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Metal Ion-Catalysed Interaction of Peroxidase with Morphine and Protein 

In  cont inua t ion  of our work  x on morph ine :pro te in  inter-  
ac t ion  in centra l  ne rvous  system, evidence has been 
obta ined  in t he  present  s tudy  t h a t  on aerobic  incuba t ion  
of morph ine -N-methy l -C  x4 and horseradish peroxidase  in 
presence of  cer ta in  me ta l  ions, peroxidase  can  ut i l ize a 
n u m b e r  of na tu ra l l y  occurr ing proteins,  peptides,  and 
amino  acids to genera te  hydrogen  peroxide  and subse- 
quen t ly  conver t  morph ine  p resumab ly  by a free radical  
mechan i sm into  h igh ly  reac t ive  in te rmedia tes  t ha t  com- 
bine wi th  specific water-soluble  prote ins  and pep t ide  
carriers th rough  a chemica l  bonding  dif ferent  f rom rever-  
sible in v i t ro  b inding of morph ine  with  p lasma and bra in  
proteins.  

Materials and methods. Incuba t ion  mix tu re  in 10 ml  
tubes  unless otherwise  ment ioned,  consisted of 5 ml  M[15 
phospha te  buffer p H  7.4, 0.2 mI  morphine-C 14 (50/~g/ml) 
or  codeine-C x4, or  d ihyd romorph ine -H  s, 100 ;t MnC12 
(19.8 mg/ml) ,  100 ~. horseradish peroxidase  (Sigma, T y p e  
If ,  135 un i t s /mg;  1 mg/ml) ,  10 mg human  a lbumin  (Sigma, 
Grade I I I )  or o ther  pept ides  or amino  acids,: under  oxygen  
wi th  shaking for 6 h a t  37°C, al lowing mix tu r e  to  s t and  
overn igh t  a t  a m b i e n t  t e m p e r a t u r e  before ext rac t ion.  
Ef fec t  of metabol ic  inhibitors,  nalorphine,  2,4-diamino 
5-phenyl  thiazole  and biogenic amines,  etc. were s tudied 
in the  above  ' comple te  sys tem' .  Peptides,  amino  acids, 
R N A  (Sigma, Type  XI ,  yeast) and D N A  (Sigma, Type  V, 
calf  thymus ,  sodium salt) were subs t i tu ted  for a lbumin  
and cy tochrome C (Sigma, Type  VI),  mush room tyrosi-  
nase (Sigma,  Grade  I I I ,  1200 uni ts /mg)  and cata lase  
(Sigma C-10, bov ine  liver,  3000 uni ts /mg) for peroxidase  
in th is  system. 5 ml  ra t  p lasma or 5 mI ra t  b ra in  homo-  
genate  in phospha te  buffer  p H  7.4 were subs t i tu ted  for 
buffer  and a lbumin.  

Free  morph ine  was es t imated  by  basi fying 2 ml  
a l iquots  of incubates  and 0.5 ml  nonrad ioac t ive  morph ine  
carr ier  (500 vtg) to  p H  9 wi th  dil. NaOH,  buffer ing  wi th  
2 ml, 40o/0 K~HPO,  solution, ex t rac t ion  by  shaking wi th  
15 ml  e thylene  dichloride conta in ing 30% by  vo lume  of 
n -amyl  alcohol, washing the  organic phase wi th  4 ml  
K2HPO 4 solution,  dissolving the  residue f rom i0  ml  
organic phase in 0.8 ml  n - a m y l  alcohol  and count ing  wi th  
10 ml  to luenephosphor  in a l iquid  scint i l la t ion counter .  
The  percentage  r ad ioac t iv i ty  remain ing  in aqueous  phase 
was calculated f rom the  equa t ion  100 [(A-B)/A] where A is 

CPM obta ined  on ex t rac t ion  of a 2 ml a l iquot  of incubate  
of buffer,  morphine-C ~* and requis i te  a m o u n t  of wa te r  and 
B t h a t  f rom an  ac tual  exper iment .  

Results and discussion. The  p H  profi le of morphine-  
peroxidase-a lbumin-Mn ++ in te rac t ion  showed the  m a x i m a  
be tween  6 and 7. Metal  ions had  a profound effect  on this  
in teract ion,  Mn ++, Fe  -~+, Co ++, Fe  +++ promoted ,  Cu++ and 
Ca ++ decreased the  yield of water-soluble  products  while 
Zn ++ and Mg ++ had no effect. Hydrogen  peroxide  in place 
of g in  ++ also gave a considerably  h igh  yie ld  and  anerobic  
incuba t ion  inhibi ted  the  format ion  of in te rac t ion  products  
(Table I). Sod ium azide comple te ly  inhibi ted this  inter-  
act ion and inac t iva t ion  of peroxidase  for di f ferent  t ime  
periods in a ba th  at  100°C led to a reduct ion  in percentage  
of in te rac t ion  products  (Figure 1). No inhibi t ion  was 
not iced in presence of catalase (10-5000 ~g), d i sodium 
E D T A ,  N-e thy l  male imide  or  urea  in incuba t ion  mix ture .  
I n  absence of pro te in  (Table I) the  percentage  of water -  
soluble products  was ve ry  low showing t h a t  proteins,  
pept ides  and amino  acids were invo lved  in a process 
di f ferent  f rom simple  adsorpt ion  or e lectrostat ic  binding.  
L-tyrosine, L-histidine, L-phenylalanine,  eft-globulin, 1_- 
t ryp tophan ,  L-cystine, L-hydroxyprol in ,  reduced and 
oxidized g lu ta th ione  al l  gave  high yields of in te rac t ion  
products  (74-95%);  glycine,  L-glutamic acid, L-aspartic 
acid, L-dopa and L-cysteine showed l i t t le  or  no in terac t ion  
and o ther  na tu ra l ly  occurr ing amino acids gave  inter-  
media te  values.  The  necessi ty of a large excess of pro te in  
(Figure 2), pep t ides  or  amino  acids suggested t h a t  specific 
groups of proteins  e.g. t ryp tophane ,  tyrosine,  etc. p robab ly  
par t i c ipa ted  in the  reaction.  The  format ion  of a chemica l  
bond in in terac t ion  be tween  morph ine  and prote in  was 
inferred f rom the  fact  t ha t  acid hydrolys is  wi th  2.4 N 
HC1 of dia lyzed incubat ion  mix tu re  for 1 h a t  15-20 lbs.  
pressure did no t  release s ignif icant  amoun t s  (3-5°//0) of 
morphine ,  an  observa t ion  t h a t  fur ther  ruled ou t  t he  
poss ibi l i ty  of in terac t ion  of unchanged  morph ine  wi th  
perox idase-ac t iva ted  protein.  S imi lar  in terac t ion  occur- 
red wi th  d ihydromorphine-7 ,  8-H 3 bu t  no t  wi th  codeine- 
N-methy l -C  1~ (Table I). 

A.L. MISRA, C.L. MITCHELL and L.A. WooDs, Nature, Loud. 232, 
48 (1971). 

Table I. Percentage distribution of radioactivity after incubation of morphine-N-methyl-C 14, codeine-N-methyl-C 14 and dihydromorphine-H 3 
with artificial systems in absence and presence of peroxidase 

Experimental conditions Radioactivity in 
aq. phase after 
morphine extraction (%) 

1. Buffer + 
2. Buffer + 
3. Buffer + 
4. Buffer + 
5. Buffer + 
6. Buffer + 
7. Buffer + 

morphine-C la + water 
morphine-C I4 + w a t e r  + human albumin 
morphine-C 14 + MnCI~ 
morphine-C 14 + MnClz + human albumin 
morphine-Ct * + Peroxidase + human albumin 
morphine-C 14 -k Peroxidase + MnCI~ 
morphine-C 1~ + Peroxidase + MnCI~ + human albumin 

8. Buffer + morphine-C 14 + Peroxidase + H202 + human albumin 
9. Same as (7) under anaerobic condition 

10. Buffer + codeine-C 14 + Peroxidase + MnCl~ + human albumin 
l i .  Buffer + dihydromorphinc-H s + Peroxidase + MnC12 + human albumin 

nil 
nil 
nil 

7.5 
18.3 
23.5 
85.7 
85.1 
9.0 

<23 
80.0 

a Incubations done using 5 ml t'k//15 phosphate buffer pH 7.4, 0,2 ml morphine-C it or codeine-C 14 or dihydromorphine-H a (50 [xg/ml), 10 mg 
human albumin, 100 ), peroxidase (1 mg/ml), 100 ). MnC12 (19.8 mg/ml) or 50 ~. H20 ~ (30%) under oxygen with shaking at 37~C for 6 hours, 
allowing solutions to stand at ambient temperature overnigbt before extraction. 
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R N A  a n d  D N A  (1-10 m g  in p lace  of a l b u m i n )  also ac t ed  
as car r ie rs  to  b i n d  r eac t i ve  i n t e r m e d i a t e s  of m o r p h i n e  in 
t h e  reac t ion .  C y t o c h r o m e  C, m u s h r o o m  t y r o s i n a s e  a n d  
pu r i f i ed  ca t a l a se  a t  s a m e  c o n c e n t r a t i o n  could  n o t  rep lace  
pe rox idase  in t h i s  i n t e rac t ion .  F r e s h l y  p r e p a r e d  r a t  
p l a s m a  a n d  s u p e r n a t a n t  f rom r a t  b r a i n  h o m o g e n a t e  
p r e p a r e d  in p h o s p h a t e  buf fe r  p H  7.4 gave  h igh  yie lds  of 
i n t e r a c t i o n  p r o d u c t s  on  i n c u b a t i o n  w i t h  morphine-C1% 
Mn++ a n d  peroxidase ,  b u t  r a t  b r a i n  h o m o g e n a t e  i tself  
gave  i n v a r i a b l y  m u c h  lower va lues  (11-14%) .  

5 - H y d r o x y t r y p t a m i n e  e v e n  a t  low m o l a r  r a t ios  to  mor -  
p h i n e  (1:1)  s ign i f i can t ly  b locked  m o r p h i n e - p e r o x i d a s e -  
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Fig. 1. Rate of inactivation of peroxidase in boiling water as measured 
by decrease in concentration of water-soluble products formed from 
morphine-N-methyI-C ~4. 

a l b u m i n  i n t e r a c t i o n ;  d o p a m i n e  a n d  to  a m u c h  lesser  
e x t e n t  n o r e p i n e p h r i n e  a n d  ep inephr ine ,  were e f fec t ive  
o n l y  a t  m u c h  h i g h e r  m o l a r  r a t ios  whi le  h i s t a m i n e ,  ace ty l -  
cho l ine  a n d  t r y p t a m i n e  showed  no  ef fec t  (TabIe  I I ) .  

I n t r a c i s t e r n a l l y  a d m i n i s t e r e d  Ca++ ions  m a r k e d l y  
suppress  m o r p h i n e  ana lges ia  9- in  mice  a n d  2 ,4-d iamino-5-  
p h e n y l  th i azo le  h y d r o b r o m i d e  (DAPT)  a d m i n i s t e r e d  in 
c o n j u n c t i o n  w i t h  m o r p h i n e  ha s  b e e n  repor ted3 ,  4 to  
c o u n t e r a c t  narcosis ,  r e s p i r a t o r y  depression,  i n t e n s i t y  of 
a b s t i n e n c e  s y n d r o m e  a n d  to le rance  d e v e l o p m e n t  b u t  l eave  
t he  m o r p h i n e  ana lges ia  u n i m p a i r e d .  The  b lock ing  effect  
of D A P T  and  n a l o r p h i n e  a t  va r i ous  c o n c e n t r a t i o n  r a t i o s  
to  m o r p h i n e  in i n c u b a t i o n  m i x t u r e  on  m o r p h i n e - p e r o x i -  
dase  i n t e r a c t i o n  is s h o w n  in  F igu re  3. P resence  of levor-  
p h a n  or  d e x t r o r p h a n  even  a t  10 :1  m o l a r  c o n c e n t r a t i o n  
r a t i o  to  m o r p h i n e  h a d  no ef fec t  on  in t e rac t ion .  

Two d i s t i nc t  possibil i t ies~,  6 a) f o r m a t i o n  of a p h e n o x y  
free radical ,  re loca l iza t ion  of lone e lec t ron  in to  a r o m a t i c  
r ing  a n d  coup l ing  of m o r p h i n e  molecule  in  2 pos i t i on  to  
a l b u m i n ;  b) a r o m a t i c  h y d r o x y l a t i o n  of m o r p h i n e  in 
pos i t ion  2 to  form a ca techo ly l  t y p e  of d e r i v a t i v e  a n d  i ts  
s u b s e q u e n t  b i n d i n g  to p ro t e in  or pep t i de  carr iers ,  m a y  be  
i n v o l v e d  in m o r p h i n e - p e r o x i d a s e - a l b u m i n - M n  ++ in t e r -  
ac t ion  (N-oxide  f o r m a t i o n  ru led  o u t  b y  TLC).  I n t e r a c t i o n s  
of q n i n o n e s  (or ca techols)  to  p ro t e in s  7 a re  k n o w n  to  t a k e  
p lace  r ead i ly  a n d  t h e  consequence  of such  a n  i n t e r a c t i o n  
in t h e  d e v e l o p m e n t  of c en t r a l  r e c e p t o r  t o l e rance  to  mor -  
p h i n e  h a v e  been  m e n t i o n e d  ~. F u r t h e r ,  t h e  s imple  mode l  
s y s t e m  b r ings  ou t  t he  a n t a g o n i s m  of na lo rph ine ,  r egu la to -  
ry  effects  of t r ace  m e t a l  ions  a n d  ce r t a in  biogenic  m o n o -  
a m i n e s  on  m o r p h i n e - p e r o x i d a s e - a l b u m i n  i n t e r a c t i o n  a n d  
a p p e a r s  i n t e r e s t i n g  in v iew of occur rence  of pe rox idase  8 
a n d  va r ious  t r ace  m e t a l s  ~ -n  in  b r a i n  a n d  a wide  v a r i e t y  
of t i s sues  a n d  i m p o r t a n c e  of such  m e t a l s  in  m a i n t e n a n c e  
of i n t e g r i t y  of m y e l i n  s h e a t h  of n e r v e  f ibers ,  s y n a p t i c  
t r ansmis s ion ,  t i s sue  m e t a b o l i s m ,  e n z y m e  a c t i v a t i o n  a n d  
i n a c t i v a t i o n  x~ 

Table II. Effect of biogen icamines on morphinc-peroxidase-albumin 
interaction 

Added substances 

Percentage radioactivity in aq. phase after 
morphine extraction at different molar conc. 
ratios of amines to morphine 

0:1 1:1 5:1 10:1 100:1 1000:1 

No amines 85.7 
L-norepinephrine 85.3 86.0 74,4 17.9 9.1 
L-epinephrine 85.2 87.4 89.2 22.5 9.5 
Dopamine 85,5 85.4 40.9 9.5 - -  
5-hydroxytryptamine 7,0 3.5 3.25 0 - -  

Biogenic amines were incorporated at different concentrations in 
incubation medium. Histamine at (600:1), acetyl choline at (700:1) 
and tryptamine at (100:1) molar concentration ratio to morphine had 
little or no effect on interaction. 
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Fig. 2. Effect of different concentrations of human albumin on con- 
version of morphine-N-methyl-C t4 to water-soluble products by 
peroxidase. 
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Fig. 3. Effect of different concentrations of 2,4-diamino-5-phenyl 
thiazole hydrobromide DAPT (A) and nalorphine (B) on conversion 
of morphine-N-Inethyl-C x* to water-soluble products by peroxidase. 

ZusammenJassung. In  Mode l l sy s t emen  v o n  Peroxidase ,  
P r o t e i n e n  und  Me ta l l i onen  wi rd  M o r p h i u m  in wasser-  
16sliche ( R a d i k a l - ) P r o d u k t e  f ibergef i ihr t ,  welche  B i n d u n -  
gen m i t  d e m  P r o t e i n  e ingehen.  

A.L.  MISRA 111 and  C.L. MITCHELL 

Department o[ Pharmacology, University o/ Iowa, 
Iowa City, Iowa 52240 (USA), 21 June 1977. 

~3 Present address: New York State NACC Testing and Research 
Laboratory, 80 Hanson Place, Brooklyn, New York 11217 (USA). 

Iproniaz id  (Mars i l id)  R e v e r s e s  D o p a m i n e - E f f e c t  and S t i m u l a t e s  the Growth  of M o u s e  N e u r o b l a s t o m a  
in v i tro  

D o p a m i n e  m a r k e d l y  i n h i b i t s  t h e  cell d iv i s ion  of neuro -  
b t a s t o m a  (NB) cell in  v i t ro .  O n  r e m o v a l  of d rug  1 h a f t e r  
t r e a t m e n t ,  t h e  i n h i b i t i o n  of cell m u l t i p l i c a t i o n  pers i s t s  
for  24 h a f t e r  w h i c h  d o p a m i n e - t r e a t e d  cells grow w i t h  
same  d o u b l i n g  t i m e  as t h a t  of controls .  Tile p recu r so r  of 
d o p a m i n e  (L-dopa), m e t a b o l i t e  of d o p a m i n e  (homovani l l i c  
acid),  n o r e p i n e p h r i n e  or e p i n e p h r i n e  p roduces  no  such  
effect  ~. D o p a m i n e  a t  a s imi la r  c o n c e n t r a t i o n  does n o t  
a f fec t  t h e  cell d iv i s ion  of Chinese  H a m s t e r - o v a r y - K 1  a n d  
B a b y - h a m s t e r  k i d n e y - 2 1  cells in  v i t ro  1. To e luc ida te  t he  
m e c h a n i s n l  of d o p a m i n e - e f f e c t  fu r the r ,  t h e  i n h i b i t o r  of 
d o p a m i n e  m e t a b o l i s m  is used in t h i s  i nves t iga t ion .  The  
m e t a b o l i c  p a t h w a y  of d o p a m i n e  in m a m m a l i a n  cells is 
shown  d i a g r a m a t i c M l y  be low:  

COMT 
N-acetylated <-- + -  Dopamine -~  -+  -~  -~- 3-methoxytyramine 

derivatives .~ MAO ~ MAO 

3,4-dihydroxyphenylacetaldehyde Homovanillic acid 

A D  ~ C O M T  

- + - ~  3, 4-dihydroxyphenylacetic acid 

D o p a m i n e  is d e a m i n a t e d  b y  m o n o a m i n e  ox idase  (MAO) 
to  form Mdehyde  w h i c h  is r a p i d l y  ox id ized  b y  a l d e h y d e  
d e h y d r o g e n a s e  (,~D) to  p r o d u c e  3 , 4 - d i h y d r o - x y p h e n y l -  
acet ic  ac id  wh ich  is c o n v e r t e d  to  h o m o v a n i l l i c  acid b y  
ca t echo l -0 -me thy l - t r an s f e r a s e  (COMT). T h e  o t h e r  m e t a b o -  
lic p a t h w a y  is self exp l a ined  in  t h e  d i a g r a m a t i c  p r e sen t a -  
t ion .  Th i s  p a p e r  shows t h a t  ip ron iaz id  (marsi l id) ,  a n  inh ib i -  
t o r  of m o n o a m i n e  oxidase,  c o m p l e t e l y  reverses  d o p a m i n e -  
ef fec t  o n  n e u r o b l a s t o m a  cells a n d  b y  i t se l f  s t i m u l a t e s  
t h e  cell  d iv i s ion  of n e u r o b t a s t o m a  as  wel l  as  of  B a b y -  
h a m s t e r  k i d n e y  cells in  vi t ro .  Pyrogyl lo l ,  a n  i n h i b i t o r  of 
COMT, m a r k e d l y  reduces  t he  g r o w t h  of n e u r o b l a s t o m a  
cells. 

Materials and methods. T he  p rocedure  for c u l t u r i n g  a n d  
t h e  morpho log i ca l  f ea tu res  of n e u r o b l a s t o m a  cell l ine  ha s  
been  desc r ibed  in  t h e  p rev ious  p u b l i c a t i o n  1. W h e n  g rown  
in F a l c o n  p l a s t i c  f lask,  t h e  ave rage  d o u b l i n g  t i m e  of 
n e u r o b l a s t o m a  cells is 24 h. This  cell l ine ha s  ace ty lchol i -  
ne s t e r a se  ac t iv i ty ,  b u t  no  b u t y l T l c h o l i n e s t e r a s e  , i n d i c a t i n g  
i ts  n e u r o n a l  fea ture2.  I n  add i t ion ,  t y ro s ine  hyd r oxy l a se ,  
a r a t e  l i m i t i n g  e n z y m e  in  t h e  b io syn thes i s  of ca techol -  

a m i n e  is p r e s e n t  in  t h e  p r i m a r y  t u m o r  a, 4, b u t  is los t  in  t h e  
l ong - t e rm  cu l tu re  ; h o w e v e r  t h e  e n z y m e a c t i v i t y  is r e s to red  
in t h e  d i b u t y r y l  cyclic A M P - i n d u c e d  d i f f e r en t i a t ed  
n e u r o b l a s t o m a  cells (PRASAD, "WAYMIRE a n d  "~VEINER, in 
p r epa ra t i on ) .  

N e u r o b l a s t o m a  ceils were t r e a t e d  w i t h  mars i l id  or 
pyrogyl lo l  24 h a f t e r  p la t ing .  Mars i l id  was  d issolved in 
F12 m e d i u m  w i t h o u t  s e r u m  i m m e d i a t e l y  before  t h e  
e x p e r i m e n t  a n d  a d d e d  to n e u r o b l a s t o m a  cells in  v i t ro  a t  
a c o n c e n t r a t i o n  of 100 t~g/ml. D o p a m i n e ,  Y 4 '  d i h y d r o -  
x y p h e n y l a c e t i a c i d  (DPAA)  or pyrogyl lo l  was  dissolved 
in t he  F12 m e d i u n l  w i t h o u t  s e rum c o n t a i n i n g  1 m g / m l  of 
ascorb ic  acid i m m e d i a t e l y  before  t h e  e x p e r i m e n t .  Dopa-  
mine  was  a d d e d  to  n e u r o b l a s t o m a  cell cu l tu re  18 h a f t e r  
t h e  a d d i t i o n  of mars i l id  or  1 h a f t e r  t h e  a d d i t i o n  of 
pyrogy l lo l  to  give a f ina l  c o n c e n t r a t i o n  of d o p a m i n e  (50 
a n d  100 ~g/ml)  a n d  of ascorbic  acid (20/~g/ml). D P A A  was 
a d d e d  to  n e u r o b l a s t o m a  cells (50 a n d  100 #g/ml)  24 h a f t e r  
p l a t i ng .  Af t e r  1 h of i ncuba t ion ,  cells were w a s h e d  twice  
w i t h  F12 w i t h o u t  s e r u m  a n d  f resh  g r o w t h  m e d i u m  was  
added .  Con t ro l  cell p o p u l a t i o n  was  t r e a t e d  s imi l a r ly  
excep t  no  d rug  was  added .  T h e  a d d i t i o n  of ascorbic  ac id  
was  necessa ry  to  p r e v e n t  t h e  a u t o - o x i d a t i o n  of d o p a l n i n e  
in  v i t ro .  Ascorb ic  ac id  b y  i tsel f  h a d  no  effect  o n  neuro -  
b l a s t o m a  ceils. T h e  cell n u m b e r  2 d a y s  a f t e r  d o p a m i n e -  
t r e a t m e n t  was  c o u n t e d  b y  a Cou l t e r  counte r .  T h e  g r o w t h  
i n h i b i t i o n  of n e u r o b l a s t o m a  cell p o p u l a t i o n  in v i t r o  was 
ca lcu la ted  as fol lows:  

No. of control cells - No. of drug-treated cells 
X 100. 

No. of control cells 

I f  t h e  n u m b e r  of d r u g - t r e a t e d  cells was  g rea t e r  t h a n  t he  
cont ro l ,  t h e  v a l u e  o b t a i n e d  b y  t h e  a b o v e  f o r m u l a  was 
cons idered  as a n  i ndex  of g r o w t h  s t i m u l a t i o n .  

13HK-21 cells in  v i t r o  were  g rown  u n d e r  c o n d i t i o n s  
iden t i ca l  to  those  of n e u r o b l a s t o m a  cells. Mars i l id  (100 ~g/  
ml)  was  a d d e d  to  B H N - 2 1  cell cu l tu re  24 h a f t e r  p l a t i n g  
(50,000 ceils). Af t e r  18-20 h of i ncuba t i on ,  cells were  
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