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Table I 
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No. of Days after Weight of muscles (g) 
animals operation 

Control Denervated 

Lipid content (mg/g of wet wt.) 

Control Denervated 

Iodine number (mg/100 g 
of lipid) 
Control Denervated 

5 8 6.722 4.444 
4 18 5.335 3.025 
4 10 4.430 2.915 
4 13 4.917 3.160 

Control Tenotomized 
3 8 3.625 2.990 

14.3 16.2 180 131 
17.2 20.0 202 143 
14.7 17.5 244 186 
13.2 16.7 195 167 
Control Tenotomized Control Tenotomized 
17.1 15.3 216 210 

The to ta l  cholesterol  is s ignif icant ly  increased af ter  
dene rva t ion  bu t  no t  af ter  t eno tomy .  The mean  value for 
normal  muscle  (expressed as ~g/g of wet  wt.) was 
1.119 4-0.095 S.E,M. and  for dene rva t ed  muscle  1.420 
0.132 f rom 6 exper imen t s  (18 animals).  A s t rong  increase 
in cholesterol  con ten t  was found when  the  microsomal  
f rac t ions  ins tead  of whole  dene~vated  muscles were used 
(Table II).  No s ignif icant  change  in phosphol ip id  co n t en t  
per  m g  of microsomal  p ro te in  has  been  found in de- 
ne rva t ed  muscle.  

The resul ts  po in t  to  the  exis tence  of differences in the  
lipid cons t i tuen t s  of m e m b r a n e s  of normal  and  dene rva t ed  
muscles,  P re l imina ry  observa t ions  by  means  of th in-  
layer  ch roma tog raphy , r evea l  10 t h a t  t he  difference in f a t t y  
acid sa tu ra t ion  involves  the  phosphol ip ids  of whole  
muscles and  of the i r  subcel lular  fractions.  Var ia t ions  in 

Table I1 

No. of Weight of mnscles (g) Cholesterol ~xg/mg of 
animals microsomal protein a 

Control Denervated Control Denervated 

3 3.290 2.320 14.67 35.70 
3 3.700 2.460 14.41 42.00 
3 3.824 2.668 15.45 37.90 
3 3.403 2.181 16.00 40.50 
3 4.010 2.080 11.80 19.55 

Control Tenotomized Control Tenotomized 
3 3.431 2.990 15,40 17.00 

The microsomal fractions were obtained in a Beckman Spinco L-2 
centrifuge at 150,000 g in 0.3M sucrose with 10 [xM histidine, pH 
7.45, after separation of residues and mitoehondria (20 min 800 g; 
10 rain 6000 g; 20 rain 20,000 g). 

the  chemical  s t ruc ture  of the  paraff in ic  chains  of the  
phosphol ip ids  have  s ignif icant  consequences  in the  
phys icochemica l  s ta te  of the  l ipids in membranes .  The 
unsa tu r a t ed  bonds  appear  to p r e v e n t  a h ighly  condensed  
s ta te  of l ipid molecules 4,5. 

I t  is n o t e w o r t h y  t h a t  the  so - te rmed  condens ing  effect  
of cholesterol  in mixed-f i lms depends  on the  na tu re  of 
h y d r o c a r b o n  tails of the  phosphol ip id  in the  sys tem.  For  
instance,  cholesterol  p re sen t  in a mono laye r  wi th  a phos-  
phol ip id  conta in ing  cis-unsaturated chains  produces  a 
condens ing  effect  on the  monolayer  11. 

Research  is now in progress  to  e lucidate  some qual i ta-  
t ive  change  in f a t t y  acid compos i t ion  of normal  and  
dene rva t ed  muscles and in the  d y n a m i c  processes of 
phosphol ip ids  12. 

Riassunto. In  numero  di iodio dei  grassi e s t r a t t i  da  
muscoli  dene rva t i  ~ d iminui to  e il con tenu to  di colesterolo 
r isul ta  aumen ta to .  L ' a u m e n t o  ~ assai spiccato se si con- 
f ron tano  gli e s t r a t t i  lipidici delle frazioni  microsomali .  
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Effect  of 2 , 4 - D i n i t r o p h e n o l  on  the  P h o s p h o r y l a s e s  S y s t e m  of the  Ske le ta l  M u s c l e  in v ivo  

The sys t em phosphory lase  A/phosphory lase  B has  an 
i m p o r t a n t  role in t he  regula t ion of glycogenolysis  in 
muscle.  Ev idence  has  been accumula t ing  t h a t  phos-  
phory lase  A is a ra te - l imi t ing  enzymic  s tep  in t h a t  
metabol ic  pa thw ay .  Thus  glycogenolyt ic  agents  as 
adrenal in ,  gluca~on and  electrical  s t imulus  2, for instance,  
increase t he  b r e a k d o w n  of glycogen in muscle  and  
accumula te  h e x o s e m o n o p h o s p h a t e s  and  lact ic  acid, w i th  
concomi t an t  increasing of phosphory lase  A. A m o n g  the  
glycogenolyt ic  agents ,  2, 4 -d in i t rophenol  (DNP) has been 
considered an except ion  8, 4. 

The phosphory lases  are inh ib i ted  b y  the  drug in 
expe r imen t s  e i ther  of glycogen phosphorolys is  or of 
glycogen synthes is  f rom g lucose- l -phospha te ,  pe r fo rmed  

1 e. W. SUTHERLAND, Ann. N.Y. Acad Sci. 54, 693 (1951). 
E. HELMREICH and C. F. CORI, in Advances in Enzymes Regulation 
(Ed. G. WEB~R; Pergamon Press, Oxford 1965), vol. 3, p. 91. 
H. T. HASS, Arch. exp. Path. Pharmak. 209, 194 (1950). 

4 G. T. CORI and B. ILLINGWORTX, Biochem. biophis. Acta 21, 105 
(1956). 
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w i t h  n o r m a l  ex t r ac t s  a n d  i so la ted  muscle.  A recen t  
p a p e r  5 also shows t h a t  t h e  glycogen phosphoro lys i s  is 
i n h i b i t e d  in po isoned  animals .  S tudies  of t h e  i n h i b i t i o n  
of t h e  p h o s p h o r y l a s e s i n  c rude  ex t r ac t s  r ecen t ly  p r e p a r e d  
and  in  t h e  c rys ta l l ine  enzymes  showed  t h a t  on ly  phos-  
phory la se  B was i n h i b i t e d  b y  D N P ,  b y  c o m p e t i t i o n  w i t h  
i ts  co-enzyme,  adenyl ic  acid (AMP)6. Desp i te  t he  inh ib i -  
t i on  of p h o s p h o r y l a s e  ]3, t h e  muscles  are st i l l  able  to  ca r ry  
ou t  ac t iv i t i es  even  a t  a h igher  level.  These  s tudies ,  
however ,  could  n o t  exp la in  t he  g lycogenolyt ic  effect  of 
D N P .  

I t  is well  k n o w n  t h a t  D N P  has  o the r  effects, such  as 
t he  a c t i v a t i o n  of A T P a s e  a n d  t h e  i n h i b i t i o n  'of aged 
phospho ry l a se  A;  a n d  we bel ieve t h a t  if t h e s e  col la tera l  
effects could be  avoided,  a t  l eas t  d u r i n g  t h e  e n z y m a t i c  
de t e rmina t ions ,  b y  us ing  f luor ide  a n d  b y  p e r f o r m i n g  t h e  
assays  i m m e d i a t e l y  a f t e r  t h e  sacrifice of t h e  animals ,  t h e  
ac tua l  c o n t e n t  of p h o s p h o r y l a s e  A a n d  t o t a l  (A plus  B), 
as well  as of p h o s p h o r y l a s e  t3 k inase  in muscle  could be  
de tec ted .  I n  t he  p r e s e n t  c o m m u n i c a t i o n  is s h o w n  the  
c o n t e n t  of these  enzymes  in  ske le ta l  musc le  of r a t s  
in j ec ted  w i t h  t h e  drug.  

Fo r  t h e  d e t e r m i n a t i o n  of t h e  c o n t e n t  of p h o s p h o r y l a s e  
A a n d  to t aU ,  a d u l t  r a t s  were e i the r  in j ec ted  or no t  i.p. 
w i t h  D N P  2.5 rag/100 g. One h o u r  a f te r  in j ec t ion  t h e y  
were a n a e s t h e t i z e d  w i t h  e the r  a n d  a s ample  of ske le ta l  
musc le  was  r ap id ly  r emoved ,  weighed  a n d  g round  ill ice- 
cold so lu t ion  con ta in ing  0 . 0 0 1 M  E D T A  a n d  0 . 0 2 M  
sod ium fluoride,  p H  6.8, in  t h e  p r o p o r t i o n  of 50 ml /g  of 
muscle.  1 mI  of t h e  cen t r i fuged  h o m o g e n a t e  was incu-  
b a t e d  w i t h  glycogen du r ing  20 mil l  a n d  a n  a l iquo t  of 
0.4 ml  was  t h e n  t r e a t e d  w i t h  g l u c o s e - l - p h o s p h a t e  a n d  
w i t h  e i the r  w a t e r  or AMP.  T h e  f ina l  c o n c e n t r a t i o n s  were : 
1% glycogen,  O.O16M g lucose - l -phospha te ,  O.O01M 
A M P  in a t o t a l  vo lume  of 0.8 ml.  Fol lowing a r eac t ion  
per iod  of 7 a n d  15 min ,  a l iquo ts  of 0.2 ml  were t a k e n  a n d  
a d d e d  to  7 ml  of 5 N / 7 0  su lphur ic  acid. I no rgan i c  phos-  
p h a t e  l i be r a t ed  f rom g l u c o s e - l - p h o s p h a t e  was de ter -  
n l ined  b y  t h e  LOI~I~ANN a n d  JENDI~ASSlK m e t h o d  8. 

The  s ame  an ima l s  used to  d e t e r m i n e  t h e  ac t iv i t ies  of 
phospho ry l a se  A a n d  to ta l ,  were also used for Iact ic  acid 
d e t e r m i n a t i o n  9. Thus  samples  of b lood were t a k e n  f rom 
no rma l s  a n d  D N P - p o i s o n e d  r a t s  a n d  r ap id ly  w i t h d r a w n  
in to  3 %  perchlor ic  acid in  t h e  p r o p o r t i o n  of 3 ml /1  m l  of 
blood.  A n  a l iquo t  of 0.2 m l  of each  acid s u p e r n a t a n t  was  
d i lu ted  to  3 m l  w i t h  so lu t ion  c o n t a i n i n g  (final concen t r a -  
t ion)  : 0 . 2 M  glycine buffer ,  p H  10.0, 0 . 2 M  semi-cabazide ,  
0 . 0025M N A D  a n d  50 ~g of lac t ic  d e h y d r o g e n a s e  
c rys ta l l ized  f rom beef h e a r t  l~ Af te r  1/2 h i n c u b a t i o n  a t  
30 ~ t h e  op t i ca l  dens i ty  was r ead  a t  340 n m  in B e c k m a n  
s p e c t r o p h o t o m e t e r  mode l  DB.  

T a b l e  I shows t h e  c o n t e n t  of p h o s p h o r y l a s e  A a n d  
t o t a l  ill musc le  a n d  of t h e  lac t ic  acid in  b lood  of con t ro l  
and  po isoned  r a t s  w i t h  D N P .  The  so lu t ion  of t he  e x t r a c t  
ha s  t h e  a d v a n t a g e  t h a t  t he  A M P  is n o t  found  ill con-  
c e n t r a t i o n  h i g h  e n o u g h  to  a c t i v a t e  p h o s p h o r y l a s e  13, 
t h u s  i t  is poss ible  to  a d m i t  t h a t  t h e  p h o s p h o r y l a s e  
a c t i v i t y  found  w i t h o u t  a d d i n g  A M P  is due  to  phos-  
pho ry l a se  A. On  t h e  o t h e r  h a n d ,  t h e  d i lu t ion  of t h e  
e x t r a c t  also p r e v e n t s  t h e  i n h i b i t i o n  of p h o s p h o r y l a s e  I3 
b y  D N P ,  once is necessary,  ill c rude  e x t r a c t  c o n c e n t r a t i o n  
of a b o u t  10-~M, to  o b t a i n  50% i n h i b i t i o n  of t he  e n z y m e  6. 
Tile p resence  of E D T A  a n d  f luor ide  show t h e  ac tua l  
c o n t e n t  of p h o s p h o r y l a s e  A a n d  to ta l ,  once t h e y  i n h i b i t  
t h e  i n t e r conve r s ion  b e t w e e n  t h e  2 enzymes .  T h e  Tab le  
shows t h a t  t h e  c o n t e n t  of p h o s p h o r y l a s e  A a n d  of t o t a l  
phospho ry l a se s  is h igher  in  po isoned  ra ts .  I t  can  be seen, 
however ,  t h a t  t h e  a c t i v i t y  of p h o s p h o r y l a s e  A p re sen t s  
a n  increase  of a b o u t  3 t imes  whi le  t he  t o t a l  p h o s p h o r y -  

lases a c t i v i t y  is on ly  1.3 t imes .  This  could sugges t  t h a t  ill 
po isoned  r a t s  t he re  is a n  a c t i v a t i o n  of t h e  p h o s p h o r y l a s e  
]3 kinase,  t h e  e n z y m e  t h a t  ca ta lyzes  t h e  r eac t ion  
phospho ry l a se  t3--> p h o s p h o r y l a s e  A, could  also be  a n  
a c t i v a t i o n  of t he  p h o s p h o r y l a s e  A only. I n  order  to  ver i fy  
th i s  hypo thes i s ,  e x p e r i m e n t s  were done  to  de t ec t  t he  
a c t i v i t y  of t h e  p h o s p h o r y l a s e  ]3 k inase  11. Fo r  which,  male  
r a t s  were e i the r  in j ec ted  or n o t  w i t h  D N P  2.5 rag/100 g. 
Af te r  i h t h e y  were a n a e s t h e t i z e d  w i t h  e the r  a n d  t he  
b lood was d ra ined  f rom t h e  j ugu l a r  vein.  A sample  of 
muscle  of each  ra t ,  f r om the  lower  ex t remi t ies ,  was  
cooled for 30 ra in  in  c rushed  ice, t h e n  weighed a n d  
g round  in s and  w i t h  ice-cold so lu t ion  of 2 • 10 -3M E D T A ,  
p H  7.0, ill p r o p o r t i o n  of 2 ml /g  of muscle.  The  h o m o g e n a t e  
was t h e n  cen t r i fuged  a t  4000 • g for 30 ra in  a n d  t h e  
s u p e r n a t a n t  was  f i l tered t h r o u g h  g l a s s  wool and  used 

Table I. Content of phosphorylases and lactic acid in normal and 
poisoned rats by DNP 

Determinations Normal DNP poisoned 

Phosphorylase A 84 ~: 17 ~ 240 =~ 42 

Totalphosphorylase (+AMP) 284 ~ 90 528 :L 110 

Ratio Phosporylase A • 100 21.9=t: 6.0 45.5 ~ 12.0 

Total phosporylase 

Lactic acid 1.7 i 0.9 7.0 • 2.0 

S.E.M. The content of phosphoryIases is expressed in units accord- 
ing to CORI et al. ~ in 15 rain of reaction and per g of muscle. The 
lactic acid is expressed in txM[ml of blood. 2 groups of 20 rats were 
used. 

Table 1I. Effect of DNP on phosphorylase B kinase in vivo and in 
vitro 

Muscle extracts and addictions Kinase activity 

Control (16 rats) 1440 =L 300 ~ 

DNP poisoned (16 rats) 3840 ~ 850 

Pooled extract of normal rats 1460 

The same + DNP 10-aM 1920 

a S.E.M. The activity of phosphorylase B kinase in muscle extracts 
is expressed in units of phosphorylase A formed in 5 min/g of muscle, 
from phosphorylase B according to the FISCHER and KREBS n 
method. 

5 A. A. SI~6Es, A. FOCESI JR. and J. M, GONgALVES, Experientia 25, 
139 (1969). 

6 j .  M, GONgALVES and A. FocEsI JR., Natn. Cane. Inst. Monogr. 27, 
71 (1967). 
G. T. CoRI, B. ILLINGWORT~ and P. J. KELLER, Methods in 
Enzymology (Eds. S. P. COLOWlCK and N. O. KAPLAN; Academic 
Press Inc., New York 1955), vol. 1, p. 100. 

8 K. LO~MA~ and L. JENDRASSlK, Biochem. Z. 178, 419 (1926). 
Sigma Technical Bulletin N. 825-UV. 

10 G. W. ScHwER% D. B. S. MILLAg and Y. TA~E~A~A, J. biol. 
Chem. 237, 2131 (1962). 

1i E .  H. FISCHER and E. G. KREBS, Methods in Enzymology (Eds. 
S. P. CO5OWlCK and N. O. KAPLAN; Academic Press Inc., New 
York 1962), vol. 5, p. 373. 
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i m m e d i a t e l y .  T h e  r eac t i on  m i x t u r e  c o n t a i n e d :  0.1 ml  
of 0 . 2 1 M  /ris-O.21M g l y c e r o l p h o s p h a t e  buffer ,  p H  8.6; 
0.1 ml  of so lu t ion  of p h o s p h o r y l a s e  B (crysta l l ized w i t h  
1 0 - 4 M  AMP,  cen t r i fuged  a n d  d isso lved  in  0 . 0 1 5 M  
cyste in ,  p H  7.0, to  25 m g / m l  c o n c e n t r a t i o n ) ;  0.05 ml  of 
p h o s p h o r y l a s e  B k inase  (muscle  e x t r a c t ) ;  0.05 mI  of 
0.1M/mg a c e t a t e - 0 . 0 3 M  ATP,  p H  7.0, a n d  0.02 ml  of 1 M  
N a F ,  Af t e r  5 ra in  of r eac t ion  a t  30 ~ an  a l i quo t  of 0.1 ml  
was  r e m o v e d  a n d  d i lu ted  1 :20  in  0 . 0 2 M  glycerolphos-  
p h a t e - 0 . 0 3 M  cys te in  buffer ,  p H  6.8, a n d  t h e  phos-  
pho ry l a se  a c t i v i t y  was assayed  in  t h e  absence  of AMP,  
accord ing  to  CORI e t  al.L 

The  use of f luor ide  d u r i n g  t h e  p rocedure  was i n t e n d e d  
to  p r e v e n t  t h e  a c t i v a t i o n  of A T P a s e  ~2 caused  b y  D N P  
a n d  also to  p r e v e n t  t h e  r eac t i on  p h o s p h o r y l a s e  A to  t3 b y  
i n h i b i t i o n  of t h e  P R  enzyme.  

Tab le  I I  shows t h a t ,  ac tua l ly ,  t h e  d rug  ac t i va t e s  t h e  
in  v ivo  p h o s p h o r y l a s e  t3 kinase.  E x p e r i m e n t s  to  ver i fy  
t h e  in v i t ro  effect  were,  up  to  date ,  unsuccessful ,  t h e  
l i t t l e  a c t i v a t i o n  obse rved  in t h e  k inase  could no t  exp la in  
t he  resu l t s  in  vivo.  E x p e r i m e n t s  pe r fo rmed  in v i t ro  b y  
severa l  a u t h o r s  in  o rder  to  ver i fy  t h e  a c t i v a t i o n  of t he  
phosphory!ases ,  were  also unsuccessful ,  so we suppose  
t h a t  D N P  has,  in  fact ,  a n  ind i r ec t  effect  on  t h e  glyco- 
genolysis ,  on ly  obse rved  w h e n  i t  is i n j ec t ed  i n to  t h e  
an imal .  

Our  resu l t s  show t h a t  D N P  in  v ivo  increases  t he  
c o n t e n t  of p h o s p h o r y l a s e  A f rom p h o s p h o r y l a s e  i3 b y  
a c t i v a t i o n  of t h e  p h o s p h o r y l a s e  13 k inase  and,  a t  t h e  

s ame  t ime,  also increases  t he  c o n t e n t  of lac t ic  acid. Th i s  
s t rong ly  suggests  t h a t  D N P  a c t u a t e s  as do o t h e r  glyco- 
genoly t ic  agents ,  a n d  co r robora t e s  t h e  resu l t s  of o t h e r  
a u t h o r s  who  cons ider  p h o s p h o r y l a s e  13 k inase  as one of t he  
m o s t  i m p o r t a n t  enzymes  in  t he  con t ro l  of t he  glyco- 
genolysis  in ske le ta l  muscle .  

Rdsumd. Des r a t s  empoisonn6s  p a r  le D N F  o n t  une  
t e n e u r  de phosphor i l a se  A t ro is  fois plus  g r a n d e  que  les 
a n i m a u x  n o r m a u x .  Cet te  a u g m e n t a t i o n  est  due  
l ' a u g m e n t a t i o n  de  la  qu inase  de la  phosphor i l a se  t3. 
Nous  n ' a v o n s  pas  d6cel6 d ' a c t i o n  d i rec te  in  v i t r o  du 
D N F  sur  ce t te  quinase,  de sor te  que  Fac t ion  in v i v o  
p a r a l t  p l u t 6 t  indirecte .  Les r6su l t a t s  sugggren t  que  le 
D N F  a une  ac t ion  s e m b l a b l e  ~ celles des  a n t r e s  agen t s  
glycog~nolyt iques .  

A. FOCESI JR., Q. S. TAHIN, 
M. M. EL-GuINDY a n d  A. E.  VERCESI 

Departamenlo de Bioqu(mica, 
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12 W. W. I(IELLEu Methods in Enzymology (Eds. S. P. CoLowlcx 
and N. O. t(APLAN; Academic Press Inc., New York 1955), vol. 2, 
p. 588. 

Intracellular pH of the Peritoneal Macrophage Effects by Silica and by Drugs Affecting Cell Meta- 
bolism 

Silica is t h o u g h t  to  d a m a g e  t he  p h a g o c y t e s  b y  r u p t u r e  
or p e r m e a t i o n  of t h e  p h a g o l y s o s o m a l  m e m b r a n e s  due  to  
t h e  powerffl l  h y d r o g e n - b o n d i n g  a c t i v i t y  of surface  S iOH 
g roups  ~. Sil ica ha s  been  s h o w n  to  cause  t h e  e x t r u s i o n  of 
lysosomal  c o n t e n t  i n to  t h e  ex t race l lu la r  space ~, a n d  t h i s  
m i g h t  follow a p rev ious  d i scharge  in to  t h e  cy top lasm.  I n  
t h i s  case cell ac id i f i ca t ion  3,4 a n d  i n h i b i t i o n  of cell m e t a -  
bo l i sm m i g h t  occur  w i t h  i n i t i a t i o n  of au to ly t i c  processes.  

I n  a n  a t t e m p t  to  ver i fy  th i s  poss ibi l i ty ,  t h e  changes  
i n t e r v e n i n g  in  t h e  pI-I of p h a g o c y t e s  u n d e r  such  condi-  
t ions  were inves t iga t ed .  Cell p H  was ca lcu la ted  b y  t h e  
d i s t r i b u t i o n  b e t w e e n  ex t ra -  a n d  in t ra -ce l lu !a r  w a t e r  of 
t h e  w e a k  acid 5, 5-d imethyi -2 ,  4-oxazol idinedione-2- t4C 
(DMO) 5,*. T h e  effects  of m e t a b o l i c  po isons  a n d  un-  
couplers  were also ana lyzed .  

Pe r i t onea l  m a c r o p h a g e s  were o b t a i n e d  a n d  h a n d l e d  as 
p rev ious ly  i nd i ca t ed  2 a n d  t he  e x p e r i m e n t s  car r ied  o u t  a t  
37 ~ in a W a r b u r g  a p p a r a t u s  as i nd ica t ed  in t he  Tables .  
DMO-2-t4C (New E n g l a n d  Nuclear ,  Bos ton ,  Mass.) 
specific a c t i v i t y  7.76 m c / m M  was used in  a m o u n t  of 
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Table I. Intracellular pH of peritoneal macrophages incubated in Ringer Zris-HC1 buffer initial pH 7.23 ~ 0.017 

Incubation 02 uptake Inhibition Extracellular Intracellular 
(rain) (~xl/mg dry wt.) (%) pi t  pH 

Control (5) 0-30 9.7 i 1.23 - 7.16 4- 0.045 6.85 :~2 0.031 
90-120 6.4 :t= 0.66 32.5 • 4.99 7.09 i 0.035 6.79 • 0.068 

Silica (6) 0-30 9.0 4- 0.97 - 7.17 ~ 0.037 6.98 • 0.067 
90-120 5.1 ~2 0.53 41.8 i 5.98 7.13 =E 0.033 6.55 :Jz 0.083 

Figures represent means and the standard errors. 02 uptake measured by the ~VVARB~:RO direct method in air as gas phase and C% trapped 
by KOFI. Silica (tridymite batch 67-70-72M 2) used in amount of 2.0 rag/10 ~ cells. The figures in parentheses indicate the number of 
observations. 


