
612 Specialia EXPERIENTIA 33]5 
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Summary. I n  ra ts ,  r e s t r a i n t  for 48 h elicits hepa t i c  g lycogen deple t ion ,  a u t o p h a g y  a n d  o the r  u l t r a s t r u c t u r a l  changes  
(e.g. m i t o c h o n d r i a l  e h ] a r g e m e n t  and  r o u g h  endop lasmic  r e t i c u l u m  d i sorgan iza t ion)  assoc ia ted  wi t t l  m a r k e d  hypo-  
t h e r m i a .  B y  res to r ing  t he  b o d y  t e m p e r a t u r e  of these  animals ,  all  t h e  h e p a t o c y t i c  a l t e r a t i ons  are abol ished.  

I t  is we l l -known t h a t  severa l  s t ressor  agen t s  a f fec t  t he  
l iver  u l t r a s t r u c t u r e  caus ing  such  a l t e r a t i ons  as a decrease  
in  t he  n u m b e r  of g lycogen granules ,  an  increase  in t he  
p o p u l a t i o n  of lysosomes  a n d  a u t o p h a g i c  vacuoles ,  a 
m o d e r a t e  a u g m e n t a t i o n  of l ipid droplets ,  d i so rgan iza t i on  
of r o u g h  endop l a s m i c  r e t i c u l u m  a n d  m i t o c h o n d r i a l  
swell ing ~-11. However ,  t hese  s tud ies  h a v e  neg lec ted  to 
cons ider  t h e  role of s t r ess - induced  h y p o t h e r m i a  in  t he  
h e p a t i c  response.  T he  effects  of severa l  acu te  s t ressors  
on  t he  l iver  were c o m p a r e d  in r ecen t  e x p e r i m e n t s  13, 
w h i c h  revea led  t h a t  e n h a n c e d  a u t o p h a g i c  vacuole  for- 
m a t i o n  a n d  o t h e r  m a j o r  u l t r a s t r u c t u r a l  changes  a p p e a r  
to  be  d i r ec t ly  p r o p o r t i o n a t e  to  t h e  degree  of h y p o t h e r m i a  
el ic i ted b y  t h e  s t ress ing  agents .  I n  t h i s  c o m m u n i c a t i o n ,  
we e x a m i n e  t he  r e l a t i ons h i p  b e t w e e n  l iver  a u t o p h a g y  a n d  
h y p o t h e r m i a  p r o d u c e d  b y  r e s t r a in t .  
Material and methods. F e m a l e  Char les  R i v e r  CD | ra ts ,  
we igh ing  95-105 g, were d iv ided  in to  6 groups,  each  
cons i s t ing  of a t  leas t  5 animals .  3 of these  g roups  were 
h o u s e d  at  r o o m  t e m p e r a t u r e  (24 :t= 2 ~ whi le  t h e  o the r  
3 were k e p t  a t  32 :t: 2 ~ (table).  Groups  1 a n d  4 (abso lu te  
controls)  were m a i n t a i n e d  ad  l i b i t u m  on P u r i n a  l a b o r a t o r y  
chow a n d  t a p  wate r .  Groups  2 a n d  5 ( fas ted controls)  
rece ived  n e i t h e r  food no r  w a t e r  for 48 h.  G r o u p s  3 a n d  6 
were d e p r i v e d  of food a n d  w a t e r  for 48 h a n d  s i m u l t a n e -  
ous ly  immobi l i zed  b y  t a p i n g  t h e i r  l imbs  to a m e t a l  board .  
R e c t a l  t e m p e r a t u r e  was m o n i t o r e d  w i t h  a YS-1  Tele-  
t h e r m o m e t e r  | before  au topsy ,  w h i c h  was p e r f o r m e d  
b e t w e e n  9.00 a n d  10.00 h, 48 h a f t e r  t h e  e x p e r i m e n t  was  
s t a r t ed .  The  o rgans  were  weighed  fresh,  a n d  t h e  s t o m a c h s  
were dissected a long t he  g rea t e r  c u r v a t u r e ,  r insed  a n d  
e x a m i n e d  for  u lcer  fo rma t ion .  Blood was col lected f rom 
t h e  c o m m o n  t r u n k ,  a n d  p l a s m a  co r t i cos t e rone  levels were 
m e a s u r e d  b y  t h e  t e c h n i q u e  of Gui l l emin  e t  al., as mod i -  
f ied b y  M a t t i n g l y  ~4. Fo r  h is to logy,  f resh  l iver  t i ssue  was 
t a k e n  f rom the  lef t  l a t e ra l  lobe a n d  f ixed in a lcohol-formol .  
Sect ions  (4-8 ~ m  th ick)  were cu t  a n d  s t a i ned  b y  t h e  
per iodic  acid Schiff  (PAS) t e c h n i q u e  for e v a l u a t i o n  of 
g lycogen con t en t .  Fo r  e lec t ron  microscopy,  i m m e d i a t e l y  
a f t e r  sacrifice, a smal l  p o r t i o n  of t i s sue  was excised f rom 
t h e  lef t  l a t e r a l  lobe of t h e  l iver  a n d  processed  acco rd ing  
to  a r ou t i ne  t e c h n i q u e  descr ibed  e lsewhere  1~. 
T h e  s t a t i s t i ca l  s igni f icance  of t h e  b iochemica l  resu l t s  a n d  
of t h e  inc idence  of gas t r ic  ulcers  was  e v a l u a t e d  b y  S tu-  
d e n t ' s  t - t e s t  and  t he  F i s h e r - Y a t e s '  exac t  p r o b a b i l i t y  
t e s t  1~ respec t ive ly .  B o d y :  o rgan  we igh t s  a n d  rec ta !  
t e m p e r a t u r e  were c o m p u t e d  us ing  t h e  v a r i a n c e  tes t .  
Results. T h e r e  were  no  s ign i f i can t  d i f ferences  in  t h e  body ,  
t h y m u s  a n d  l iver  w e i gh t s  of s t ressed  r a t s  a t  n o r m a l  a n d  
a t  inc reased  r o o m  t e m p e r a t u r e s  ; hence ,  t he se  d a t a  are n o t  
r e p o r t e d  in t h e  t ab le .  A t  24 ~ t h e  b o d y  t e m p e r a t u r e  of 
f a s t ed  a n d  of r e s t r a i n e d  an i m a l s  was  s ign i f i can t ly  de-  
c reased  w h e n  c o m p a r e d  to  t h e  c o r r e s p o n d i n g  n o n -  
s t ressed  controls .  I l l  con t r a s t ,  r a t s  k e p t  a t  a t e m p e r a t u r e  
of 32~ were  v i r t u a l l y  n o r m o t h e r m i c  ( table) .  A d r e n a l  
h y p e r t r o p h y  was  obse rved  in all  s t ressed  an ima l s ;  how-  
ever,  t h i s  c h a n g e  was  more  p r o n o u n c e d  in  r e s t r a i n e d  
r a t s  a t  32 ~ t h a n  a t  24 ~ T he  inc idence  of gas t r ic  ulcers  

was  increased  on ly  a f t e r  r e s t r a i n t  a t  24~ a n d  these  
lesions were comple t e ly  i n h i b i t e d  a t  32 ~ 
As expec ted ,  fas ted  a n d  r e s t r a i n e d  r a t s  e x h i b i t e d  h igher  
levels of co r t i cos te rone  t h a n  abso lu te  controls ,  w i t h  t he  
r e s t r a i n e d  g roup  showing  s l igh t ly  lower values.  L i g h t  
h i s to logy  revea led  t h a t ,  a t  n o r m a l  r o o m  t e m p e r a t u r e  
(24 ~ t he re  was  a s ign i f ican t  d i m i n u t i o n  of l iver  g lycogen 
a f t e r  f a s t i ng  as well  as r e s t r a in t .  However ,  a t  32 ~ t h e  
m a g n i t u d e  of th i s  decrease  was less s ignif icant .  
A t  n o r m a l  a m b i e n t  t e m p e r a t u r e ,  no  u l t r a s t r u c t u r a l  
a l t e r a t i ons  were n o t e d  in nons t r e s sed  controls .  F a s t e d  
an ima l s  showed  a s l ight  increase  in a u t o p h a g i c  vacuole  
f o r m a t i o n  w i t h  s ign i f ican t  g lycogen deple t ion .  The re  were  
s t r i k ing  changes  in r e s t r a i n e d  rats ,  t h e  m o s t  conspicuous  
be ing  a m a r k e d  p ro l i fe ra t ion  of these  vacuoles  (figure 1). 
Glycogen  was v i r t u a l l y  a b s e n t  f rom the  h e p a t o c y t i c  cy to-  
p lasm.  T h e  m i t o c h o n d r i a  a p p e a r e d  to  be  en la rged  and  
were occas ional ly  s u r r o u n d e d  b y  r o u g h  endop lasmic  
r e t i c u l u m  m e m b r a n e s .  A t  a n  increased  a m b i e n t  t e m p e r a -  
tu re ,  nons t r e s sed  an ima l s  d i sp layed  a b u n d a n t  g lycogen 
s tores  a n d  occas ional  a u t o p h a g i c  vacuoles .  The  fas ted  
con t ro l s  showed  a m o d e r a t e  decrease  of g lycogen a n d  a 
few a u t o p h a g i c  vacuoles .  R a t s  r e s t r a i n e d  a t  32 ~ e x h i b i t e d  
a v i r t u a l l y  n o r m a l  u l t r a s t r u c t u r e  (figure 2) in  c o n t r a s t  to  
t hose  r e s t r a i n e d  a t  24~ 

1 Supported in part by the Medical Research Council of Canada 
(Block Term Grant MT-1829) and the Conseil de la recherche en 
sant~ du Quebec. A preliminary report of this work was pre- 
sented at the 19th Annual Meeting of the Canadian Federation 
of Biological Societies, Halifax, 15-18 June 1976. 

2 Recipient of a studentship from the Conseil de la recherche en 
sant6 du Qu6bee. 

3 Present address: Institut du Cancer de Montr6al, Centre hospi- 
taller Notre-Dame, MoI~tr6al, Qu6bec, Canada H2L 4M1. 

4 Present address: D6partement de nutrition, Facult6 de m6- 
deeine, Universit4 de Montr6al, Montreal, Quebec, Canada 
H3C 3J7. 

5 Present address: Laboratory of Pharmaceutical Chemistry, De- 
partment of Pharmacy, University of Thessaloniki, Thessa- 
loniki, Greece. 

6 The authors thank Mr M. Audet, Mrs A. Perea and Miss F. 
Dionne, for their excellent technical assistance. 

7 M. Bassi and A. Bernelli-Zazzera, Exp. molec. Path. 3, 332 
(1964). 

8 D.B. Confer and R. J. Stenger, Am. J. Path. d5, 533 (1964). 
9 W.H.  Glinsmann and J. L. E. Ericsson, Lab. Invest. 75, 762 

{1966). 
10 J . L . E .  Ericsson, Exp. Cell Res. 55, 95 (1969). 
11 H. David, I. Uerlings and M. Grupe, Exp. Path., Jena 5, 2 

(1971). 
12 U. Pfeifer, Virehows Arch. Zellpath. 12, 195 (1973). 
13 M. Salas, B. Tuehweber and P. Kourounakis, Virehows Arch. 

Zellpath., submitted for publication. 
14 A. Mattingly, J. din. Path. 15, 374 (1962). 
15 B. Tnchweber, B. D. Garg and M. Satas, Archs Path. 700, 100 

(1976). 
16 S. Siegel, in: Nollparametric Statistics for the Behavioral 

Sciences. McGraw-Hill, New York 1956. 



15. 5. 1977 Special ia  613 

Effects of ma in t a in ing  norma l  body  t empera tu re  o n  adrenal  weight ,  incidence of gas t r i c  ulcers and  p lasma eort ieosterone in  s tressed ra t s  

Group T r e a t m e n t  Body  t empera tu re  i SEM (~ Adrenal  weight  • SEM Cort icosterone s SEM G a s t r i c  ulcers 
(mg/100 g b.wt) (~xg/100 ml) (posi t ive]total)  

a t  24 -b 2 ~ 
1 None 37.0 :k 0.1 14.5 ~ 0.3 15.00 j :  2.70 0/6 b 
2 Fas t ing  35.9 -1- 0.3** 24.6 ~ 0.5*** 73.91 4- 3.26*** 0[5 NS 
3 Res t ra in t  a 24.8 • 0.1"** 19.3 -4- 0.6* 55.61 • 4.15"** 8]8*** 

[***]o [*]o [**]o [***]o 

a t  32 :k 2 ~ 
4 None 37.1 • 0.1 NS 14.6 :~ 0.4 NS " 10.62 ~ 2.97 NS 0/5 NS 
5 Fas t ing  36.2 i 0.1"* 22.0 • 2.4** 64.92 • 8.93*** 0/5 NS 
6 Res t ra in t  a 36.4 -4- 0.2* 24.0 ~ 1.3"** 44.37 ~ 3.36*** 0/8 NS 

INS] c [NS] c [NS] c INS] e 
(***)a (**)d (NS)a (***)d 

aGroups 2, 3, 5 and  6 had  no access to food or wa te r  for 48 h. bTotal  number  of an imals  per  group is shown in the denominator ,  eSignificance 
wi th  respect  to group 2 or 5. aSignif icanee wi th  respect  to group 3. NS = p > 0.05; * p < 0.05; ** = p < 0.01; *** = p < 0.001. 

Fig. 1. Hepa tocy tes  of fasted,  re- 
s t r a ined  ra t  w i th  a body  tempera-  
ture  of 25 ~ The rough endoplas-  
mic, (RER)  is f ragmented.  Single 
s tacks  of this  organel le  su r round  
the mi tochondr i a  (MS), which ap- 
pea r  to be enlarged (M 1, M 2) and  
somet imes  exh ib i t  an abnorma l ly  
pa le  m a t r i x  (MS). A m a r k e d  in- 
crease in  au tophag ie  vacuoles  (AV, 
arrows), con ta in ing  organelles in  
different  s tages  of degradat ion ,  
can  be  observed.  • 10,500. Inse t  
shows, in  detai l ,  an  au tophag ie  
vacuole  (AV) l imi ted  b y  possible  
endoplasmic  re t i cu lum membranes  
(double arrows);  i t  conta ins  a 
mi tochondr ion .  • 13,600. 

Fig. 2. Hepa tocy te s  of fasted,  re- 
s t r a ined  ra t  w i th  a b o d y  tempera-  
ture  of 36.5~ The  rough endo- 
p lasmic  re t i cu lum (RER)  appears  
in para l le l  arrays,  and  the  mi to-  
ehondr ia  (M) are normal .  Abun-  
d a n t  glycogen roset tes  (G1) can be 
seen. x 13,600. 
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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). 

Demonstrat ion by the Fink-Heimer impregnat ing method of a ventral mesencephal ic- locus  
coeruleus projection in the rat 

H.  S imon  and  M. Le Moal  

Laboratoire de Psychophysiologie, Insti tut  de Biologic Animale,  Universitd de Bordeaux f ,  avenue des Facultds, 
F-SSd05  Talence Cddex (France), 12 October 1976 

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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