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Effect of the Adminis trat ion of Xanthine on the Appearance of Xanthtne Oxidase Activity in the Liver 
of Growing Rats 

I n  t h e  n e w - b o r n  rat ,  some hepa t i c  enzymes  are a l ready  
p r e s e n t  a t  t h e  adu l t  levels, whi le  o the r s  are  still a b s e n t  
and  a p p e a r  a t  va r ious  t imes  a f te r  b i r t h  s-a. 

The  s t a r t i ng  signal  regu la t ing  t h e  appea rance  of  t h e  
e n z y m a t i c  ac t iv i t ies  dur ing  p o s t n a t a l  d e v e l o p m e n t  is n o t  
known.  As a work ing  hypothes i s ,  one  m a y  a s sume  t h e  
ex is tence  of a repress ion-derepress ion  sy s t em analogous  
to  t h a t  f o u n d  in micro-organisms .  

In  no rma l ly  fed ra ts ,  l iver xan th ine -ox idase  (E.C. 
1.2.3.2.) a c t i v i t y  appear s  a f t e r  t h e  t w e n t i e t h  d a y  of life, 
while  in p ro te in  ma lnu t r i t i on  t h e  t ime  of a p p e a r a n c e  is 
de layed  4. I t  is the re fore  possible  to  fo rmula te  t h e  hy-  
po thes i s  t h a t  t h e  appea rance  of t he  e n z y m e  ac t iv i ty  
d e p e n d s  on the  presence  of an  a d e q u a t e  a m o u n t  of 
x a n t h i n e  in t he  cell; t he  admin i s t r a t i on  of x a n t h i n e  m i g h t  
there fore  an t i c ipa te  t he  appea rance  of the  enzym e  
ac t iv i ty .  

Methods.  Sprague-Dawley  rats ,  12-30 days  of age, were 
used for these  exper imen t s .  The samples  were a lways  
f rom l i t t e r  mates .  Ind iv idua l  dif ferences  in xan th ine -  
oxidase  a c t i v i t y  are  ac tua l ly  negligible a m o n g  ra t s  f rom 
the  same l i t ter .  X a n t h i n e  in physiological  sal ine 
(24 mg]lO0 g b o d y  weight)  was admin i s t e r ed  dai ly  b y  
i.p. inject ion.  Control  r a t s  were  in jec ted  w i t h  phys io-  
logical  saline. U p o n  his tological  e x a m i n a t i o n  of t he  liver, 
d a m a g e s  due  to  x a n t h i n e  a d m i n i s t r a t i o n  h a v e  neve r  been  
ev idenced .  In  some cases  a c t i n o m y c i n  D, cyc lohex imide  
or  cor t i sone  were  admin i s t e red .  

~ r h e n  es tabl i shed,  r a t s  were  sacrif iced by  decap i t a t ion ,  
l ivers were  r ap id ly  r emoved ,  washed  in 0.9% saline, 
pooled  a n d  homogen ized  in  ice cold 0 .039M p h o s p h a t e  
buf fe r  a t  p H  7.3 (1.5 wt /v)  for  45 sec in a P o t t e r  h o m o -  
genizer  f i t t ed  wi th  a m o t o r - d r i v e n  Teflon pest le .  

X a n t h i n e - o x i d a s e  a c t i v i t y  was  d e t e r m i n e d  d i rec t ly  in 
t he  h o m o g e n a t e  w i th  a W a r b u r g  resp i rometer ,  as de- 
scr ibed by  AXELROD and  ELVEHJ~M 6. The  e n z y m e  
ac t iv i ty  was expressed  in t e r m s  of #1 of oxygen  consume d  
per  g of fresh l iver or pe r  mg of P of deoxyr ibonuc le ic  acid 
(DNA-P) /h .  

The  effect  of a c t i nomyc in  D and  cyc loheximide  a d mi n -  
i s t ra t ion  was  cont ro l led  respec t ive ly  on  t h e  basis  of t h e  
r a t e  of incorpora t ion  of orot ie  acid-6-t4C in to  t o t a l  R N A  
and  of L-leucineA4C and  of L-phenylalanine-~4C in to  pro-  
tein.  2.5 #C of orot ic  acid-6-~4C were  in jec ted  in to  each  
a c t i n o m y c i n  D - t r e a t e d  and  cont ro l  rat .  The  an imal s  were  
sacrif iced 20 min  la ter ,  l ivers were  r ap id ly  r emoved ,  
w a s h e d  in 0.9% sal ine a n d  homogen ized  (1:3 wt /v )  in 
ice cold 0 . 0 1 M  Tr i s  buffer  a t  p H  7.3. R N A  was  e x t r a c t e d  
wi th  t he  ho t  sod ium chlor ide m e t h o d  s. 

L-Leucine-~4C (5 pC/100 g b o d y  weight)  a n d  L-phenyl-  
alanineA4C (10 pC/100 g b o d y  weight)  were in jec ted  i.p. 
in to  cyc lohex imide - t r ea t ed  and  con t ro l  ra ts ,  30 rain be-  
fore sacrifice. The  acid- insoluble  p rec ip i t a t e  was  p r e p a r e d  
f rom liver h o m o g e n a t e  b y  add ing  1 vol. of 10% TCA 
con ta in ing  1% casaminoacids .  

The  r ad ioac t i v i t y  was  d e t e r m i n e d  wi th  t he  aid of a 
Nuclear  Chicago low b a c k g r o u n d  counter .  

R N A  was as sayed  by  the  SCHSIEIDER orcinol  pro-  
cedureL D N A - P  was  d e t e r m i n e d  by  the  m e t h o d  of "WEBB 
and  LF.vv 8. 

Results  and discussion. In  Table  I i t  can  be  seen t h a t  
while in con t ro l  ra t s  t h e  x a n t h i n e - o x i d a s e  ac t iv i ty  is 
p re sen t  only  a f te r  the  t w e n t y - s e c o n d  day  of life, in ra t s  
in jec ted  for a t  least  2 consecut ive  days  w i t h  xan th ine ,  
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Table I. Effect of the administration of xanthine on the time of appearance of xanthine-oxidase activity 

Age Days of Xanthine-treated ~ Control b 
(days) treatment 

No. of 0s/~l/g O~/~l/mg No. of 0~/~l/g 02~I/mg 
rats wet liver/h DNA-P]h rats wet liver/h DNA-P]h 

12 5 13 0 0 10 0 0 
13 . . . .  4 0 0 
14 5 3 0 0 3 0 0 
15 2 5 I10(0-255} ~ 363(0-885} - - - 
16 3 33 113 (0-229) 413 (0-874) 2 0 0 
17 1 4 0 0 2 0 0 
17 2 4 0 0 2 0 0 
17 3 5 1274-53.6 6254-385 2 0 0 
17 4 36 1554-14.9 602-t- 64 I0 0 0 
17 5 15 1984-26.8 6524-103 12 0 0 
17 9 12 2544-50.3 8414-169 12 0 0 
21 . . . .  5 0 0 
22 - - - 2 80=t=13,2 2694- 58 
24 . . . .  2 82::t:21.3 3134- 86 
25 5 8 3134- 9,2 15074- 69 4 2704-17.2 11064- 75 
28 . . . .  9 259:k22.5 890=k111 
30 5 3 3714-28.6 11614- 92 3 277::[=62,6 8164-206 

s Xanthine was administered daily at the dosage of 24 mg/100 g body weight by i,p. injection, up until the day before the sacrifice, b Control 
rats were injected with physiological saline, ~ No, in parentheses represent the range of values. 
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t h e  a c t i v i t y  b e c o m e s  d e t e c t a b l e  a s  e a r l y  as  t h e  f i f t e e n t h  
d a y  of  life. 

M o r e o v e r ,  p r o l o n g e d  x a n t h i n e  t r e a t m e n t  r e s u l t s  in  a 
f u r t h e r  i nc r ea se  of  a c t i v i t y ,  e v e n  a t  a n  age  a t  w h i c h  
de f in i t e  a c t i v i t y  is a l r e a d y  p r e s e n t .  A n y  a t t e m p t  t o  c a u s e  
t h e  a p p e a r a n c e  of  x a n t h i n e - o x i d a s e  a c t i v i t y  in t h e  f i r s t  
14 d a y s  o f  life w a s  a l w a y s  unsucces s fu l l .  

T h e  ef fec t  of  a d m i n i s t r a t i o n  of  x a n t h i n e  is n o t  m e d i a t e d  
t h r o u g h  t h e  a d r e n a l  g l a n d s ;  in  fac t ,  3 c o n s e c u t i v e  injec-  
t i o n s  of  c o r t i s o n e  (2.5 r ag /100  g b o d y  w e i g h t  3 t i m e s  
e v e r y  4 h) d id  n o t  c ause  a n y  a p p e a r a n c e  of  x a n t h i n e -  
o x i d a s e  a c t i v i t y  in  16 -day-o ld  r a t s .  

T a b l e  I I  s h o w s  t h a t  4 d a y s  a f t e r  t h e  i n t e r r u p t i o n  of  
x a n t h i n e  a d m i n i s t r a t i o n  x a n t h i n e - o x i d a s e  a c t i v i t y  s l owly  
decreases ,  so t h a t  a t  t h e  t w e n t y - s e c o n d  d a y  of life t h e  

Table II .  Evaluation of residual xanthine-oxidase activity ~ 

e n z y m e  a c t i v i t y  is s t i l l  h i g h e r  t h a n  t h e  n o r m a l  v a l u e  b u t  
l o w e r  t h a n  t h e  v a l u e  f o u n d  be fo r e  s u s p e n d i n g  x a n t h i n e  
a d m i n i s t r a t i o n .  

T h i s  r e s u l t  i n d i c a t e s  t h a t  a c o n t i n u o u s  a d m i n i s t r a t i o n  
of  x a n t h i n e  is e s s e n t i a l  in  o r d e r  t o  m a i n t a i n  t h e  level  o f  
x a n t h i n e - o x i d a s e  a c t i v i t y  i n d u c e d  b y  t h e  i n j e c t i o n  of  
s u b s t r a t e .  

As  s h o w n  in  T a b l e  I I I ,  a c t i n o m y c i n  D t r e a t m e n t  
r e d u c e s  t h e  s y n t h e s i s  of  R N A  to  a p p r o x i m a t e l y  x]3, a n d  
c y c l o h e x i m i d e  a l m o s t  c o m p l e t e l y  i n h i b i t s  t h e  a m i n o  ac id  
i n c o r p o r a t i o n  i n t o  p r o t e i n s .  

T a b l e  I V  s h o w s  t h a t  a c t i n o m y e i n  D is n o t  ab le  to  
p r e v e n t  t h e  e f fec t  of  x a n t h i n e  on  x a n t h i n e - o x i d a s e  
ac t i v i t y ,  a f i nd ing  t h a t  w o u l d  d e m o n s t r a t e  t h a t  t h e  a c t i o n  
of x a n t h i n e  is n o t  a t  t h e  t r a n s c r i p t i o n a l  level.  O n  t h e  
c o n t r a r y ,  c y c l o h e x i m i d e  p a r t i a l l y  p r e v e n t e d  t h e  effect  of  
x a n t h i n e .  

O n  t h e  b a s i s  of  t h i s  l a s t  r e s u l t  i t  is pos s ib l e  t o  f o r m u l a t e  
2 h y p o t h e s e s :  t h e  f i rs t ,  t h a t  x a n t h i n e  ca r r i e s  o n  i t s  a c t i o n  

Age b Xanthine-oxidase activity Residual 
(days) xanthine -oxidase 

Control Xanthine treated ~ activity 
O~ #l/mg 

No. of O2/~l/mg No. of O~/21/mg DNA-P/h 
rats DNA-P]h rats DNA-P]h 

17 2 0 2 443 - 
22 2 269 2 378 109 

By 'residual xanthine-oxidase activity' is meant the difference 
between the level of enzymatic activity remaining 4 days after the 
interruption of xanthine administration and the leveI which is 
normally present at the same age. ~ Rats were all part of the same 
litter. ~ Xanthine was administered daily at the dosage of 24 mg/100 g 
body weight, from 12-16 days old, by i.p. injection. After the six- 
teenth day of life, the administration of xanthine was stopped also 
for rats to be sacrificed at the twenty-second day of life. Control 
rats were injected with physiological saline. 

Table I I I .  Inhibition of RNA and protein synthesis by actinomycin D 
and cyeloheximide 

Experi- No. of Treatment Tracer used RNA Protein 
ment rats~ cpm//xg cpm/mg 
No. RNA-P/ liver 

0.2 ull 

t I none Orotic aeid-6-t4C 691 - 
1 ACT D b, 5 h Orotic acid-6-14C 188 - 
1 ACT D, I0 h Orotic acid-6-1*C 131 - 

2 1 none L-Leu*I~C - 29.0 
1 CHX% 5 h L-LeuA4C - 0.3 
1 CHX, 10 h L-LeuAaC - 0.2 

3 1 none L-PheA4C - 121.3 
1 CHX, 5 h L-Phe-X~C - 0.8 
1 CHX, 5 h L-PheA*C - 0.9 

Rats of each experimental group were part of the same litter. 
b Actinomycin D (Act D) 1/zg/g body weight, was administered i.p. 
5 h prior to sacrifice. Orotic aeid-6-x4C 2.5/zC was injected i.p. 20 min 
prior to sacrifice. ~ Cyclohexinfide (CHX) 1 mg/30 g body weight 
(experiment 2) and 1 mg]15 g body weight {experiment 3), was 
administered i.p. 5 or 10 h prior to sacrifice. L-leucine-X*C 5btC/i00 g 
body weight, or L-phenylalanine-14C 10/tC]100 g body weight were 
injected i.p. into the rats 30 rain before sacrifice. The radioactivity 
was determined with the aid of a Nuclear Chicago low back ground 
counter. 

"Fable IV. Effect of actiuomycin D and cyelohexinfide upon the level 
of liver xanthine-oxidase 

Experi- Age No. of No. of Antibiotic Xanthine-oxidase 
ment (days) rats xanthine used c,a activity 
No,~ injec- O~/~l/g O2/~l/mg 

tions b wet DNA-P/h 
liver]h 

1 16 1 3 none 0 0 
17 2 4 none 120 681 
17 2 4 ACT D 156 650 

2 16 2 3 none 91 350 
17 2 4 none 187 987 
17 2 4 ACT D 199 1134 

3 16 2 3 none 46 162 
17 2 4 none 113 504 
17 2 4 ACT D 118 579 

4 16 1 3 none 84 322 
17 2 ~ none 152 632 
17 2 4 ACT D 137 583 

5 15 2 2 none 76 204 
16 2 3 none 91 396 
16 2 3 CHX 74 254 

6 15 2 2 none 0 0 
16 2 3 none 174 597 
16 3 3 CHX l l i  389 

7 16 2 3 none 229 874 
17 2 4 none 267 1107 
17 1 4 CHX 241 996 

8 16 2 3 none 117 289 
17 2 4 none 156 602 
17 2 4 CHX 118 411 

Rats of each experimental group were part of the same litter. 
Xanthine was administered daily at the dosage of 24 mg/100 g 

body weight by i.p. injection. Rats injected with aetinomycin D and 
cycloheximide and their relative controls, were sacrificed 10 or 12 h 
after the last injection of xanthine. ~ Aetinomyein-D (ACT D) 
1 /zg]g body weight was administered i.p. 12 h prior to sacrifice. 
a Cycloheximide (CHX) 1 rag/30 g body weight (experiments 5, 6, 8) 
or 1 rag/15 g body weight (experiment 7) was administered i.p. 10 h 
prior to sacrifice. The antibiotics were administered between the 
second or the third day of xanthine treatment, since, as shown in 
Table 1, the xanthine-oxidase activity markedly increases in this 
period. 
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a t  the  t r ans l a t iona l  level, and  t h e  second t h a t  x a n t h i n e  
acts  s imply  as a s tabi l izer  o f  t he  enzyme  by  decreas ing  
the  ra te  of i ts  degrada t ion ,  and  t h e r e b y  s imula t ing  an  
e n z y m e  induct ion .  F a c t s  in favour  of t he  second hy -  
po thes i s  are:  t he  decrease of enzyma t i c  ac t iv i ty  following 
i n t e r rup t i on  of x a n t h i n e  admin i s t r a t ion ,  and  the  possi- 
b i l i ty  to  cause the  appea rance  of xan th ine -ox idase  ac t iv i ty  
only  a f te r  t he  f o u r t e e n t h  day  of life. One m i g h t  in fact  
suppose  t h a t  a t  th is  age xan th ine -ox idase  is a l ready  
p r e s e n t  in non-de t ec t ab l e  amounts ,  and  t h a t  x a n t h i n e  
exer t s  i ts  s tabi l iz ing effect,  which  was no t  possible before,  
w h e n  the  enzyme  was real ly absent .  

In  th is  respect ,  x a n t h ine -ox ida se  of r a t  l iver  dur ing  the  
f irs t  30 days  of life would  b e h a v e  as xan th ine -ox idase  of 
mouse  liver. I n  fact ,  x an th ine -ox ida se  ac t iv i ty  of mouse  
l iver is ma in ta ined ,  in p ro t e in  deple t ion,  b y  t h e  admin -  
i s t ra t ion  of xan th ine% These  same resul ts  h a v e  no t  been  
observed  in t he  p ro te in -dep le t ed  adu l t  r a t  x° nor  in the  
p ro t e in -dep le t ed  chick hA2. 

Riassunto. La sommin is t raz ione  di x a n t i n a  a r a t t i  di  
et~ compresa  Ira i 12 e i 30 giorni, causa  una  precoce com- 
pa r sa  di a t t iv i th  xant inoss idas ica .  Tale compa r sa  6 in- 

f iuenza ta  dal la  cyc loheximide  m a  non  dal  cor t i sone  n~ 
dal la  a t t i n o m i c i n a  D. 

MARIA ANTONIETTA SPADONI and  M. TICCA 

Laboratorio di Biochimica della Nutrizione, 
Istituto Nazionale della Nutrizione, Cilta 
Universilaria, Roma  (Italy), 
25 March 1968. 
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E f f e c t  o f  C h r o n i c  A d m i n i s t r a t i o n  o f  A c e t y l s a l i c y l i c  A c i d  o n  L i p i d  M e t a b o l i s m  i n  G r o w i n g  R a t s  

Several  in v ivo and  in v i t ro  inves t iga t ions  have  
d e m o n s t r a t e d  the  diverse  effects  of sal icylates  in bio- 
logical sys t ems  x,2. Most  of these  s tudies  have  been  con- 
f ined to  adu l t  animals  or t issues thereof .  In  recen t  years  
evidence  has  been  ob ta ined  to ind ica te  t h a t  pro longed 
adn l in i s t r a t ion  of sal icylates  causes s t ruc tu ra l  and  func-  
t ional  a l te ra t ions  in cer ta in  glands  and  t issues of exper i -  
m e n t a l  animals  ~,4. The i m p o r t a n c e  of phosphol ip ids  in 
s t ruc tu r e  and  in tegr i ty  of all m e m b r a n e s ,  t h e  t r a n s p o r t  
of cholesterol  and  o the r  l ipids in t he  blood,  and  poss ibly  
in some capac i ty  in t e r mina l  ox ida t ion  is well  recognized.  

The p resen t  c o m m u n ica t i on  deals w i t h  t he  changes  in 
t he  f a t t y  acid compos i t ions  of the  phosphol ip ids  of l iver 
and  bra in  as a resul t  of p ro longed  admin i s t r a t i on  of 
acetylsal icyl ic  acid to  young  growing rats .  I n  addi t ion,  
since sal icylate has  been r epea t ed ly  found to  cause m a r k e d  
func t iona l  changes  in the  adrena ls  ~, a p re l imina ry  s t u d y  
of t he  f a t t y  acid compos i t ion  of the i r  to ta l  l ipids unde r  
these  condi t ions  has  also been  made.  

Materials and methods. Male Sprague-Dawley  ra ts  were 
placed on syn the t i c  d ie t  6 con ta in ing  15% corn oil sub-  
s t i t u t ed  isocalorically for c a rbohydra t e .  One half  t he  to ta l  
n u m b e r  of ra t s  f rom this  group were  given dai ly oral 
admin i s t r a t i on  of acetylsal icylic  acid (0.3 mg /g  b o d y  
weight)  m i x e d  w i t h  a smal l  a m o u n t  of corn  oil for per iods  
up  to  90 days.  The dai ly  dosage was  d e t e r m i n e d  f rom the  
average  b o d y  weight  of the  ent i re  group receiving acetyl-  
salicylic acid. Respec t ive  controls  were given an equiva-  
lent  a m o u n t  of corn oil. 

F ive  t r ea t ed  and  u n t r e a t e d  animals  were sacrificed by  
decap i t a t i on  a t  4, 8 and  12 weeks. Liver,  b ra in  a n d  
adrenals  were t aken  ou t  immedia te ly .  The  adrenals  were 
freed f rom adher ing  fa t  and  pooled toge the r  for ex t r ac t ion  
of to ta l  lipids. 

Tota l  l ipids were ex t r ac t ed  f rom these  t issues by  
homogen iza t ion  in a m ix tu r e  of m e t h y l a l - m e t h a n o l  (411, 
v/v) con ta in ing  0.1 mg /ml  of DL-e-tocophero1 as an  ant i -  
ox idant .  Phospho l ip ids  were isolated f rom the  c rude  ex- 

t rac t s  of the  l iver by  th in - l aye r  c h r o m a t o g r a p h y  as 
descr ibed  prev ious ly  7. Since the  bra in  t issue con ta ins  mos t  
of t he  f a t t y  acids in t he  fo rm of phosphol ip ids ,  i t  was  
cons idered  a d e q u a t e  to  use t he  whole  bra in  lipid e x t r a c t  

Table I. Fatty acid composition of liver and brain phospholipids of 
rats administered acetylsalieylie acid (ASA) 

Fatty % total fatty acids ~ 
acid 

Liver (4 weeks) Brain (12 weeks) 

Control ASA Control ASA 

16:al - - 1.3 =[: 0.0 1.5 4- 0.0 
16:0 14.7 4- 0.7 26.4 4- 2.0 32.2 4- 1.i 36.1 4- 0.8 
16:1 1.04-0.1 1.04-0.1 0.2-t-0.0 0.94-0.1 
18:al - - 1.34-0.3 1.24-0.2 
18:0 20.5 i 1.1 26.54-2.0 19.8-t-1.4 18.64-0.5 
18 : 1 9.5 :t: 0.4 8.3 4- 1.0 32.8 4- 0.8 29.3 4- 0.7 
18:2 17,4 i 0.8 15.4 + 1,5 0.34-0.0 0,4 + 0.0 
20:4 26.2 -4- 1.7 15.4 -t- 1.3 4.0 4- 0.2 4.0 -4- 0.3 
22:6 2.7 4- 0.3 1.2 :t: 0.0 3.9 4- 0.4 2.6 4- 0.2 
Others 8.0 5.8 4.2 5.4 

• Results expressed as mean of all animals in the respective groups 4- 
standard error of the mean. 
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