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w i r k s a m e  ( 4 - , - ) M J  1999 v e r u r s a c h t e  die ger ings te  Ver-  
l~Lngerung der  Refrakt~trzei t ,  die EDa5 lag bei  140 IxM/1. 

Die Kontraktionskraft der  Vorhofp r / i pa ra t e  wurde  
d u r c h  die u n t e r s u c h t e n  S u b s t a n z e n  ve r sch ieden  beein-  
flusst .  (4-,--)  M J  1999 h a t t e  b is  zur  h 6 c h s t e n  K o n z e n t r a -  
t i on  v o n  3 mM/l  ke inen  s ign i f ikan ten  Einf luss  auf  die 
Kontrakt i l i t~ t t .  Die be iden  op t i schen  I s o m e r e n  des 
I N P E A  v e r u r s a c h t e n  eine ger inge Z u n a h m e  de r  K o n t r a k -  
t i o n s k r a f t ;  in  K o n z e n t r a t i o n e n  bis zu 110 ~M/1 war  
D ( - - ) I N P E A  pos i t iv  i no t rop  wi rksam,  L ( + ) I N P E A  in 
K o n z e n t r a t i o n e n  bis  zu 30 btM/1. E r h 6 h u n g  der  Konzen-  
t r a t i o n e n  jeweils u m  den  F a k t o r  3,16 bewi rk t e  e inen  
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Verl~ingerung der Refrakt~rzeit des isolierten Meerschweinehen- 
vorhofes dureh D(--)INPEA(---),  L(+)INPEA(---) und (+,--) 
MJ 1999( . . . . .  ). Ordinate: Verlfingerung der Refraktfirzeit in % 
gegentiber Kontrollen (~4-s;, n = 5). Abszisse: Konzentration in 
lxM/1. 

n e g a t i v  i n o t r o p e n  Effekt .  Die ED85 ftir die V e r m i n d e r u n g  
der  K o n t r a k t i o n s a m p l i t u d e  b e t r u g  fiir D ( - - ) I N P E A  580, 
ftir L ( + ) I N P E A  575 aM~1 (Tabelle).  I n  f l -adrenolyt isch 
w i r k s a m e n  K o n z e n t r a t i o n e n  v e r u r s a c h t e  D ( - - ) I N P E A  
keine  H e m m u n g  der  K o n t r a k t i l i t ~ t ,  die kard iodepress ive  
EDa5 is t  853 ma l  gr6sser als die f l -adrenolyt ische EDas. 

N a c h  unse r en  E rgebn i s s en  wird  die Re f rak t~ rze i t  
isol ier ter  Mee r schwe inchenvorh6 fe  d u t c h  die be iden  
op t i schen  I someren  des I N P E A  s wie auch  du rch  M J  1999 
ver l~nger t .  Die B e o b a c h t u n g ,  dass  das  f l -adrenolyt isch  
w i rk same  D (--) I N P E A  die R e f r a k t ~ r z e i t  in  wei t  gr6sserem 
U m f a n g  ve r l~nge r t  als L ( + ) I N P E A ,  l~tsst den  Schluss  zu, 
dass m i n d e s t e n s  zwei M e c h a n i s m e n  w i r k s a m  werden :  
1) ein spezifischer,  f l -adrenolyt i scher  gegeni iber  d e m  en- 
dogenen  N o r a d r e n a l i n  und  2) ein unspezif ischer ,  lokal-  
anaes the t i sche r ,  der  m6gl icherweise  in e iner  B e h i n d e r u n g  
des t r a n s m e m b r a n a l e n  I o n e n a u s t a u s c h e s  b e s t e h t  u n d  
somi t  Ur sache  fiir die H e m m u n g  der  K o n t r a k t i o n s k r a f t  
sein k6nn te .  Das  Ausmass  der  Ref rak t~ rze i tve r lAngerung  
d u r c h  die u n t e r s u c h t e n  f l -Adrenoly t ika  wird, wie die vor-  
l i egenden  Versuche  zeigen, d u r c h  die spezif isch fl-adreno- 
ly t i sche  sowie d u r c h  die unspezi f i sche  W i r k u n g  in e twa  
g le ichem U m f a n g  b e s t i m m t .  

Summary. I n  isola ted gu inea-p ig  a t r ia ,  t he  fl-adreno- 
ly t ic  i somer  D( ) I N P E A  p r o v o k e d  a s t ronger  p ro longa-  
t ion  of t he  r e f r ac to ry  per iod  (rp) t h a n  did  the  i nac t ive  
L(+)  isomer.  The  f l -adrenolyt ic  d rug  M J  1999 pro longed  
l ikewise t he  rp, a l t h o u g h  i t  caused  no unspecif ic  effect, 
i.e. a n  i n h i b i t i o n  of con t rac t i l e  force. These  obse rva t ions  
lead to  t he  conclus ion  t h a t  n o t  on ly  t he  unspecif ic  local 
anaes the t i c  b u t  also t he  specific f l -adrenolyt ic  effect  is of 
i m p o r t a n c e  for t he  p ro longa t i on  of rp. 
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The  Effect  of D i m e t h y l  Su l fox ide  on X - R a y  Condi t i oned  S a c c h a r i n  A v e r s i o n  

The  ab i l i t y  of a wide r ange  of b iochemica l ly  ac t ive  
c o m p o u n d s  to offer  p r o t e c t i o n  to t he  l iv ing  o rgan i sm 
aga in s t  X - r a d i a t i o n  d e a t h  ha s  p r o m p t e d  a g rea t  deal  of 
s t u d y  in th i s  a rea  w i t h  t he  p a s t  few years.  A l t h o u g h  re- 
duc t i on  in m o r t a l i t y  is an  i m p o r t a n t  c r i t e r ion  of t h e  
ef fec t iveness  of chem opr o t ec t i on ,  i t  is equa l ly  i m p o r t a n t  
to  d e t e r m i n e  if a chemica l  d i s rup t s  t h e  b e h a v i o r a l  effects  
of r ad ia t ion .  I t  is a wel l -es tab l i shed  f ind ing  t h a t  a pos t -  
exposure  ave r s ion  to  saccha r in - f l avored  w a t e r  can  be con-  
d i t ioned  in r oden t s  b y  a single pa i r ing  of t he  so lu t ion  w i t h  
a w h o l e - b o d y  X - r a y  dose 1. 

Recen t ly ,  d i m e t h y l  sulfoxide (DMSO) has  been  re- 
p o r t e d  to  in te r fe re  w i t h  p o s t i r r a d i a t i o n  avers ion  to  
sod ium saccha r in  in mice 2. However ,  s ince g roup  effects  
(10 mice/cage)  were m e a s u r e d  a t  weekly  in t e rva l s  in  t he  
above  s t u d y  i t  was  imposs ib le  to  d e t e r m i n e  if all t h e  
an ima l s  d r a n k  saccha r in  or j u s t  a few. 

I n  t h e  p r e sen t  s t u d y  t he  d rug  effects were no t ed  on  
ind iv idua l ly  housed  an ima l s  a t  da i ly  in tervals ,  t h e r e b y  
p e r m i t t i n g  o b s e r v a t i o n  of w i t h i n - g r o u p  re la t ionsh ips  as 
well as those  a m o n g  groups.  

Since i t  was  shown  t h a t  D M S O  has  a r ad iop ro t ec t ive  
effect  on  ratsa ,  and  since m o s t  of the  p rev ious  d a t a  a n d  
t echn iques  on  saccha r in  ave r s ion  h a d  been  d e m o n s t r a t e d  
w i th  ra ts ,  t h i s  species was used in t he  p re sen t  s tudy .  

1 D. J. KIMELDORF and E. L. HUNT Ionizing Radiator: Neural 
Function and ]3etravion. (Academic Press, New York 1965). 

2 H. LEVAN and W. S. Moos, Experientia 23, 276 (1967). 
3 B. HIGHMAN, J. R. HANSELL and D. C. WHITE, Radiat. Res. 30, 

563 (1967). 
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Methods. The subjects  for th is  s tudy  were 40 female, 
90-day-old Charles River  rats.  The X- rays  were genera ted  
by  a General  Electr ic  300 kV Maxi t ron,  ope ra ted  at  
250 kV, 20 mA, at  a sub jec t - to - t a rge t  d is tance  of 47 inches. 
The subjects  were i r rad ia ted  in individual  rec tangula r  
Plexiglas chamber s  a t  a dose ra te  of 30 R / m i n  for a to ta l  
dose of 100 R. The chambers  were placed radial ly  on a 
slowly ro ta t ing  (3.3. rpm) tu rn tab le  so t h a t  each subjec t  
received an equal  rad ia t ion  exposure.  For  the  appl ica t ion  
of the  t r e a t m e n t  solut ion the  animals  were conf ined in 
individual  cyl indrical  Plexiglas chambers  (2.5 "< 8 inches) 
in an upr igh t  posit ion.  At  one end of t he  cyl inder  were 
m a n y  small  ven t i l a t ion  holes; a t  the  o ther  end was a 
single large opening for the  inser t ion of the  taii.  10 cylin- 
ders were placed on a circular rack wi th  125 ml flasks 
conta in ing  the  t r e a t m e n t  solut ion placed under  each. 

The subjec ts  were gent led and  housed  in individual  
cages. Pr ior  to exposure  all subjects  received 2 sham 
trials in order  to give the  animals  some hab i tua t i on  to the  
man ipu la t ive  procedures.  For  these tr ials the  subjects  had  
the i r  tails immersed  in wa te r  for 10 rain each day  following 
24 h of wa te r  depr ivat ion.  The subjects  were t h e n  placed 
in the  rec tangular  Plexiglas boxes and given a sham ex- 
posure. The sham exposure  consis ted of placing these  
chambers  on the  ro ta t ing  tu rn t ab l e  under  the  X - r a y  
machine�9 The vol tage to the  X- ray  tube  was no t  t u rned  
on. After  the  sham exposure,  the  subjec ts  were r e tu rned  
to the i r  home  cages where  wa te r  was avai lable for 20 rain. 
On the  th i rd  day, a f ter  the  24 h depr iva t ion  period,  20 of 
the  subjects  were placed in the  d ipping chambe r  and had  
the i r  tails immersed  in DMSO for 10 min.  20 control  
animals  were also placed in the  d ipping chambe r  and had  
the i r  tails d ipped in water  for 10 rain. Af ter  the  tai l  
immersion,  half  of the  subjects  in each group were placed 
in Plexiglas chambers  and given a 100 R exposure  to the  
X-rays .  The r ema inde r  (if the  subjects  were placed in 
Plexiglas chaiubers  and sham exposed.  The subjec ts  were 
then  re tu rned  to their  home cages where sacchar in  solu- 
tion (0.1% by  weight) was available for 20 rain. After  the  
saccharin presenta t ion ,  water  was p resen ted  for 24 h and  
followed by  a 2-bott le  preference test .  One bot t le  con- 
ta ined the sacchar in  solution and the  o ther  water .  At the  
end of 24 h the  pos i t ion  of these bot t les  was reversed to 
note  possible posi t ion habi ts .  The to ta l  l iquid consump-  
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The median saccharin preference score (S-score) for each treatment 
soluti,m (DMSO ~r water) and X-ray exposure condition are plotted 
for all animals given saccharin 5 rain after exposure. Also plotted are 
all sham exposed animals, regardless of treatlnent sr~luti(m, treated 
as at single group. 

t ion and  the  'S-score '  were de t e rmined  for a 12-day 
period.  The 'S-score '  was the  per  cent  of the  to ta l  l iquid 
consumpt ion  which  was sacchar in  and  was used as an 
index of sacchar in  avers ion dur ing  the  preference test .  

Results and discussion. M a n n - W h i t n e y  U- tes t s  per-  
formed on the  2 s h a m  exposure  groups resul ted  in no 
s ignif icant  differences be tween  the  DMSO and wa te r  
t r ea ted  sham groups on any of the  days.  As a resul t  of th is  
analysis,  all sham exposed animals  were t r ea ted  as a single 
group and compared  to all i r rad ia ted  animals.  The 
Figure shows the  med ian  'S-scores '  for each of 12 days  
following exposure  for the  2 i r radia ted  groups plus the  
combined  sham exposed animals .  A Kruskal-~Vallis 
analysis  of var iance  showed a s ignif icant  di f ference 
(p < 0.05) a m o n g  these  3 groups for each of the  12 days.  
Subsequen t  Mann- 'vVhitney U- tes t s  showed t h a t  the  dif- 
ferences were due to a difference be tween  i r rad ia ted  and  
sham groups for days  1-6, DMSO vs wa te r  groups  for 
days  8-12, and for differences in b o t h  on day  7. 

There is evidence f rom this  s t u d v  t h a t  t r e a t m e n t  w i th  
DMSO lessens the  effect  of sacchar in  avers ion in ra t s  
while hav ing  no effect  on sham exposed animals,  The 
t rad i t iona l  d e p e n d e n t  var iable  used in mos t  sacchar in  
avers ion s tudies  is to measure  the  a m o u n t  of wa te r  and  
sacchar in  consumed for 48 h pos t  exposure  ~. The effect  of 
DMSO in the  p resen t  s t u d y  is no t  ev iden t  in the  f i rs t  48 h 
pos t  exposure,  bu t  in the  progressive increase in sacchar in  
c o n s u m p t i o n  (e.g. ex t inc t ion  data) .  Of the  prev ious  
s tudies  conduc ted  on sacchar in  avers ion ext inct ion,  i t  has  
been repor ted  t h a t  ra t s  given sacchar in  and  g a m m a  ex- 
posure s imul taneous ly  over  6 h require  50 days  to  ex t in-  
guish 5. In  the  p resen t  s tudy,  ra t s  t r ea t ed  wi th  DMSO have  
ex t inguished  the i r  avers ion to sacchar in  by  day  8 while 
ra ts  t r ea t ed  wi th  wa te r  show sacchar in  aversion on all 
12 days  pos t  exposure.  

I t  is also in te res t ing  to note  t h a t  these  da t a  agree w i t h  
the  results  ob ta ined  by  l,lr and Moos  z. Since LgVAN 
and Moos  measured  only af ter  the  first  week of pre-  
ference test ing,  it  was not  known if differences occurred 
during the  first  48 h or wha t  the  daily, changes  were. How-  
ever, af ter  1 week pos t  exposure  t hey  repor ted  t h a t  mice 
t r ea ted  wi th  DMSO prefer  sacchar in  solut ion to  wa te r ;  
this  agrees with the  results  of the  p resen t  s tudy  on day  8. 

The results  of this  s tudy  suggest  t h a t  pe rhaps  a more  
sensi t ive measure  of sacchar in  avers ion is the  ex t inc t ion  
of the  aversion ra the r  t h a n  the  t r ad i t iona l  48 h preference  
tes t  6. 

Z,sammen/ass~r~zg. Ganzk6rpe rbes t r ah lung  yon  R a t t e n  
lnit  100 R Ii ihrt  zu einer ausgeprggten  Avers ion gegen 
Na-Sacchar in l6sung.  Die V o rb eh an d l u n g  mi t  D i m e t h y l -  
sulfoxyd (DMSO) lgsst  diese Aversion 6-8 Tage nach  der  
Bes t rah lung  wieder  verschwinden .  
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