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of t h e  VMT, p a r t i c u l a r l y  w h e n  t he  lesions were loca ted  
in t he  a rea  s u r r o u n d i n g  t he  i n t e r p e d u n c u t a r  nuc leus  
(figure, A). Les ions  in th i s  a rea  led to  i r regu la r  and  m o s t l y  
f ine ly  i m p r e g n a t e d  t e r m i n a l s  in  t he  whole  LC w i t h  a 
h ighe r  c o n c e n t r a t i o n  in t h e  a n t e r o d o r s a l  p a r t  o f , t h e  2 
nucle i  (figure, C, D). D e s t r u c t i o n  of t he  3/[RN (figure, B) 
led to a s imi la r  p a t t e r n  of b i l a t e ra l  degene ra t i ons  in  t he  
LC, b u t  t he  degene ra t i ons  were more  a b u n d a n t  a f t e r  
M R N  lesions t h a n  V M T  lesions. 
Discussion. Our  resu l t s  i nd i ca t e  t h a t  a v e n t r a l  descend ing  
p a t h w a y  or ig ina tes  in t h e  v e n t r a l  med ia l  t e g m e n t u m  a n d  
reaches  t h e  LC b i la te ra l ly .  H o w e v e r  these  resu l t s  do n o t  
de f in i t e ly  d e m o n s t r a t e  a M R N - c o e r u l e u s  p a t h w a y  since 
t h e  M R N  lesion can  des t roy  f ibres  coming  f rom t h e  
a n t e r i o r  V M T  a n d  r each ing  t he  LC b y  a med ia l  way.  
Never the less ,  t he  degene ra t i ons  in t he  LC are more  a b u n -  
d a n t  a f t e r  M R N  t h a n  a f t e r  V M T  lesion a n d  i t  is poss ible  
t h a t  some of t h e  degene ra t i ons  are due  to t he  d e s t r u c t i o n  
of r a p h e  ce i l s  pe r  se. A large p a r t  of these  cells are 
se ro ton inerg ic  is, a n d  i t  is i n t e r e s t i ng  to  no te  in th i s  
r e spec t  t h a t  r e l a t i ve ly  h i g h  c o n c e n t r a t i o n s  of s e ro ton in  
were ev idenced  in t he  LC 19. I f  s u b s e q u e n t  work  conf i rms  
a M R N - L C  p a t h w a y ,  t he  ex is tence  of LC ros t r a l  r a p h e  
re l a t ions  ~0 will be  comple t ed  in t h e  sense of a L C N - M R N  

loop. Such  a loop could  improve  our  u n d e r s t a n d i n g  of 
sleep mechan i sms .  
The  V M T  lesions m a d e  ill an ima l s  t h a t  showed  a h i g h  
r a t e  of se l f - s t imula t ion  were loca ted  in t he  a rea  of t h e  
d o p a m i n e r g i c  A10 g roup  cells is. D o p a m i n e  h a d  b e e n  
ev idenced  in t he  LC ak levels wh ich  sugges t  t he  ex is tence  
of dopamine rg i c  t e r m i n a l s  21, and  one could sugges t  t h e  
ex is tence  of t e r m i n a l s  issued f rom the  A10 nucleus.  More  
genera l ly  our  resu l t s  c an  exp la in  t h e  pa r adox i ca l  bio-  
chemica l  d a t a  o b t a i n e d  a f t e r  VMT se l f - s t imula t ion  la,1~ 
a n d  t h e  role of t h e  dopamine rg i c  sys t ems  in se l f -s t imula-  
t i o n  o b t a i n e d  f rom the  LC d e m o n s t r a t e d  b y  some inves-  
t i ga to r s  2~. 
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Summary. The  mic rob ia l  t r a n s f o r m a t i o n  of bile acids b y  i n c u b a t e s  of s tool  h o m o g e n a t e s  f rom ch i ld ren  w i t h  cys t ic  
f ibrosis  is decreased.  

T h e  h u m a n  g a s t r o i n t e s t i n a l  t r a c t  is endow ed  w i t h  a 
microecologica l  s y s t e m  in  w h i c h  t h e  b a c t e r i a l  p o p u l a t i o n  
is r e l a t i ve ly  s t ab l e  2. The re  are m a n y  fac to rs  respons ib le  
for  m a i n t a i n i n g  t h e  b a l a n c e  b e t w e e n  m i c r o o r g a n i s m s  a n d  
hos t .  The  a n a t o m i c a l  and  f u n c t i o n a l  i n t e g r i t y  of t he  in-  
t e s t i ne  is essent ia l .  S tas is  of i n t e s t i n a l  c o n t e n t s  leads to  
a b n o r m a l  mic rob ia l  g r o w t h  a. T he  'ac id  ba r r i e r '  p r o v i d e d  
b y  t h e  s t o m a c h  4 a n d  a n o r m a l  i leocecal  v a l v e  ~ insure  t h a t  
t i le  u p p e r  a n d  lower smal l  bowel  r e m a i n  r e l a t i ve ly  ster i le  
in o rder  to  fulfi l l  i t s  a b s o r p t i v e  role. O t h e r  i m p o r t a n t  
fac to rs  w h i c h  p r e v e n t  t h e  bac t e r i a l  c o n t a m i n a t i o n  of t h e  
sma l l  bowel  inc lude  i n t e s t i n a l  m o t i l i t y  6, m u c u s  7, im-  
m u n o g l o b u l i n s  s, bac t e r i a l  m e t a b o l i c  p r o d u c t s  ~ a n d  bi le  
acids. 
Bi le  acids  e x e r t  cons iderab le  a n t i b a c t e r i a l  ac t iv i ty .  I n  
v i t ro ,  free bi le  acids a re  p a r t i c u l a r l y  e f fec t ive  1~ I n  v ivo ,  
t h e  a d m i n i s t r a t i o n  of bi le  acids leads  to  a decrease  of t h e  
i leal a n a e r o b i c  f lora  in  m a n  11. T he  i n t e s t i n a l  f lora  in  t u r n  
s ign i f i can t ly  af fec ts  t h e  c o n c e n t r a t i o n  a n d  compos i t i on  of 
i n t e s t i n a l  bi le  acids 12. W e  h a v e  s h o w n  large losses of bi le  
acids in  t h e  feces of p a t i e n t s  w i t h  cys t ic  f ibrosis  (CF)13. 
Q u a l i t a t i v e  p a t t e r n s  of fecal  bi le  acids were  s imi la r  to  
t hose  in ch i ld ren  w i t h  all ileal resec t ion .  A s ign i f i can t  pre-  
va lence  of bi le  acids  w h i c h  h a d  n o t  u n d e r g o n e  mic rob ia l  
t r a n s f o r m a t i o n  were  found  in CF a n d  in  ileal resect ions,  
as c o m p a r e d  to  con t ro l s  in  w h o m  86.5yo are s e c o n d a r y  
bile acids la. Hence ,  i t  s eemed  in t e r e s t i ng  to  s t u d y  t he  
c a p a c i t y  of t he  CF  fecal  f lora  to  t r a n s f o r m  bile acids. 
Material and methods. T h e  c a p a c i t y  of f resh  s tool  s amples  
to  c o n j u g a t e  a n d  d e h y d r o x y l a t e  bi le  acids was  s tud ied  in  
13 CF p a t i e n t s  a n d  c o m p a r e d  to  t h a t  of 9 ch i ld ren  free of 

a n y  hepa t i c ,  p a n c r e a t i c  or  i n t e s t i n a l  d isorder .  T h e  m e a n  
age of t h e  CF  group  was 7.9 yea r s  (2-15.9 years)  whi le  t h a t  
of con t ro l s  was  8.6 years  (2-12 years) .  N o n e  of these  
ch i ld ren  h a d  rece ived  an t ib io t i c s  d u r i n g  t h e  p rev ious  
week. A m o n g  t h e  ch i ld ren  w i t h  CF, 4 h a d  no  cl inical  evi-  
dence  of p a n c r e a t i c  insuff ic iency,  t he  9 o the r s  were  on  
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Table 1. Deconjugation and dehydroxylation of taurine and gIyeine 
conjugated bile acids by incubated stool homogenates 

Controls CF-1 CF-2* 
( n =  9) (n = 4 )  ( n -  9) 

Tc 0.5 4- 0.07 1.0 4- 0.5 3.1 • 1.1'* 
C 79.0 4- 4.3 68.3 • 4.6 81.1 i 3.8 
De 20.5 -4- 4.3 30.7 -4- 4.6 15.8 4- 3.3 

Gc 8.0 4- 2.1 7.44- 2.5 8.3 4- 1.4 
C . 70.8 4- 4.7 70.2 -4- 6.4 73.8 4- 5.2 
De 21.2 4- 5.2 22.4 zt_ 4.3 17.9 ~ 5.6 

Results (mean 4- SE) shown are expressed as the percent of tile sum 
of bile acids partitioned on T.L.C. plates. Tc, taurocholic; C, cholic; 
Dc, deoxycholic. *CF-2 and CF-I: Cystic fibrosis with and without 
clinical pancreatic insufficiency. **p < 0.025, CF-2 vs controls; 
p < 0.05, CF-2 vs CF-1. 

p a n c r e a t i c  s u p p l e m e n t s  a t  t he  t i m e  of t he  s tudy .  T he  t ech-  
n ique  used was essen t ia l ly  t h a t  of S a m u e l  e t  al. 15. Comple te  
bowel  m o v e m e n t s  e v a c u a t e d  w i t h i n  2 h of be ing  processed 
were d i lu ted  w i t h  HH~O (1 : 3 w/v)  a n d  homogen ized .  3 g of 
h o m o g e n a t e  ca lcu la ted  to be  e q u i v a l e n t  to  200 m g  or 
more  of d r y  s tool  we igh t  was p laced  in i n c u b a t i o n  tubes .  
Af t e r  a d d i n g  e i the r  0.5 IxCi of aH- taurochol ie  (3 Ci/mM), 
0.25 ~zCi of aH-glycochol ic  (3 Ci/mM), 0.25 ~Ci of 14C- 
cholic  acid (0.04 Ci/mM) o b t a i n e d  f rom N ew  E n g l a n d  
Nuc lea r  Corp. or 0.2 vCi of 14C-chenodeoxycholic acid 
(Cala tomic  L.A.,  0.003 Ci/mM) to  each  tube ,  30 ml  of a n  
i n c u b a t i o n  m e d i u m  m a d e  up  of NaC1 (118.3 raM), KC1 
(4.69 mM), CaCl 2 (2.51 mM), I~H2PO ~ (1.18 mM), MgSO~ 
(2.41 raM) a n d  NaHCO~ (25 mM) was mixed  w i t h  t h e  
h o m o g e n a t e .  N i t rogen  was b u b b l e d  t h r o u g h  t h e  in-  
c u b a t i o n  m i x t u r e  for  60 sec. A t  t h e  end  of a n  i n c u b a t i o n  
pe r iod  of 30 m i n  a t  37~ 3 ml  of 33% K O H  a n d  36 ml  
of w a r m  e t h a n o l  were added  to s top  t he  reac t ion .  
Af te r  cooling t he  i n c u b a t i o n  m i x t u r e  a t  4~ cen t r i fu-  
ga t ion  was fol lowed b y  col lec t ion of t he  s u p e r n a t a n t .  The  
res idue  was washed  w i t h  5 ml  of m e t h a n o l ,  cen t r i fuged  
and  t r a n s f e r r e d  to  t he  or ig ina l  superna te .  I n  a n  ice wa te r -  
b a t h ,  t h e  p H  was a d j u s t e d  to 2 w i t h  6 N HC1. T he  v o l u m e  
was t h e n  reduced  to  15 m l  before  5 e x t r a c t i o n s  w i t h  
d i e thy l  e ther .  The  e the r  e x t r a c t  was  e v a p o r a t e d  to  dry-  
ness a n d  r e c o n s t i t u t e d  w i t h  ch lo ro fo rm a n d  95% e t h a n o l  
(1:1 v /v)  before  app l i ca t i on  on  2 m m  silica gel G t h i n  
l ayer  c h r o m a t o g r a p h y  pla tes .  A p p r o p r i a t e  bile acid 
s t a n d a r d s  (Steraloids,  Wi l ton ,  N. H.) were app l ied  to 

Table 2. Dehydroxylation of cholic and chenodeoxyeholic acid by 
incubated stool homogenates 

Controls CF-1 CF-2* 
(n = 9) (n = 4) (n = 9) 

C 76.5 4- 4.3 86.2 i 7.0 97.3 i 1.0 
De 23.5 4- 4.3 13.8 -E 7.0 2.7 4- 1.0"* 

CDC 60.7 i 4.8 79.2 • 4.5 83.9 4- 1.4 
L 39.3 4- 4.8 20.8 4- 4.5*** 16.1 ~ 1.4"* 

Results (mean • SE) shown are expressed as the percent of the sum 
of bile acids partitioned on T.L.C. plates. C, eholic; De, deoxyeholic, 
CDC, chenodeoxycholic; L, lithoeholie. *CF-2 and CF-1; Cystic 
fibrosis with and without clinical pancreatic insufficiency. **p < 
0.005, CF-2 vs controls; ***p < 0.025, CF-1 vs controls. 

each  pla te .  H o f m a n  I a n d  I I  r u n n i n g  so lven t s  were used 
for free and  c o n j u g a t e d  bile acids. The  bile acid s t a n d a r d  
spots  were  v isua l ized  b y  a s p r a y  of 15 % p h o s p h o m o l y b d i c  
acid to  fac i l i t a te  ident i f ica t ion .  Bile acid spots  were 
sc raped  f rom the  p la tes  a n d  e x t r a c t e d  4 t imes  w i t h  m e t h -  
anol.  R a d i o a c t i v i t y  was c o u n t e d  in a NCS- to luene  so lu t ion  
a n d  cor rec ted  for quench ing .  
More t h a n  95% of labeled  bile acids a d d e d  to s tool  ho-  
m o g e n a t e s  were recovered  f rom t h i n  layer  plates .  H e a t i n g  
t he  h o m o g e n a t e s  to  80~ before  a d d i n g  t he  r ad ioac t i ve  
s u b s t r a t e s  for d e c o n j u g a t i o n  and  d e h y d r o x y l a t i o n  led to 
t he  r ecove ry  of 96% of t he  labe l led  bi le  acid. W h e n  me-  
c o n i n m  f rom 5 n e w b o r n s  was t e s t ed  76.8, 93.1 and  83.0% 
of t he  r a d i o a c t i v i t y  was found  in t he  spots  co r r e spond ing  
to t he  labeled  bile acids, giyeocholic,  chenodeoxycho l i c  
and  cholic  added  to  t h e  s tool  homogena te s .  There  was no 
a t t e m p t  a t  m a i n t a i n i n g  anae rob ic  cond i t ions  d u r i n g  t h e  
i ncuba t i on ,  since i t  m a d e  l i t t l e  difference.  W h e n  glyco- 
cholic  a n d  t au rocho l i c  were used as subs t ra t e s ,  l i t t l e  
r a d i o a c t i v i t y  was found  outs ide  the  cholic a n d  deoxy-  
cholic  acid spots.  The  same o b s e r v a t i o n s  were m a d e  in t he  
case of cholic and  chenodeoxycho l i c  e x p e r i m e n t s  w i t h  
respec t  to  deox~gcholic and  l i thochol ic  acid. There fore  t h e  
sum of these  spots  was t a k e n  as 100% and  resu l t s  for 
i n d i v i d u a l  bile acids were expressed  as a p e r c e n t  of th i s  
sum. Ana lys i s  of va r i ance  and  t h e  s t a n d a r d  t - t e s t  were 
used for s t a t i s t i ca l  ana lys i s  of t he  da ta .  
Results.  The  e x t e n t  of d e c o n j u g a t i o n  and  d e h y d r o x y l a t i o n  
of labeled  t au rocho l i c  and  glycocholic  is shown  in t ab l e  1. 
A larger  pe r cen t  of r a d i o a c t i v i t y  was recovered  f rom t h e  
spot  co r re spond ing  to  t au rocho l i c  acid in CF w i t h  p a n -  
crea t ic  insuf f ic iency  (CF-2) t h a n  in those  w i t h o u t  (CF-1) 
and  in controls .  In  e x p e r i m e n t s  car r ied  ou t  w i t h  labe led  
glycocholic,  t he re  was no dif ference b e t w e e n  t he  3 groups.  
I t  is a p p a r e n t  t h a t  t he  t a u r i n e  amide  b o n d  was m u c h  
more  v u l n e r a b l e  (p < 0.01) to  hydro lys i s  t h a n  t he  glycine 
b o n d  for t he  3 groups.  A l t h o u g h  in s tud ies  w i t h  b o t h  
t au rocho l i c  and  glycocholic  acid, t he  pe r cen t  of deoxy-  
cholic acid g e n e r a t e d  b y  CF-2 h o m o g e n a t e s  was lower 
t h a n  in t he  2 o t h e r  groups,  wide s t a n d a r d  dev i a t i ons  pre-  
e m p t e d  t he  d e m o n s t r a t i o n  of a s t a t i s t i ca l  difference.  Re-  
sul ts  of i ncuba t ions ,  car r ied  o u t  w i t h  t he  2 free p r i m a r y  
bile acids, cholic and  chenodeoxycho l i c  acid ( table  2), 
show a s ign i f ican t  decrease  of d e h y d r o x y l a t i o n  to deoxy-  
eholie and  l i thoehol ic  in  CF-2 as c o m p a r e d  to controls .  I n  
add i t ion ,  the  c a p a c i t y  of CF-1 stools  for t he  7e -dehydro-  
x y l a t i o n  of chenodeoxycho l i c  to  l i thoehol ie  was  lower 
t h a n  t h a t  of con t ro l  stools. 
Discussion.  This  s t u d y  shows t h a t  t he  mic rob ia l  t r a n s -  
f o r m a t i o n  of bi le  acids b y  s tool  h o m o g e n a t e s  of p a t i e n t s  
w i t h  CF is decreased.  Desp i te  t he  c rudeness  of t h e  m e t h -  
od ~5, t he  fecal c o n s t i t u e n t s  respons ib le  for t he  f ind ings  
are l ikely of bac t e r i a l  origin.  H e a t i n g  i n h i b i t e d  t h e  ap-  
p e a r a n c e  of deg raded  bile acids. I n c u b a t e s  of r e l a t ive ly  
ster i le  m e c o n i u m  col lected d u r i n g  t he  f i rs t  3 days  of life 
showed  v e r y  l i t t le  a c t i v i t y  as a v e r y  h i g h  p e r c e n t  of t he  
a d d e d  labeled bile acids were recovered  u n c h a n g e d .  Since 
d e g r a d a t i o n  of bile acids is m a i n l y  accompl i shed  b y  t h e  
anae rob ic  f lora 16, i t  was  su rpr i s ing  t h a t  anae rob ic  con-  
d i t ions  fai led to improve  r ep roduc ib i l i t y  of t he  m e t h o d  
as well  as the  e x t e n t  of mic rob ia l  t r a n s f o r m a t i o n .  
A q u a n t i t a t i v e  and  q u a l i t a t i v e  s t u d y  of t he  i n t e s t i na l  f lora 
in  CF has  n e v e r  been  done.  I t  could be  d i f fe ren t  f rom t h a t  
of n o r m a l  chi ldren.  A l t h o u g h  d ie t  has  l i t t le  effect  on t he  
flora,  ,metabol ic  p r o d u c t s  s econda ry  to ma ld iges t i on  and  

15 P. Samuel, C. M. Holtzman, E. Meilman arid I. Sekowski, 
Circulation Res. 33, 393 (1973). 

16 T. Midtvedt, Am. J. clin. Nutr. 27, 1341 (1974). 
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m a l a b s o r p t i o n  of n u t r i e n t s  c o u l d  p roduce  f loral  changes  
or  i n h i b i t  c e r t a i n  bac te r i a l  enzymes .  I n  th i s  regard,  7 e- 
dehydroxy tase ,  t he  bac te r i a l  e n z y m e  respons ib le  for  t he  
anae rob i c  a n d  i r revers ib le  d e h y d r o x y l a t i o n ,  wh ich  affects  
t he  b u l k  of i n t e s t i n a l  bi le  acids, is i n h i b i t e d  b y  dehYdro-  
x y l a t e d  f a t t y  acids lL However ,  resu l t s  in t he  4 CF 
ch i ld ren  w i t h o u t  p a n c r e a t i c  insuf f ic iency  (CF-1) do n o t  
f a v o u r  t h a t  hypo thes i s .  A l t h o u g h  t h e  p r e s e n t  s tud ies  
were  car r ied  o u t  whi le  p a t i e n t s  were off an t ib io t i c s ,  i t  is 
possible  t h a t  t he  i n t e s t i n a l  f lora could be  chron ica l ly  
a l t e red  because  of i n t e r m i t t e n t  b u t  p ro longed  per iods  of 
a n t i b i o t i c  t h e r a p y .  Th i s  would  be s t  a c c o u n t  for t h e  ob- 
s e r v a t i o n  t h a t  t h e  p e r c e n t  l i thochol ic  acid g e n e r a t e d  b y  
CF-1 stools i n c u b a t e d  w i t h  chenodeoxycho l i c  was lower 
t h a n  t h e  p e r c e n t  o b t a i n e d  in controls .  
]Bile acids, especia l ly  in t he i r  u n c o n j u g a t e d  form,  are in-  
h i b i t o r y  to  anae rob i c  i n t e s t i n a l  m i c r oo r gan i s m s  ~s. Be-  
cause  of t he  large fecal  losses of bile acids in  CF w i t h  p a n -  
c rea t ic  insuf f ic iency  1~, i t  is r ea sonab le  to  suppose  t h a t  t he  
anae rob i c  f lora  respons ib le  for t he  7 c{-dehydroxyla t ion of 
cholic and  chenodeoxycho l i c  acid is is reduced.  I n  v iew of 
t h e  r e p o r t e d  i n h i b i t i o n  of 7 e - d e h y d r o x y l a s e  b y  a n  excess 
of s u b s t r a t e  ~9, t h e  poss ib i l i ty  t h a t  t h e  decreased  dehyd ro -  
x y l a t i o n  could be  due  to  large c o n c e n t r a t i o n s  of free 
p r i m a r y  bile acids  in  CF stool  h o m o g e n a t e s  c a n n o t  be  
dismissed.  However ,  t h e  c o n c e n t r a t i o n s  necessa ry  to  
ach ieve  s u b s t r a t e  i n h i b i t i o n  t5 are  far  in excess of con-  
c e n t r a t i o n s  we h a v e  f o u n d  in CF. 

The  p a t h o g e n e s i s  of bi le  acid m a l a b s o r p t i o n  in  CF  re- 
m a i n s  obscure.  A l t h o u g h  free bile acids are a b s o r b e d  
fas te r  t h a n  c o n j u g a t e d  ones 20, t he  p r e s e n t  f ind ings  do n o t  
sugges t  t h a t  t h e  h y d r o x y l a s e  bac te r i a l  enzymes  could  be  
a l imi t ing  factor .  The  impa i r ed  capac i t y  of CF stool  ho-  
m o g e n a t e s  to  d e h y d r o x y l a t e  bi le  acids is no t  l ikely to be  
respons ib le  for t he  large fecal s e q u e s t r a t i o n  of bi le  acids  
in CF, since free and  d e h y d r o x y l a t e d  bile acids are  p r o b -  
a b l y  equa l ly  well  a b s o r b e d  b y  t h e  i l eum 2o. I n  fact ,  im-  
pa i red  d e h y d r o x y l a t i o n  would  f a v o u r  bi le  acid a b s o r p t i o n  
in t he  colon since deoxychol ic  acid, r ead i ly  b o u n d  to  
d i e t a r y  res idues  and  bac te r i a ,  a n d  l i thochol ic ,  preci-  
p i t a t e d  ou t  of solut ion,  are  la rgely  u n a v a i l a b l e  for  ab-  
so rp t ion  ~1. 

17 C. S. Soong, J. B. Thompson, J. R. Poley and D. R. Hess, 
Gastroenterology 63, 748 (1972). 

18 H .  J. Binder, B. Filburn and M. Floch, Am. J. cliI1. Nutr. 28, 
119 (1975). 

19 I .W.  Perey-Robb and J. G. Colle, Br. Med. J. 3, 813 (1972). 
20 E. Krag and S. F. Phillips, J. clii1. Invest. 53, 1686 (1974). 
21 A.F.  Hofmann and H. S. Mekhjian, in: The Bile Acids, vol. 2, 

p. 144. Ed. P. P. Nair and D. Kritehevsky. Plenum Press, New 
York 1973. 
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Summary. Elec t rophys io log ica l  a n d  b e h a v i o u r a l  e x p e r i m e n t s  showed  t h a t  wh i t e f i sh  (Coregonus c lupeaformis)  were 
able  to  d i s c r im ina t e  b e t w e e n  glycine a n d  ful ly d e u t e r a t e d  glycine  b y  olfact ion,  whi le  b o t h  chemica l s  s t i m u l a t e d  t h e  
o l f ac to ry  r ecep to r s  to  induce  b u l b a r  responses  of s imi la r  m a g n i t u d e .  

F i sh  m a y  d e t e c t  va r ious  chemica l  s t imul i  a n d  r e spond  
b y  c h a n g i n g  t h e i r  b e h a v i o u r a l  p a t t e r n s .  These  m a y  be  
cha rac t e r i zed  as e i t he r  a v o i d a n c e  or p re fe rence  d e p e n d i n g  
u p o n  t h e  s t imul i  perce ived.  These  chemica l  s t imul i  are  
de t ec t ed  t h r o u g h  a t  l eas t  2 d i f fe ren t  sensory  channe ls ,  
o l fac t ion  a n d  tas te ,  as in  t e r r e s t r i a l  v e r t e b r a t e s .  I n  fish, 
b o t h  o l fac t ion  a n d  t a s t e  t a k e  place  en t i r e ly  in  t he  a q u a t i c  
e n v i r o n m e n t .  The  ca r r i e r  of s t i m u l a n t  molecules  is water ,  
t he re fo re  chemica l s  t h a t  are  de t ec t ed  o l fac tor i ly  need  n o t  
be  vola t i le .  T h u s  t h e  spec t r a  of chemica l s  de t ec t ed  b y  
fistl could  be  en t i r e ly  d i f fe ren t  f r o m  those  de t ec t ed  b y  
t e r r e s t r i a l  an ima l s .  One of such  chemica l  classes is t h e  
a m i n o  acid. E lec t rophys io log ica l  s tud ies  i nd i ca t e  t h a t  
c e r t a i n  a m i n o  acids,  w h i c h  are  n o r m a l l y  n o n - o d o u r o u s  
to h u m a n s ,  are  e x t r e m e l y  ef fec t ive  o l fac to ry  s t imu l i  a n d  
m a y  p l a y  a n  i m p o r t a n t  role, such  as ac t ing  as chemica l  
s ignals ,  in  o l f ac to ry  c o m m u n i c a t i o n  in f ishes 2-5. R e c e n t  
i n v e s t i g a t i o n  of t h e  speci f ic i ty  of o l f ac to ry  s t i m u l a t i o n  
b y  a m i n o  acids a n d  ana logues  ha s  led to  t h e  e s t a b l i s h m e n t  
of def in i te  s t r u c t u r e - a c t i v i t y  re la t ionsh ips ,  a n d  f u r t h e r  
sugges ted  t h e  n a t u r e  of a poss ible  r ecep to r  m e m b r a n e  
b i n d i n g  s i te  w h i c h  invo lves  2 cha r ged  subsi tes ,  one ca t -  
ionic,  one anionic ,  c apab l e  of i n t e r a c t i n g  w i t h  ionized 
e - amino  a n d  c{-carboxyl g roups  of a m i n o  acid molecules  6, v. 
The  s u b s t i t u t i o n  of a n  isotopic  a t o m  such  as d e u t e r i u m  
for  p r o t i u m  ill a molecule  c o n t a i n i n g  h y d r o g e n  shou ld  

leave  essen t ia l ly  u n c h a n g e d  those  molecu la r  p roper t i e s  
t h a t  are  assoc ia ted  w i t h  e lec t ron ic  s t r u c t u r e  a n d  force 
fields. I n  con t ras t ,  molecu la r  p rope r t i e s  d e p e n d e n t  u p o n  
mass  are  changed  s. I f  t h e  o l f ac to ry  r ecep to r  for a m i n o  
acid de t ec t i on  invo lves  a n  electr ic  field t h a t  f i ts  t h e  re- 
cep to r  s i te  men t ioned ,  t h e  r e p l a c e m e n t  of h y d r o g e n  w i t h  
d e u t e r i u m  shou ld  n o t  change  t he  s t i m u l a t o r y  effect ive-  
ness  of a molecule.  I f  i t  invo lves  molecu la r  mo t ions  or 
dipole m o m e n t s  9,1~ t h e  isotopic  effects shou ld  cause  
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