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t he  e n z y m e  showed 1 b a n d  in l iver  a n d  k i d n e y  of em- 
b ryon i c  a n d  young  tissues.  The  z y m o g r a m  changed  in 
t h e  a d u l t  in  wh ich  l iver  a n d  k i d n e y  showed 2 b a n d s  (Figure 
2). 

The  k ine t i c  s tud ies  were pe r fo rmed  w i t h  d i f fe ren t  
c o n c e n t r a t i o n s  of s u b s t r a t e  in  o rde r  to  o b t a i n  d a t a  on  t h e  
ca t a ly t i c  p rope r t i e s  of t h i s  enzyme  in t he  l iver  a n d  
k i d n e y  of Anus platyrhynchos a n d  Zenaida auriculata 
auriculata d u r i n g  t h e i r  deve l opm en t .  T he  Km va lues  
were d e t e r m i n e d  b y  p l o t t i n g  t he  d a t a  accord ing  to  
L i n e w e a v e r  a n d  Burk .  As shown  in Tab le  I I I ,  a decrease  
of K~, in  t he  a d u l t  pe r iod  of b o t h  t i ssues  in t he  species is 
observed .  

Discussion. The  p r e s e n t  p a p e r  shows t h a t  S D H  
a c t i v i t y  increased  w i t h  deve lopmen t .  Th i s  a c t i v i t y  in  
l iver  a n d  k i d n e y  is h i g h e r  in a d u l t  an i m a l s  t h a n  in y o u n g  
ones. A s imi la r  p h e n o m e n o n  was found  for o t h e r  de-  
hyd rogenases  22, such  as lactic,  mal ic  a n d  glycerol  1-P 
d e h y d r o g e n a s e  2s w h i c h  revea l  a 10-fold increase  in 
a c t i v i t y  f rom the  fe ta l  pe r iod  to  a d u l t h o o d  in r a t  l iver.  
E n z y m a t i c  a c t i v i t y  in  l iver  and  k i d n e y  of va r ious  
m a m m a l i a n  species is h ighe r  t h a n  in birds2,14. The  
specific a c t i v i t y  of b i rd  t es tes  is lower t h a n  t h a t  found  in 
guinea-pig,  bull ,  mouse ,  r a t  a n d  m o n k e y  testes .  I t  is of 
i n t e r e s t  t h a t  a d u l t  b i rd  t es tes  show h ighe r  e n z y m a t i c  
a c t i v i t y  t h a n  t h a t  of toad ,  s t a r f i sh  and  r a b b i t  24. The  
resu l t s  ind ica te  a species specif ic i ty  a m o n g  birds .  The  
rise in  a c t i v i t y  deve loped  b y  the  t i ssues  s tud ied  in a d u l t  
b i rds  in  r e l a t i on  w i t h  t h e  young  s tage  was a c c o m p a n i e d  
b y  a decrease  of t h e  K ~  values.  

The  change  in t h e  Michael is  c o n s t a n t  d u r i n g  develop-  
m e n t  m a y  ref lect  t he  change  in t he  mu l t ip l e  molecu la r  
forms obse rved  b y  electrophoresis .  W h e n  th i s  m e t h o d  
was appl ied  to S D H  in the  l iver  a n d  k i d n e y  of b o t h  
species, changes  a l r e ady  shown for va r ious  enzymes  d u r i n g  
d e v e l o p m e n t ,  were obse rved  in t he  z y m o g r a m  25. I t  is 
i n t e r e s t i ng  to not ice  t h e  specific d e v e l o p m e n t  in b o t h  
species. 

OP'T HOF e t  al. -~ found  5 S D H  b a n d s  in pig  l iver  a n d  
sugges ted  a t e t r a m e r i c  s t ruc tu re .  I t  is l ikely t h a t  t h i s  

s t r u c t u r e  is t yp i ca l  for S D H  in va r ious  species. A l t h o u g h  
fewer  b a n d s  were found  in our  s tudy ,  t he  l i t e r a t u r e  offers 
m a n y  examples  ~-7 in w h i c h  t he  n u m b e r  of s u b u n i t s  does 
n o t  f i t  t h e  n u m b e r  of b a n d s  found  exper imen ta l ly .  

Our  obse rva t ions  show t h a t ,  s imi la r  to  t he  m a m m a l i a n  
e n z y m e  14, S D H  of b i rds  e x h i b i t  mu l t i p l e  molecu la r  forms.  

Summary. Sorb i to l  d e h y d r o g e n a s e  (E .C.N. I , I . I .14)  
was  s tud ied  in l iver,  k i d n e y  a n d  gonads  of Zenaida 
auriculata auriculata (golden p idgeon)  a n d  of Anus 
platyrhynchos (creole domes t i c  duck)  f rom S o u t h  A m e r i c a n  
faunes.  The  specific a c t i v i t y  of S D H  increased  f rom 
e m b r y o n i c  to  a d u l t  s tage  a n d  is h igher  in t h e  Anas 
platyrhynchos t issues.  The  e l ec t rophore t i c  s tud ies  per-  
fo rmed  in l iver  and  k i d n e y  of b o t h  species du r ing  develop-  
m e n t  showed  v a r i a t i o n s  in  t he  n u m b e r  and  i n t e n s i t y  of 
t he  b a n d s  in accordance  w i t h  t he  age a n d  t he  species. 
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I n c o r p o r a t i o n  R a t e  of S h i k i m i c  Acid-14C a nd  P h e n y l a l a n i n e - 1 4 C  i n t o  G a l l i c  A c i d  in  Rhus  an d  
Acer  L e a v e s  

There  h a v e  been  n u m e r o u s  s tudies  of t he  b io syn thes i s  
of gallic acid a n d  a t  leas t  t h r ee  p a t h w a y s  h a v e  been  
proposed  for i ts  b io syn thes i s  in h igher  p lan ts .  ZE~K 1 ha s  
f o r m u l a t e d  a c o n v e n t i o n a l  p a t h w a y  f rom L-pheny la l an ine  
to 3 ,4 ,5 - t r i hyd roxyc innamic  acid followed by / ~ - ox ida t i on  
to  gallic acid. However ,  t he  t r i h y d r o x y l a t e d  i n t e r m e d i a t e  
ha s  n e v e r  been  found  in the  p l a n t  k ingdom,  a n d  t he  
s t u d y  of KATO et  al. 2 w i t h  a h o m o g e n a t e  of Pelargonium 
leaves ha s  shown  t h a t  gallic acid-14C is fo rmed  f rom 
p ro toca t echu i c  acid-14C, a n d  t he  l a t t e r  acid m i g h t  be  
fo rmed  b y  f l -oxidat ion of caffeic acid s, a l t h o u g h  d i rec t  
conve r s ion  of p ro toca t echu i c  acid-14C to gallic acid could 
no t  be de t ec t ed  in Rhus typhina. On t h e  o the r  h a n d ,  
CONN and  SWAIN 4 sugges ted  t h a t  a t h i r d  rou t e  to  gallic 
acid, t h e  d i rec t  d e h y d r o g e n a t i o n  of 3 -dehydrosh ik imic  
acid, exis ted  in p l a n t s  such  as Geranium pyrenaicum. I t  is 
possible  t h a t  severa l  p a t h w a y s  m a y  exis t  for  t he  b iosyn-  
thes is  of a n y  metabo l i t e .  The  p re sen t  work  deals,  t he re -  
fore, w i t h  th i s  p rob l em  b y  the  use of sh ik imic  acid-14C a n d  
L-phenylalanine-14C to ind ica te  t he  d o m i n a n t  p a t h w a y  for 
t h e  b iosyn thes i s  of gallic acid in Rhus and  A cer leaves.  

L-Phenylalanine-U-14C (422 m C i / m M )  and  shikimic  
acid-U-14C (1.86 m C i / m M )  were o b t a i n e d  f rom Dai- ichi  
Chemical  Co. Ltd . ,  Tokyo,  J a p a n  and  N e w  E n g l a n d  
Nuclear ,  Corp. USA,  respect ively .  

F o u r  leaves of juven i le  s tage (collected 26 April) and  
1 leaf of m a t u r e  s tage  (collected 26 June)  were selected.  
The  pet iole  was  r e m o v e d  f rom each  leaf w i th  a razor  blade.  
The  leaf b lades  (0.23 g of t he  juven i le  and  0.24 g of t he  
ma tu r e ,  respect ively)  were i m m e r s e d  in a so lu t ion  (0.1 ml) 
of L-phenylalanine-U-14C (1 ~zCi) or sh ik imic  acid-U-14C 
(1 ~xCi) w i t h  air  t e m p e r a t u r e  a b o u t  27~ for 7 h (cont in-  
uous  i l lumina t ion)  to  23 h (9 h l igh t  and  t h e n  14 h 
darkness)  us ing  l igh t  of 8,000 lux. The  so lu t ion  was t a k e n  
up  in 1 h and  t h e n  fol lowed w i t h  H20.  Af te r  feeding for  
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Formation of radioactive gallic acid in Rhus and Acer leaves from labelled compounds 

EXFERIENTIA 31]12 

C o m p o u n d s  fed Metabol ic  per iod  Leaf  age R a d i o a c t i v i t y  (dpm) of 
(h) 0.6 ml  of the  MeOH-HC1 

l ea f - ex t r ac t  of 

Specif ic  a c t i v i t y  D i s t r i bu t ion  ~ 
(dpm/DMol) of gall ic of r a d i o a c t i v i t y  
ac id  in gall ic ac id  ( % ) 

Rhus A cer Rhus A cer Rhus A cer 

Phenylalanir~e U-14C 

Shik imic  acid-UA4C 

7 Juvenile 21865 -- 
23 Juvenile 51599 -- 

7 Mature 10914 16848 
23 N~ature 10789 18977 

7 Juvenile 91475 -- 
23 Juvenile 93666 -- 

7 Mature 26468 25787 
23 Mature 16513 22213 

414 - -  0.16 - -  
417 - -  0;23 - -  
217 417 0.24 0.31 
322 7~5 0.42 0.46 

206 - -  0.04 - -  
556 -- 0.11 -- 
898 380 0.53 0.22 

2649 8 5 3  2.46 0.51 

~The r a d i o a c t i v i t y  (dpm) of 0.6 m l  of the  MeOH-HCI  e x t r a c t  ( to ta  ! vol. ,  10 ml) was  r e g a r d e d  as 100%.  

a def in i te  period,  each  sample  was r insed in water ,  
b lo t t ed  a n d  weighed.  The  c u t - u p  leaves were d ropped  
in to  boi l ing  0 .5% methanol-HC1,  h e a t e d  for a few 
m i n u t e s  a n d  t h e n  cooled w i t h  t a p  water .  The  e x t r a c t  
was  d e c a n t e d  and  t he  res idue t h o r o u g h l y  e x t r a c t e d  
w i t h  t he  same  so lven t  un t i l  i t  b e c a m e  colourless.  The  
c o m b i n e d  e x t r a c t  was  accu ra t e ly  m a d e  u p  to  l 0  mt  a n d  
0.6 ml a l iquo t s  were  c o n c e n t r a t e d  to a smal l  vo lume ,  
spo t t ed  on p a p e r  and  a two-d imens iona l  c h r o m a t o g r a m  
p r e p a r e d  b y  deve lop ing  f i rs t  in  ~r - H O A c  - t-I20 
(6: 1: 2) and  t h e n  6 % acet ic  acid. The  c h r o m a t o g r a m s  
were a i r -dr ied  and  e x a m i n e d  in UV- l igh t  (256 nm)  before  
a n d  a f te r  exposure  to  a m m o n i a  v a p o u r  w h e n  gallic acid 
and  o the r  c o m p o u n d s  were de tec ted .  The  iden t i f i ca t ion  
of gallic acid h a s  been  m e n t i o n e d  in a p rev ious  r e p o r t  5. 
T h e n  t he  c h r o m a t o g r a m s  were covered  X - r a y  f i lm 
(Sakura ,  non-sc reen  type)  a n d  exposed for 36 days.  The  
a u t o r a d i o g r a m s  o b t a i n e d  were c o m p a r e d  w i t h  t he  spots  
obse rved  above,  an d  t he  spot  c o n t a i n i n g  gall ic acid was 
cu t  f rom the  c h r o m a t o g r a m  and  p u t  in  a v ia l  c o n t a i n i n g  
10 ml  of sc in t i l la tor ,  wh ich  cons is ted  of t he  m i x t u r e  of 
t o l u e n e - -  2 ,5 -d ipheny loxazo le  (DPO) - 1 ,4-bgs(2-methyl-  
s ty ry l ) -benzene  --  t r i t o n  X-100 (3 1:10 g: 1.5 g: 1.5 1). The  
r a d i o a c t i v i t y  of gallic acid was measu red  in a P a c k a r d  
l iqu idsc in t i l l a t ion  s p e c t r o m e t e r  Model  3385. A b l a n k  area  
of t he  c h r o m a t o g r a m ,  e q u i v a l e n t  to  the  gallic acid spot,  
was  used as control .  The  gallic acid in t he  e lua te  f rom the  
c h r o m a t o g r a m s  was m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y  a t  
274 n m  a n d  q u a n t i t a t i v e l y  d e t e r m i n e d  b y  compar i son  
w i t h  t he  s t a n d a r d  cu rve  of t h e  a u t h e n t i c  specimen.  

W h e n  phenylalanine-14C o r  sh ik imic  acid-14C was in- 
f i l t r a ted  in to  leaves,  t he  i nco rpo ra t ion  r a t e  of ~4C of b o t h  
precursors  in to  gallic acid was found  to  be  cha rac t e r i s t i c  
of t he  species Rhus or Acer a n d  t h e  age of the i r  leaves. As 
shown  in t h e  Table ,  t he  m a t u r e  leaves  of Acer buergeranum 
ut i l ized p h e n y l a l a n i n e  a n d  sh ik imic  acid as good pre-  

cursors  for p roduc ing  gallic acid a t  t he  a b o u t  same  ra te .  
U n f o r t u n a t e l y ,  gallic acid in  the  juven i le  Acer leaves was 
insuf f ic ien t ly  r ecovered  for t he  t r a c e r  analysis .  On t ke  
o t h e r  hand ,  in  t he  juven i le  leaves of Rhus succedanea, 
t h e  i nco rpo ra t i on  ra t e  (as %) of phenyla lan ineA4C into 
gallic acid was  a b o u t  2 or 4 t imes  t h a t  of sh ik imic  acid-t~C. 
tr~ con t ras t ,  p h e n y i M a n i n e  was effect ive  b y  on ly  a b o u t  1]~ 
to 1/6 as m u c h  as sh ik imic  acid for t he  syn thes i s  of gallic 
acid in t he  m a t u r e  Rhus leaves. T h u s  t he  f o r m a t i o n  of 
gallic acid in t he  A cer leaves  seems to proceed b o t h  f rom 
di rec t  d e h y d r o g e n a t i o n  of sh ik imic  acid and  f l -oxidat ion 
of t he  p h e n y l p r o p a n o i d  a t  the  m a t u r e  stage.  On t he  o the r  
h a n d ,  t h e  b iosyn thes i s  of gallic acid in the  Rhus leaves 
m i g h t  proceed p re fe ren t i a l ly  b y  ~-ox ida t ion  of t he  phenv l -  
p r o p a n o i d  der ived  f rom p h e n y l a l a n i n e  a t  t he  juven i l e  
stage,  and  in preference  b y  d e h y d r o g e n a t i o n  of sh ik imic  
acid a t  t he  m a t u r e  stage,  respect ively .  

Summary.  The  inco rpo ra t i on  of 14C-labelled pbeny l -  
a l an ine  and  sh ik imic  acid into gallic acid b y  t he  leaves of 
Rhus succedanea and  Acer buerger~um sugges ted  t h a t  
two a l t e r n a t i v e  p a t h w a y s  could exis t  for  t he  b iosyn thes i s  
of gallic acid, and  t h a t  t he  p re fe ren t i a l  rou te  for t he  acid 
f o r m a t i o n  seems to be in f luenced  b y  leaf  age a n d  species 
of t he  p lan ts .  
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I n c r e a s e d  Co l lagen  and  G l y c o p r o t e i n  C o n t e n t s  of the  D e n e r v a t e d  C r e m a s t e r  M u s c l e  of the  
B o n n e t  M o n k e y ,  Macaca radiata 

Transec t ion  of gen i to femora  ! ne rve  resul t s  in  all increase  
in  a lkal i -soluble  col lagen and  in a progress ive  a t r o p h y  of 
t h e  m o n k e y  c r e m a s t e r  muscle  1. However ,  t h e  pool  size 
of n e u t r a l  sal t -  a n d  acid-soluble  a n d  insoluble  2 col lagens 
of t h e  d e n e r v a t e d  muscle  a re  no t  known.  W e  have ex- 
a m i n e d  w h e t h e r  th i s  increase  in collagen, due  to dener-  
r a t i o n  a t r o p h y ,  was ref lec ted  u n i f o r m l y  in al l  t ypes  of 
co!lagens. 

The  a n i m a l  care  a n d  surgical  p rocedure  for t r a n s e c t i o n  
of the  geni tofemo#al  ne rve  in a d u l t  male  b o n n e t  macaques ,  
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Neurol. 46, 389 (1975). 
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