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~[n vitro Metabolism of Ethionine, N.Acetyl-ethionine and N-Acetylmethionine by, Rat 
Liver Mierosomes 

I t  is no t  u n u s u a l  for a fo)e ign c o m p o u n d  to unde rgo  
more  t h a n  one  me tabo l i c  conve r s ion  before  i t  is exc re ted  1. 
The  f o r m a t i o n  of sulfoxides a n d  N-ace ty l  de r i va t i ve s  of 
a lky l a t ed  th io  amino  acids is a p r e v a l e n t  p a t h w a y  for 
t h e  m e t a b o l i s m  of these  c o m p o u n d s  in t he  r a t  2. S-n- 
Propyl -L-cys te ine  was c o n v e r t e d  to  i ts  su l foxide  b y  
mic rosomal  p r e p a r a t i o n s  f rom r a t  l iver  wh ich  requ i red  
e i t he r  an  N A D P H  g e n e r a t i n g  s y s t e m  or N A D H  a n d  CN -3. 
R a t s  in j ec ted  w i t h  e i fher  e th ion ine  or e th ion ine  sulfoxide 
exc re ted  N - a c e t y l e t h i o n i n e  sulfoxide in t he  u r ine  a, 5. The  
m a j o r  p a t h w a y  for t he  m e t a b o l i s m  of e th ion ine  b y  the  
r a t  ha s  been  sugges ted  to be :  e t h i o n i n e - + e t h i o n i n e  
su l fox ide -+N-ace ty l e t h i on i ne  sulfoxide.  The  p r e sen t  
s t u d y  was c o n d u c t e d  to  d e t e r m i n e  w h e t h e r  t h e  r eac t ions  
of e th ion ine  could  be  d e m o n s t r a t e d  in v i t ro .  

Materials and methods. A d u l t  male  Char les  R i v e r  r a t s  
(150-200 g) were  al lowed free access to  P u r i n a  l a b o r a t o r y  
chow and  water .  An ima l s  were sacr i f iced b y  d e c a p i t a t i o n  
a n d  hepa t i c  mic rosomes  were p r e p a r e d  ~. Microsomal  
p ro t e in  was e s t i m a t e d  as descr ibed  b y  LowRY e t  aLL 
M e t a b o l i s m  of s u b s t r a t e s  was  accompl i shed  in a 3-ml 
i n c u b a t i o n  m i x t u r e  c o n t a i n i n g  5 m M  MgC12, 12 m M  
glucose-6-phospha te ,  1 e n z y m e  u n i t  of g lucose-6-phos-  
p h a t e  dehydrogenase ,  0.33 m M  N A D P ,  50 m M  Tris 
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Fig. 1. The deacetylation of N-acetylethiolline as a function of time. 
N-Acetylethionine (2.1 [zmoles) was dissolved in 1 ml of Tris-HC1 
buffer (pH 7.4) and incubated for 2 h with i ml of NADPH generating 
system and 1 III1 of mierosomal suspension (5 mg/ml). 
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Fig. 2. The deacetylation of N-acetylmethionine as a function of 
time. N-Acetylmethionine (2.1 [~rnoles) was dissolved in 1 ml of 
Tris-HC1 buffer (pH 7.4) and incubated for 30 min with 1 ml of 
NADPH generating system and 1 ml of mierosomal suspension (5 
mg/ml). 
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buf fe r  (pH 7.4), 5 -10  m g  of m i c r o s o m a l  p ro te in ,  a n d  
va r ious  a m o u n t s  of subs t r a t e s .  The  m i x t u r e s  were 
i n c u b a t e d  w i t h  s h a k i n g  for  va r ious  per iods  of t ime .  The  
s u b s t r a t e s  were e i t he r  [ethyl-l-l*C~ e th ion ine ,  [e thyl-1-  
1'C] N-ace ty l e th ion ine ,  [ethyl- lA4C] N - a c e t y l e t h i o n i n e  
sulfoxide,  [methyl-14C] N - a c e t y l m e t h i o n i n e ,  or [methy l -  
1'C] N - a c e t y l m e t h i o n i n e  sulfoxide.  T h e y  were syn thes i zed  
f rom e t h i o n i n e  or m e t h i o n i n e  b y  m e t h o d s  descr ibed  
previouslym~.  [Ethyl-l-14C] L-e th ionine  (1.34 aCi per  
~mole) was  p u r c h a s e d  f rom ICN, I rv ine ,  California.  A t  
t he  end  of t he  i n c u b a t i o n  period,  t h e  r eac t ion  was s t o p p e d  
b y  p lac ing  t h e  i n c u b a t i o n  f lask in bo i l ing  w a t e r  for  5 m in  
a n d  t h e  p r e c i p i t a t e d  p r o t e i n  was col lec ted  b y  cen t r i fuga -  
t i on  for  10 ra in  a t  2000 •  in  a n  I E C  mode l  K cent r i fuge .  
The  s u p e r n a t a n t  was  d e c a n t e d  a n d  0.2 ml  was spo t t ed  on  
V q h a t m a n  3 MM fi l ter  p a p e r  a n d  c h r o m a t o g r a p h e d  in a 
so lven t  s y s t e m  c o n t a i n i n g  t e r t - b u t a n o l - m e t h y l e t h y l k e -  
t o n e - w a t e r - d i e t h y l a m i n e  (10: 1 0 : 4 : 1  b y  volume)  s. All 
me t abo l i t e s  were iden t i f i ed  b y  c o c h r o m a t o g r a p h y  w i t h  
k n o w n  s t a n d a r d  c o m p o u n d s .  

E t h i o n i n e ,  N-ace ty l e th ion ine ,  e th ion ine  sulfoxide,  
N - a c e t y l m e t h i o n i n e ,  N - a c e t y l m e t h i o n i n e  sulfoxide,  and  
N - a c e t y l e t h i o n i n e  su l foxide  were de t ec t ed  b y  s p r a y i n g  
t he  c h r o m a t o g r a m s  w i t h  a p la t in ic  iodide so lu t ion  ~ 
Meth ion ine ,  e th ion ine ,  m e t h i o n i n e  sulfoxide a n d  e th io-  
n ine  sulfoxide were q u a n t i t a t i v e l y  d e t e r m i n e d  b y  
deve lop ing  c h r o m a t o g r a m s  w i t h  0 .5% n i n h y d r i n  in 
ace tone  i0. The  r a d i o a c t i v i t y  on  t h e  c h r o m a t o g r a m s  was 
de t ec t ed  on  r a d i o a u t o g r a m s  p r e p a r e d  w i t h  K o d a k  No- 
screen X - r a y  film. The  r ad ioac t i ve  spots  on  the  c h r o m a t o -  
g r ams  were  e lu ted  o v e r n i g h t  w i t h  w a t e r  and  a n  a l i quo t  
coun ted .  

Results and discussion. In  v i t r o  e x p e r i m e n t s  were 
car r ied  ou t  to  d e t e r m i n e  w h e t h e r  a mic rosoma l  e n z y m e  
s y s t e m  f rom l iver  could me tabo l i ze  e th ion ine  or N-ace ty l -  
e t h ion ine  to t he  co r r e spond ing  sulfoxides.  W h e n  [e thyl-  
1-14C] e t h i o n i n e  (0.2 ~Ci, 400 ag) was  i n c u b a t e d  for  1 h, 
a b o u t  32% of t he  r a d i o a c t i v i t y  was m e t a b o l i z e d .  A b o u t  
45% of i t  was c o n v e r t e d  to  e th ion ine  su l foxide ;  t h e  o the r  
p r o d u c t s  were n o t  ident i f ied .  

W h e n  N - a c e t y l e t h i o n i n e  was i n c u b a t e d  u n d e r  t he  
same  cond i t ions  to  d e t e r m i n e  if mic rosomes  could  m e t a -  
bolize N - a c e t y l e t h i o n i n e  to  N - a c e t y l e t h i o n i n e  sulfoxide,  
i t  was found  t h a t  i n s t ead  of t h e  c o m p o u n d s  be ing  oxidized', 
t h e y  were deace ty l a t ed .  A b o u t  ha l f  of the  N - a c e t y l -  
e t h ion ine  was d e a c e t y l a t e d  to  e th ion ine .  A t i m e  s t u d y  of 
t h e  d e a c e t y l a t i o n  of N - a c e t y l e t h i o n i n e  i n c u b a t e d  w i t h  
l iver  mic rosomes  is g iven  in F igure  1. The  d e a c e t y l a t i o n  
was fa i r ly  r ap id  w i t h  a p p r o x i m a t e l y  ha l f  of t he  N-ace ty l -  
e th ion ine  c o n v e r t e d  to e th ion ine  a t  120 m i n  of i ncuba t ion .  
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The deace ty la t ion  of N-ace ty lme th ion ine  occurred more  
rap id ly  t h a n  t h a t  of N-ace ty le th ionine .  Deace ty la t ion  of 
N-ace ty lme th ion ine  was  followed by  assay ing  for t he  
fo rma t ion  of me th ion ine  (Figure 2). A l inear re la t ionship  
resul ted  wi th  1.8 ~tmoles of me th ion ine  being formed by  
30 min.  These resul ts  show t h a t  N-ace ty lme th ion ine  and  
N-ace ty le th ion ine  are deace ty l a t ed  by  l iver microsomes,  
b u t  are no t  conve r t ed  to  the  sulfoxide der ivat ive .  N- 
ace ty le th ion ine  sulfoxide and N-ace ty lmeth ion ine  sul- 
foxide incuba ted  unde r  the  same condi t ions  w i th  liver 
microsomes  were no t  deace ty la ted .  Carcinogenic arylac-  
e tamides  have  also been  repor ted  to be deace ty l a t ed  by  
microsomes  f rom dog liver 11. 

BENNEDETTI et  al. ~2 repor ted  t h a t  the  g rowth  ra te  of 
ra t s  fed a meth ion ine-def ic ien t  d ie t  (12% casein or 
enzymat i c  casein hydro lysa te )  s u p p l e m e n t e d  wi th  N- 
ace ty lme th ion ine  was as good as if the  die t  was supple-  
men t ed  wi th  meth ionine .  They  suggested t h a t  the  hydro -  
lysis of t he  ace ty l  group of N-ace ty lme th ion ine  took  
place gradua l ly  so t h a t  the  meth ion ine  released mixed  
wi th  the  amino  acids released by  the  hydro lys is  of casein. 
The p re sen t  s t u d y  suggests  t h a t  the  ra t  handles  N-ace ty l -  
e th ionine  in a s imilar  manner .  

Summary. R a t  liver microsomes  deace ty la t ed  N- 
ace ty le th ion ine  and  N-ace ty l -me th ion ine  to  e th ionine  and  
meth ion ine .  The deace ty la t ion  of N-ace ty lme th ion ine  was 
more  rapid  t h a n  the  deace ty la t ion  of N-ace ty le th ionine .  
E th ion ine  was slowly conve r t ed  to  e th ionine  sulfoxide by  
the  microsomal  p repara t ions .  N-Ace ty le th ion ine  and N- 
ace ty lme th ion ine  were no t  oxidized by  the  microsomes.  
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M o n o a m i n e  O x i d a s e  A c t i v i t y  of  t h e  H y p o t h a l a m u s  a n d  P i t u i t a r y :  A l t e r a t i o n s  a f t er  
P i n e a l e c t o m y ,  C h a n g e s  i n  P h o t o p e r i o d ,  or  A d d i t i o n s  o f  M e l a t o n i n  in  v i t r o  ~ 

The pineal  gland appears  to be involved in the  contro l  
of gonadal  funct ion,  poss ib ly  act ing th rough  the  hypo-  
t ha l amic -hypophysea l  axis, by  al ter ing the  synthes is  
and /or  release of gonado t rop ins  2,a. The search for an 
an t igonada l  agent  f rom the  pineal  gland has resul ted  in the  
isolation of mela ton in  as well as o ther  compounds  2. 
Melatonin  fulfills m a n y  of the  requ i rements  of an ant ig-  
onadat  agent  4 : it  reduces  ovar ian  5 7 and tes t icular  size s-l~ ; 
affects  androgen  syn thes i s  in vi t ro  ~, 13; and inhibi ts  the  
release of LH ~4,~5 and  F S H  ~6,~7. I t  has  been suggested 
t h a t  th is  inhibi t ion is med ia t ed  in pa r t  th rough  the  hypo-  
thalamus 15. 

Injections of melatonin increase brain serotonin (5-HT) 
concentrations la as well as other brain biogenic amines 19. 
Moreover, 5-HT has been reported to suppress the release 
of both LH 15 and FSH ~ and can decrease testicular size 
and alter testicular morphology 19. Because of the similar- 
ities of action between melatonin and 5 HT and the 
increase in tissue levels of 5-HT caused by melatonin, 
we decided to ascertain whether melatonin could alter 
monoamine oxidase activity (MAO, monoamine: O~ 
oxidoreductase [deaminating] E.C. 1.4.3.4. - The enzyme 
that metabolizes 5-HT to 5-hydroxyindole acetaldehyde) 
of neurogenic tissues both in vivo and in vitro. 

Materials and methods. The effects of pho tope r iod  on 
MAO ac t iv i ty  were de t e rmined  by  exposing 24-day-old 
ra ts  (Sprague-Dawley  der ived strain,  7 animals  per  group) 
to 3 d i f ferent  l ight ing schedules for 10 days  pr ior  to  
sacrifice : the  1st group was placed in cons t an t  l ight  (LL) ; 
the  2nd group received 12 h l ight  followed by  12 h da rk  
(LD) ; the  3rd group was placed in cons t an t  darkness  (DD). 
At  the  t ime  of sacrifice, organs were removed,  weighed 
and frozen for la ter  assay.  

A n o t h e r  group of s e v e n  24-day-old r a t s  (Sprague-  
Dawley  strain) was  pinealectomized,  while the  cont ro l  
group was sham-opera ted .  B o t h  groups were sacrificed 
9 days  af ter  sugery. H y p o t h a l a m i  and p i t u i t a ry  g lands  
were assayed for MAO ac t iv i ty  as previously  descr ibed s0. 
Sta t is t ica l  compar i sons  were accompl ished by  use of the  
s tuden t s  t-test.  

In  vi t ro  effects of me la ton in  on MAO ac t iv i ty  were 
de t e rmined  by  using ra ts  f rom our small  an imal  colony 
(Hol t zman  strain).  Al iquots  (2 mg) of p i tu i ta ry ,  or hypo-  
t ha l ami  were weighed,  homogenized ,  and assayed for 
MAO ac t iv i ty  2~ Various concen t ra t ions  of mela ton in  
(dissolved in 95% ethanol) were added  to homogena te s  in 
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