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bound by  EDTA-Na2,  does no t  p lay a role in the  pro- 
cesses t ak ing  place in t he  capi l lary  wall. 
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Fig. 3 . - -The  chaiiges in wate r  content  of the paw skin of rats. o% 
in the d i a g r a m  indica tes  the normal  wa te r  con ten t  of skin (7o%). 
Column i :  H i s t a m i n e  (200)~, subcut . )  ((J). G,r)hlmn 2: I£I)'FA-Na a 
(370 ~', subcut . )  (1~), and  l ' ;DWA-Na2:Ant i s t iu  (400 ~,, subeut.) ,  
or Synopen  or D ibenamine  (800 7/, in t raven . )  (18). Cohnnn 3: Ca- 
EDTA-Na~ (410 ~', subcut . )  (6}, sodium c i t r a t e  (20o y,  subeut.)  (6) 
or sal ine (0.1 rid, subcut . ) .  All subs tances  were dissolved in 0.1 ml 
saline. The n u m b e r  of an imals  used in each group is given in brackets .  

In  1954 MEYER e as sumed  t h a t  E D T A - N a  2 might ,  in 
some way,  inf luence capi l lary funct ion.  Our observat ions  
would seem to cor robora te  th is  concep t  and suggest  t h a t  
the  local o e d e m a - p r o duc ing  effect  of E D T A - N a  2 is due 
to a b ind ing  of the  calc ium in the  in te rendothe l ia l  cemen t  
subs tance  of the  capil laries,  

Thanks are due to Dr.A. KonOssi and to Dr.S. SAj6, Budapest, 
for their valuable help and suggestions during the course of this 
study. 

G. KELgNVI and J. KASZA 

Department o I Pathology, Medical University ol Pdcs 
(Hungary), September 2, 1958. 

Zusammen/assung 

Die L6sungen  oder  Suspens ionen  yon  ~kthytendiamin- 
t e t r a a c e t a t d i n a t r i u m  (EDTA-Na~) erzeugen an  der  Ap- 
pl ikat ionss te l le  Odeme,  welche wahrscheinl ich  der  Bin- 
dung  von  Ka lz ium in der  in te rendothe l ia len  Zement-  
subs tanz  der  Kapi l la ren  zuzuschre iben  sind. 

K. ~I$,YER, Comlect ive  Tiss. Conf. teifth Trans.  (J. Macy Jr .  
Found.,  New York  1954), p. 73. 

T h e  C i t r i c  A c i d  C o n t e n t  o f  E m b r y o s  

o f  Rana esculenta 

I t  was  previous ly  shown t h a t  the  mode  of de te rmina t ion  
of the  deve lop ing  crys ta l l ine  lens in Rana esculenta varies 
wi th  t e m p e r a t u r e ,  and  t h a t  the  lactic acid con ten t  of 
gastrulae and  neurulae  is lower a t  12°C than  at  25°C 1,2. 
Al though the  effect  of t e m p e r a t u r e  on the citric acid con- 
t en t  was  found  to  be small,  the  expe r imen ta l  results  may  
have some value  since the  l i te ra ture  con ta ins  bu t  few d a t a  
on th is  subjec t .  

Citric acid content  of Rana esculenta emt)ryos ,g/IO0 embryos} 

Stage 12'C (n) Average (n) 
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Stages according t o  SHU~IWA~', 
(n) number of duplicate i,xp(,riments. 

Eggs were reared in t ap  water  e i ther  a t  12°C or a t  25°C. 
For  citric acid de te rmina t ions ,  40 to 200 e mb r y o s  were 
ground in 10°/0 t r ichloroacet ic  acid and af ter  cen t r i fuga-  
tion the supe rna t an t  was assayed  by the  m e t h o d  of 
NATELSON el al.a. One ex t rac t ion  was suff icient .  Wi th in  
the range from 10 t() 40 ~tg, the  s t a n d a r d  dev ia t ion  was  
3%. Mostly the  a m o u n t  ()f ci tr ic acid was ca lcu la ted  per  
embryo  in order  to compare  ident ical  s tages  f rom the  
same batch,  reared at  d i f ferent  t empera tu res .  In  some 
cases, fresh or dry  weight  was de te rmined .  Stages  were 
indicated according to SHUMWAV~. 

The results  are p resen ted  in the Table and  Figure  1. 
The q u a n t i t y  (if citric acid per  e mb r y o  wtr ied largely be- 
tween di f ferent  batches ,  p robab ly  main ly  because of size 
differences. However ,  the general  t rend  is c lear :  a f t e r  a 
slow increase be tween s tages  10 and  17, the  c o n t e n t  rises 
more rapidly  unti l  s tage  22, wherea f t e r  it  increases  still 
more a t  25°C, bu t  declines a t  t2°C. Final ly  it decreases  
a t  bo th  t empera tu res .  Only in one period,  a di f ference be-  
tween the  two t e m p e r a t u r e  groups  could thus  be found.  
In some expe r imen t s  on larvae, reared a t  room t e mp e r -  
a ture  unti l  some days  af ter  s tage 25 and fed wi th  vegeta l  
material ,  dry  weight  was de te rmined .  Firs t ,  400 larvae  
were used fl)r a (duplicate) assay :  each larva  weighed  
0.53 mg and con ta ined  0.71 ~zg (134 m g % )  citric acid. The 
nex t  day  a n o t h e r  400 larvae of the  same group,  which had  
been s t a rved  for one day,  had an average  weight  of 0.46 mg 

o/ and con ta ined  04)2 >g ( l l l  mg<o). Four  e x p e r i m e n t s  
were made  on owtries  c)f Rana temporaria, sho r t ly  before  

1 G. TEN GATE, Nedert. Tijdschr. Geneesk. 90, 1695 (1'.)46). 
2 G. TEN GATE, Verh. Kon. Nederl. Akad. Wetensch. Amsterdam 

51, Nr. g {1956). 

a S. NATELNON) J. |~. I)INCIIS, alul J. K. l .v( ;ov()r ,  J. biol. Chem. 
175, 7.t5 (1')-1~). 

\V. SHUMWAY, Anat.  Rec. 78, 1:1') (19.10). 
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the  l ay ing  season; these  conta ined  18 m g %  ci tr ic  acid 
(fresh weight) .  I t  m a y  be concluded t h a t  ci tr ic  acid is 
synthes ized especially in the  per iod be tween  stages 17 
(tailbud) and 24, when  i t  increases by  near ly  200%. 
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Yig. 1.--Citric acid content of Rana esculenta embryos during de- 
velopment at t~°C (broken line) and ~5°C. 

Stages according to SttUM~'AY, for Rana pipiens 

Therea f t e r  i t  decreases to 0.7 vg  per  larva,  only  abou t  
50% more  t h a n  in the  ear ly  stages. An effect  of t emper -  
a ture  is found only  be tween  stages 22 and 25, when  a t  
12°C the  con ten t  remains  lower and decreases sooner  and  
more  s t rongly  t h a n  a t  25°C. This  m i g h t  be  expla ined  by  
a difference in the  intr insic,  chemica l  deve lopment ,  in 
t h a t  the  cold l a rvae  h a v e  reached the  lower values  of  l a te r  
s tages re la t ive ly  ear l ier  t h a n  the  w a r m  larvae.  Ano the r  
exp lana t ion  migh t  be t h a t  t h e  me tabo l i sm is r e l a t ive ly  
higher  in the  cold group,  leading to a more  rap id  exhaus-  
t ion of the food reserve in the  yolk,  since the  animals  were 
s tarved.  I t  has been repor ted  t h a t  in this  species the  to ta l  
a m o u n t  of oxygen,  consumed up to a g iven larval  stage, 
is abou t  35% h igher  a t  12 t h a n  a t  25°CK However ,  s ta rva-  
t ion cannot  be t he  sole cause of t he  decline, since la rvae  
which received p l en ty  of food conta ined  stil l  lower amoun t s  
in la te r  stages. A similar  decrease was observed  by  
DICKENS 5 in the  chick, f rom abou t  30 r ag% in 31/~- and 
5-day old embryos  to 13 r ag% at  8 and 12 days  of incuba-  
t ion.  The  citric acid c o n t e n t  o l  f rog 's  ovaries  (18 m g % )  
does n o t  differ m u c h  f rom the  values  found in the  yo lk  
of chicken eggs (15-5 and  13 rag%) by  THU~BERG ~ and  
b y  T ~ U F E L  a n d  PAHLOUDEK-FABINI ~. 

For  a compar ison of the o ther  d a t a  wi th  those of the  
l i terature,  calculat ions mus t  be made  on a fresh weight  
basis. Previous ly  a d ry  to wet  we igh t  ra t io  of 1 :4  was 
found in embryos  ol the  same species 2. Assuming  a wet  
weight  of the  larvae  of 2 rag, and,  for th is  app rox ima te  
calculat ion,  neglect ing the  losses due to  combust ion ,  the  
following values  m a y  be used : s t a r t ing  deve lopmen t  wi th  
a citric acid con ten t  of 20 rag%,  a m a x i m u m  of 75 r ag% is 
reached, followed by  a decrease to  35 rag%.  These  values  
are general ly h igher  t han  those which DICKENS found in 
chick embryos.  As compared  wi th  an imal  tissues, t i le 
embryonic  con ten t  is r a ther  high, equal l ing t h a t  of car-  
tilage, in which DICKENS found 35 m g %  a. I t  mus t  be 
concluded t h a t  the  h igher  values,  encountered  in ta i lbud 

5 F. DIcKEss, Biochem. J. ~5, 1011 (I941). 
e T. THUNBERG, Kungl. fysiogr. S/[llsk. F6rh. Lund 11, 126 (1942). 
: K.T.~UFEL and R. POHLOUDEK-FABINI, Z. Lebensm. Unters. 

Forsch. 96, 397 (1953). 

and ear ly  la rva l  s tages represent  a real  embryon ic  ci tr ic  
acid  synthesis .  

Some possible explana t ions  for this  phenomenon  m a y  
be indicated.  Firs t ,  as indica ted  by  DICKENS, i t  migh t  be 
a consequence  of a high ca rbohydra t e  metabol ism.  How-  
ever,  this  t ype  of me tabo l i sm prevai ls  only  in gast rulae  
and neurulae.  Second, it  migh t  be a consequence  of a h igh  
a c t i v i t y  of the  citric acid cycle which, th rough  ox ida t ive  
phosphory la t ion ,  can p rov ide  a high a m o u n t  of energy  in 
a period of d e v e l o p m e n t  when  the  synthesis  of specific 
chemical  componen t s  is p rominent .  I t  should be  po in ted  
ou t  t h a t  the  a m o u n t  of ci tr ic  acid ac tna t ly  p rescn t  only  
reflects  the  equ i l ib r ium be tween  synthesis  and degrada-  
t ion of this acid in the  metabol ic  cycle. Final ly ,  i t  is known 
t h a t  the  ci tr ic  acid synthesis  is ma in ly  loca ted  in t he  
mi tochondr i a  (SCHNEIDER et al. s; SZ/~KELY 9). The  devel-  
o p m e n t  and d i f ferent ia t ion  of mi tochondr i a  m a y  thus  be 
h ighly  impor tan t .  Indeed  there  is an increase bo th  in 
n u m b e r  and in complex i ty  of these  organel las  dur ing 
neuru la  and ta i lbud stages (BOELL and VtEBER 10; EAKIN 
and LEHMANNll). This  migh t  be ref lected in the  rise of 
ci t r ic  acid  content .  The  connect ions  be tween  mi tochondr i a  
and ox ida t ive  metabo l i sm seem to  make  i t  wor th  while to  
compare  t he  curves  of resp i ra to ry  ra te  and of ci tr ic  acid  
dur ing deve lopment .  F igure  2 represents  bo th  on a semi-  
log scale;  the  d a t a  on respira t ion (at 25°C) were t aken  
f rom previous  exper iments  on the  same species ~. Some 
paral le l  seems to exis t  be tween  the  th i rd  par t  of the  respi- 
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Fig. 2.--Semilogarithmie curves of respiratory rate (0) and citric 
acid content (C) of Rana eseulenta embryos during development 
at 25°C. Abscissa: time of development. Ordinate: Log. oxygen 

uptake in ~l]h[100 embryos and log. citric acid content in 
[zg/100 embryos 

r a to ry  curve  and  the  ci tr ic  acid curve.  -Whether this rela- 
t ion  has  a real  basis m u s t  be lef t  open,  b u t  i t  seems to  
suggest  some corre la t ion  be tween  bo th  funct ions  of mi to-  
chondr ia  in vivo exper iments .  Perhaps  the d i f ferent ia t ion  
of mi tochondr ia l  crests migh t  be invo lved  in bo th  pro- 
cesses. 
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Z u s a m m e n / a s s u n g  

Der  Z i t ronens~ turegeha t t  w u r d e  v o m  G a s t r u l a s t a d i u m  
bis  in  l a rva l e  S t a d i e n  gemessen.  ~V£hrend des Schwanz-  
k n o s p e n s t a d i n m s  u n d  k u r z  n a c h h e r  erfolgt  eine re la t iv  
rasche  Z u n a h m e ,  die m6gt icherweise  in Z n s a m m e n h a n g  
mi t  de r  E n t w i c k l u n g  u n d  Di f fe renz ie rung  von  Mitochon-  
d r ien  s teh t .  

I n f l u e n z a  d e l  M g + +  

s u l l a  ~ e p t o f o r m a z i o n e  n o n  o s s i d a t i v a ,  n e l  

m u s c o l o  s c h e l e t r i c o  

I n  r icerche  p receden t i  x-~ a b b i a m o  osse rva to ,  in es t ra t t i  
enz ima t i c i  di  muscolo  schele t r ico  di ra t to ,  il processo in- 
d ica to  d a  BONSlGNORE et al.* col t e r m i n e  di ~mptoforma- 
zione n o n  oss ida t iva~,  e cio~ lx fo rmaz ione  di eptoso-  
fosfato d a  esoso- fosfa to  (G-6-P e F-6-P)  a t t r a v e r s o  re- 
azioni  n o n  a p p a r t e n e n t i  allo s h u n t  oss idat ivo.  Nelle 
nos t r e  condiz ion i ,  t a le  ep to fo rmaz ione  v e n i v a  a u m e n t a t a  
per  a g g i u n t a  di  f r u t t o s o - l , 6 - d i f o s f a t o  (F-1,6-P).  

P e r  sp iegare  i da t i  s pe r i m en t a l i  a b b i a m o  ammesso  - 
come  sugge r i t o  d a  1~ONSIGNORE et al. ~ - c h e l a  veloci th 
del processo e p t o f o r m a t i v o  da l  solo esoso-fosfato fosse 
dimitata>> d a  t r acce  di t r ioso-fosfa to  present i  ne l l ' e s t ra t to  
enz imat ico .  Nelle nos t r e  condizioni ,  il F -1 ,6 -P  agg iun to  
a v r e b b e  ag i to  in q u a n t o  a u m e n t a v a ,  per  scissione aldo- 
lasica, la  c o n c e n t r a z i o n e  del t r ioso-fosfato.  

Nel la  Tabe l l a  seguen te  sono espost i  i r i su l ta t i  di a leune 
esper ienze 6 t h e  suf f ragano,  a nos t ro  parere,  ques t a  ipotesi. 

Da l l a  Tabe l l a  r i su l t a :  

1) A u m e n t a n d o  la concen t r az ione  del F-6-P  - n e l l e  
p rove  e o n t e n e n t i  q u e s t o  solo s n b s t r a t o  - d a  7,5 a 10,0 izM, 
la ep to fo rmaz ione  non  a m u e n t a .  Qu ind i  nelle p rove  enzi- 
m a t i c h e  in  p r e s e n z a  di ~, F - 6 - P +  F-  1 ,6 -P , ,  l ' a u m e n t o  della 
c o n c e n t r a z i o n e  del  F - 6 - P  d o v u t o  al ia  idrolisi del legame 
fosforieo in  1 de l l ' e s te re  difosforico, non  dovrebbe  in- 
fluire su l la  ep to fo rmaz ione ,  essendo gig o t t ima le  la con- 
cen t raz ione  delle 7,5 [zM di  F -6 -P  aggiunte .  

2) Agg iungendo  Mg++, a t t i v a t o r e  della idrolisi fosfa- 
tas ica  in  1 a carico del F -1 ,6 -P ,  si h a  - n e l l e  prove  in 
p resenza  di a m b e d u e  i s u b s t r a t i  - u n a  d iminuz ione  della 
ep to formaz ione .  Ques t a  d i m i nuz i one  d spiegabile  in q u a n t o  
la a t t i v a z i o n e  del t ' idrol is i  fos fa tas ica  d a  pa r t e  degli Mg ++ 
s o t t r a r e b b e  il F - l ,  6 -P  al ia  az ione  aldolasica.  Nc derive-  
r e b b e  u n a  m i n o r e  fo rmaz ione  di t r ioso-fosfato  e eonse- 
guen te  m i n o r e  ep to fo rmaz ione .  

3) L ' a g g i u n t a ,  o l t re  aI Mg++  di K F  - in ib i tore  della 
a t t i v a z i o n e  degli  ioni  Mg++ s u l l ' a t t i v i t £  fosfatas ica  del 
nos t ro  e s t r a t t o  - r i p r i s t i n a  pressoch6 q u a n t i t a t i v a m e n t e  
l ' ep to fo rmaz ione  nelle p rove  in p resenza  di F -6 -P  + 
F-1 ,6-P .  

T u t t i  ques t i  I a t t i  d e p o n g o n o  a favore  del l ' ipotes i  ehe il 
F - l ,  6-P nelle nos t r e  cond iz ion i  agisca come  dona to re  di 

1 V. MORET e S. SPERTI, E x p e r .  14, 34'2 {1958). 
2 S. SPERTI e V. ~IORET, Exper. 14, 358 (1958). 
a S. SPERTI eV. MORET, Boll. Soc. ital. Biol. sper. (I958) in corso 

di stampa. 
a. A. BONSIGNORE, S. PONTREMOIJ, G. FORN&INI e F~, GRAZI, G. 

Biochim. 6, 241 (1957). 
I1 metodo di preparazione dell'estratto, le eondizioni sperimen- 

tall seguite nelle prove enzimatiche, ed i metodi di dosaggio sono 
esposti in una nora precedente a 

Attivith eptoformativa di estratti enzimatiei di muscoto schetetrico 
a partite da F-6-P e da F-I,6-P, in assenza e in presenza di MgCt 2 

(10 ~zM) e di MgCl 2 (10 ~M) + KF (200 t~M). 
Volume finale dellc prove: 2,5 ml 

Substrati 

7,5 gM F-6-P 
10 btM F-6-P 
7.5 g.lll F-6-P 
7,5 ~zM F-6-P+  

1,8 fzM F-1,6-P [ 
7,5 v M  F-6-P+ t 

1,8 g.M t:- l ,6-P ! 
7.5 g M  F-6-P+ [ 

1,8 IzM F-1,6-P [ 
1,8 ~.M F-1,6-P . . . 
1,8 btM F-1,6-P . , . 

Aggiunte 
'tzM ept°s° %F-I,6-P 

formato/ idroliz- 
mg N zato* proteieo 

- -  0,18 
- -  0,17 - -  

MgCI, 0,18 --- 

0,41 53% 

MgCI 2 0,27 62% 

MgCIz + KF 0,36 48% 

- -  0,t2 50% 
MgCl 2 0,13 62% 

* I.'idrolisi del F-1,6-P 6 stata constatata dosando i fosfati liberi nel 
mezzo, prima e dopo l'incubazione, con il metodo di Bt~.RFmnLUM e 
CIlAIN8. Tale idrolisi, maggiore i,t presenza di Mg ++, si svolgeva a 
tivetlo del iegame fosforieo in 1. Infatti il F-6-P non veniva idrolizzato 

n6 in assenza n~ in presenza di Mg e+. 
]~ noto d'altra parle ehe gli imfi Mg ++ attivano la F-1,6-P-asi del 

lllUSeO|o seheletrico 7. 

t r ioso-fosfato,  necessario per  la ep to fo rmaz ione ,  e non  
come dona to re  di F-6-P.  

V. MORET e S. SPERTI 

[stituto di Chimica Biologica, Universit?~ di Padova,  il 
3 ottobre 1958. 

S u m m a r y  

Mg ++ inf luence on  ' n o n - o x y d a t i v e  h e p t o h ) r m a t i o n '  f rom 
hexose -phospha t e  ha s  been  s tud ied  in e n z y m a t i c  p r e p a -  
r a t i ons  of r a t  skele ta l  muscle .  T h e  resu l t s  give f u r t h e r  
ev idence  t h a t  F - I ,  6-P, added  to  F-6-P,  increases  t he  r a t e  
of h e p t o f o r m a t i o n  i na smuch  as i t  gives, b y  a ldolase  ac t ion ,  
t r iosephospha te .  

6 I. BERENm.U.~t e l~. CttAIN, Bioehem. J. 3~, 295 (1938). 
"~ K. I.OttMANN, ]3ioeheliI. Z, °6°, 137 (19,q3). 

A n a l y s e s  i m m u n o 6 I e c t r o p h o r 6 t i q u e s  

d e s  f r a c t i o n s  p r o t 6 i q u e s  d u  s 6 r u m  h u m a i n  

s 6 p a r 6 e s  p a r  6 1 e c t r o p h o r ~ s e  e n  g e l  d ' a m i d o n  

Le sdrum h u m a i n ,  soumis  £ une  d lec t rophorSse  en  
gel d ' a m i d o n  se scinde en  de n o m b r e u x  c o m p o s a n t s  
(SM1THmSt). Ce pouvo i r  de r6solut ion du mil ieu,  p lus  
dlevd que celui du pap ie r  ou de la g61ose r6sul te  d ' u n  
ph6nomSne  complexe  rdgissant  d a n s  un  gel d ' a m i d o n ,  la 
posi t ion des f rac t ions  c a  f in d '61ectrophorbae.  

D a n s  tes modes  h a b i t u e t s  d '61ectrophorbse de zone (pa- 
pier  ou gdlose) la mobi l i t6  eu  f in d ' expdr ience  es t  due  ~ la  
r6su l t an te  du  c o u r a n t  61ectrique e t  de l '6 tect ro-osmose.  
E n  gel d ' a m i d o n  la mobi l i t6  hab i tue l l e  d ' u n e  p ro t6 ine  se 
t rouvc  pe r tu rb6e  pa r  le pouvo i r  du gcl h r a l en t i r  les pro-  
t6ines composdes de grosses mol6cqles, h l ' a v a n t a g e  de 
celles compos6es de mol6cules de plus pe t i t e s  d imens ions .  

t O, SmTnms, Biochenl. J. 61,629 (1955). 


