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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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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 
and  •ONETTI 13 

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  
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of t h e  s y n t h e s i s  of R N A  4 h a f t e r  i n j e c t i o n  of  c y c l o h e x i m -  
ide  a lone .  On  t h e  c o n t r a r y ,  w h e n  c y c l o h e x i m i d e  w a s  in-  
j e c t e d  6 or  7 h a f t e r  a - a m a n i t i n  p o i s o n i n g ,  t h e  s y n t h e s i s  
of R N A  m e a s u r e d  4 a n d  5 h l a t e r  ( a n d  1 0 - 1 2  h a f t e r  
a - a m a n i t i n  i n j e c t i o n )  a p p e a r e d  to  be  s t r o n g l y  r e d u c e d ,  
i.e. t h e  r e c o v e r y  of t h e  s y n t h e s i s  of R N A  o b s e r v e d  10 a n d  
12 h a f t e r  t h e  e - a m a n i t i n  i n j e c t i o n  Mone  w a s  c l e a r l y  p r e -  
v e n t e d  ( F i g u r e  1). C o r r e s p o n d i n g l y ,  t h e  c h r o m a t i n  de-  
c o n d e n s a t i o n ,  so e v i d e n t  in  r a t  h e p a t o c y t e s  12 h a f t e r  
~ - a m a n i t i n  t r e a t m e n t  a n d  i n d i c a t i v e  of a n  e n h a n c e m e n t  
of t h e  s y n t h e s i s  of R N A  ~,  w a s  h i n d e r e d ;  m o r e o v e r  t h e  
u l t r a s t r u c t u r a l  p a t t e r n  of c h r o m a t i n  in  t h e  h e p a t o c y t e s ,  
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12 h a f t e r  c~-amani t in  + c y c l o h e x i m i d e  t r e a t m e n t ,  w a s  
v e r y  s i m i l a r  t o  t h a t  v i s i b l e  6 h a f t e r  t h e  i n j e c t i o n  of c~- 
a m a n i t i n  a l o n e  ( F i g u r e  4). 
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Fig. 1. RNA synthesis in hepatocytes of rats treated with ~-amanitin 
alone ( . - - - - - . )  or cr plus cyclohexiufide (.- - -.). Rats 
received c~-amanitin at 0 time and were killed as indicated in the 
Figure. Arrows indicate the time of i.p. injection of cycloheximide 
after cr t reatment  in 2 groups of rats. Results are expressed 
as means =L SEM. For statistical evaluation of results, Fisher's test 
was used and a difference between 2 mean vaIues was regarded as 
significant (*) i fp  was no greater than 0.05. Fisher's p are calculated 
between mean values of the c~-amanitin plus eycloheximide group 
and the correspondent r treated one. Results are expressed 
as dpm/~g RNA and have been corrected for the acid-soluble radio- 
act ivi ty (dpm/mg tissue) measured in the supernatant, after the first 
acid precipitation in the method of MUNRO and FLECK 1~. 

Fig. 3. Hepatocyte nucleus in rat  12 h after r treatment. 
Almost all the ehromatin is in the decondensed form and it  spreads 
to every part of the nueleoplasnl. The nucleolar material has assumed 
the pattern of the rebuilding nucleolus. Aldehyde fixation. • 26,000. 

Fig. 2. Hepatoeyte nucleus in rat 6 h after cr treatment. The 
chrolnatin is strongly condensed, the nncleolus is broken up into 
many fragments, in one of which (n) granules and fibrils are clearly 
segregated. Aldehyde fixation. • 26,000. 

Fig. 4. Hepatocyte nucleus in rat after double treatn, ent with c~- 
amanitin (7 h) and cycloheximide (5 h). The chromatin is still strongly 
condensed as in Figure 2. Aldehyde fixation. • 26,000. 
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Therefore,  our results  have  shown tha t ,  in the  ra t  liver 
1. the  synthes is  of R N A  was s t rongly  reduced by  ~- 
aman i t i n  unt i l  6 h af ter  poisoning;  2. there  was a com- 
plete recovery  of the  synthes is  of R N A  be tween  the  6th 
and the  10-12th h af ter  e -amani t in  t r e a t m e n t ;  3. this  
recovery  was h indered  by  the  inhibi t ion of pro te in  syn- 
thesis  wi th  cycloheximide.  Thus  we can exclude the  pos- 
s ibi l i ty t h a t  in the  ra t  l iver the  recovery  of the  synthes is  
of R N A  m a y  be due to a dissociat ion of the  e -amani t in -  
~RNA polymerase  complex.  Our results  f i t  reasonably  
well w i th  the  hypo thes i s  t h a t  in the  ra t  l iver the  recovery  
of the  synthes is  of R N A  m a y  be due to the  synthes is  of 
new- molecnles of R N A  polymerase  II ,  

The capabi l i ty  of the  ra t  liver to synthes ize  the  R N A  
polymerase  I I  m a y  be due to  a long life of the  m R N A  for 
this  enzyme.  ~-amanit in ,  by  lowering the  synthes is  of 
ex t ranuc leo la r  RNA,  induces also an inhib i t ion  of the  
m R N A  synthes is  ~6. Therefore,  if tile l i fet ime of the  mlRNA 

molecules is longer t h a n  the  clearance t ime  of c~-amanitin 
f rom the  organism,  new enzyme molecules would no t  be 
inhib i ted  by  the  toxin.  

In  conclusion, the  difference in sens i t iv i ty  be tween  ra ts  
and mice to a -aman i t in  m a y  be expla ined on this  basis:  
l iver R N A  synthes is  is inhib i ted  by  the  tox in  bo th  in ra ts  
and in mice, bu t  a longer life of m R N A  in the  ra t  p reven t s  
the  inhib i t ion  of pro te in  synthesis .  This is in ag reemen t  
wi th  the  f inding t h a t  in mouse  liver the  pro te in  syn- 
thesis,  18 h af ter  e -aman i t in  poisoning, was reduced to 
the  50% level of the  controls,  whereas  in ra t  liver it  was 
prac t ica l ly  unaffected.  Moreover,  th is  inhib i t ion  of pro-  
tein synthes is  was found to be due to a lack of mRNA~L 
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Summary. Brocresine,  an inhib i tor  of b ra in  h i s t amine  biosynthesis ,  has  been  found to impair  the  abi l i ty  of mice to 
avoid shock in a shu t t l e  box CAR tes t ;  escape per formance  was unaf fec ted  in these  studies.  

An increasing b o d y  of evidence has appeared  in recen t  
years  suppor t ing  the  concep t  t h a t  h i s t amine  is a neuro-  
t r a n s m i t t e r  in the  centra l  nervous  sys tem.  H i s t amine  is 
nonun i fo rmly  d i s t r ibu ted  in the  brains  of m a m m a l s  and is 
syn thes ized  in nerve  endings,  s tored in synap t i c  vesicles 
and its release is enhanced  by  po tass ium- induced  depo-  
larization.  The t u rnove r  ra te  of brain  h i s tamine  has been 
e s t ima ted  to be less t h a n  1 h and th is  ra te  is reduced af ter  
ba rb i t u r a t e  admin i s t r a t ion  2 4. While  the  funct ional  role of 
h i s t amine  is obscure a t  th is  t ime,  its cent ra l  admin i s t r a t i on  
has been  repor ted  to modify  such vege ta t ive  funct ions  as 
t he rmoregu la t ion  5, water  intake% water  ba lance  regula-  
t ion 7 and the  emet ic  response s, as well as al ter  cont inuous  
(Sidman) avoidance  6 and se l f -s t imulat ion 9 behaviors .  
This s t u d y  was designed to de te rmine  w h e t h e r  brocresine-  
induced  inhib i t ion  of h i s t amine  b iosynthes is  could 
modi fy  the  acquisi t ion,  r e t en t ion  and p e r f o r m a n c e  of a 
learned behavior  (condit ioned avoidance  responding)  in 
mice. Brocresine,  an inhibi tor  of h is t id ine  decarboxyl -  
ase10,11, is capable  of reducing roden t  b ra in  h i s t amine  
levels b y  40-50% 1~ 

Methods. Male albino CD-1 mice (18-25 g) were em- 
ployed in these  exper imen t s  in a typ ica l  shu t t l e  box  la. 
Animals  were t ra ined  to per form a shut t le  box  condi t ioned  
avoidance  response (CAR) as follows: the  mouse was 
placed at  one end of the  box  and, af ter  a 5-sec envi ron-  
men t a l  exposure  period,  5 sec of buzzer  was presented ,  
followed by  15 sec of footshock (60 cycle a l t e rna t ing  cur- 
r en t ;  2 mi l l iamperes  del ivered t h rough  a shock scrambler)  
in the  con t inued  presence  of buzzer.  To avoid or escape a 
shock, the  mouse  was required to reach a 'safe area '  p la t -  
form placed a t  grid level a t  the  opposi te  end of the  shu t t l e  
box. E a c h  mouse  was given 10 tr ials in the  morn ing  and 
a f te rnoon  unti l  t he  animal  was able to avoid shock in 
9 out  of 10 consecut ive  trials. Af ter  achieving  this  90% 
avoidance  cri terion,  the  t e s t  animal  was used as its own 
contro l  receiving saline and brocresine in t he  morn ing  and 
af ternoon,  respect ively,  30 min prior  to tes t ing.  In  ex- 

pe r imen t s  designed to evalua te  drug effects on the  acquisi- 
t ion of CAR, behaviora l ly  naive mice were given up to 
100 consecut ive  tr ials or unt i l  each animal  achieved the  
90% avoidance  criterion. 

Results and discussion. At doses up to 300 mg/kg, i.p. 
admin is te red  5-120 rain pr ior  to tes t ing,  brocresine failed 
to induce min imal  neuro tox ic i ty  or muscle incoordinat ion  
when  eva lua ted  by  the  inabi l i ty  of mice to remain  on a 
hor izonta l  rod ro t a t i ng  at  6 r p m  for 1 min. Greates t  de- 
pression of spon taneous  m o t o r  ac t iv i ty  was observed 
30-60 min af ter  drug adminis t ra t ion .  
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Fig. 1. EIfect of brocresine and saline on avoidance responding in 
CAR trained mice. O, mean percent avoidance responses • SEM out 
of a total of 80 trials at each dose of brocresine; each of 8 animals 
was used as its own control. �9 percent of 8 mice avoiding shock 
less than 9 times in 10 trials. All doses of broeresine significantly 
(p < 0.05) impaired performance. 


