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sugges ted  t h a t  t he  d r u g - m e t a b o l i z i n g  enzymes  are r a t e -  
l imi t ing  in t he  de tox i f i ca t ion  of a f l a tox in  5. The  acu te  
t ox i c i ty  is inve r se ly  r e l a t ed  to t he  t o t a l  a c t i v i t y  of d rug-  
me t abo l i z i ng  sys tem.  The  p r e s en t  e x p e r i m e n t  lends  
s u p p o r t  to  th i s  suggest ion.  

A v a r i e t y  of c o m p o u n d s  h a v e  been  t e s t ed  in cold 
e n v i r o n m e n t  in  an ima l s  s. A typ ica l  e x p e r i m e n t  of 
i m m e d i a t e  re levance  is t he  r epo r t ed  increased  suscept i -  
b i l i ty  of mouse  l iver  to  c a r b o n  t e t r ach lo r ide  (CC14) 
t ox i c i t y  u n d e r  cold e n v i r o n m e n t  s. The  b e h a v i o u r  of 
C C I  4 is found  to be  exac t ly  oppos i te  to  t h a t  of a f l a tox in  

in a g iven  s i t ua t i on  5. I t  is also bel ieved t h a t  CC14 requi res  
a c t i v a t i o n  before  be ing  toxic  9, 10. This  me tabo l i c  basis  
appea r s  to  be respons ib le  for t he  increased  suscep t ib i l i ty  
of mouse  l iver  to  CCI~ u n d e r  cold e n v i r o n m e n t .  I nves t i -  
ga t ions  of th i s  n a t u r e  t h u s  help  to exp la in  the  m e c h a n i s m  
of ac t ion  of a c o m p o u n d  u n d e r  s tudy .  

s S. E. I. ADAMS and E. THORPE, Br. J. exp. Path. 51, 394 (1970). 
9 R. O. RECHNAOEL and A. K. GHASHAL, Lab. Invest. [5, 132 (1966). 

lo T. F. SLAT~R, Nature, Lond. 209, 36 (1966). 
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Summary. I n  man ,  r a t s  a n d  mice, the  u r i n a r y  excre t ion  of the  h i s t a m i n e  and  L-his t idine me tabo l i t e ,  imidazole  acet ic  
acid, is increased  and  t h a t  of t he  c o n j u g a t e d  me tabo l i t e ,  r ibosyl imidazole  acet ic  acid, decreased b y  smal l  doses of sali- 
cylates .  I n  c o n t r a s t  to  sal icylates,  o the r  non-sa l i cy la t e  a n t i - i n f l a m m a t o r y  drugs,  i n d o m e t h a c i n ,  p h e n y l b u t a z o n e ,  
p h e n a c e t i n  and  a c e t a m i n o p h e n  do no t  inf luence  t he  excre t ion  of t he  u r i n a r y  me tabo l i t e s  of h i s t a m i n e  and  L-hist idine.  
Since imidazole  acet ic  acid is r epor t ed  to h a v e  analgesic  and  na rco t i c  ac t iv i ty ,  t he re  is t he  inference  t h a t  the  analgesic  
p roper t i e s  of sa l icyla te  m i g h t  be  due in p a r t  to  in te r fe rence  in imidazole  acet ic  acid me tabo l i sm.  

I n  a n  earl ier  s tudy ,  we r epo r t ed  t h a t  in m a n  a n d  r a t  
a d m i n i s t r a t i o n  of sa l icyla tes  resul t s  in a r educ t i on  in t he  
u r i n a r y  excre t ion  of the  h i s t id ine  and  h i s t a m i n e  m e t a -  
boli te,  r ibosy l in l idazole  acet ic  acid a. This  r educ t i on  is 
a c c o m p a n i e d  b y  a co r r e spond ing  increase  in t h e  excre t ion  
of free imidazole  acet ic  acid. A d d i t i o n a l  s tudies  in  v i t ro  
h a v e  i nd i ca t ed  t h a t  sa l icyta tes  i nh ib i t  (50% inh ib i t i on  a t  
0.2 m M )  imidazo leace t a t e  phos pho r i bos y l  t ransferase ,  
t he  e n z y m e  respons ib le  for t he  r ibosy la t ion  of imida -  
zo leace ta te  in v ivo  ~. Since i t  h a s  been  r epo r t ed  t h a t  imi-  
dazole acet ic  acid has  analgesic  and  na rco t i c  a c t i v i t y  in 
mouse  a,~, a c c u m u l a t i o n  of imidazole  acet ic  acid d u r i n g  
sa l icyla te  t h e r a p y  m i g h t  c o n t r i b u t e  to  t he  analgesic  ac t ion  
of these  drugs.  As p a r t  of a c o n t i n u i n g  s t u d y  to explore  
th i s  possibi l i ty ,  t h i s  r epo r t  compares  t he  effect  of sali- 
cy la tes  on imidazole  acet ic  acid m e t a b o l i s m  in mouse  
w i t h  t h a t  in r a t  a n d  man .  

Materials and methods. H i s t a m i n e  (2-ring-1~C) was pur -  
chased  f rom A m e r s h a m / S e a r l e  (Illinois). The  aH-imi-  
dazole acet ic  acid was p r e p a r e d  f rom un labe led  m a t e r i a l  
b y  ca t a ly t i c  exchange  w i th  t r i t i u m  gas (New E n g l a n d  
Nuc lea r  Corp.) and  was pur i f ied  b y  t h i n  l ayer  c h r o m a t o -  
g r a p h y  1. 

H u m a n  sub jec t s  (18-54 years  of age) inc luded  2 n o r m a l  
v o l u n t e e r s  a n d  9 p a t i e n t s  w i t h  mi ld  h y p e r t e n s i o n  or 
R a y n a u d ' s  disease who were receiving no  drugs  excep t  
aspir in.  Aspi r in  was a d m i n i s t e r e d  4 t imes  da i ly  for 1 
week before  the  in jec t ion  of saC-labeled h i s t amine .  I n  
con t ro l  s tudies ,  a sp i r in  t r e a t m e n t  was suspended  for 1 
week  before  in j ec t ion  of 14C-histamine. All  sub jec t s  were 
ful ly in fo rmed  of t he  n a t u r e  of t h e  e x p e r i m e n t s  a n d  were 
free to  d i scon t inue  t h e i r  p a r t i c i p a t i o n  in t he  s t u d y  if t h e y  
wished.  An ima l s  were k e p t  in  glass me tabo l i c  cages (1 r a t  
per  cage, 5 mice  per  cage) w i t h  free access to  food and  
water .  Food  was w i t h d r a w n  du r ing  the  per iod  of u r ine  
collection.  Asp i r in  a n d  o the r  drugs  were a d m i n i s t e r e d  
ora l ly  b y  s t o m a c h  t u b e  in a single or r epea t ed  (q.i.d.) 
doses. 

14C-Histamine (5 ~Ci/kg in m a n  or 25 ~zCi/kg in r a t  and  
mouse) and  aH-imidazole  acet ic  acid (20 vCi/kg) were 
g iven  i.v. 2 h a f t e r  the  a d m i n i s t r a t i o n  of drug.  Ur ine  was 
t h e n  col lected for 6 h per iods  a n d  frozen.  Al iquo t s  (10 ill) 
of u r ine  were assayed  for labeled h i s t a m i n e  me tabo l i t e s  
b y  t h i n  layer  c h r o m a t o g r a p h y  on c h r o m a t o g r a m s  of cel- 
lulose powder  on  f lexible 20 • 5 cm p las t i c  sheets  in bu-  
t a n o l : e t h a n o l : a m m o n i a  (80: 10:30  p a r t s  b y  volume)  sol- 
v e n t  for 90 rain  and  b y  isotope d i l u t i on -de r iva t i ve  tech-  
n iques l ,  K As discussed elsewhere 1, t he re  is close agree- 
m e n t  in values  o b t a i n e d  b y  the  two procedures .  

Results. i n  u r ine  of all species, 3 m a j o r  peaks  of radio-  
a c t i v i t y  - r ibosy l imidazole  acet ic  acid, u n c o n j u g a t e d  
acids ( imidazole and  me thy l imidazo le  acet ic  acid), and  
m e t h y l h i s t a m i n e  - were ident i f ied  on t h i n  layer  chro-  
m a t o g r a m s  a f te r  the  in jec t ion  of *4C-histamine (Figure).  
2 m a j o r  peaks  - r ibosyl imidazole  acet ic  acid and  imidazole  
acet ic  acid - were ident i f ied  a f t e r  the  in jec t ion  of aH- 
imidazole  acet ic  acid (not  shown  in t h e  Figure) .  U p o n  
t r e a t m e n t  w i t h  aspir in,  t he  r ibosyl imidazole  acet ic  acid 
p e a k  d i s appea red  in all species (Figure) a n d  r e a p p e a r e d  
once asp i r in  t r e a t m e n t  was  s topped.  

In  h u m a n s ,  a f t e r  t r e a t m e n t  w i t h  4 •  m g  or  4 • 
600 m g  aspi r in  daily,  t he  excre t ion  of a4C-ribosylimidazole 
acet ic  acid decreased  f rom 18% to 4 %  (percent  of in- 
j ec ted  label). The  o u t p u t  of u n c o n j u g a t e d  acids increased  
b y  a co r r e spond ing  a m o u n t .  The  exc re t ion  of h i s t a m i n e  
and  m e t h y l h i s t a m i n e  was u n c h a n g e d  (Table).  In  all 
subjec ts ,  r ibosy l imidazole  acet ic  acid r e a p p e a r e d  in ur ine  
w h e n  asp i r in  was  s topped .  

I n  ra ts ,  t he  r ibosyt  d e r i v a t i v e  of imidazole  acet ic  acid 
a c c o u n t e d  for t he  m a j o r  p a r t  of t he  labe l  in ur ine  (Figure  
and  Table) .  T r e a t m e n t  w i t h  as l i t t le  as 25 mg /kg  asp i r in  
r educed  ur ine  exc re t ion  of the  r ibosy l  c o n j u g a t e  b y  
5 0 - 6 0 %  ; h ighe r  doses of asp i r in  p roduced  an  even  g rea t e r  
r e d u c t i o n  1. As in  h u m a n s ,  t h e  exc re t ion  of nncon juga~ed  
acid increased  b y  a co r re spond ing  a m o u n t  while  t h a t  of 
m e t h y l h i s t a m i n e  a n d  h i s t a m i n e  was u n c h a n g e d  (Table).  
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N o n s a l i c y l a t e  a n t i - i n f l a m m a t o r y  d rugs ,  s u c h  as p h e n a -  
cet in,  a c e t a m i n o p h e n ,  p h e n y l b u t a z o n e  a n d  i n d o m e t h a c i n ,  
were  w i t h o u t  effect  (Table) 1. 

CONTROL ASPIRIN TREATMENT r~ HUM~1N SUBJECT 

o ]t 
R IMAA IMAA HR MH H 

I n  mouse ,  t h e  e x t e n t  of c o n j u g a t i o n  w a s  less t h a n  t h a t  
in ra t ,  bu t ,  as  in r a t  a n d  m a n ,  t h e  c o n j u g a t i o n  w a s  block-  
ed b y  asp i r in  a d m i n i s t r a t i o n  (F igure  a n d  Table) .  Me thy l -  
h i s t a m i n e  w a s  the  m a j o r  u r i n a r y  m e t a b o l i t e  in th i s  
species  (Table) .  

T h e  s tud ie s  w i t h  aH- imidazo le  acet ic  acid s h o w e d  t h a t  
in  r a t  t he  acid w a s  e xc r e t ed  in u r ine  a l m o s t  exc lus ive ly  
( >  94%) as aH- r ibosy l imidazo l e  acet ic  acid;  in mouse ,  t he  
acid w a s  o n l y  p a r t l y  (53%) c o n v e r t e d  to  t he  r i b o s y l  con-  
j u g a t e  (Table).  N o  o t h e r  m e t a b o l i t e  of t h e  acid w a s  de- 
t e c t ed  in ur ine .  T h e  f o r m a t i o n  of aH- r ibosy l imidazo le  
acet ic  acid w a s  b loc ke d  c o m p l e t e l y  b y  a sp i r in  t r e a t m e n t  
(Table) .  A f t e r  t h e  in j ec t ion  of 3H- imidazole  ace t ic  acid, 
t he  label  d i s t r i b u t e d  r a p i d l y  a n d  u n i f o r m l y  in all t i s sues  
i nc lud ing  b ra in .  

1 M. A. BEAVEN, Z. HORAKOVA and H. KEISER, Eur. J. Pharmac. 
29, 138 (1974). 

2 j .  Moss, M.C. DE MELLO, M. VAUGHAN and M. A. BEAVEN, J. 
clin Invest., 58, 137 (1976). 

3 E. ROBERTS and D. G. SIMONSEN, Biochem. Pharmac. 15, 1875 
(1966). 

4 D. ~tgNTON, C. P. I~YRIAGOU, J. T. RICK and P. V. TABERNER, 
Enr. J. Pharlnae. 27, 288 (1974). 

Effect of aspirin treatment on excretion of labeled metabolites of 
x~C-histamine in 3 species. The figures show chromatograms of urine 
collected 6 h following injection of 14C-histalnine before and during 
aspirin treatment. Urine, 10 ~zl, was chromatographed on cellulose 
powder plates. Segments, 2.5 mm, were assayed for radioactivity. 
3 major peaks - 1. ribosylimidazole acetic acid (RIMAA); 2. imida- 
zole (IMAA) and methylilnidazole (MelMAA) acetic acid, and 3. met- 
hylhistamine (MH) and histamine (H) -were identified by comparison 
with known standards. Assays by isotope dilution and derivatization 
procedures indicated that the 3rd peak was largely methylhistaznine. 
Ribosylhistainine (HR) was not detected in urine in all species. In 
all species, the ribosylimidazole acetic acid (shaded column) was re- 
duced during aspirin treatment 

Effect of aspirin and other anti-inflamlnatory agents on excretion of ~4C-histamine and aH-imidazole acetic acid metabolites in man, rat and 
mouse 

Treatment n Label (%) excreted in urine as 

Ribosylimidazole acetic acid Free ilnidazole and Methylhistalnine and histalnine~ 
lnethylinfidazole acetic acid 

1~C (all) ~4C (all) ~4C (all} 

Human subjects 
Control 9 18 i 1 67 • 2 b 
Aspirin (4 • 900 mg/day) 4 4 3_ 1 83 -t= 1 
Aspirin (4 x 600 rag/day) 3 4 ~2 1 87 i 2 

Rat ~ 
Control 5 57 i 8 (94) 6 -L 2 
Aspirin (4• mg/kg) 4 4 ~ 3 (4 )  54 • 15 
Salicylate 4 • 300 mg/kg) 2 4 59 
Phenacetin (4 • 100 mg/kg) 2 62 9 
Acetaminophen (4 • 200 mg/kg 2 62 6 
Phenylbutazone (4 • 200 mg/kg) 2 53 8 
IndoInethacin (4 X 5 mg/kg) 3 52 • 5 13 ~_ 5 

Mouse 
Control 10 13 (53 ~- 5) 37 
Aspirin (4 x 300 Ing/kg) 10 < 3  ( 8 z[_ 4) 40 

14:t_ 1 
12=~i  
1 0 •  

(6 )  37 ~ 10 (--) 
(95) 39 i 16 (--) 

31 
25 
25 
34 
3 1 •  

(47 • 5) 50 ( ) 
(91 ~ 2) 57 (--) 

Values were obtained by chromatographic procedures described in Materials and Methods and are the mean zL SEM or'the average of dupli- 
cate experiments where applicable. Values in parenthesis are for tritiuin-labeled metabolites from aH-imidazole acetic acid. ~Assay by isotope 
dilution-derivative procedures indicated that 14C-histainine constituted 2=3% of the label in urine as noted in the Figure. b Isotope dilution 
assays indicated that 82% of label in this fraction was methylimidazole acetic acid. eIncludes data from BEhVEN et aL 1. 
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Discussion. Exogenous ly  admin i s t e red  h i s tamine  is 
normal ly  metabol ized  by  two routes :  f i rs t ly by  deamina-  
t ion  wi th  d iamine  oxidase to form imidazole acetic  
acid~, 6 and  t h e n  conjuga t ion  to form r ibosyl imidazole  
acetic acid 7,s, and  secondly  by  m e t h y l a t i o n  9 and t h e n  
deamina t i on  (by monoamine  oxidase) to give me thy l -  
h i s t amine  and methy l imidazo le  acetic acid, respect ive-  
ly 10, tl. The re la t ive impor tance  of these  two routes  varies 
in d i f fe rent  species wi th  deamina t ion  and r iboside con- 
juga t ion  p r edomina t i ng  in ra t  and guinea pig1~ n and 
m e t h y l a t i o n  in m a n  ~2, cat  and  dog 10, xl. 

Our s tudies  conf i rm t h a t  deamina t i on  and  r ibosyla t ion  
is t he  pr inc ipal  p a t h w a y  of h i s t amine  me tabo l i sm in 
rat~, x~ and is of lesser impor tance  in mouse ~~ and m a n  ~. 
The s tudies  show in addi t ion  t h a t  imidazole acetic acid 
is ahnos t  comple te ly  conver t ed  to  the  r ibosyl  con juga te  
in ra t  and  par t ia l ly  so in mouse.  The con juga t ion  is in- 
h ib i t ed  revers ib ly  by  aspir in and sodium salicylate in all 
th ree  species s tudied.  Inh ib i t ion  of the  enzyme imidazole-  
ace ta te  phosphor ibosy l  t ransferase  ~3,14 is p robab ly  the  
mechan i sm for the  reduc t ion  of con juga t ion  in vivo 2. 
Al though  the  levels of sal icylates required to inhibi t  the  
enzyme in vitro are 3-5 t imes  lower t h a n  those required 
to inh ib i t  con juga t ion  in vivo 2, unequa l  d i s t r ibu t ion  or 
f luc tua t ing  levels in t issues m a y  account  for th is  diffe- 
rence. The inhibi t ion is specific in t h a t  glucuronide and 
e therea l  sulfate con juga t ion  of es t rone  and morph ine  are 
no t  blocked by  aspir in ~. 

The sal icylates have  an ex t r ao rd ina ry  wide spec t ru m 
of b iochemical  act ivi t ies,  some of which have  been pro-  
posed as being responsible  for the  pharmacologica l  acti-  
vi t ies  of these  drugs (for the  older l i terature ,  see ref)5). 
Of cu r ren t  in te res t  is the  abi l i ty  of sal icylates to inhibi t  
p ros t ag land in  synthes is  in a va r i e ty  of t issues and pre-  
parations16. Since all an t i - i n f l ammato ry  drugs share th is  
p rope r ty ,  and the  order  of po t ency  in inhib i t ing  pros ta -  
g landin  synthes is  correlates  well wi th  the  an t i - in f l amma-  
t o r y  ac t iv i ty  of these  drugs, i t  is felt  t h a t  inhibi t ion of 
p ros t ag land in  synthes is  con t r ibu tes  to a n t i - i n f l a m m a t o r y  
act ions  of these  drugs.  W h e t h e r  t he  inhibi t ion of r ibosyl  
con juga t ion  is of pharmacologica l  significance requires  
fu r the r  s tudy .  Some pre l iminary  c o m m e n t s  can,  however ,  
be made.  

The inhibi t ion of r ibosyl  conjuga t ion  does no t  appear  
to impai r  the  abi l i ty  of the  b o d y  to des t roy  h is tamine ,  
and  for th is  reason we do no t  feel t h a t  aspir in  influences 

i n f l ammat ion  th rough  its effect  on h i s tamine  metabol i sm.  
The effect  on L-hist idine me tabo l i sm m a y  be quan t i t a -  
t ive ly  more  impor t an t ,  since th is  amino acid is the  
pr inc ipal  source of imidazole acetic acid in the  b o d y  ~v. 
A l though  i t  is usual ly a s sumed  t h a t  imidazole acetic acid 
is pharmacologica l ly  inact ive  (for example ,  see ref. 18) this  
acid does have  p ronounced  cent ra l  effects  ~9. I t  is a p o t e n t  
inhib i tor  of ca t  cort ical  neurone  ac t iv i ty  ~~ In  doses of 
100 to  400 mg/kg  i.p. analgesia  and wi th  the  h igher  doses 
narcosis  have  been observed  in mice3, 4. I t  was also re- 
por t ed  t h a t  imidazole acetic  acid had  similar effects  in 
ra t s  and  guinea-pigs a. E x p e r i m e n t s  in this  l abo ra to ry  
(unpublished) have  shown t h a t  wi th  these  doses narcosis  
and analgesia are p roduced  in mouse b u t  no t  in ra t .  I t  is 
of in te res t  t h a t  mouse,  unlike rat,  does not  compIe te ly  
conjuga te  imidazole acetic  acid and  is therefore  less 
capable  of inac t iva t ing  the  acid. If inhibi t ion of imidazote 
acetic  acid me tabo l i sm con t r ibu tes  to  the  analgesic act ion 
of salicylates,  o the r  mechan i sms  m u s t  opera te  for non-  
sal icylate an t i - i n f l ammat o ry  drugs, since these drugs do 
no t  block the  me tabo l i sm of th is  acid. 

R. W. SCHAYER, J. biol. Chem. 196, 469 (1952). 
6 A. H. MEttLER, H. TABOR and H. BAUER, J. biol. Chem. 797, 475 

(1952). 
S. A. KARJALA, J. Am. chem. Sue. 77, 504 (1955). 

8 H. TABOR and O. HAYASHI, J. Am. chem. Soc. 77, 505 {1955). 
9 R. W. SCHAYER and S. A. KARJALA, J. biol. Chem. 227,307 (1956). 

10 R. W. SCHAYER, Physiol. Rev. 39, 116 (1959). 
11 R. W. SCHAYER in Handbook o/Experimental Pharmacology, (Ed. 

M. Roc~A ~ SILVA; Springer-Verlag, New York 1966), vol. 18/1, 
p. 672. 

13 R. W. SCHAYER and J. A. D. COOPER, J. appl. Physiol. 9, 481 
(1956). 

x~ G. M. CROWLEX~, J. biol. Chem. 239, 2593 (1964). 
14 j.  F. FERNANDES, O. CASTELLANI and M. PLESE, Biochem. bio- 

phys. Res. Commun. 3, 679 (1960). 
16 M. W. WmTEHOUSE, Progr. Drug Res. 8, 323 (1965). 
1, S. H. FERREIRA and J. R. VANE, A. Rev. Pharmac. 2d, 57 (1974). 
17 D. D. BROWN, O. L. SILVA, P. B. McDONALD, S. H.  SNYDER and 

M. W. KIES, J. biol. Chem. 235, 154 (1960). 
18 W. W. DOUGLAS in The Pharmacological Basis o/ The~,apeutics, 

5th edn. (Eds. L. S. GOODMAN and A. GILMAN; Macmillan Publish- 
ing Co., Inc., New York 1975), p. 599. 

13 R. J. MARCUS, W. D. WINTERS, E. ROBEt~TS and D. G. SIMONS~N, 
Neuropharmacology 70, 203 (1971). 

s0 j .  W. PHILLIS, A. K. TEBFCClS and D. H. YORK, Br. J. Pharmac. 
Chemother. 33, 426 (1968). 

E n h a n c e m e n t  of T u b u l a r  O r g a n i c  B a s e  A c c u m u l a t i o n  in Rena l  Cort ica l  S l ices  by Repeated  A d -  
m i n i s t r a t i o n s  of Tris-Hydroxymethyl A m i n o m e t h a n e ,  T r o m e t h a m o l  ( T H A M )  to Rats  of Different  
A g e s  

M. StroPp and H. BRKUNLtCH1 

Institute o[ Pharmacology and Toxicology o/ the Friedrich-Schiller-University, Zentraler Platz, D D R - 6 9  Jena (German 
Democratic Republic, DDR) ,  8 March 7976. 

Summary .  After  repea ted  T H A M  admin i s t r a t ions  to  ra t s  of d i f ferent  ages, an e n h a n c e m e n t  of T H A M  accumula t ion  in 
renal  cort ical  slices was observed,  except  in newborns .  This effect  can be in te rp re ted  as a specific subs t ra te  s t imula t ion  
of the  organic base t r a n s p o r t  system.  

Af te r  r epea ted  T H A M  adminis t ra t ions ,  the  renal  ex- 
cre t ion of this  organic base was accelera ted in ra t s  of dif- 
fe rent  ages, excep t  in newborns  2. This effect  was no t  
caused by  a decrease in tubu la r  reabsorp t ion  ra te  ~. En-  
h a n c e m e n t  of T H A M  accumula t ion  in renal  cort ical  slices 
h-urn T H A M  pre t r ea t ed  ra ts  could prove  the  specific 

subs t r a t e  s t imula t ion  of the  organic base t r anspo r t  sys- 
tem,  because glomerular  f i l t ra t ion or renal  blood flow 
can n o t  influence the result .  The  object ive  of the  p resen t  
s t u d y  was to inves t iga te  w h e t h e r  tubu la r  THAM accumu-  
la t ion in vi t ro  can be increased by  repea ted  THAN[ ad- 
min i s t ra t ions  to  ra ts  of d i f fe rent  ages. In  addi t ion,  the  


