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avai lable in the  l i terature .  However ,  cyclic AMP a t  
concen t ra t ions  f rom 10 .6 M to 10 -z M did no t  affect  
lung cyelase ac t iv i ty  (_< 7% change),  as migh t  have  been 
expec ted  if kinase ac t iv i ty  regula ted  cyclase ac t iv i ty  in 
these  f ract ions  (see also referenceS). The  resul ts  of th i s  
e x p e r i m e n t  suggest  t h a t  cyclic nucleot ides  do no t  
inh ib i t  lung cyclase ac t iv i ty  via  effects on an associa ted 
pro te in  kinase, and t h a t  adenos ine  analogs and  cyclic 
nucleot ides  m a y  inhib i t  cyclase ac t iv i ty  by  d is t inc t  
in te rac t ions  w i th  the  cyclase moie ty .  

Zusammenfassung. Subs t i tu t ion  einer N~-Aminogruppe  
eines zykl ischen Nukleot ids  f t ihr t  zu einer e rh6h ten  

H e m m w i r k u n g  des Nukleot ids  gegentiber  Adenyl-Cyclase  
yon  Meerschweinchenlungen ,  w/ihrend die NC-Amino - 
Subs t i t ion  von Adenos in -Ana logen  eine he rabgese tz te  
Inh ib i t i onswi rksamke i t  gegeni iber  demse lben  E n z y m  
zur Folge ha t .  Die exper imen te l l en  Da ten  fiihren zu dem 
Schluss, dass  der  I nh ib i t i onsmechan i smus  gegeniiber 
Cyclase fiir beide V e r b i n d u n g s t y p e n  versch ieden  ist. 
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Inf luence  of M e t h y l x a n t h i n e s  on  Ani l ine  D i s a p p e a r a n c e  and M e t a b o l i s m  in Rat s  

A change  in microsomal  enzyme  ac t iv i ty  m a y  resul t  in 
in tox ica t ion  1, 2 or par t ia l  inac t iva t ion  of drug  act ion 3 and  
hence  be hazardous  to  animals  or man.  Therefore,  th is  
s t u d y  was unde r t aken  to compare  the  in vivo and  in 
v i t ro  drug me tabo l i sm of m e t h y l x a n t h i n e s  which  have  
been  found  to s t imula te  4,5 or inh ib i t  s microsomal  
enzyme ac t iv i ty  when  measured  in vi tro.  

Materials and methods. For  b o t h  assays, in vi t ro  and  
in vivo m e a s u r e m e n t  of microsomal  enzyme act iv i ty ,  male 
ra t s  weighing 315 -4- 10 g were d iv ided be tween  1 control  
and  8 t e s t  groups. Animals  were p re t r ea t ed  wi th  caffeine 
150 mg/kg  or 37.5 mg/kg,  or t heob romine  150 mg/kg  or 
37.5 mg/kg ;  i n s t an t  tea,  or i n s t an t  coffee conta in ing  75 
mg/kg  of caffeine. All these  subs tances  were di luted in 
wa te r  and admin i s t e red  per  os dai ly  for 3 days.  2 addi-  
t ional  groups were in jec ted  i.p. e i ther  w i th  75 mg/kg  of 
phenobarb i t a l ,  a classic inducer  ~ or 100 mg/kg  of S K F  
525-A a known  inh ib i to r  8. An in vivo and  in vi t ro  assay 
was  also carr ied out  using male ra t s  (320 -4- 20 g) which  
were  p r e t r ea t ed  w i t h  75, 46 or 27 mg/kg  of phenoba rb i t a l  

or 100, 56 or 32 mg/kg  of S N F  525-A t o g e t h e r  wi th  a 
control  group. 

The in vivo and in vi t ro  m e a s u r e m e n t s  were made  24 h 
af ter  t he  last  admin i s t r a t i on  of all t e s t  substances ,  
excep t  in the  case of S K F  525-A measured  af ter  1 h. To 
de t e rmine  the  microsomal  me tabo l i sm in vivo,  ra ts  were 
in jec ted  i.p. w i th  50 mg/kg  of anil ine and af ter  approxi -  
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Table I. In vitro measurement of microsomal enzyme activity 

Aniline hydroxylase Cytochrome P-450 
(pmoles p-amino phenol/rag protein/min incubation) (nmoles/mg protein) 

Control 39.8 =k 4.0 0.831 4- 0.126 
(water) 
Theobromine 67.1 =L 7.4c 0.783 4- 0.097 
(150 mg/kg) 
Theobromine 38.8 ~ 4.2 0.814 • 0.051 
(37.5 mg/kg) 
Caffeine 45.6 :[: 3.9a 0.787 4- 0.163 
(150 mg/kg) 
Caffeine 36.7 :J: 5.6 0.833 • 0.127 
(37.5 mg/kg) 
Instant coffee 44.7 :~ 4.6 0.824 :L 0.093 
(containing 75 mg of caffeine/kg) 
Instant tea 51.7 ~: 5.4 o 0.830 -b 0.152 
(containing 75 mg of caffeine/kg) 
SKF525-A 28.5 ~: 5.7 b 0.785 + 0.095 
(100 mg/kg once) 
Phenobarbital 127.3 ~ 15.9o 1.080 4- 0.106 b 
(75 mglkg) 

Theobromine, caffeine, instant coffee, instant tea and water for controls were administered per os daily for a 3-day pretreatment. Pheno- 
barbital was injected i.p. daily for 3 days and SKF 525-A once only. Each group contained 8 male rats and mean values with confidence limits 
at 95% were given. Significant difference (t-test) between control and treated groups is indicated as: ap < 0.05; bp < 0.01; op < 0.001. 
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Table II. Induction or inhibition of in vitro metabolism 
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Aniline hydroxylase Cytochrome P-450 
(pmoles p-amino phenol/rag protein/min incubation) (nmoles/mg protein) 

Control 39.3 i 2.3 0.750 4- 0.046 

Phenobarbital 50.0 4- 4.9 0.870 4- 0.040 
(27 mg/kg) 
Phenobarbital 56.2 4- 3.0 b 0.982 4- 0.060 * 
(48 mg/kg) 
SKF 525-A 44.5 4- 4.7 0.786 • 0.098 
(32 mg/kg) 
SKF 525-A 34.8 4- 5.2 0.761 • 0.074 
(56 mg/kg) 

Phenobarbital was injected i.p. daily for 3 days and SKF 525-A once only. Each group contained 6 male rats and mean values with confi- 
dence limits at 95% were given. Significance is given as: ~p < 0.05; bp < 0.01. 

m a t e  d i f fus ion  e q u i l i b r i u m  w a s  e s t ab l i shed ,  an i l ine  
d i s a p p e a r a n c e  f r o m  t h e  b lood  w a s  m e a s u r e d .  M i c r o s o m a l  
e n z y m e  a c t i v i t y  in v i t r o  w a s  m e a s u r e d  b y  a m e t h o d  
u s i n g  ani l ine  as s u b s t r a t e  9 a n d  b y  d e t e r m i n i n g  t h e  c y t o -  
c h r o m e  P-450 level 1~ T h e  LOWRY 11 m e t h o d  w a s  used  for  
p r o t e i n  d e t e r m i n a t i o n .  

Results.  I n  vitro measurement .  I n  r a t s  p r e t r e a t e d  w i t h  a 
h i g h  dose  of m e t h y l x a n t h i n e s  (caffeine or  t h e o b r o m i n e  a t  
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Fig. 1. In vivo measurement of microsomal enzyme activity. Theo- 
bromine, caffeine, instant coffee, instant tea and water for controls 
were administered per os daily over a 3-day pretreatment period. 
Phenobarbital was injected i.p. daily for 3 days and SKF 525-A 
once. Animals were then injected i.p. with 50 mg/kg of aniline. 
Aniline disappearance was measured using 6 male rats per group. 
Decline of aniline levels in serum over time was presented as regres- 
sion lines on a semi-log scale. Significant difference between controls 
is indicated as p < 0.01 a or NS if not significant. , Control, 
theobrolnine 150 or 37.5 mg/kg, caffeine 150 or 37.5, g/kg, instant 
tea or instant coffee containing 75 mg/kg of caffeine, all NS. - . . . . .  , 
SKF 525-A 100 mg/kg ~. . . . .  , Phenobarbital 75 mg/kg ~. 

150 mg /kg )  or  i n s t a n t  t ea  (1 g / k g  c o n t a i n i n g  a b o u t  75 m g /  
kg  of caffeine) t he  an i l ine  h y d r o x y l a t i o n  r a t e  w a s  
s ign i f i can t ly  increased .  H o w e v e r ,  i n s t a n t  coffee a t  a dose  
of 1.25 g /kg  ( con t a in ing  75 m g / k g  caffeine)  or  m e t h y l -  
x a n t h i n e s  a t  a lower  dose  (37.5 m g / k g )  did n o t  c h a n g e  
m i c r o s o m a l  e n z y m e  ac t iv i ty .  T h e  m i c r o s o m a l  e n z y m e  
a c t i v i t y  w a s  inc reased  3-fold w h e n  a dose  of 75 m g  
p h e n o b a r b i t a l / k g  w a s  g iven  (Table  I), a t  a dose  of 48 rag /  
kg  a sma l l e r  b u t  stil l  s i gn i f i can t  increase  (p < 0.01) w a s  
also obse rved .  P r a c t i c a l l y  no  c h a n g e  in e n z y m e  a c t i v i t y  
w a s  o b s e r v e d  w h e n  p h e n o b a r b i t a l  w a s  g iven  a t  27 m g / k g  
( s ign i f ican t  inc rease  o n l y  for  p < 0.10). S K F  525-A, 
h o w e v e r ,  o n l y  i n h i b i t e d  e n z y m e  a c t i v i t y  s ign i f i can t ly  
w h e n  g iven  to  a n i m a l s  a t  i ts  h i g h e s t  c o n c e n t r a t i o n  (100 
mg /kg ) .  

T h e  c y t o c h r o m e  P-450 level r e m a i n e d  u n c h a n g e d  for  a l l  
t h e  p r e t r e a t m e n t s  e x c e p t  for p h e n o b a r b i t a l ,  w h i c h  c au sed  
a d o s e - d e p e n d e n t  rise (Tables  I and  II). T h e  s igni f icance  
b e t w e e n  con t r o l  a n d  t e s t  g r o u p s  were  ca l cu la t ed  u s i n g  t h e  
t - tes t  b y  p l o t t i n g  t h e  t r e a t m e n t  m e a n s  w i t h  t he i r  95% 
conf idence  l imi t s  on  a line. 

I n  vivo measurements.  Since ani l ine  d i s a p p e a r a n c e  w a s  
s t u d i e d  b y  m e a s u r e m e n t s  m a d e  a t  d i f f e ren t  t i m e s  on  the  
s a m e  an ima l s ,  s t a t i s t i ca l  m u l t i v a r i a t e  a n a l y s e s  were  
appl ied .  T h e  ' B a r l e t t '  t e s t  s h o w e d  t h a t  t h e  ' w i t h i n  
g r o u p s '  d i s p e r s i o n  m a t r i x e s  were  h o m o g e n e o u s .  N o  
s ign i f i can t  d i f ferences  in t he  r a t e  of ani l ine  d i s a p p e a r a n c e  
in b lood  were  de tec ted ,  w i t h  r e s p e c t  to  t h e  cont ro l ,  a n d  
b e t w e e n  g r o u p s  p r e t r e a t e d  w i t h  t h e o b r o m i n e  150 or  
37.5 m g / k g ,  caffe ine  150 or  37.5 m g / k g ,  i n s t a n t  t e a  or  
i n s t a n t  coffee c o n t a i n i n g  75 m g / k g  of caffeine.  H o w e v e r ,  
an i l ine  d i s a p p e a r a n c e  w a s  s ign i f i can t ly  f a s t e r  or  s lower  
w h e n  r a t s  we re  p r e t r e a t e d  w i t h  a m i c r o s o m a l  e n z y m e  
i n d u c e r  (75 m g / k g  or  46 m g / k g  of p h e n o b a r b i t a l )  or  an  
i n h i b i t o r  (100 m g / k g  or  56 m g / k g  of S K F  525-A) r e spec t -  
ively.  

Discussion.  Of the  g r e a t  n u m b e r  of p u b l i c a t i o n s  
i n v e s t i g a t i n g  t h e  in f luence  of fo re ign  c o m p o u n d s  on  
m i c r o s o m a l  e n z y m e  m e t a b o l i s m  m e a s u r e d  in v i t ro ,  on ly  
a few were  c o n f i r m e d  in v i v o l .  T h e  in v i v o  m e t a b o l i s m  
r e p r e s e n t s  a c o m p l e x  of i n t e r p l a y s  s u c h  as  d r u g  m e t a b o -  
l ism, degree  of t i s sue  b ind ing ,  e x c r e t i o n  etc. 12. T h i s  
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J. biol. Chem. 193, 265 (1951). 
12 j .  R. GILLETTE, in Advances in Pharmacology (Eds. S. GARATTINI 

and P. A. SHO~EV; Academic Press, New York 1966), vol. 4, p. 219. 



896 Specialia EXPERIENTIA 31/8 

expla ins  w h y  in the  p resen t  s t u d y  m e t h y l x a n t h i n e s  and  
i n s t an t  t ea  s t imula ted  microsomal  enzyme  ac t iv i ty  
measured  in vi t ro ,  b u t  since the  level of aniline in the  
blood remained  unchanged  the  in vivo me tabo l i sm was 
no t  al tered.  I t  was also shown t h a t  caffeine 's  shor ten ing  of 
s leeping t ime 1. was  no t  due to  the  inf luence on drug  
me tabo l i sm b u t  r a the r  to  an i n t e r a c t i o n  at  t he  bra in  
level 1.. Fu r the rmore ,  consumpt ion  of a t  least  6 cups  of 
coffee or tea  per  day  by  h u m a n s  did no t  induce l iver 
microsomal  enzyme  ac t iv i ty  5. 

M e t h y l x a n t h i n e s  only  caused an induc t ion  in v i t ro  
when  given in concen t ra t ions  of 75 mg/kg  or higher,  as 
conf i rmed by  o the r  workers  4, 5. In  lower concent ra t ions ,  
m e t h y l x a n t h i n e s  did no t  change  in v i t ro  enzyme act iv i ty ,  
however  o the r  au thors  ~ have  claimed t h a t  caffeine given 
at  20 mg/kg  inhibi ts  microsomal  enzyme  act iv i ty .  B u t  
the i r  resul ts  were con t rad ic to ry ,  since one of the i r  sub-  
s t ra tes  used indica ted  an inhibi t ion,  the  o the r  an induct ion.  
On the  o ther  hand ,  t he  cy toch rome  P-450 level was  no t  
changed  b y  m e t h y l x a n t h i n e s  in the  p r e sen t  s t u d y  nor  in 
t he  in v i t ro  s tudies  of t h e  workers  men t ioned  above  5, s. 
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Fig. 2. Induction or inhibition of in vivo metabolism. Phenobarbital 
was injected i.p. daily for 3 days and SKF 525-A once. Animals 
were then injected i.p. with 50 mg/kg of aniline. Aniline disappearance 
from blood was measured using 6 male rats per group. Decline of 
aniline levels in serum was presented as regression lines on a semi- 
log scale. Significant difference between controls is indicated as 
p < 0.01~ or NS if not significant. , Control group. 
. . . . . . .  , a 1 SKF 525-A 100 mg/kg~; a 2 SKF 525-A 56 mg/kg~; 
a~ SKF 525-A 32 mg/kg NS. - . . . . . . .  , b 1 Phenobarbital 
27 mg/kg NS; b 2 Phenobarbital 48 mg/kg ~; b 3 Phenobarbital 75 rag/ 
kg a. 

Since c y t o c h r o m e  P-450 plays  an i m p o r t a n t  role in d rug  
metabolism15,16 and  its level is no rma l ly  increased by  
enzyme induct ion ,  i t  could be concluded t h a t  an induc t ion  
of in v ivo d rug  me tabo l i sm  can only  be expec ted  if the  
cy toch rome  P-450 level is e levated.  Especia l ly  since a 
d o s e -d ep en d en t  induc t ion  of microsomal  metabol i sm,  
caused b y  phenobarb i t a l ,  showed a ve ry  good correla t ion 
be tween  the  P-450 level and  the  in vivo aniline metabol i sm.  
Whereas ,  in v i t ro  aniline h y d r o x y l a t i o n  was  always more  
p ronounced  t h a n  the  in vivo metabol i sm.  

However ,  no such correla t ion be tween  in vivo and  in 
vi t ro  drug  me tabo l i sm  was  observed  w h e n  inhibi t ion 
occurred,  which  suggests  the  i n v o l v m e n t  of a d i f fe rent  
mechanism.  Anil ine h y d ro x y l a t i o n  was only  inh ib i ted  
when  S K F  525-A was admin i s t e red  to animals  in a h igh  
concen t ra t ion  (100 mg/kg) which  conf i rms o the r  workers '  
f indings 1~. B u t  a l ready  a t  a lower concen t ra t ion  of S K F  
525-A (46 mg/kg),  in vivo aniline me tabo l i sm was inhib i t -  
ed which  again agrees w i th  o the r  workers  is. P rov ided  t h a t  
t he  microsomal  enzyme  s y s t e m  is re la t ively  unspecific x9 
i t  can be concluded t h a t  compounds ,  which  induce in 
v i t ro  drug  me tabo l i sm m i g h t  no t  a lways have  an effect  
on microsomal  me tabo l i sm when  measured  in vivo. Hence  
a normal  coffee or tea consumpt ion  of 5 cups per  day  b y  a 
70 kg man,  resul t ing  in an  in take  of a b o u t  7 mg/kg  of 
caffeine and  t races  of theobromine ,  would  no t  have  
ha rmfu l  consequences  t h ro u g h  changes  in microsomal  
enzyme  actiVity. 

Zusammen/assung. Eine  I n d u k t i o n  der  Mikrosomal-  
enzyme der  Leber ,  gemessen in vi tro,  wurde  beobach te t ,  
wenn  hohe  Dosen yon  M e t h y l x a n t h i n e n  an R a t t e n  
ve rab re ich t  wurde.  W e n n  den Versuchs t ie ren  gleich hohe  
Dosen yon  den o b e n g e n a n n t e n  Subs tanzen  ve rab re ich t  
wurden,  die Akt iv i t / i t  der  a r zne imi t t e l abbauenden  En-  
zyme jedoch  in vivo gemessen wurde,  so war  kein Un te r -  
schied zur Kon t ro l lg ruppe  festzustel len.  
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C h a r a c t e r i z a t i o n  of  M y x o v i r u s  S i a l i d a s e  

In  myxovi ruses ,  t he  sialidase as well as haemagglu t in in  
is localized on the  outer -envelope  of t he  vir ion part icle.  
I t  has  been  r epo r t ed  t h a t  the  a n t i b o d y  agains t  virus 
sialidase was effect ive in p reven t ing  virus  infec t ionL 
Recen t l y  t he  virus  sialidase has  been considered to  p lay  
an i m p o r t a n t  role in t he  process  of virus mul t ip l ica t ion  2, a. 

The charac te r i za t ion  of t he  sialidase will be useful for a 
be t t e r  u n d e r s t an d i n g  of virus infection.  

In  t he  p re sen t  communica t ion ,  we compared  the  sub-  
s t r a t e  specif ic i ty  of t he  sialidase in several  species of 
myxovi ruses .  Previously ,  we discovered an inhib i tor  
aga ins t  bac ter ia l  sialidase called s ias ta t in  ~. The inh ib i to r  


