrode's 
solution solution 

Epinephrine Norepinephrine 

Femoral + 88.5 ± 4.8 (9) + 100.0 :k 12.6 (0) + 80.0 ± 7.0 (4) + 98.0 ± 31.0 (8) 
Coronary NR -- 10.0 4- 2.8 (3) NR -- 6.0 ± 1.2 (6) 
Mesenterie + 21.0 4- 4.6 (3) + 100.0 4- 22.0 (4) + 56.0 4- 8.3 (2) + 100.0 4- 25.0 (7) 

Acetylcholine Histamine 

Femoral + 71.0 t 12.0 (17) + 32.0 4- 10.0 (8) -- 13.0 4- 1.0 (2) -- 23.0 4- 5.4 (13) 
Coronary + 10.0 4- 8.8 (6) + 9.0 4- 3.1 (9) + 100.0 4- 56.0 (4) + 2.0 4- 3.4 (21) 
Mesenterie + 100.0 i 30,1 (5) + 17.0 ~ 5.3 (6) -- 5.0 ~: 1.4 (2) -- 16.0 4- 8.2 (23) 

g/cm 3 final concentration in perfllsate. In brackets, nunlber of vessels. --, decreased resistance to flow. +, increased resistance to ttow. 
i ,  values are standard error of the means. 



15. VIII. 1965 Brevi comunicazioni - Brief Reports 469 

s y s t e m s  (SMITH, SYVERTON, and COXED; SMITH and 
COXE 10, DODD and DANIt~L 8) and with those obtained in 
r ive ,  tha t  is, a vasoconstriction in the femoral and mesen- 
teric vessels and a vasodilatation in the coronary vessels. 
However,  these experiments give evidence that  the 
coronary vessels are dilated by a direct action of the two 
amines rather than by an indirect metabolic action as 
BLAINE 5 concluded. The variabil i ty of the responses to 
histamine cannot be explMned on the basis of the present 
evidence. 

These results, when compared to those obtained pre- 
viously (CARRIER et al. s,7) with oxygen-lack and pH 
changes, show tha t  the blood vessels in the various areas 
of the body respond to vital  metabolic agents such as 
oxygen and hydrogen ions in much the same manner. 

However, each is capable of displaying its own individual 
response to other exogencous stimuli. 

Zusammen/assung. Acetyicholin verursachte in den 
Coronal--, Femoral- und Mesenterialarterien, Catechol- 
amine in den Femoral- und Mesenteriatgef/issen Kon- 
striktionen, in den Coronargef~L~sen hingegen Dilatation. 

O. CARRIER JR. 

Department o/ Pharmacology, University o /Miss i s s ipp i  
Medical Center, Jackson (Mississippi USA),  
March 8, 7965. 
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Z u r  F r a g e  d e r  N e u b i l d u n g  v o n  P r i m o r d i a l f o l l i -  

k e l n  a u s  d e m  K e i m e p i t h e l  w i i h r e n d  d e r  G e -  

s c h I e c h t s r e i f e  i m  m e n s c h l i c h e n  O v a r  

In den Lehr- und Handbtichern der Embryologie und 
Anatomic 1 wird iibereinstimmend angegeben, dass die 
]3ildung der Oogonien beim Menschen m i t d e r  Geburt oder 
sp~itestens zu Beginn des dri t ten Lebensjahres abge- 
schlossen ist. Eine sp~Ltere Neubitdung yon Oogonien aus 
dem Keimepithel  des Ovariums soil nicht vorkommen. 
Dieser Lehrmeinung stehen die Ansichten verschiedener 
Autoren 2,s entgegen. Diese Forscher lassen entweder die 
MGglichkeit einer sp/iteren Neubildung offen 2 oder be- 
zeichnen diese Neubildung als die alleinige Quelle der 
w~thrend der Reproduktionsperiode zur Reife gelangen- 
den, befruchtungsf~ihigen Eizellen 3. 

Bei experimentellen Untersuchungen, bei welchen die 
Wirkung yon (3strogenen auf das Ovarium an verschie- 
denen S~ugern gepriift wurde, konnte festgestellt wcrden, 
dass die durchschnittliche Zahl yon Primordialfollikeln in 
den Ovarien der behandelten Tiere grGsser ist als in den- 
jenigen yon gleichaltrigen nicht behandelten Kontroll- 
tieren 4,~. Die histologische Untersuchung der Ovarien von 
Tieren, die mit  Ostrogenen behandelt worden waren, 
fiihrte zum Schluss, dass eine Neubildung yon Oogonien 
aus dem Keimepithel erfolgen mtisse 4. Auch bei j uvenilen, 
nicht geschlechtsreifen weiblichen Rat ten  konnte die 
Vermehrung der Primordialfollikel unter der Einwirkung 
von 0strogenen gezeigt werden, wobei mit  einer viel 
geringeren Hormondosierung der gleiche Effekt wie beim 
geschlechtsreifen Tier erzielt wurde s. 

Unter  der Einwirkung der Progestagene, welche in den 
Progestagen-0strogen- Kombinationspr~iparaten enthal- 
ten sind, wird die gonadotrope Hormonproduktion der 
Hypophyse gehemmt *,~. Damit  liegt in bezug auf die 
Gonadotropinsekretion der Hypophyse ein Zustand vor, 
der mit  dem einer juvenilen Hypophyse vergleichbar ist. 
Da in diesen Pr/iparaten auch 0strogene vorhanden sind, 
dfirfen wir erwarten, dass das Keimepithel wie beim juve- 
nilen Ovar neue Oogonien bilden wird. Auf Grund dieser 
Uberlegungen haben wir das Keimepithel der uns zur 
Verfiigung stehenden Probeexzisionen von menschlichen 
Ovarien geschlechtsreifer Frauen, die mit  solchen 
Progestagen-Ostrogen-Kombinationen behandelt worden 
waren, eingehend mikroskopisch-anatomisch untersucht. 

Untersuchungsmaterial. Ftir unsere Untersuchungen 
standen uns Probeexzisionen yon insgesamt 10 Frauen im 
Alter yon 18 bis 42 Jahren zur Verfiigung. In verdankens- 
werter "vVeise erhielten wit  von Herrn Dr. H. ERB 7 (Ge- 
burtshilflich-gyn~ikologische Abteilung des Kantons- 
spitals Liestal fiinf Exzisate (O 1-5) und weitere fiinf 
(F1-5) yon Frau Dr. M. MALL s (Frauenspital, Basel). 
Das Material wurde sofort nach der Entnahme,  die je- 
wells zwischen dem 21, bis 25. Zyldustag erfotgte, in 
CARNOYscher FKissigkeit fixicrt und in der ftir die Her- 
stellung histotogischer Pr~parate tiblichen VVeise in Paraf- 
fin eingebettet.  Von dcn BlGcken wurdcn lfickenlose 
Serien yon 7/2 Schnittdicke hergestellt. Die Schnitte wur- 
den alternierend nach folgenden Methoden gcf~irbt : Azan, 
Silberimpr'Xgnation nach GDM(DRI zur Darstellung der 
argyrophilen Fasern, PAS-Reaktion,  Methylgriin-Pyronin 
und Glykogenreaktion nach BAUER. 

Be[uncle. In allen untersuchten 0var icn linden sich stel- 
lenweise im Keimepithel Proliferationsherde, in denen das 
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