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introducecl  m e t h y l e n e  group  is as in  s t r u c t u r e  (I), i t s  N M R  
p a t t e r n  would  be expec t ed  to  be  more  complex  t h a n  t h a t  
of a n  A B  spin  gystem, a n d  more  in keep ing  w i t h  a n  ABC, 
A B X  or A M X  s y s t e m  5. Thi rd ,  t he  ke ton ic  g roup  of lunar -  
ine is no t  necessary  for the  r eac t ion  to  t ake  place  s ince t he  
ep imer ic  luna r ino l s  I (VII)  a n d  I I  (VI)1,6 also form con-  
d e n s a t i o n  p r o d u c t s  w i t h  fo rmaldehyde .  

L u n a r i n o l  I (VII) ,  f o r m a l d e h y d e  a n d  d i lu te  acid a t  
r oom t e m p e r a t u r e  gives N 1, N2-me thy lene luna r ino l  I 
(VI I I ) ;  m.p,  195-197 ~ (me thano l -e the r ) ,  [e~)2+251 ~ 
(c 0.086, me thano l ) ,  M+ p e a k  a t  m/e 451 (100%) , and  t he  
i n t r o d u c e d  m e t h y l e n e  group appea r s  in  t he  NMR-spec-  
t r u m  as a b r o a d e n e d  t w o - p r o t o n  s ing le t  a t  d4.08. L u n a r -  
inol  I I ,  in l ike manne r ,  gives N 1, N 2 - m e t h y l e n e l u n a r i n o l  
I I  (V); m.p.  200-204 ~ (me thano l -e the r ) ,  [ e ] ~ + 1 6 2  ~ 
(c 0,15, me thano l ) ,  M+ p e a k  a t  m/e 451 (100%),  a n d  t he  
m e t h y l e n e  p ro tons  in t h e  N M R - s p e c t r u m  are now  j u s t  
v is ib le  as an  A B  q u a r t e t  w i t h  dA 4.00 and  (~B 4.15 (J = 
12.0 Hz). Th i s  c o m p o u n d  cor responds  to  a lka lo id  LBZ,  t he  
m i n o r  p r o d u c t  of sod ium b o r o h y d r i d e  r educ t i on  of N 1, 
N~-methy lene luna r ine  (IV) 1. F r a c t i o n a l  c rys t a l l i za t ion  of 
t he  ep imer ic  alcohols  (V) a n d  (VII I ) ,  o b t a i n e d  on  sod ium 
b o r o h y d r i d e  r educ t i on  of N 1, N 2- m e t hy l ene l una r i ne  (IV) 
gave  pu re  N 1, N2-me thy lene luna r ino l  I (VII I )  as t he  ma-  
jor  p roduc t .  E x a m p l e s  of s imi la r  Mann ich- l ike  condensa -  
t ions ,  as r epo r t ed  here,  in wh ich  amides  a r e  t h e  r eac t ive  
h y d r o g e n - c o n t a i n i n g  c o m p o n e n t s  can  be  found  in HELL- 
MANN 7. 

The  conf igu ra t ion  of t he  a lcohol ic  c a r b o n  in luna r ino l  I 
a n d  I I  was  e s t ab l i shed  f rom t h e  N M R - s p e c t r u m  b y  t he  
\u (wid th  a t  ha l f -he ight )  va lues  for t he  e -pro ton .  For  
l u n a r i n o l  I, t h e  p r o t o n  is a t  ~ 4.15 w i t h  W1/2 = 11.5 Hz,  
a n d  a t  b 5.06, Wl/2 = 9.5 Hz  for t he  d i a c e t a t e  d e r i v a t i v e ;  
whi le  in luna r ino l  I I  i t  is found  a t  d 4.00, b u t  t he  Wl /z  v a  - 
lue is on ly  r e l i ab ly  ca lcu la ted  f rom t he  d i ace t a t e  where  i t  
appea r s  u n o b s t r u c t e d  a t  (5 5.07, ~vV1/2 = 22 Hz. These  fi- 
gures, accord ing  to HASSNER a n d  HE'ATHCOCK 8, i nd i ca t e  
t h a t ,  w i t h  t he  a s s u m p t i o n  t h a t  t he  cyc lohexane  r ing  is i n  �9 
t h e  cha i r  con fb rma t ion ,  l una r ino l  I a n d  I I  h a v e  t he  hydro -  
xy l  g roup  p l aced  axia l  and  equa to r ia l ,  r e spec t ive ly .  Fu r -  

t he rmore ,  e x a m i n a t i o n  o f  a Dre id ing  mode l  of l una r ine  
shows t he  b o t t o m  side (opposi te  the  a r y l - e t h e r  oxygen)  is 
less h indered ,  and  consequen t ly ,  h y d r i d e  a t t a c k  ~rom th i s  
side would  p roduce  t h e  ax ia l  h y d r o x y l  i somer  as the  pre-  
d o m i n a n t  p r o d u c t  9 _ a resu l t  we and  o the r s  1, ~ h a v e  f o u n d  
expe r imen t a l l y .  

Our  ev idence  does no t  rule  ou t  t he  poss ib i l i ty  t h a t  t h e  
r eac t ion  o f ' f o r m a l d e h y d e  a n d  luna r ine  (and t he  luna r ino l s  
as well) m a y  give t h e  s e v e n - m e m b e r e d  r ing  s y s t e m  (per- 
h y d r o - l ,  3-diazepine)  i n s t ead  of the  p e r h y d r o p y r i m i d i n e .  
However ,  e x a m i n a t i o n  of modeN shows t h a t  t h e  s ix -mem-  
be red  r ing  forms easi ly  w i t h o u t  s t ra in ,  whereas  the  la rger  
r ing  s y s t e m  is u n d e r  s t ra in .  W e  are seeking  e x p e r i m e n t a l  
p roof  to  se t t le  th i s  ques t ion  1~ 

Zusammenfassung.  Fi i r  die Luna r i a -A lka lo ide  L B X  u n d  
L B Z  werden  die r e v i d i e r t e n  S t r u c t u r f o r m e l n  I V  u n d  V 
vorgesch lagen .  
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Polyacrylamide Gel Disc Electrophoresis'of Rat 
~4CuC12, 2~ and m~ 

Copper  1 a n d  manganese2  are exc re ted  r a p i d l y  a n d  in  
qu i t e  large a m o u n t s  in to  t he  bile, whereas  lead 3 and  mer-  
cu ry  4 in sma l l  q u a n t i t i e s  only. W e  were i n t e r e s t ed  in the  
poss ib i l i ty  of exp la in ing  these  differences  b y  b i n d i n g  these  
i n d i v i d u a l  me ta l s  to  d i f fe rent  bi le  componen t s .  

I n  biological  sys t ems  qu i te  a n u m b e r  of p ro t e in s  are 
k n o w n  to b i n d  meta ls .  Mercury  in p l a s m a  is b o u n d  a l m o s t  
exc lus ive ly  to p ro te ins  5,e, m a n g a n e s e  to t r a n s f e r i n  7 or 
t r a n s m a n g a n i n  2. In  rats ,  a p p r o x i m a t e l y  90% of copper  is 
i nco rpo ra t ed  in to  ce ru lop la smin  s a n d  mos t  of t he  r ema in -  
ing copper  is loosely b o u n d  to a l b u m i n  9,10. T he  p r o t e i n  iso- 
l a t ed  f rom r a t  l iver  h a v i n g  a molecu la r  we igh t  of 13,00011 
m a y  be concerned  w i t h  excre t ion  of copper  in to  t he  bile. 
The  s e p a r a t i o n  of bi le  c o m p o n e n t s  showed t h a t  t he re  
m i g h t  be  a r e l a t i onsh i p  be tween  lead and  p ro t e ins  in  bi-  
l i a ry  exc re t ion  3. 

Us ing  p o l y a c r y l a m i d e  gel disc e lectrophoresis ,  we com- 
p a r e d  t he  p r o t e i n  s p e c t r u m  of r a t  bi le  w i t h  loca t ion  of 
21~ 52Mn, 64Cu a n d  2~ on t h e  e l ec t rophoreogram.  

Materials and methods. W i s t a r  r a t s  (mean  we igh t  200 g) 
w i t h  e x t e r n a l  b i l i a ry  f i s tu la  were used  in the  expe r imen t s .  
So lu t ions  of sa l t s  of m e t a l  r ad io i so topes  were i n j ec t ed  in to  

Bile after Intravenous Administration of 52MNC12, 

t h e  ta i l  ve in  (0.075 m g  of 52MnCl~, 0.080 m g  of 6iCuC12, 
0.162 m g  2~ a n d  0.198 m g  of 21~ per  r a t ;  
10-20 [xCi pe r  r a t  in  a v o l u m e  of 1 ml). The  bile was  collect- 
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ed 1 h before the  in jec t ion  (control  bile) and  3 h af ter  appli-  
ca t ion of the  respect ive  metal .  The contro l  bile and  the  
me ta l -con ta in ing  bile were each collected f rom indiv idual  
ra t s  and  then  placed on po lyacry lamide  gels 12. E a c h  gel 
was cut  in to  12 5-ram slices which  were then  dissolved in 
0.2 ml of 30~o HzO 2 dur ing 12 h a t  60~ To the  dissolved 
sample,  6 ml  of scint i l la t ion solution, 3 ml  of absolute  e tha-  
nal, and 0.5 ml of h y a m i n e  hydrox ide  were added.  The 
samples  conta in ing  52Mn, 6aCu and  2~ were measured  
wi th  a Tri-Carb Liquid  Scint i l la t ion Spec t rometer ,  Pack-  
ard, Model 3365. The samples  conta in ing  21~ were mea-  
sured y-spec t romet r ica l ly  wi th  the  peak  at  47 keV (scin- 
t i l la t ion crysta] NaI /TI :  5 x 4 inches). 

Results and discussion. The Figure  demons t r a t e s  the  
spec t rum of pro te ins  in the  control  bile (below the  dia- 
grams).  The e lec t rophore t ic  separa t ion  of bi l iary p ro te ins  
was similar  to  t h a t  found in h u m a n  bile 13. The 4 zones, 
which  we n u m b e r e d  above the  e lec t rophoreogram,  corres- 
pond  t o  t he  zones n a m e d  by  ENGLERT et al. 13 for h u m a n  
bil iary proteins .  The column d iagrams (Figure) represen t  
the  pe rcen tage  of t he  to ta l  r ad ioac t iv i ty  placed on the  gel. 
E a c h  co lumn in the  d iagram was ob ta ined  as a m e a n  of 
6 to  7 indiv idual  de te rmina t ions .  

W i t h  mercury ,  t he  rad ioac t iv i ty  exis ted p r e d o m i n a n t l y  
in the  p res tack ing  gel zone conta in ing  high-molecular  bile 
specific p ro te in  ~3. In  the  case of bo th  Mn ++ and  Cu ++, t he  
r ad ioac t iv i ty  appea red  mos t ly  in the  region of t he  p i g m e n t  
zone. A very  small  a m o u n t  of manganese  was found in the  
s tacking gel near  t he  s tar t .  Al though  the  main  q u a n t i t y  Of 
Cu++ was found a t  the  f ron t  of t he  e lec t rophoreogranl ,  
smaller  pa r t s  of i t  were ident i f ied in the  pres tacking,  t he  
a lbumin  and the  pos t a lbumin  zones, too. The m a x i m u m  
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Fig. 1. Distribution of radioactivity detected on eleetrophoreogram 
of rat bile after i.v. administration of 5~MnC12, 64CuC12, ~~ and 
210pb (NO3) ~. The values are expressed in percent of the total amount 
determined of studied metal radioactivity. Regions of specific bile 
proteins 13 : 1, pigment-prealbumin; 2, biliproalbumin; 3, biliprotein; 
4, high molecular bile-specific protein. 

a m o u n t  of Pb++ was found  i n  the  pos t a lbumin  zone, de- 
creasing toward  the  f ron t  as well as t oward  the  s tar t .  A de- 
t ec tab le  a m o u n t  of lead was also measured  in b o t h  the  
p res tack ing  gel and  the  p i g m e n t  zones. 

We  observed no i m p o r t a n t  changes  be tween  the  electro- 
phore t ic  p ro te in  profile of the  Control bile and t h a t  of the  
meta l -con ta in ing  bile. Af te r  admin i s t r a t ion  of 293HgC12, 
blood could be de tec ted  macroscopica l ly  in the  bile in se- 
veral  cases. Changes in t he  cent ra l  p a r t  of the  e lect ropho-  
reogram t h a t  could be observed  in these cases canno t  there-  
fore be discussed, since these  changes  m a y  be caused by  
the  presence  of p l a s ma  pro te ins  13. 

I t  is ev iden t  t h a t  all four  meta ls  are bound  in var ious  
ex t en t s  in the  p res t ack ing  gel zone, Hg++ possesses t he  
grea tes t  aff ini ty.  PA s s o w  et  al. 6 s t a t ed  t h a t  mercury  was 
ma in ly  bound  to SH groups  wi th  favourable  spheric posi- 
t ion.  Thus,  it  m a y  be assumed t h a t  bi l iary prote ins  of such 
a t y p e  appear  mos t ly  in t he  p res tack ing  gel f rac t ion under  
our  exper imenta l  condi t ions .  

The cat ions  of Cu++ and  Mn++ are bound  to several  
t ypes  of substances .  A l though  Mn++ is known to be bound  
to  p ro te ins  14 or bui l t  in to  po rphyr in  r ings 15, it  is necessary  
to  consider  i ts  b ind ing  to  bile p igmen t s  and cholic acids. 
This  poss ibi l i ty  is in ag reemen t  w i th  the  correla t ion 
shown 16 be tween  the  a m o u n t  of b i l i rubin  in the  bile and  
the  a m o u n t  of appl ied Mn ++. Cu ++ cat ions  are p redomin-  
an t ly  bound  to  pro te ins  of smal l  molecular  weight  (preal- 
b u m i n  zone), or poss ibly  form complexes  wi th  bile pig- 
ments ,  po rphyr ins  or bile acids as well. The b ind ing  of 
Cu ++ to pro te ins  o f  h igher  molecular  weight  occurs to  a 
smal l  ex ten t .  In  th is  connec t ion  OWEN'S 17 f inding is r a the r  
in teres t ing.  He  ascer ta ined  a slow 64Cu incorpora t ion  in to  
ceruloplasmin.  This  could be the  reason for our observing 
low rad ioac t iv i ty  of 64Cu++ in the  corresponding zones. 

The more  rapid  excre t ion  of Mn++ and Cu ++ into  the  
bile in compar ison  wi th  t h a t  of Pb  ++ and Hg++ could be 
expla ined by  the  fo rmat ion  of re la t ively  small  Complexes 
of Cu++ and  Mn++. These m a y  pene t r a t e  th rough  mem-  
branes  more  rap id ly  t h a n  complexes  of Hg++ and  P b  ++ 
which  are p r e d o m i n a t n l y  bound  to pro te ins  of greater  mo- 
lecular weight .  The d i s t r ibu t ion  of the  cat ions among  the  
indiv idual  e lect rophoret ic  f ract ions  of the  bile is p robab ly  
re la ted  to di f ferent  metabol ic  p a t h w a y s  of the  meta ls  as 
well as to s tab i l i ty  cons t an t s  of the  complexes.  

Rdsumd. Apr6s avoir  adminis t r6  i.v. & des ra ts  les solu- 
t ions  des sels pb++, Hg++, Mn++ et  Cu++, on a divis6 leur 
bile par  des l'616crophor6se de disque sur gel de polyacryl -  
amide.  Les cat ions  Hg++ se sont  mont r6s  sur tou t  dans  la 
f rac t ion c o n t e n a n t  des h a u t s  polym6res  d ' a lbumine  sp6ci- 
f ique pour  la bile; les cat ions  Mn++ et  Cu ++ furent  obser-  
v6s su r tou t  darts la zone p igment6e  .Le m a x i m u m  des ca- 
t ions  pb++ a t tach6s  s 'es t  t rouv6 dans  la zone de pos ta lbu-  
mine.  M. CIKRT and M. TICH~) 

Institute o/Hygiene and Epidemiology, 
Department o/Industrial  Hygiene and Occupational 
Diseases, 
~robdrova 48, Praha 10 (Czechoslovakia), 
19 May 7971. 

12 B. J. DAVIS, Ann. N. Y. Acad. Sci. 121,404 (1964). 
13 E. ENGLERT JR., E. ]~. WALES JR. and R. C. STRIGHT, Clin. ehinl. 

Acta 29, 319 (1970). 
14 A. J. BERTINCHAMPG S. T. MILLER and G. C. COTZlAS, Am. J. 

Physiol. 21J, 217 (1966). 
10 D. C. BORG and G. C. COTZIAS, Fedn. Proc. 78, 470 (1959). 
16 L. G. MAYNARD and S. FINK, J. clin. Invest. 35, 831 (1956). 
17 C. A. OWEN JR., Am. J. Physiol. 207, 1203 (1964). 


