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Fig. 7. C 479. A space apparently left by a degenerated neuron. This 
chick was killed when 12 days of age after being on the Torula yeast 

diet with galaetose for 52 h. LFB-Nissl stain, ×435. 

ga l ac tosph ingos ideg .  A p p a r e n t l y  l i t t le is k n o w n  of t he  
m e c h a n i s m  w h ic h  p roduc e s  t r e mor ,  c onvu l s i ons  a n d  d e a t h  
in y o u n g  ch icks  fed a n  excess ive  a m o u n t  of ga lac tose .  
T h e  morpho log ic  c h a n g e s  in the  bra in ,  r e su l t i ng  f rom 
ga lac tose  in tox ica t ion ,  a re  cha rac t e r i zed  b y  a c u t e  degen-  
e ra t ive  c h a n g e s  in t he  ne u rons .  A c c o m p a n y i n g  t h i s  degen-  
e ra t ive  c h a n g e  is per ice l lu lar  e d e m a .  T h e  ne rve  cells in- 
j u r e d  b y  excess ive  a m o u n t  of ga lac tose  u s u a l l y  are w i t h i n  
t he  basa l  gangl ia .  I t  is s u g g e s t e d  t h a t  a n  excess ive  a m o u n t  
of ga lac tose  in y o u n g  ch icks  in some  m a n n e r  in ju res  t he  
ne u rons ,  p r o b a b l y  by  a c t i ng  t h r o u g h  some  local e n z y m e  
s y s t e m .  T h e  ear ly  effect  of ga lae tose  a p p a r e n t l y  is t h a t  of 
cell s t i m u l a t i o n ,  as  m a n i f e s t e d  b y  t r e m o r  a n d  convu l s ions .  
Th i s  effect  is revers ib le  w i t h o u t  a n y  res idua l  d a m a g e .  
D e a t h ,  however ,  m a y  occur  in ch ickens  fed t he  h i g h e r  
c o n c e n t r a t i o n s  of ga lac tose  a n d  t h e y  m a y  h a v e  severe  
d a m a g e  to t he  ne rve  cells in t he  basa l  gangl ia .  

T h e  occur rence  of c onvu l s i ons  o f t en  preceded  b y  a u r a e  
is t he  cha rac t e r i s t i c  clinical  m a n i f e s t a t i o n  of ga lac tose  
i n t o x i c a t i o n  in t he  chicken.  Convu l s ions  m a y  occur  in 
m a n  a n d  a n i m a l  in a wide v a r i e t y  of c i r c u m s t a n c e s ,  a m o n g  
w h ic h  m a y  be m e n t i o n e d  h y p o g l y c e m i a  a n d  h y p o x i a .  
Blood glucose levels  in t he se  ch i ckens  fed excess ive  
a m o u n t s  of ga lac tose  are  w i t h i n  t he  r a nge  of no rma l .  
The re  is n o t h i n g  cl inical ly to  s u p p o r t  a n o x i a  in the  bi rds .  

T h e  m e c h a n i s m  of d a m a g e  to t he  n e u r o n s  in t he  basa l  
gang l i a  of y o u n g  chicks  fed ga lac tose  in c o n c e n t r a t i o n s  
a bove  10% is u n k n o w n .  However ,  t he  ease b y  wh ich  
c onvu l s i ons  a n d  d e g e n e r a t i o n  of t he  ne rve  cells can  be 
p r o d u c e d  offers an  exce l len t  o p p o r t u n i t y  for t he  neuro-  
c he mi s t ,  a n a t o m i s t  a n d  p a t h o l o g i s t  to s t u d y  specific 
ne rve  cell i n j u r y  a n d  t he  occur rence  of e d e m a  1°. 

Rdsumd. Des pous s in s  nour r i s  avec  u n e  r a t i on  c o n t e n a n t  
p lus  de 10% de ga lac tose  d 6 v e l o p p e n t  des  t r e m b l e m e n t s ,  
des c onvu l s i ons  e t  m e u r e n t .  U ne  d6g6n6ra t ion  des  n e u r o n s  
et  de l ' o e d6ma  p6ri-cel lulaire se p r6sen te  d a n s  la zone des  
gang l ions  basals ,  d a n s  la zone m6dul la i re  e t  d a n s  les lobes 
op t iques .  

R. H. RIGDON, j .  R. COUCH, 
C. R. CREGER, a n d  T. M. FERGUSON 

Department o/ Pathology, University o/ Texas Medical 
Branch, Galveston (Texas) and Department o/ Poultry 
Science, Texas Agricultural and Mechanical College Sys- 
tem, College Station (Texas, U.S.A.), February ]d, 1963. 

Fig. 8. C 512-4A. This nerve cell is pyknotic and has an adjacent 
pericellular clear space that probably is edema. This day old chick 
was fed the synthetic diet containing 40 % galactose ; 48 h later it was 
weak, had a tremor, convulsions and died. LFB-Nissl stain x616. 

9 W. E. STONE, chap. 18 in Neurochemisgry. The Chemical Dynamics 
o/Brain and Nerve (Ed. by K. A. C. ELLIOT, IRV[~E H. PAGE, and 
J. H. QL'ASTEL; Charles C. "Yhomas, Springfield, Ill. 1955), p. 485. 

10 A 16 rain Kodachrome movie illustrating the clinical and histologie 
changes in galactose intoxication is available for those who are 
interested. 

H i s t o c h e m i c a l  L o c a l i z a t i o n  of Acid  P h o s p h a t a s e  
and C a t h e p s i n - l i k e  Act iv i t i e s  in R e g r e s s i n g  Ta i l s  

of  X e n o p u s  Larvae  at M e t a m o r p h o s i s  I 

T h e  a t r o p h y  of t h e  la rva l  tail ,  w h i c h  occurs  d u r i n g  
a n n r a n  m e t a m o r p h o s i s ,  r ep r e sen t s  a s t r i k ing  e x a m p l e  of 
t i s sue  regression.  A t  the  b iochemica l  level  t h i s  p rocess  
coincides  w i th  a m a r k e d  increase  in t h e  a c t i v i t y  of c a t h e p -  
s ins  2,8, acid p h o s p h a t a s e  4 a n d  o t h e r  ' l y s o s o m a l '  e n z y m e s  5. 

Since l a rva l  ta i ls  inc lude  va r i ous  s t r u c t u r a l  e l emen t s ,  com-  
pr i s ing  v e r y  d i f fe ren t  t y p e s  of t i ssue,  t he  p r o b l e m  ar ises  as  

1 This work was supported by the 'Swiss National Foundation for 
Promotion of Scientific Research' (Project 1613). 

2 R. WEBER, Expcr. 13, 153 (1957). 
8 R. WXBER, Rev. suisse Zool. 64, 326 (1957). 

R. WEBER and B. NIEtlUS, Helv. physiol. Acta 19, 103 (1961). 
C. DE DUVE, Ciba Found. Syrup. Lysosomes (Churchill, London), 
in press. 
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to  w h e t h e r  the  obse rved  a c t i v a t i o n  of acid hydro la ses  
ref lects  a genera l  or  a t issue-specif ic  reac t ion .  The  inves t i -  
g a t i o n  of t h i s  p r o b l e m  is no t  on ly  i m p o r t a n t  to  the  eluci- 
d a t i o n  of the  m e t a m o r p h i c  response  a t  the  cel lular  level 
b u t  also b2ars  u p o n  t he  m e c h a n i s m  of t i ssue  regression in 
general .  Accord ing  to  t he  ' lysosome concep t  '8, in which  
i t  is sugges ted  t h a t  a release of b o u n d  acid hydro la ses  a t  
cell d e a t h  occurs,  one would  a c t u a l l y  e x p e c t  a un i fo rm  and  
diffuse d i s t r i b u t i o n  of these  e n z y m e s  in t h e  regress ing 
tai ls .  I n  o rder  to  o b t a i n  d i rec t  evidence ,  a d v a n t a g e  was 
t a k e n  of the  r ecen t  i m p r o v e m e n t s  of e n z y m e  h i s toehemi -  
s t ry .  T h u s  t h e  p r e sen t  r epo r t  is conce rned  w i t h  t he  dis t r i -  
b u t i o n  of acid p h o s p h a t a s e  a n d  ca theps in - l i ke  es te rase  
ac t iv i t i e s  in  ta i ls  of X e n o p u s  l a rvae  a t  ve ry  a d v a n c e d  
s tages  of m e t a m o r p h o s i s ,  i nd i ca t i ng  m a c r o p h a g e s  as t h e  
m o s t  i m p o r t a n t  si tes of ac t iv i ty .  

Tai l  r u d i m e n t s  of frog-l ike X e n o p u s  l a rvae  were f ixed 
for 16 h in cold 4 %  fo rmal in  (prev ious ly  neu t r a l i zed  w i t h  
CaCO3) in t he  presence  of 10% sucrose.  Af te r  r ins ing  in 
t a p  water ,  t he  ta i ls  were e m b e d d e d  in pieces of f resh r a t  
musc le  a n d  i m m e d i a t e l y  f rozen in l iquid  n i t r ogen  (18 see). 
Sec t ions  (7 ~) were  cu t  in  a c r y o s t a t  ( 20°C), m o u n t e d  
on  cover  slips, a n d  t h e n  p u t  i n to  a chi l led so lu t ion  of 10% 
sucrose  for t r a n s f e r  to  r o o m  t e m p e r a t u r e  (+20°C) .  B y  
th i s  p rocedure  i t  was possible  to  c i r c u m v e n t  e n z y m e  diffu-  
sion, w h i c h  resu l t s  f rom t h e  depos i t ion  of w a t e r  f i lms on  
t he  t issue.  Th i s  i n v a r i a b l y  occurs  if sec t ions  are b r o u g h t  
u n p r o t e c t e d  f rom t h e  c r y o s t a t  to  room t e m p e r a t u r e .  T h e  
s i tes  of a c t i v i t y  of acid p h o s p h a t a s e  were revea led  b y  the  
azo-dye  coup l ing  m e t h o d  of BURSTONE 7, us ing  n a p h t h o l  
A S - T R  p h o s p h a t e  as s u b s t r a t e  and  t he  d i a z o n i u m  sa l t  
F a s t  D a r k  Blue  R a t  p H  5.2. In  o rder  to  d e m o n s t r a t e  
ca theps in - l ike  ac t iv i ty ,  t he  s t a i n i n g  r eac t i on  for o rgano-  
p h o s p h o r u s - r e s i s t a n t  es terase  as desc r ibed  b y  HESS a n d  
PEARSE s WaS rel ied upon .  Af te r  p r e t r e a t m e n t  w i t h  E600 
( inhib i tor )  a n d  cys te ine  (ac t iva tor ) ,  t h e  sec t ions  were in- 
c u b a t e d  w i t h  O-ace ty l -5 -b romo- indoxy l  a t  p H  7.0 in t h e  
p resence  of E600 a n d  cys te ine .  

The  p r e p a r a t i o n s  o b t a i n e d  w i t h  these  m e t h o d s  revea l  
v e r y  s imi la r  s t a i n i n g  p a t t e r n s ,  wh ich  c lear ly  d e m o n s t r a t e  
a di/ ferential  dis tr ibut ion of b o t h  acid p h o s p h a t a s e  a n d  
ca theps in - l ike  es terase  in  regress ing  ta i ls  (Figure  1). Thus ,  

r ,  • 

I } :g 

in ta i l  r u d i m e n t s ,  in wh ich  t h e  muscle  ceils are  a l m o s t  
comple t e ly  resorbed ,  a v e r y  in tense  s t a i n i n g  r eac t i on  is 
found  in the  s u b - e p i d e r m a l  c o n n e c t i v e  t issue,  conf ined  to 
mac ro p h ag es .  Some ac t iv i ty ,  especial ly  of es terase ,  is also 
d e m o n s t r a b l e  in t h e  basa l  p o r t i o n  of t h e  epidermis .  On 
ti le o t h e r  h a n d ,  seve ra l  ta i l  s t r u c t u r e s  such  as the  noto-  
chord ,  t h e  n e u r a l  t u b e  a n d  t h e  r e m a i n i n g  muscle  ce i l s - -  
a l t h o u g h  u n d e r g o i n g  r e g r e s s i o n -  do n o t  give a n y  apprec i -  
able  s t a i n i n g  reac t ion .  In  m a c r o p h a g e s  i t  is possible  to  
d i s t i ngu i sh  i n t r a e e l l u l a r  inclusions.  These  are  be s t  recog- 
nized in p r e p a r a t i o n s  s t a i n ed  for  acid p h o s p h a t a s e ,  b u t  
some t imes  a re  also seen  b y  t h e  es te rase  r eac t ion  (Figure  
2). These  inclusions,  1 -10  ~ in size, be long  to t h e  ca t ego ry  
of lysosomal  s t r u c t u r e s  a n d  p r e s u m a b l y  r e p r e s e n t  ' p h ag o -  
somes ' ,  a l t h o u g h  t h e i r  e v o l u t i o n  r e m a i n s  ye t  to  be inves t i -  
ga ted .  I t  is, however ,  n o t e w o r t h y  t h a t  in ta i ls  of p r e m e t a -  
mo rp h i c  t adpo les  t h e r e  occur  on ly  few m a c r o p h a g e s  

Fig. 2. Localization of acid hydrolases in tail nmcrophages. Small 
portion of the sub-epidermal co,mcctive tissue showing cell-specific 
staining reactions for acid phosphatase (A) and cathepsin-likc ester- 
ase (B) respectively. (~) indicates intracclhflar inclusions presumably 

representing 'phagosomes'. 

Fig. 1. Differential distribution of acid hydrolases in regressing tails. 
Cryostat-sections of very advanced stages of regression stained for 
acid phosphatase (A) and cathepsin-like esterasc (B) respectively. In 
both cases the most intense reaction is confined to cells (j) of the 

sub-epidermal connective tissue. 270 ×. 

C. DE D~ZVE, in Subcelhdar Particles (Fd. T. HxvASm, The Ronald 
Press Co., New York 1959), p. 128. 
M. S. BURSTOnE, J. nat. Cancer Inst. 21, 5'23 (1958). 

8 R. HEss and A. E. G. I'EAasE, Brit. J. exp. Path. ;19, 292 (1958). 
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which are  sca t tered  in the  connect ive  tissue and be tween  
muscle cells. According to our  present  observat ions,  these  
maerophages  conta in  fewer inclusion-bodies t h a n  those in 
regressing tails. 

The  evidence obta ined  f rom enzyme h i s tochemis t ry  
leads to the  conclusion t h a t  t he  increase in ac t i v i t y  of 
acid phosphatase  and cathepsins  is due to the  local ac t iva-  
t ion of macrophages  in the  regressing tail. This  v iew is also 
suppor ted  by  our  observa t ion  * t h a t  dur ing ta i l  a t r o p h y  
there  is a change in the  pa t t e rn  of cathepsins.  I t  is there-  
fore conceivable  t h a t  the  tai l  macrophages  are the  sites of 
this ac t iv i ty .  F u t u r e  work  will  be d i rec ted  to  t he  elucida-  
t ion of those even ts  which  in i t ia te  the  ac t iva t ion  of macro-  
phages  in t he  ta i l  t issue 1°. 

Zusammenfassung. His tochemische  Reak t ionen  an re- 
gredierenden Schw~tnzen yon  Kra l lenf rosch la rven  haben  
ergeben, dass die saute  Phospha tase  und die ka theps in-  

a r t igen  Es te rasen  vorwiegend  in Makrophagen  des sub- 
ep idermalen  Bindegewebes  angere icher t  sind. Somi t  
dfirfte die e rh6hte  Aktivit~it  dieser F e r m e n t e  im regre- 
d ierenden Schwanzgewebe  auf der  lokalen Ak t iv i e rung  
yon Makrophagen  beruhen.  

R. SALZMANN and R. WEBER 

Abteilung /iir Zellbiologie, Zoologisches Institut der Univer- 
sittit Bern (Switzerland), April 5, 1963. 

9 R. WEBER, ill preparation. 
lO We are greatly indebted to Dr. R. HEss (CIBA Basel) for generous 

advice on histochemieal techniques. Our thanks are also due to 
Prof. E. LXuPPI (Gerichtlieh-medizinisches Institut, Bern) for 
permission to use his eryostat and to Mr. B. NxcK for assistance in 
microphotography. 

Reactivity of Cat Skeletal Muscle Vessels  to Nor-  
adrenaline During Induced Respiratory Alkalosis  

Severa l  workers  1-3 have  shown tha t  a l tera t ions  in the  
acid-base ba lance  of the  blood will change the  pressor  
responses to i.v. adrenal ine or  noradrenal ine  inject ions.  
Usually,  uncompensa ted  acidosis diminishes and  uncom-  
pensa ted  alkalosis increases the  pressor responses. H o w -  
ever,  the  site and mechan isms  of these effects are  to a 
large ex t en t  stil l  obscure 4. The  present  s tudy  shows t h a t  
the  overal l  response of a per iphera l  vascular  bed, consist- 
ing  ma in ly  of skeletal  muscle vessels (the skinned hind leg 
of the  cat) to noradrenal ine  increases dur ing  uncompen-  
sa ted  resp i ra tory  alkalosis. The  results suggest  fu r the r  
t h a t  this increase is p r imar i ly  due  to the  increase in p H  
ra the r  t h a n  the  decrease in carbon  d ioxide  tension.  

Methods. Ten cats  (weighing 2.0-4.3 kg), anaes the t ized  
wi th  pentobarb i ta l ,  were  used. One leg was t ied off a t  the  
upper  pa r t  of the  th igh  wi th  only  the  large vessels and 
nerves  remain ing  untouched.  This  leg was subsequen t ly  
skinned and the  paw t ied off jus t  above  the  ankle joint ,  
leaving the  femoral  a r t e ry  to perfuse the  skeletal  muscles. 
The blood in the  femoral  a r t e ry  was exter ior ized in a poly-  
e thy lene  loop and  the  flow ma in t a ined  by  means  of a 
cons tan t  o u t p u t  p u m p  (S igmamotor  Inc. ,  U.S.A.) .  
Changes in perfusion pressure dur ing the  course of an  
exper iment  thus  ref lected changes in the  vascular  resis- 
tance  of the  perfused region. The  p repara t ion  also included 
resection of the  ipsi la teral  sympa the t i c  chain  a t  the  mid-  
lumbar  level and the  splanchnic  nerves  on both  sides. 

The following physiological  funct ions were cont inuous ly  
recorded on a Grass po lygraph :  (1) sys temic  blood pres- 
sure (femoral ar tery) ,  (2) perfusion pressure (in the  loop, 
distal  to pump),  (3) ar ter ia l  p H  (in the  loop, p rox imal  to 
pump)  and (4) carbon dioxide tension (in end t idal  air). 
The  blood pressures were recorded v ia  t ransducers  
(S ta tham Inc.,  U.S.A.) .  The  ar ter ia l  p H  was recorded 
v ia  a p H - m e t e r  (PHM 22, R a d i o m e t e r  Inc. ,  Denmark) .  
End  t ida l  carbon dioxide tension was de te rmined  by  
drawing  the  expired air  t h rough  a gas-analyzer  (Beckman 
Spinco mode l  LB-1). Spontaneous  resp i ra tory  m o v e m e n t s  
were abolished by  a slow i.v. dr ip of succinylcholine iodide 
(Celocurin, V i t r u m  Inc.,  Sweden) in a low-molecular  
weight  dex t ran  (Rheomacrodex  Mw 40000, P h a r m a c i a  
Inc. ,  Sweden) and the  animals  were ven t i l a t ed  artif icially.  

The  animals  were ini t ia l ly  ven t i l a t ed  wi th  oxygen  and 

the  degree of t he  ven t i l a t ion  was ad jus ted  to  m a i n t a i n  
p H  app rox ima te ly  7.4. Blood flow to  the  perfused leg was 
such t h a t  the  perfusion pressure equal led  the  sys temic  
blood pressure. The  animals  were, a t  this stage, in a s ta te  
of compensa ted  metabol ic  acidosis wi th  a low carbon 
dioxide  tension in the  end t idal  air. This  was la te r  com- 
pensa ted  by  a slow i.v. infusion of 0 . 6 N  sodium bicarbon-  
a te  in an  a m o u n t  suff icient  to restore the  normal  carbon  
dioxide tension of 40 m m  Hg. To ma in ta in  a cons tan t  
ven t i l a t ion  and blood pH,  a t  the  same t ime,  the  percent-  
age of carbon d ioxide  in the  inspired gas was increased. 
L a t e r  resp i ra tory  alkalosis could easi ly be produced  by  
again adminis te r ing  oxygen.  W i t h  this  exper imenta l  pro- 
cedure  i t  was possible to follow the  per ipheral  effect  of 
i.a. noradrenal ine  inject ions  dur ing three  di f ferent  t ypes  
of a l tera t ions  in the  ac id -base  ba lance:  (1) Compensa ted  
metabol ic  acidosis w i th  a low carbon dioxide tens ion  and 
a normal  blood p H ;  (2) ' N o r m a l '  s tage wi th  a normal  
carbon dioxide tension and normal  blood p H  ; (3) U n c o m -  
pensa ted  resp i ra tory  alkalosis wi th  a low carbon dioxide 
tension and a high blood pFI. 

To ob ta in  larger  changes in the  carbon dioxide tension,  
the  compensa ted  metabol ic  acidosis (1) was aggrava ted  in 
some exper iments  by  a s low infusion of 5-10 cm 8 0 .2N 
hydrochlor ic  acid i.v. 

The  effect  of noradrena l ine  in different  doses (admini-  
s tered i.a. in the  loop) on the  perfusion pressure was 
tes ted  repea ted ly  dur ing the  exper iments ,  and the  re- 
corded changes were expressed in two  different  ways:  
(1) The  percen tua l  change in the  response of a nor- 
adrenal ine  dose sufficient  to produce  a 50 m m  Hg  increase 
of the  perfusion pressure a t  s tage  2; (2) The  re la t ive  in- 
crease or  decrease of the  dose requi red  to  ma in ta in  a con- 
s t an t  50 m m  Hg pressure response. 

Results. In  8 exper iments  ou t  of 10, uncompensa ted  
resp i ra to ry  alkalosis increased the  overal l  response of 
muscu la r  blood vessels to i.a. in ject ions  of noradrenal ine .  
An  increase of the  p H  to a p p r o x i m a t e l y  7.56 (5 cats) in- 
creased the  response of an i.a. noradrenal ine  in jec t ion  to 
an average  of 114%. A more severe alkalosis (pH 7.80; 5 
cats) increased the  response to 132~/o. The  dose necessary 

1 j .  DuzkR and G. FRITZ, Klin. Wschr. 93, 2338 (19~4). 
z G.E. BURGEr and M. B. VlSSC~ER, Amer. J. Physiol. 81, 113 (19~7). 
3 I .H.  PAG~ and F. OLMSTED, Circulation (N.Y.) 3, S01 (1951). 
4 S.M. TESN~V, Anesthesiology Zl, 674 (1960), 


