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Glycogenolytic Effect and Inhibition of Glycogen Phosphorolysis by 1,2,4-Dinitrophenol in Skeletal 
Muscle 

I n  p rev ious  publ ica t ions1 ,  2 we h a v e  p r e s e n t e d  r e su l t s  
conce rn ing  t h e  a n o m a l o u s  effect  of 2 ,4 -d in i t r opheno l  
(DNP),  on glycogenolys is ,  i.e. a s t r o n g  inh ib i to r  of 
g lycogen  p h o s p h o r o l y s i s  a n d  a t  t he  s a m e  t i m e  a glyco-  
genoly t ic  agent .  W o r k i n g  w i t h  m u s c l e  e x t r a c t s  a n d  crys-  
t a l l i n e  p h o s p h o r y l a s e s  a and  b, we obse rved  t h a t  on ly  
p h o s p h o r y l a s e  b was  inh ib i t ed  by  t he  drug,  b y  com-  
p e t i t i o n . w i t h  i ts  c o e n z y m e  5 ' -adenyl ic  acid (AMP), a n d  
th i s  o b s e r v a t i o n  b r o u g h t  some  l igh t  to t he  p h e n o m e n o n .  
T h u s ,  if on ly  p h o s p h o r y l a s e  b is i nh ib i t ed  b y  D N P ,  we 
h a v e  to cons ider  t he  poss ib i l i ty  t h a t  p h o s p h o r y l a s e  a is 
t he  ac t ive  e n z y m e  for t h e  g lycogenolys i s  in musc le ,  
ac t ing  in t i n y  a m o u n t s  3, s ince we could no t  obse rve  a n y  
inh ib i t ion  of g lycogenolys i s  in a n i m a l s  po i soned  w i t h  
D N P ;  on t h e  con t r a ry ,  g lycogenolys i s  is even  acce le ra ted  
by  t h e  drug .  However ,  it  was  i m p o r t a n t  to k n o w  if t i le 
g lycogeno ly t i c  effect  as  well as t he  inh ib i t i on  of g lycogen  
phosp h o ro ly s i s  caused  b y  D N P  occur red  s i m u l t a n e o u s l y  
in vivo.  

For  th i s  purpose ,  s amp le s  of blood a n d  musc l e  were 
t a k e n  s i m u l t a n e o u s l y  f rom the  a n i m a l s  po i soned  w i t h  
D N P  to p e r f o r m  the  lact ic  acid d e t e r m i n a t i o n ,  as well  
as t h e  g lycogen  phosphoro lys i s .  

I n  in i t ia l  e x p e r i m e n t s  a g roup  of a d u l t  r abb i t s ,  weigh-  
ing  2000-3000 g, was  in jec ted  i.p. w i th  D N P ,  2.5 rag/100 g 
and  s am p le s  of b lood were t a k e n  a t  d i f fe ren t  t i m e s  b y  
card iac  p u n c t i o n .  A l iquo t s  of 1 m l  were r ap id ly  wi th -  
d r a w n  in to  1 ml  of 6% perchlor ic  acid. T h e  acid super -  

n a t a n t  (0.1 ml) w a s  d i lu t ed  to  3 m l  w i th  a so lu t ion  
c o n t a i n i n g  0 . 2 M  glycine,  0 . 2 M  semi-carbaz ide ,  0 . 0 0 2 5 M  
N A D ,  a n d  100 txg of lact ic d e h y d r o g e n a s e  c rys ta l l i zed  
f rom beef  h e a r t  4 p H  10.0. Af t e r  1 h of i n c u b a t i o n  a t  
37~ t h e  lact ic  acid w a s  d e t e r m i n e d  b y  r e a d ing  t h e  
opt ica l  d e n s i t y  of t h e  so lu t ion  a t  340 n m  in a B e c k m a n  
s p e c t r o p h o t o m e t e r .  D N P  was  d e t e r m i n e d  b y  d i l u t i ng  the"  
blood acid s u p e r n a t a n t  c onve n i e n t l y ,  e x t r a c t e d  w i t h  
2 v o l u m e s  of e ther ,  dried,  d i sso lved  in 0 . 7 5 N  N H 4 O H  
in e t h a n o l  a nd  read  a t  360 rim, u s i n g  17,700 as  mo le c u l a r  
a b s o r p t i o n  coefficient.  T h e  F igu re  shows  t h a t  in 10 m i n  
w h e n  t he  D N P  c o n c e n t r a t i o n  is h i g h  in blood, t l le lact ic  
acid increases  as a para l le l  even t .  

E x p e r i m e n t s  were m a d e  to  ve r i fy  w h e t h e r  t he  h e m a t i a  
m e t a b o l i s m  could  be respons ib le  for t he  lact ic  acid 
increase  in blood (Table I). As  c a n  be seen, we could  
no t  de tec t  a n y  s ign i f i can t  inc rease  of t he  lact ic acid w i t h  
p ro longed  i n c u b a t i o n  of t he  blood w i t h  D N P .  

Once  t h e  t i m e  n e c e s s a r y  to de t e c t  t h e  D N P  ef tect  was  
es tab l i shed ,  1 g roup  of 5 r a b b i t s  was  used  to s t u d y  t he  

Table I. Lactic acid determination in rabbit blood cell 

Time Lactic acid 
rain [zmoles/ml blood 

control DNP 10-4M 

11] 

E 

B 

10 15 30 60 
~imo 

DNP and lactic acid concentration in blood after injection of DNP. 
(A) Curve of DNP concentration in blood with the time. (B) Curve 
of lactic acid concentration in blood with the time. Each point 
represents the mean -}= S.E.M. of the value of 10 adult rabbits. 

0 5.8 6.0 
20 6.5 6.7 
40 7.2 7.5 

160 10.4 11.0 

In 2 ml solution contained 1.95 nil of total blood, 2 ing of glucose 
(pH 7.4), at 37 ~ Aliquots of 0.3 ml were taken at different times 
and withdrawn in 0.60 ml of HC10, 6% for lactic acid determination 
as described. 

Table If. Correspondence between the lactic acid increase and the 
inhibition of glycogen phosphorolysis 

Treatment Phosphorolysis Lactic acid Lactic acid 
with DNP mg Pi consumed mmoles/100 g mmoles]100 g 

in 10 min/100 g of muscle of blood 
of muscle 

before 42.0 ~ 5.5 1.79 -1- 0.04 2.29 ~ 1.3 
after 11.4 ~2 2.15 3.20 ~ 0.16 9.14 4- 2.8 

The determination indicated in the Table was made with anaes- 
thetized rabbits before and after 10 Inin of the injection of 2.5 mg/ 
100 g of DNP. One group of 5 animals was used. 
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glycogen phosphory la t ion  in muscle and the  produc t ion  
of lact ic acid bo th  in muscle and blood. Thus, the  ani- 
mals  were anaes the t ized  wi th  Nembu ta l  50 mg/kg  and 
a sample was e i ther  homogenized  w i t h  6% perchloric 
acid for lact ic acid de te rmina t ion  or ground wi th  sand 
in an ice-cold solut ion conta in ing 3.8% sodium fluoride, 
0 .08M E D T A  p H  7.0 (2 vol. of solut ion/g of muscle) 
for phosphorolysis  assay. The  p H  7.0 ex t rac t  was cen- 

t r i f u g e d  and 0.5 ml  of the  superna tan t  were incuba ted  
for 3 0 m i n  a t  37~ wi th  0 .Sml  of 1% glycogen and 
al iquots  of 0.25 ml  of the  mix tu re  were r emoved  at  dif- 
ferent  t imes  and added to 4 ml  of 10% tr ichloracet ic  
acid. Af ter  centr i fugat ion,  glycogen phosphorolysis  was 
de termined  assaying inorganic  phosphorus  in an a l iquot  
of the  superna tan t ,  according to LOHMAN'S and JENDRAS- 
SlK'S me thod  ~. Al iquots  of blood were also t aken  for 
lact ic acid de terminat ion .  

Af te r  r emova l  of muscle sample and blood, the  anaes- 
the t ized  animals  were in jec ted  wi th  D N P  2.5 rag/100 g 
and were kep t  for 10 rain to pe rmi t  the  drug action. New 

samples of muscle and blood were t aken  and t rea ted  as 
above.  

Table  I I  shows tha t  when the  a m o u n t  of lact ic acid 
was high in blood and muscle, the  glycogen phosphorolysis  
was inhibi ted in muscle. These paral le l  events  s t rongly 
suppor t  our previous  observat ions  1,2. 

Resumen. La fosforilase b del mfisculo esquel6tico es 
inhibida po t  el 2, 4-dinitrofenol,  de acuerdo con nuestras  
observaciones anteriores.  La  fosforilase a no es inhibida  
por  la droga. 
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Stimulation of Lymphocyte Transformation by 1-Fluoro-2,4-Dinitrobenzene 

The addi t ion  of specific antigens to lymphocy tes  in 
v i t ro  s t imulates  the  appearance  of t ransformed cells 1,2. 
However ,  i t  is uncer ta in  whether  the  t ransformat ion  
follows direct  con tac t  be tween  the  ant igen and the  lym- 
phocyte  or is the  ou tcome  of an in te rmedia te  step 
involv ing  e i ther  ant igen and some other  cell such as 
the  macrophage,  or an an t igen-an t ibody  reaction.  

We are inves t iga t ing  the  act ion of ant igen in hyper-  
sensi t iv i ty  using 1-f luoro-2,4-dini trobenzene (FDNB) be- 
cause, in addi t ion  to being a well-established inducer  of 
con tac t  hypersensi t iv i ty ,  this substance r e a c t s  rapidly  
wi th  proteins  to form stable compounds  8. The  identi-  
' f ication of the  cel lular  local izat ion of these compounds  
and thei r  chemical  composi t ion m a y  uncover  the  steps 
in the  deve lopment  of hypersens i t iv i ty ,  and in par t icular  
of delayed hypersens i t iv i ty .  

We  have  found tha t  the  addi t ion  of F D N B  to cultures 
of lymphocytes ,  obta ined  f rom guinea-pigs sensitized to 
the  d in i t rophenyl  moiety ,  is followed by  the  appearance  
of t ransformed cells. 

The  tes t  animals  were ou tbred  female, albino guinea- 
pigs weighing 600-800 g. Sensi t izat ion was induced by  
inject ion into the  nuchal  skin of 40 ~zg 1-chloro-2,4- 
d ini t robenzene dissolved in distilled water ,  i.e. a modi-  
f icat ion of the  me thod  of CHASE 4. 11 days later, the  ani- 
mals were bled under  aseptic condit ions by  severing the  
jugular  vein  and collect ing blood from each an imal  into 
separate,  sterile bott les  conta in ing  glass beads, 3-5 mm in 
diameter .  Af te r  gentle shaking for 5-10 min, the  defibri- 
na ted  blood was t ransferred to fresh bot t les  and to it  
was added 1% Methocel  ( U S P  Grade, Dow Chemicals 
Co.) in 0 . 2 M  phospha te  buffer, p H  7.2 (0.3 ml /ml  blood). 
Af te r  mixing,  the  blood was allowed to sett le for 45 rain 
a t  37~ Sed imenta t ion  resul ted in the  separat ion of a 
layer of leucocyte-enr iched serum. The upper  2/3 of this 
leucocyte  layer  was centr i fuged for 5 min  a t  200 g, the  
superna tan t  r emoved  and the  cells washed twice wi th  
Hanks  solution, wi th  centr i fugat ion between washings. 
The  resul tan t  p repara t ion  of leucocytes consisted of 
97-100% lymphocytes .  The propor t ion  of e ry throcytes  
to leucocytes  in the  prepara t ion  was about  t : 1 .  

E ry th rocy tes  and serum were obta ined  f rom the  re- 
sidual def ibr inated and sedimented  blood by  centr i fu-  
gat ion for 10 rain a t  200 g. The serum was harvested,  
the  remaining leucocytes  discarded and the red cells 
washed twice wi th  Hanks  solution. 

F r o m  the  blood of each of 11 sensitized animals,  3 
sets of dupl icate  leucocyte  cultures were then  prepared.  
The first  set conta ined leucocytes  conjugated  wi th  
F D N B ;  the  second, conjugated  e ry throcytes  and uncon- 
juga ted  leucocytes;  the  third,  unconjuga ted  leucocytes  
and serum to which F D N B  had been added. 

The whi te  and red cells were separa te ly  conjugated  
wi th  F D N B  by  suspension for 30 rain in sodium phos- 
pha te  buffer 0 .2M p H  8.5, ad jus ted  to conta in  10 tzg 
F D N B  per  1 .0-1 .3•  108 cells/ml. Af te r  incubation,  the 
cells were centr i fuged for 5 min at  200 g, the  superna tan t  
discarded and the  cells washed thr ice wi th  Hanks  solution. 
The  leucocytes  were then  suspended (approximate ly  
106 cells) in a cul ture  med ium consisting of 2 ml  Medium 
199 (Commonweal th  Se rum Laboratories ,  Melbourne) 
and 1 ml  autologous serum. Cultures of leucocytes  
f rom unsensit ized guinea-pigs were s imilar ly prepared.  
The  conjugated  e ry throcytes  were mixed  with  an approxi-  
ma te ly  equal  number  of unconjugated,  autologous leuco- 
cytes before being suspended in cul ture  medium.  

Conjugated  serum proteins  were prepared by adding 
sodium phospha te  buffer, 0.2M, p H  8.5, conta in ing 
10 t~g/ml F D N B  to each ml of serum and incuba t ing  
the  mix tu re  for 30 rain a t  37 ~ This  mix ture  was then  
added to Medium 199 in a propor t ion  of 1:2 and used 
to suspend unconjugated ,  autologous leucocytes.  

The Table  summarizes  the  percentage  of t ransformed 
cells appear ing in the  var ious  cultures.  Small  numbers  
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