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necess i t a t ed  b y  i m p l a n t a t i o n  of 5FU  crystals ,  b u t  w i t h o u t  
a n y  m a t e r i a l  i m p l a n t e d .  The  assay  for A D H  a c t i v i t y  has  
been  descr ibed  ear l ier  5. 

T r e a t m e n t  w i t h  5 F U  d u r i n g  t he  f i rs t  3 days  fol lowing 
p u p a t i o n  i nh ib i t s  t he  p a t t e r n  of change  in A D H  ac t iv i ty ,  
t he  level  of a c t i v i t y  r e m a i n i n g  c o n s t a n t  to  a t  leas t  the  
10th  d a y  of p u p a l  life. As seen in t he  Figure,  a h igh  level  
is m a i n t a i n e d  w i t h  t r e a t m e n t  on  t he  1st day  a f t e r  pupa -  
t ion,  whi le  a c o n s t a n t  low level . resul ts  f rom t r e a t m e n t  on 
t he  3 rd  d a y  a f te r  pupa t i on .  W h e n  5FU  is a d m i n i s t e r e d  on 
t he  4 th  day  a f te r  p u p a t i o n  or later ,  t h e  ensu ing  p a t t e r n  of 
A D H  a c t i v i t y  is no t  app r ec i ab l y  d i f fe ren t  f rom t h a t  of 
n o r m a l  deve lopmen t .  For  t he  sake of c la r i ty  on ly  3 
e x p e r i m e n t a l  series an d  i con t ro l  series are inc luded  on t he  
Figure.  

A p p a r e n t l y  t he  en t i re  p r o g r a m  of d e v e l o p m e n t a l  change  
in A D H  a c t i v i t y  is d e p e n d e n t  on a 5FU-sens i t i ve  process  
which  is comple t ed  b y  t he  4 t h  d a y  fol lowing pupa t i on .  
T r e a t m e n t  w i t h  5FU dur ing  t he  f i rs t  3 dasy  is i n h i b i t o r y  
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Days after pupation 

Effect of 5FU oi1 developmental changes in ADH activity. Solid lines 
indicate changes in control animals wounded 1 day after pupation. 
The pattern is essentially the same as described for normal develop- 
inent s. Dashed lines a) b) and c) represent animals treated 1, 3 and 4 
days after pupation, respectively. The first points for a), b) and e) are 
control values, since the earliest assays for ADH activity.were at 2, 4 
and 5 days, respectively. Each point represents a determination on 
5-10 individuals. 

to  t he  rea l i za t ion  of th i s  p rogram,  t he  level  of A D H  ac t iv -  
i ty  be ing  locked a t  t h e  t i m e  of t r e a t m e n t .  MUTH 2 has  
shown  t h a t  t he  s ens i t i v i t y  of p u p a l  d e v e l o p m e n t  to  5FU 
t r e a t m e n t  changes  d ras t i ca l ly  be tween  t h e  3rd a n d  4 th  
days  a f t e r  pupa t i on .  P u p a e  t r e a t e d  d u r i n g  t he  f i rs t  3 days  
show severe i n h i b i t i o n  of t he  d e v e l o p m e n t  of mos t  a d u l t  
s t ruc tures ,  and  t h e y  die a f te r  t h e  13 th  p u p a l  day.  How-  
ever, t r e a t m e n t  f rom the  4 th  d a y  p e r m i t s  d e v e l o p m e n t  
of a v iab le  adu l t  emerg ing  on t he  13th  d a y  a f te r  p u p a t i o n  
(on schedule  w i t h  n o r m a l  deve lopmen t ) ,  a l t h o u g h  a few 
adu l t  s t ruc tu res  m a y  st i l l  be  abnormalS ,  4. Therefore ,  the  
e s t a b l i s h m e n t  of t he  p a t t e r n  of change  in A D H  a c t i v i t y  
m a y  be  d e p e n d e n t  on  t he  same  process(es) necessa ry  for 
the  e s t a b l i s h m e n t  of t he  m a j o r  po r t i on  of t he  p r o g r a m  of 
m e t a m o r p h i c  changes  in t he  Ephestia pupa .  This  process  
is qu i te  l ikely t he  syn thes i s  oI specific nucleic  acids d u r i n g  
ear ly  pupa .  

The  effect  of 5 F U  on nucleic  acid m e t a b o l i s m  has  been  
ex t ens ive ly  s tud ied  6. As a n  ana log  of uracil ,  5FU can  be  
i nco rpo ra t ed  in to  al l  classes of R N A  molecule ,  and  such  
5 F U - R N A  can  resu l t  in  miscoding,  or in i n h i b i t i o n  of 
t r ans l a t ion .  5FU can  also i n h i b i t  D N A  synthes is ,  pre- 
s u m a b l y  b y  be ing  conve r t ed  to 5- f luorodeoxyur idyl ic  
acid, a n  i n h i b i t o r  of t h y m i d y l a t e  s y n t h e t a s e  7. Thus,  these  
effects could be i n h i b i t o r y  to any  d e v e l o p m e n t a l  p r o g r a m  
wh ich  requires  t he  syn thes i s  of specific nucleic acid(s) 
d u r i n g  a specific t i m e  period.  

Zusammen/assung. B e h a n d l u n g  von  P u p p e n  der  Mehl-  
m o t t e  Ephestia kiihniella m i t  5-F luorouraz i l  w/ ihrend  der  
e r s ten  3 P u p p e n t a g e  u n t e r d r t i c k t  die c h a r a k t e r i s t i s c h e n  
S c h w a n k u n g e n  der  A D H - A k t i v i t g t  w/~hrend der  we i t e ren  
En twick lung .  B e h a n d l u n g  a m  4. Tag  oder  sp~tter h a t  
ke inen  Einf luss  auf  das  E n z y m .  Die W i r k u n g e n  yon  5- 
F luorouraz i l  auf  A D H  decken  sich m i t  frf iher  beobach-  
t e t e n  W i r k u n g e n  auf  morphogene t i s che  Prozesse.  
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I n h i b i t i o n  of M o u s e  L i v e r  P r o t e i n  a nd  N u c l e a r  R N A  S y n t h e s i s  F o l l o w i n g  C o m b i n e d  O r a l  T r e a t m e n t  
w i t h  S o d i u m  N i t r i t e  a nd  D i m e t h y l a m i n e  or M e t h y l b e n z y l a m i n e  

N i t r o s a m i n e s  a p p e a r  to  be a m a j o r  class of carc inogens  
t h a t  are l ike ly  to  be  causa l ly  r e l ea ted  to h u m a n  cancer  in  
indus t r i a l i zed  socie ty  1. H igh  c o n c e n t r a t i o n s  of n i t ro sami -  
nes  h a v e  been  found  in n i t r i t e -p re se rved  f ish meal  2 and  in 
f e r m e n t e d  l iquorsa ;  t r ace  c o n c e n t r a t i o n s  of n i t r o s a m i n e s  
h a v e  also been  r epo r t ed  in  tobacco  smoke,  cheese, mea t ,  
g ra ins  a n d  alcoholic  beverages  ~-7. E v e n  more  widespread  
a n d  of poss ib ly  g rea t e r  s ignif icance are p recursors  of n i t ro -  
s a m i n e s - n i t r i t e s  a n d  seconda ry  amines  1. Secondary  amines  
can  be  n i t r o s a t e d  in  v i t ro  s - l l  a n d  in v ivo  13 to fo rm corres- 
p o n d i n g  n i t rosamines .  Chronic  feeding of r a t s  w i t h  n i t r i t e  
c o m b i n e d  w i t h  s econda ry  a m i n e s  p roduced  synerg is t ic  
ca rc inogen ic i ty  13. More recent ly ,  c o m b i n e d  oral  admin i s -  
t r a t i o n  of n i t r i t e  a n d  seconda ry  amines  p roduced  syner-  

gist ic acu te  t ox i c i t y  and  l iver  necrosis  in  mice  14. W e  re- 
p o r t  here  acute  i n h i b i t i o n  of l iver  p ro t e in  a n d  nuc lea r  R N A  
syn thes i s  fol lowing c o m b i n e d  oral  a d m i n i s t r a t i o n  of n i t -  
r i t e  a n d  seconda ry  amines  to  mice. 

Male Swiss a lb ino  mice ( ICR/Ha)  we igh ing  be tween  23 
a n d  28 g were housed  in  porce la in ized  t u b s  and  g iven  
food a n d  w a t e r  ad  l ib i tum.  Single doses of d i m e t h y l a m i n e -  
hydroch lo r ide  (DMA) and  m e t h y l b e n z y l a m i n e - h y d r o c h l o -  
r ide  (MBA) were a d m i n i s t e r e d  to mice b y  g a r a g e  a t  con-  
c e n t r a t i o n s  of 2000 and  1200 m g / k g  e i the r  a lone  or in com- 
b i n a t i o n  w i t h  sod ium n i t r i t e  (NaNO~) a t  c o n c e n t r a t i o n s  of 
150 or  100 mg/kg,  r espec t ive ly  (Tables  I - I I I ) .  

Fo r  t he  3H-leucine u p t a k e  s tudies ,  mice  were in jec ted  
w i t h  1.0 ~c of 8I-I-leucine (55 mC/~moles ;  New E n g l a n d  
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Table I. Synergistic effects of dimethylamine-hydroehloride and sodium nitrite on incorporation of 3H-eytidine into mouse liver nuclear RNA 

Groups 8H-Cytidine incorporation a 

At 2 h  A t 6 h  At 1 8 h  

No. of Mean 4- S.E. No. of Mean 4- S.E. No. of Mean 4- S.E. 
replicates (% of control replicates (% of control replicates (% of control 

values) values) values) 

Control 4 3.06 4- 0.32 4 10.0 4- 0.8 4 13.3 4- 13 
Sodium nitrite (150 mg/kg) 4 2.88 4- 0.48 (94%) 4 7.9 4- 0.8 (79%) 4 10.3 4- 0.8 (77%) 
Dimethylamine (2000 mg/kg) 4 2.98 4- 0.10 (97%) 4 10.5 4- 0.7 (105%) 2 14.4 4- 0.5 (108%) 
Sodium nitrite and Dimethylamine 4 2.06 4- 0.20 (67%) 4 3.8 4- 1.4 b (38%) 4 8.1 4- 1.4 (60%) 

~Expressed as cpm/~-tg DNA; b Statistically significant interaction, p < 0.01. 

Table II. Synergistic effects of dimethylamine-hydroehloride and sodium nitrite on incorporation 4H-leueine into mouse liver protein 

Group Mean 3H-leueine incorporation 

At 2 h At 18 h 

No. of Mean i S.E. No. of Mean -4- S.E. 
replicates (% of control values) replicates (% of control values) 

Control 9 
Sodium nitrite (150 mg/kg) 9 
Dimethylamine-hydrochloride (2OOO mg/kg) 10 
Sodium nitrite and dimethylamine-hydroehloride 10 

39.7 4- 4.1 5 41.7 nk 2.9 
39.7 i 4.1 (100%) 9 39.5 :~ 3.7 (95%) 
54.4 i 10.2 (137%) 10 41.6 i 2.2 (100%) 
15.0 4- 3.5 ~ (38%) 10 27.9 :tz 5.2 (67%) 

Expressed as cpm/mgP;  b Statistically significant interaction, p < 0.01. 

N u c l e a r )  30 m i n  p r i o r  t o  sac r i f i ce  ; m i c e  w e r e  s ac r i f i c ed  6 o r  
18 h a f t e r  a d m i n i s t r a t i o n  of  D M A  a l o n e  o r  w i t h  n i t r i t e  a n d  
6 h a f t e r  a d m i n i s t r a t i o n  of  M B A  a l o n e  or  w i t h  n i t r i t e .  U p -  
t a k e  of  a H - l e u c i n e  i n t o  w h o l e  l i ve r  p r o t e i n  w a s  d e t e r m i n e d  
w i t h  a l i q u o t s  of  l i ve r  h o m o g e n a t e s  f r o m  i n d i v i d u a l  m ice .  
F o l l o w i n g  p r e c i p i t a t i o n  w i t h  1 0 %  T C A ,  p r o t e i n  p e l l e t s  
w e r e  w a s h e d  c o n s e c u t i v e l y  t w i c e  w i t h  1 0 %  T C A ,  w i t h  
1 0 %  T C A  a t  9 0 ~  fo r  15 ra in ,  w i t h  9 5 %  e t h a n o l  c o n t a i n -  
i n g  1 0 %  p o t a s s i u m  a c e t a t e ,  w i t h  a b s o l u t e  e t h a n o l ,  t w i c e  
w i t h  e t h a n o l - e t h e r  (3:1),  a n d  t w i c e  w i t h  e t h e r  15. D u p l i -  
c a t e  a l i q u o t s  of  d r i e d  p r o t e i n  w e r e  d i s s o l v e d  in  P r o t o s o l  
a n d  c o u n t e d  i n  a B e c k m a n  l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  

F o r  n u c l e a r  R N A  s t u d i e s ,  m i c e  w e r e  i n j e c t e d  w i t h  2 .5C 
of  3 H - c y t i d i n e  (5.9 ~ C / m M o l e ,  N e w  E n g l a n d  N u c l e a r )  
45 m i n  p r i o r  to  sac r i f i ce ;  m i c e  we re  s ac r i f i ced  2, 6 o r  18 h 
a f t e r  a d m i n i s t r a t i o n  of  D M A  a l o n e  or  w i t h  n i t r i t e .  H i g h l y  
p u r i f i e d  l i ve r  n u c l e i  w e r e  i s o l a t e d  f r o m  2 p o o l e d  l i v e r s  b y  
s e d i m e n t a t i o n  t h r o u g h  2.1 M suc rose ,  C o n t a i n i n g  1 m M  
MgCI~ a n d  3.5 m M  p o t a s s i u m  p h o s p h a t e  a t  p H  6.8 9. N u c l e i  
w e r e  l y s e d  w i t h  0 . 1 %  s o d i u m  l a u r y l  s u l f a t e  a n d  a l i q u o t s  
w e r e  w a s h e d  c o n s e c u t i v e l y  w i t h  4 %  P C A ,  t w i c e  w i t h  2 %  
P C A ,  w i t h  a b s o l u t e  e t h a n o l ,  a n d  t w i c e  c h l o r o f o r m - m e t h a -  
no l  (1:1).  A i t e r  d r y i n g ,  t h e  n u c l e i c  a c i d s  w e r e  h y d r o l y z e d  
w i t h  5 %  P C A  a t  9 0 ~  fo r  30 m i n ;  a l i q u o t s  we re  c o u n t e d  
for  r a d i o a c t i v i t y  a n d  a n a l y z e d  for  D N A ,  b y  t h e  d i p h e n y l -  
a m i n e  p r o c e d u r e  16 

T h e  e f f e c t s  of  c o m b i n e d  a d m i n i s t r a t i o n  of  D M A  a n d  
N a N O l  o n  n u c l e a r  R N A  s y n t h e s i s ,  a s  m e a s u r e d  b y  inco r -  
p o r a t i o n  of  3 H - c y t i d i n e  i n t o  n u c l e a r  R N A ,  a r e  s h o w n  in  
T a b l e  I.  I n c o r p o r a t i o n  of  a H - c y t i d i n e  i n t o  n u c l e i  oI con -  
t r o l  m i c e  a n d  m i c e  t r e a t e d  w i t h  e i t h e r  D M A  or  N a N O  2 
w e r e  s i m i l a r .  H o w e v e r ,  c o m b i n e d  a d m i n i s t r a t i o n  oi  D M A  

a n d  N a N O  2 i n h i b i t e d  c y t i d i n e  i n c o r p o r a t i o n  b y  33, 62 a n d  
4 0 %  a t  2, 6 a n d  18 h f o l l o w i n g  t r e a t m e n t ,  r e s p e c t i v e l y  
(Tab l e  I).  
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Table III. Synergistic effects of Inethylbenzylamine-hydrochloride and sodium nitrite on mouse liver protein synthesis 
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Treatment No. of replicates Mean SH-leucine incorporation 4- S.E. ~ 
(% of control values) 

Control 
Sodium nitrite (100 mg/kg) 
Methylbenzylanfine-hydrochloride (1200 mg/kg) 
Sodium nitrite and methylbenzylamine-hydrochloride 

53.4 4- 4.8 
52.6 4- 2.3 (99%) 
56.3 4- 4.S (105%) 
40.4 21:: 4.2 b (76%) 

�9 Expressed as cpm/mgP; b Statistically significant interaction, p < 0.01. 

The  effects of D M A  a n d  N a N O  3 on  u p t a k e  of 3H-leucine 
in to  mouse  l iver  p ro t e i n  are s h o w n  in Tab le  I I  N e i t he r  
DMA no r  N a N O  2 a lone  i nduced  a n y  s ta t i s t i ca l ly  signifi- 
c a n t  inh ib i t ion .  However ,  D M A  a n d  NaNO2 toge the r  pro-  
duced  63 a n d  33% i n h i b i t i o n  of leucine u p t a k e  a t  6 and  
18 h a f t e r  t r e a t m e n t ,  r e spec t ive ly  (Table  I I )  C o m p a r a b l e  
i n h i b i t i o n  of leucine i n c o r p o r a t i o n  was p roduced  b y  com- 
b ined  a d m i n i s t r a t i o n  of M]3A and  N a N O  3 (Table  III) 

I n  t h e , p r e s e n t  expe r i m en t s ,  D MA  or M B A  w h e n  ad-  
min i s t e red  in c o m b i n a t i o n  w i t h  N a N O  3 p roduced  syner-  
gis t ic  acu te  i n h i b i t i o n  of l iver  p r o t e i n  and  nuc lea r  R N A  
syn thes i s ;  s imi la r  i n h i b i t o r y  effects  are also induced  b y  
d i m e t h y l n i t r o s a m i n e  i~ and  m e t h y l b e n z y l n i t r o s a m i n e  18. 
These  d a t a  conf i rm a n d  e x t e n d  f ind ings  of p rev ious  s tudies  
on  i n d u c t i o n  of synerg i s t i c  acu te  t ox i c i ty  and  hepa t i c  ne- 
rosis  in  mice  fo l lowing oral  a d m i n i s t r a t i o n  of D MA or 
M B A  t o g e t h e r  w i t h  NaNO214 a n d  a f f o r d  s t rong  p r e s u m p -  
t i ve  ev idence  of in  v ivo  n i t r o s a m i n e  syn thes i s  f rom n i t r i t e  
a n d  a m i n e  precursors .  The  re levance  of these  f ind ings  to 
p o t e n t i a l  h u m a n  h a z a r d s  f rom c o n t i n u e d  use of n i t r a t e  and  
n i t r i t e  as food add i t i ve s  a n d  f rom d r ink ing  of w a t e r  w i t h  
e l eva t ed  n i t r a t e  mer i t s  f u r t h e r  cons idera t ion .  

Zusammen/assung. Orale  Gabe  yon  D i m e t h y l a m i n  oder  
M e t h y l b e n z y l a m i n  z u s a m m e n  m i t  N a t r i u m n i t r i t  bewi rk t e  
eine synerg i s t i sche  H e m m u n g  der  P r o t e i n - S y n t h e s e  in der  
Lebe r  von  M~iusen. Ausse rdem h e m m t e  die k o m b i n i e r t e  
Gabe  yon  D i m e t h y l a m i n  und  N i t r i t  synerg i s t i sch  die Syn-  
these  nuk l ea r e r  1RNS in der  Leber .  
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E n c e p h a l i t o g e n i c  
F o r m  of  a S e r o t o n i n  R e c e p t o r  

CARNEGIE 1 ha s  r ecen t ly  sugges ted  t h a t  a specif ied 
s e g m e n t  of t h e  bas ic  A1 p r o t e i n  composes  one of t he  
se ro ton in  recep tors  in  t h e  cen t r a l  ne r vous  sys tem.  The  
c o n f o r m a t i o n  sugges ted  b y  CARNEGIE is based  on  a 
p rev ious  mode l  of ours  3. W e  wish  to  sugges t  an  a l t e r n a t i v e  
mode l  t h a t  a ccoun t s  for t h e  m o d e  of ac t ion  of t h e  u n u s u a l  
a m i n o a c i d  me thy l - a rg in ine .  Tile mode l  suggested  b y  
CARNEGIE is ba sed  on  a coil c o n f o r m a t i o n  for t i le poly-  
pep t i de  a n d  t he  role of m e t h y l  a rg in ine  is no t  a ccoun ted  
for. An  ~-helical c o n f o r m a t i o n  would  be  un l ike ly  owing to 

Prote in:  a ~ - P l e a t e d  Sheet  C o n f o r m a t i o n  (102-120)  Yie lds  a P o s s i b l e  M o l e c u l a r  

Leu-ser-Arg-Phe-ser-T_Ep_-6ty-Ata 

ser- LeLl-ObJ- - 6[y-L,/s- Gty-6tn 
10?. 

Fig. 1. The suggested conformation of the encephalitogenic polypep- 
tide. The dots indicate CO..HN hydrogen bonds. 

t h e  two  glycine moie t ies  in  t h e  sequence  and  t he  p ro t e in  
i tself  con ta ins  no  ~-helix 1: b u t  a / / - c o n f o r m a t i o n  is possible.  
The  c o n f o r m a t i o n  is i l l u s t r a t ed  in F igu re  1 for t h i s  seg- 
m e n t  of t he  p ro t e in  i tself  w i t h  3 t u r n s  a n d  11 cross C = O . . .  
H N  h y d r o g e n  bonds .  This  locates  t he  3 key  aminoac ids  
- -T rp ,  Arg  (Lys) and  G i n - - i n  a c o n f o r m a t i o n  capab le  of 
b i n d i n g  5IKT (in i t s  p re fe r red  conformat ion)  3 in  t he  m a n n e r  
s h o w n  in F igure  2. T h e / J - s t r u c t u r e  gives a r igid molecule  
a n d  t he  b i n d i n g  groups  for 5 H T  are r e l a t ive ly  fixed. As 
m a y  be  seen in F igure  2, t he  m e t h y l - A r g  a n d  Phe  moiet ies  
a n d  t he  Gln (120), Arg (121) a n d  Lys ine  (104) hydro-  
ca rbons  form a l ipophi l ic  ' bed '  a t  t he  b o t t o m  of wh ich  lies 
t he  indole  r ing  of t he  T r p  moie ty ,  f ixed  b y  l ipophi l ic  
i n t e r ac t i ons  a n d  s ter ic  h indrance .  I f  t he  5 H T  molecule  in  
i ts  p re fe r red  c o n f o r m a t i o n  is b o u n d  b y  =-a  s t ack ing  to t he  
T r p  molecule,  i t  a t t a i n s  t he  fol lowing add i t i ona l  con t ac t s  : 
1. l ipophi l ic :  / J -hydrocarbon  to  T rp  a c loud a n d / J - h y d r o -  
c a r b o n  and  Arg  y - h y d r o c a r b o n :  ~ - h y d r o c a r b o n  to  Arg  

x p. R. CARNEGIE, Nature, Lond. 229, 25 (1971). 
2 j .  R. SMYTHIE$, F. BENINGTON and R. D. MORIN, Neurosci. Res. 

Progr. Bull. 8, 117 (1970). 
8 L. B. KIER, J. Pharmac. Sci. 57, 1188 (1968). 


