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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. 
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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  
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o x y g e n - r e q u i r i n g  c o m p o n e n t  of  T H A M  a c c u m u l a t i o n  
w a s  d e t e r m i n e d  b y  i n h i b i t i n g  e n e r g y  s u p p l y  b y  u s i n g  2,4- 
d i n i t r o p h e n o l  ( D N P )  o r  n i t r o g e n  a t m o s p h e r e .  

2~falerial avzd methods. W i s t a r  r a t s  ( J ena )  of  o u r  c o l o n y  
b r e e d  w e r e  u s e d .  Y o u n g e r  r a t s  of  b o t h  s e x e s  a n d  f e m a l e  
a d u l t  a n i m a l s  w e r e  i .p.  a d m i n i s t e r e d  94 m g  T H A M / 1 0 0  g 
b . w t .  tw ice  d a i l y  for  4 d a y s ,  wh i l e  c o n t r o l s  r e c e i v e d  sa l ine .  
16 h a f t e r  t h e  l a s t  a d m i n i s t r a t i o n ,  r e n a l  c o r t i c a l  s l ices  f r o m  
5-, 15- a n d  5 5 - d a y - o l d  r a t s  we re  p r e p a r e d  as  p r e v i o u s l y  
d e s c r i b e d  4. K i d n e y  s l ices  we re  i n c u b a t e d  in  K r e b s - R i n g e r  
p h o s p h a t e  b u f f e r  ( p H  7.4), w h i c h  c o n t a i n e d  5.5 • 10 -~ M 
T H A M .  Al l  i n c u b a t i o n s  w e r e  c a r r i e d  o u t  in  a W a r b u r g  
a p p a r a t u s  a t  25 ~ u n d e r  a g a s  p h a s e  of 1 0 0 %  o x y g e n  for  
120 m i n 4 ,  5. I n  o r d e r  to  e s t i m a t e  t h e  c a r r i e r - m e d i a t e d  
t r a n s p o r t  c o m p o n e n t ,  i n c u b a t i o n  w a s  c a r r i e d  o u t  u n d e r  
n i t r o g e n  a t m o s p h e r e  o r  in  t h e  p r e s e n c e  of  1.0 • 10 -~ M 
D N P .  

T H A M  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of ROSEN ~. 
T H A M  a c c u m u l a t i o n  in  r e n a l  c o r t i c a l  s l ices  f r o m  c o n t r o l  
a n i m a l s  a n d  T H A M  p r e t r e a t e d  r a t s  w a s  c o m p a r e d .  Ac -  
c m n u l a t i o n  is e x p r e s s e d  as  s l ice  to  m e d i u m  r a t i o  (Qs /~) .  
A r i t h m e t i c  m e a n s  • s t a n d a r d  e r r o r  a r e  g i v e n .  D i f f e r e n c e s  
b e t w e e n  m e a n s  we re  s t a t i s t i c a l l y  a n a l y z e d  u s i n g  s t u d e n t ' s  
t - t e s t .  

Results.  T H A M  a c c u m u l a t i o n  is d i f f e r e n t  in  r e n a l  co r -  
t i c a l  s l ices  f r o m  n e w b o r n ,  y o u n g  a n d  a d u l t  r a t s  ( F i g u r e  1). 
R e p e a t e d  T H A M  a d m i n i s t r a t i o n s  t o  r a t s  of  d i f f e r e n t  a g e s  
p r o d u c e  a n  e n h a n c e m e n t  of  T H A M  a c c u m u l a t i o n ,  e x c e p t  
in  n e w b o r n s .  T h e  s t i m u l a t i o n  is m o s t  d i s t i n c t  in a d u l t s .  

F i g u r e  2 d e m o n s t r a t e s  t h e  e f f ec t s  of  a n a e r o b i c  i n c u b a -  
t i o n  or  u n c o u p l i n g  of  o x i d a t i v e  p h o s p h o r y l a t i o n  on  T H A M  
a c c u m u l a t i o n  in  c o m p a r i s o n  w i t h  P A H  a c c u m u l a t i o n .  
U n d e r  b o t h  c o n d i t i o n s ,  T H A M  a c c u m u l a t i o n  is r e d u c e d  
to  a n  a g e - d e p e n d e n t  e x t e n t .  L i k e w i s e ,  t h e  d i m i n u t i o n  is 
m o s t  d i s t i n c t  in  r e n a l  c o r t i c a l  s l ices  f r o m  a d u l t  r a t s .  I n  
c o n t r a s t  to  T H A M  a c c u m u l a t i o n ,  t h e  P A H  a c c u m u l a t i o n  
is a b s o l u t e l y  i n h i b i t e d  in  al l  age  g r o u p s ;  s l ice to  m e d i u m  
r a t i o s  h a v e  t h e  v a l u e  of  1. 
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Fig. 1. Effects of repeated THAM administrations in vivo on Tt tAM 
accumulation in renal cortical slices from rats of different ages. Ex- 
periments were performed as described in methods. Columns indicate 
means ( i  SE) fronl 6 12 samples, lii!~, Controls; O, Tt tAM pretreat- 
ment.  Asterisks indicate values significantly different from respective 
controls (p ~ 0.05). 

I n  t h e  T a b l e ,  t h e  e n e r g y - i n d e p e n d e n t  T H A M  u p t a k e  
in  r e n a l  c o r t i c a l  s l ices  f r o m  c o n t r o l  a n i m a l s  a n d  T H A M -  
p r e t r e a t e d  r a t s  is c o m p a r e d .  P a s s i v e  u p t a k e  of T H A M  is 
d i f f e r e n t  d e p e n d i n g  o n  age .  T H A N  p r e t r e a t m e n t  e n -  
h a n c e d  t h e  p a s s i v e  u p t a k e  in  s l ices  f r o m  15- a n d  5 5 - d a y -  
o ld  r a t s ,  b u t  n o t  s i g n i f i c a n t l y .  

Discussio~z. A n  a g e - d e p e n d e n t  d e v e l o p m e n t  of  t h e  
r e n a l  o r g a n i c  b a s e  t r a n s p o r t  s y s t e m ,  m e a s u r e d  b y  N -  
m e t h y l n i c o t i n a m i d e  a c c u m u l a t i o n  in  r e n a l  co r t i c a l  s l ices ,  
h a s  a l r e a d y  b e e n  d o c u m e n t e d  7. T r e a t m e n t  of  y o u n g  r a t s  
w i t h  o r g a n i c  b a s e  s u b s t r a t e s ,  s u c h  a s  N - m e t h y l n i c o t i n -  
a m i d e  o r  t e t r a e t h y l a m m o n i u m ,  d id  n o t  r e s u l t  in  s t i m u l a -  
t o r y  e f fec t s ,  w h e r e a s  t r e a t m e n t  of  r a t s  w i t h  n e p h r o t o x i c  
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Fig. 2. Effects of N 2 atmosphere or DNP on the THAM accumulation 
in comparison with their effects oi1 the PAH accumulation measured 
in previous studies 5. Bars present mean values ( ~  SE) obtained 
after 120 rain of incubation. At the beginning 5.5 • 10 -4 THAM or 
8.5 x 10 -5 M PAH were added to the incubation medium. Both 
concentrations were most suitable under our experimental conditions. 
Experiments were performed as described in methods (~ 6-12). 
~i:~ , THAM controls; E3, PAH controls; ~ ,  N~ atmosphere; II, DNP. 
Asterisks indicate those values significantly different from their 
respective controls (p ~ 0.05). 

Energy-independent component of THAM uptake in renal cortical 
slices from control animals and rats pretreated with TPIAM 

Age of Passive uptake of THAM (Os/~t) 
animals Nitrogen atmosphere 2,4-DinitrophenoI 
(days) 

Control Pretreatment Control Pretreatment 

5 2.6 -~ 0.8 2.7 J_ 0.7 2.7 :t: 0.9 2.4 ~_ 1.0 
15 2.5 -L 0.7 3.3 -~- 0.5 2.4 ~c 0.9 3.5 ~ 0.6 
55 4.1 i 1.1 6.1 • 0.9 4.6 i 0.5 5.2 • 0.9 

Active transport  component was blocked by DNP or N 2 atmosphere. 
Experiments were performed as described in methods. Each value 
represents the mean ( •  SE) from 4-8 samples. 
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agents,  such as uranyl  n i t r a t e  8 or po tass ium d ich romate  9, 
specifically enhanced  the  N-me thy tn i co t i namide  accumu-  
at ion in renal  cort ical  slices. 

In  our exper iments ,  af ter  r epea ted  THAM admin is t ra -  
t ions  to ra ts  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  was observed,  except  in newborns  (Figure 
1). This s t imula to ry  effect  can be in t e rp re t ed  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.  Fur the rmore ,  there  is an accordance  wi th  the  
results  ob ta ined  in vivo 2, a. 

In principle,  a Q s / u >  1 measured  in renal  cort ical  
slices is an index  of the  abi l i ty  of the  p rox imal  tubu la r  
cells to ma in ta in  a concen t ra t ion  gradient .  However ,  the  
physico-chemical  proper t ies  of the  foreign compounds ,  
especiaIly the  lipid solubili ty,  the  dissociat ion rate,  and 
the  b inding  ra te  for renal  t issue prote ins  mus t  be consi- 
dered.  Unde r  s t eady - s t a t e  condit ions,  the  accumula t ion  
process is the  sum of the  influx into the  tubu la r  ceils, a 
possible intracel lular  re tent ion ,  and the  efflux f rom cells 
back  into the  incuba t ion  medium.  T H A M  influx is the  
resul t  of a ca r r ie r -media ted  c o m p o n e n t  as well as an 
ene rgy - independen t  c o m p o n e n t  (Figure 2). Passive T H A M  
up take  can take  place by  diffusion and possibly by  non-  
specific p ro te in -b ind ing  to renal  t issue proteins.  In  the  
incubat ion  m ed ium (pH 7.4), about  30% of T H A M  

(pKa 7.8)~0 is no t  dissociated,  and therefore  freely dif- 
fusible in this  case. In  con t ras t  to the  T H A M  accumula-  
t ion,  the  P A H  accumula t ion  is p roduced  by  the  carrier 
for organic acids alone. There  is no pass ive  P A H  diffusion 
into the  tubu la r  cells, because P A H  (pKa  3.8)11 is com- 
ple te ly  dissociated in the  incuba t ion  medium.  Fu r the r -  
more,  there  is no pro te in  b inding  for PAH.  A passive 
diffusion of N - m e t h y l n i c o t i n a m i d e  into the  tubu la r  cells 
c an n o t  be s t a t ed  ei ther  g, whereas  a t issue b inding  was 
suggested previous ly  12. 

S t imula t ion  of T H A M  t r a n s p o r t  by  the  organic base 
t r a n s p o r t  sys t em m a y  involve changes  of the  carrier  pro- 
te in  synthes is  13, p ro te in  b ind ing  sites% or m e m b r a n e  
permeabi l i ty .  
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R N A  S y n t h e s i s  in c ~ - A m a n i t i n - P o i s o n e d  Rats:  P r e v e n t i o n  of R e c o v e r y  by Inh ib i t ion  of Pro te in  
S y n t h e s i s  

]~/[. DERENZINI  a n d  F .  NOVELLO 1 

lstituto di Patologia Generale dell' Univemitd, Via S. Giacomo 14, 1-40126 Bologna (Italy), 22 March 1976. 

Summary.  The t r e a t m e n t  wi th  cycloheximide of ra ts  previously  poisoned wi th  e -amani t in  h inders  the  recovery  of 
R N A  synthes is  observed in the  liver of ra ts  t r ea t ed  wi th  e -aman i t in  alone. The recovery  of R N A  synthes is  can be 
ascribed to the  capabi l i ty  of poisoned ra ts  to synthes ize  new RNA-po lymerase  II .  

a -amani t in ,  the  main  tox in  in the  toads too l  Amani ta  
phalloides 2, exer ts  its cy topa th i c  effect by  the inhibi t ion 
of RNA-po lymerase  I i  a-~. The tox in  causes liver and 
k idney  necrosis in the  mouse,  bu t  not  in the  rat ,  in which 
it produces  reversible lesions only in the  liver 6 s. This 
fact  was expla ined  by  the  incapac i ty  of the  epi thel ial  
cells in ra t  k idney  tubules  to readsorb  amani t in  f rom 
preur ine  v, so t h a t  the  d i f ferent  tox ic i ty  of aman i t i n  for 
mice and ra ts  was re la ted  to the  di f ferent  t ime for which 
the  tox in  remains  in the  organism. This hypothes i s  was 
no t  suppor ted ,  however ,  by  the  recent  f inding t h a t  e- 
amani t in  d i sappeared  f rom the  blood of poisoned mice as 
early as 4 h af ter  tox in  in ject ion 9. Thus  we can propose  
t h a t  the  d i f ferent  effect  of c~-amanitin in ra t s  m a y  be due 
e i ther  to 1. a fast  dissociat ion of the  R N A  polymerase-c~- 
amani t in  complex  in rats,  or to 2. a capabi l i ty  of ra ts  to 
synthes ize  new R NA-po lymera se  II.  To ascer ta in  which 
of the  two hypo theses  is the  r igh t  one, we have  s tudied  
the  synthes is  of R N A  in the  ra t  liver af ter  e -aman i t in  
poisining, in an a t t e m p t  to de t ec t  the recovery  t ime  of the  
R N A  synthesis .  At  this  t ime,  t h a t  is when  the  R N A  syn-  
thesis  begins to  increase, we have  in jec ted  the  ra ts  wi th  
cycloheximide,  an inhibi tor  of prote in  synthesis1~ 1~. 

ExperimentM. Young  male ra t s  (body weight  100-110g) 
of Wis t a r  s t ra in  were d iv ided into 8 groups of a t  least  3 
animals :  6 groups  were in jec ted  i.p. wi th  a -amani t in  
(50 /~g/100 g body  weight)  and killed 6, 7, 10 and 12 h 
the rea f t e r ;  2 groups  of these  also received cycloheximide  

(0.15 mg/100 g body  weight) a t  e i ther  6 or 7 h, and  were 
killed a t  10 and  12 h respect ively.  Of the  remaining  2 
groups,  one received only cyc loheximide  at  the  same 
dosage and was killed 4 h the reaf te r ;  the  last group of 7 
ra t s  received saline and were used as controls.  

R N A  synthes is  was measured  by  the  rate  of incor- 
pora t ion  of 6-14C orotic acid (57 Ci/ml, Radiochemica l  
Center  Amersham)  according to MUNRO and FL~CI~ 12. 
Ra t s  were killed t0 min af ter  i.p. in ject ion of orotic  acid 
(3 ]~Ci/100 g b o d y  weight) .  For  the  e lectron microscopy,  
l iver samples were processed as r epor ted  by  DERENZlNI 
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Results and discussion. As shown in Figure 1, the  syn- 
thesis  of RNA,  s t rongly  inhib i ted  a t  6 h, was marked ly  
increased 10 and  12 h af ter  a -amani t in  t r e a t m e n t  (at the  
la t t e r  t ime, the  value of R N A  synthes is  overcome the 
contro l  one). Concurren t ly  we observed clear changes  in 
the  ch roma t in  p a t t e r n :  ill fact, the  chromat in ,  s t rongly  
condensed  6 h af ter  poisoning (Figure 2), appeared  a lmost  
comple te ly  decondensed  12 h af ter  the  toxin  inject ion 
(Figure 3). Therefore,  the  p h e n o m e n a  re la ted to the  re- 
covery  of R N A  synthes is  had  to be c i rcumscr ibed be- 
tween  the  6th and the  12th h. For  this  reason, 6 and 7 h 
af ter  ~-amani t in  injection,  we fu r ther  injected the  rats  
w i th  cycloheximide.  At  the  dose used, cyc loheximide  re- 
duced prote in  synthes is  in the  ra t  l iver to  abou t  5% of 
the  control  level, w i t h o u t  affect ing the  syn thes i s  of 
R N A  14. In  our exper iments ,  we observed no modif icat ions  


