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a n d  a lka l ine  p h o s p h a t a s e  ac t iv i t i e s  were d e t e r m i n e d  as 
descr ibed  p rev ious ly  5, 7. 

Results. The  basa l  a c t i v i t y  of N A D H - c y t .  c r educ ta se  
in dog rena l  cor tex  mic rosomes  is a b o u t  100 n m o l e s / m g  
p r o t e i n / m i n  a n d  is a p p r o x i m a t e l y  doub led  in t h e  pre-  
sence of 100 m M  sod ium ions. T he  s t i m u l a t i o n  of t h e  
e n z y m e  in t he  presence  of d i f fe ren t  NaC1 c o n c e n t r a t i o n s  
is i l l u s t r a t ed  in F igure  1 where  i t  can  be obse rved  t h a t  
m a x i m a l  s t i m u l a t i o n  is a t t a i n e d  a t  a c o n c e n t r a t i o n  of 
75 raM.  H i g h  c o n c e n t r a t i o n s  of sod ium b e c o m e  inh ib i to ry .  
A s imi la r  s t i m u l a t i o n  is encoun t e r ed  w h e n  sod ium chlor ide  
is rep laced  w i t h  sod ium su lpha te .  P o t a s s i u m  ions h a v e  the  
same effect  as sodium,  t he  s t i m u l a t i o n  b y  chol ine  chlor ide  
is less t h a n  t h a t  obse rved  w i t h  sod ium or po tass ium,  b u t  
m a n n i t o l  of t h e  s ame  ton i c i t y  ha s  no  effect. M a g n e s i u m  
ions, surpr is ingly ,  are  i nh ib i t o ry .  

S tudies  w i t h  inh ib i to r s ,  a n d  t he  e lec t rophore t ic  d a t a  
p r e sen t ed  below, sugges t  t h a t  a t  leas t  2 d i f fe ren t  e n z y m e  
sys tems  are p r e sen t  in th i s  p r epa r a t i on ,  one wh ich  is 
s t i m u l a t e d  b y  sod ium a n d  one wh ich  is not .  R o t e n o n e  
on ly  inh ib i t s  t he  e n z y m e  t h a t  is insens i t ive  to  sodimn.  
A n t i m y c i n  affects  n e i t h e r  enzyme,  nor  does ouaba in .  
E t h a c r y n i c  acid (1 m M )  h a d  no cons i s t en t  effect.  

The  presence  of a mic rosoma l  N a + - s t i m u l a t e d  N A D H -  
cyt.  c r educ ta se  appea r s  widespread ,  since an  enzyme  
w i t h  essent ia l ly  iden t ica l  p roper t i e s  was loca ted  in the  
k idneys  of dogs, r a t s  and  guinea-pigs ,  in  t he  gu inea-p ig  
a n d  dog smal l  in tes t ine ,  and  in t he  dog colonic mucosa .  
I t s  presence  in t h e  r a t  l iver  has  been  descr ibed  previous-  
ly a . 

Var ious  a t t e m p t s  a t  def in ing  t h e  cytological  loca t ion  
of t he  e n z y m e  were ca r r ied  out .  Firs t ,  as seen in t h e  
Table,  i t  occurs  a l m o s t  exclus ively  in t he  mic rosomal  frac- 
t ion,  whereas  t he  Na+- insens i t ive  homologue  occurs  b o t h  
in t he  n u c l e a r - m i t o c h o n d r i a l  and  t he  mic rosoma l  frac- 
t ions .  N a + - K + - A T P a s e  p r e p a r a t i o n s  h a v e  been  shown  to 
be  enr iched  in  t h e  p resence  of deoxycho l a t e  a n d  on  
age ing  for  48 h a t  0~ in t he  presence  of t he  de te rgen t ,  
due  p r o b a b l y  to  open ing  of closed vesicles s. D eoxycho l a t e  
e l imina t ed  all  a c t i v i t y  of t he  N a + - d e p e n d e n t  N A D H - c y t .  
c r educ ta se  f rom t he  n u c l e a r - m i t o c h o n d r i a l  f ract ion,  
t h o u g h  N a + - K + - A T P a s e  a c t i v i t y  was c o n c o m i t a n t l y  
increased in  t h i s  f rac t ion.  Thus ,  t a k e n  toge the r ,  these  
f ind ings  sugges t  t h a t  t he  r educ ta se  is n o t  loca ted  w i t h i n  
t h e  same m e m b r a n e  as t he  Na+-K+-ATPase .  

Soph i s t i ca t ed  s epa ra t i on  t echn iques  (free-flow electro-  
phoresis)  were appl ied  to  c rude  m e m b r a n e  f rac t ions  f rom 
r a t  k i d n e y  cortex,  and  t he  a c t i v i t y  of t he  enzyme,  as well  
as t h a t  of o the r  m a r k e r  enzymes,  was  d e t e r m i n e d  in t h e  
f rac t ions  e lu t ing  f rom t he  e lec t rophores i s  (Figure 2). I t  
was  found  t h a t  t he  N a + - s t i m u l a t e d  N A D H - c y t .  c reduc t -  
ase d id  n o t  follow e i the r  t he  e lu t ion  p a t t e r n  of Na+-K +- 
A T P a s e  or t h a t  of a lka l ine  p h o s p h a t a s e .  Secondly,  t h e r e  
was a n o t a b l e  dif ference in e lu t ion  p a t t e r n  of t he  Na  +- 
s t i m u l a t e d  a c t i v i t y  f rom t h a t  of t h e  Na+- insens i t ive  
N A D H - c y t .  c reductase .  

Discussion. The  resul t s  disclosed in t he  p r e s en t  su rvey  
would a p p e a r  to  p rec lude  t h e  poss ib i l i ty  t h a t  t he  Na+- 
s t i m u l a t e d  N A D H - c y t .  c r educ tase  a c t i v i t y  in  mic rosomal  

f rac t ions  m i g h t  be  i n v o l v e d  in m e m b r a n e  sod ium t r ans -  
por t ,  a n d  to  r ender  unneces sa ry  in  t h e  p r e sen t  c o n t e x t  a 
more  p r o f o u n d  s t u d y  of t he  enzyme.  T h u s  i t  does no t  
seem to  be  loca ted  in e i the r  of t he  p l a s m a  m e m b r a n e s  of 
t h e  p r o x i m a l  t u b u l a r  cell, i ts  s t i m u l a t i o n  b y  sod ium is no t  
specific for  t h a t  ion, a n d  i t  is no t  a f fec ted  b y  e t h a c r y n i c  
acid, wh ich  is a p p a r e n t l y  a specific i n h i b i t o r  of t he  oua-  
ba in - in sens i t i ve  sod ium p u m p  ill t h i s  t i ssue  1, ~. T h u s  t he  
e n z y m e  fails to  fulfil  t h r e e  of t he  v i t a l  r e q u i r e m e n t s  for 
i den t i f i ca t ion  w i t h  s o d i u m - p u m p i n g  ac t iv i ty .  

The  b iochemica l  role of t h i s  e n z y m e  (which was dis- 
cussed p rev ious ly  b y  SIEKEVITZ 3) has  no t  been  clarif ied 
b y  t he  p r e sen t  inves t iga t ions .  I t  is k n o w n  t h a t  t he  micro-  
somal  c y t o c h r o m e  reduc tases  are  e x t r e m e l y  complex  s -n .  
However ,  i t  seems t h a t  ~t  leas t  the N a + - s t i m u l a t e d  frac-  
t i on  is no t  b o u n d  to  e i the r  p l a s m a  m e m b r a n e .  The  
poss ib i l i ty  r e m a i n s  t h a t  i t  is ident ica l  w i t h  t h e  ro tenone-  
insensi t ive ,  a n t i m y c i n - i n s e n s i t i v e  N A D H - c y t .  c r educ tase  
of t he  golgi a p p a r a t u s  descr ibed  b y  FLEISCHER a t  al. 1~ 
who  u n f o r t u n a t e l y  d id  no t  t e s t  t he  ion s ens i t i v i t y  of t he i r  
e n z y m e  1~. 

Rdsumd. E n  pr6sence de sodium,  l ' a c t iv i t6  t o t a l e  de la  
N A D H - c y t o c h r o m e  c r6duc tase  r6nale  6 taf t  doubl~e;  le 
p o t a s s i u m  i n d u i t  le m~me ef ie t  s t imu la t eu r .  Cet te  e n z y m e  
sensible  aux  ca t ions  n ' e s t  inh ib6e  ni pa r  la ro t6none  ni p a r  
l ' an t imyc ine .  Elle 6taf t  6ga lement  insens ib le  s l ' o u a b a i n e  
et  A l 'ac ide  6 thac ryn ique .  Des exp6r iences  dest in6es  
r6vdler sa loca l i sa t ion  cy to log ique  n ' o n t  que par t ie l le-  
meri t  r6ussi :  l ' e n z y m e  ne  semble  pas  ~tre  associ6e a la 
m e m b r a n e  de Ia b o r d u r e  en brosse,  ni  ~ la m e m b r a n e  
p6r i tubu la i re .  Ces r6su l t a t s  sugg6ren t  qu 'e l le  n ' e s t  pas  
impl iqu~e  dans  les m 6 c a n i s m e s  des p o m p e s  s sodium.  
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Young and Old Rats.  ATP, Alkaline Phosphatase ,  Cholesterol and Protein Levels in the Blood; 
D N A  a n d  R N A  Contents of the Liver. Regulation by an Aqueous Thymus  Extract 

Var ious  a u t h o r s  h a v e  a t t r i b u t e d  to  t he  t h y m u s  a n  a u t h o r s  2-4 h a v e  suggested  t h a t  ag ing  could depend  on  a n  
i m p o r t a n t  role in  t he  phys io logy  of d e v e l o p m e n t  1. I n  immuno log i ca l  d isorder ,  PANTALOURIS 5 has  p o s t u l a t e d  
add i t ion ,  since t he  i n v o l u t i o n  of t he  t h y m u s  also en ta i l s  a t he  hypo thes i s  of a d i rec t  cor re la t ion  be tween  t he  t h y m u s  
genera l  decl ine of i m m u n o c o m p e t e n c e ,  and  d i f f e ren t  a n d  senescence.  
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Table I. Concentrations of ATP, cholesterol, total proteins, and activity of alkaline phosphatase 

EXpERIENTIA 30/6 

Rats 

2 months (not treated) 26 months (not treated) 26 months (treated) 

ATP in the blood (mg/100 ml) 

Cholesterol in the serum (rag/100 ml) 

Serum Proteins (g/100 ml) 

Alkaline phosphatase in the serum (nm]ml) 

31.20 4- 1.70 24.67 4- 1.86 29.28 4- 1.20 

80.00 4- 11.00 180.00 4- 46.00 93.00 4- 36.00 

6.25 4- 0.55 9.54 4- 1.05 7.37 4- 0.58 

228.00 4- 22.00 140.00 4- 53.00 32.10 4- 6.63 

The values are reported as the means 4- the average quadratic error of the mean. 

These observa t ions  have  led us to s t u d y  the  ac t ion  of 
an aqueous  t h y m u s  ex t r ac t  on a few hemat ic  pa r ame te r s  
(ATP, cholesterol ,  p ro te in  levels and alkaline phospha tase)  
and  on the  nucleic acid con ten t s  of the  l iver of old rats .  
In  addi t ion,  the  incorpora t ion  of HS-uridine in the  
nucleic acids of the  l iver  has been s tudied.  The biological 
ac t iv i ty  of th is  aqueous  t h y m u s  ex t r ac t  was  previous ly  
s tudied  by  us on cul tures of E. coIi*,7; i t  was observed 
t h a t  the  ex t r ac t  exer t s  a regu la tory  ac t iv i ty  on the  syn- 
thes is  of t he  nucleic acids. 

Material and methods. For  the  p repa ra t ion  of aqueous 
t h y m u s  ex t rac t ,  t he  gland was carefully sect ioned and  the  
medul la ry  por t ion  removed  by  scraping was homogenized  
in t he  P o t t e r - H e l v e h y e m  for 2 min  wi th  add i t ion  of 3 
volumes  of dist i l led water .  The p repa ra t ion  was left to  
s t and  for 24 h, centr i fuged at  20,000 g for 20 min  and the  
s u p e r n a t a n t  collected. The s u p e r n a t a n t  was ul t raf i l tered 
under  n i t rogen 7 a tmos  pressure  w i th  the  Sar tor ius  
m e m b r a n e  fi l ter  ( type SM 121-36). 

Male and female Sprague Dawley  rats,  aged 2,15 and  
26 months ,  were used. E a c h  expe r imen t  was carr ied out  
on groups of 10 animals.  The aqueous  t h y m u s  ex t r ac t  
was t e s t ed  in t he  old ra t s :  t he  ex t r ac t  was admin i s t e red  
by  i.p. in jec t ion  in a to ta l  a m o u n t  of 10 ml  for each 
animal  (corresponding to  2 g of fresh tissue), subdiv ided  
in to  5 doses of 2 ml  ~iven on a l t e rna te  days.  To 1 group 
of control  animals  an equal  vo lume of saline was adminis-  
tered.  

For ty -e igh t  h af ter  the  final  inject ion,  the  animals  were 
sacrificed by  bleeding:  16 h before sacrifice the  animals  
were fas ted and  HS-uridine (2 Ci/mM) was admin i s t e red  
at  a dosage of 50 [zC/100 g of body  weight .  The de te rmina -  
t ions of ATP,  alkaline phospha t a se  and cholesterol  were 

Table II. Quantitative determination and specific radioactivity of 
DNA and RNA extracted according to SWmDLEHVRST n. 

Nucleic acid in the liver Rats 

26 months 26 months 
(not treated) (treated) 

DNA (rag/g) 1.009 -t- 0.097 1.811 • 0.222 

dpm DNA/mg DNA 2710 4- 155 476 4- 42 

RNA (mg/g) 9.415 4- 0.447 8.817 4- 1.322 

dpm RNA/mg RNA 535 ~ 76 397 4- 78 

The Ha-uridine was administered at a dosage of 50 vC/100 g of body 
wt. l~ean values -4- the average quadratic error of the mean. 

effected respect ively  using the  Boer inger  Biochemia  
tests .  The concen t ra t ion  of p ro te in  levels was de t e rmined  
spec t ropho tomet r i ca l ly  according to  LAYNE'S me t h od  s. 
D N A  and  R N A  were ex t r ac t ed  using the  m e t h o d  of 
MARMUR 9, and KAY et al. 10, modif ied  by  SWINDLEHURST 
et al. 11. The ex t rac t ion  of D N A  was also conduc ted  using 
the  m e t h o d  of SCHNEIDER 12. The q u a n t i t a t i v e  de- 
t e rmina t ions  of DNA and R N A  were carr ied out  by the  
react ions  w i th  d ipheny lamine  or orcinol le. Al iquots  of 
R N A  and  D N A  samples  were used for the  de t e rmina t ions  
of r ad ioac t iv i ty  by  l iquid scint i l la t ion count ing  according 
to BRAY 13. 

Results and discussion. ATP,  cholesterol,  to ta l  p ro te in  
and alkaline phospha tase .  F r o m  the  resul ts  r epor ted  in 
Table I, one notes  in old u n t r e a t e d  rats ,  as compared  to  
the  young  ones, a grea ter  a m o u n t  of cholesterol  and  to ta l  
p ro te in  and a smaller  a m o u n t  of ATP,  which  confirms 
prev ious ly  publ i shed  data14-16; old ra t s  given aqueous 
t h y m u s  ex t rac t  show a s ignif icant  decrease of cholesterol  
and to ta l  p ro te ins  and  a s ignif icant  increase of ATP.  An 
examina t ion  of the  s ta t i s t ica l  var iances  demons t r a t e s  
t h a t  the  values of A T P  cholesterol  and prote ins  of old 
ra t s  t r ea t ed  wi th  aqueous t h y m u s  ex t r ac t  come wi th in  
the  values shown by  the  young rats.  As for the  alkaline 
phospha tase ,  the  aqueous  t h y m u s  ex t r ac t  causes a 
considerable  and s ignif icant  decrease of enzymat i c  
ac t iv i ty  in old ra t s  as compared  to un t r ea t ed  old ra t s ;  

1 L. G. ROWNTREE, J. H. CLARK, A. STEINBERG and A. M. HANSON, 
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Table III. Quantitative determinations of DNA 

Speeialia 635 

DNA in the liver (mg/g) Rats 

2 months (not treated) 15 months (not treated) 26 months (not treated) 

Extraction following S W I N D L E H U R S T  11 

Extraction following SCIINEIDER TM 

2.042 z~ 0.136 1.403 ~= 0.110 1.126 :t: 0.094 

2.368 • 0.181 2.213 ~ 0.174 1.976 ~= 0.120 

Fbe mean values are reported ~ the average quadratic error of the mean. 

such  va lues  are no t  c o m p a r a b l e  w i t h  those  found  in 
y o u n g  ra ts ,  cons ider ing  t he  h igh  level  of a lka l ine  phos-  
p h a t a s e  p r e sen t  in  youngs .  

D N A  a n d  R N A  c o n t e n t s  of t he  l iver  and  r a d i o a c t i v i t y  
incorpora ted .  The  f ind ings  r epo r t ed  in Tab le  I I  show t h a t  
t he  aqueous  t h y m u s  e x t r a c t  causes, in  t he  old r a t s  as 
c o m p a r e d  to  t he  controls ,  a cons iderab le  a n d  s ign i f ican t  
increase  in t h e  c o n t e n t  of D N A  e x t r a c t e d  in t h e  poly-  
mer ized  s t a t e  w i t h  sod ium lau ry l  su l fa te  accord ing  to  t he  
SWINDLEItURST me thod .  No s igni f ican t  v a r i a t i o n  was 
found  for RNA.  Th i s  fac t  has  also been  conf i rmed  b y  a 
d i f fe ren t  m e t h o d  of nucle ic  acids  e x t r a c t i o n  in NaC1 
(da ta  n o t  repor ted) .  I t  shouId be  k e p t  in m i n d  t h a t  t he  
r a t io  b o d y  we igh t / l i ve r  we igh t  in  t r e a t e d  as well  as 
u n t r e a t e d  an ima l s  was  s t a t i s t i ca l ly  unchanged .  

As for t he  i n c o r p o r a t i o n  of Ha-ur idine ,  t h e  d a t a  
r epo r t ed  in Tab le  I I  d e m o n s t r a t e  t h a t  t he  aqueous  
t h y m u s  e x t r a c t  causes  a cons iderab le  decrease  of radio-  
a c t i v i t y  i n c o r p o r a t e d  in to  D N A  and  an  in s ign i f i can t  
decrease  of r a d i o a c t i v i t y  i nco r po r a t ed  in to  RNA.  I t  is 
i n t e r e s t i ng  to no te  t h a t  t he  va lues  of i n c o r p o r a t i o n  in to  
D N A  d e m o n s t r a t e  a de t ec t ab l e  a c t i v i t y  of e n z y m a t i c  
r educ t i on  of t he  r ibonuc leo t ides  in  t he  l iver  of old animals .  
The  d a t a  r ega rd ing  D N A  r a d i o a c t i v i t y  c an  be cor re la ted  
to t h e  resu l t s  o b t a i n e d  b y  PRICE e t  al. ~7, accord ing  to  
wh ich  t h e  t e m p l a t e  a c t i v i t y  of D N A  for D N A  p o l y m e r a s e  
increases  w i t h  age ; t h i s  is i n t e r p r e t e d  b y  t h e  a u t h o r s  as a n  
a c c u m u l a t i o n  of defec t ive  cha ins  of D N A  w i t h  aging,  as 
d e m o n s t r a t e d  also b y  PHLC 18. 

I n  a s u b s e q u e n t  expe r imen t ,  we ver i f ied w h e t h e r  t he  
increase  of t h e  po lymer i zed  D N A  ex t rac t ,  found  in t h e  
l iver  of old r a t s  t r e a t e d  w i t h  the  t h y m u s  e x t r a c t  as 
c o m p a r e d  to  t h e  controls ,  could  be  a t t r i b u t e d  to  a real  
increase  in t h e  t o t a l  D N A  c o n t e n t  of t he  l iver  or to  a 
d i f fe ren t  phys i ca l - chemica l  s t a t e  of t he  deoxyr ibonuc leo -  
pro te ins ,  w i t h  c o n s e q u e n t  d i f fe ren t  ex t r ac t ab i l i t y .  I n  th i s  
respect ,  we c o m p a r e d  t he  resu l t s  of t he  e x t r a c t i o n  of D N A  
f rom the  l iver  of 2-, 15- a n d  26 -mon th -o ld  animals ,  car r ied  

ou t  us ing  t h e  m e t h o d s  of SWINDLHHURST a n d  SCHNEIDER 
(Table Ill). F r o m  the  resu l t s  r epo r t ed  in Tab le  I I I  one can  
see t h a t  t he re  is a cons iderable ,  p rogress ive  and  signifi-  
c a n t  decrease  in t he  c o n t e n t  of e x t r a c t a b l e  hepa t i c  D N A  
a t  t h e  po lymer i zed  s t a t e  f rom 2 to  15 m o n t h s  a n d  f rom 
15 to 26 m o n t h s  of age;  vice ve r sa  t he  c o n t e n t  of hepa t i c  
D N A  e x t r a c t e d  b y  t he  SCHNEIDER'S m e t h o d ,  wh ich  en- 
ta i ls  depo lymer i za t ion ,  p re sen t s  a s l igh t  decrease  w i t h  
aging.  

The  compar i son  of d a t a  r epo r t ed  in Tab les  I I  a n d  I I I  
d e n m n s t r a t e s  t h a t  t he  ac t ion  exe r t ed  b y  t h e  aqueous  
t h y m u s  e x t r a c t  on  hepa t i c  D N A  is to  be  re fe r red  to  a n  
increase  of e x t r a c t a b i l i t y  a n d  no t  to  t he  to• nucIeic acid 
c o n t e n t  of t he  l iver.  Th i s  r e g u l a t o r y  a c t i v i t y  is prObably  
re la ted  to  modi f i ca t ions  of i n t e r a c t i o n s  in t h e  DNA-  
p ro t e in  complex.  

Riassunto. La  s o m m i n i s t r a z i o n e  di  e s t r a t t i  acquos i  di 
t imo  p rovoca  nei  r a t t i  vecch i  (26 mesi) u n a  d iminuz ione  
della concen t r az ione  delle p ro t e ine  e del colesterolo del 
siero, e u n  a u m e n t o  delia concen t r az ione  e m a t i c a  del- 
I 'ATP.  L ' e s t r a t t o  p rovoca  ino l t re  nel  l ega to  u n  a u m e n t o  
del D N A  es t ra ib i le  allo s t a to  pol imer izza to ,  e u n a  d iminu -  
zione de l l ' i ncorporaz ione  di  u r id ina  H 3 nel  DNA. 
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B i n d i n g  of T r y p t o p h a n  to  Different  S e r u m  P r o t e i n s  in H u m a n s  and in Rats  

L - t r y p t o p h a n  is the  on ly  a m i n o  acid p r e s en t  in  p l a s m a  
wh ich  is b o u n d  to pro te ins .  S tudies  of McMENAMY et  al. 1 
a n d  McIV~tgNAMY a n d  ONCLEY ~ h a v e  shown  t h a t  a l b u m i n e  
is t he  on ly  p l a s m a  p r o t e i n  w h i c h  b inds  t r y p t o p h a n  
apprec iab ly .  L - t r y p t o p h a n  was shown  to b i n d  a t  one 
s i te  of t h e  a l b u m i n e  molecule  in  a h igh ly  s tereospecif ic  
m a n n e r .  However ,  s ince these  a u t h o r s  h a v e  ana lyzed  
on ly  a few se rum p r o t e i n  f rac t ions ,  t h e i r  d a t a  do no t  
exclude  t h a t  L - t r y p t o p h a n  m i g h t  com b i ne  w i t h  o t h e r  
s e rum p ro t e ins  in  a d d i t i o n  to  a lbumine .  This  poss ib i l i ty  
has  been  i n v e s t i g a t e d  in  t h e  p r e s en t  s tudy .  Th i s  inves t iga -  
t ion  seemed to  us  of cons ide rab le  i n t e r e s t  also in t h e  l igh t  

of r ecen t  f ind ings  t h a t  u n b o u n d  se rum t r y p t o p h a n  
cont ro l s  b r a i n  t r y p t o p h a n  level  a n d  se ro ton in  syn thes i s  3-6 
and  t h a t  d i f fe ren t  d rugs  are  c apab l e  of d isp lac ing  s e rum 
t r y p t o p h a n  f rom i ts  p ro t e in  b i n d i n g  7, 8 a n d  of inc reas ing  
b r a i n  t r y p t o p h a n  and  se ro ton in  t u r n o v e r  4, 5, s. 

Material and methods. Chemicals .  Ca~-L-tryptophan 
(45 mCi /mmole)  and  Cl~-L-Leucine (10 mCi /mmole )  were 
o b t a i n e d  f rom A m e r s h a m .  C14-L-tryptophan was pur i f ied  
before  use b y  D o w e x - X 4  c o l u n m  c h r o m a t o g r a p h y  as 
descr ibed  b y  COSTA et  al. 8. 

H u m a n  a l b u m i n e  (pu r i t y  100~o), p r e a l b u m i u e  (pu r i t y  
99%)  a n d  7-globul ine  (pur i ty  99%),  o b t a i n e d  f rom 


