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pr6sence des glucocorticost4roides.  Cet effet  a 6t6 ~gale- 
m e n t  observ6 par  SCHWARTZt~, mais  dans  des condi t ions  
exp6r imenta les  diff6rentes,  en mesu ran t  l 'act ivi t4,  du 
syst4me arginine syn th6 tase  e t  dans  le foie foetal  cult iv6 
in vitro.  Cet au teur  n 'obse rve  aucun  effet  in v ivo apr6s 
un appo r t  suppl4menta i re  de cort icost6roides exog6nes. 
Cette  observa t ion  n ' e s t  gu4re su rp renan te  compte  t enu  
que la quant i t4  de cort icost6rone endog6ne n o r m a l e m e n t  
pr6sente  au cours de ce t te  p6riode est  d6jS~ i m p o r t a n t e  iv. 

Au cont ra i re  ces ho rmones  ne semblen t  pas  indispen-  
sables ~ l ' augmen ta t i on  d ' ac t iv i t6  de l ' a rgininosuccinase  
e t  de l 'arginase.  Leur  r61e ne semble fitre d4 t e rminan t  
qu 'apr6s  la naissance is e t  X l'~ge adulte~l,~% E n  ce qui 
concerne  l 'arginase,  les r6sul tats  sont  plus surprenants .  
E n  effet,  b ien que l 'ac t iv i t6  de ce t te  enzyme  ne soft pas  
modifi4e par  l ' absence  de cort icost6roides & par t i r  de 
18,5 jours, celle-ci est  toutefois  augment4e  par  l ' adminis -  
t r a t ion  au mSme &ge de cortisol  exog6ne. Ces observa t ions  
imp l iquen t  de s 'assurer  d ' une  pa r t  que la da te  de mise au 
repos des surr6nales fcetales (18,5 jours) n ' e s t  pas  t rop  
ta rd ive  en m e s u r a n t  l ' ac t iv i t6  de ce t te  enzyme chez des 
fcetus d4capit6s plus t6 t  (17,5 jours) e t  d ' au t r e  p a r t  que 
la matur i t6  fonct ionnel le  du foie foetal pour  ce t te  enzyme 
peu t  6tre avancde. 

Summary .  The ac t iv i ty  of th ree  urea-cycle  enzymes ,  
a rg in inosuccinate  synthe tase ,  a rg in inosuccinase  and  ar- 
ginase have  been s tudied  in the  foetal and  new-born  liver 
of rats.  The ac t iv i ty  increases wi th  r egu la r i t y  b e t ween  
17.5 days  of p r egnancy  and  b i r th  in contro l  foetuses.  
The lack of cor t icos teroid  f rom 18.5 days  of p r e g n a n c y  
decreases the  ac t iv i ty  of a rg in inosuec ina te  syn the tase .  
Af ter  admin i s t r a t i on  of cortisol  (hydrocort isone) ,  to  
these  18.5-day-old foetuses lacking of cor t icosteroids ,  
bo th  act ivi t ies  of arg in inosuccinate  syn the t a se  and  
arginase are enhanced.  
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Sorbitol Dehydrogenase in Anas platyrhynchos and Zenaida auriculata auriculata During 
Development 

The sorbi tol  dehydrogenase  (E.C.: 1.1.1.14) conver t s  
sorbi tol  to f ructose according to the  following reac t ion:  
SorbitoI + N A D +  ~ Fruc tose  + N A D H  + H +. BREUSCt~ ~ 
was the  first  who d e m o n s t r a t e d  the  SDH ac t iv i ty  in 
vi t ro  in the  ca t  l iver slides. Later ,  several  au thors  ~ 20 
s tudied  the  enzyme in var ious  t issues of d i f ferent  species 
and found  t h a t  it  appears  in the  ear ly  s tages dur ing  the  
deve lopmen t  of chick embryo,  va ry ing  its ac t iv i ty  along 
the  per iods  s tudied.  

The large d i s t r ibu t ion  of this  enzynle,  its presence  in 
the  germinal  ep i the l ium of the  indiv idual  whose phylo-  
genet ic  origin is ve ry  pr imi t ive  l~ t he  fact  t h a t  it  
appears  earIy dur ing the  deve lopmen t ,  t he  poor  knowledge 
abou t  its ac t iv i ty ,  its molecular  s t ruc tu re  and  i ts  physio-  
logical role p r o m p t e d  t h e  p resen t  s t u d y  on SDH in 
several  b i rd  species of Sou th  Amer ican  faunes  dur ing  
the i r  deve lopment .  

Mater ials  and methods. Tissues:  Eggs  of Zenaida  
auricuIata auriculata (golden pidgeon) f rom Piquil l in  and 
Villa Ascasubi  (C6rdoba, Argent ina)  and  of the  Arias 
platyrhynehos ( 'creole' domes t ic  duck) f rom local f a rm 

Table I. SDH specific activity during the development of Zenaida 
auriculata auriculata 

Tissue Embryo Stage 

Young Adult 

Liver 2.15 i 0.04 (4) 4.75 :k 0.02 (6) 10.70 ~ 0.15 (6) 
Kidney 3.00 :~ 0.06 (4) 5.70 :~ 0.68 (6) 10.20 ~ 0.26 (6) 
Testes 0.51 ~_ 0.05 (4) 1.63 :~ 0.14 (6) 3.75 ~ 0.19 (6) 
Ovary 0.40 ~ 0.08 (4) 0.99 :~ 0.04 (6) 1.29 ~ 0.02 (6) 

Specific activity in 10 a nmoles NADH formed per rain per mg 
protein i SEM. Figures in brackets indicate number of determina- 
tions. 

were i ncuba ted  at  37 ~ 5~ dur ing  12 and 28 days,  
respect ively .  The young golden p idgeons  were m a i n t a i n e d  
up to 60 days  in cap t iv i t y ;  the adu l t  Zenaida  auricutata 
auriculata were caugh t  in Cdrdoba fields and  placed in 
bird-cages.  The domes t ic  duck grew in capi t iv i ty .  The 
animals  were sacrificed by  decap i t a t ion  and  the  t issues 
(liver, kidney,  tes tes  and  ovary) were r emoved  and  
immed ia t e ly  placed in chilled beakers ;  all the  opera t ions  
were pe r fo rmed  at  4 ~ 

Tissue homogena te s  were made  in 3 or 4 vo lmnes  of 
ice cold 0.15 M NaC1 conta in ing  0.003 M NaHCO a using 
a TenBroeck  glass homogenizer .  The  s u p e r n a t a n t  ob ta ined  
by  centr i fuging the  homogena te  a t  27,000 g for 30 rain in 
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a Sorvall  re f r igera ted  centr i fuge,  ro tor  SS-34, a t  2~ was 
r emoved  and cent r i fuged again as above.  The remain ing  
s u p e r n a t a n t  was  dialyzed agains t  0.15 M NaC1 plus 
0.003 M NaHCOa for 24 h. and  used for enzymat i c  assay.  

P ro t e in  de t e rmina t i on :  t he  B iu re t  m e t h o d  ~1 was used. 
Bovine  globulin (Nutr i t ional  Biochemical  Corp.) dissolved 
in wa te r  w a s  used as s t anda rd .  E n z y m e  assay:  Sorbi tol  
dehydrogenase  was e s t ima ted  by  the  reduc t ion  of NAD ob- 
serving spee t ropho tomet r i ca l ly  t h e  increase in a b s o r p t i o n  

Origin 

Embryonic liver 

Embryonic kidney 

Young liver 

Young kidney 

Adult liver 

Adult kidney 

a t  340 n m  dur ing  the  p roduc t ion  of f ructose f rom sorbitol .  
Two cuve t t e s  were  used for each de te rmina t ion .  The 
exper imen ta l  cuve t t e  con ta ined  0.5 ml  of 0.5 M Tris-HC1 
buffer  p H  8.2; 0.1 ml  NAD (10 mg per  ml) ; 0.3 ml of 1 M 
sorbi tol ;  0.2 ml  of t issue ex t r ac t  and  1.9 ml  of water .  
The subs t r a t e  concen t ra t ion  was var ied for the  kinet ic  
studies.  In  the  b l a n k  cuve t te ,  the  subs t r a t e  was omi t t ed .  
The change  in opt ica l  dens i ty  agains t  t ime  was de te rmined  
u s u a l l y  a t  1 min  in tervals  over  a 20 min period.  The 
react ion was carr ied out  a t  24~ The specific ac t iv i ty  
was expressed as 10 -a nmoles  of N A D H  formed per  mg 
of protein ,  per  min.  The e lec t rophore t ic  procedure  was  
pe r fo rmed  according to  MURRAY et  al. 14. The t - tes t  was  
used to t e s t  t he  significance of ac t iv i ty .  Only values  a t  
level p < 0.05 were  considered significant .  The s t a n d a r d  
dev ia t ion  was ca lcula ted  f rom 6 de t e rmina t ions  in each  
exper iment .  

Results.  The s tudies  pe r fo rmed  in liver, kidney,  t es tes  
and  ova ry  of golden p idgeon dur ing  d e v e l o p m e n t  showed 
t h a t  the  specific ac t iv i ty  is low in liver a t  embryonic  
s tages;  i t  increases  in the  young  s ta te  and  rises to  i ts  
m a x i m a l  value in the  adul thood.  The difference be tween  
t h e  two las t  s tages  was s ignif icant  (Table I). Dur ing  A has 
platyrhynchos d e v e l o p m e n t  t he  S D H  ac t iv i ty  is lower 
in t he  embryon ic  step,  and  increases progress ively  dur-  
ing young  and  adu l t  per iod (Table II).  

I n  view of these  results,  i t  was  in te res t ing  to  s t u d y  b y  
means  of e lect rophoresis  t he  possibi l i ty  t h a t  the  mul t ip le  
molecular  forms  of th is  enzyme  change  according to  t he  
specific ac t iv i ty  dur ing  deve lopment .  

The e lec t rophore t ic  s tudies  were pe r fo rmed  in k idney  
and  liver of each species. Zenaida  auriculata auriculata 
shows 1 b a n d  in t he  embryon ic  stage.  In  the  youngs tage  
and  in adu l t  t issues,  3 b a n d s  were de tec ted  wi th  a h igh  
enzymat i c  ac t iv i ty  (Figure 1); in A n a s  pIatyrhynchos, 

Fig. 1. Electrophoretic patterns of SDH in liver and kidney from 
Zenaida auriculata auriculata of different ages. All of the homogenates 
were eleetrophoresed simultaneously in the same starch block. 

Table II. SDH specific activity during the development of Anas 
platyrhynchos 

Origin 

Embryonic liver 

Embryonic kidney 

Young liver 

Tissue Embryo Stage 

Young Adult 

Liver 7.01 4- 0.05 (4) 10.80 4- 1.50 (6) 20.50 4- 0.05 (6) 
Kidney 4.61 4- 0.07 (4) 10.40 -4- 0.08 (6) 14.60 4- 1.24 (6) 
Testes 0.60 4- 0.05 (4) 1.56 4- 0.10 (6) 3.98 4- 0.71 (6) 
Ovary 0.53 4- 0.07 (4) 0.91 4- 0.09 (6) 2.50 4- 0.02 (6) 

Specific activity in 10 .8 nmoles NADH formed per rain per mg 
protein 4- SEM. Figures in brackets indicate number of determina- 
tions. 

Young kidney 

Adult liver 

Adult kidney 

Fig. 2. Eleetrophoretic patterns of SDH in liver and kidney from 
Arias platyrhynchos of different ages. All of the bomogenates were 
electrophoresed simultaneously in the same starch block. 

Table III. Michaelis constants of SDFI from Zenaida auriculata 
auriculata and Arias platyrhynchos during development 

Tissue Zenaida auriculata auriculata A nas platyrhynchos 
Young stage Adult stage Young stage Adult stage 
(mM) (mM) (mM) (mM) 

Liver 3.1 0.7 1.1 0.4 

Kidney 8.0 0.4 3.3 0.3 

The standard assay conditions were used; the concentration of 
sorbitol was varied from 0 to 5 raM. The K~ was calculated from a 
Lineweaver-Burk plot. 
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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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