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A n t a g o n i s m  of C a t e c h o l a m i n e  Inh ib i t ion  of  Insu l in  

Previous  s tudies  w i th  me thyse rg ide  ind ica ted  t h a t  i t  
an tagonized  the  act ions  of serotonin,  b u t  i t  had  no effect  
on the  act ions  of ca techolamines ,  h i s t amine  or acetyl  cho- 
line 3. Thus,  me thy le rg ide  is t h o u g h t  to  be a specific sero- 
ton in  an t agon i s t  and  the  pharmacologica l  effects  of the  
c o m p o u n d  are usual ly a t t r i b u t e d  to  th is  ac t ion 3. The spe- 
cif ici ty of me thyse rg ide ' s  an tagonis t ic  ac t ion was demon-  
s t r a t ed  uti l izing the  cardiovascular  and  gas t ro in tes t ina l  
sys tems,  and  i t  is possible  t h a t  it  is no t  a specific serotonin  
blocking agent  on all sys tems.  

Biogenic monoamines  such as serotonin,  norepine-  
phr ine ,  and  dopamine  are p resen t  in endocr ine  cell sys- 
t e m s  4, including the  islets of Lange rhans  of the  pancreas  5. 
Studies  f rom our l abora to ry  have  d e m o n s t r a t e d  t h a t  sero- 
tonin,  norepinephr ine ,  and  dopamine  inh ib i t  glucose s t imu-  
la ted  insulin secre t ion f rom the  pancreas  of a va r i e ty  of 
species, and  indicate  t h a t  these  compounds  m a y  p lay  a 
physiological  role in the  regula t ion of insulin secret ion *-s. 
We  have  d e m o n s t r a t e d  t h a t  a lpha  adrenergic  blocking 
agents  such as phen to lamine ,  block the  inhib i t ion  of insu- 
lin secret ion by  b o t h  indoleamines  and  ca techolamines  ~ 
The s tudies  here in  r epor ted  d e m o n s t r a t e  t h a t  me thyse r -  
gide, previous ly  t h o u g h t  to  be a specific an tagon i s t  of sero- 
tonin,  also an tagonizes  t he  inh ib i to ry  act ion of dopamine  
upon  insulin release. 

Mater ials  and methods. A previous ly  descr ibed in v i t ro  
pancreas  sys t em was used in the  p resen t  studies~, s. The 
pancreas  was r em oved  f rom male  golden h a m s t e r s  and 
Swiss -Webs te r  mice anes the t i zed  wi th  ether,  and male  
New Zealand whi te  r abb i t s  anes the t ized  wi th  pen toba rb i -  
tal.  The  pancreas  was cu t  into segments  weighing 20 to 
25 mg and  each segmen t  of pancreas  t h e n  u n d e r w e n t  2 se- 
quent ia l  15 min  incuba t ions  (initial incuba t ion  and  t rea t -  
m e n t  incubat ion) .  The ini t ial  incuba t ion  was done in a 
modif ied  Krebs  R inger  Buffer  (KRB)  conta in ing  0.6 rag~ 
ml glucose. The t r e a t m e n t  incuba t ion  was modif ied  K R B  
wi th  3 m g / m l  glucose. W h e n  indicated,  t e s t  subs tances  
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such as dopamine  and/or  me thyse rg ide  were added  to  the  
t r e a t m e n t  incubat ion .  Al iquots  of e a c h  incuba t ion  media  
were d i rec t ly  assayed  for insulin by  a r ad io immunoassay  
t echn ique  e. In  the  h a m s t e r  and  r ab b i t  incubat ions ,  insulin 
levels were calcula ted f rom a crys ta l l ine  pork  insulin s tan-  
da rd  curve while t he  mouse  incuba t ions  were calculated 
w i t h  a mouse  insulin s t andard .  Insu l in  release was ex- 
pressed as t he  difference in insulin release be tween  the  
t r e a t m e n t  and  ini t ial  incuba t ions  and  is referred to  as A 
insulin release. The S t u d e n t ' s  t - tes t  was  used to  compare  
differences in A insulin release b e t w een  groups of pancreas  
pieces i ncuba ted  in var ious  t r e a t m e n t  media  1% W h e n  per- 
cen t  inhibi t ion of insulin release was calculated,  the  follow- 
ing equa t ion  was used:  

3 - H y d r o x y t y r a m i n e  hydroch lor ide  (dopamine) was 
purchased  f rom Calbiochem (Los Angeles, California) and  
me thyse rg ide  ma lea te  (Sansert)  was  a g i f t  f rom Sandoz 
Pharmaceu t i ca l s  (Hanover ,  N.J.) .  
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Effect of methysergide on the inhibition of glucose stimulated insulin secretion from mouse pancreas by dopamine 

Experiment Additions to modified Concentration (M) A Insulin release �9 Inhibition of 
KRB with glucose (p~U/mg/15 rain) insulin release (%) 
(3 mglml) 

Significance from 
modified KRB with 
glucose (3 mg/ml) 

A None 1.74-0.46 -- 
Methysergide 1 • 10 -8 1.34-0.57 24 N.S. b 

B None 2.9.-0.91 -- 
Dopamlne 1 • 10 -4 0.24-0.58 93 p < 0.02 
Dopamine 2_ 1 • 10 -4 / 0.54-0.42 82 p < 0.05 
Methysergide 1 • 10 -4 $ 
Methysergide 1 x 10 -4 2.14-0.81 28 N.S. 

C None -- 1.510.33 -- -- 

Dopamlne 2 • 10 -5 0.2:x0.20 87 p < 0.01 
Dopamine -- 2 • 10 -5 ~ 0.82h0.29 47 N.S. 
Methysergide 1 • 10 -4 ] 

D None 4.2:=0.97 -- 
Dopamlne 1 x 10 -5 1.0~0.60 76 p < 0.02 
Dopamine -- 1 x 10 -5 ~ 2.74-0.69 36 N.S. 
Methysergide 1 x 10 -4 ] 

Data are mean 4- S.E. of 12 observations in experiment A; 8 observations in experiment B and 11 observations in experiments C and D. 
b N.S., not significant. 
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Results. The  F igure  d e m o n s t r a t e s  t h a t  d o p a m i n e  inhi-  
b i t s  glucose s t i m u l a t e d  insu l in  release f rom b o t h  r a b b i t  
a n d  h a m s t e r  pancreas .  This  i n h i b i t i o n  was b locked  b y  
me thyse rg ide .  I n  these  s tudies ,  m e t hys e r g i de  a lone  d id  
no t  a l t e r  glucose s t i m u l a t e d  insu l in  release f rom e i the r  
r a b b i t  or h a m s t e r  pancreas .  

The  Tab le  shows t h a t  m e t h y s e r g i d e  a lone  d id  n o t  a l t e r  
glucose s t i m u l a t e d  insu l in  secre t ion  f rom mouse  panc reas  
in  e i the r  1 • 10-~M (e xpe r i m en t  A) or 1 • 10 -4M (experi-  
m e n t  ]3) concen t r a t i on .  E x p e r i m e n t s  ]3, C and  D show 
t h a t  d o p a m i n e  s ign i f i can t ly  i n h i b i t e d  insu l in  secre t ion 
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Effect of methysergide (MM) on the inhibition of glucose stimulated 
insulin secretion from rabbit and hamster pancreas by dopamine 
(DA). In the upper panel dopamine (1 • 10-4M) inhibited glucose 
stimulated insulin secretion from rabbit pancreas (p ~ 0.01) and this 
inhibition was blocked by methysergide. In the lower panel, dopamine 
(2 • 10 -5 M) inhibited glucose stimulated insulin secretion from ham- 
ster pancreas (p~0.05) and this inhibition was also blocked by 
methysergide. In these studies the concentration of methysergide 
used (1 • 10-4M) did not alter glucose stimulated insulin secretion. 
The glucose concentration was 3 mg/ml. The bars represent the means 
and the brackets the SE of 6 observations in experiment one and 8 
observations in experiment two. 

w h e n  p r e s e n t  in  c o n c e n t r a t i o n s  of i • 10-4M to  1 x 10-SM. 
W i t h  decreas ing  c o n c e n t r a t i o n s  of d o p a m i n e  t he  c o n s t a n t  
c o n c e n t r a t i o n  of m e t h y s e r g i d e  (1 •  h a d  a pro- 
gress ively  g rea t e r  ab i l i t y  to  an t agon ize  t he  i n h i b i t o r y  
effect  of d o p a m i n e  ( expe r imen t  B 93% to  82% inh ib i t ion ,  
e x p e r i m e n t  C 87% to  47% inh ib i t ion ,  and  e x p e r i m e n t  
D 76% to  36% inh ib i t ion) .  I n  f u r t h e r  s tudies  1 • 10-SM 
d o p a m i n e  was t he  lowes t  d o p a m i n e  c o n c e n t r a t i o n  t h a t  
would  i nh ib i t  insu l in  secre t ion  f r o m  mouse  pancreas .  

Discussion. The  p r e sen t  s tud ies  d e m o n s t r a t e  t h a t  
m e t h y s e r g i d e  an t agon izes  t he  i n h i b i t i o n  of insu l in  secre- 
t ion  b y  dopamine .  F u r t h e r  s tud ies  ind ica te  t h a t  m e t h y -  
sergide also an tagon izes  t h e  i n h i b i t o r y  effect  of o the r  ca- 
t e cho l amines  such  as L-epinephr ine ,  L-norep inephr ine  and  
L-isoproterenol  u p o n  in  v i t ro  insu l in  secre t ion  f rom r a b b i t  
p a n c r e a s  (unpub l i shed  observa t ions ) .  Thus ,  in  a t  leas t  one 
s y s t e m  (the p a n c r e a t i c  r-cell) me thyse rg ide  an tagon izes  
t he  ac t ions  of c a t echo l amines  as well  as sero tonin .  These  
d a t a  i nd i ca t e  t h a t  m e t h y s e r g i d e  c a n n o t  be  cons idered  as 
exe r t i ng  i ts  pha rmaco log i c  effects  on ly  t h r o u g h  se ro ton in  
an t agon i sm .  The  e x t e n t  to  wh ich  m e t h y s e r g i d e  an tago-  
nizes c a t e c h o l a m i n e  ac t ions  in o t h e r  t i ssues  needs  to be  re- 
examined .  

Zusammen/assung. Isol ier tes  Maus-,  H a m s t e r -  u n d  Ka-  
n i n c h e n p a n k r e a s  wurde  in e iner  phys io log i schen  Puffer-  
16sung m i t  3,0 m g / m l  Glukose  inkub ie r t .  D o p a m i n  ruf f  
eine e rheb l iche  V e r r i n g e r u n g  der  r a d i o i m m u n o l o g i s c h  rea- 
g ie renden  I n s u l i n s e k r e t i o n  hervor .  Die d u t c h  D o p a m i n  
ausgel6s te  H e m m u n g  1Asst s ich tei lweise oder  vo l l s t~ndig  
d u r c h  den  S e r o t o n i n a n t a g o n i s t e n  1-Methyl-D-lysergs/ iure 
b u t a n o l a m i d  (Deseri]) au fheben .  
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The Dis tr ibut ion  of Lead in H u m a n  Dec iduous  Teeth  

Lead  a b s o r b e d  in to  t h e  b o d y  b y  va r ious  rou tes  is s to red  . chosen  a t  30 kV, w i t h  spec imen  cu r r en t s  ad ju s t ed  to 
in  t e e t h  a n d  bone.  ALTSHULER et  al. 1 h a v e  d e m o n s t r a t e d  
s u b s t a n t i a l  increases  in  t h e  lead c o n t e n t  of dec iduous  
t e e t h  of ch i ld ren  dy ing  of lead poisoning,  A s y m p t o m a t i c  
ch i ld ren  f rom areas  where  lead po i son ing  is f r e q u e n t  h a v e  
s ign i f i can t ly  h ighe r  lead levels  in shed  dec iduous  t e e t h  
t h a n  con t ro l s  f rom areas  in  w h i c h  lead po i son ing  is 
u n k n o w n  ~. Th i s  suggests  t h a t  t he  dec iduous  t o o t h  m a y  
p rov ide  a m e a n s  of i den t i fy ing  lead inges t ion  long  a f te r  
t he  inges t ion  ha s  s topped .  

I t  would  be  of i n t e r e s t  to  loca te  t he  s i te  of lead depo- 
s i t ion  in t e e t h  as a m e a n s  of more  precise ly  f ix ing  t h e  t i m e  
a n d  d u r a t i o n  of exposure .  Th i s  p r e l i m i n a r y  r e p o r t  
descr ibes  t h e  use of t h e  e lec t ron  p robe  in t h e  s t u d y  of t he  
d i s t r i b u t i o n  of lead in h u m a n  d e n t a l  t issues.  

Dec iduous  t e e t h  were  cu t  l ong i t ud i na l l y  w i t h  a d i a m o n d  
saw, shadowed  l igh t ly  w i t h  e v a p o r a t e d  carbon ,  a n d  exam-  
ined d i rec t ly  in  a n  e lec t ron  p r o b e  m i c r o a n a l y z e r  (CA- 
MECA).  The  e lec t ron  b e a m  vo l t age  was  a r b i t r a r i l y  

100-200 nA. The  cha rac t e r i s t i c  L-alpha emiss ion  l ine of 
lead was  de t ec t ed  us ing  a q u a r t z  c rys ta l  focuss ing spec- 
t r o m e t e r  a n d  side w i n d o w  gas flow p r o p o r t i o n a l  counter .  
Scann ing  X - r a y  images  were p h o t o g r a p h e d  to  show 
loca l iza t ion  of lead, p h o s p h o r u s  a n d  calcium. 

Twelve  spec imens  f rom u r b a n  chi ldren,  2 w i t h  k n o w n  
his tor ies  of lead poisoning,  were  examined .  Lead  was 
de t ec t ed  in v a r i a b l e  a m o u n t s  in  all  t h e  t ee th .  The  F igure  
shows t h e  X - r a y  images  of a n  a rea  of t o o t h  encompass -  
ing enamel ,  t h e  d e n t o e n a m e l  j uc t ion  and  den t ine .  I n  these  
areas,  zones of r egu la r  m ine ra l i s a t i on  ( indica ted  b y  
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