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Abstract--Some monomethylxanthine and methyluric acid deriwitives of theophylline and caffeine 
have been studied to explore whether they possess pharmacological and biochemical activities similar 
to those of their parent compounds. Both 3-methylxanthine and I-methylxanthine, but not 1,3- 
dimethyluric acid or 3-methyluric acid. produced the same maximal relaxation of guinea pig tracheal 
muscle as did theophylline. The Ec:,., values for thcophylline and 3-methylxanthine were not significantly 
different, whereas those for I-methylxanthine. 1,3-dimethyluric acid and 3-methyluric acid were 
significantly higher than that of theophylline. In the Langendorff guinea pig heart, theophylline and 
3-methylxanthine caused essentially identical increases in cardiac contractile force. Although less 
effective than theophylline, I-methylxanthine and caffeine produced equivalent increases in cardiac 
contractility. At concentrations higher than those effective for the methylxanthines, 1,3-dimethyluric 
acid markedly increased contractile force. 3-Methylxanthine inhibited cyclic AMP phosphodiesterase 
to a lesser extent than did theophylline at both 1.4 and 400 ,uM cyclic nucleotide concentrations. 
However. at the higher substrate concentration, cyclic GMP phosphodiesterase activity was inhibited 
by 3-methylxanthine more than by theophylline. Thus, it appears that the monomethylxanthine and 
methyluric acid derivatives of theophylline and caffeine possess a spectrum of pharmacological 
activity similar to that of their parent compounds, a finding which raises important questions about 
various aspects of the current therapeutic use of methylxanthines. 

The methylxanthines, caffeine, theophylline and 
theobromine, comprise an important group of 
pharmacologically active agents consumed by the 
general populace in beverages, and used for various 
therapeutic purposes. The effects of these agents on 
myocardial tissue, smooth muscle, the central 
nervous system (CNS), and on inhibition of cyclic 
3 ' :5 '-nucleotide phosphodiesterase (EC 3.1.4.17) 
have been extensively investigated [I, 2l. Num- 
erous studies have also examined the activity of a 
wide variety of substituted xanthine congeners 13~]. 
However,  the only investigations to explore 
whether the variety of mono- and dimethyhanthine 
and methyluric acid derivatives which are formed 
during biotransformation reactions [7-10], do pos- 
sess pharmacologic activity have been limited to 
studies of their mitogenic and anti-adenosine acti- 
vities in cell culture [11, 12]. For this reason, the 
present study compares the activity of some of the 
known methylxanthine metabolites to that of 
theophylline with respect to relaxation of tracheal 
smooth muscle, stimulation of cardiac muscle, arid 
inhibition of cyclic nucleotide phosphodiesterase. 

M A T E R I A L S  AND METHODS 

Materials. Theophylline, acetyl-fl-methylcholine 
CI (methacholine), histamine, cyclic 3' ,5 '-adenosine 

monophosphate (cyclic AMP) and cyclic 3' ,5'- 
guanosine monophosphate (cyclic GMP) were pur- 
chased from Sigma Chemical Co. (St. Louis, MO.). 
Caffeine was obtained from Matheson, Coleman & 
Bell (East Rutherford, NJ.) and 3-methylxanthine 
from Aldrich Chemical Co. (Milwaukee, WI.). Initial 
samples of l-methyl- and 1,3-dimethyluric acid were 
a gift from Dr. H. T. Nagasawa, V.A. Hospital, 
Minneapolis, MN. Additionally, the two methyluric 
acids as well as 1-methylxanthine and 3-methyluric 
acid were obtained from Adams Chemical Co. 
(Round Lake, IL.), cAMp[3H-g] (38.4 Ci/m-mole) 
and cGMP[8-3H] (10.2 Ci/m-mole) were purchased 
from New England Nuclear (Boston, MA.) and ICN 
Pharmaceuticals, Inc. (Irvine, Ca.) respectively. 

Tracheal muscle preparations. Tracheal smooth 
muscles were obtained from Brevital (Eli Lilly & 
Co., Indianapolis, IN.) anesthetized female guinea 
pigs of the Hartley strain (300-500 g) and mongrel 
dogs, and after removal of fatty deposits were sliced 
into rings. Guinea pig tracheal chain [13] and dog 
trachealis muscle preparations [14] were suspended 
in 10-ml organ bath containing Krebs bicarbonate 
buffer ( l18.4mM NaCI, 4 .7mM KCI, 1.2mM 
MgSO.t, 1.2 mM KH2PO4, 24.9 mM NaHCO3, 2.5 
mM CaCI.z, and 11.1 mM glucose), pH 7.4, oxy- 
genated with 95% 02 and 5% COz, and maintained 
at 37 ° . The tissues were mounted with an initial 
tension of either 0.5 g (guinea pig) or 1.0 g (dog) and ' 
after a 30-rain equilibration period were made to 
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Table I. Geometric mean EC,,,, values for methylxanthines and metbyluric acids on guinea pig and dog tracheal 
preparations 

Geometric mean [;(:.,, (95% confidence intervall 
Molar concn 

Compound Gt,inea pig tracheal chain N ~ Dog trachealis muscle N ,~ 

Theophylline 6.40 ~ It) :'(5.03-8.1~) 19 1.18.  l0 ~(0.48-2.92) 6 
~,-Methylxanthine 1.25 * 10 ~(0.gg-l.77) 18 ~.81 * 10 ~(I.81-8.091 6 
I-Methylxanthine 4.09 ~ IO ~ (3.23-5.16), ~ 8 
1.3-Dimethyluric acid 6.03 ~ 10 ' (3.28-11.10)+ 6 
1-Methyluric acid 6.16 * I t )  * 15.20-7.3 l)-i 

~ Number of tracheal preparations employed to determine geometric mean E(,. wdues according to the procedure 
of Fleming et al. [16[. 

t- Significantly different from theophylline vMues (P < 0.051. 

c o n t r a c t  with  10-" M h i s t amine  and  0.5 × l0 -~ M 
m e t h a c h o l i n e  respec t ive ly .  C u m u l a t i v e  c o n c e n t r a -  
t i o n - r e s p o n s e  cu rves [15 ]  for  the  re laxing  effect  of 
t heophy l l i ne  and  the  va r ious  m e t h y l x a n t h i n e  and  
me thy lu r i c  acid c o n g e n e r s  were  r e c o r d e d  by a Gras s  
f o r c e - d i s p l a c e m e n t  t r a n s d u c e r  and  polygraph.  
W h e n  addi t ion  of  tes t  s u b s t a n c e  el ici ted no f u r t h e r  
re laxa t ion ,  10 a M theophy l l ine  was  added  to indi- 
ca te  max imal  musc le  re laxa t ion .  All c o m p o u n d s  
were  d i s so lved  in 25 mM L i C O >  Addi t ion  of equiva-  
lent  vo lumes  of 25 mM LiCOa to the  organ bath  
had  no  effect  on  the  musc le  re laxa t ion .  Resul t s  are 
e x p r e s s e d  as the  geomet r i c  m e a n  EC~0 values  and  
thei r  95 per  cen t  conf idence  intervals[161.  

Iso la ted  guinea pi~ hearts.  Female  guinea  pigs of 
the  same  s t ra in  and  weight  as  a b o v e  were  in jec ted  
with sod ium hepar in  (2000 I. U . /kg, i.p. )60 rain pr ior  
to sacrifice.  The  an imal s  were  s t u n n e d  by a b low to 
the head  and  the hear t  was  rapidly r e m o v e d .  Af ter  
the  a t r ia  were  exc ised ,  the  hea r t s  were  pe r fused  
by the Langendor f f  t e c h n i q u e  with 3 mM H E P E S  
buffer ,  pH 7.4, con ta in ing :  NaCI.  140 raM'  KC1, 4.0 
mM:  MgCI.2, 1.0 m M:  CaCI~, 1.8 raM: and  glucose ,  
5.6 raM. The  t e m p e r a t u r e  of  the  pe r fus ion  solut ion 
was ma in t a ined  at 30°; pe r fus ion  p ressu re  was held 
c o n s t a n t  at 60 m m  H 20  and  the  pe r fus ion  rate  was  
ad jus t ed  by m e a n s  of a H a r v a r d  per is ta l t ic  pump.  
Card iac  con t rac t i l i ty  was  m o n i t o r e d  by a nylon  
su ture  at the  apex  of  the hear t  a t t a ched  to a G r a s s  
f o r c e - d i s p l a c e m e n t  t r a n s d u c e r  and  r eco rded  on a 
po lygraph ,  Diastol ic  t ens ion  was ad jus ted  to 5.0 g. 
The  hear t  was  s t imula ted  at twice  th re sho ld  vol tage 
(180 s t imul i / ra in ,  3-msec dura t ion)  by two p la t inum 
e lec t rodes  p laced  ac ross  the  vent r ic les .  

Af t e r  an equ i l ib ra t ion  per iod of  45 rain, the hear t  
was  pe r fused  s t epwise  for  7 rain wi th  a buf fe t  solu- 
t ion of  inc reas ing  d rug  c o n c e n t r a t i o n s .  The  o rde r  
of d rug  add i t ions  f rom one  hear t  p repa ra t ion  to the 
next  was  var ied  acco rd ing  to a Lat in  square  design.  
Solubi l i ty  of the  var ious  m e t h y l x a n t h i n e  and  methyl -  
uric acids  in the pe r fus ion  buffer  was  inc reased  
by the  addi t ion  of  1.3 × 10 -4 M e t h y l e n e d i a m i n e ,  a 
c o n c e n t r a t i o n  that  had  pract ica l ly  no effects  on the 
pa t t e rn  or fo rce  of  cont rac t i l i ty ,  nor  did e thy lene -  
d i amine  a l ter  the  effect  of t heophy l l ine  on the same  
pa rame te r s .  

Phosphodies terase  assay.  Trachea l  s m o o t h  
muscle  was ob t a ined  f rom 43 female  dogs  anes-  
the t ized  with 35 mg/kg of  sodium pentobarbi ta l .  

The t rachea l  t i ssue  was h o m o g e n i z e d  (Broeck  t issue 
gr inders)  in 50 mM T r i s - H C I ,  pH 7.5, con ta in ing  
0.25 M sucrose ,  and  the  h o m o g e n a t e  was cen t r i fuged  
at 5000 ,k' for  30 rain: the resul t ing  s u p e r n a t a n t  was  
cen t r i fuged  at 105,000 g for  1 hr  at 4 c. The  105,000 
~,, s u p e r n a t a n t  fluid f rom twelve  dogs was then 
pooled.  The  p h o s p h o d i e s t e r a s e  assay  was a modi-  
fication of  the p rocedu re  of  T h o m p s o n  and  Apple-  
man [17], as p rev ious ly  r epor ted  [18]. The  
c o n v e r s i o n  at 37 ° of Jail]cyclic A M P  or  [:~H]cyclic 
G M P  to thei r  labeled p r o d u c t s  was d e t e r m i n e d  in 
100/A of reac t ion  mix ture  con ta in ing  the t issue ex- 
t rac t ,  exces s  a lkal ine  p h o s p h a t a s e  ( o r t h o p h o s p h o r i c  
m o n o e s t e r  p h o s p h o h y d r o l a s e ,  EC 3.1.3.1, Sigma 
type  I l l  f r om Escher ich ia  colD, 50 mM Tr i s -HCI  
(pH 7.5) and 5 mM MgC12. with or wi thou t  theo-  
phyl l ine  or 3 -me thy lxan th ine .  Cyclic  nuc leo t ide  con-  
c e n t r a t i o n s  of  1.4 and  400/~M were  used s ince  the  
p h o s p h o d i e s t e r a s e  act ivi ty  in the 105,000 g super-  
na t an t  f r ac t ions  exhibi t  mult iple  K,,, va lues  for  
cyclic A M P  and  cycl ic  G M P  [191. The  labeled pro- 
duc t s  f o r m e d  dur ing  the  incuba t ion  were  sepa ra t ed  
f rom the  s u b s t r a t e s  by the addi t ion  of I ml of 
BioRad  I × 8 resin (1:3 s u s p e n s i o n  in I mM HCI). 
All d e t e r m i n a t i o n s  were  p e r f o r m e d  in tr ipl icate.  

RESUI.TS 

Theophy l l i ne .  in the range  of 10 -7 to I0 a M, had 
a c o n c e n t r a t i o n - d e p e n d e n t  relaxing effect  on bo th  
the  h i s t a m i n e - c o n t r a c t e d  gu inea  pig t rachea l  cha in  
and  m e t h a c h o l i n e - c o n t r a c t e d  dog t rachea l i s  s m o o t h  
muscle  p repa ra t ions .  Cumula t i ve  addi t ions  of the  
var ious  m e t h y l x a n t h i n e  me tabo l i t e s  also el ici ted a 
c o n c e n t r a t i o n - d e p e n d e n t  re laxa t ion  of the s m o o t h  
muscle .  R e p r e s e n t a t i v e  log c o n c e n t r a t i o n - r e s p o n s e  
c u r v e s  ob ta ined  with gu inea  pig t rachea l  musc le  are 
s h o w n  in Fig. I: 3-methyl-  and  1 -methy lxan th ine ,  
but  not  the me thy lu r i c  acids ,  re laxed the t i ssue  to 
the  same  ex ten t  as did theophy l l ine ,  In mos t  ex- 
pe r imen t s ,  t heophy l l ine  and  3 - m e t h y l x a n t h i n e  were  
a lmos t  equal ly  effect ive.  The  geomet r i c  mean  Ec:,,, 
values  and  thei r  95 per  cen t  conf idence  in te rva ls  
d e t e r m i n e d  on the  basis  of  the per  cen t  of  maximal  
r e sponse  el ic i ted by the individual  c o m p o u n d s  in the  
gu inea  pig and  dog s m o o t h  musc le  p r epa ra t i ons  are 
g iven  in Tab le  1. The  ra t io  of the molar  concen t r a -  
t ions  of t heophy l l ine  to 3 -me thy lxan th ine  requi red  
to p roduce  a 50 per  cen t  re laxa t ion  (Ec:,,,) r anged  f rom 
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Fig. 1. Log concentration-response curves representing 
guinea pig tracheal chain relaxations produced by theo- 
phylline (Q --), 3-methylxanthine (O- - -0),  l-methyl- 
xanthine (I . . . .  I), 1,3-dimethyluric acid (O O) 
and 3-methyluric acid (O----O).  Tracheal chains were 
equilibrated in gassed (95% 02, 5% COO Krebs bicar- 
bonate solution (37 °) for 30 min, then placed "'in tone "' by 
the addition of 10-" M histamine. Test drugs were added 
in serially increasing concentrations to generate concen- 
tration-response curves which are plotted as the per cent 
of maximal relaxation obtained by l0 -:~ M theophylline. 
The representative response curves shown were obtained 
for each of the agonists compared with theophylline in 
different guinea pig tracheal preparations. The mean 
_+ S. E. for all the experiments reported (n = 37) for the 
increase in tone produced by histamine and for the maximal 
relaxation elicited by theophylline was 330.0 _+ 20.3 mg 

and 726.3 + 26.2 mg respectively. 

0.5 to 1.0. The addit ion of theophyl l ine  and 3-methyl-  
or l -me thy lxan th ine  to the t issue bath resul ted in 
addi t ive  effects  on tracheal  muscle  relaxat ion (data 
not shown) .  

In the expe r imen t s  on isolated guinea pig heart ,  
the activit ies of  various me thy lxan th ines  and 
methylur ic  acids were  c o m p a r e d  to theophyl l ine ' s  
ability to increase  cardiac contrac t i le  fo rce  (Fig. 2). 
With the excep t ion  of  I -methylur ic  acid,  each agent  
s tudied caused  a c o n c e n t r a t i o n - d e p e n d e n t  increase  
in the fo rce  of con t rac t ion .  Theophyl l ine  and 3- 
me thy lxan th ine  elici ted approx imate ly  equivalent  
increases  in the contract i le  force  up to 1.0 and 1.5 
mM concen t r a t ions  respec t ive ly .  At higher  concen-  
t ra t ions,  both  c o m p o u n d s  caused  a dec rease  in 
deve loped  tens ion (not shown) .  Caffeine and l- 
me thy lxan th ine  p roduced  approx imate ly  equivalent  
ef fec ts ,  but both  were  less act ive than theophyl l ine  
and 3-methylxanth ine .  Relat ive to its relaxing effect  
on the t racheal  p repara t ions ,  s o m e w h a t  unexpec t ed  
was  the marked  posi t ive  inotropic  activity ob s e rv ed  
with high concen t r a t i ons  of  1,3-dimethyluric acid. 
Limi ted  solubili ty of  this methylur ic  acid in the 
per fus ion  med ium p reven t ed  fu r ther  s tudies .  The 
geomet r ic  mean EC,~5 values and their  95 per  cent  
conf idence  intervals  for  the inotropic  ef fec ts  of  the 
c o m p o u n d s  in the pe r fused  guinea pig heart  are 
p re sen ted  in Table 2. 
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Fig. 2. Effect of theophylline (e  ~), 3-methylxanthine 
r e - -  4 ) ,  caffeine ( 0  0 ) ,  1-methylxanthine 
( I - -  4 ) ,  and 1,3-dimethyluric acid ( 0 - -  - -0 )  perfusion 
on contractile force of the isolated guinea pig heart. Values 
are means of six to eleven hearts at each drug concen- 
tration (standard errors have been omitted for clarity) 
expressed as percentages of control contractile force. 
The mean + S. E. for the control contractile force was 

7.51 ~ 0.44 (n = 28). 

In view of the similar po tenc ies  of theophyl l ine  
and 3-methylxanth ine  in the smooth  and cardiac 
muscle  prepara t ions ,  it was of  interest  to compare  
the ability of  these  two  c o m p o u n d s  to inhibit cyclic 
3 ' : 5 ' -nuc leo t ide  phosphod ie s t e r a se .  Varying con- 
cen t ra t ions  of the xanthines  were  used,  up to 0.5 
raM, which was the limit of solubility of 3-methyl-  
xanthine in the assay mixture.  

Theophyl l ine  and 3-methylxanth ine  p roduced  a 
co n cen t r a t i o n -d ep en d en t  inhibition of  both cyclic 
A M P  and cyclic G M P  p h o s p h o d i e s t e r a s e  activit ies.  
At a cyclic nucleot ide  concen t ra t ion  of 1.4,uM, 
theophyl l ine  was a slightly more  potent  inhibitor of  
the hydro lys is  of  both cyclic A M P  and cyclic G M P  
than was 3-methylxanth ine  (Fig. 3). For  example ,  
0.5 mM concen t ra t ions  of  theophyl l ine  and 3- 
me thy lxan th ine  inhibited cyclic A M P  hydrolys is  48 
and 32 per cent  and inhibited cyclic G M P  hydrolys is  
42 and 30 per cent  respec t ive ly .  Nei ther  of  the 
me thy lxan th ines  s h o w ed  any preferent ia l  inhibition 

Table 2. Geometric mean EC ~=~ values for methyhanthines 
and 1,3-dimethyluric acid in the isolated perfused guinea 

pig heart preparation 

Geometric mean E(12  5 

(95% confidence interval) 

Compound Molar concn N* 

Theophylline 0.92 × 10 4 (0.55-1.54) 7 
3-Methylxanthine 1.32 x 10 -4 (0.71-2.24) 7 
Caffeine 3.70 x 10 -4 (1.83-6.92)~ 5 
l-Methylxanthine 5.51 x 10 -4 (2.28-13.4)+ 6 
1,3-Dimethyluric acid 10.71 x 10 4 (8.69-13.26)+ 3 

* Number of isolated heart preparations used to deter- 
mine geometric mean EC]2s values according to the pro- 
cedure of Fleming et al. [16]. 

t- Significantly different from theophylline values 
(P < 0.05). 

B.P. 27/1 ] - - c  
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Fig. 3. Inhibitory effects of increasing concentrations of 
theophylline (circles) and 3-methylxanthine (squares) on 
cyclic AMP phosphodiesterase activity (dashed line) and 
cyclic GMP phosphodiesterase activity (solid line). The 
adopted standard concentration of cyclic nucleotides used 
as substrate was 1.4/zM. Values are means of triplicate 
determinations using 105,000 g supernatant fractions of 
dog trachealis smooth muscle homogenates as the enzyme 
source. Control rates of cyclic AMP and cyclic GMP 
phosphodiesterase hydrolysis were 640.1 and 1039 
pmoles/min/mg of protein in the 105,000 g supernatant 

fractions respectively. 
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Fig. 4. Inhibitory effects of increasing concentrations of 
theophyline (circles) and 3-methylxanthine (squares) on 
cyclic AMP phosphodiesterase activity (dashed line) and 
cyclic GMP phosphodiesterase activity (solid line). The 
adopted standard concentration of cyclic nucleotides used 
as substrates was 400 ~M. Values are means of triplicate 
determinations using 105,000 g supernatant fractions of 
dog trachealis smooth muscle homogenates as the enzyme 
source. Control rates of cyclic AMP and cyclic GMP 
phosphodiesterase hydrolysis were 9.35 and 4.88 
nmoles/min/mg of protein in the 105,000 g supernatanI 

fractions respectively. 

3-METHYLURIC ACID 
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Fig. 5. Composite of proposed degradative pathways for methylxanthines. Significance of a particular 

metabolite varies with the animal species 17-10, 20]. 

of  ei ther cyclic AMP or cyclic G M P  phospodies ter -  
ase at this low cyclic nucleot ide concent ra t ion .  In 
contras t ,  at the 400 FM cyclic nucleot ide concen-  
tration, theophyl l ine,  but not 3-methylxanthine ,  
inhibited cycl ic  A M P  more than cycl ic  G M P  meta- 
bolism (Fig. 4). Thus,  compar ing  the effects  of  0.5 
mM theophyl l ine  and 3-methylxanthine,  theophyl-  
line and 3-methylxanthine  inhibited cycl ic  A M P  hy- 
drolysis  48 and 25 per cent  and cycl ic  GMPhydro ly s i s  
8 and 20 per cent  respect ive ly .  It appears ,  therefore ,  
that at a 400/zM substrate concent ra t ion ,  theophyl-  
line is a bet ter  inhibitor of cyclic A M P  hydrolysis  
than is 3-methylxanthine,  but the latter compound  
is a bet ter  inhibitor of  cyclic G M P  hydrolysis  than 
is theophyl l ine.  

DISCUSSION 

A compos i te  of  proposed  degradat ive  pa thways  
for  the methylxanth ines  is shown in Fig. 5. Depend-  
ing upon the part icular  xanthine ingested,  most of  

the various metabol i tes  except  3-methyluric acid 
have been recovered  f rom man. The appearance  
of  t race quanti t ies of  1,3,7-trimethyluric and 3- 
methylur ic  acid in rat urine af ter  caffeine adminis- 
tration has been repor ted  by Khanna  et  al.  [20]. 
Macht  and Ting [21] recognized the desirabil i ty of 
testing the ant ispasmodic  effect  of  the mono- 
methylxanthines  on the bronchi ,  but such com- 
pounds were  unavailable at that time. 

The findings repor ted  here show that 3- 
methylxanthine  and theophyl l ine  have approxi-  
mately equal effects  in relaxing guinea pig t rachea 
and in stimulating cardiac muscle.  In addit ion,  the 
present  observa t ion  that 3-methylxanthine inhibits 
cyclic nucleot ide phosphodies te rase  establ ishes yet 
another  pharmacologica l  act ivi ty  shared by this meta- 
bolite and theophyll ine.  3-Methylxanthine was only 
slightly less act ive than theophyl l ine  as an inhibitor 
of  both cyclic A M P  and cyclic G M P  phospho- 
dies terase  when a 1.4 ~M substrate concent ra t ion  
was used.  H o w e v e r ,  at a 400/~M cycl ic  nucleot ide 
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concentration, theophylline was more active than 
3-methylxanthine as an inhibitor of cyclic AMP 
phosphodiesterase whereas 3-methylxanthine was 
more active than theophylline as an inhibitor of 
cyclic GMP phosphodiesterase. The potency ratio 
for theophylline and 3-methylxanthine as inhibitors 
of cyclic AMP and cyclic GMP hydrolysis using a 
1.4/zM substrate concentration was approximately 
the same as the ratio for their relaxing activities 
in tracheal smooth muscle. However,  for both com- 
pounds approximately five times higher concentra- 
tions were required to inhibit phosphodiesterase 
activity than to relax the smooth muscle tissue, 
suggesting the possible contribution of amplification 
mechanisms in the sequence of reactions between 
cyclic AMP and its ultimate effect on contractile 
elements [18]. Of the other monomethylxanthine 
and methyluric acids tested, the effects of I- 
methylxanthine are of particular interest. Like theo- 
phylline and 3-methylxanthine, l-methylxanthine 
was also capable of completely relaxing tracheal 
smooth muscle and, in addition, was as active as 
caffeine in causing an increase in cardiac contractile 
force. Although 1,3-dimethyluric acid and 3- 
methyluric acid both possess the ability to at least 
partially relax tracheal smooth muscle and 1,3- 
dimethyluric acid also stimulates cardiac muscle, 
the effective concentration of these compounds was 
considerably higher than that of 1-methylxanthine. 
In addition, no particular activity of l-methyluric 
acid on cardiac muscle could be demonstrated. 

Of the major methylxanthines, theophylline is of 
particular therapeutic importance in the manage- 
ment of chronic obstructive airway disease. 
Significant variations in the serum half-life of theo- 
phylline exist in patients, and it has been suggested 
that the half-life differences are related to the rate 
and/or pathway of theophyllinedegradation [22,231. 
In man, the major urinary excretion products of 
theophylline are 1,3-dimethyluric acid, I-methyluric 
acid and 3-methylxanthine [9]. Thus, the metabolite 
found in the present study to be almost equipotent 
with theophylline occurs in man. Therefore,  
attempts to adjust the plasma concentration for 
optimum theophylline dosage may require quanti- 
ration of 3-methylxanthine as well. 

In addition, other situations exist where the know- 
ledge of the presence of an active metabolite may 
be of critical importance. The elimination of 3- 
methylxanthine and other metabolites is dependent 
on adequate renal function, whereas elimination of 
theophylline is primarily dependent on hepatic 
metabolism. In patients with impaired renal function 
but normal hepatic function, 3-methylxanthine may 
accumulate and contribute to the effects of admin- 
istered theophyiline. Potentialy toxic reactions due 
to additive effects of the two xanthines may occur 
even though a patient's serum theophylline levels 
were maintained within the recommended range of 
8-20/zg/ml [22]. The observation of Lohmann and 
Miech [24] on the effect of allopurinol on theo- 
phylline metabolism in the rat represents yet another 
consideration. These investigators showed that, 
whereas l-methyluric acid was a product of theo- 
phylline metabolism in the control rat, l-methyl- 
xanthine was produced in the presence of allo- 

purinol. They concluded that theophylline was N- 
demethylated to I-methylxanthine by the hepatic 
microsomal drug-metabolizing enzyme system and 
then l-methylxanthine was converted to I-methyl- 
uric acid by xanthine oxidase. This latter step is 
blocked by allopurinol. Such a drug interaction 
could result in plasma levels of an active rather than 
an inactive metabolite. Furthermore, variations in 
the plasma concentrations of active metabolites may 
also be expected if the rate of theophylline dis- 
position is altered. Indeed, the serum half-life of 
theophylline has been shown to be affected by 
agents known to induce the hepatic microsomal 
enzyme system 124-27]. 

The knowledge that metabolites of the methyl- 
xanthines possess pharmacological activity may 
also help to interpret some of the current discrep- 
ancies between the observed pharmacological and 
biochemical activities of these agents. For example, 
higher concentrations of theophylline in vitro are 
required to inhibit phosphodiesterase than are the 
documented plasma levels of theophylline which 
appear to be associated with symptomatic relief in 
obstructive lung disease [22, 23, 28]. Since 3- 
methylxanthine is now also shown to inhibit phos- 
phodiesterase, an additive effect in vivo with that 
of theophylline might be one possible explanation 
for the differences between enzymatically and thera- 
peutically effective concentrations of theophylline. 

REFERENCES 

1. J. M. Ritchie, in The Pharmacological Basis of Thera- 
peutics (Eds. L. S. Goodman and A. GilmanL 5th 
Edn, p. 367. Macmillan, New York (1975). 

2. R. W. Butcher and E. W. Sutherland, J. biol. Chem. 
237, 1244 (1962). 

' 3. C. C. Scott, R. C. Anderson and K. K. Chen, J. 
Pharmac. exp. Ther. 86, 113 (1946). 

4. C. W. Quimby, D. M. Aviado and C. F. Schmidt, J. 
Pharmac. exp. Ther. 122, 396 (1958). 

5. A. K. Armitage, J. Boswood and B. J. Large, Br. J. 
Pharmac. Chemother. 17, 196 (1961). 

6. J. A. Beavo, N. L. Rogers, O. B. Crofford, J. G. 
Hardman, E. W. Sutherland and E. V. Newmann, 
Molec. Pharmac. 6, 597 (1970). 

7. B. B. Brodie, J. Axelrod and J. Reichenthal, J. biol. 
Chem. 194, 215 (1952). 

8. H. H. Cornish and A. A. Christman, J. biol. Chem. 
228, 315 (1957). 

9. R. D. Thompson, H. T. Nagasawa and J. W. Jenne, 
J. Lab. clin. Med. 84, 584 (1974). 

10. A. W. Burg, Drug Metab. Rev. 4, 199 (1975). 
1 I. D. Weinstein, I. Mauer, M. L. Katz and S. Kazmer, 

Mutation Res. 31, 57 t l975). 
12. R. D. Green and L. R. Stanberry, Biochem. Pharmac. 

26, 37 (1977). 
13. J. C. Castillo and E. J. deBeer, J. Pharmac. exp. Ther. 

90, 104 (1947). 
14. N. L. Stephens, E. Kroeger and J. A. Mehta, J. appl. 

Physiol. 26, 685 (1969). 
15. J. M. Van Roosum, Archs int. Pharmacodyn. Ther. 

143, 299 (1963). 
16. W. W. Fleming, D. P. Westfall, I. S. de la Lande and 

L. B. Jellett, J. Pharmac. exp. Ther. 181,339 (1972), 
17. W. J. Thompson and M. M. Appleman, Biochemistry 

10, 311 (1971). 
18. J. B. Poison, J. J. Krzanowski, D. F. Fitzpatrick and 

A. Szentivanyi, Biochem. Pharmac. 27, 254 (1978). 



1550 J . F .  Will iams et al. 

19. J. B. Poison, J. J. Krzanowski ,  D. F. Fitzpatrick and 
A. Szent ivanyi ,  Ann. Allergy 38, 439 (1977). 

20. K. L. Khanna ,  G. S. Rao and H. H. Cornish ,  Toxic. 
appl. Pharmac. 23, 720 (1972). 

21. D. 1. Macht  and G. Ting, J. Pharmac. exp. Ther. 18, 
373 (1921). 

22. J. W. Jenne,  E. Wyze ,  T. S. Rood and F. M. Mac- 
Donald,  Clin. Pharmac.  Ther. 13, 349 (1972). 

23. E. F. Ellis, R. K o y s o o k o a n d G .  Levi,  Pediatrics, N. Y. 
58, 542 (1976). 

24. S. Lohmann  and R. P. Miech,  J. Pharma¢. exp. Ther. 
196, 213 (1976). 

25. J. F. Will iams and A. Szent ivanyi ,  J. Allergy din.  
Immun.  55, 125 (1975). 

26. J. Jenne ,  H. Nagasawa,  R. McHugh ,  F. MacDonald 
and E. Wyse ,  Life Sci. 17, 195 (1976). 

27. S. Hunt ,  W. J. Jusko  and A. Yurchak.  Clin. Pharmac. 
Ther. 19, 546 (1976). 

28. H. Bergstrand,  H. Kris tofferson,  B. Lundquis t  and 
A. Schurmann ,  Molec. Pharmac. 13, 38 (1977). 


