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W e  should  n o t  rule out,  however ,  t he  p o s s i b i l i t y  t h a t  
PGE~ produces  i t s  effect  b y  c h a n g i n g  t he  ace t a t e  pool  
w i t h i n . t h e  l iver  cell. I f  more  un labe l l ed  ace t a t e  becomes  
ava i l ab le  in  t he  hepa tocy te s ;  t he  r a t e  of syn thes i s  of 
f a t t y  acid a n d  s terols  (as m e a s u r e d  b y  t he  in v i t r o  
i nco rpo ra t i on  of *4C-acetate) m a y  be  u n d e r e s t i m a t e d .  

I t  is d i f f icul t  to  p red ic t  w h e t h e r  t he  effect  of P G E  z 
wh ich  we obse rved  in v i t ro  also occurs  in  vivo,  as t h e  
a m o u n t  of PGE~ used in  th i s  s t u d y  m a y  be  far  above  t h e  
c o n c e n t r a t i o n  of p r o s t a g l a n d i n s  wh ich  is p r e s en t  in  t h e  
l iver  in  n o r m a l  condi t ions .  

I n  t h e  m a j o r i t y  of t issues,  t h e  c o n c e n t r a t i o n s  of b o t h  
free a n d  b o u n d  p r o s t a g l a n d i n s  are ve ry  low; b u t  t h e r e  is 
ev idence  t h a t  n u t r i o t i o n a D  ~ a n d  h o r m o n a l  s s t imul i  can  
increase  t h e  c o n c e n t r a t i o n  of P G E t  b y  s t i m u l a t i n g  a 
r ap id  r a t e  of de novo  synthes is .  F u r t h e r m o r e  i t  shou ld  be  
t a k e n  in to  accoun t  t h a t  p r o b a b l y  on ly  a sma l l  p r o p o r t i o n  
of P G E  z p r e sen t  in  t he  i n c u b a t i o n  s y s t e m  is t a k e n  up  b y  
t he  l iver,  so t h a t  t he  in t r ace l lu l a r  c o n c e n t r a t i o n  of PGE~ 
m a y  be  w i t h i n  physio logica l  leveIs. I t  is also i m p o r t a n t  
to  s t ress  t h a t  t he  c o n c e n t r a t i o n  of PGE1 wh ich  i nh ib i t s  
in  v i t ro  f a t t y  acids a n d  s terol  syn thes i s  in  t h e  l iver  is 
m u c h  lower t h a n  t h a t  wh ich  is k n o w n  to  i nh i b i t  nor-  
ep ineph r ine - induced  l ipolysis  in  adipose  t i ssue  ~4. 

The  m e c h a n i s m  of ac t ion  of P G E ,  in  t h e  m a m m a l i a n  
t i ssue  is sti l l  a m a t t e r  of con t roversy .  However ,  a g rea t  
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deal  of ev idence  ha s  now- been  a c c u m u l a t e d  w h i c h  
ind ica tes  t h a t  m a n y  of t h e  pha rmaco log ica l  effects  of 
PGE~ are p r e sen t  in those  sys tems  where  c A M P  f o r m a t i o n  
can  occur. P G E  z m a y  ac t  t h r o u g h  a n  i n h i b i t i o n  of c A M P  
accumula t ion ,  as in  ad ipose  t i ssue  ~r or, more  fre- 
q u e n t l y  t h r o u g h  a n  increase  of t h e  in t r ace l lu la r  level  of 
cAMP, as ha s  been  d e m o n s t r a t e d  in some tissues,  such  as 
t h y r o i d  16 h e a r t  17 and  k i d n e y  is. 

Fo r  these  reasons  we also s t ud i ed  t h e  in v i t r o  effect  of 
c A M P  on t he  syn thes i s  of choles tero l  and  f a t t y  acids b y  
l iver  slices. The  a d d i t i o n  of c A M P  to  t h e  i n c u b a t i o n  
s y s t e m  was fol lowed b y  a s ign i f ican t  suppress ion  of t h e  
r a t e  of i nco rpo ra t i on  of a ce t a t e  in b o t h  f a t t y  acids a n d  
d ig i ton in  p rec ip i t ab le  sterols.  CO S p r o d u c t i o n  was  found  
to  be h igher  a f te r  t h e  a d d i t i o n  of c A M P  as compared  t o  
t h e  controls .  These  d a t a  are in  accord  w i t h  t h e  resu l t s  
r ecen t ly  found  b y  BRICKER a n d  LEVY 19. These  r e su l t s  
ind ica te  t h a t  P G E t  a n d  c A M P  h a v e  a s imi la r  effect  on  
hepa t i c  syn thes i s  of f a t t y  acids and  sterols,  a l t h o u g h  t h e y  
m a y  ac t  a t  d i f fe ren t  b iochemica l  levels.  Th i s  close 
assoc ia t ion  would  sugges t  t h a t  e i t he r  PGE~ could exe r t  
i ts  effect  on  hepa t i c  syn thes i s  of l ip ids  t h r o u g h  a s t i m u -  
l a t ion  of c A M P  fo rmat ion ,  or t h a t  a c c u m u l a t i o n  of c A M P  
in t h e  l iver  cells leads to  a release of PGE~ w h i c h  in t u r n  
i nh ib i t s  l ipid syn thes i s  f rom aceta te .  

W h i c h e v e r  m e c h a n i s m  is involved ,  we feel t h a t  t h i s  
o b s e r v a t i o n  p rov ides  a tool  for a f u r t h e r  u n d e r s t a n d i n g  
of t h e  role essent ia l  f a t t y  acids on  l ip id  m e t a b o l i s m  in  
m a m m a l i a n  liver.  I t  m a y  be  r easonab le  to  a s sume  t h a t  
w h e n e v e r  hepa t i c  c o n c e n t r a t i o n  of these  p recurso r s  
increases  because  of a h igh  exogenous  in take ,  t he  pro-  
duc t i on  of p r o s t a g l a n d i n s  m a y  also be  increased.  

Riassunto. L a  p r o s t a g l a n d i n a  E z (PGE1) h a  u n  dupl ice  
e f fe t to  sul la  s in tes i  epa t i ca  del colesterolo:  a ba s se  
concen t r az ion i  d e t e r m i n a  u n  i n c r e m e n t o  del la  incorpo-  
raz ione  di  ace t a to  in  colesterolo, m e n t r e  a concen t r az in i  
super ior i  a 50 n m o l i  essa d e t e r m i n a  u n a  r iduz ione  di  
ques to  p a r a m e n t r o .  
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Fig. 2. Effect of increasing amounts of cyclic 3% 5'-A3gP on the incor- 
poration of acetate-2-C la into cholesterol (DPS), fatty acids and me~ 
tabotic CO S. 
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M e c h a n i s m  of D r u g - I n d u c e d  Chronic  Otic Les ions .  
on the Melanin of the Inner Ear 

A l t h o u g h  drugs  such  as salicylic acid m a y  cause  a 
hea r i ng  r e d u c t i o n  o f  sho r t  du ra t ion ,  m o s t  of t h e  in jur ies  
to  t h e  i n n e r  ear  are of a chron ic  a n d  ser ious n a t u r O .  
T h e y  are  caused  b y  ma l ly  compounds ,  b u t  two  m a i n  
groups  can  be  d i s t i ngu i shed :  1. t h e  s t r e p t o m y c i n  group  
of an t ib io t ics ,  a n d  2. qu in ine  a n d  i t s  m a n y  s y n t h e t i c  
successors (especial ly ch loroqnine) .  T he  in ju r ies  caused  
b y  all  t he se  d rugs  h a v e  m a n y  cha rac te r i s t i c s  in  com mon .  
B o t h  hea r i ng  a n d  b a l ance  dif f icul t ies  m a y  appear .  

Role of Drug  A c c u m u l a t i o n  

F u n c t i o n a l  d i s t u r b a n c e s  co r re spond  to  e v i d e n t  h i s to -  
pa tho log ic  changes .  H i g h  dosage a n d  l o n g - t e r m  t h e r a p y  
are  usua l ly  involved .  The  d a m a g e  h a s  a m a r k e d  t e n d e n c y  
to  be  i r revers ib le .  F u r t h e r m o r e ,  s y m p t o m s  wil l  o f t en  
a p p e a r  on ly  a f t e r  a long l a t e n t  pe r iod  - severa l  m o n t h s  
after the m e d i c a t i o n  has been  d i scon t inued .  

I p. A. SKEFFIELD and J. S. TURNER JR., Sth. reed. J. Bgham. Ala. 
64, 359 (1971). 
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Detail of an autoradiogram (upper) with the corresponding section (lower) of a pregnant pigmented mouse 24 h after an i.v. injection 
of laC-chloroquine. There is high accumulation in the fetal eye and the inner ear. Hematoxylin-eosin. 

These  charac te r i s t ics ,  especial ly  t h e  l a t e n t  per iod,  
m a k e  i t  seem v e r y  l ike ly  t h a t  a s t rong  m e c h a n i s m  of 
a c c u m u l a t i o n  a n d  r e t e n t i o n  of these  drugs  in t h e  i n n e r  
ear  is p resen t ,  a n d  c u r r e n t  i nves t i ga t i ons  in our  l a b o r a t o r y  
a re  p r o d u c i n g  a n  inc reas ing  a m o u n t  of ev idence  in 
f a v o u r  of such  a hypo thes i s .  

I t  is t he  m e l a n i n  in t h e  i nne r  ear  w h i c h  is r e spons ib le  
for  t he  d rug  a c c u m u l a t i o n  (Figure) .  Melan in  is m a i n l y  
p r e s e n t  in  t h e  s t r i a  vascu la r i s  in  t h e  cochlea  and  in  t h e  
p l a n u m  s e m i l u n a t u m  in  t he  a m p u l l a e  - s i tes  where  t h e  
e n d o l y m p h  is cons idered  to  be  p roduced .  I n  our  au to r a -  
d iog raph ic  d i s t r i b u t i o n  s tud ies  in  p i g m e n t e d  mice2, 3, 
m e l a n i n  ha s  been  s h o w n  to  a c c u m u l a t e  a n d  r e t a i n  m a n y  
s u b s t a n c e s  of a polycycl ic  na tu r e .  Th i s  a c c u m u l a t i o n  
was n o t  seen in a lb ino  an imals .  The  d rug  a f f in i ty  for 
m e l a n i n  seems to  be  un ique :  no  o t h e r  t i s sue  a c c u m u l a t e s  
a n d  r e t a in s  fore ign c o m p o u n d s  in  a s imi l a r  m a n n e r .  A 
h i g h  r e t e n t i o n  was  found  even  1 y e a r  a f t e r  a d m i n i s t r a t i o n  
of  a single dose of t~C-chloroquine.  The  r e t e n t i o n  of 
m a n y  drugs  can  be  expec t ed  to las t  for severa l  years  in  
h u m a n s .  

I n  v i t r o  i nves t i ga t i ons  m a d e  in our  l a b o r a t o r y  (using 
beef  eye m e l a n i n  accord ing  to  PorTs) ,  showed  t h a t  
k a n a m y c i n  h a d  t h e  h i g h e s t  m e l a n i n  a f f in i ty  (89%),  
fol lowed b y  ch lo roqu ine  (85)%, q u i n i n e  (68%),  d ihy-  
d r o s t r e p t o m y c i n  (65%),  s t r e p t o m y c i n  (60%) a n d  vio-  
m y c i n  (46%).  Sal icyl ic  acid a n d  t h e  tube rcu los t a t i c s ,  
i son iaz id  a n d  pa raaminosa l i cy l i c  acid showed  no m e l a n i n  
a f f in i ty .  

In  a d d i t i o n  to  t h e  i n n e r  ear, m e l a n i n  is f ound  in t h e  
eye, skin,  nucle i  of t h e  b r a i n  s t e m  ( s u b s t a n t i a  n igra  a n d  
locus coeruleus),  a n d  in some o t h e r  t issues.  The  i nne r  
ear,  the re fore ,  seems to  be  on ly  one of severa l  organs,  
w h i c h  can  be  af fec ted  accord ing  to  t h e  same  genera l  
m e c h a n i s m .  I t  is now well  e s t ab l i shed  t h a t  t h e  a f f in i ty  
of ch lo roqu ine  a n d  t h e  p h e n o t h i a z i n e s  for  m e I a n i n  is t h e  
p r i m a r y  f ac to r  d e t e r m i n i n g  t h e i r  ocu la r  tox ic i ty .  Some 
d r u g s  (e.g. ch lo roqu ine  a n d  quin ine)  c a n  s i m u l t a n e o u s l y  
cause  d a m a g e  b o t h  to  t h e  eye a n d  to  t h e  i n n e r  ear  in  a 
v e r y  s imi la r  p a t t e r n  1-~. I n  b o t h  o rgans  m e l a n i n  is 
c r i t i ca l ly  s i t u a t e d  in s t r u c t u r e s  wh ich  fo rm t h e  f luid 
n o u r i s h i n g  t h e  r ecep to r  cells. The  d a m a g e  to  t h e  r ecep to r  
cells in  b o t h  these  o rgans  is v e r y  l ike ly  s econda ry  to  a 

d a m a g e  in t h e  m e l a n i n - c o n t a i n i n g  cells of t h e  f luid-  
f o rmi n g  s t ruc tu res .  

I n  p r e l i m i n a r y  h i s topa tho log ie  i nves t i ga t i ons  in  y o u n g  
guinea-pigs  t r e a t e d  w i t h  k a n a m y c i n ,  ser ious d a m a g e  was 
found  in t h e  s t r i a  of t h e  p i g m e n t e d  an imals ,  b u t  n o t  in  t h e  
a lbinos .  T h e  an ima l s  rece ived  200 m g / k g  b o d y  wt .  for  
3 weeks  a n d  were t h e n  e x a m i n e d  a f t e r  a n  a d d i t i o n a l  
pe r iod  of 2 m o n t h s .  Special  f ea tu re s  conce rn ing  t h e  
p i g m e n t  m o r p h o l o g y  were observed .  W h i l e  n o r m a l l y  
m e l a n i n  g ranu les  are even ly  d i s t r i b u t e d  in t h e  s t r i a l  
cells 6, m o s t  of t h e  g ranu les  in  t h e  k a n a m y c i n - t r e a t e d  
an i ma l s  were aggrega ted ,  a p h e n o m e n o n  w h i c h  is o f ten  
seen ill d rug - induced  m e l a n i n  d isorders  3. F u r t h e r m o r e ,  
p y c n o t i c  nuclei ,  vacuo l i za t i on  t h r o u g h o u t  t h e  s tr ia ,  a n d  
d i s r u p t i o n  of t h e  ep i the l ia l  cells were  observed .  

P r e v i o u s  l i t e r a t u r e  on  t h e  d rug  i n d u ced  h i s t o p a t h o l o g y  
of the inner ear also yields abundant evidence for  early 
damage to the stria, although these authors were not 
aware  of t h e  d r u g  a c c u m u l a t i o n  in t h e  me lan in .  Thus ,  
h i s toehemica l  d i s t u r b a n c e s  ~, s a n d  h i s topa tho log ic  a l te r -  
a t i ons  ~-1~ in t h e  s t r i a  h a v e  been  obse rved  to  precede,  
or  a c c o m p a n y ,  les ions of t h e  o rgan  of Corti .  I t  has  also 
been  sugges ted  t h a t  o to tox ic  an t ib io t i c s  cause  h a i r  cell 

2 N. G. LINDQUIST and S. ULLBERG, Acta pharmac. Copenh. 31, 
Suppl. 2 (1972). 

3 N. G. LINDQUIST, Acta radiol. Stoekh. Suppl. 325 (1973). 
4 H. )d~. DEKKING, Ophthalmologica 718, 743 (1949). 
s 1~. G. BETTEN, R. C. BILCHIK and M. E. SMITH, Am. J. Ophthal. 

72, 720 (1971). 
6 H. ENGSTR6M, F. S. SJOSTRAND and H. SPOENDLI~, Praet. oto- 

rhinolaryng. 77, 69 (1955). 
7 12 NAKAMURA, Ann. Otol. St. Louis 65, 1080 (1957). 
s K. M0SEBECg and W. SCHXTZLS, Arch. Ohr.-Nas. Kehlk.-Heilk. 

781, 41 (1962). 
9 C. BEcK and P. KRAHL, Arch. Ohr.-Nas.-Kehlk.-Heilk. 779, 594 
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234 (1968). 
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degenera t ion  due to  changes  of t he  endo lymph ,  secondary  
to a t r o p h y  of the  s t r ia  ~2. 

Zusammen/assung. Nachweis  einer Melanin-AffinitS~t 
o to tox ischer  Med ikamente  im Z u s a m m e n h a n g  mi t  h is to-  

pa tho log ischen  &nderungen  in der  Str ia  p igmen t i e r t e r  
Tiere, Ilicht aber  bet  Albinos,  durch  K a n a m y c i n .  

L. D~NCXER, N. G. LINDQUIST and  S. ULLBERG 

12 L. G. JOHNSSON and J. E. HAWKINS jr., Laryngoscope, St. Louis 
82, 1105 (1972). 
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Duodenal Ulcer in Rats by 3-AUyl-5-isobutyl-2-thiohydantoin and its Related Compound 

Al though  m a n y  drugs and chemicals  can cause gastr ic  
ulcer in animals,  few compounds  are known  cons is ten t ly  
to  induce duodenal  ulcer. Infus ion  of gastr in,  e i ther  
alone or in combina t ion  wi th  o the r  secretagogues  such 
as h i s t amin  and  carbachol ,  can  produce  duodenal  ulcer in 
var ious  an imal  species 1-~. SzABo et  at. ~ repor ted  produc-  
t ion  of solitary,  of ten  perforat ing,  duodena l  ulcers in 
female ra ts  by  inject ions of propionitr i le .  Whi le  s tudy ing  
the  acute  tox ic i ty  of 3-allyl,5 i sobuty l -2 - th lohydanto in ,  
an an t i - convu l san t  5, we inc identa l ly  found t h a t  a single 
admin i s t r a t ion  of th is  compound  could cons i s ten t ly  
induce duodenal  ulcer in rats.  

Materials a~d methods. Male Wis t a r  ra t s  weighing 
a round  120 g were kep t  in m e s h - b o t t o m e d  metal ic  cages 
to  avoid coprophagia .  The t es t  compound ,  3-allyl-5- 

Table I. Occurrence of duodenal ulcer in rats following a single ad- 
ministration .of 3-allyl-5-isobutyl-2-thiohydantoin 

Route of Dose No. Grades of duodenal ulcer 
administration (mg/kg) of rats -- + + + + + + 

Subcutaneous 0 5 5 0 0 0 
125 5 4 1 0 0 
250 5 I 1 2 i 
500 5 0 0 1 4 (i) b 

0 5 5 0 0 0 

125 5 4 1 0 0 
250 5 o o 1 4 (1) 
500 5 0 0 1 4 (2) 

Oral 

-- no ulcer; + small shallow ulcer of up to 2 mm in diameter; ~ + 
elongated or linear ulcer of 3 to 6 mm in length; + + + elongated or 
linear ulcer of 6 mm or longer in length. ~ Numerals in parentheses in- 
dicate the number of rats with perforating ulcer. 

Table II. Inhibitory effect of vagotomy on occurrence of duodenal 
ulcer in rats by 3-allyl-5-isobutyl-2-thiohydantoin 

i sobu ty l -2 - th iohydan to in ,  was suspended  in 10% aqueous  
solut ion of gum acacia such t h a t  1.0 ml  con ta ined  the  
necessary  a m o u n t  for a single admin i s t ra t ion ,  and  given 
to  ra t s  af ter  overn igh t  fast ing.  Fas t ing  was  con t inued  for 
24 h a f te r  medica t ion .  E x p e r i m e n t s  were conduc ted  in 
t h e  following series: 

In  t he  f i rs t  expe r imen t  6 groups of 5 ra ts  each received 
an oral or s.c. admin i s t r a t ion  of t he  c o m p o u n d  in t he  dose 
levels shown in Table  I and  were killed 24 h af ter  admin-  
i s t ra t ion  by  exsanguina t ion  f rom the  caro t id  a r t e ry  
under  e ther  anesthesia .  The s t o mach  and  d u o d e n u m  
were excised, opened  along the  grea ter  curvature ,  spread  
on a rubbe r  board  and  examined  wi th  a b inocular  
microscope.  Ano the r  10 ra ts  served as contro l  and  were 
killed 24 h af ter  oral or subcu taneous  admin i s t r a t ion  of 
1.0 ml  of the  suspension vehicle. 

In  the  second expe r imen t  10 ra t s  received subphren ic  
v a g o t o m y  6 under  p en t o b a rb i t a l  anesthesia;  and  ano the r  
10 ra ts  were s u b m i t t e d  to  s h a m  operat ion.  10 days  af ter  
the  operat ion,  t h e y  were given a s.c. in jec t ion  of e i ther  
175 mg/kg  of the  c o m p o u n d  or 1.0 ml  of t he  suspens ion  
vehicle and  killed 24 h af ter  inject ion.  The s t o mach  and  
d u o d e n u m  were examined  in t he  way  men t ioned  above.  

In  the  th i rd  exper iment ,  t he  11 compounds  shown in 
Table  I I I  were t e s t ed  for the  ulcerogenic effect.  They  
were suspended  in 10% aqueous  solut ion of gum acacia 
and  given to  ra t s  orally or s.c. in t he  dose levels shown in 
Table  I I I .  The s t o mach  and  d u o d e n u m  were examined  
24 h af ter  adminis t ra t ion .  

Results and discussion. Ulcera t ion  of the  d u o d e n u m  
occurred in 21 out  of 30 ra ts  given 3-allyl-5-isobutyl-2 
t h iohydan to in ,  while  in control  r a t s  the  s t o mach  and 
d u o d e n u m  had  a normal  appearance .  The  ulcers were 
e longated,  o f ten  in pairs  and  loca ted  on the  an t i -mesen-  
ter ic  aspec t  of the  d u o d e n u m  abou t  6 to  10 m m  caudal  
f rom the  pylorus.  Sever i ty  of t he  duodena l  lesion was 
appa ren t l y  dose -dependen t  (Table I). Pe r fo ra t ing  ulcer 
w i th  consequen t  per i toni t i s  occurred in 4 out  of 20 ra t s  
g iven 250 mg/kg  or more  of t he  compound .  Besides,  in 
thiohydantoin-treated rats the stomach was distended 
with accumulation of acidic fluid (pH 1 to 2), and small, 

Treatment Dose No. Grades of duodenM ulcer 
(mg/kg) of rats -- + + + + + + 

Vagotomy 0 5 5 0 0 0 
Vagotomy 175 5 5 0 0 0 
Sham operation 0 5 5 0 0 0 
Sham operation 175 5 0 2 2 1 

See the note of Table I. 
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