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this fraction showed a low mean delta value : E lcm/1% = 
0.55. 

Discussion. The concept of a purely biologicaI anti- 
oxidant act ivi ty of vi tamin E, and an associated function 
of selenoamino acids as free radicals scavengers and 
peroxide descomposers, has suggested lipid peroxidation 
in vivo as the original alteration in the pathogenesis of 
dietary liver necrosis a,! Cellular membranes would be 
damaged, since they are largely composed by polyun- 
saturated fat ty  acids. 

A large part of the argument in support of the lipid 
peroxidation hypothesis derives either from experiments 
in vitro on the properties of antioxidants, or comparative 
studies with other experimental models, such as radiation 
damage and ageing processes. A protective action of 
antioxidants compounds like DPPD, replacing the vi tamin 
E in the diet, has been advocated as direct evidence for 
the lipid peroxidation mechanism 9. However, studies 
conducted by other authors failed to confirm the alterna- 
tive action of vi tamin E and structurally different anti- 
oxidants as related to prevention of lipid peroxidation ~0, n 
I t  is interesting to note that  in other non-toxic cellular 
necrosis, like renal necrosis in choline deficient rats, in 
which lipid peroxidation in vivo has been demonstrated, 
DPPD leads to a decrease of the renal lesions while 
vitamin E fails to exert a similar protective action 12. 
Critical examinations of the lipid peroxidation hypothesis 
have concluded that  the peroxide content in rat liver is 
not altered by the addition of vi tamin E to the diet ~. 

The significance of peroxides detected by the widely 
used reaction of the thiobarbituric acid (TBA) with 
malonaldehydes, has been seriously objected to as 
evidence of the existence of lipid peroxidation in living 
tissues. I t  is presently believed that  malonaldehyde is 
metabolized in vivo through mitochondrial pathways, 
and therefore the TBA reaction would depend on perox- 
ides formed in vitro during the procedure6. 

The results reported here, obtained by the method of 
detection of diene conjugates, indicate that  there is no 
evidence of lipid peroxidation during the different stages 
of the prenecrotic period, except for the plasma membrane 
fraction at 21 days. Since it has been previously demon- 

strated ~3 that  the plasma membrane of liver cells presents 
enzymatic alterations at 14 days, this positive result must 
be considered an expression of a late alteration, unrelated 
to the causal mechanism of induction of the cellular 
injury. Furthermore, the existence of microscopic 
necrotic changes in some of the livers in the prenecrotic 
period cannot be excluded. Slight contamination of the 
microsomal fractions with plasma membrane might 
account for the atypical curves observed in some exper- 
iments. 

The present results stress the need for alternative 
explanations. Mild lipoperoxidation damage comes too 
late in the sequence of events leading to cellular necrosis 
to account for its pathogenesis. 

Zusammen/assung. Es wird festgestellt, dass der 
Einfluss yon Lipidperoxyden nicht ffir die Entstehung 
gewisser Formen der Lebernekrose verantwortlich ge- 
macht werden k6nnen. 
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I d e n t i f i c a t i o n  of  T w o  N e w  M e t a b o l i t e s  of Gaffe ine  

During our recent studies i on the metabolism of caffeine- 
~H in the rat, we reported the isolation of the following 
metabolites from the chloroform-methanol (9:1) extract S 
of the urine: theophylline (1.2%), theobromine (5.1%), 
paraxanthine (8.8%) and trace amounts of 1, 3, 7-trime- 
thyluric acid and 3-methyluric acid. In addition, two uni- 
dentified metabolites, A (11.4%) and B (1.3%), were iso- 
lated. The present communication deals with the struc- 
ture elucidation of these 2 new metabolites of caffeine. 

The thin-layer chromatographic (TLC) and spectral (IR, 
UV and mass) characteristics of the isolated metabolites 
A and B were found to be markedly different from those of 
the known mono-, di-, and tr imethyl  derivatives of xan- 
thine and uric acid 1, 3. The major metabolite A appeared 
to be a polar compound. I t  readily dehydrated to caffeine 
under TLC and gas chromatographymass spectrometric 
(GC column: 1%-OV-17, temperature 190~ conditions 
and as such it is difficult to isolate this metabolite in pure 
form. We have assigned structure I (1, 3, 7-trimethyldihy- 
drourie acid) to the metabolite A, primarily on the basis of 
the mass spectra of the metabolite [peaks at re~e: 212 
(M+), 194 (M-H~O), 184 (M-CO, m* 159.5), 169 (184-CIta, 

in  t h e  Rat  U r i n e  

m* 155), 142 (169-HCN, m* 119.5) and 109 (194-CHsNCO 
and CO)] and its ditrimethylsilyl derivative II  [peaks at 
re~e: 356 (M+) and 341 (M-CH~)3. Proton nuclear magnetic 
resonance analysis (CDC1 s solvent) indicated that  in solu- 
tion, metabolite A appears to be in equilibrium wittl its 
open-chMn, N-formyl analog I I I .  About 25% caffeine (iV) 
was also found to be present in the solution (Scheme I). 
Oxidation at the 8 position of the purina ring to yield 8- 
hydroxy derivatives has been previously observed in the 
rat with guanine-3-oxide 4 and purine s itself. 

1 K. L. KHANNA, G. S. RAO and H. H. CORNISh, Toxic. appl. Pharmac. 
23, 720 (1972). 
The chldroform-methanoi (9:1) extract of the urine accounted for 
about 35% of the ingested radioactive caffeine out of which about 
9% was found to be unchanged caffeine. 
G. S. RAO, K. L. ]<HANNA and H. H. CORNISH, J. pharm. Sei. 
61, 1822 (1972). 

4 G. ST6HRER and G. t3. BROWN, J. biol. Chem. 2d4, 2494 (1969). 
.5 M. P. GORDON, O. x-~. INTERI~RI and G. t3. BROWN, J. biol. Chem. 

229, 641 (1957). 



954 

Scheme I. b4.0 
0 CH 3 

~3.6 JL ~, 
CH~--,N" , " J " \  

o 

CH3 
63.4 

IV 
1-25% ) 

Speeialia 

6 3.05 h 3,2 
O CH~ O CH3 

63.5 / ~  .~ .OR [ 6Z98 CH_,N- I ~ X  _._ ~,3.~ ..1...N--O--H 

O O ~ "~N~NH2 
�9 I 

CH~ OH 3 
6 535 53.35 

l Ig  

(~50%) (~25%) 
I. R = - H  

II. R = T M S  

EXPERIENTIA 29/8 

Structure  V (3, 6, 8- t r imethylal lantoin)  m a y  be assigned 
to the  minor  metabol i te  ]3 based on its mass spectral  frag- 
men ta t ion  pa t t e rn  [peaks a t  m/e: 200 (M+), 143 
(M-CH~NCO, m* 102�9 and 115 (M-CO)~. The  metabo l i t e  
B gave posi t ive  react ion to the  YOUNG-CoNwAY tes t  6 
which confirmed t h a t  i t  is a der iva t ive  of al lantoin.  Allan- 
toin is known to be the  major  metabol i te  of purine,  xan-  
thine, and hypoxan th ine  in the  ra t  s, ~. FRANKE and HAHN 8 
have  repor ted  earlier t h a t  certain microorganisms meta-  
bolize methylxanth ines ,  such as caffeine, to methyla l lan-  
toin. DRYHURST and I-IA~sE~ 0 have  recent ly  ident i f ied 3, 
6, 8- t r imethyl  a l lantoin (V) as a product  of e lectrochemical  
oxida t ion  of caffeine. Pho tochemica l  oxida t ion  of methyl -  
xan th ines  is also known to lead to methyla l lan to ins  ~0. 

Scheme I I  describes the  proposed b io t ransformat ions  
of caffeine in the  rat.  Abou t  9 ~o of the  unchanged caffeine 
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I II 
GH 3 O 

0,  CM~ 

I H 
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g 

was recovered f rom the  ch loroform-methanol  (9 : 1) ex t rac t  
of the  urine.  The  3 mono-N-dea lky la t ed  products ,  theo- 
bromine,  pa raxan th ine  and theophyll ine,  isolated f rom t h e  
chloroform-methanol  ex t rac t  account  for about  15% of 
the  inges ted  rad ioac t ive  caffeine. H y d r o x y l a t i o n  followed 
by  reduct ion of caffeine apparen t ly  leads to the  isolated 
major  metabol i te ,  1, 3, 7- t r imethyld ihydrour ic  acid (I). 
Dehydrogena t ion  of I gives 1, 3, 7- t r imethylur ic  acid 
which then  undergoes N-dea lkyla t ions  to form 3-methyl-  
uric acid. However ,  the  more favored  mode  of degradat ion  

6 E. G. YOUNG and C. F. Co~wA% J. biol�9 Chem. 1#2, 839 (1942). 
Sequential base and acid hydrolyses of allantoin and its N-methyl 
derivatives quantitatively yield glyoxylic acid which can then be 
readily detected by the development of the characteristic chromo- 
phore, ]~max. 515 nm under the Rimini-Schryver reaction conditions. 

7 H. G~TLER, P. M. ROLL, J. F. TI~KER and G. B. BRowN, J. biol." 
Chem. 178, 259 (1949). 

s W. FRANKE and G. E. HAHn, Hoppe-Seyler's Z. physiol. Chem. 
301, 90 (1955). 

9 G. DRYHURST and B. H. HANSON, J. electroanalyt. Chem. 30, 407 
[1971). 

10 I. R. POLITZER, G. W. GmFFIN and J. L. LASETER, Chem. biol. 
Interactions 3, 73 (1971). 
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of t r ime thy lu r i c  acid appears  to be the  ox ida t ive  r ing 
opening of the  py r imid ine  r ing to form 3, 6, 8- t r imethyl -  
a l lanto in  (V) which  can then  be fu r the r  oxidized and  
hydro l ized  to  more  polar  p roduc t s  such as 1, 6, 8- t r imethyl-  
al lantoic acid, glyoxylie  acid, and mono-,  and d ime thy l -  
ureas. 

The h i the r to  known  metab i l i t es  of caffeine viz, me thy l -  
xan th ines  and me thy lu r i c  acids, isolated f rom the  urine 

Of exper imen ta l  animals  represen t  only a f rac t ion of the  
u r ina ry  metabo l i t e s  of caffeine~-~a Our resul ts  seem to 
explain  the  observed dif f icul ty  in recover ing caffeine meta -  
boli tes  f rom the  urine since m e t h y l a t e d  al lantoins,  allan- 
toic acids and  urea der iva t ives  are h ighly  polar  and no t  
easily ex t rac tab le .  Also these  polar  compounds  m a y  con- 
s t i tu te  the  un iden t i f i ed  metabo l i t e s  encounte red  by  earlier 
inves t iga tors  ~. 
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14 This investigation was supported in part by U.S. Public Health 

Service Grant No. GSi 15269. The authors are grateful to Dr. It. M. 
FAL~S for many helpful discussions. 

~s Present address: Laboratory of Chemical Pharmacology, National 
Heart and Lung Institute, National Institutes of Health, Bethesda 
(Maryland 20014, USA). 

Rdsumd. L'ac ide  1, 3, 7 - t r im6thy ld ihydro-ur ique  et la 
3, 6, 8- t r im6thyla l lan to ine  out  6t6 identifi6s comme m6ta-  
boli tes nouveaux  de la caff6ine dans  l 'ur ine de rat .  
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Effect of M e d i u m  pH on p - A m i n o h i p p u r a t e  A c c u m u l a t i o n  by  S l ices  of  Rat  Rena l  Cor tex  ~ 

Several  t echniques  have  been  employed  to  s t u d y  the  
t r a n s p o r t  of organic ions by  the  kidney,  including 
clearance2, 3, m ic ropunc tu re  and  microperfus ion  4,~ and  
isolated tubules~,L P r o b a b l y  the  mos t  widely  used 
t echn ique  is the  in v i t ro  slice m e t h o d  of CRoss and 
TAaGARTS. E v e n  though  the  m e t h o d  is rout ine  in m a n y  
labora tor ies  op t ima l  condi t ions  for incuba t ion  have  no t  
been comple te ly  elucidated.  For  instance,  CRoss and  TAG- 
GART s observed  t h a t  accumula t ion  of the  organic acid 
p - a m i n o h i p p u r a t e  (PAH) by  rabb i t  k idney  cort ical  slices 
was d e p e n d e n t  upon t e m p e r a t u r e  and oxygen  bu t  was  
i n d e p e n d e n t  of p H  over  a re la t ive ly  na r row range 
(pH 7.0-7.8). However ,  COPENgAVER and  D a v i s  9 found  
t h a t  over  a wider  p H  range (5.0-12.0) the  grea tes t  
accumula t ion  of P A H  b y  r abb i t  renal  cort ical  slices was 
a t  p H  8.1 to 8.3. In  contras t ,  R o s s  et  al. ~0 found the  grea- 
tes t  accumula t ion  of P A H  by  dog renal  cort ical  slices to 
be a t  p H  7.4. To our knowledge comparab le  s tudies  have  
no t  been  conduc ted  in t issue f rom the  rat .  I n a s m u c h  as 
ra t  t issue is ex tens ive ly  employed  for s tudies  of renal  
t r a n s p o r t  in th is  labora tory ,  it  was of in te res t  to  de te rmine  
the  effect  of p H  upon  P A H  accumula t ion  by  renal  cort ical  
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slices f rom this  species. For  compara t ive  purposes  the  
effect  of p H  on P A H  accumula t ion  in r abb i t  and dog 
t issue was also de te rmined .  

Methods. Adul t  mongre l  dogs, New Zealand rabb i t s  and 
Sprague-Dawley  ra ts  were used in these  studies.  Dogs were 
anes the t ized  wi th  p en t o b a rb i t a l  sodium (30 mg/kg,  i.v.) ; 
r abb i t s  and  ra ts  were s tunned  by  a blow on the  h e a d  
Kidneys  were quickly removed,  weighed and placed in 
ice-cold saline. Rena l  cort ical  slices were p repa red  free 
hand  and brief ly kep t  in cold saline unt i l  incubated .  Slices 
(approx imate ly  100 rag) were i ncuba ted  for 90 min  using 
e i ther  0.1 M sodium p h o s p h a t e  buffer  or 0.015 M 2- 
amino-2-methyl-1 ,  3 p ropanedio l  (propanediol)  buffer,  in 
med i u m conta in ing  7.4 • 10 -5 M PAH.  All incuba t ions  
were carried out  in dupl ica te  in a Dubnof f  appa ra tus  a t  
25 ~ under  a gas phase  of 100% oxygen.  

The p H  of the  incuba t ion  m e d i u m  was ini t ia l ly adj usted 
to values ranging f rom 6.0 to  9.0. Rena l  cort ical  slices 
f rom indiv idual  dogs or rabb i t s  were incuba ted  in med i u m 
at  several  d i f ferent  init ial  p i t  values  in each exper iment .  
K i d n e y  slices f rom 4 ra ts  were pooled and  t r ea t ed  as 
t issue f rom one animal.  In  the  exper imen t s  wi th  dog 
t issue p h o s p h a t e  buffer  was used t h r o u g h o u t  the  p H  
range,  while p ropaned io l  was used in all r a t  and  r abb i t  
s tudies.  Unless s t a t ed  otherwise,  t he  r epor ted  p H  values 
are those  measured  af ter  incubat ion.  The final  p H  range 
was f rom 6.4 to  8.4. The effect  of m e d i u m  p H  on the  ra te  
of P A H  up take  was de t e rmined  in p h o s p h a t e  buffer  a t  
ini t ial  p H  values  of 7.4, 8.0 and 8.5. Slices of r a t  renal  
cor tex  were incuba ted  for per iods  of t ime  rang ing  f rom 
5 to 30 rain. 
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