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(p < 0.01) in  v o l u m e  of t he  t o t a l  g l and  a n d  of i ts  cor tex  
was  p r e s e n t  on ly  in t h e  case of t h e  lef t  adrena l .  Fo r  t he  
r i g h t  ad r ena l  a less d i s t i nc t  d i f ference (p < 0.10) exis ted.  
Th i s  d i s c r epancy  b e t w e e n  t h e  resu l t s  of t h e  vo lume  
m e a s u r e m e n t s  on  t h e  2 sides c an  be  e x p l a i n e d , b y  t h e  
r i g h t  g l and  be ing  m u c h  more  severe ly  sh runk .  N e v e r t h e -  
less, because  in t he  r i g h t  ad r ena l  g land  a t  leas t  t he  same  
t endenc ies  are mani fes t ,  t h e  resu l t s  of t he  m e a s u r e m e n t s  
in  t h e  lef t  g l and  m a y  be  cons idered  to be  r e p r e s e n t a t i v e  
for b o t h  glands.  The  m e a s u r e m e n t s  show f u r t h e r  t h a t  t he  
medu l l ae  in  b o t h  series of h a m s t e r s  are of a b o u t  t he  
s ame  size, b u t  t h a t  t h e  cor t ices  in  t he  h i b e r n a t i n g ,  cold- 
exposed an ima l s  are s ign i f i can t ly  la rger  (p < 0.01) t h a n  
those  in t h e  w a r m t h - a d a p t e d  indiv iduals .  E v i d e n t l y ,  t h e  
ad r ena l  cor tex  ha s  been  s t i m u l a t e d  b y  t h e  low env i ron-  
m e n t a l  t e m p e r a t u r e ;  a p h e n o m e n o n  t h a t  is a l r eady  
we l l -known in cold-exposed,  n o n h i b e r n a t i n g  m a m m a l s  
such  as t he  r a t  (cf, SMITH a n d  I-IOIJERS). 

I t  shou ld  be  s t i p u l a t e d  t h a t  changes  in we igh t s  a n d / o r  
vo lumes  are  on ly  r o u g h  ind i ca t i ons  of changes  in func-  
t i ons :  E v e n  t he  absence  of such  changes  does no t  i m p l y  
a n  u n a l t e r e d  func t ion .  Th i s  was  c lear ly  i l lu s t r a t ed  b y  
t h e  resu l t s  of our  p rev ious  h is to logica l  s tud ies  on t h e  
tes tes .  Never the less ,  f rom t h e  resu l t s  p r e s e n t e d  here  t h e  
fol lowing conclus ions  can  be  d rawn.  T he  changes  in 
o rgan  size obse rved  in t he  co ld -adap ted ,  h i b e r n a t i n g  
h a m s t e r s  m u s t  be  a t t r i b u t e d  to  c o l d - a d a p t a t i o n ;  th i s  
is in  accordance  w i t h  t he  f ind ings  in co ld -adap ted ,  
h o m o i o t h e r m i c  m a m m a l s  such  as t he  ra t .  Th i s  m e a n s  
t h a t  ou r  f ind ings  i l lu s t r a t e  t h a t  t he  golden  h a m s t e r  

b e h a v e s  as a h o m o i o t h e r m i c  m a m m a l ,  even  w h e n  i t  
shows h i b e r n a t i o n ;  a conclus ion s imi la r  to  t h a t  of POI~L 6 
a n d  POHL a n d  HART 7, t h o u g h  w i t h  qu i te  d i f fe ren t  argu-  
m e n t a t i o n .  The  p r e p a r a t i o n  for h i b e r n a t i o n  occurs  s imul-  
t a n e o u s l y  w i t h  t h e  t r oph i c  responses  of t he  t i ssues  to  
t he  s t imu lus  to  a u g m e n t e d  h e a t  genera t ion .  

ZusammenfaSsung. Von D e z e m b e r  bis M~irz w u r d e n  bei 
G o l d h a m s t e r n  im ~vVinterschlaf u n d  gleichzei t ig  bei wa- 
chen  Kont ro l l t i e ren ,  die bei  Z i m m e r t e m p e r a t u r  geha l t en  
wurden ,  Ve r i i nde rungen  yon  O r g a n g e w i c h t e n  un t e r such t .  
E ine  s ign i f ikan te  Z u n a h m e  des Gewichtes  wurde  bei  
Leber ,  Nieren,  Herz ,  Pank rea s ,  b r a u n e m  Fe t tgewebe ,  
Milz, N e b e n n i e r e n  u n d  N e b e n n i e r e n r i n d e  d e r  W i n t e r -  
schl~fer  gefunden .  Bei  K6rpergewich t ,  H a u t ,  Testes,  
F e m o r a  u n d  N e b e n n i e r e n m a r k  w a r e n  ke ine  Un te r s ch i ede  
zwisehen b e i d e n  T i e r g r u p p e n  fes tzuste l len .  
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The Excitat ion by S u x a m e t h o n i u m  of Non-Propr iocept ive  Afferents f rom the Caudal Muscles  in the 
Rat 

The  e x c i t a t o r y  effect  of s u x a m e t h o n i u m  on  t he  muscle  
sp indle  is well k n o w n  1, b u t  no  a t t e m p t  has  b e e n  m a d e  to 
d e t e r m i n e  i ts  ac t ion  on  u n e n c a p s u l a t e d  muscle  receptors .  
A possible  s ens i t i v i ty  to  s u x a m e t h o n i u m  of t he  free ne rve  
end ings  is sugges ted  b y  t he  response  of some m y e l i n a t e d  
c u t a n e o u s  f ibres  to  r e l a t ed  agen t s  2,a. T he  p r o b l e m  has  
i m p o r t a n c e  since s u x a m e t h o n i u m  evoked  d ischarge  f rom 
muscle  spindles  ha s  been  used as a form of select ive 
i n p u t  to  t he  cen t r a l  ne r vous  s y s t e m  4,5. 

Materials and methods. A d u l t  male  r a t s  were anaes-  
t he t i z ed  w i t h  u r e t h a n e  (170 rag/100 g b o d y  weight)  a n d  
t he  i n t e r t r a n s v e r s e  cauda l  muscle,  wh ich  comprises  a 
n u m b e r  of s m a l l  slips, was exposed  a n d  s t r e t c h e d  over  
a l igh t  source  wh ich  fo rmed  t h e  b o t t o m  of a pool  filled 
w i t h  K r e b s '  solut ion% T he  sp ina l  cord  was exposed b y  
l a m i n e c t o m y  a n d  t h e  dorsa l  a n d  v e n t r a l  roots  of t he  
second a n d  t h i r d  c a u d a l  s egmen t s  were cut ,  p r o t e c t e d  
a n d  p r e p a r e d  for e lectr ical  recording,  or s t imu la t ion ,  
u n d e r  l iqu id  paraf f in .  

The  muscle  selected for t he  e x p e r i m e n t s  is t he  m o s t  
d i s ta l  of t h e  group since i t  is usua l ly  i n n e r v a t e d  b y  a 
s ingle b r a n c h  f rom t he  l a te ra l  cauda l  ne rve  a n d  con ta ins  
b e t w e e n  4 -8  receptors .  T he  desc r ip t ion  of t h e  a f fe ren t  
i n n e r v a t i o n  is s u p p o r t e d  b y  F igure  a. Before  o b t a i n i n g  
t h a t  record,  n e u r o m u s c u l a r  t r a n s m i s s i o n  in t he  slip was 
b locked  b y  add i t i on  of t u b o c u r a r i n e  chlor ide  (Tubar ine ,  
B u r r o u g h s  Wel lcome  1 : 10 ~) to  t h e  muscle  pool  to  ensure  
t h a t  confus ing  ac t ion  p o t e n t i a l s  were  no t  gene ra t ed  as 
a resu l t  of c o n t r a c t i o n  of s ke l e t om o t o r  or I u s imo to r  
un i t s  in  t h e  muscle.  

Results and discussion. Act ion  po t en t i a l s  evoked  by  a 
single s t imulus  to  t he  muscle  ne rve  b r a n c h  fall  in to  2 
g roups :  those  c o n d u c t i n g  a t  veloci t ies  b e t w e e n  25 m/see  
and  11 m/sec  w h i c h  serve spindles  a n d  t e n d o n  organs,  
and  slowly c o n d u c t i n g  a f fe ren ts  (7-4 m/sec),  t he  m a j o r i t y  
of wh ich  do n o t  r e spond  to  s t re tch .  None  of t he  slowly 
c o n d u c t i n g  a f fe ren t s  we used r e sponded  to  s t r e t c h .  W h e n  
a su i t ab le  n e r v e  b r a n c h  was ob ta ined ,  all o thers  adj acen t  
were cut ,  so t he  dorsa l  roo t  used car r ied  effect ive  a f fe ren ts  
on ly  f rom the  slip be ing  s tudied .  

F igure  b was o b t a i n e d  f rom a dorsa l  roo t  f i l a m e n t  w i t h  
2 effect ive afferents ,  a n d  t h e i r  c o n d u c t i o n  veloci t ies  
(19 m/see  a n d  6.3 m/see)  i nd i ca t e  t h a t  t h e y  are t he  f i rs t  
a n d  f o u r t h  p o t e n t i a l s  of t h e  c o m p o u n d  of F igure  a. 
W h e n  such  a c o n v e n i e n t  f i l amen t  h a d  been  o b t a i n e d  
t h e  t u b o c u r a r i n e  was  r e m o v e d  and  t h e  muscle  was 
washed  w i t h  K r e b s '  so lu t ion  un t i l  n e u r o m u s c u l a r  t r ans -  
miss ion  reappeared .  30 ra in  l a t e r  t h e  ac t ion  of suxa-  
m e t h o n i u m  on  t he  a f fe ren ts  was  inves t iga ted .  
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(a) The compound  act ion po ten t i a l  recorded 
from the en t i re  D R  Cd3 and  evoked b y  a 
m a x i m a l l y  effective s t imulus  to the nerve  
b ranch  inne rva t ing  the in te r  t ransverse  muscle.  
(b) Act ion po ten t i a l s  of fas t  and  slowly 
conduc t ing  afferents recorded from a f i lament  
spl i t  from D R  Cd3. (c-g) Records showing 
the exc i t a t ion  of the 2 afferents b y  suxa-  
m e t h o n i u m  (1 : 104). The  records were ob ta ined  
a t  the following t imes  af ter  appl ica t ion  of 
the d rug :  (e) 45 sec, (d) 55 sec, (e) 60 see, 
(f) 65sec ,  (g) 5 m i n .  Control  recordings:  
(h) record ob ta ined  dur ing  repeated  s t re tch ing  
of the muscle.  (i) A compar ison  of the act ion 
po ten t i a l s  of the  2 afferents evoked b y  
e lect r ical  s t imula t ion ,  and,  (j) by  suxa-  
me thon ium.  Time scales:  (a, b, i, j) 2 msec. 
(e-h) 50cyc l e s  and  0 .2see  (ampli f icat ion 
cons tan t  throughout ) .  Conduct ion d is tance  
be tween s t imu la t i ng  and  recording electrodes : 
57 ram. 



160 Specia l ia  15. 2. 1969 

A m i n o r i t y  of t he  s lowly c o n d u c t i n g  a f fe ren t s  showed  
a n  expec t edL  i n f r e q u e n t  (less t h a n  1 impulse/sec)  a n d  
sporadic  s p o n t a n e o u s  ac t iv i ty .  All s p o n t a n e o u s l y  ac t ive ,  
a n d  a m i n o r i t y  of n o n - s p o n t a n e o u s l y  ac t ive  a f fe ren t s  
r e sponded  to  s u x a m e t h o n i u m  b y  an  increase  or appea r -  
ance  of ac t iv i ty .  

A powerfu l  t h o u g h  t h r e sho ld  exc i t a t i on  of t he  s lowly 
c o n d u c t i n g  a f fe ren t  was  o b t a i n e d  w i t h  a s u x a m e t h o n i u m  
chlor ide  (Scoline, Al len H a n b u r y s )  c o n c e n t r a t i o n  of 
1:104 (f), a va lue  10 t imes  t h e  t h r e sho ld  c o n c e n t r a t i o n  
for t he  sp indle  a f f e r en t  in  t he  same  muscle.  The  d i f fe ren t  
s ens i t i v i t y  of t h e  2 fo rms  of r ecep to r  was  revea led  also 
b y  t h e  la tenc ies  of t h e  2 responses  (c-f). A m a x i m u m  
a c t i v i t y  of 45 impulses /sec  was a t t a i n e d  b y  t he  s lowly 
c o n d u c t i n g  a f fe ren t  5 m i n  a f t e r  app l i ca t ion  of t he  
d rug  (g). The  r e m a i n i n g  records  of t he  F igure  i l l u s t r a t e  
con t ro l  procedures .  

The  sens i t i v i ty  of t h e  s lowly c o n d u c t i n g  a f fe ren t s  to  
s u x a m e t h o n i u m  m i g h t  be due  to  i ts  depolar iz ing  ac t ion  
on  e i the r  t h e  r ecep to r  end ing  or on  a noda l  region of 
t h e  axon,  so p e r m i t t i n g  impulse  p r o p a g a t i o n  in response  
to  a n a t u r a l  b u t  s u b t h r e s h o l d  depo la r i za t ion  of the  recep- 
to r  ending.  A l t e rna t ive ly ,  t h e  response  could be  a sec- 
o n d a r y  effect  due  to  evoked changes  in t he  t i ssues  in  
which  t he  free end ings  lie s. T he  changes  could be  e i t he r  
a response  to  s u x a m e t h o n i u m  b y  s m o o t h  muscles  of t h e  

vascu la r  sys tem,  or  a response  b y  t he  end ing  to K+ 
released f rom muscle  ceils b y  t he  s u x a m e t h o n i u m  9,1s. 

Rdsumd. Des aff6rences my61iniques non-propr iocep-  
t i r es ,  ~ vi tesse  de c o n d u c t i o n  lente,,  en  p r o v e n a n c e  des 
muscles  de la queue  du ra t ,  son t  excit6es pa r  le suxa-  
m 6 t h o n i u m  d ' u n e  c o n c e n t r a t i o n  de 1,0 • 104. On consi-  
d~re les m6can i smes  possibles  de ce t te  exci ta t ion ,  d o n t  
la s igni f ica t ion  est  discut6e.  

G. L. KIDD and  J. KU~ERA 

The Physiological Laboratory, The University, 
Liverpool, 3 (England) and The Institute o[ Physiology, 
Czechoslovak Academy o/Sciences, 
Prague d (Czechoslovakia), 72 September 7968. 

7 A. S. PAINTAL, J .  Phys io l ,  752, 250 (1960). 
a D. BARKER, in  Ciba Foundation Symposium (Ed. A. DE REUCK 

a n d  J .  KRIGHT; Churchi l l ,  L o n d o n  1967). 
9 H,  KLUFF a n d  O. KRAUFF, A r c h s  in t .  P h a r m a e o d y n .  Ther .  98, 

340 (1954). 
10 A c k n o w l e d g m e n t s .  This  w o r k  is s u p p o r t e d  b y  a Medical  Resea rch  

Council Grant. Dr. KU~ERA gratefully acknowledges a grant 
from the Wellcome Trust. 

An in vivo Study  of the Effect of Chronic Metabol ic  

I t  is well  e s t ab l i shed  t h a t  a m m o n i a  p r o d u c t i o n  b y  
k idneys  increases  m a r k e d l y  in me tabo l i c  acidosis  1. 
PITTS 1,2 has  d e m o n s t r a t e d  t h a t  a m a j o r  source of am-  
m o n i a  p r o d u c t i o n  is r ena l  t u b u l a r  g lu tamine .  T he  exac t  
m e c h a n i s m s  respons ib le  for s t i m u l a t i o n  of increased  
g l u t a m i n e  d e a m i d a t i o n  are  st i l l  unclear .  A t  va r ious  
t imes ,  increased  syn thes i s  or a c t i v i t y  of g l u t a m i n a s e  i a,4 
as well  as i n h i b i t i o n  ~ of t h e  c i t ra te  condens ing  e n z y m e  
(c i t ra te  syn the t a se )  h a v e  been  impl i ca t ed  in a u g m e n t e d  
rena l  a m m o n i a  p roduc t ion .  More r ecen t ly  GOODMAN,  
FuIz  and  CAHILL 5 d e m o n s t r a t e d  t h a t  in r a t s  me tabo l i c  
acidosis  increased,  whereas  me tabo l i c  alkalosis  decreased  
gluconeogenesis  of rena l  cor t ica l  slices. Also, GOORNO, 
RECTOR a n d  SELDIN 6 d e m o n s t r a t e d  t h a t  m e t a b o l i c  
acidosis  in  dogs increased  gluconeogenesis  as well  as 
ammon iagenes i s  of r ena l  cor t ica l  slices. The  pu rpose  of 
t he  p r e sen t  s t u d y  was to  d e t e r m i n e  w h e t h e r  t he  increased  
rena l  g luconeogenesis  descr ibed  in in v i t ro  s tud ies  for  
dogs w i t h  m e t a b o l i c  acidosis is in fact  seen in vivo.  

Seven  mongre l  female  dogs weighing  9-15 kg  were  
used in these  s tudies .  E a c h  dog was fed a s t a n d a r d  d ie t  
(Friskies  dog food, C a r n a t i o n  Co., 16oz /day ) .  A l l : a n i  - 
mals  ,we r3" in j ec t ed  twice- dai ly  w i t h  50 m g  cor t i sone  
ace t a t e  (i.m.) to  suppress  endogenous  s tero id  secre t ion  s. 
F o u r  of t he  dogs rece ived  10 g NH4C1 dai ly  in  t he i r  meal .  
The  an ima l s  were m a i n t a i n e r  on  th i s  schedule  for 10 
days.  Blood p H  d e t e r m i n a t i o n s  were m a d e  per iodical ly  
du r ing  th i s  t ime.  On  the  e l e v e n t h  day,  t h e  dogs were  
anes the t i z ed  w i t h  sod ium p e n t o b a r b i t a l  (30 m g / k g  i.v.L 
Cannu lae  were p laced  in a femora l  a r t e r y  a n d  ve in  for 
b lood  pressure  m o n i t o r i n g  a n d  sampl ing  as well as for 
infusiori of drugs.  T he  left  r ena l  a r t e ry  was exposed  by  
r e t r0Per i tonea l  a p p r o a c h  and  an  e l ec t romagne t i c  flow 
p robe  (Medicon) p l aced  a r o u n d  t he  vessel T he  left  renal  
ve in  was  ca the t e r i z ed  via t h e  ova r i an  vein.  E a c h  a n i m a l  
was  a l lowed to recover  f rom t h e  :surgical p rocedure  for  

Acidos is  on Renal Gluconeogenes i s  

45 ra in  before s ampl ing  was in i t i a ted .  Samples  of venous  
b lood f rom the  r ena l  ve in  a n d  a r te r ia l  b lood f rom the  
femora l  a r t e r y  were d r a w n  a t  10 min  in t e rva l s  for 90 min .  
A t  comple t ion  of each  expe r imen t ,  loca t ion  of t he  c a t h e t e r  
in t he  rena l  ve in  was ver i f ied  and  t h e  e l ec t romagne t i c  
flow p robe  on  t he  rena l  a r t e r y  ca l i b r a t ed  in situ. Blood 
samples  were p laced  i m m e d i a t e l y  in cold 10% TCA, a n d  
s tored  o v e r n i g h t  a t  4~ Glucose d e t e r m i n a t i o n s  were 
m a d e  us ing  a s t a n d a r d  glucose oxidose m e t h o d L  

The  d a t a  o b t a i n e d  in these  e x p e r i m e n t s  are s u m m a r i z e d  
in Tab les  I a n d  I I .  The  d a t a  in  Tab le  I are r epor t ed  as 
averages  of t he  m e a n  va lues  for each  a n i m a l  for t he  f i rs t  
60 m i n  of sampl ing .  R e n a l  a r t e r i a l  b lood  glucose levels 
as well  as b lood  flow are essent ia l ly  t he  same for b o t h  
groups.  However ,  t h e  A - V  dif ferences  as well  as t he  ne t  
renal~'iupta!~es or o u t p u t s  of glucose for b o t h  groups  are 
qu i te  d i f ferent .  I n  con t ras t ,  d a t a  for t he  con t ro l  an ima l s  
show a m e a n  u p t a k e  of glucose of 1.95 ~zmoles/g k id-  
l - l eg '  Inln. 

An in t e re s t ing  change  in r ena l  glucose u p t a k e  and  out-  
puz . . appears ' ! to  ,occur in t i m e  in t h e  con t ro l  an imals .  
Tab le  I I  shows t h a t  t he  glucose u p t a k e  b y  the  con t ro l  
d o g s  dec rease s - a f t e r  60 min  a n d  in fact  changes  to  an  
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