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Discussion. T e m p e r a t u r e  r egu la t ion  is a f fec ted  d u r i n g  
acu t e  s t ress  lL However ,  t h e  occur rence  of h y p o -  or 
hyper t l~e rmia  depends  u p o n  va r ious  factors,  especial ly  t he  
a n i m a l  species used. Fo r  ins tance ,  un l ike  m a n  ls,~9, t h e  
r a t  r eac t s  to  m o s t  acu te  s t ressors  b y  lower ing  i ts  b o d y  
t e m p e r a t u r e  =0. U n d e r  our  condi t ions ,  t h e  h y p o t h e r m i a  
i nduced  b y  s t ress  was  a decis ive e l e m e n t  in t he  p r o d u c t i o n  
of hepa t i c  u l t r a s t r u c t u r a l  changes ,  n o t a b l y  a u t o p h a g y .  
I t  is n o t  k n o w n  exac t l y  t h r o u g h  w h i c h  m e c h a n i s m  the  
s t r e s s - induced  h y p o t h e r m i a  t r iggers  a u t o p h a g i c  vacuole  
f o r m a t i o n  and  t h e  o t h e r  e lec t ron  microscopic  a l t e r a t i ons  
in  t h e  liver.  P e r h a p s  t he  lowered b o d y  t e m p e r a t u r e  
d u r i n g  r e s t r a i n t  elicits changes  in c a r b o h y d r a t e  m e t a b -  
ol ism (e.g. g lycogen  deple t ion ,  hypog lycemia )  wh ich  
in  t u rn ,  e n h a n c e  hepa t i c  a u t o p h a g y .  Indeed ,  i t  h a s  been  
p roposed  t h a t  acu te  g lycogenolys is  m a y  be  a s t imulus  for 
a u t o p h a g i c  vacuo le  formation2~.  
The  p r e s e n t  i n v e s t i g a t i o n  v a l i d a t e s  t h e  obs e r va t i on  t h a t  
s t r e s s - induced  h y p o t h e r m i a  p lays  an  i m p o r t a n t  role 
in  e x p e r i m e n t a l  gas t r ic  ulcers  22. However ,  t h e  subce l lu la r  

m e c h a n i s m  of p r o t e c t i o n  is n o t  ye t  unde r s tood .  The  
ques t ion  arizes as to  w h y  t he  o t h e r  t yp i ca l  s t ress  m a n i -  
f es ta t ions  (adrena l  h y p e r t r o p h y ,  l iver  a n d  t h y m u s  
involu t ion) ,  wh ich  m a y  be  a d a p t i v e  in na tu re ,  are  n o t  
p r e v e n t e d  b y  r e g u l a t i n g  t h e  b o d y  t e m p e r a t u r e .  I t  is well- 
k n o w n  t h a t  n u m e r o u s  s t ress  p a r a m e t e r s  (e.g. n e r v o u s  
arousal)  can  add  to t he  t o t a l  ' nonspec i f ie '  effect  of a 
s t ressor  17 and  th i s  could p a r t i a l l y  exp la in  w h y  i n h i b i t i o n  
of h y p o t h e r m i a  does n o t  abo l i sh  t he  o the r  signs of 
sys temic  stress. 

17 H. Selye, in: Stress in Health and Disease. Butterworths, Read- 
ing, Mass. 1976. 

18 M. Friedman, Ass. Res. Nerv. Dis. Proc. 29, 433 (1950). 
19 L. Yordanova and T. Gotsev, J. Physiol. 63, 463 (1970). 
20 J. Oyama, W. T. Platt and V. B. Holland, Am..~. Physiol. 221, 

1271 (1971). 
21 F .F.  Becker, Proc. Soc. exp. Biol. Med. 140, 1170 (1972). 
22 M.S. Martin, F. Martin and R. Lambert, Digestion 3, 331 (1970). 
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Summary .  "With t h e  help  of t h e  F i n k - H e i m e r  t echn ique ,  we h a v e  d e m o n s t r a t e d  a v e n t r a l  mesencepha l ic - locus  coeruleus  
p ro j ec t i on  in t h e  r a t  a f t e r  lesions loca ted  in t h e  region of t he  dopamine rg i c  A10 a n d  sero tonerg ic  B8 ceils. Th i s  f ind ing  
could he lp  our  u n d e r s t a n d i n g  of t he  f u n c t i o n a l  role of these  s t ruc tu res .  

Whi l e  t he  locus coeru leus  (LC) a scend ing  efferences h a v e  
been  ev idenced  in m a n y  species i nc lud ing  man ,  b y  us ing  
new a n a t o m i c a l  t e c h n i q u e s  such  as s i lver  i m p r e g n a t i n g  
m e t h o d s  1, 2, f luorescence h i s toChemis t ry  s, 4, a x o n a l  r e t ro -  
g rade  t r a n s p o r t  t e c h n i q u e s  S, 6 a n d  a u t o r a d i o g r a p h y  v, 
surpr i s ingly ,  t h e  descend ing  p a t h w a y s  to  th i s  i m p o r t a n t  
s t r u c t u r e  i nvo lved  in  sleep r egu la t i on  s , l e a rn ing  pro-  
cesses 9 a n d  se l f - s t imula t ion  1~ 11, h a v e  n o t  ye t  been  ana -  
t o m i c a l l y  d e m o n s t r a t e d .  I n  t he  p r e s e n t  s t u d y  we h a v e  
d e m o n s t r a t e d  t he  ex is tence  of a mesencepha l i c -LC p a t h -  
way.  2 fac tors  led us to  c a r r y  o u t  t h i s  research.  Firs t ,  in  
1970, us ing  a n  e lec t ron  microscope,  M i z u n o  a n d  N a k a -  
m u r a  ~ no ted ,  a f t e r  a u n i l a t e r a l  e lec t ro ly t ic  lesion a t  t he  
s u p r a m a m m i l l a r y ,  a rea  level, some e lec t ron  dense  degen-  
e r a t e d  s y n a p t i c  profi les  in  t h e  LC area.  However ,  these  
d e g e n e r a t e d  synapses  were r a t h e r  smal l  in  n u m b e r  a n d  
t h e y  were  a b s e n t  w h e n  t he  lesions were more  a n t e r i o r  in  
t h e  h y p o t h a l a m u s .  U n f o r t u n a t e l y  no degene ra t i ons  were  
r evea led  b y  us ing  s i lver  i m p r e g n a t i n g  m e t h o d s ;  t h u s  i t  
was  poss ible  t h a t  t h e  lesion did  n o t  r e a c h  mass ive ly  t h e  
n e u r o n s  p r o j e c t i n g  to  t h e  LC, a n d  i t  was  i n t e r e s t i ng  to  
t e s t  t h e  h y p o t h e s i s  of a v e n t r a l  mesencepha l i c -coe ru leus  
p a t h w a y  whose  or igins  could  be  loca ted  in a more  pos te-  
r ior  s t ruc tu re .  Secondly ,  s e l f - s t imula t ion  of t h e  v e n t r a l  
mesencepha l i c  t e g m e n t u m  (VMT), ly ing  j u s t  pos t e r io r ly  
to  t he  m a m m i l l a r y  bodies,  p r o v o k e d  a) a n  i m p o r t a n t  
e n h a n c e m e n t  of t h e  n o r a d r e n a l i n e  (NA) t u r n o v e r  a t  t h e  
level  of t h e  t e r m i n a l s  of t h e  dorsa l  n o r a d r e n e r g i c  b u n d l e  
o r ig ina t i ng  f rom the  LC *a, a n d  b) a n  a l t e r a t i o n  of t h e  N A  
c o n t e n t  of t h e  locus coeru leus  la. These  resu l t s  cou ld  n o t  
be  exp l a ined  b y  a d i r ec t  s t i m u l a t i o n  of t h i s  N A  b u n d l e  
w h i c h  runs  fa r  f rom t h e  t i p  of t h e  e lec t rode  s, ,. A possible  
a l t e r n a t i v e  was  g iven  b y  a t r a n s s y n a p t i c  a c t i v a t i o n  of 

these  N A  neu rons  b y  a v e n t r a l  p a t h w a y  r each ing  t he  LC. 
Material and methods. W e  examined ,  b y  t he  F i n k - H e i m e r  I 
t e c h n i q u e  15, t h e  d e g e n e r a t i o n  s p roduced  a f t e r  lesions in 
t he  V M T  a n d  in  t h e  m e d i a n  r a p h e  nuc leus  (MRN) where  
h i g h  se l f - s t imula t ion  ra t e s  were o b t a i n e d  16. Male 90-day-  
old S p r a g u e - D a w l e y  r a t s  were used. A b ipo la r  i r id ium-  
p l a t i n u m  240 b~m wide e lec t rode  was  ch ron ica l ly  i m  
p l a n t e d  in t he  VMT, or in  t he  M R N  u n d e r  p e n t o t h a l  
anes thes ia .  9 V M T  ra t s  a n d  3 M R N  r a t s  w h i c h  showed  
a s tab i l ized  se l f - s t imula t ion  b e h a v i o u r  a n d  lever-press  
r a t e s  h ighe r  t h a n  4000 pe r  h were selected.  T h e n  t h e y  
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4 T. Maeda and N. Shimizu, Brain Res. 36, 19 (1972). 
5 J. Kievit and H. G. J. M. Kuypers, Brain Res. 85, 261 (1975). 
6 M. Segal and S. C. Landis, Brain Res. 82, 262 (1974). 
7 V.M. PickeI, M. SegaI and F. E. Bloom, J. eomp. Neurol. 155, 

15 (1974). 
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16 H. Simon, M. Le Moal and B. Cardo, C. r. Acad. Sci., Paris 277, 

591 (1973). 
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were a n e s t h e t i z e d  w i t h  e t h e r  and  a r a d i o f r e q u e n c y  
lesion was m a d e  a t  t he  e lec t rode  t ip.  3-5 days  af ter ,  
t h e  r a t s  were sacrif iced b y  an  i n t r a c a r d i a c  pe r fus ion  
of 0 .9% NaC1 followed b y  10% fo rmal in  solut ion.  A 
p o s t - o p e r a t i v e  s u r v i v a l  t i m e  super ior  t o  5 days  does 
n o t  p e r m i t  t he  d e m o n s t r a t i o n  of t e r m i n a l  degenera -  
tions15,17. This  is w h y  t he  degene ra t ions  obse rved  were 
d i r ec t ly  in r e l a t i on  to t he  lesioned area,  s ince those  due  
solely to  t he  e lec t rode  i m p l a n t a t i o n  h a d  d i sappeared .  
The  b r a i n s  were qu ick ly  r e m o v e d  a n d  s to red  in fo rmal in  
for 6 -12  weeks;  24 btm sag i t t a l  a n d  f ron t a l  sect ions  were 

m a d e  in a c ryos ta t .  The  sect ions  were i m p r e g n a t e d  b y  
t h e  F i n k - H e i m e r  t e c h n i q u e  a n d  Nissl  s t a in  was used to 
d e t e r m i n e  t h e  loca t ion  a n d  t h e  size of t h e  lesions. 
Results.  The  degene ra t ions  obse rved  a f t e r  V M T  or M R N  
lesions h a v e  beert  s tud ied  e lsewhere;  on ly  t h e  changes  
in t h e  LC, obse rved  for the  f i rs t  t i m e  in th i s  p r e s e n t  
s tudy ,  will be  discussed.  The  F i n k - H e i m e r  t e c h n i q u e  
showed  b i l a t e ra l  degene ra t ions  in t h e  LC a f t e r  d e s t r u c t i o n  

17 H. Simon, M. Le Moal, D. Galey and B. Cardo, Brain Res. 115, 
215 (1976). 
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A, B Microphotograph of brain frontal sections. Typical electro- 
coagulation made at the tip of the electrode of self-stimulation. 
Nissl stain. Bar calibration: 1 mm (A) - ventral mesencephalic 
tegmentum; unilateral lesion (B) - median raphe nucleus; medial 
lesion. Abbreviations : DR dorsal raphe nucleus, I P  interpedoncular 
nucleus, L M  lemniseus medialis, R F  reticular formation, R N  red 
nucleus (C, D). Microphotograph (C) and schematic drawing (D) of 
degenerations observed after interruption of a ventral mesencephalie- 
locus coerulens pathway. Abbreviations: LC locus coeruleus, PCS 
pedunculus cerebellaris superior, V I I  facial nerve. Bar calibration: 
20 b~m. 
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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~. 

18 A. Dahlstrom and K. Fuxe, Acts physiol, scand. 62, suppl. 
232, I (1964). 

19 M. Palkovits, M. Brownstein and J. M. Saavedra, Brain Res. 
80, 237 (1974). 

20 W. Kostowski, R. Samanin, S. R. Bareggi, M. V. Garattini and 
L. Valzelli, Brain Res. 82, 178 (1974). 

21 D. H. G. Versteeg, J. Van der Gugten, W. de Jong and 
M. Palkovits, Brain Res. 713, 563 (1976). 

22 B. R. Cooper, G. Ervin and G. R. Breese, Pharmacologist 16, 
108 (1974). 

Reduced  microb ia l  t r a n s f o r m a t i o n  of bile acids  in cyst ic  f ibros is  1 
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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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