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vitro, and  MAO ac t iv i ty  was de te rmined .  Al iquots  of 
e thano l  were added  to all cont ro l  samples.  

Results. R a t  h y p o t h a l a m i c  MAO ac t iv i ty  was uneffec ted  
b y  changes  in pho tope r iod  (Table) b u t  was inh ib i ted  in 
v i t ro  when  me la ton in  was added  a t  concen t ra t ions  of 
10 .4 and  10 .5 M (Table). R a t  hypo tha l amic  MAO ac t iv i ty  
was increased af ter  p inea lec tomy.  R a t  p i t u i t a ry  MAO 
was s ignif icant ly  increased by  cons t an t  l ight  and  pineal-  
e c t o m y  and  was s ignif icant ly  decreased by  c o n s t a n t  
darkness  (Table). Addi t ions  of mela ton in  in v i t ro  a t  
concen t ra t ions  of 10-4 t h r o u g h  10 .6 M decreased p i t u i t a ry  
MAO ac t iv i ty  (Table). 

Discussion. R ecen t  repor t s  suggest  t h a t  5-I-IT as well 
as o ther  biogenic amine  levels increase in the  h y p o t h a l a m u s  

Monoamine oxidase activity in rat hypothalamus and pituitary after 
melatonin injections, alterations in photoperiod, pinealectomy, or 
additions of melatonin in vitro 

Treatment No. of Tissue CPM • 102/mg P-value 
animals tissue 

Photoperiod 
LL 7 Hypothalamus 60.68 • 3.86" > 0.50 b 
LD 7 Hypothalamus 64.69 -b 3.28 
DD 7 Hypothalamus 63.21 =E 2.68 > 0.50 

> 0.50 o 
< 0.01 LL 7 Pituitary 96.95 =L 6.10 

LD 7 Pituitary 74.70 ~ 1.17 
DD 7 Pituitary 64.49 =E 2.59 

Pinealectomy 
Control Hypothalamus 
Pinealectomized Hypothalamus 
Control Pituitary 
Pinealeetomized Pituitary 

Melatonin in vitro a 
Control Hypothalamus 
10-4M Melatonin 
10-SM Melatonin 
10-SM Melatonin 
Control Pituitary 
10-4M Melatonin 
10-SM Melatonin 
10-6M Melatonin 

< 0.01 
< 0.001 

60.41 ~2 0:62 
65.03 n~ 0,56 < 0.10 
40.30 -1- 6.52 
60.86 ~ 4.19 < 0.02 

81.32 -4- 1.20 
58.53 :J= 0.83 < 0.001 
66.25 -b 0.36 < 0.001 
81.22 :J= 0.33 > 0.50 

9.12 4- 0.37 
6.63 ~: 0.12 < 0.05 
7.66 -t- 0.38 < 0.05 
7.39 -4- 0.42 < 0.05 

and  midbra in  af ter  me la ton in  injectionslS, 13. The resul ts  
f rom our inves t iga t ions  suggest  t h a t  this  increase could 
be due to mela ton in  induced  inhib i t ion  of MAO act iv i ty .  
This  is sugges ted  by  the  effects of p inea lec tomy,  pho to -  
per iod al terat ions,  and  mela ton in  addi t ions  in v i t ro  on 
p i t u i t a ry  and  h y p o t h a l a m i c  MAO act iv i ty .  The effects 
of the  t r e a t m e n t s  on 1V[AO ac t iv i ty  were more  d rama t i c  in 
t he  p i t u i t a ry  t h a n  in t he  h y p o t h a l amu s .  Because the  
h y p o t h a l a m u s  is a m i x t u r e  of  var ious  t ypes  of neurons,  
i t  m a y  n o t  be as homogeneous  a source of MAO as the  
p i tu i ta ry .  More clear cu t  results  might ,  therefore ,  be 
expec ted  wi th  t he  p i t u i t a r y  t h a n  wi th  h y p o t h a l a m i c  
prepara t ions .  Specific areas of the  h y p o t h a l a m u s  m i g h t  
undergo  changes  in MAO ac t iv i ty  t h a t  could be d i lu ted  
and  therefore  no t  de t ec t ed  wi th  whole h y p o t h a l a m i c  
h o m o g e n a t e  p repara t ions .  

Recen t ly  i t  was  sugges ted  t h a t  p inea lec tomy enhances  
L H  mobi l iza t ion  via a cent ra l  serotonergic  mechanism,  
pe rhaps  by  depress ing sero tonin  levels of the  h y p o t h a l a m u s  
thus  enhanc ing  L H  seeret ion 31. Mela tonin  admin i s t r a t ion  
has  the  opposi te  effect  and  increases serotonin  levels is, 31. 
Our da t a  suggest  t h a t  MAO ac t iv i ty  is effected b y  mela-  
ton in  and  could r ep resen t  a t a rge t  enzyme for th is  hormone .  
In  th is  respect ,  t he  effect  of me la ton in  on MAO ac t iv i ty  
could explain  t he  changes  in bra in  biogenic amines  af ter  
mela ton in  inject ions  lS, 19, and  could also expla in  h o w  
mela ton in  suppresses  F S H  and L H  secret ion 1~-18. Mela- 
t on in  could a l ter  biogenic amine  levels in the  b ra in  by  
inhib i t ing  MAO ac t iv i ty  and  thus  effect  b iochemical  and 
behaviora l  processes in t he  animal.  

Summary. R a t  p i t u i t a ry  MAO ac t iv i ty  was reduced  by  
co n s t an t  darkness  and  b y  addi t ions  of mela ton in  in vi t ro  
and  was increased by  c o n s t a n t  l ight  and  by  p inea lec tomy.  
H y p o t h a l a m i c  MAO ac t iv i ty  followed the  same p a t t e r n  
b u t  was less d ramat i ca l ly  affected.  The da t a  suggest  t h a t  
MAO m a y  be a t a rg e t  enzyme  for mela tonin .  

R. L. URRy23 and L. C. ELLIS 
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Activities are expressed as mean :J~ standard error of mean. 
Standard error of mean values, b P-value when compared with 

control animals (pinealectomized control and LD animals, respective- 
ly). ~ P-value when compared with other treated group, a N ~ 6  for 
each assay. 

21 L. TI•A, G. P. TRENTINI and B. MESS, Neuroendoerinology 12, 
149 (1973). 

22 Present address: The Division of Urology, The University of 
Rochester, School of Medicine and Dentistry, 260 Crittenden 
Boulevard, Rochester, New York, 14642, USA. 

Cycl ic  N u c l e o t i d e s  v s .  A d e n o s i n e  A n a l o g s  as  Inh ib i tor s  of Adeny la te  Cyc lase  Act iv i ty :  
N o n i d e n t i t y  of S i t e s  of Ac t ion  

Previous  repor t s  f rom our laborator ies  concerning the  
inh ib i t ion  of adeny la t e  cyclase (basal) ac t iv i ty  f rom guinea-  
pig lung by  cyclic nucleot ide  der iva t ives  1 and  adenosine  
analogs 2 have  con t r a s t ed  the  act ions  of these  two  classes 
of inhibi tors  in a t  least  two  ways.  Firs t ,  the  inhib i t ion  
by  2 'O-pa lmi toy l  cyclic A M P  1 appears  compe t i t ive  f rom 
double-reciprocal  k inet ic  plots,  whereas  t he  cor responding  
analysis  for the  adenosine  analog, 9-( te t rahydro-2-furyl ) -  
adenine,  reveals  inh ib i t ion  of a noncompe t i t i ve  t y p e  2. 
Second, inh ib i t ion  of cyclase ac t iv i ty  by  adenosine  ana-  
logs is Mg2+-dependent  3, whereas  inhib i t ion  b y  cyclic 
nucleot ide  der iva t ives  is not1, 3. In  th is  communica t i on  

we p resen t  the  resul ts  of addi t iona l  s tudies  t h a t  clearly 
show t h a t  the  s t ruc tu ra l  r equ i remen t s  for inhib i t ion  by  
t h e s e  two  classes of c o m p o u n d s  are marked ly  different .  

I I. WEINRYB, I. M. MICHEL and S. M. HEss, Arch. Biochem. 
Biophys. 15d, 240 (1973). 

2 I. WEXHRYB and I. M. MICHEL, Biochim. biophys. Acta 334, 218 
(1974). 

8 I. WEINRYB, I. M. MICHEL, J. ALICINO and S. M. HESS, Arch. 
Biochem. Biophys. ld6, 591 (1971). 

4 I. WEINRYB and I. M. MICHEL, Experientia 27, 1386 (1971). 
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Table I. 6-Substituted cyclic nucleotides as inhibitors of adenylate cyclase activity from guinea-pig lung 
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Compound I~0 (mM) �9 % Inhibition at 6 mM 

A) 1.8 mM Mg 2+ present in assay 
Cyclic AMP > 6.0 < 15 
N 6, N6-diethyl cyclic AMP 2.3 75 
NS-benzyl cyclic AM P 0.3 76 b 
8-Benzylthio cyclic AMP >6.0 < 15 
N6-ethyl-8-benzylthio cyclic AMP 3.5 60 
N s, N6-diethyl-8-benzylthio cyclic AMP 0.3 94 b 
N6-butyl-8-benzylthio cyclic AMP 0.6 100 

B) 11.8 mM Mg ~+ present in assay 
N6-ethyl-8-benzylthio cyclic AMP 3.5 77 
NS-butyl-8-benzylthio cyclic AMP 0.5 100 
N6-phenylcarbamoyl-8-benzylthio cyclic AMP 1.0 50 b 
6-Piperidino-8-benzylthio purine cyclic ribotide 0.2 100 b 

Concentration of inhibitor necessary for 50% inhibition of cyclase activity, b Inhibition at 1 mM compound. 

Mater ia l s  and  methods. Dupl ica te  assays of adeny la te  
cyclase ac t iv i ty  were carried ou t  as repor ted  previous-  
ly 3,1 w i th  Ea-3'2P]ATP as subs t r a t e  and an isolation 
procedure  involving the  use of [~H]cyclic A M P  as a 
recovery  s t anda rd ,  c h r o m a t o g r a p h y  on Dowex  50 ion 
exchange  resin, and t r e a t m e n t  w i th  nascen t  BaSO 4. 
Adeny la t e  cyclase f ract ions  were suspensions  of once- 
washed  pel lets  ob ta ined  by  cen t r i fuga t ion  (at 1000•  
for 15 rain) of homogena tes  of lung t issue 1 f rom male 
guinea-pigs.  Cyclic nucleot ide der iva t ives  were suppl ied by  
Dr. R. K. ROBINS of the  Nucleic Acid Research  In s t i t u t e  
of ICN Pharmaceut ica l s ,  Inc.  Adenosine  analogs were 
con t r ibu ted  by  Miss K. A. LOSEE of the  Squibb  Ins t i t u t e  
for Medical Research,  excep t  for N6-(3-methyl-2-bute  - 
nyl )adenos ine  (NSC 105546), which  was ob ta ined  f rom 
l)r.  I-[. B. WOOD, JR., of the  Nat iona l  Cancer Ins t i tu te .  

Resul ts  and  discussion.  Subs t i tu t ion  of the  N6-amino 
funct ion  of e i ther  cyclic AMP or the  8-benzyl thio der iva-  
t ive  increases the  po tency  of the  resul t ing compou n d  as 
an inhibi tor  of basal  cyclase act iv i ty ,  re la t ive  to the  pa ren t  
s t ruc ture  (Table I). 6 -Piper id ino-8-benzyl th iopur ine  
cyclic r ibot ide  is mos t  s t r iking in th is  regard,  being more  
t h a n  30 t imes  as p o t e n t  as 8-benzyl thio cyclic AMP. 
The I50 value (0.2 mM)  de te rmined  for th is  c o m p o u n d  is, 
however,  s ignif icant ly  higher  t h a n  t h a t  (0.03 mM)  found 
for 2"0-palmitoyl cyclic A M P ' ,  the  mos t  p o t e n t  cyclic 
nucleot ide  inhib i tor  we have  observed.  Similarly, N "- 
benzyl  cyclic AMP is more  t h a n  20 t imes  as p o t e n t  as 
cyclic AMP as a cyclase inhibi tor .  Resul ts  for the  N 6- 
e thy l -8-benzyl th io  and  N6-butyl -8-benzyl th io  der iva t ives  
emphas ize  the  lack of dependence  of inh ib i to ry  p o t e n c y  
upon  Mg 2+ concent ra t ion .  

In  marked  con t r a s t  to  the  resul ts  for cyclic nucleot ide  
der ivat ives ,  subs t i tu t ion  of the  N*-amino group of e i ther  
adenosine  or 9-benzyladenine  decreases the  inh ib i to ry  
effect  re la t ive  to the  p a r e n t  compound  (Table II).  Fo r  
the  9-benzyladenine  series, the  decreases in p o t e n c y  
a m o u n t  to more  t h a n  30-fold. I t  is of in te res t  t h a t  replace- 
m e n t  of t he  N6-amino group (as in 9-benzyl-6-chloro-  
purine) does no t  decrease inh ib i to ry  p o t en cy  a n y  fu r the r  
than ,  for example ,  alkyl  or dialkyl  subs t i tu t ion  of the  
amino group. 

These resul ts  r ep resen t  addi t ional  evidence  t h a t  
cyclic nucleot ide  der iva t ives  and adenosine  analogs 
inhibi t  cyclase ac t iv i ty  by  d i f ferent  mechanisms .  Na j j a r  
et  al. 5-7 have  recent ly  pos tu la t ed  a model  for t he  regula-  
t ion of adeny la t e  cyclase ac t iv i ty  in which  the  enzyme  is 
inac t iva ted  th rough  phosphory la t ion  by  a cyclic AMP-  
d e p e n d e n t  pro te in  kinase,  possibly p resen t  in close proxi-  
m i t y  to cyclase in t he  p lasma  membrane .  This  mode l  
suggests  t h a t  the  p o t e n c y  of a cyclic nucleot ide  as an 
inhib i tor  of lung cyclase ac t iv i ty  migh t  be d i rec t ly  
re la ted  to its abi l i ty  to  s t imula te  cyclic A M P - d e p e n d e n t  
p ro te in  kinase in the  same prepara t ion .  D a t a  concern ing  
the  abi l i ty  of cyclic nucleot ides  to s t imula te  p lasma-  
membrane -as soc i a t ed  p ro te in  kinase f rom lung are no t  

5 A. CONSTANTOPOULOS and V. A. NAJJAR, Biochem. biophys. Res. 
Conmmn. 53, 794 (1973). 

6 p. LAYNE, A. CONSTANTOPOULOS, J. F. X. JUDGE, R. RAUNER 
and V. A. NAJJAR, Biochem. biophys. Res. Commun. 53, 800 
(1973). 
V. A. NAJJAR and A. CONSTANTOPOULOS, Molec. Cell Bioehem. 2, 
87 (1973). 

Table II. 6-Substituted adenosine analogs as inhibitors of adenylate cyclase activity from guinea-pig lung 

Compound I50 (raM) ~ % Inhibition at 6 mM 

Adenosine 0.15 86 
N6-(3-Inethyl-2-butenyl)adenosine ND c 57 
9-Benzyladenine 0.2 81 b 
9-Benzyl-N 6, N~-dimethyladenine > 6.0 34 
9-Benzyl-N6-ethyladenine ~6.0 49 
9-Benzyl-6-hydrazinopurine > 6.0 22 
9-Benzyl-6-ehloropurine ~6.0 49 

Concentration of inhibitor necessary for 50 % inhibition of cyclase activity. Assays carried out in the presence of 11.8 mM Mg ~+. b Inhibition 
at 3 mM compound, c Not determined. 
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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. 

I. %VEINRYB and I. M. MICHEL 

Department o/Biochemical Pharmacology, 
Squibb Inst i tute/or Medical Research, P.O. Box 4000, 
Princeton (New Jersey 08540, USA),  18 March 1975. 

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 -  

1 G. J. MANNERING, in Selected Pharmacological Testing Methods 
(Ed. A. BURGER; Marcel Dekker, New York 1968). 
T. C. CAMPBELL and J. R. HAYES, Pharmac. Rev. 26, 171 (1974). 

a A. H. CONNEY, Pharmac. Phys. 3, 1 (1969). 
4 C. MITOMA, T. J. SORICH II, and S. E. NEUBAUER, Life So. 7, 145 

(1968). 
5 C. MITOMA, L. LOMBROZO, S. E. LE VALLEY and F. DEHN, Arch. 

Biochem. Biophys. 73d, 434 (1969). 
s K. L. KHANNA and H. H. CORNISH, Fd. Cosmet. Toxic. 77, 11 

(1973). 
7 j .  R. ForTs, Toxic. appl. Pharmac. 16, 48 (1970). 
8 K. S. RAO, E. A. GLENDE and R. O. RECKNAGEL, Expl. molec. 

Pharmac. 72, 324 (1970). 

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. 


