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shows t h a t  on ly  d o p a m i n e  a n d  ace ty lcho l ine  increased  t he  
t u r n o v e r  r a t e  of t h e  phospho l ip id s  in  t he  snail,  whi le  in  
t he  r a t  these  two  subs t ances  in  a d d i t i o n  to  n o r a d r e n a l i n e  
a n d  5 - t lT  p roduced  t h i s  s t a t e  8. However ,  i t  has  been  
d e m o n s t r a t e d  ~ t h a t  t he  4 subs t ances  t e s t ed  affect  t he  
t u r n - o v e r  of phospho l ip ids  in  d i f fe ren t  b r a i n  areas  of t h e  
gu inea-p ig  b r a i n  in va r ious  ways,  sugges t ing  t h a t  phospho -  
l ip id  t u r n - o v e r  is on ly  in f luenced  b y  subs t ances  wh ich  
h a v e  a def in i te  f u n c t i o n  in t h a t  t issue.  Th i s  could exp la in  
t h e  p i e s e n t  resu l t s :  f i r s t ly  because  t he  ' b r a i n '  of Helix  
pomatia consis ts  of a n u m b e r  of ganglia ,  each  of wh ich  
var ies  in m o r p h o l o g y  a n d  phys io logy  ~5, secondly  because  
n o r a d r e n a l i n e  ha s  a m i n o r  role in  t he  CNS ~, 2, ~ a n d  t h i r d l y  
because  5 -HT is t he  p r o b a b l e  e x c i t a t o r y  n e u r o t r a n s m i t t e r  
in  t h e  sna i l  2,3, ~6, ~7. Cau t ion  is requi red ,  however ,  before  
d r awing  d i rec t  conclus ions  f rom t he  da ta ,  s ince i t  is no t  
ce r t a in  how i m p o r t a n t  t h e  mo la r  c o n c e n t r a t i o n  of neuro-  
t r a n s m i t t e r  is in  i ts  in f luence  on  t he  phospho l ip ids  ~, s. I n  
a n y  even t ,  t he  p re sen t  resul t s  s u p p o r t  t he  idea  t h a t  
n e u r o t r a n s m i t t e r  subs t ances  specif ical ly af fec t  t he  t u r n -  
over  r a t e  of m e m b r a n e  phospho l ip id s  ts. 

Zusammen/assung.  V on  den  im S c h n e c k e n h i r n  (Helix 
pomatia) wahrsche in l i ch  als N e u r o t r a n s m i t t e r  w i r k e n d e n  
S u b s t a n z e n  f i ihren  D o p a m i n  u n d  Ace ty lcho l in  zu e inem 

e r h 6 h t e n  E i n b a u  v o n  a2p in Phospho l ip ide ;  Se ro ton in  
zeigt  eher  e inen gegente i l igen  Ef fek t  n n d  N o r a d r e n a l i n  
b l e ib t  ohne  Einf luss .  P h o s p h a t i d y l i n o s i t o l  weis t  die 
h6chs t e  E i n b a u r a t e  auf. Die R e s u l t a t e  u n t e r s t r e i c h e n  die 
B e d e u t n n g  yon  D o p a m i n ,  Ace ty lcho l in  mad Se ro ton in  als 
N e u r o t r a n s m i t t e r  im S c h n e c k e n h i r n  u n d  de ren  Einf luss  
auf  den  M e t a b o l i s m u s  yon  M e m b r a n p h o s p h o l i p i d e n .  
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Detection of Arylhydroxylamines  as Intermediates in the Metabolic Reduction of Nitro Compounds 

The  tox i c i t y  an d  ca rc inogen ic i ty  of a r o m a t i c  n i t ro  
c o m p o u n d s  a p p a r e n t l y  depends  upon  t h e i r  m e t a b o l i c  
a c t i v a t i o n  to  t h e  co r re spond ing  h y d r o x y l a m i n e  I-B b y  
h e p a t i c  n i t ro  r educ tases  p r e s en t  in mic rosomes  and  
cytosola,  K The  h igh  r e a c t i v i t y  and  l ab i l i ty  of these  
i n t e r m e d i a t e s  has,  however ,  genera l ly  p rec luded  the i r  
d i rec t  de t ec t i on  in biological  sys tems.  An  e lec t rochemi-  
cal m e t h o d  for t he  d e t e r m i n a t i o n  of a r y l h y d r o x y l a m i n e s  
based  on  t h e i r  anodic  o x i d a t i o n  a t  c a r b o n  pas t e  elec- 
t rodes  has  r ecen t ly  been  r epo r t ed  6. Th i s  p robe  ha s  been  
used  as a sensor  to  m o n i t o r  h y d r o x y l a m i n e  t u r n o v e r  
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Fig. 1. Peak voltammogram for 4 x 10 -5 M solution of 1-hydroxy- 
alninonaphthalene in 0.1 M phosphate buffer (pH 7.4) at 37~ 
(sweep rate: 0.10 V-see-X). Peak potential (E~) and peak current 
(i~) are labelled. 

d u r i n g  t h e  r e d u c t i v e  m e t a b o l i s m  of a series of a r o m a t i c  
n i t ro  c o m p o u n d s  in r a b b i t  l iver  m i c r o s o m a l  suspensions .  
The  s t ab i l i t y  a n d  fa te  of a r y l h y d r o x y l a m i n e s  u n d e r  non -  
e n z y m a t i c  cond i t ions  was  also inves t iga ted .  

Methods. 1 - H y d r o x y a m i n o n a p h t h a l e n e  was syn thes i zed  
b y  r educ t i on  of n i t r o n a p h t h a l e n e  w i t h  zinc a n d  a m m o n i u m  
chlor ide  7 a n d  t h e  h y d r o x y l a m i n e  c o n v e r t e d  to  t he  
co r r e spond ing  n i t roso  c o m p o u n d  b y  o x i d a t i o n  w i t h  
d i c h r o m a t e  s. L ive r  m i c r o s o m a l  suspens ions  were o b t a i n e d  
f rom male  New Zea land  r abb i t s9  a n d  p r o t e i n  concen t r a -  
t ion  was a d j u s t e d  to 10 mg/ml .  I n c u b a t i o n  m i x t u r e s  were 
p r e p a r e d  as descr ibed  b y  KATO 1~ a n d  r eac t i ons  were 
car r ied  ou t  for 15 to 60 m i n  u n d e r  a n  a t m o s p h e r e  of 
d e o x y g e n a t e d  a rgon  a t  37~ R e a c t i o n  vessels were 
equ ipped  w i t h  a 3-electrode a s sembly  cons i s t ing  of a 
s a t u r a t e d  ca lomel  e lec t rode  (SCE), g r a p h i t e  rod  coun te r  
electrode,  and  g r a p h i t e n u j o l  work ing  electrode.  P e a k  
v o l t a m m o g r a m s  were r ecorded  on  an  X - Y  recorder  for 
all  so lu t ions  a t  2 ra in  in t e rva l s  d u r i n g  t h e  course of 
i n c u b a t i o n s  b y  a p p l y i n g  a l inear ly  v a r y i n g  p o t e n t i a l  of 
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- -0 .30  to + 0.60 V (sweep r a t e :  0.10 V-sec -~) b e t w e e n  
t he  work ing  a n d  reference  electrodes.  

Results and discussion. A r y l h y d r o x y l a m i n e s  are  e lectro-  
ac t ive  molecules  t h a t  are r ead i ly  ox id ized  [E~/2 = 
--  0.15 to  + 0.10 V (vs. SCE)I a t  c a r b o n  pas t e  anodes  
(pH 7.4). These  p o t e n t i a l s  are s ign i f i can t ly  d i f fe ren t  
t h a n  those  a t  w h i c h  amino ,  n i t roso  a n d  n i t ro  g roup  un-  
dergo ox ida t ion ,  p e r m i t t i n g  t he  de tec t ion  of a r y l h y d r o x y l -  
a m i n e s  in  t he  presence  of t h e i r  b iochemica l  p recursors  a n d  
m e t a b o l i c  by -p roduc t s .  F igure  1 is a p e a k  v o l t a m m o g r a m  
recorded  for t he  o x i d a t i o n  of a 0.1 m M  so lu t ion  of 1- 
h y d r o x y a m i n o n a p h t h a l e n e  in 0.1 M p h o s p h a t e  buf fe r  
(pH 7.4). The  p e a k  p o t e n t i a l  (Ep) is q u a l i t a t i v e l y  indica-  
t ive  of t he  c o m p o u n d  e lec t ro lyzed a n d  t h e  m a g n i t u d e  of 
c u r r e n t  (i~) p r o p o r t i o n a l  to  t he  c o n c e n t r a t i o n  of electro-  
a c t i v e  species in solut ion.  

1 - N i t r o n a p h t h a l e n e  was i n c u b a t e d  a t  37 ~ w i t h  v i ab l e  
r a b b i t  l iver  m i c r o s o m a l  suspens ions  a n d  a n  N A D P H -  
g e n e r a t i n g  s y s t e m  in a n  oxygen-f ree  a tmosphe re .  The  
response  of t he  e lec t rode  sensor  a f t e r  i n c u b a t i o n  h a d  
p roceeded  for 6 m i n  is shown  in F igu re  2. T he  p e a k  is 
de r ived  f rom 1 - h y d r o x y a m i n o n a p h t h a t e n e ,  fo rmed  d u r i n g  
t h e  m e t a b o l i c  r educ t i on  of 1 -n i t r onaph tha Iene .  Minor  
d i f ferences  in  t he  a p p e a r a n c e  of v o l t a m m o g r a m s  recorded  
in aqueous  so lu t ion  a n d  mic rosomes  are  a re f lec t ion  of t h e  
e n v i r o n m e n t s  in  wh ich  t he  curves  were ob ta ined .  The  
i n h o m o g e n o u s  n a t u r e  of t he  m i c r o s o m a l  m i x t u r e  shi f t s  
t h e  o x i d a t i o n  p o t e n t i a l  s l igh t ly  a n d  s o m e w h a t  f l a t t ens  
t he  curve.  The  m a g n i t u d e  of ip was  p r o p o r t i o n a l  to  t h e  
c o n c e n t r a t i o n  of n i t ro  c o m p o u n d  incuba t ed ,  d e m o n s t r a t -  
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Fig. 2. Peak voltammogram of 1-hydroxyaminonaphthalene generated 
during the metabolic reduction of 1-nitronaphthalene. Voltammogram 
recorded directly in microsomal suspensions after incubation had 
proceeded for 6 min under anaerobic conditions. Two scans were 
recorded, 25 see apart, to show the reproducibility of measurements. 

Half Life of 1-hydroxyaminonaphthalene (5 • 10 5 M) in various 
chemical environments at 37 ~ 

Environment ~ Half life (min) b 

0.1 M phosphate buffer (pH 7.4) 
Buffer % Fe ++ (1 • 10 4 M)/EDTA 
Buffer, Fe +++ (1 • 10 .8 M) 
Buffer, viable microsomes 
Buffer, boiled microsomes a 

454-2  
4 3 •  
1 5 +  1 
2 3 •  
1 3 •  

~E]eetrode assembly immersed in solution and peak vottammograms 
recorded at 2 rain intervals, b Values represent mean j :  S.D. for 
4 determinations, o 0.1 M phosphate buffer (pH 7.4). a Microsomal 
suspensions were boiled for 20 min and rehomogenized before use. 

ing t h e  ab i l i t y  of t h e  e lec t rochemica l  p robe  to de tec t  
a r y l h y d r o x y l a m i n e s  du}ing m e t a b o l i c  n i t ro  reduc t ion .  
W h e n  reac t ions  were  ca r r ied  o u t  in  t h e  p resence  of 
oxygen,  no h y d r o x y l a m i n e  was de tec ted .  These  resu l t s  
a r e  cons i s t en t  w i t h  r epo r t s  t h a t  oxygen  t o t a l l y  des t roys  
n i t ro  r educ t a se  a c t i v i t y  11. P e a k  c u r r e n t  (i~) was  reduced  
51% w h e n  i n c u b a t i o n s  were r u n  in a c a r b o n  m o n o x i d e  
(CO) a tmosphe re .  P a r t i a l  i n h i b i t i o n  b y  CO ind ica tes  t h a t  
mic rosomal  r e d u c t i o n  is m e d i a t e d  b y  c y t o c h r o m e  P-450, 
as has  been  r epo r t ed  b y  GILLETTE 12 and  o t h e r  workers  10 
The  res idua l  n i t ro  r educ ta se  a c t i v i t y  obse rved  in a CO 
a t m o s p h e r e  suggests  t h a t  h y d r o x y l a m i n e  f o r m a t i o n  
m a y  also be  m e d i a t e d  b y  a second e n z y m e  sys tem,  e.g. 
N A D P H : c y t o c h r o m e  c reduc tase ,  as p roposed  b y  
YOSHIDA s. 

The  h y d r o x y t a m i n e ,  1 - h y d r o x y a m i n o n a p h t h a l e n e ,  was  
also i n c u b a t e d  w i t h  l iver  mic rosomes  a n d  an  N A D P H -  
gene ra t i ng  sys tem.  CO i n h i b i t e d  r educ t i on  to  t he  a m i n e  
b y  82%,  i n d i c a t i n g  t he  dependence  of t he  r eac t ion  on  
c y t o c h r o m e  P-450. The  m a j o r  p o r t i o n  of t h e  h y d r o x y l -  
a m i n e  was oxid ized  to  n i t roso  c o m p o u n d ,  p r o b a b l y  b y  a 
n o n - e n z y m a t i c  route .  

The  n i t r ogen  a t o m  in the  n i t roso  f u n c t i o n a l  g roup  is a t  
a n  o x i d a t i o n  s t a t e  be tween  t h a t  found  in t he  n i t ro  
c o m p o u n d  a n d  t h a t  p r e sen t  in  t he  h y d r o x y l a m i n e ,  
a n d  m a y  be  p r e s u m e d  to  be  a n  i n t e r m e d i a t e  in  n i t ro  
r educ t ion .  1 - N i t r o s o n a p h t h a l e n e  was i n c u b a t e d  anaero-  
b ica l ly  w i t h  r a b b i t  mic rosomes  in t he  presence  of e i the r  
N A D P H  or N A D H .  P e a k  v o I t a m m o g r a m s  for  t h e  
co r r e spond ing  h y d r o x y l a m i n e  were recorded  a f t e r  i ncuba -  
t i on  h a d  p roceeded  for 5 min .  N A D P H  was a more  
eff ic ient  e lec t ron  source;  however ,  N A D H  also af fec ted  
n i t roso  reduc t ion .  Convers ion  of n i t roso  c o m p o u n d  to  
h y d r o x y l a m i n e  also occurred  non -enzyma t i ca l l y .  N A D P H  
a n d  N A D H  served  equa l ly  well  as h y d r o g e n  d o n o r  w h e n  
n i t r o s o n a p h t h a l e n e  was r eac ted  u n d e r  a n  a rgon  a t m o -  
sphere  w i t h  r educed  nuc leo t ide  in p h o s p h a t e  buffer .  The  
di f ference in r educ ing  eff ic iency obse rved  d u r i n g  enzy-  
m a t i c  n i t roso  r e d u c t i o n  w h e n  N A D p H  a n d  NADI-t  were 
p resen t ,  suppo r t s  the  h y p o t h e s i s  t h a t  t he  r eac t ion  follows 
more  t h a n  one m e c h a n i s m ;  a n o n - e n z y m a t i c  r eac t ion  
e m p l o y i n g  N A D P H  and  N A D H  w i t h  equa l  efficiency, 
a n d  an  e n z y m a t i c  c o m p o n e n t  wh ich  p re fe ren t i a l ly  uses 
N A D P H .  These  resu l t s  f rom e lec t rochemica l  measure -  
m e n t s  are  in a g r e e m e n t  w i t h  f ind ings  descr ibed  b y  o t h e r  
i nves t iga to r s  13, in. The  n i t roso  m e t a b o l i t e  ar ises  no t  on ly  
f rom e n z y m a t i c  r educ t ion  of the  n i t ro  group,  b u t  also f rom 
n o n - e n z y m a t i c  o x i d a t i o n  of the  h y d r o x y l a m i n e .  The  
ha l f  life of 1 - h y d r o x y a m i n o n a p h t h a l e n e  was d e t e r m i n e d  
in severa l  e n v i r o n m e n t s  (Table) b y  record ing  p e a k  
v o l t a m m o g r a m s  of h y d r o x y l a m i n e  so lu t ions  a t  2 m i n  
i n t e rva l s  a n d  measu r ing  p e a k  c u r r e n t  (i~) in tens i t ies .  
A r y l h y d r o x y l a m i n e s  are r e l a t ive ly  u n s t a b l e  species, 
p rone  t o w a r d  i somer iza t ion  to a m i n o p h e n o l s  u n d e r  
acidic cond i t ions  a n d  read i ly  oxid ized  to n i t roso  com- 
p o u n d s  in t he  presence  of oxygen  or o the r  oxid iz ing  
agen tsK The  increase  in h y d r o x y l a m i n e  t u r n o v e r  in t he  
presence  of boi led mic rosomes  m a y  ref lect  t he  exposure  or 
release of p ro t e in  b o u n d  o x i d a n t s  (e.g. m e t a l  ions) du r ing  
the  d e n a t u r a t i o n  process.  
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Similar  qua l i t a t ive  results  were  ob ta ined  when  ni t ro-  
benzene,  ni t rof luorene,  and p-ni t rocresol  (or the i r  ni t roso 
and hyd roxy l am ino  der ivat ives)  were carried th rough  
analogous invest igat ions .  

Zusammen/assung. Eine  e lek t rochemische  Sonde wurde  
entwickel t ,  um A ry lhyd roxy l amin  d i rekt  in mikrosomalen  
Suspensionen festzustel len.  Dieser  Sensor e rmi t t e l t e  

15 This work was supported in part by NIH grant No, CA 14158-02 
from the National Cancer Institute (USA). 

die Bi ldung yon  A r y l h y d r o x y l a m i n  wS.hrend der enzy-  
ma t i schen  Reduk t ion  yon  a romat i schen  Ni t roverb in-  
dungen  durch  Mikrosomen der  Kaninehenleber .  Die 
Reduk t ion  der  Ni t rogruppe  wurde  durch  beide Enzyme ,  
Cy tochrom P-450-abh~ingige und  P-450-unabh/ingige,  
kata lys ier t .  
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Department o/Medicinal Chemistry, School o/ Pharmacy, 
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73 November 197d. 

Release of Hydroxyproline from Rat Hearts Perfused 

Various enzymes,  i.e. collagenase, t ryps in  and  hya luron-  
idase, have  been used ex tens ive ly  for dissociat ing tissues. 
During p re l imina ry  exper imen t s  in th is  l abora to ry  we 
found  t h a t  per fus ion  of ra t  hear t s  w i th  some p repa ra t ions  
of hya luron idase  resul ted  in par t i a l  inac t iva t ion  of 5'- 
nucleot idase  ; for example ,  20 rain of perfus ion w i thS igma  
Type  I hya luronidase  caused a grea ter  t h a n  1/3 loss of 
enzyme ac t iv i ty  1. There  have  been a number  of repor t s  of 
o ther  funct ional  losses due to s imilar  t r e a t m e n t s  of 
var ious  t issues w i th  d ispers ing enzymes  ~-4. We  were 
therefore  in te res ted  in ident i fy ing  me thods  which  effect  
dissociat ion of hear t s  while keeping funct ional  losses to a 
min imum.  As t issue dissociat ion was no t  readi ly  quant i -  
t a red  by  di rect  observat ion,  a more  objec t ive  result  of 
enzyme ac t iv i ty  was moni tored .  We  measured  the  release 
of hydroxypro l ine ,  an amino acid which  is con ta ined  
a lmost  exclusively ill collagen and  elastin. In  th is  com- 
mun ica t ion  we repor t  the  ra te  of release of hydroxypro l ine  
by  ra t  hea r t s  exposed to  collagenase alone or in combina-  
t ion  wi th  hya lu ron idase  and  t ryps in .  

Materials and methods. Sources of enzymes  : Collagenase 
Type  I I I ,  hyaluronidase ,  W o r t h i n g t o n ;  t r yps in  1:250, 

with Collagenase 

Difco. Chemicals  were reagen t  grade f rom var ious  
sources;  C14-hydroxyproline was purchased  f rom Amer-  
sham.  

Using the  Langendor f f  technique ,  ra t  hea r t s  were 
per fused  for 5 min  wi th  comple te  H a n k ' s  solut ion to wash  
out  blood and  t h e n  perfused  for 5 rain w i t h  H a n k ' s  
solut ion f rom which  Ca ++ was omi t ted .  Reci rcula t ing  
perfus ion wi th  Ca++-free H a n k ' s  solut ion conta in ing  
enzymes  was t h e n  s t a r t ed  (30~ and  1 ml  samples  of 
th is  per fusa te  were t aken  for h y d ro x y p ro l i n e  assays  as 
required.  The hyd roxypro l i ne  co n t en t  of the  samples  was 
de t e rmined  by  the  me t h o d  of PROCKOP and  UDENFRIEND ~ 
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Fig. 1. Enzymatic release of hydroxyproline from perfused rat 
hearts. Rat hearts were perfused with eollagenase (1 mg/ml CLS 
Worthington, Type III) and[or hyaluronidase (2 mg/ml HSE, 
Worthington) in Hank's solution from which Ca ++ was omitted. The 
effect of 1.25 mM Ca ++ is shown by the closed circles. A recireulating 
perfusion system was used and aliquots of the perfusate were taken for 
hydroxyproline determination at the times indicated, The data are 
expressed as ~zmoles of hydroxyproline released per heart at the 
perfusion times indicated and each point with a vertical bar represents 
the mean of 2 to 6 hearts q- S.D. 
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Fig. 2. Hydroxyproline relaese from perfused rat hearts after 
preperfusion with trypsin. Hearts were preperfused with trypsin 
(1 mg/ml) in Ca++-free Hank's solution for 10 min and then the 
trypsin was washed out prior to perfnsion with eollagenase. Control 
hearts were preperfused with Ca++-free Hank's solution. Other 
conditions same as for Figure 1. 


