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Results and discussion. Assess ing  t he  u r i n a r y  exc re t ion  
of free 3 - m e t h o x y t y r a m i n e  in n o r m a l  i nd iv idua l s  of dif- 
f e ren t  ages b y  t h e  m e t h o d  descr ibed,  we found  t he  r e su l t s  
as sh o wn  in Tab le  II .  These  re su l t s  d e m o n s t r a t e  t h a t  in 
ch i ldren  t h e  exc re t ion  of free 3 - m e t h o x y t y r a m i n e  ex- 

Table I. Oxidation scheme of 3-methoxytyramine 

Sample (ml) Blank (ml) 

Solution for oxidation 
Saturated NaC1 solutioll 
5 N NaOH 
0.02 N iodine solution 

Alkaline sulphite solution la 

5N HC1 

2 31 Na2SO a solution 
5 N HCI 
0.02 N iodine solution 

3.0 3.0 
0.5 0.5 
- 0.45 
0.2 

Wait 4 min 
0.5 

\Vait 5 min 

1.0 

Keep at 80 :C for 30 rain 

- 0.05 
1 . 0  

0 . 2  

Read fluorescence of sample (F) and of blank (B) at 330/385 nm. 

Table I[. Urinary excretion of free 3-methoxytyramine in normal 
individuals 

Individuals 
examined 
(age in years) 

Nulnber Urinary 3-methoxytyramine 
Dg/24 h gzg/mg creatinine 

pressed in b~g/24 h is lower t h a n  in adu l t s ,  whe reas  t h e  re- 
verse  is t r ue  if t he  exc re t ion  is expressed  in b~g/mg 
crea t in ine .  

Since free 3 - m e t h o x y t y r a m i n e  was  p r e s e n t  in all u r ines  
e x a m i n e d ,  even  in those  of i nd iv idua l s  on a vege tab le -  
free diet ,  one can  a s s u m e  t h a t  p a r t  of th i s  e n d o g e n o u s l y  
fo rme d  m e t a b o l i t e  is exc re ted  by  t he  k idneys ,  as nor -  
m e t a n e p h r i n e  a nd  m e t a n e p h r i n e ,  t he  m e t h o x y d e r i v a t i v e s  
of no re p ine ph r ine  a n d  ep inephr ine .  I t  is of i n t e r e s t  to  no t e  
t h a t  t he  free 3 - m e t h o x y t y r a m i n e  exc re t ion  in n o r m a l  
a d u l t s  is 3 t i m e s  h ighe r  t h a n  t h a t  of free m e t a n e p h r i n e  
( m e a n :  ~ 3 0  ~zg/24 h) a n d  4 t i m e s  h ighe r  t h a n  t h a t  of free 
n o r m e t a n e p h r i n e  (mean :  ~ 20 ixg/24 h), b u t  cons ide rab ly  
less t h a n  t h a t  of t he  co r r e spond ing  phenol ic  acids,  i.e. 
homovan i l l i c  acid (mean :  8 mg/24  h) a n d  v a n i l m a n d e l i c  
acid (me a n :  4.5 rag/24 h ) n ,  lL 

In  v iew of t he  fac t  t h a t  q u a n t i t a t i v e  d e t e r m i n a t i o n s  of 
t h e  c a t e c h o l a m i n e s  a n d  of t he i r  ca t abo l i t e s  in t h e  u r ine  
h a v e  be c ome  inc reas ing ly  i m p o r t a n t  for d i agnos t i c  as 
well as o the r  pu rpose s  ~6, one m i g h t  a s s u m e  t h a t  t he  
a na ly s i s  of the  3 - m e t h o x y t y r a m i n e  excre t ion  will c rea te  
add i t i ona l  i nve s t i ga t i ve  possibil i t ies.  

Zztsamme.n/assung. Es  wird eine s / i u l e n c h r o m a t o g r a -  
ph i s c h - f l uo r ime t r i s c he  Me thode  zur  B e s t i m m u n g  des 
freien 3 - M e t h o x y t y r a m i n s  beschr ieben ,  lVIit ih rer  HiKe 
k o n n t e  fes tges te l l t  werden,  dass  s ich dieses D o p a m i n a b -  
b a u p r o d u k t  s t e t s  in bes t i anmte r  Menge im U r in  g e s u n d e r  
M e n s c h e n  n a c h w e i s e n  lgsst .  
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Metabolic Divisio~.~ o/ the Swiss  Cen ter /or  
Cli,nical T u m o u r  Research, Tie/ena.uspital, 
CH-JO00 Berne (Switaerlm~d), dO September 1969. 

Children 14 Mean: 37.0 Mean: 0.10 
(2 13) F.ange: 12.7--72.0 Range: 0.04-0.18 
Adults 14 Mean: 88.4 Mean: 0.067 
(25 102) Range: 30.3. 175.0 Range: 0.02 0.13 

14 I-t. I(ASI,.R, unpubllM~ed data. 
15 ]{. TANIGUCIH, u KAKIMOTO and 31. I). ;~-RNI~TIZONG, J. l.ab. olin. 

Med. 6d, 400 (I9(,4). 
1~ H. KaSER, Schwciz. Incd. \\:schr. 96, 258 (1966}. 

Effect of S o d i u m  Fluor ide  on the Epinephr ine  R e s p o n s e  of Liver  and H e p a t o m a  Adeny l  Cyc lase  

Some t u m o r s  ap pea r  to be e x e m p t  f rom the  r e g u l a t o r y  
control  f o u n d  in n o r m a l  t i s sue  wi th  t he  resu l t  t h a t  un-  
res t r ic ted  cell p ro l i fe ra t ion  occurs.  In  a t t e m p t s  to def ine  
the  cont ro l  p o in t s  w i th in  t u m o r  cells t h a t  v a r y  as com-  
pa red  wi th  n o r m a l  ceils, a v a r i e t y  of p a r a m e t e r s  }lave been  
s tud ied .  Th e  fu n c t i ons  wh ich  h a v e  been  cons idered  in- 
c lude resp i ra t ion  ~ and  metabolism-",  cell g rowth  a, cell 
d i f fe ren t i a t ion  ~ an d  d iv is ion  5. We h a v e  i n v e s t i g a t e d  t he  
e n z y m e  ad en y l  cyclase,  k n o w n  to be t he  m e d i a t o r  of t he  
h o r m o n a l  effect  of ep inephr ine  and  t h o u g h t  there fore  to 
f unc t i o n  a t  a cont ro l  poin t .  T h e  p r o d u c t  of t he  adeny l -  
cyclase  reac t ion  (3'-5 '  cyclic AMP) regu la t e s  t he  f o r m a t i o n  
of t h e  p h o s p h o r y l a t e d  p r o d u c t s  of glycolysis .  A d e n y l  
cyclase,  therefore ,  in te r faces  h o r m o n a l  effects  a n d  
cellular  m e t a b o l i s m .  

As a mode l  s y s t e m  u p o n  wh ich  to t e s t  the  h y p o t h e s i z e d  
difference b e tween  t u m o r  and  n o r m a l  t issue,  we h a v e  
chosen  Morris  h e p a t o m a s  t y p e s  7777 (52 genera t ion) .  
7794A (21st genera t ion) ,  and  ~618A (4th genera t ion) ,  
ve r sus  n o r m a l  iiver.  Morris  h e p a t o m a s  h a v e  e l eva ted  

levels  of adeny l  cyclase  re la t ive  to n o r m a l  liver, a n d  t he  
a m o u n t  of increased  a de ny l  cyclase  a c t i v i t y  corre la tes  
wi th  the  g r o w t h  ra te  of t h e  h e p a t o m a  (i.e., t h e  sho r t e r  t he  
doub l ing  t i m e  for t he  pa r t i c u l a r  h e p a t o m a ,  t he  h ighe r  is 
i ts a de ny l  cyc lase  content )6 .  

3Iaterials  and m.ethods. Adenv l  cyc lase  a c t i v i t y  f r om 
t r a n s p l a n t e d  h e p a t o m a  and  n o r m a l  l iver of Buf fa lo  r a t s  
was  d e t e r m i n e d  in a 20,000 g f ract ion.  T h e  reac t ion  m i x -  
t u r e  c o n t a i n e d  0.5 ml  of the  e n z y m e  a n d  4.0 ml  of the  

D. H~PP, Adv. Cancer Res. 10, 93 (1967). 
2 M. GORLICH, E. }tl'2ISE ariel M. J. J31NDER, Natn. Cancer Inst. 35, 

413 (1965). 
3 H. HERMAN, A. C. MARCHOK and E. F. BARIL, Natn. Cancer Inst. 

Monogr. 26, 303 (1967). 
4 C. L. MARKER'r, Cancer Res. 28, 1908 (1968}. 
:' I). M. PRESCOTT, Cancer Re~. 28, 1815 (1968). 
6 H. D. BROWN, S. K. CHATTOPADIIYAY, H. P. MORRIS and s N. 

PtSNNINGTOIV, Cancer Res., in press. 
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s u b s t r a t e  (15.00 mg  Na2ATP,  3.54 mg  MgSO 4, 2.08 m g  
NaF ,  6.50 mg  caffeine,  in a 0 . 0 5 M  Tris buffer ,  p H  7.2)7. 
The  r eac t ion  was al lowed to proceed  a t  37 ~ for 15 min,  
a t  w h i c h  t i m e  i t  was  s t opped  b y  p lac ing  t he  t u b e  con t a in -  
ing t he  r eac t ion  m i x t u r e  in to  boi l ing  w a t e r  for 3 m i n  a n d  
t h e n  in to  an  i c e -ba th  for 10 rain.  In  c e r t a i n  of t he  exper i -  
men t s ,  3 ~xC of SH-Na2ATP was added  to  t he  r eac t i on  
mix tu re ,  a n d  t he  a m o u n t  of cyclic A M P  formed  m e a s u r e d  
b y  rad io- i so top ic  m e t h o d  s . Th i s  p rocedure  involves  t he  
r e m o v a l  of t he  d e n a t u r e d  p r o t e i n  m a t e r i a l  b y  cen t r i fuga-  
t i on  fol lowed b y  pa r t i a l  s epa ra t i on  of t he  r e a c t a n t s  a n d  
p r o d u c t s  on a sho r t  Dowex-50  column.  Af te r  t h i s  t h e  
f r ac t ion  c o n t a i n i n g  t he  p a r t i a l l y  s epa ra t ed  cyclic A M P  
is t r e a t e d  w i t h  b a r i u m  h y d r o x i d e  and  zinc sulfa te  wh ich  
f u r t h e r  sepa ra tes  t he  cyclic A M P  b y  coprec ip i t a t i ng  t he  
c o n t a m i n a t i n g  mate r ia l s .  Af te r  coprec ip i t a t ion  and  cent r i -  
fuga t ion ,  a n  a l i quo t  of t he  s u p e r n a t a n t  a c t i v i t y  is mea-  
sured  b y  l iquid  sc in t i l l a t ion  count ing .  The  a m o u n t  of 
cyclic A M P  fo rmed  is g iven  in t e r m s  of coun t s  of t r i t i a t e d  
cyclic A M P / m i n / m g .  

Results and discussion. The  s t i m u l a t o r y  effect  of epine-  
p h r i n e  (4.4 • 10-5M) r epo r t ed  ear l ier  9 was no t  obse rved  

500- Hepaloma adenyl cyclase(7777) 
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Bar graph relating tissue source and experimental conditions to 
amount of cyclic AMP formed. 

w h e n  N a F  was p re sen t  in  t he  i n c u b a t i o n  m i x t u r e  of 
e n z y m e  f rom e i the r  n o r m a l  or h e p a t o m a  tissue. W e  
assume,  p r i m a  facie, t h a t  N a F  can  s t imu la t e  a d e n y l  
cyclase m a x i m a l l y  and  t h a t  ep inephr ine  has  no f u r t h e r  
s t i m u l a t o r y  effect.  However ,  ep inephr ine  does m a r k e d l y  
f u r t h e r  s t i m u l a t e  ac t i v i t y  of h e p a t o m a - d e r i v e d  enzymes  
in t he  absence  of NaF.  Severa l  i n t e r p r e t a t i o n s  of th i s  
o b s e r v a t i o n  are  possible.  One thes i s  is t h a t  a s t r u c t u r a l  
a b n o r m a l i t y  of t h e  e n z y m e  molecule  occurs  in  the  t u m o r s  
s tud ied  a n d  t h a t  is r e l a t ed  to  t h e  increase  in the  a c t i v i t y  
of t he  e n z y m e  a n d  t he  dif ference in response  in ep inephr ine  
in t he  presence  a n d  absence  of NaF .  However ,  t he  possibi-  
l i ty  also exis ts  t h a t  the  v a r i a t i o n  in response  to ep inephr ine  
is r e l a t ed  to t h e  s t a t e  of d i s r u p t i o n  of t he  enzyme-  
m e m b r a n e  complex  and  t h a t  t h e  v a r i a t i o n  in the  d is rup-  
t ion  of th i s  comp lex  is a f u n c t i o n  of w h e t h e r  or no t  one 
has  n o r m a l  t i ssue  or h e p a t o m a  t i s s u e %  

Zusammen/assung. Die in v i t ro  S t i m u l a t i o n  der  Adenyl -  
Cyclase d u r c h  E p i n e p h r i n  zur  B i l dung  der  zykl i schen  
A M P  is t  im H e p a t o m g e w e b e  s ign i f ikan t  h6he r  a!s in  der  
n o r m a l e n  R a t t e n l e b e r .  Sod iumf luor id  h e m m t  in b e i d e n  
Fgl len  die S t imu la t i on .  
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Effect of P r o t e i n s  on the R e v e r s i b i l i t y  of the T h e r m a l  Inac t iva t ion  of Bacil lus subtil is  a - A m y l a s e  

Since t he  p r ec ip i t a t i on  wh ich  occurs  upon  h e a t  
d e n a t u r a t i o n  of p r o t e i n  is p r o b a b l y  due  to  n o n c o v a l e n t  
in te r -  a n d  i n t r a c h a i n  associat ions,  and  since such  in te r -  
ac t ions  are be l ieved  to be  d issocia ted  b y  u r ea  or guanid ine-  
HC1, a t t e m p t s  were m a d e  to  rega in  a c t i v i t y  f rom hea t -  
d e n a t u r e d  p r ec ip i t a t ed  e n z y m e  b y  d i s sohdng  i t  in e i t he r  
guanidine-HC1 or u r ea  a n d  t h e n  r e m o v i n g  t he  l a t t e r  b y  
di lu t ion .  This  was  successful  w i t h  Escherichia coli 
galac tos idase  1 a n d  luciferase"2 I t  is k n o w n  t h a t  bac t e r i a l  
a - amylase  can  recover  a c t i v i t y  a f t e r  t r e a t m e n t  w i t h  h igh  
c o n c e n t r a t i o n  of u rea  a. 

E x p e r i m e n t s  w i t h  u r ea  or  guad id ine  t r e a t m e n t  were 
car r ied  out .  Crys ta l l ine  am y l a s e  was d issolved in 8 M u rea  
or 6 M  guan id ine  a n d  k e p t  for  6 m i n  a t  r oom t e m p e r a t u r e .  
The  p ro t e in  so lu t ion  was t h e n  d i lu ted  1000-fold w i t h  
buffer ,  as below, a nd  t h e  r ecove ry  of a c t i v i t y  was v e r y  
close to  100%. To c om par e  w i t h  t he  d i lu t ion  expe r imen t ,  
the  s ame  sample  was d ia lysed  aga ins t  successive d i lu t ions  

of d e n a t u r i n g  agen t s ;  in  b o t h  cases, r ecovery  was lower 
t h a n  a f t e r  d i l u t i ng  sample.  I t  is k n o w n  t h a t  amylase  once 
i n a c t i v a t e d  b y  u r ea  is no t  r e a c t i v a t e d  b y  dialysis  4. I t  was  
the re fore  t h o u g h t  i n t e re s t ing  to t e s t  w h e t h e r  t h a t  enzyme,  
f i rs t  d e n a t u r e d  b y  hea t ,  could  recover  i ts  ac t ive  conf igura-  
t ion  a f t e r  be ing  exposed to guanidine-HC1 or urea.  

Crys ta l l ine  e -amylase  (EC 3.2.1.1) f rom Bacillus subtilis 
(S igma Type  I I A )  was d issolved in p h o s p h a t e  buf fe r  
0 . 1 5 M  p H  6.8 w i t h  0 . 0 5 M  NaC1 a n d  0.052tf NaF .  
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