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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 .  
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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. 
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Table II. Intracellular pH of peritoneal macrophages incubated in Krebs-Ringer 25 mM bicarbonate buffer initial pH 7.41 4- 0.012 

Incubation 02 uptake Inhibition Extracellular Intracellular 
(rain) ([3,1/mg dry wt.) (%) pH pH 

0-30 3.3 4- 0.56 - 7.50 • 0.030 6.95 4- 0.052 
Control (5) n.d. - 7.79 4- 0.050 7.73 ~ 0,098 

90-120 3.2 • 0.42 3.0 4- 1.28 7.53 nL 0.022 6.92 4- 0,033 
n.d. - 7.79 4- 0.104 7.30 4- 0,078 

0-30 3.4 4- 0.86 - 7.49 -6 0.021 6.90 4- 0,083 
Silica (6) n.d. 7.77 4- 0.045 7.36 4- 0,096 

90-120 2.8 4- 0.35 18.0 • 2.20 7.51 4- 0.018 6.51 4- 0,122 
n.d. - 7.68 4- 0.032 7.26 ~ 0.169 

O n uptake measured by the carboanhydrase, 3 M KHCQ : K2CO a (80 : 20), WARBURG 7 method. O 2 : CO n (95 : 5) as gas phase. 

Table III. Effect of drugs on the intracellular pH of peritoneal macrophages incubated as described in Table II 

Incubation O n uptake Inhibition Lactic acid Extracellular Intracellular 
(min) ([xl/mg dry wt.) (%) (mM/mg dry wt.) pH pit 

Control (7) 0-30 3.6 4- 0.66 - - - 
30-60 3.5 4- 0.54 2.8 4- 1.41 0.97 4- 0.169 7.51 4- 0.023 6.98 4- 0,024 

Iodoacetate 0.2 mM (10) 0-30 4.8 4- 0 . 2 0  . . . .  
30-60 2.7 4- 0.21 37.6 • 3.21 0.67 4- 0.073 7.48 -t: 0.017 7.05 4- 0.065 

Cyanide 1.0 mM (8) 0-30 6.2 4- 0.76 - - 
30-60 2.5 4- 0.03 58.7 4- 8.81 2,03 4- 0.179 7.48 4- 0.027 6.95 4- 0.071 

2,4-Dinitrophenol 0.1 mM (6) 0-30 4.0 • 0 . 4 4  . . . .  
30-60 2.2 4- 0.45 42.0 4- 6.62 1.72 • 0,120 7.47 :E 0.025 6.86 4- 0.030 

Lactic acid measured by the LDH Boehringer method at 340 nm. 

0 2 ~c/flask conta in ing  2 5-3.0 • 107 cells. Inul in-carboxyl -  
i*C (inulin) (New Eng land  Nuclear) specific ac t iv i ty  
18.25 m c / m M  was employed  in a m o u n t s  of 3 Vc/flask to 
measure  the  extracel lular  space. DMO dis t r ibu t ion  was 
de t e rmined  a t  30, 60 and 120 rain incubat ion.  Cells were 
rap id ly  sed imen ted  at  6000 g, the  superna tes  decan ted  and  
the  tubes  wiped  wi th  fi l ter  paper .  Cell pel lets  were lysed 
in TCA 20% and  the  DMO and  inulin concen t ra t ion  
de t e rmined  on the  lysate.  On the  s u p e r n a t a n t s  were deter-  
mined  the  DMO and  inulin concen t ra t ion  of the  ex t ra -  
cellular phase  and  the  extracel lu lar  pH,  measured  a t  37 ~ 
wi th  B e c k m a n  E x p a n d o m a t i c  p H  meter .  Rad ioac t iv i ty  
was de t e rmined  by  l iquid sc in t i l l a t ion  count ing  wi th  
Packa rd  Tri-Carb spec t romete r  af ter  samples  were dis- 
solved in PPO- to luene-e thy leneg lyco l  m o n o m e t h y l e t h e r  
(0.4 : 70 : 30 or 0.4 : 93 : 7, w : v  :v) solutions.  Rad ioac t iv i ty  
was referred to  1 mg water�9 Cell wa te r  was de t e rmined  by  
dry ing  samples  of cont ro l  cells to  cons t an t  weight�9 Cell 
p H  was calcula ted according to PeeLE et  al. s. 

As is shown in the  Tables,  the  resul ts  are somew h a t  
d i f ferent  in tris and  b ica rbona te  buffers.  In  tris, higher  
oxygen  consumpt ion  by  cells is observed due to  absence 
of CO 2 which  appears  to in terfere  wi th  cell respi ra t ion  in 
b icarbonates �9  Cell p H  is, however ,  l i t t le  af fec ted  by  the  
d i f ferent  hydrogen  ion ac t iv i !y  of these  buffers.  This  is in 
keeping wi th  previous  observa t ions  demons t r a t i ng  the  
l i t t le  sens i t iv i ty  of cell p H  to  extracel lu lar  var ia t ions  in 
t he  range 6�9 In  these  condi t ions  p H  values  near  
6.9 are considered the  more  cons is ten t  in mos t  cells and 
t issues i~ W h e n  the  p H  of b i ca rbona te  buffer  is raised 
over  7.55 by  lowering the  CO2 tension,  t he  cell p H  in- 
creases significantly.  

The effects  b y  silica on cell me tabo l i sm are sl ight  com- 
pa red  wi th  contro l  cells. However ,  cell p H  decreases 
signif icantly.  Lesser  decrease is observed when  the  p H  of 
b i ca rbona te  buffer  is over  7.55, t he  a lkal ini ty  of t he  buffer  
h inder ing  the  cell acidification.  Cell resp i ra t ion  appears  to  
be inh ib i ted  by  th is  drop  of cell p H  and possibly by  the  

l iberat ion of the  l ipolytic enzymes  of lysosomes which  
cause rap id  d is rupt ion  of mi tochondr ia l  s t ruc tu re  and 
uncoupl ing 12. Uncoupl ing  migh t  fu r the r  decrease the  cell 
p H  as it is observed  wi th  2, 4 -d in i t rophenol  (Table III) 
This subs tance  acts  ve ry  p robab ly  by  lowering the  act ive  
p ro ton  ext rus ion  coupled to  ox ida t ive  phosphory la t ion  
and by  s t imnla t ing  the  m e m b r a n e  ATPase  and no t  t h ro u gh  
the  inhib i t ion  of lactic acid ox ida t ion  is, as i t  is also shown 
by  cyanide.  The sl ight  increase of cell p H  by  iodoace ta te  
appears ,  therefore ,  no t  a t t r i bu t ab le  to t he  lowered pro-  
duc t ion  of lactic acid, and the  suggested act ion by  this  
acid on cell p H  is doubt fu l  (see also l~), a t  least  under  the  
p resen t  condit ions.  

Riassunto. Viene esamina to  l ' e f fe t to  di silice cristall ina 
sul p H  in t race l lu lare  di fagociti.  L ' incubaz ione  con i 
microcris tal l i  de t e rmina  una  acidificazione delle cellule 
causante  una  inibizione del metabol i smo.  Ci6 viene messo 
relazione con Ia l iberazione del  con tenu to  l isosomiale dalle 
eellule, p r ev i amen te  osservata .  
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