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The influence of the i.m. administration of sex hormones in rats on plasma urate levels and urinary excretion of uric acid and allantoin 

Hormones No. of animals Plasma urate level (mg/100 ml) Urinary excretion 
Uric acid Allantoin 
(mg/day) (mglday) 

Androgeu (10 mg/kg/day) 16 

Progesterone (100 mg/kg/day) 13 

Estrogen (100 mg/kg/day) 13 

before 2.10 =E 0.81 1.73 J= 1.93 72.6 5[2 12.4 
after 2.24 4- 0.84 1.82 4- 0.55 75.2 ~ 14.1 

before 2.43 4- 1.04 1,25 4- 0.21 58.9 2~ 19.6 
after 1.53 ~2 0.57 ~ 1,21 4- 0.26 53.5 ~= 16.3 

before 1.85 ~ 0.76 1.99 ~ 0.24 70.9 ~= 11.3 
after 1.87 • 0.93 1.97 ! 0.61 73.2 ~2 11.1 

~p < 0.05. Plasma urate levels were average values =t- SD of animals. Urinary excretion were shown by average values ~ SD of successioi~ 
7 days. 

t h a t  the  renal  clearance of u ra te  is increased in p r e g n a n c y  
and the  enhanced  renal  excre t ion  of uric acid and /o r  
hypervo laemia  of p r egnancy  m a y  resul t  in the  hypo-  
uricemia. However ,  in ear ly  p r egnancy  t h e y  could no t  
show any  change  in renal  excre t ion  of uric acid. Recen t ly  
NICHOLLS el: al. ~ examined  the  effect  of es t rogen on 
p lasma and ur inary  uric acid in t rans -sexua l  men,  and 
showed t h a t  s t i lboestrol  increases the  renal  excre t ion  of 
uric acid and lowers t he  p lasma  ura te  level. They  sug- 
gested t h a t  uricosuric act ion of s t i lboestrol  is a possible 
cause for age and sex differences in p lasma uric acid. 

In  rats,  the  e n d p r o d u c t  of pur ine  me tabo l i sm is allan- 
to in  and is excre ted  in ur ine  in large amoun t s  t h o u g h  
ur inary  excret ion of uric acid is very  little. Therefore ,  i t  
is diff icul t  to e s t ima te  t he  renal  c learance of uric acid 
exact ly .  

The presen t  s t u d y  seemed to indicate  t h a t  es t rogen has  
no influence on ura te  p roduc t ion  and on the  renal  clear- 
ance of uric acid. However ,  i t  c anno t  be denied t h a t  
es t rogen may  influence uric acid excret ion.  We demon-  
s t r a t ed  t h a t  p la sma  ura te  concen t ra t ion  and ur inary  
excre t ion  of uric acid plus a l lantoin was reduced by  
progesterone,  and therefore  it could be assumed t h a t  
proges terone  diminishes  pur ine  synthes is  and  th is  
effect  of proges te rone  would appear  to explain  t he  sex 
difference in ura te  levels in adults .  

ACH>=SON 6 showed previous ly  a s ignif icant  posi t ive cor- 
re la t ion be tween  serum uric acid and haemoglobin  levels in 
hea l t hy  adul t s  and sugges ted  t h a t  the  sex difference in 

ura te  me tabo l i sm m a y  be re la ted  to  the  difference in 
t u rn -ove r  ra te  of blood ceils in b o t h  sexes. MIKKELSEN 
et  al. found t h a t  in male subjec ts  the  p lasma  ura te  levels 
showed a marked  rise a t  the  p u b e r t y  and  specula ted  t h a t  
androgen  m a y  p lay  an i m p o r t a n t  role in raising the  p lasma  
ura te  levels. However ,  we could no t  conf i rm th is  h y p o t h -  
esis in the  p resen t  s tudy,  and  fu r the r  expe r imen t s  will 
have  to be carried ou t  to  clarify the  effect  of androgen  on 
pur ine  metabol i sm.  

Summary. The effects  of sex ho rmones  on pur ine  
me tabo l i sm were inves t iga ted  in rats.  No influence on 
pur ine  synthes is  was shown by  the  in ject ion of es t rogen 
and androgen.  The p lasma ura te  levels were s ignif icant ly  
lowered f rom 2.43 • 1.04 mg/100 ml to 1.53 i 0.57 mg/  
100 mi by  the  in ject ion of progesterone.  U r i n a ry  excre t ion  
of uric acid plus a l lantoin  was s l ight ly  reduced.  These 
resul ts  suggested t h a t  p roges te rone  m a y  influence age and  
sex differences in h u m a n  p lasma  u ra te  levels. 
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T h e  Effect  of  H u n g e r  o n  Free  F a t ty  A c i d  a n d  C o r t i c o s t e r o n e  P l a s m a  L e v e l s  in  R a t s  

F a t t y  acids provide  an energy  source capable  of rap id  
mobi l iza t ion for near ly  all of an organism tissues. They  
are s tored  in t he  adipose t issue as t r ig lycer ides  and  are 
set  free by  lipolysis. W h e n  the  organism requires  more  
energy  t h a n  is avai lable f rom its diet,  or f rom liver or 
muscle glycogen, mobi l iza t ion of f a t t y  acids is increased 1, 2. 
The hormones  of t he  p i tu i t a ry  gland and the  adrena l  
cor tex  p lay  an i m p o r t a n t  role in the  mobi l iza t ion of fa t  
in fas t ing  animals  1,a-~. 

This inves t iga t ion  deals wi th  t he  changes  wi th  t ime in 
t he  p lasma  concen t ra t ions  of free f a t t y  acids (FFA) and 
cor t icos terone in the  case of fas t ing ra ts  in compar i son  
wi th  normal ly  fed controls .  The d iurnal  cycles of t h e  
animals  were t aken  in to  considerat ion.  Also, t he  effect  of 
hypox ia  on the  concen t ra t ion  changes  of t he  F F A  was 
inves t iga ted .  

Material and methods. Male Wis t a r  ra t s  (160-200 g) 
were fed a s t an d a rd  d ie t  (Rat  b iscui t  f rom the  Tagger  
Co., Graz) for 4 weeks before t he  s t a r t  of test ing.  The 
feed con ta ined  59.5% ca rbohydra te s ,  21.7% prote in ,  
2.6% fats,  and  was enr iched wi th  v i t amins  and  minerals .  
In  all tests ,  wa te r  was avai lable to  t he  animals  ad l ibi tum.  
The same animals  were used for all exper iments .  Once a 
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week a p p r o x i m a t e l y  1.5 ml  blood was t a k e n  f rom the  
vein of t he  tongue,  while t he  an imal  was under  l ight  halo-  
t h a n e  anesthesia% The hypox ia  expe r imen t s  were con- 
duc ted  in a c h a m b e r  a t  a pressure  of 380 m m  Hg, cor- 
responding  to  half  a tmosphe r i c  pressureL The p l a sma  
was deep- f rozen  a t  - -25~ and  ana lyzed  wi th in  3 days.  
The modif ied  D u n c o m b e - m e t h o d  according to  FAL~OLT 
e t  al. s was  used for t he  de t e rmina t ion  of FFA.  The  
s t anda rd  curve was cons t ruc ted  f rom appropr i a t e  
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Fig. 1. Concentrations of free fatty acids in the plasma of fed (b) and 
fasting (a) rats. Each point represents an average value for 5 animals 
and is plotted together with its standard deviation. 
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Fig. 2. Concentrations of free fatty acids in the plasma of rats during 
hypoxia. Each point represents an average value for 5 animals and is 
plotted together with its standard deviation. 
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Fig. 3. Concentrations of corticosterone in the plasma of fed (b) and 
fasting (a) rats. Each point represents an average value for 8-10 
animals and is plotted together with its standard deviation. 

di lut ions of a 0.2 m M  palmi t ic  acid solut ion to  give a con- 
cen t r a t i on  range of 0.01 to  0.05 ~M per  sample  volume,  
and was l inear in th is  range.  The s t a n d a r d  which  ac- 
compan ied  the  d e t e rmi n a t i o n  had  a s t a n d a r d  devia t ion  
of • 5%. 

The cor t icos terone  co n t en t  of the  p lasma  was de te rmined  
rad io immunologica l ly  using a t e s t  kit  f rom the  Sorin Co., 
Saluggia, I ta ly ,  and  measured  wi th  a Beck man  LS 230 
fluid scint i l la t ion counter .  

Results  and  discussion. I t  is known  t h a t  the  concent ra -  
t ions  of var ious  p l a sma  c o m p o n e n t s  are sub jec t  to diurnal  
cycles 9. Therefore,  all t es t s  were s t a r t ed  a t  06.00 h. 
W h e n  one observes  the  p lasma  levels of F F A  of fed 
animals  over  a 24-hour per iod (Figure l b ) ,  one sees t h a t  
the re  are no grea t  f luc tua t ions  in t he  curve.  Two m a x i m a  
are seen a t  21.00 and  06.00 h and  2 min ima  a t  15.00 and  
24.00 h. The curve reflects  the  re la t ive ly  large ac t iv i ty  
connec ted  wi th  the  n igh t ly  feeding. F r o m  Figure  l a  one 
can see t h a t  the  values  of the  p l a sma  levels of t he  fas t ing  
animals  all lie far  above  those  for the  fed animals.  The 
curve shows 2 peaks,  one be tween  12.00 and 15.00 h, and  
ano the r  a round  midn igh t .  The mi d n i g h t  peak  reaches a 
value of 4 t imes  t h a t  of t he  s t a r t ing  level. A m i n i m u m  
lies a round 18.00 h. Similar resul ts  were ob ta ined  b y  
o thers  lo, 11. 

A simple m e t h o d  to  affect  a rapid mobi l iza t ion of fat,  
in con t r a s t  to  t he  gradual  fa t  mobi l iza t ion  by  hunger ,  is 
the  use of h y p o x i a  stress.  Dur ing  hypox ia  the  curve 
a l ready reaches  its peak  value of 4 t imes  the  s t a r t ing  level 
af ter  2 h (Figure 2). The cor t icos terone  level of the  fed 
animals  is also sub jec t  to a d iurnal  r h y t h m ,  wi th  a ma-  
x i m u m  a t  18.00 h (Figure 3b). The fas t ing curve  clearly 
lies h igher  t h a n  t h a t  of the  fed animals  a t  all points ,  and  
a l ready  reaches i ts  m a x i m u m  a t  15.00 h (Figure 3a). 

The  m a n y  l ipolys is -s t imula t ing  ho rmones  can be 
d iv ided into 2 groups ,  n ame l y  in to  r ap id ly  bu t  shor t  
ac t ing  hormones ,  and  slowly b u t  long ac t ing  ones. I t  can 
be regarded as cer ta in  t h a t  these  2 groups exer t  the i r  
effects over  separa te  mechanisms .  While  t he  rap id ly  
ac t ing  l ipolytic ho rmones  s t imula te  lipolysis via  cyclic 
adenosine  m o n o p h o s p h a t e  12, t he  slowly act ing ones 
affect  the  synthes is  of R N A  and prote ins  is. Cor t icosterone 
belongs in the  la t t e r  group. A compar i son  of the  plots  of 
the  curves (Figures l a  and  3a) shows t h a t  the  corti-  
cos terone peak  occurs before t he  m a x i m u m  p lasma  con- 
cen t ra t ion  of free f a t t y  acids in t ime.  Whi le  t he  increased 
F F A  level af ter  12 h of fas t ing  can be a t t r i bu t ed  to an 
increase in l ipolysis due  to  h o rmo n a l  influence,  t he  f i rs t  
m a x i m u m  af ter  6 h of fas t ing  is p robab ly  caused by  a 
decrease in t he  re-es ter i f ica t ion  of F F A  in the  fa t  cells 
due to a lack of g lycerol -3-phosphate .  An increase in 
lipolysis, therefore ,  begins  only af ter  ap p ro x i ma t e l y  12 h, 
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w h e n  t he  l iver  a n d  muscle  glycogen suppl ies  h a v e  been  
e x h a u s t e d .  

Summary. The  t ime  func t ion  of free f a t t y  acids a n d  of 
cor t i cos te rone  in p l a s m a  in fed and  fas ted  r a t s  was in- 
ves t iga ted .  Also a s t u d y  of t he  inf luence  of h y p o x i a  on  
t h e  c o n c e n t r a t i o n  of p l a s m a  free f a t t y  acids was car r ied  
out .  W h e r e a s  fas t ing  does no t  seem to s t i m u l a t e  l ipolysis 
m a r k e d l y  before 12 h, 2 h of h y p o x i a  e leva te  t he  free 

f a t t y  acid level  to  i t s  m a x i m u m .  I n  t he  fas ted  condi t ion ,  
all va lues  are  s ign i f i can t ly  h igher  t h a n  co r t i cos te rone  in 
the  fed an imal .  
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Evidence  for P u r i n e  B i o s y n t h e s i s  in H u m a n  L e u k o c y t e s  

Prev ious  s tudies  h a v e  shown t h a t  i so la ted  h u m a n  
leukocytes  are able  to  incorpora te  14C-labelled fo rma te  
and  aden ine  in to  t he i r  nucleic acid bases  1. DIAMOND et  
al. 2 observed  also an  increased 14C-glycine i n c o r p o r a t i o n  
in to  aden ine  and  guan ine  of R N A  and  D N A  of l eukocytes  
f rom g o u t y  pa t i en t s .  However ,  aden ine  and  guan ine  are 
n o t  me tabo l i c  end  p roduc t s  of pur ine  m e t a b o l i s m  and  
the i r  c o n c e n t r a t i o n  c a n n o t  give a d e q u a t e  i n f o r m a t i o n  on 
t he  b e h a v i o u r  of pu r ine  m e t a b o l i s m  ; moreover ,  t he  glycine 
i n c o r p o r a t i o n  ra t e  d e t e r m i n e d  in l eukocytes  in v i t ro  does 
no t  necessar i ly  ref lect  the  ac tua l  i m p o r t a n c e  of de novo  
pur ine  b iosyn thes i s .  Recent ly ,  REaM a found  t h a t  B u r k i t t  
l y m p h o m a  and  h u m a n  spleen cells could syn the t i ze  the  
f irst  and  second i n t e r m e d i a t e  c o m p o u n d s  of t he  pur ine  
b i o s y n t h e t i c  p a t h w a y ,  and  VV'OOD and  S~2EOMILLER 4 
assayed  and  d e t e r m i n e d  some proper t i e s  of 5-phosphor i -  
b o s y l - l - p y r o p h o s p h a t e  amido t rans fe rase ,  t he  e n z y m e  
t h a t  ca ta lyzes  the  f i rs t  s tep  invo lved  in de novo  pu r ine  
b iosynthes i s ,  in h u m a n  l y m p h o b l a s t s  m a i n t a i n e d  in 
t issue cul ture .  The  purpose  of t he  p re sen t  s t u d y  was to 
inves t iga t e  w h e t h e r  h u m a n  leukocytes  and  l y m p h o c y t e s  
are capab le  of de novo  pur ine  b iosynthes is .  ~Ve assayed  
the  a c t i v i t y  of 5 - p h o s p h o r i b o s y l - l - p y r o p h o s p h a t e  amido-  
t r ans fe ra se  in leukocytes  and  l y m p h o c y t e s  isola ted b y  t he  
usual  procedures  f rom 11 h e a l t h y  vo lun t ee r  sub jec t s  
accord ing  to the  m e t h o d  of WYNOAARDEN and  ASHTON a. 
The  assays  were pe r fo rmed  on leukocytes  and  l y m p h o c y t e s  
ex t r ac t s  dia lyzed 24 h aga ins t  dis t i l led wa te r  in order  to  
r emove  hepa r in  and  o the r  molecules  in te r fe r ing  or 
i n h i b i t i n g  the  enzyme.  E n z y m e  a c t i v i t y  was expressed 
as uni ts /10"  cells, where  one un i t  of enzyme  a c t i v i t y  is the  
a m o u n t  t h a t  p roduces  an  increase  of 0.001 a b s o r b a n c e  
u n i t / m i n  a t  363 n m  a t  p H  8 and  room t e m p e r a t u r e  
(25 ~ E n z y m e  a c t i v i t y  has  been  de t ec t ed  in b o t h  k inds  
of cells examined .  The  m e a n  va lues  resu l ted  1.34 ~ 0.58 
units/106 cells in  l eukocytes  and  0.86 ~ 0.66 units/106 
cells in l y m p h o c y t e s  (Table).  

P r e f o r m e d  pur ines  c o n v e r t e d  b y  cel lular  m e t a b o l i s m  
to r ibonuc leo t ides  h a v e  been  cons idered  the  on ly  source 
of p u r i n e  nuc leo t ides  for m a n y  h u m a n  cellsa,% Most  of 
t he  conclus ions  on th i s  dependence  are, however ,  based  
on  ind i rec t  or nega t i ve  evidence.  S t u d y  of the  ear ly  
s teps  of de novo  pu r ine  b iosyn thes i s  in h u m a n  cells, such 

5-Phosphoribosyl-l-pyrophosphate amidotransferase activity in 
leukocytes and lymphoeytes of healthy human subjects 

Cell type Enzyme activity 
(units/l 0 ~ cells) 

Leukocytes 1.34 -c 0.58 

Lymphocytes 0.86 -c 0.66 

as f ibroblas ts ,  l eukocy tes  and  pla te le ts ,  has  been  l imi ted  
to e v a l u a t i n g  t he  a c c u m u l a t i o n  of fo rmy lg lyc inamide  
r ibonuc leo t ide  3,6 or obse rv ing  t he  fai lure to  i nco rpo ra t e  
glycine or f o r m a t e  in to  pur ine  nuc leo t ides  in v i t ro  6, while 
the  presence  and  t he  p roper t i e s  of 5-phosphor ibosyl -1-  
p y r o p h o s p h a t e  amido t r ans f e r a se  h a v e  no t  been  ex tens ive -  
ly e x a m i n e d  4. However ,  t he  i n t e r p r e t a t i o n  of isotope-  
i nco rpo ra t ion  s tudies  invo lv ing  pur ine  syn thes i s  r eac t ions  
requires  some care concern ing  the  c o n c e n t r a t i o n  of pre-  
cursors and  i n t e r m e d i a t e  c o m p o u n d s  1, 6, and  the  poss ib i l i ty  
t h a t  some s u b s t r a t e  necessary  for de novo  syn thes i s  m a y  
been  lacking% Our  resul ts  p rov ide  ev idende  t h a t  h u m a n  
leukocytes  and  l y m p h o c y t e s  poss2ss the  e n z y m e  a c t i v i t y  
t h a t  ca ta lyzes  t he  f o r m a t i o n  of the  f irst  i n t e r m e d i a t e  
c o m p o u n d  of the  pur ine  b i o s y n t h e t i c  p a t h w a y .  The  
f ind ing  of t he  presence  of 5 - p h o s p h o r i b o s y l - l - p y r o p h o s -  
p h a t e  a m i d o t r a n s f e r a s e  in h u m a n  l eukocy tes  a n d  
l y m p h o c y t e s  suggests,  therefore ,  t h a t  these  cells h a v e  t he  
capac i ty  for de novo  pur ine  b iosyn thes i s  and  are n o t  solely 
d e p e n d e n t  on the  l iver  for the i r  supp ly  of pur ines .  De 
novo  pur ine  syn thes i s  m a y  therefore  be more  widespread  
t h a n  prev ious ly  repor ted ,  and  h u m a n  leukocy tes  and  
l y m p h o c y t c s  m a y  be an  i m p o r t a n t  e x t r a h e p a t i c  si te  for 
de nove  pu r ine  b iosyn thes i s  in man.  The  s t u d y  of t he  
pur ine  b i o s y n t h e t i c  p a t h w a y  in h u m a n  leukocy tes  and  
l y m p h o c y t e s  seems of pa r t i cu l a r  in t e res t  since i t  could  
p rov ide  a va luab le  e x p e r i m e n t a l  model  to  i nves t i ga t e  t he  
fac tors  i nvo lved  in the  r egu la t ion  of de novo  pu r ine  bio-  
syn thes i s  and  c lar i fy  pur ine  m e t a b o l i s m  a l t e r a t ions  in 
p a t i e n t s  wi th  hype ru r i cemia ,  gout,  or l eukemia  and  o the r  
mye lopro l i f e ra t ive  diseases. 

Summary. H u m a n  leukocy tes  and  l y m p h o c y t e s  h a v e  
shown to be  equ ipp3d  w i th  5 -phospho r ibosy l - l - py rophos -  
p h a t e  amido t r ans r ea se ,  the  e n z y m e  which  ca ta lyzes  t h e  
syn thes i s  of the  f i rs t  i n t e r m e d i a t e  of the  pu r ine  p a t h w a y ,  
t hus  p r o v i d i n g  ev idence  t h a t  these  cells h a v e  the  c a p a c i t y  
for de novo  pu r ine  b iosynthes i s .  
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