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Inhibition of Methanol Metabolism in Mice with 
Acetyl Salicylic Acid 

The biological ox ida t ion  of me thano l  to  carbon dioxide 
in m a m m a l s  has  been known  since 1893 (POHL1). Con- 
t r a ry  to its h igher  homologues  (e.g. e thanol  and propanol) ,  
me thano l  is no t  oxidized to fo rmaldehyde  by  crystal l ine 
horse liver alcohol dehydrogenase  (THEORELL and BON- 
NICHSEN~). This  revived the  concept  t h a t  me than o l  is 
main ly  oxidized by  the  catalase-H202 sys t em (KEILIN and 
HARTEE3). In  fact,  th i s  view is accepted  as the  major  
mechan i sm of me thano l  ox ida t ion  in vitro.  However ,  the  
metabol ic  p a t h w a y  of the  alcohol in vivo is no t  fully 
unders tood ,  and it is bel ieved t h a t  the  perox ida t ive  reac- 
t ion of catalase is involved.  Several  approaches  have  been 
a t t e m p t e d  to uncover  the  biochemical  chain  involved in 
me thano l  ox ida t ion;  using specific catalase inhibi tors ,  
e.g. 3-amino- i ,  2, 4-triazole, or subs tances  inh ib i t ing  ca ta-  
lase biosynthesis ,  such as a l ly l - isopropylacetyl  ca rbamide  
(AEBI et  al.4 and MANNERING and PARKS 5). 

The presen t  inves t iga t ion  is concerned wi th  s tudy ing  the  
effect  of acetyl  salicylic acid (ASA) on the  in vivo metabo-  
lism of C~4-methanol in mice. The e l iminat ion of C 14 O~ in 
the  expired  air was followed as an index for the  alcohol 
metabol ism,  since it is known t h a t  the  main  channel  of the  
alcohol excre t ion  is the  lungs (BARTLETT ~). Fol lowing the  
in t raper i tonea l  admin i s t r a t ion  of C14-methanol (5% by  
volume in saline), the  expired air was t r a p p e d  in 1 N 
sodium hydrox ide  solut ion a f te r  d i f ferent  intervals ,  and  
the  C1~-activity was de te rmined  as BaC~403 in an end-  
window Geiger counter .  I t  was found t h a t  over  70% of 
the  admin is te red  dose (400 mg/kg/mouse)  could be re- 
covered as C~402 dur ing 24 h. The e l iminat ion  of C~402 
followed a typ ica l  2-phased curve. Dur ing  the  first  6 h 
(first phase),  abou t  95% of tile C1402 was e l iminated,  
t hen  the  e l iminat ion ra te  was r emarkab ly  decreased.  

The excre t ion  ra te  of C140~ was s tudied  af ter  a single 
in t raper i tonea l  in ject ion of ASA, which was admin is te red  
af ter  neut ra l iza t ion  wi th  sodium carbona te  solution. The 
Figure i l lustrates the  inhibi t ion of me thano l  oxida t ion  
dur ing  12 h, and i t  could be seen t h a t  ASA (500 mg/kg  per  
mouse) caused an inhibi t ion as high as 40-80%.  E v e n  
af ter  the  elapse of 24 h, a small  degree of inh ib i t ion  
(10-20%) could be t raced.  A similar dose of salicylic acid 
(500 mg/kg) was less effective in inhib i t ing  me than o l  
metabol i sm.  

The effect  of ASA on liver catalase ac t iv i ty  was 
s tudied,  using 10% homogenates .  The enzyme was as- 
sayed according to the  me thod  of FEINSTEIN ~. Half  inhibi-  
t ion was  conferred by  15 m M  of the  acid. In  a work  
aimed to  correlate  the  an t ipyre t i c  ac t iv i ty  of ASA wi th  
ca ta lase  act ivi ty ,  an inhibi t ion of similar magn i tude  has 
been  repor ted  (WlLLIAMSON and  RUDGES). The effect  of 
ASA on liver and blood catalase ac t iv i ty  has also been 
inves t iga ted  by  in ject ing (i.p.) d i f ferent  doses of ASA 
ranging f rom 0.5 to  1.0 g/kg. Animals  were sacrificed 
1, 2, or 3 h af ter  in ject ing ASA and the  enzyme was im- 
med ia te ly  assayed.  No inhibi t ion of liver or blood catalase 
could be de tec ted  even af ter  the  admin i s t r a t ion  of a dose 
as h igh  as 1.0 g/kg where only few animals  survived to 3 h. 

In  mice, LD100 for absolute  me thano l  has  been deter-  
mined  to be 8.0 g/kg for in t raper i tonea l  injection.  This 
dose was in jec ted  into 60 mice which were d iv ided into 3 
equal  groups. The first  group received (i.p.) a single dose 
of 0.5 g /kg/mouse 1 h before inject ing the  alcohol. The 
second group was s imilar ly t r ea ted  wi th  0.7 g ASA/kg  per  
mouse.  The th i rd  group was given only  the  alcohol to 
serve as a control.  At  the  end of 24 h, 6 mice f rom the  
first  group survived,  bu t  only to die af ter  48-72 h. F r o m  

the  second group, 6 mice survived and recovered com- 
pletely.  All animals  belonging to the  t h i rd  group died 
wi th in  24 h. 

I t  is bel ieved t h a t  the  serious s y m p t o m s  of m e t h a n o l  
poisoning are due  to  its immed ia t e  metabol i tes ,  e.g. the  
effect  on vision (amblyopia) is t h o u g h t  to  be due to in- 
h ib i t ion of re t ina l  glycolysis by  fo rma ldehyde  (PoTTS and  
JOHNSON g). Also, the  localized toxic  effects of me t h ano l  
m a y  be expla ined b y  the  fo rmat ion  of me thy l - fo rma te  
f rom me thano l  and fo rma ldehyde  (KENDAL and 1RAMAN- 
TITAN10). In  o ther  words,  the  accumula t ion  of formalde-  
hyde  is appa ren t ly  responsible  for mos t  serious s y m p t o m s  
of me thano l  poisoning. Therefore,  subs tances  which in- 
h ib i t  me thano l  ox ida t ion  should e l iminate  - a t  least  
pa r t ly  - the  toxic  effects. As an ant idote ,  e thanol  has  so 
far been  used for t r ea t ing  me t h an o l  poisoning, since i t  
inhibi ts  me thano l  ox ida t ion  (AEBI et  al. 4 and  BART- 
LETTll), and minimizes  the  toxic  effects  (RDE12). On the  
o the r  hand,  GILGER et al. 1~ denied t h a t  e thanol  sup-  
presses me thano l  tox ic i ty  and  claimed t h a t  e thanol  sig- 
n i f icant ly  increases i t  in mice and  lessens the  in te rva l  to 
dea th  following me t h an o l  admin is t ra t ion .  
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Inhibition of ClaD2 elimination by acetyl salicylic acid (0.5 g/kg). 
Zero time is the time of C14-methanol administration. 100% - elimi- 
nation rate without ASA. (o) = ASA injected 1 h before methanol. 
(e) = ASA injected 1 h after nlethanol (mean of 3 experiments). 
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F r o m  the  d a t a  p resen ted  in th is  inves t igat ion,  i t  is 
obvious  t h a t  ASA signif icant ly  inhibi ts  the  me tabo l i sm 
of me thano l  in vivo,  and provides  p ro tec t ion  aga ins t  
me thano l  poisoning in mice. Should the  view of me th an o l  
ox ida t ion  in vivo (by catalase-H~O 2 system) be accepted,  
i t  is suggested t h a t  i t  is the  deple t ion  of the  peroxide  pool 
r a the r  t h a n  the  reduc t ion  in catalase ac t iv i ty  which  
causes inhib i t ion  of me thano l  oxidat ion.  This  m a y  be 
achieved b y  inhib i t ing  enzyme sys tems  involved in H20 2- 
del ivering react ions,  e.g. xan th ineox idase  and  mono-  
amineoxidase  (AEBI et  a1.14). The suggested mechan i sm 
of inhibi t ion receives suppor t  f rom the  inhib i t ion  of C l*- 
fo rmate  me tabo l i sm in vivo b y  ASA, since fo rmate  is 
known  to possess a specific r equ i r emen t  for catalase-H,O~ 
complex  (KEILIN and HARTEE 15 and AEBI and HAS- 
SAN16). C14-formate was admin is te red  in t raper i tonea l ly  
and the  m e a s u r e m e n t  of the  expired  C140~ served as a 
tes t  sys tem.  I t  was found  t h a t  a dose of 0.5 g ASA per  kg 
per  mouse  inh ib i ted  fo rmate  ox ida t ion  to a lmost  the  same 
ex t en t  as t h a t  of methanol .  

I t  is no t  unl ikely t h a t  the  an t ipyre t ic  ac t iv i ty  of ASA 
is re la ted in a way  to  the  deple t ion  of H20 2 sources r a the r  
t h a n  to reduc t ion  in cata la t ic  decomposi t ion  of the  
peroxide  by  catalase s. 

F r o m  th is  work,  t he  following m a y  be concluded:  
(1) ASA signif icant ly  inhib i t s  me thano l  and fo rmate  
oxida t ion  in vivo. (2) ASA does not  inh ib i t  catalase in 

vivo,  bu t  it  does in vitro.  (3) ASA reduces  the  toxic  effects 
of me t h an o l  poisoning in mice. (4) The mechan i sm of in- 
h ib i t ion  of me thano l  ox ida t ion  by  ASA is bel ieved to be 
due to  reduc t ion  of the  peroxide  pool  r a the r  t h a n  the  
inhib i t ion  of catalase.  

Zusammen/assung. Acetylsalicyls/iure h e m m t  die Oxy- 
da t ion  yon Methanol  und  Formia t  in vivo erheblich,  die 
Ka ta lase  nu t  in vitro,  und  v e r m i n d e r t  den tox i schen  Ef- 
fekt  der  Methanolvergi f tung.  Der Mechanismus  der  
M e t h a n o l o x y d a t i o n s h e m m u n g  durch  Acetylsalicyls/iure 
k6nn te  eher  auf die Verminde rung  des Peroxyd-Pooles  - 
als die K a t a l a s e h e m m u n g  - zurt ickzuft ihren sein. 
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Ouabain-Sens i t ive  Fatty Acid Release  f r o m  
Isolated Fat Cells 1 

Al though  the  control  of free f a t t y  acid (FFA) mobiliza- 
t ion has  been ex tens ive ly  s tudied  in m a n y  laborator ies  2 
the  detai led mechan i sm by  which  s tored t r iglycerides are 
released f rom fat  cells as f a t t y  acids and glycerol is as ye t  
incomple te ly  unders tood .  In  part icular ,  i t  is no t  known 
whe the r  F F A  released f rom tr iglycer ides  s imply diffuse 
t h rough  the  cell membrane ,  whe the r  t h e y  are ac t ive ly  
t r anspor t ed ,  or indeed  whe the r  t h e y  are released wi th in  
or close to the  cell m e m b r a n e  itself. The recent  f inding 3 
t h a t  F F A  release induced  b y  l ipolytic ho rmones  such as 
ACTH and epinephr ine  is inh ib i ted  by  ouabain  suggests  
t h a t  t he  release mechan i sm m a y  involve an act ive t rans -  
por t  s tep,  since it has  previous ly  been shown t h a t  th is  
agent  can be used to d i f fe rent ia te  be tween  act ive and 
passive t r a n s p o r t  processes 4. This p re l iminary  repor t  
establ ishes the  ouabain-sens i t ive  na ture  of the  F F A  
releasing sys t em in isolated fa t  cells. 

Material and methods. Male albino ra ts  weighing 130 to  
170 g and  fed ad l ib i tum were used th roughout .  Free  adi- 
pose cells were p repa red  f rom ep id idymal  fat  pads  using 
the  t echn ique  of RODBELL 5 and  incuba ted  in b ica rbona te  
buffer.  F F A  were measured  using the  m e t h o d  of DOLE 
and  MEINERTZ 6. 

Results and discussion. As i l lus t ra ted in the  Figure,  the  
addi t ion  of ouabain  to the  incuba t ion  med ium was asso- 
c ia ted wi th  a decrease in the  ne t  change in F F A  concen-  
t r a t ion  dur ing incuba t ion  in t he  presence of epinephr ine .  
At  an ep inephr ine  concen t ra t ion  of 0.11 /~g/ml, the  mini-  
m u m  effective dose of ouaba in  was 9 �9 10-6M. The inhibi-  
t ion reached  m a x i m u m  a t  an  ouabain  concen t ra t ion  
a round  2.5 �9 10-41VI. At  th is  concen t ra t ion  the  ne t  F F A  

increase observed dur ing  incuba t ion  in the  absence of 
ouaba in  was inhib i ted  to  the  ex t en t  of be tween  60 and 
70%. The concen t ra t ion  range of th is  dose response 
curve  for ouabain  was comparable  to  t h a t  which obta ins  
in t he  s tudies  of ouabain  effects on the  act ive t r anspo r t  of 
sod ium and potass ium.  

Al though  ouabain  increased the  up take  and metabo-  
l ism of glucose b y  fa t  cells, i t  is n o t e w o r t h y  t h a t  the  in- 
h ib i t ion  of F F A  release d e m o n s t r a t e d  in the  Figure 
occurred in the  to ta l  absence of glucose. Fur the rmore ,  it  
was  found  t h a t  ouabain  did no t  increase the  up take  and 
ester i f icat ion of labelled F F A  added  to  the  incubat ion  
medium.  These observa t ions  are in t e rp re t ed  to mean  t h a t  
the  ouaba in- induced  inhibi t ion of F F A  release was not  
the  resul t  of an increase in the  re-ester i f icat ion process. 
Accordingly,  the  metabol ic  effect  of the  agent  m u s t  be 
re la ted  e i ther  to the  t r anspo r t  of F F A  across the  cell 
membrane ,  or to  lipolysis, or both .  

The inh ib i to ry  effect  of ouabain  on F F A  release was 
no t  l imited to ep inephr ine - s t imula ted  lipolysis, b u t  ap- 
plied equal ly to  the  lipolysis induced  b y  the  presence of 

1 This work has been supported by the Fonds National Suisse de la 
Recherche Scientifique, Grant No. 3244, Bern (Switzerland) and 
by a grant-in-aid from the Fondation Emil Barell pour le D6velop- 
pement des Reeherches M6dico-Seientifiques, Basel (Switzerland). 

z A. E. RENOLD and G. F. CAHILL Ed., Handbook o/ Physiology, 
Section 5: Adipose Tissue (American physiol. Society, Washington 
1965). 

3 S. J. Ho, R. J. Ho, and H. C. ME,G, unpublished data. 
4 T. Z. CS~KV, Ann. Rev. Physiology 27, 415 (1965). 
5 M. RODBELL, J. biol. Chem. 239, 375 (1964). 

V. P. DOLE and H. 1V[EINERTZ, J. biol. Chem. 235, 2595 (1960). 


