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on tha t  of BRODIE and VALITSKI 8 was employed.  Male rats 
(180-200 g) were s ta rved  for 24 h;  drugs were injected im- 
media te ly  before the  restraint .  Tile rats  were restrained by  
p/acing each in a prone posi t ion and tap ing  the  paws and 
head to the  board. The animals  were then  placed in a cold 
room (4-7 ~ for 2 h. 

AY-22,469 ( 1 5 - h y d r o x y - 1 5 - m e t h y l - 9 - o x o p r o s t a n o i c  
acid) was prepared by  Dr. J. F. ]3AGLI of Ayers t  Labora-  
tories;  imipramine  (Tofranil) was a gift  f rom Geigy Ltd.  

Results and discussion. AY-22, 469 adminis tered  in the  
range of 30-3 mg/kg,  p.o., immed ia t e ly  fol lowing the  liga- 
t ion caused essent ial ly comple te  p reven t ion  of pylorus  
l iga t iondnduced  ulcer fo rmat ion  (Table I). Imipramine ,  a 
known inhib i tor  when adminis tered  paren te ra l ly  ~, tt, was 
re la t ive ly  ineffect ive at  10-40 mg/kg,  p.o. 

In  cont ras t  to lacking ac t i v i t y  when given af ter  the  
pylorus  l igation, imipramine  (40-10 mg/kg,  p.o.) was ef- 
fect ive when given 30 min  before the  pylorus  l igat ion;  the  
ED50 was 16 mg/kg  (Table I). Thus, the  t ime  of peroral  ad- 
minis t ra t ion  of imip ramine  was of importance.  

AY-22, 469, when given peroral ly  af ter  the  pylorus  liga- 
tion, inhibi ted the 'u lce r  fo rmat ion  exhibi t ing  an ED~0 of 
1 mg/kg  (Table II). Imipramine ,  adminis tered  i.p. a t  this 
t ime,  exhibi ted  an EDs0 of 25 mg/kg,  while no t  showing 
appreciable  ac t iv i ty  even a t  40 mg/kg  when given peroral ly.  
W i t h  AY-22,469 s imilar  a c t i v i t y  was also obta ined  when 
the vehicle employed  was ca rboxyme thy l  cellulose. 
AY-22, 469 is thus  re la t ive ly  a ve ry  po t en t  inhibi tor  of 
this t ype  of induced-ulcer  when given peroral ly.  

AY-22,469 (10-30 mg/kg,  p.o.) did not  p reven t  the  
gastric lesion format ion  produced by  reserpine (Table I I I ) .  
Imip ramine  exhib i ted  an ED~0 of 20 mg/kg.  Therefore,  in 
contras t  to imipramine ,  AY-22,469 is ineffect ive in pre- 
ven t ing  the  format ion  of this type  of gastric lesion under  
the condit ions examined.  

AY-22,469 (p.o.), l ike imipramine ,  antagonized the  
ulcer fo rmat ion  caused by cold-res t ra int  (Table I I I ) .  The  
level  of ac t iv i ty  of AY-22,469 was, however,  much  less 
than  tha t  of imipramine  as a dose of 30 mg/kg  of AY-  
22,469 caused a 47% decrease in the  number  of animals  
exhibi t ing  ulcers while at  5 mg/kg  imipramine  caused 
63%. 

The present  findings demons t ra te  t ha t  the  synthe t ic  
P G E  analogue AY-22,469 adminis te red  peroral ly  inhibi ts  
ulcer format ion.  As AY-22,469 is a racemate  wi th  four  
possible opt ical  isomers, the  act ivi t ies  of the  isomers are of 
interest .  In  the  present  studies AY-22,469 has been com- 
pared to imipramine,  which given parenteral ly ,  inhibi ts  
ulcer fo rmat ion  caused by  pylorus ligation~L reserpine 

adminis t ra t ion  ~3,14 and res t ra in t  and cold-res t ra int  ~2,15. 
Im ip ramine  has been shown to be of in teres t  in humans  
in this  respect,  as i t  reduces gastr ic ac id i ty  and relieves 
pain  in ulcer  pa t ien ts  ~6. 

In  addi t ion  to being an oral ly active,  ant i -ulcer  agent  
AY-22, 469 also exhibi ts  oral ant igas t r ic  acid secretory 
ac t iv i ty  4. These findings are of interes t  in re la t ion to the  
act iv i t ies  of ti le na tura l  pros taglandins  in humans.  
Parentera l ly ,  PGA~ reduces h i s tamine- induced  gastric 
acid secretion ~7. PGE~ inhibi ts  basal18 and pentagas t r in  
s t imula ted  ~ gastr ic acid secretion. However ,  perora l ly  
PGE~ is ineffect ive in inhibi t ing  gastric acid secretion in- 
duced by pentagas t r in  in doses exhib i t ing  effects on 
gas t ro intens t inal  mot i l i t y  2~ 

Rdsumd. AY-22,469, un analogue synth6t ique  de la 
prostaglandine,  inhibe les diff6rents types  d'ulc6re d6ve- 
lopp6 chez le ra t  lorsqu ' i l  est adminis t r6  par  vole orale. 
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Effect of Chemical Sympathectomy on Pressor Responses  to Norepinephrine,  
Angiotensin and Tyramine t 

6-Hydroxy  dopamine  (6-OH DA) is a ca techolamine  
analogue w h i c h  produces ana tomic  and funct ional  
sympa the t i c  denerva t ion  2-5. The  hearts  of animals  
p re t rea ted  wi th  6-OH DA demons t ra te  enhanced re- 
sponsiveness to infused norepinephr ine  and near ly  
absent  responses to sympa the t i c  nerve  s t imula t ion  or  
t y r amine  comparab le  to the  changes seen wi th  surgical 
sympa the t i c  dene rva t ion  4,5. I n  the  ca t  6-OH DA t rea t -  
men t  is followed by  enhanced ar ter ia l  pressure responses 
to norepinephr ine  and reduced responses to tyramine% 
suggesting a role for sympa the t i c  nerves in inac t iva t ing  
circulat ing norepinephr ine  th roughou t  the  sys temic  
circulation.  However ,  6-OH DA admin is t ra t ion  reduces 

vasoconst r ic tor  responses to norepinephr ine  in ra t  
mesenter ic  ar ter ies  6. 

In  view of the  increasing use of chemical  s y m p a t h e c t o m y  
wi th  6-OH DA as a tool  for inves t iga t ing  arterial  pressure 
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in normal  rats  and var ious models  of exper imenta l  hyper-  
tension 8,7-8, the  pressor responses to infused norepine-  
phrine,  angiotensin I I ,  and ty ramine  were eva lua ted  in 
control  and 6-OH D A  t rea ted  rats. Cardiac ca techolamine  
conten t  was also measured as an  assessment of cardiac 
sympa the t i c  neuronal  t r ansmi t t e r  store. 

Materials and methods. Sprague Dawley  ra ts  weighing 
be tween  200-250 g were used for these studies. 6-O1.1 D A  
was k indly  provided  by  Dr. W. E.  SCOTT, H o f f m a n - L a  
Roche  Inc.,  Nut ley,  N.Y.  6-OH D A  t rea ted  rats  were 
given 100 mg/kg  of hydrobromide  saIt B dissolved in 
isotonic sMine conta ining 1 m g / m l  sodium metabisul f i te  
i.v. 24-72 h pr ior  to  the  ar ter ial  pressure determinat ions .  
For  the pressor assay rats  were anes thet ized  wi th  sodium 
pentobarbi ta l ,  50 mg/kg,  in t raper i toneal ly ,  given a t ropine  
sulfate, 0.4 mg/kg,  s.c. and a t r acheos tomy was performed.  
Arter ia l  pressure was measured  v ia  canula t ion  of the  
carot id ar tery  using a S t a t h a m  P 23-Db t ransducer  and 
a Phys iograph  DMP-4A recorder.  Ar ter ia l  pressure was 
recorded for 3 to 5 rain;  then  pen to l in ium tar t ra te ,  
10 mg/kg,  was given s.c. to achieve ganglionic blockade 
and the  subsequent  fal l  in pressure recorded. Pressor 
agents were infused th rough  jugular  ve in  catheters  using 
Gi lmont  microsyringes.  Norepinephrine,  angiotensin I I -  
amide (Hypertensin-Ciba)  and t y r amine  were injected 
a t  var ious  dose levels. All pressure responses were recorded 
in duplicate,  The pressure responses were p lo t ted  versus 
the  log of the~dose in jec ted  so tha t  the  amoun t  required 
to  produce a 20 m m  Hg rise in blood pressure could be 
de termined  by  interpolat ion,  U p o n  complet ion  of the  
pressure assay the  hear t  was excised and cardiac nor- 
epinephrine assayed by  previous ly  described f luor imetr ic  
methods  9: 

Results. In  Table  I are shown the  ar ter ia l  pressures 
before and af ter  ganglionic blockade and cardiac cate- 
cholamine  concentra t ions  of the  6-OH DA t rea ted  and 
control  rats.  I t  can be seen t h a t  prior  to ganglionic 
blockade the  6-OH D A  t rea ted  group had signif icant ly 
lower ar ter ial  pressure t h a n  t h a t  of the  controls. Fol lowing 

Table I. Effect of chemical sympathectomy on arterial blood pressure 
and cardiac norepinephrine concentration 

Control (10)  6-OHDA (10) P 

B.P. Pre pentolinium 110 ~ 2.7 97 ~ 3.6 <0.01 
(ram Hg) 
B.P. Post pentolinium 62 ~= 5.0 62 :~ 3,5 NS 
(ram Hg) 
Cardiac norepinephrine 0.78 ~ 0.04 0.05 ~ 0.01 <0.001 
(~g/g) 

Results are expressed as mean ~- S.E.M. NS, not statistically signi- 
ficant at the 0.05 level. The number of animals studied is given in 
parenthesis. 

Table II. Dose of norcpinephrine, angiotensinlI, or tyramine required 
to produce a 20 mm Hgrisein arterial pressure in control and 6-OHDA 
treated rats 

Control (10)  6-OHDA (10) P 

Norepinephrine (ng) 40.2 i 3.1 14.9 • 1.4 <0.001 
Angiotensin II (ng) 13.4 =h 1.3 13.2 -4- 2.3 NS 
Tyramine (Jig) 18.7 =E 1.7 217.0 -4- 41.0 <0.001 

Results are expressed as mean i S.E.M. NS, not statistically signifi- 
cant at the 0.05 level. 

gangl ionic  blockade there  was a greater  fall  in blood 
pressure observed in the  control  ra ts  so t h a t  the  ar ter ia l  
pressure of the  two groups became identical .  Cardiac 
norepinephr ine  concent ra t ion  was marked ly  reduced in 
the  hear ts  of the  6-OI-1 D A  t rea ted  rats  to 6% of control  
levels, 

The  a m o u n t  of norepinephrine,  angiotensin II ,  or 
t y r amine  required to produce an ar ter ia l  pressure rise of 
20 m m  Hg  in control  and 6-OH DA t rea ted  rats  is shown 
in Table !I. It is readily apparent that there was increased 
sens i t iv i ty  to norepinephrine in the  6-O1.1 D A  t rea ted  
group, as the  a m o u n t  of norepinephr ine  required to 
produce  a 20 m m  Hg  increase in ar ter ial  pressure was 
37% of t h a t  requi red  in controls. The  sensi t iv i ty  to 
angiotensin  II ,  however,  was near ly  ident ical  in the  
control  and 6-OI-I D A  t rea ted  rats.  However ,  the  response 
to t y r amine  was marked ly  reduced in t he  sympathec to-  
mized animals.  I n  the  Figure  the  ar ter ia l  pressure 
responses in control  and 6-OH D A  t rea ted  rats  to 3 dose 
levels of each pressor agent  are shown. Linear  dose - 
response relat ionships were observed wi th  all 3 agents  in 
bo th  control  and 6-OH D A  t rea ted  groups. I t  should be 
noted  t h a t  doses of norepinephrine,  angiotens in  I I  and 
t y r a m i n e  were selected to give near ly  equal  pressure 
increases in the  control  animals.  The  marked  supersen- 
s i t iv i ty  to norepinephrine and subsensi t iv i ty  to ty ramine  
in the  chemical ly  sympa thec tomized  animals  is readi ly  
apparent ,  I n  contrast ,  chemica l  s y m p a t h e c t o m y  had no 
effect on the  response to angiotensin  II .  

Discussion. Many actions of norepinephr ine  are 
enhanced by  surgical  sympa thec tomy .  This  is explained 
by  the  impor tance  of neuronal  up take  as a mechan i sm for 
inac t iva t ing  the  amine1% 6-OH D A  admin is t ra t ion  
produces marked  reduct ion  in t issue ca techolamine  
conten t  11, d isappearance of adrenergic nerve  te rminals  
by electron microscopy ~ and his tochemical  techniques  a. 
Af ter  t r e a t m e n t  wi th  6-OH, D A  cardiac chronotropic  
and inotropic  responses to norepinephr ine  are enhanced 
while responses to sympa the t i c  nerve  s t imula t ion  or 
t y r amine  are marked ly  reduced, a pa t t e rn  ident ical  to 
t h a t  seen af ter  surgical  s y m p a t h e c t o m y  ~, ~. The use of 
chemical  s y m p a t h e c t o m y  wi th  6-OH D A  has revealed the  
dual  act ion of sympa thomime t i c  agents such as dopamine  
which has bo th  a direct  effect and a t y r amine  like act ion 
on the  isolated r a t  a t r ium ~. I n  contras t  to the  heart ,  the  
isolated ra t  mesenter ic  ar tery  p repara t ion  is less sensi t ive 
to norepinephr ine  after  6-O1.1 D A  adminis t ra t ion  a l though 
more sensi t ive after  surgical denerva t ion  ~. However ,  in 
the  cat  6 - O H , D A  t r e a t m e n t  results in increased ar ter ial  
pressure responses to infused norepinephr ine  and reduced 
responses to  t y r amine  paral lel ing the  cardiac response 4. 

I n  the  present  s tudy  ra ts  t r ea ted  wi th  6-OH D A  had 
a sl ight  b u t  s ignif icant ly  lower ar ter ial  pressure t h a n  
controls pr ior  to ganglionic blockade.  Pentol in inm,  
however ,  lowered blood pressure in 6-OH D A  t rea ted  
ra ts  to levels ident ical  to those observed in control  rats. 
The  pressure response to infused norepinephrine was 
marked ly  increased in sympa thec tomized  animals.  In  
view of the  findings t h a t  adrenal  ca techolamine synthesis  
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m a y  be increased by  this  t r e a t m e n t  1~ it  is l ikely tha t  
increased adrenal  ca techolamine  release in the  6-OH D A  
t rea ted  animals  coupled wi th  increased sens i t iv i ty  to 
c i rcula t ing norepinephr ine  accounts  for the  main tenance  
of ar ter ia l  pressure at  levels which are only s l ight ly  below 
normal.  I n  cont ras t  to  t he  enhanced  sens i t iv i ty  to  
norepinephrine,  the  response to ty ramine  was marked ly  
diminished in sympa thec tomized  animals  in agreement  
wi th  prior  studies 4, ~ and i l lustrates the  dependence of the  
t y r amine  response upon in tac t  adrenergic innervat ion .  

There was no demons t rab le  a l tera t ion  in the  arterial  
pressure response to angiotensin I I  fol lowing chemical  
sympa thec tomy .  Release of adrenal  ca techolamines  by  
angiotens in  I I  has been demons t ra t ed  dur ing in t ravenous  
infusion of the  pept ide  and in the  isolated perfused 
adrenal  gland ~a. If  adrenal  ca techolamine  release were a 
s ignif icant  pa r t  of the  pressor effect of angiotensin  1I it  
migh t  be expected  tha t  increased pressor responses to 
this  pept ide  would be observed in the  chemical ly  sympa th -  
ec tomized ra t  in v iew of the  increased response to 
infused norepinephrine.  Al terna t ive ly ,  if a s ignif icant  
por t ion of the  pressor act ion of angiotensin  I I  required 
in tac t  sympa the t i c  innerva t ion  v ia  release of norepine- 
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Tile rise in arterial pressure produced by 3 levels of norepinephrine 
(NE), angiotensin II (angio II) and tyramine are shown for control 
and 6-OH DA treated rats. Data are presented as the mean zk S.E.M. 
The difference between control and 6-OH DA treated groups was 
significant (P < 0.005) at aI1 dose levels for norepinephrine and 
tyramine. For angiotensin II, there was no significant difference 
(p > 0.1) at any dose level. 

phr ine  f rom nerve  endings 1~, chemical  s y m p a t h e c t o m y  
should be associated wi th  reduced pressor responses to 
angiotensin II, similar  to those observed wi th  tyramine .  
The near ly  ident ical  pressor responses to angiotensin  II, 
observed in control  and 6-OH DA t r ea t ed  rats  s t rongly  
suggests t h a t  the  di rect  vasopressor  act ion of angiotensin 
is unchanged by  chemical  sympa thec tomy ,  and t h a t  an 
indirect  effect upon the  per ipheral  sympa the t i c  nervous  
sys tem is of l i t t le  consequence to the  acute  act ion of ti le 
pept ide  when nerve  impulses are e l iminated.  This  is in 
agreement  wi th  prior  studies ut i l iz ing receptor  blocking 
agent  ~ or reserpine 16. A possible central  act ion of 
angiotensin I I  requir ing ganglionic t ransmission ~7 or an 
act ion dependen t  upon sympa the t i c  nerve  s t imula t ion  is, ~9 
could not  be eva lua ted  in this s tudy.  

Rdsumd. L'ac t ion  de la dopamine  6-OH (6-OH DA) sur 
les r6ponses de la tension art&rielle ~ la nor6pin@hrine,  
la ty ramine ,  et l ' angiotensin  I I  a 6t~ etudi6e chez le rat.  
24 h apr8s l ' in jec t ion  i.v. de 6-OH DA (100 mg/kg),  la 
diff6rence de tension due & la nor6pin~phrine fur net te-  
men t  plus marqu&e slots  que celle & la t y ramine  ava i t  
presque disparn. L ' ab la t ion  chimique  du syst~me sym- 
pa th ique  n ' a  aucun effet  sur la r@onse  de la tension 
l 'angiotensine II .  
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Desoxyribonuclease I in Miiusenieren nach Ganzk6rper-R6nt~enbestrahlung oder Gabe yon 
2, 4, 6-Trii ithylenimino-s-triazin unter dem Einfluss yon Polyanionen 

Biochemische  Reak t ionen  m i t  unmi t t e lba rem /3ezug 
auf Nukleins/ iuren lassen sich in v i t ro  durch Polyanio-  
nen beeinflussen 1, 3, wobei  H e m m -  und/oder  Akt iv ierungs-  
effekte auf t re ten  k6nnen. Ers te ren  unter l iegen R N A -  
Polymerase,  R ibosomenfunk t ion  und zellfreie Protein-  
s y n t h e s e l - 6  le tz teren die DNA-Synthese~-9,  beiden u.a. 
der Abbau  yon D N A  an Pankreas-DNase l~  

In  v ivo-WirkungeE yon Polyanionen  sind nicht  zuletzt  
im Hinb l ick  auf ihre gelegentl ich beobachte te  an t imi to t i -  
sche Wi rkung  ~a, 13 yon besonderem Interesse.  Vorl iegend 
wurde der Einfluss yon Polyanionen  (Polyvinylsulfat ,  
Pentosanpolysul fa t  und heterologen Nukleins~uren) auf 
die Induk t ion  einer neut ra len  Desoxyribonuclease  (DNase 
I, E.C. 3.1.4.5) in M&usenieren nach  Ganzk6rper -R6ntgen ,  
bes t rahlung (GKB) oder  Gabe yon 2,4,6-Triftthylenimino- 
s-tr iazin (TEM)1~ untersucht .  

Methodik. Fiir  die Unte r suchungen  s tanden ca. 300 
weibliche M/iuse (IK.-Gew. 19-23 g) aus inst i tutseigener,  
konvent ione l le r  Zucht  zur Verfiigung. Die Tiere  wurden  
bei 22-24~ in Versnchsgruppen von  4-6  gehal ten und 
erhiel ten F u t t e r  (Altromin | und Wasser  ad l ibi tum. 
Gruppen yon j eweils 4-6  Tieren wurden  zu Versuchsbeginn 
entweder  r6n tgenbes t rah l t  (Kristal loflex 4 der Fa. Siemens 
und Halske R6hrenspannung  60 kV, Stromst~trke 30 m A '  
H W S  0,16 m m  Cu, F i l t e rung  m i t  0,16 m m  Cu, Focus-  
Obj ek t -Abs tand  24 cm, Ober f lgchendosisleistung 70 t~/min, 
Oberfl~tchendosis 420 R, entsprechend ca. 170 tad) oder er- 
hiel ten T E M  (Lederle Labora tor ies  Division, Amer ican  
Cyanamid  Company,  Pear l  River ,  New York) i.v.. Den  
Tes tg ruppen  wurden  unmi t t e lba r  anschliessend sowie 
24 und 48 h sp/iter Polyvinylsu l fa t  (PVS, I~-salz, rein, 
Serva  Nr. 33426), Pentosanpolysul fa t  (SP54 | Na-salz, 


