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Summary:  N u t r i t i o n a l  i n f l u e n c e s  on  u r i n a r y  to ta l  b i o p t e r i n  levels  in  ra t s  a n d  pigs  
were  inves t iga ted .  D u r i n g  t he  f i rs t  n i g h t s  in m e t a b o l i c  cages  w i t h  food  d e p r i v a t i o n  
a s ign i f i can t  i nc r ea se  in b i o p t e r i n  va lues  was f o u n d  in rats.  Th i s  cou ld  b e  
d i m i n i s h e d  e i the r  by  feeding ,  a d a p t a t i o n  to food  d e p r i v a t i o n  or  b y  oral  g lucose  
app l ica t ion .  Wi th  food  d e p r i v a t i o n  u n d e r  n o r m a l  h o u s i n g  c o n d i t i o n s ,  t h i s  i nc r ea se  
cou ld  no t  b e  found .  Rats  t h a t  were  fed a ce l lu lose  p r e p a r a t i o n  w i t h o u t  me tabo l i z -  
ab le  e n e r g y  h a d  no  i nc r ea se  in b i o p t e r i n  exc re t ion .  T h e  c i r c a d i a n  r h y t h m  of  
b i o p t e r i n  e x c r e t i o n  was  i n f l u e n c e d  b y  food d e p r i v a t i o n  as wel l  as by  cel lulose.  
A l t e r a t i ons  in  w a t e r  i n t a k e  a n d  u r i n a r y  o u t p u t  h a d  no  ef fec t  on  b i o p t e r i n  l eve l s  
r e l a t ed  to c rea t in ine .  R e m a r k a b l e  c h a n g e s  in  b i o p t e r i n  e x c r e t i o n  are  m o r e  l ike ly  
d u e  to h o r m o n a l  f u n c t i o n s  a n d  r e g u l a t i o n s  r e l a t ed  to s t ress  t h a n  to n u t r i t i o n a l  
factors.  More  i n v e s t i g a t i o n s  in to  t h e s e  p r o b l e m s  are  b e i n g  p e r f o r m e d .  
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die  K r e a t i n i n w e r t e .  Die  a u f f a l l e n d e n  V e r f i n d e r u n g e n  s ind  e h e r  m i t  s t r e B b e d i n g t e n  
h o r m o n e l l e n  F u n k t i o n e n  u n d  R e g u l a t i o n e n  als m i t  e r n g h r u n g s b e d i n g t e n  F a k t o r e n  
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Introduct ion  

P t e r i n s  are a g r o u p  of p y r a z i n o - p y r i m i d i n e  c o m p o u n d s  o c c u r r i n g  in  
m a n y  d i f f e r en t  o r g a n i s m s ;  t hey  are p r e s e n t  in  a l m o s t  all  t i s sues  a n d  b o d y  
f lu ids  (10, 11). 

L -e ry th ro -5 ,6 ,7 ,8 - t e t r ahydrob iop te r in  (BH4) is o ne  of the  m a j o r  u n c o n j u -  
ga ted  p t e r i n s  p r e s e n t  in  m a m m a l i a n  u r ine .  I t  is s y n t h e s i z e d  de  n o v o  f rom 
G T P .  A pos s ib l e  p a t h w a y  has  b e e n  p r o p o s e d  a n d  m o s t  of  the  s teps  
i n v o l v e d  are p roven .  I t s  role as a cofac to r  in  t he  h y d r o x y l a t i o n  of  the  
a roma t i c  a m i n o  ac ids  p h e n y l a l a n i n e ,  t y ros ine ,  a n d  t r y p t o p h a n  is wel l  
e s t ab l i shed .  D u r i n g  th i s  r e a c t i o n  t e t r a h y d r o b i o p t e r i n  is r e d u c e d  to 
q u i n o n o i d  d i h y d r o b i o p t e r i n ,  w h i c h  is r e g e n e r a t e d  to BH4 b y  d i h y d r o p t -  
e r i d ine  r e d u c t a s e  (9). 

The  b i o s y n t h e s i s  of  i m p o r t a n t  b i o g e n i c  a m i n e s  such  as c a t e c h o l a m i n e s  
a n d  i n d o l a m i n e s  d e p e n d s  on  t he  p r e s e n c e  of  th i s  cofactor .  D e f i c i e n c y  
causes  p r o g r e s s i v e  n e u r o l o g i c a l  s igns  s een  in  the  h e r e d i t a r y  a typ ica l  fo rm 
of  P K U  (2). 

H o w e v e r ,  b i o s y n t h e s i s  also t akes  p lace  in  t i s sues  l a c k i n g  e i the r  of t hese  
th ree  e n z y m e s ,  s u g g e s t i n g  f u r t h e r  m e t a b o l i c  f u n c t i o n s  of  BH4 t h a t  are still  
u n d e r  i n v e s t i g a t i o n  (1, 8, 14). 

Ear l i e r  s tud i e s  we  p e r f o r m e d  on  phys io log i ca l  b i o p t e r i n  v a l u e s  in  ra ts  
s h o w e d  tha t  the  c o n c e n t r a t i o n s  of  b i o p t e r i n  e x c r e t e d  in  u r i n e  s e e m e d  to 
c h a n g e  u n d e r  d i f f e r en t  h o u s i n g  c o n d i t i o n s  (7, 12). The  a im of  th i s  w o r k  
was  to ru le  ou t  s o m e  n u t r i t i o n a l  fac tors  tha t  c ou l d  i n f l u e n c e  b i o p t e r i n  
levels  in  the  u r i n e  of l a b o r a t o r y  a n i m a l s .  

Materials  and m e t h o d s  

Animals 

In experiment I, 39 German Landrace pigs (20 gilts', 19 male castrates) with 
average body weight of 28 kg at the beginning of experiments were housed in 
groups in pens at constant temperature (18 ~ and relative humidity (50-60 %), and 
fed standard diet. They had free access to water. 

In experiment II pigs were of the breeds Pietrain, German Landrace, and their 
crossbreds (24 gilts and 16 castrates). Conditions were identical. 

Specific pathogen-free male Sprague-Dawley rats weighing 100-120 g were used 
for all rat experiments. The animals were housed singly at controlled temperature 
(24~ relative humidity (50 %), and light cycle (0700-1900 hours; light:dark). They 
were maintained on standard diet (Altromin) and received water ad libitum. 

Collection of  specimens 

Urine of the pigs was spontaneous. 
Urine samples of' rats were collected in round, wire-bottomed metabolic cages 

(104 em 2 x 15,5 era), where the animals were kept during the time of' sample collec- 
tion (12 h over night) or in whole-wire housing cages where they were kept through- 
out the experiment and samples were collected every 3 h. Samples were protected 
From light. 

Sample preparation 

Pterins in urine are present in their different oxidation states. To measure the 
total amount  present they are converted to the fully oxidized form by acidic 
oxidation. All of the following operations are carried out in dim light to protect 
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Pterins from photo-oxidation. 1 ml of urine is acidified with 300 pl of 1 moYl HC1 
and oxidized with 200 td of 0.5 % I/1% KI (in 0.1 tool HC1). After incubation in the 
dark for 1 h, 200 ~tl of ascorbic acid are added to reduce the excess iodine. The 
sample is centrifuged for 10 min. The oxidized pterins are purified by Dowex H + 
chromatography (Dowex 50 WXS, 100-200 mesh) on a 30 x 5 mm column, as 
described by Fukushima and Nixon (3). The purified pterins are determined by 
reverse-phase high performance liquid chromatography. Recovery of pterins added 
as an internal standard was more than 95 %. Chemicals were suprapure (Merck, 
Darmstadt, and Sigma, Heidelberg, FRG). 

To account for physiological variations in urine excretion, we related biopterin 
concentrations to urinary creatinine concentrations that were quantified by col- 
orimetric Jaff~ determination. 

H P L C - p r o c e d u r e  

The instrumentation consists of a high-pressure pump, a degasser, an automatic 
sample injector, and a fluorescence detector (Biotronik, Maintal, F.R.G.). Monitor- 
ing excitation is at 350 rim, emission at 450 nm. Chromatographic elution was 
performed either with a 1.5 mmolA aqueous phosphate buffer (pH 4), containing 7 % 
methanol  and 1% acetonitril on a silica cartridge (500 x 4.6 mm; Groin, Spherisorb 
ODS II), or a 3.5 mmol/1 potassium hydrogenphosphate  (pH 5.8) containing 3 % 
methanol  on a ready-to-use column (244 x 4 ram; Merck, Superspher  100 RP 18), 
using precolumns in both cases. Column temperature was 20 ~ ChemicaIs were of 
HPLC-grade (Merck, Darmstadt). External standards were from Dr. B. Schircks 
Laboratories (Jona, Switzerland). 

Sta t i s t i ca l  ana lys i s  

Values of pigs are mean values • SEM. Data were analyzed using Student 's  t-test 
for comparison of groups. Differences of p < 0.05 were considered to be significant. 

Biopterin levels of the rats are mean values + SD. The Wilcoxon, Mann and 
Whitney test was performed for statistical comparison of differences in experi- 
ments and controls (significant, p < 0.05). 

R e s u l t s  

D u r i n g  ea r l i e r  i n v e s t i g a t i o n s  in p igs  (5) c o n c e r n i n g  s t ress  s u s c e p t i b i l i t y  
a n d  i ts  e f f ec t s  on u r i n a r y  p t e r i n  l eve l s  t h e r e  w a s  a s u g g e s t i o n  t h a t  t h e  to t a l  
b i o p t e r i n  v a l u e s  c o u l d  be  i n f l u e n c e d  by  d i f f e r e n t  k i n d s  o f  die ts .  T w o  
g r o u p s  o f  p igs  w e r e  fed  s t a n d a r d  d i e t  e i t h e r  w i t h  a f i sh-oi l  c o m p o u n d  (5 %) 
or  w i t h  c o c o a  oil  (5 %). T h e  b i o p t e r i n  v a l u e s  w e r e  0.36 _+ 0.033 ~ m o Y m m o l  
c r e a t i n i n e  ( n = 3 3 )  in t he  f i rs t  g roup ,  a n d  0 . 4 4 3 + 0 . 0 2 5 ~ m o l / m m o l  
c r e a t i n i n e  (n = 40) in t h e  s e c o n d  g r o u p  (p < 0.05). 

In  a n o t h e r  e x p e r i m e n t  t w o  g r o u p s  o f  p igs  w e r e  fed  e i t h e r  ad  l i b i t u m  or 
on  r e s t r i c t e d  d ie t  (24 h food:24 h f o o d  d e p r i v a t i o n ,  a l t e rna t ing) .  B i o p t e r i n  
l eve l s  o f  t he  f i rs t  g r o u p  w e r e  h i g h e r  t h a n  t h o s e  o f  t h e  s econd .  As e r e a t i n i n e  
c o n c e n t r a t i o n s  d e p e n d e d  on  t h e  b reed ,  t he  to ta l  b i o p t e r i n  l eve l s  w e r e  n o t  
r e l a t e d  to c r e a t i n i n e  l eve l s  in th i s  case.  C o n s i d e r i n g  the  c r e a t i n i n e  l eve l s  o f  
t h e  a l t e r n a t e l y  fed  g r o u p  o f  p igs  o f  t he  s a m e  b r e e d ,  t h e y  s h o w e d  l o w e r  
c r e a t i n i n e  l eve l s  in t he  days  w i t h o u t  food.  No  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  fed  a n d  f a s t ed  a n i m a l s  was  f o u n d  for  b i o p t e r i n  va lues .  U n f o r t u -  
na te ly ,  w e  c o u l d  n o t  m e a s u r e  to ta l  w a t e r  i n t a k e  a n d  u r i n a r y  ou tpu t .  
C o n c e r n i n g  t h e s e  fac ts  t h e r e  m u s t  be  an  i n f l u e n c e  o f  food  d e p r i v a t i o n  on 
b i o p t e r i n  c o n c e n t r a t i o n s  r e l a t e d  to c r ea t i n ine .  
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We t r i e d  to ru l e  o u t  e x t e r n a l  i n f l u e n c e s  b y  t r a n s f e r r i n g  t h e s e  f i n d i n g s  to 
an  e s t a b l i s h e d  r a t  m o d e l .  

H o u s i n g  o f  a n i m a l s  in  m e t a b o l i c  c a g e s  for  t h e  t i m e  o f  u r i n e  c o l l e c t i o n  
c a u s e d  a l i m i t e d  i n c r e a s e  o f  b i o p t e r i n  in  u r i n e  s a m p l e s  (p < 0.001). D u r i n g  
t h e  f i r s t  d a y s  o f  s a m p l i n g ,  v a l u e s  w e r e  a b o u t  300 % h i g h e r  in t h e  f i r s t  
n igh t .  T h e n  t h e y  d e c l i n e d  s t e a d i l y  u n t i l  t h e y  r e a c h e d  a p h y s i o l o g i c a l  m e a n  
v a l u e  o f  2.1 _+ 0.53 ~mol  B P / m m o l  c r e a t i n i n e  (n = 90) f r o m  t h e  f i f th  n i g h t  on  
(Fig.  1). 

ZOOZ 

2OOZ- 

lOOZ 

1st 2nd Zrd 4th-8th 
P 

night 

Fig. 1. Urinary B levels of rats with food deprivat ion (n = 24) (values from 4th-8th 
nights are 100 %). 

F e e d i n g  in t h e  m e t a b o l i c  c a g e s  d i m i n i s h e d  t h e  b i o p t e r i n  i n c r e a s e ,  as  
w e l l  as  a d a p t a t i o n  to f o o d  d e p r i v a t i o n  r e s u l t i n g  f r o m  a w i t h d r a w a l  o f  f o o d  
for  12 h o v e r n i g h t  in t h e  n o r m a l  h o u s i n g  c a g e s  4 d a y s  b e f o r e  t h e  e x p e r i -  
m e n t  s t a r t e d  (Fig.  2, 3). 

O f f e r i n g  25 ml  o f  a g l u c o s e  s o l u t i o n  (4.8 %) i n s t e a d  o f  w a t e r  (wi th  f o o d  
d e p r i v a t i o n )  t h e  b i o p t e r i n  e x c r e t i o n  n e a r l y  n o r m a l i z e d ,  a l t h o u g h  t h e  
m e t a b o l i z a b l e  e n e r g y  o f  n o r m a l  f o o d  i n t a k e  w a s  a b o u t  10-fold c o m p a r e d  
to g l u c o s e  (Fig.  4). 

I f  t h e  g l u c o s e  s o l u t i o n  w a s  o f f e r e d  4 d a y s  b e f o r e  t h e  r a t s  w e r e  p l a c e d  
in to  t h e  m e t a b o l i c  cages ,  t h e  b i o p t e r i n  l eve l s  w e r e  e v e n  l ower .  

A f t e r  an  a d a p t a t i o n  p e r i o d  o f  9 d a y s  in  t h e  m e t a b o l i c  c a g e s  o v e r n i g h t  
(wi th  f o o d  a n d  w a t e r  a d  l i b i t um) ,  r a t s  w e r e  g i v e n  a c o m b i n a t i o n  o f  g l u c o s e  
s o l u t i o n  (4.8 %) a n d  food.  B i o p t e r i n  v a l u e s  fel l  s i g n i f i c a n t l y  (Fig.  5). 

ZOOZ 

2OOZ~ 

lOOZ- 

1st 2nd Zrd 4th 5th-8th night 

Fig. 2. Urinary B levels (in ",,,) of rats with lbod (n = 24) (values fron] 5th-8th nights 
are 100 %). 
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Fig. 3. B levels tin %) ul rats with adaptation to food deprivation (n = 24) (values 
from 5th-Sth nights are 100 %). 
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Fig. 4. B levels (in %) of rats with glucose solution (n 24) (values from 5th-Sth 
nights are 100 %). 
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Fig. 5. B levels of rats (n 8): days 1-8 lbod and water; days 9-24 food and glucose 
solution; significance between days 8 and 9: p = 0.02. 

D e p r i v i n g  food,  t o g e t h e r  w i th  s u b s t i t u t i o n  of  wa te r  by  g lucose  s o l u t i o n  
u n d e r  the  c o n d i t i o n s  d e s c r i b e d  a b o v e  d id  n o t  l ead  to the  s a m e  i n c r e a s e  in  
b i o p t e r i n  as was  f o u n d  wi th  food d e p r i v a t i o n  a n d  w a t e r  (Figs. 6, 7). 

A n y  e x p e r i m e n t a l  d e s i g n  o f fe r ing  g lucose  s o l u t i o n  on  d i f f e r en t  days  a n d  
in  d i f f e ren t  c o m b i n a t i o n s  (day 2-4; day  1-8, for e x a m p l e ;  wi th  food depr i -  
va t ion)  in  m e t a b o l i c  cages  led  to d i m i n i s h e d  b i o p t e r i n  v a l u e s  vs cont ro ls .  
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Fig. 6. B levels of rats (n = 8): days 1-8 food and water; days 9-24 glucose solution; 
significance between days 8 and 9: p = 0.04. 

However ,  a s o l u t i o n  of  N a - s a c c h a r i n  i n s t e a d  of w a t e r  ( swee tnes s  is a b o u t  
the  s a m e  as in  g lucose  so lu t ion ;  wa t e r  i n t a k e  as h igh  as w i t h  g lucose  
solut ion) ,  as wel l  as the  a p p l i c a t i o n  of  1.2 g g ]ucose  p o w d e r  ha d  no  effect  
on  b i o p t e r i n  e x c r e t i o n  c o m p a r e d  to con t ro l  g roups .  

As it  cou ld  be  o b s e r v e d  tha t  t he  cage  types ,  as wel l  as the  fact t ha t  the  
a n i m a l s  were  c o n f r o n t e d  w i th  n e w  s u r r o u n d i n g s  i n f l u e n c e d  t e s t ing ,  thus ,  
we  t r ied  to e l i m i n a t e  t hese  factors  b y  u s i n g  w i r e - b o t t o m e d  h o u s i n g  cages.  
The  rats  we re  k e p t  in  t hese  for a n  a d a p t a t i o n  pe r iod  of  2 weeks .  U r i n e  
cou ld  be co l l ec ted  w i t h o u t  d i s t u r b i n g  the  a n i m a l s .  

I n  add i t i on ,  s a m p l e s  were  co l lec ted  for 3 days  eve ry  3 h as it s h o w e d  t h a t  
peaks  in  u r i n a r y  b i o p t e r i n  levels  o f t en  cou ld  no t  be  d e t e c t e d  in  12-h 
s a m p l e s  d u e  to the  shor t  d u r a t i o n  of  t hese  peaks .  �9 

T h e r e  was  no  i nc r ea se  in  b i o p t e r i n  e x c r e t i o n  by  s t a r t i ng  s a m p l e  collec-  
t ion  in  fed an ima l s .  

D e p r i v i n g  food once  for 12 h d id  no t  e leva te  b i o p t e r i n  va lues .  E v e n  da i ly  
d e p r i v a t i o n  d id  n o t  i n c r e a s e  the  levels .  The  ra ts  in  t hese  e x p e r i m e n t s  we re  
u s e d  to h a n d l i n g  a n d  d id  n o t  s h o w  a n y  s igns  of stress.  

T h e  on ly  e x p e r i m e n t  w h e r e  a r e m a r k a b l e  i nc r ea se  c ou l d  be  s een  was  an  
e x p e r i m e n t  with rats who  were  e x t r a o r d i n a r i l y  n e r v o u s  a n d  no t  u s e d  to 
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Fig. 7. B levels ol'rats (n = 8) in metabo l i c  cages: days 1-8 l'ood and water; days 9-24 
food deprivation and water; significance between days 8 and 9: p = 0.03. 
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handling. Food deprivat ion together  with an addit ional  stress situation 
(weighing, opening  cage, s trange person) was associated with a remark-  
able increase in biopterin excretion. 

Feeding cellulose for 12 h, twice dur ing  trial period, did not  lead to 
significant changes  in biopter in values in mos t  of  the animals. In this case 
mos t  of the rats seemed to prefer the cellulose preparat ion to normal  food. 
As there is no caloric effect, results could be compared  to fasting, having 
ruled out  the side effects of  stress of food deprivation. We can confi rm that 
diuresis dur ing early fasting in rats is consis tent  with a recent  report  (13). 
Food deprivat ion leads to diuresis that  lasts about  9 to 12 h. Rats did 
respond to food deprivat ion for 12 h daily with an effect of adaptation. 
Creatinine levels re turned  to normal  dur ing  the second and third nights. 
There is no correlat ion be tween diuretic creatinine levels and changed  
biopterin levels. 

Fast ing for 12 h, as well as feeding cellulose obviously  changed  the 
circadian rhy thm of biopter in  to the opposi te  with an early onset  of  
changes  after 3-6 h. Normally,  the highest  physiological  values are found 
in the evening (1900-2200 hours;  under  our  specific envi ronmenta l  condi- 
tions), that  being the beginning  of the rats '  activity period which  decreases 
dur ing the night  and increases again dur ing the day. With food deprivat ion 
the highest  levels are found in the morn ing  (0700-1000 hours); they then 
decline until  dusk  and rise again the next  morn ing  (Figs. 8, 9). 
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14.00- ram01 creat 
12,00- 
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0 , 0 0  I t l l l l l l I I l l  i l l l l l l l l  I I I I I 
7 0 0  1 9 o o  7 0 0  1 9 o o  7 o o  1 9 o o  7 0 0  

Fig. 8. B l eve l s  o f  a rat wi th  l ood  and water  ad l ibi tum. 
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Fig. 9. B leve l s  o f  a rat wi th  food deprivat ion.  
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D i s c u s s i o n  
U n d o u b t e d l y ,  there  was an in f luence  of feed ing  on b iop t e r i n  levels ,  bu t  

the  m e c h a n i s m s  u n d e r l y i n g  the o b s e r v e d  changes  were  not  obvious .  
E leva ted  b iop te r in  concen t r a t i ons  in me tabo l i c  cages  cou ld  be assoc ia ted ,  
e i ther  wi th  changes  in food or wa te r  in take ,  or wi th  changes  in envi ron-  
men ta l  hous ing  condi t ions .  

F r o m  e x p e r i m e n t s  tha t  were  p e r f o r m e d  in me tabo l i c  cages it l o o k e d  as if 
food dep r iva t i on  cou ld  be the  ma in  fac tor  in f luenc ing  b iop te r in  levels.  
However ,  the  s tud ies  in hous ing  cages  p r o d u c e d  c on t r a d i c t o r y  results .  
Two g roups  of  rats  d id  no t  exp re s s  any  inf luence  of fas t ing on u r ina ry  
b iop te r in  levels.  As they  were  w e i g h e d  and  h a n d l e d  dai ly ,  and  were  used  
to the  e n v i r o n m e n t a l  events  re la ted  to u r ine  co l lec t ion  (noise, ope n i ng  
cages), s t ress  factors  were  min imized .  In  con t r a s t  to that ,  rats  tha t  s e e m e d  
to be e x t r e m e l y  sens i t ive  to s t ressfu l  s i tua t ions  and  who  were  not  u sed  to 
the  cond i t ions  ou t l i ned  above  s h o w e d  a s ign i f ican t  inc rease  in b iop te r in  
excre t ion .  

F u r t h e r m o r e ,  two- to th ree fo ld  e l eva ted  concen t r a t i ons  in u r ina ry  
b iop te r in  only 3 h af ter  food dep r iva t i on  cou ld  not  be e x p l a i n e d  j u s t  by  
calorie  effects.  Af ter  this  t ime  food was stil l  found  in the  rats '  s tomach .  
These  f indings  are in a g r e e m e n t  wi th  the  s tud ies  of  o ther  au thor s  (6). 

As changes  in the  d iu rna l  var ia t ions  also a p p e a r  ju s t  a few hours  af ter  
food dep r iva t ion  or af ter  the  feed ing  of  ce l lu lose  they  can ha rd ly  be  
a t t r i bu t ed  to fas t ing alone.  A more  l ike ly  e x p l a n a t i o n  for the  o b s e r v e d  
p h e n o m e n o n  m a y  be  a low shor t - t e rm e leva t ion  at the  beg inn ing  of food 
dep r iva t ion  caused  by  an u n e x p e c t e d  change  in e n v i r o n m e n t a l  condi -  
tions. The  a l te red  feed ing  condi t ions ,  wh ich  are  fo l lowed by  a change  of 
c i rcad ian  ac t iv i ty  pa t te rn ,  are re f lec ted  by  an add i t i ona l  change  in d iu rna l  
b iop te r in  rhy thm.  

It is poss ib le  tha t  unfed  an imals  deve lop  hypog lycemia ,  tha t  i n d u c i n g  
stress  r eac t ions  and  h o r m o n a l  regula t ions .  A g lucose  so lu t ion  tha t  had  
only a b o u t  one- ten th  of me tabo l i zab le  ene rgy  of no rma l  food in take  was 
able  to res to re  e l eva ted  b iop te r in  va lues  b a c k  to no rma l  or to even  lower  
values.  This cou ld  be due  to h o r m o n a l  effects  or a l t e ra t ions  in wa te r  i n t ake  
or output .  

The high wa te r  in take  d id  not  lower  the  e leva ted  a m o u n t s  of  u r ina ry  
b iop te r in ,  as was  shown wi th  the  app l i ca t ion  of sacchar in  solut ion.  

Inves t iga t ing  the in f luence  of  tht ty  acids,  d i f fe rences  were  not  only  seen 
in b iop te r in  values,  bu t  also in p a r a m e t e r s  l ike da i ly  we igh t  gain or e rea t in  
kinase.  However ,  it m u s t  be t aken  into cons ide ra t ion  tha t  an imals  tha t  
were  fed on the fish-oil  c o m p o u n d  die t  had  a lower  food c ons um pt i on .  
F u r t h e r  inves t iga t ions  are necessa ry  to solve this  p rob lem.  The d i f fe rences  
in pigs  tha t  were  fed ad l i b i t um and  those  on a r es t r i c t ed  d ie t  again  s h o w e d  
the i m p o r t a n c e  of re fe rence  p a r a m e t e r s  l ike  creat in ine .  After  d e t e r m i n i n g  
the va lues  per  ml, it looks  l ike  a r e s t r i c t ed  d ie t  w o u l d  s ign i f ican t ly  lower  
b iop te r in  concen t r a t ions  due  to the  a l t e red  me tabo l i c  s i tuat ion.  In  the  
p r e sen t  s tudy,  however ,  wa te r  in take  du r ing  s ta rva t ion  wou ld  be of  equa l  
interest ,  as well  as u r ina ry  output .  Dur ing  ear ly  fasting, both  are i nc reased  
in h u m a n s  and rabbi t s ,  whereas  the  rat  shows  a d i f ferent  behaviour .  

L o o k i n g  at  our  rat  expe r imen t s ,  we could  conf i rm the d iures i s  in ear ly  
fas t ing in rats, as has been  sugges t ed  (13). Add i t iona l ly ,  we can say tha t  
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the re  is an  effect  of  h a b i t u a t i o n  b e c a u s e  c r e a t i n i n e  c o n c e n t r a t i o n s  
i m p r o v e d  r a p i d l y  af ter  9-12 h a n d  d id  n o t  dev ia t e  f rom the  r e f e r e n c e  r a n g e  
d u r i n g  r e p e a t e d  food d e p r i v a t i o n .  A p p a r e n t l y ,  th is  f a s t i ng  d iu r e s i s  
s e e m e d  to be  a p o s s i b l e  e x p l a n a t i o n  for the  h i g h  b i o p t e r i n  leve ls  i n  t he  
first  n i g h t  in  m e t a b o l i c  cages.  B u t  by  e v a l u a t i n g  e x c r e t i o n  in  h o u s i n g  
cages  in  a grea t  n u m b e r  of  a n i m a ] s  a n d  in  s h o r t - t e r m  pe r i ods  the re  was  no  
co r re l a t ion  in  b i o p t e r i n  a n d  d iures i s .  D i u r e s i s  was  also f o u n d  in  a n i m a l s  in  
r e s p o n s e  to f e e d i n g  ce l lu lose ,  i n d i c a t i n g  t ha t  t he re  is, in  fact, no  m e t a b o l i z -  
ab le  ene rgy .  

In  c o n c l u s i o n ,  the  effects  of food, food d e p r i v a t i o n ,  a n d  n u t r i t i o n a l  
factors  i n v e s t i g a t e d  u p  to n o w  are n o t  the  m a i n  factors  i n f l u e n c i n g  b iop te -  
r in  levels .  The  da ta  sugges t s  tha t  t h e y  are m o r e  l ike ly  to be  a t t r i b u t e d  to 
s t ress  a n d  its h o r m o n a l  r e g u l a t i o n s  a n d  r eac t ions ,  as we  d e s c r i b e d  else- 
w h e r e  (5, 7, 12). To p r o v i d e  a n s w e r s  to t h e s e  q u e s t i o n s  f u r t h e r  s t ud i e s  i n  
phys io log i ca l  b i o p t e r i n  m e t a b o l i s m  have  to be  ca r r i ed  out.  
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