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Two-dimensional  electrophoresis is par t icular ly  useful 
for discovering whether  or not  the tai l  ends or the 
spreading out of the spots are due to extraneous electric 
factors. 

The use of the small siphons described before also 
enables the pH of the buffer to be changed between one 
phase and another  of the electrophoresis, wi thout  
drying the sheet and wi thout  causing the substance to 
move;  even simple drying in the air can cause al terat ion 
in the proteins. Usually we preferred not  to change the 
salts of the buffer, since (as for free electrophoresis) this 
can cause al terat ions of the mobili ty,  independent  of 
the variat ion in pH. 

Usually we carried out the first phase of the electro- 
phoresis wi th  a buffer having a weak ionic strength,  and 
the second phase with a buffer of higher ionic strength, 
The salts of the buffer were the same but  in different 
proportions and, therefore, the pH  was different. In the 
interval  between the two phases, the sheet of paper 
(always kept  between the two glass plates) was raised so 
tha t  the siphons no longer dipped into buffer, and then 
was lowered again (turned 90 degrees) only when the 
buffer had been changed. 

The sheets of paper tha t  we used (MuNKTELL paper 
20/150 in squares of 30.5 cm each side) retained under  
our exper imental  conditions about  35 ml of solutions of 
electrolyte;  when the paper was placed in contac t  with 
the new buffer, i t  reached a pH of equil ibrium within 
10-15 rain and this pH was pract ical ly equal to t ha t  of 
the second buffer. 

This abi l i ty to vary,  between one phase and the other, 
not  only the characteristics of the current  applied but  also, 
through the pH,  the mobi l i ty  of the substances, has 
enabled the most diversified mixtures  to be studied. 

We have  found tha t  this is ve ry  useful in s tudying 
plasmatic fractions. In  separat ing fraction I, according 
to method 6 of CO~N and his colleagues I, af ter  a first 
electrophoresis at  pH  8.0 in phosphate buffer, during the 
second phase we worked with the same buffer with a pH 
corresponding to the isoelectric point  of the fibrinogen, 
tha t  is, of the principle component  of this fraction, 
Even  if there was a mobi l i ty  decrease for a11 the other  
components,  the fibrinogen remained at  the point  
reached a t  the end of the first phase, and if the second 
period of the electrophoresis lasted a sufficiently long 
time, i t  was possible to obtain a clear cut  separation, 
which was very  useful from a quan t i t a t ive  point  of 
view. 

One should bear  in mind, however,  t ha t  the iso- 
electric points noted are always slightly higher than  
those found in free electrophoresis a, and perhaps this 
is due to the influence of the electroendosmosis. In  any 
case, we have always preferred to work under the condi- 
tions described rather  than t ry  to overcome this in- 
fluence, raising the level of the buffer in the cathode 
compar tment .  For  example,  an isoelectr/c point  at  pH  
5.68-5.73 was observed for f ibrinogen in phosphate 
buffer of 0.1 ionic s t rength in comparison With tha t  of 
5.53 checked in free electrophoresis. 

G. DICASTRO 

~Medital~ Laboratories Research Division, Rome, Ju ly  
28, 1953. 

Riassunto 

Per una buona esecnzione dell 'elettroforesi  su car ta  
necessario lavorare con alcune precauzioni, ehe ren- 

1 E. ]. COH~ et at., J. Amer. Chem. Soc. 68, 459 (t946). 
2 V. SCHWARZ, Nature (London) 167, 404 (1951). 

dono i r isul tat i  indipendent i  dalta posizione iniziale delle 
sostanze. In  tal  modo ~ anche possibile eseguire l 'eIet- 
troforesi bidimensionalmente,  con cambiamento  del 
p H  e della forza ionica det t ampone  t ra  una  fase e 
l 'al tra,  modificando cosi le velocith di migrazione. 

Phosphorylation Mechanisms in Cloudy Swelling 

Previous papers have shown tha t  the purest  form of 
exper imental  c loudy swelling is obtained when animals 
have  been in toxicated with bacterial  toxins/ .  The mild 
morphological  changes which occur in such a cellular 
metamorphosis  are constant ly  accompanied by chemical 
and enzymat ic  alterations,  e.g. the protein-N is in- 
creased 2, DNA content  is lowered in cells of the renal 
cortical tubules ~, the alkaline phosphatase distr ibution 
in the kidney is modified 4 and its ac t iv i ty  markedly 
decreased 5. In renal cells oxygen uptake and fa t ty  acid 
oxidase ac t iv i ty  are depressed by cloudy swelling 6. More- 
over, i t  has been observed tha t  cyclophorase preparat ions 
from kidney, brain, hear t  and skeletal muscle of diph- 
ther ia  in toxicated guinea-pigs are inhibi ted in their  
capaci ty  to catalyze the processes of the t r icarboxyl ic  
acid cycle in the later  stages of the in toxicat ionL 

I t  has been known since long tha t  mitochondrial  
changes occur in cloudy swelling, and recent ly ZOL- 
LINGER 8 added new and interest ing data  about  it. Fur- 
thermore,  i t  has been pointed out tha t  hear t -mito-  
chondria, caused to swell by  changing the electrolyte 
concentrat ion of the medium, show a lowered cyclo- 
phorase ac t iv i ty  g and a decreased P:  O ratio x°. 

Recent  research has shown t h a t  in d iphther ia  in- 
toxica ted  rabbits,  whose organs are notoriously affected 
by cloudy swelling, the glucose charge does not  produce 
the lowering of inorganic phosphate  concentra t ion in 
blood so much as in the normal  controP 1. Hypophos-  
pha taemia  occurring in normal  animals after glucose 
inject ion is due to an increased phosphate  uptake in 
tissues, i.e. i t  depends upon the phosphorylat ion of the 
introduced glucose. 

I t  therefore appeared reasonable to assume tha t  in the 
diphtheria  in toxicated animals the functional  ac t iv i ty  
of the phosphorylat ing systems could be decreased. 

In  order to clarify the mechanisms involved,  the 
hexokinase ac t iv i ty  and the acid-soluble phosphorus 
fractions have been determined in guinea-pig tissues, 
both normal  and affected by cloudy swelling. The phos- 
phorus fractions have been studied, both in the controls 
and in the exper imental  animals, either fasting or after 
glucose charge. 
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Cloudy swelling in guinea-pig tissues was produced 
experimentally by  subcutaneous injection of diphtheria 
toxin (1 M.L.D./250 g of body weight). Liver, kidney, 
heart  and skeletal muscle were taken 24 h after the 
toxin injection. 

Hexokinase act ivi ty  was estimated in  tissue homo- 
genates according to LONGL 

Fract ionat ion of acid-soluble phosphorus was carried 
out  as described by  PINCHOT and BLOOM ~ and phos- 
phorus concentrat ion in the fractions determined by the 
method of 'FISKE and SUBBAROW 3. 

TabLe I 

Hexokinase activity of tissues of guinea-pig injected with diphtheria 
toxin COmpared with normal controls 

-Qglueoe, e t 
Tissue Normal guinea-pig Diphtheriaintoxi- 

cated guinea-pig 

Kidney (whole) . . 

Heart 

Skeletal muscle . . 

Liver 

,1 

I0,0 
9,1-10,6 

(s) 
8,6 

6,9-9,6 
(3) 

5,,~ 
4,4-6,6 

{s) 
1,6 

1,4-1,9 
(s) 

I0,I 
9,6-10,6 

(3} 
8,4 

6,3-9,8 
(8) 
5,3 

3,9 -6,2 
(3) 
t,8 

1 . 4 - 2 , 0  
(z) 

t -Qglueo~ ffi pl glucose disappearing/rag dry weight/h, where 
180 pg glucose = 22,4 td. 

2 Mean, range and number of observations (in parentheses). 

The glucose charge was performed with intracardiac 
injection of 0.2 g of glucose/100 g of body weight. Tissues 
employed for fractionation of acid-soluble phosphorus 
were removed from animals under MgSO~ anaesthesia; 
when animals were given glucose, anaesthesia began at 
a time corresponding to the lowest level of inorganic 
phosphate concentration in the blood (15 min). 

x C. LoNe, Biochem. J. 50, 407 (1951). 
2 G. B. Pn~cnor and W. L. BLOOM, J. biol. Chem. 181, 9 (1950). 
s C. H. FISKE and Y. SUnBAROW, J, biol. Chem. 66, 375 (1925), 

The results of the hexokinase act ivi ty  measurements  
are summarized in Table I ;  the data  show clearly tha t  
the enzymatic act ivi ty  is unchanged in tissues affected 
by cloudy swelling, as compared with controls. 

The results of the phosphorus determinat ions  in nor- 
mal animals and in animals injected with diphtheria  
toxin, both examined fasting and after glucose charge, 
cannot  be reported here extensively and  are briefly 
summarized in Table I I .  

The following fractions have been considered: 180 rain 
P, ester P, labile P (ATP, ADP), phosphocreatine P 
(PCP) and total  high energy bond phosphorus (total 
---P). All the fractions have been studied in liver, 
kidney, heart and skeletal muscle. 

The mean values of the phosphorus determinat ions,  
carried out in tissues of fasting diphtheria  intoxicated 
guinea-pigs, show, as compared with those of the re- 
lative controls, a statist ically significant increase of in- 
organic P in liver and a significant decrease of phospho- 
creatine P, with a comparable rise of inorganic P, in 
muscle. A comparable fall of total  ~ P  takes place since 
ATP is unchanged. I t  should be noted here tha t  our 
findings for muscle are well in agreement with the da ta  
found by Pxrecnor and BLOOM x. 

No significative change of the phosphorus-content  in 
the fractions is induced in tissues of normal guinea-pigs 
by the injection of glucose. On the contrary,  the glucose- 
charge in guinea-pigs treated with diphtheria  toxin 
causes, in kidney and in muscle, a significant increase of 
inorganic P with a fall of ATP and of total  --~P. No 
further lowering of phosphoereatine P, already decreased 
in the fasting intoxicated aninmls, is induced by glucose 
injection in diphtheria  intoxicated guinea-pigs. 

The evidence presented Shows, therefore, tha t  in cloudy 
swelling a marked fall in total  high energy bond phos- 
phorus takes place. This is part icularly evident  after 
glucose charge because the lowering involves both phos- 
phoereatine and ATP. 

Although a significant decrease of total  ,-~P is ob- 
served only in certain tissues and chiefly in muscle, yet  
it appears probable tha t  the phenomenon ma,¢ also 
occur in other tissues, where the ,-,,P content  is too 
small to appreciate the change. 

From the results referred in the present paper it  seems 
quite reasonable to conclude that  in tissues affected by 
cloudy swelling tlm formation of ~ P  is markedly re- 
duced. 

1 G. B. PtscuoT and W. L. BLOOM, J. biol. Chem. 184, 9 (1950). 

Table I I  
Acid-soluble phosphorus fractions in organs of diphtheria intoxicated guinea-pigs either fasting or after glucose charge 

Variations per cent from the control values t 

Fraction 

180 min P. 
Ester P 
Labile P (ATP, ADP). 
PCP 
Inorganic P 
Total ~ P .  

Diphtheria intoxicated guinea-pig 

Fasting 

Liver Kidney Heart Muscle 

2 

m 

+ 34% -- 

After glucose charge 

Liver 

2 2 $ 4 

- i -  52o/o - - 

- + 2 7 % + 5 9 %  - 
- -  - 1 6 %  - -  - -  

[ Kidney I Heart I M u s c l e  

3 4 S 4 3 4 

- -  . - 6 0 %  . . . .  42% - 4 7 %  
. . . . . .  3 7 %  - 

+ 2 0 %  -- -- -- +57% +24% 
-- . -51% -- -- - 4 0 % - - 3 4 0  

1 O n l y  the changes  s tat i s t ica l ly  s igni f icant  are reported (mean 
values) .  

2 Re lat ive  to the normal  fast ing g u ~ e a . p i g .  

a Relative to the normal guinea-pig receiving glucose. 
4 Relat ive  to the fast ing diphtheria intoxicated guinea-plg .  
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S u c h  a c o n c l u s i o n  offers  a s a t i s f a c t o r y  e x p l a n a t i o n  of 
t h e  d i s t u r b a n c e  o b s e r v e d  in  d i p h t h e r i a  i n t o x i c a t e d  ani -  
mals ,  i .e .  t h e  r e d u c e d  h y p o p h o s p h a t a e m i a  a f t e r  g lucose  
c h a r g e  in  sp i t e  of t h e  n o r m M  h e x o k i n a s e  a c t i v i t y .  

Moreove r ,  s ince  t h e  f o r m a t i o n  of , - -P  occurs  ch i e f ly  in  
t h e  m i t o c h o n d r i a ,  i t  a p p e a r s  v e r y  p r o b a b l e  t h a t  t i le  
m e t a b o l i c  a l t e r a t i o n  m a y  be  in  r e l a t i o n  to  t h e  k n o w n  m i -  
t o c h o n d r i a l  c h a n g e s  o b s e r v e d  in  cells  in  c l o u d y  swel l ing .  

A. FONNESU a n d  CLARA SEVERI 

Institute o] General Pathology, University o] Perugia, 
Italy, February 25, 1953. 

Riassunto 
Negl i  o rgan i  in  r i g o n f i a m e n t o  t o r b i d o  s p e r i m e n t a l e  d a  

t o s s i n a  d i f t e r i ca  l ' a t t iv i tak e soc inas ica  6 i m m o d i f i c a t a ,  
m e n t r e  ~ r a l l e n t a t a  la  f o r m a z i o n e  di  --~P. Ci6 sp i ega  
perch6,  neg l i  a n i m a l i  i n t o s s i c a t i  con  t o s s i n a  d i f t e r i ca ,  il 
car ico  di gl icoso d e t e r m i n e  i p o f o s f a t e m i a  m e n o  n e t t a .  
L a  d i m i n u i t a  f o r m a z i o n e  di ~ P  v i ene  m e s s a  in  r a p p o r t o  
con  le a l t e r a z i o n i  m i t o c o n d r i a l i  o s s e r v a t e  hel le  cel lule  in  
r i g o n f i a m e n t o  t o r b i d o .  

E s s a i s  d ' i n h i b i t i o n  d e  l ' a c t i o n  i n f l a m m a t o i r e  
c u t a n 4 e  d u  c h l o r o f o r m e  c h e z  le  ra t  

L ' a p p l i c a t i o n  d u  c h l o r o f o r m e  s u r  ta  p e a u  du  l a p i n  
p r o v o q u e  ~ l ' e n d r o i t  i r r i t6  l ' a p p a r i t i o n  des  c o l o r a n t s  
v i t a u x  p r 6 a l a b l e m e n t  i n j ec t4 s  p a r  vole  i n t r a v e i n e u s e .  
AMBROSE e t  DE EDS o n t  d o n n 6  au  p h 6 n o m 6 n e  u n e  
e x p r e s s i o n  q u a n t i t a t i v e  fonc t i on  de sa  p6r iode  l a t e n t e L  
DaBs  n n e  n o t e  a n t ~ r i e u r e  ~, n o u s  a v o n s  s igna l6  l ' i n f l u e n c e  
de  t a  co r t i sone ,  de  I 'A .C .T .H .  e t  des  sa l icy l6s  s u r  le 
d61ai d ' a p p a r i t i o n  des  c o l o r a n t s  a u  n i v e a u  d e  l a  p e a u  
i r r i t6e  c o n f o r m 6 m e n t  ~ la  t e c h n i q u e  o r i g i n a l e  de  ces  
a u t e u r s .  A u j o u r d ' h u i ,  n o u s  a d a p t e r o n s  a u  r a t  le t e s t  
d'AMBROSE e t  DE EDS e t  6 t u d i e r o n s  sen v a r i a t i o n s  sous  

1 A. AMBROSE et F. DR EDS, J, Exp. Pharmacol. Therap. 90, 
359 (1947). 

2 H .  VAN CAUWENBERGE et J. LECOMTE, Exp. 8, 469 (1952). 

Tableau I 

Lots 

Tdmoins , . . 
A.C.T.H . . . .  
Cortine 
Cortisone . . . 

Salicylate . . . 

Phdnergan . . 

Nombre 

d'essais 

48 
68 
34 
36 
16 
16 
27 

D41ai 
moyen en 
seeondes 

456 
253 
306 
340 
678 

> 7200 
1197 

a de la 
I moyenne* 

201 
84 

107 
179 
218 

770 

0 coeffi- 
cient de 

Bernoulli • 

0,99 
0,69 
0,46 
0,79 

0,93 

l ' i n f l u e n c e  d ' a g e n t s  h o r m o n a u x  ou p h a r m a c o d y n a m i q u e s  
dou6s,  se lon  la  l i t t 6 r a t u r e ,  de p ropr i6 t6s  a n t i i n f l a m -  
m a t o i r e s .  N o u s  r e c h e r c h e r o n s  auss i  chez  ce t  a n i m a l  
l ' i n f l u e n c e  de  l a  s u r r 6 n a t e c t o m i e  su r  l ' a p p a r i t i o n  d u  
c o l o r a n t  a u  n i v e a u  des  t 6 g u m e n t s  i r r i t6s  p a r  le ch lo ro -  
i o r m e .  

Technique. N o u s  u t i l i sons  des  r a t s  a d u l t e s  a lb inos ,  
d ' u n  p o i d s  m o y e n  de  150 g p r o v e n a n t  de  d e u x  61evages 
d i f f6 ren ts .  A u c u n e  d i f f6rence  e n t r e  les  lo t s  n ' a  6t6 
c o n s t a t 6 e .  

1 ° L a  p e a u  du  dos  e s t  ras6e la  ve i l le  de  l ' exp6r i ence .  
Le  l e n d e m a i n ,  les r a t s  r e~o iven t ,  p a r  vole  i n t r a p 6 r i t o -  
n6ale,  1 ml  d ' u n e  s o l u t i o n  de  ch lo razoI  b lue  sky,  /k 1 %  
d e n s  d u  s 6 r u m  phys io log ique ,  Tro is  h e u r e s  apr6s ,  les 
a n i m a u x  s o n t  fix6s su r  le v e n t r e .  U n  t a m p o n  de  p a p i e r  
f i l t r e  de  2 c m  ~ e n v i r o n ,  i m b i b 6  de c h l o r o f o r m e  e t  r a p i d e -  
m e n t  essor6, es t  a p p l i q u 6  f e r m e m e n t  sur  la  p e a u  d u r a n t  
30 s. U n  c h r o n o m 6 t r e  e s t  a lo rs  mis  en  m a r c h e  e t  le 
t e m p s  m i n i m u m  n6cessa i re  p o u r  q u ' a p p a r a i s s e n t  les 
p r e m i 6 r e s  t r a c e s  de  c o l o r a t i o n  b leuAtre  au  n i v e a u  du  
d e r m e  es t  not6.  

D e u x  t e s t s  s o n t  p r a t i q u d s  su r  le m 4 m e  a n i m a l ,  de 
fa~on s y m 6 t r i q u e  p a r  r a p p o r t  /k la  c o l o n n e  v e r t 6 b r a l e .  

2 ° Les  s u b s t a n c e s  s u i v a n t e s  o n t  6t6 a d m i n i s t r 6 e s  
a v a n t  de p r a t i q u e r  le t e s t  a u  c h l o r o f o r m e .  

A.C.T .H:  1 rag /100  g de  po ids  d u  co rps  p a r  vo le  
i n t r a m u s c u l a i r e  d e u x  fois  p a r  j o u r  p e n d a n t  48 h.  

Extrait cortical total: 0,25 m l  de  Cor t i ne  O r g a n o n  
(1 m l  = 50 g de  g l a n d e  f ra iche) ,  u n e  fois  p a r  jou r ,  
d u r a n t  48 h.  

Cortisone: 1 m g / 1 0 0  g de  p o i d s  du  corps ,  d e u x  lois  
p a r  jou r ,  p e n d a n t  48 h,  p a r  vo le  i n t r a m u s c u l a i r e .  

SaHcyIale de sonde: 300 m g / k g  de  p o i d s  du  corps ,  
d e u x  lois  p a r  j o u r  p a r  vo le  i n t r a p 6 r i t o n 6 a t e ,  p e n d a n t  
48 h. 

P o u r  ees q u a t r e  p r o d n i t s ,  la  de rn i6 r e  i n j e c t i o n  a l ieu  
a u  m o m e n t  de  l ' i n j e c t i o n  i n t r a p 4 r i t o n 6 a l e  d u  c o l o r a n t .  

Phdnergan: 5 m g  p a r  vole  i n t r a m u s c u l a i r e  e t  5 m g  
p a r  vo le  s o u s c u t a n 6 e  lors de 1 ' i n j ec t ion  d u  b leu .  

3 ° L a  s u r r 4 n a l e c t o m i e  a 6t8 p r a t i q u 6 e  p a r  vole  dorso-  
l o m b a i r e  sous  c o u r t e  a n e s t h 6 s i e  ~ l ' 6 the r ,  la  ve i l le  de 
F a d m i n i s t r a t i o n  du  b leu .  C e r t a i n s  a n i m a n x  su r r6na l ec -  
t omi s6s  o n t  re~u de l ' e x t r a i t  co r t i ca l  t o t a l  ~ r a i s o n  de 
0,5 m l  de Cor t ine  O r g a n o n  au  m o m e n t  de l ' i n t e r v e n t i o n .  
Chez d ' a u t r e s  qu i  o n t  re~u la  m S m e  dose  de Cor t i ne  au  
m o m e n t  de  la  s u r r 6 n a l e c t o m i e ,  300 m g / k g  de  s a l i cy l a t e  
de soude  o n t  6t6 i n j ec t6 s  p a r  vole  i n t r a p 6 r i t o n 6 a l e  au  
m o m e n t  de  l ' a d m i n i s t r a t i o n  du  c o l o r a n t  v i t a l .  

Rdsultats. 1 ° Les  t a b l e a u x  I e t  I I  m e n t i o n n e n t ,  ex-  
p r i m 6 s  en  secondes ,  les d61ais m o y e n s  d ' a p p a r i t i o n  de  la  
c o l o r a t i o n  b l e u ~ t r e  au  n i v e a u  du  de f ine  i r r i t6 .  

2 ° L a  s u r r d n a l e c t o m i e  e n t r a i n e  u n e  m o r t a l i t 6  i m p o r -  
t a f i t e  des  a n i m a u x  in j ec t6 s  de  b leu ,  p lus  e n c o r e  des  
a n i m a u x  i n j e c t d s  s i m u l t a n 6 m e n t  de  b leu  e t  de  s a l i c y t a t e  
de  soude .  L a  Cor t i ne  p r o l o n g e  n e t t e m e n t  l a  s u r v i e  des  
a n i m a u x  in jec t6s .  

Tableau II 

Lots 

Tdmoins 
Surrdnalectomie 
Surr6nalectomie + Cortlne 
Surrdnalectomie + Cortine + Salicylate 

Opdrds 

0 
22 
14 
12 

D6c6s 

0 
15 

2 
6 

Nombres 
d'essais 

48 
14 
24 
12 

Ddlai moyen 
en seeondes 

456 
>7200  

1296 
1853 

a de Ia 
moyenne* 

201 

422 
363 

0 coefficient de 
BERNOULLI @ 

1,81 
1,97 

* ~': dcart statistique: ~ ] ~  (x-- ~J~/n. # 0: coefficient de probabilit6: X1-X[aV~-~+ cry. 


