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Fig. 3. Internal healing is also seen in the form of notochordaI cap for instance (day 3). 

Fig. 4- Even myotomes disorganize into loose masses of myoblast-like ceils (day 5). 

logical functions are perhaps sequestered and left un- 
affected by the elimination of the paternal genome. One 
of these must then be a general propensity to grow and 
regenerate. The apparent  normal regeneration in haploid 
tadpoles can be related to the significant finding that  
certain organelles (mitochondria and cilia) have retained 
the same dimensions in n as in 2n cells of Xenopus larvae 7. 

Admittedly, it is not possible to follow regeneration of 
haploid tails to its completion because of the precocious 
death of the tadpoles. But it is clear that  much informa- 
tion regarding nucleocytoplasmic interactions in general 

and haploidy specifically will be gained by a continual 
appraisal of haploid function and dysfunction. In this 
manner it should become possible to catalogue and separate 
those functions which are affected by the haploid con- 
dition from those which are not as has already been done 
with respect to water regulation during haploidy 8. 

7 H. Fox and L. HAMILTON, J. Embryol. exp. 1Vforph. 26, 81 (1971). 
s L. HAMILTON and P. H. TUFT, J. Embryol. exp. Morph. 28, 449 

(1972). 

9,10-Dihydroergotamine: Production of Antibodies and Radioimmunoassay 

J .  I~OS~NTHALER and H. MUNZER1 

Pharmaceutical Division, Sandoz Ltd., CH-dO02 BaTe7 (Switzerland),,._g8~August 1975. 

Summary. Antibodies against 9, 10-dihydroergotamine (DHE) were produced by immunizing rabbits with a conjugate 
of 6-nor-6-carboxymethyl-9, 10-dihydroergotamine and bovine serum albumin. A highly specific and sensitive radio- 
immunoassay for D H E  has been developed. 

Complete separation of antibody-bound hapten from plasma concentration of 9, 10-dihydroergotamine (DHE) 
free hapten is a prerequisite for an efficient radioimmuno- in the blood after an oral dose of 2.5 rng D H E  mesylate, 
assay. The successful use of the coated charcoal techni- it is not  possible to determine the concentration of the 
que ~ allowed us to realize a simple but  highly sensitive active compound in plasma samples by physico-chemical 
and specific test for an ergot alkaloid. Owing to the low methods. For this reason, a radioimmunoassay has been 
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Table I. Blood levels (pmol/ml plasma) of 9,10-dihydroergotamine 
(DHE) in rhesus monkeys after gavage of 2 tablets of Dihydergot | 
each containing 2.5 mg DHE mesylate 

Time after gavage {h) No. of animal 

801 713 805 807 804 

1[2 1.08 0.86 0.48 0.52 0.58 
1 0.56 0.86 0.58 0.44 0.96 
1112 0.44 0.58 0.44 0.30 0.52 
2 0.30 0.48 0.30 0.26 0.50 
21/2 0.12 0.36 0.26 0.16 0.28 
3 0 0.22 0.28 -- -- 
4 0 0 0.28 -- -- 
6 0 0 0 -- -- 

8 0 0 0 -- -- 
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Fig. l a. Radioimmunoassay of 9,10-dihydroergotamine: typical 
standard curve. The antiserum was employed at a final dilution of 
1 : 640. 
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Fig. 1 b. Logit plot calculated for the standard curve shown in Figure 
la ,  logit y = 0.150-3.091 log x, r = 0.998. 
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Fig. 2. Structural formula and absolute configurati.on of 9,10-di- 
hydroergotamine. Possible metabolites are derived from the two 
parts of the molecule resuIting from cleavage of the CO-NH bond 
(see arrow). 

developed,  b y  m e a n s  of wh ich  i t  h a s  p r o v e d  possible  to  
e s t ima te  t he  u n c h a n g e d  c o m p o u n d  in t he  p lasma .  

An t ibod ie s  were p roduced  in r a b b i t s  b y  i m m u n i z i n g  
t h e m  w i t h  a c o n j u g a t e  of 9 , 1 0 - d i h y d r o e r g o t a m i n e  a n d  
b o v i n e  s e rum a l b u m i n  ( D H E - B S A )  a n d  w i t h  a c o n j u g a t e  
of 9 , 10 -d ihyd roe rgo t amine  a n d  poly-L-lysine ( D H E -  
pLYS) .  6 - N o r - 6 - c a r b o x y m e t h y l - 9 , 1 0 - d i h y d r o e r g o t a m i n e  
(100 rag) (T. ~'EHR, unpub l i shed )  was d issolved in 1.5 ml  
50~o aqueous  pyr id ine ,  to  w h i c h  1.5 ml  of a n  aqueous  
so lu t ion  of b o v i n  s e rum a l b u m i n  (100 rag) was  added .  
This  m i x t u r e  was a g i t a t e d  b y  m a g n e t i c  s t i r r ing .  A n  
aqueous  so lu t ion  (0.5 ml) of 1 - e thy l -3 (3 -d ime thy lamino -  
p ropy l ) - ca rbod i imide  h y d r o c h l o r i d e  (175 rag) a was  t h e n  
added.  The  re su l t ing  so lu t ion  was  s t i r red  for  a f u r t h e r  
2 h a n d  lef t  to  s t a n d  o v e r n i g h t  in  t he  d a r k  a t  r o o m  t e m -  
pe ra tu re .  The  p r o d u c t  was  t h e n  success ively  d ia lyzed  
aga ins t  2-1 vo lumes  of 50%,  25% a n d  10% aqueous  
py r id ine  a n d  f ina l ly  aga in s t  de ionized w a t e r  a t  4 ~ The  
freeze-dr ied D H E - B S A  c o n j u g a t e  was p rac t i ca l l y  in- 
soluble  in  water .  A c o n j u g a t e  of D H E  a n d  po ly-Lqys ine  
h y d r o b r o m i d e  p r e p a r e d  in s imi la r  fashion,  a n d  h a v i n g  a 
molecu la r  we igh t  of a p p r o x i m a t e l y  100,000, was  soluble  
in  water .  I t  was  poss ible  to  d i f f e ren t i a t e  D H E - p L Y S  
f rom free D H E  b y  t h i n  l aye r  c h r o m a t o g r a p h y ,  us ing  t he  
v a n  U r k  r e a g e n t  ~. 

One group  of 3 male  r a b b i t s  (si lver-fawn) were im- 
m u n i z e d  w i t h  D H E - B S A  a n d  a n o t h e r  g roup  of 3 r a b b i t s  
w i t h  D H E  - p L Y S  in t h e  fol lowing w a y :  a n  emuls ion  was 
p r e p a r e d  cons i s t ing  of 7 m g  c o n j u g a t e  in  1.4 m l  0.1 M 
sod ium b i c a r b o n a t e ,  1.4 m l  2% a l u m i n i u m  h y d r o x i d e  
C 7 suspens ion  a n d  4.2 ml  F r e u n d ' s  comple t e  a d j u v a n t .  
1 ml  of emuls ion  was a d m i n i s t e r e d  to  each  a n i m a l  in  
d iv ided  doses in  t h e  b a c k  (i.e.) a n d  in  t h e  h ind legs  (i.m.). 
3 weeks l a t e r  t he  a n i m a l s  were  g iven  a boos t e r  in jec t ion .  
Af te r  1 a n d  a f t e r  2 weeks, b lood  samples  were t a k e n  f rom 
t h e  m a r g i n a l  ve in  of t he  ear.  The  t i t r e  (d i lu t ion  of t h e  
a n t i s e r u m  in t h e  i n c u b a t i o n  m i x t u r e  a f ford ing  50~o 
b i n d i n g  of labe l led  hap t en )  rose to 1 : 1,000 in t h e  a n i m a l s  
i m m u n i z e d  w i t h  D H E - B S A ,  b u t  in  those  i m m u n i z e d  
w i t h  D H E - p L Y S ,  t h e  m a x i m u m  t i t r e  a t t a i n e d  was  
1 : 120. All  6 r a b b i t s  r eac t ed  to  t h e  immul logens .  

The  r a d i o i m m u n o - a s s a y  was car r ied  o u t  w i t h  a 1 :640  
d i lu t ion  of t he  a n t i s e r u m  p roduced  w i t h  D H E - B S A .  A 
so lu t ion  of 9 ,10-dihydroergotamine_[13_3H]_base  (aH- 
D H E )  (E. SCHREI~ER, unpub l i shed )  (5 n g / m l ;  30.4 mCi /  
rag) a n d  a s tock  so lu t ion  of D H E  (20 pmol /ml )  were 
f resh ly  p r e p a r e d  da i ly  w i t h  p H  7.5 buf fe r  (8.77 g NaC1, 
1.65 g NaH~PO~ �9 2 H20,  0.62 g Ha]303, 0.96 g Na2BaO ~ �9 
10 H 2 0  , 0.2 g N a N  a a n d  25 ml  n o r m a l  r a b b i t  s e rum m a d e  
up  to  1 1 w i t h  de ionized  water ) .  0.3 m l  sal ine was  a d d e d  
to  0.5 ml  of sample  (p lasma or serum) a n d  i t  was i n c u b a t e d  
w i t h  0.1 m l  a n t i s e r u m  for  10 ra in  a t  r oom t e m p e r a t u r e .  
0.1 ml  ZH-DHE so lu t ion  was t h e n  mixed  w i t h  t he  sample  
w h i c h  was  lef t  to  s t a n d  a t  r oom t e m p e r a t u r e  for  10 rain.  
Free  h a p t e n  was s e p a r a t e d  f rom b o u n d  w i t h  0.5 ml  of a 
1% suspens ion  of cha rcoa l  in  p H  7.5 buffer .  T h e  sample  
was i m m e d i a t e l y  mixed ,  lef t  a t  r o o m  t e m p e r a t u r e  for 
5 m i n  a n d  cen t r i fuged  for  10 ra in  a t  1500 •  A l iquo t s  
(1.0 ml) of t h e  s u p e r n a t a n t  c o n t a i n i n g  a n t i b o d y  b o u n d  

1 We are greatly indebted to Dr. T. FEHR for the synthesis of 6-nor- 
6-carboxymethyl-9,10-dihydroergotamine, and to Dr. E. SCHREI- 
ER for providing us with 9,10-dihydroergotamine-[13.3H].base 
of high specific activity. 2 V. HERBERT, K.-S. LAU, Cm W. GOTTLIEB and S. J. BLEICHER, 
J. clin. Endocr. 25, 1375 (1965). 

s T. L. GOODFRIEI~D, L. LEVlNE and G. D. F*s~A~, Science 744, 
1344 (1964). 

4 E. STAHI,, Di~nnschichtchromatographie, 2nd edn. (Springer Verlag, 
Berlin 1967), p. 432 and 825, No. 68. 
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Table II. Within-assay scatter for DHE radioimmunoassay standard 
curve produced in plasma from rhesus monkey 

pmol DHE mesylate ~ SD 

0.125 ~ 0.024 
0.25 :t= 0.069 
0.50 ~: 0.082 
1.0 =L 0.066 
2.0 ~: 0.127 

t r a c e r  were t h e n  m e a s u r e d  b y  f l -count ing  a f t e r  the  a d d i t i o n  
of a sc in t i l la tor ,  e.g. I n s t a g e l  | Scint isol  | comple te .  
D e t e c t i o n  was  l imi t ed  to  0.125 p m o l  D H E  per  s ample  
(0.5 ml  of p l a s m a  or serum),  co r r e spond ing  to  a r a t i o  
(Bz/]~o) of 0.94. The  S-shaped  s t a n d a r d  cu rve  o b t a i n e d  
(Figure l a) was  l inear ized  a n d  t he  b e s t  f i t  was  found  
wi• t h e  aid of t h e  logi t  f u n c t i o n  (Figure  l b ) .  

The  a n t i s e r u m  to  D H E  was also t e s t ed  for  poss ible  
c ross - reac t ion  w i t h  me t abo l i t e s  o~ D H E .  T he  m e t a b o l i s m  
of D H E  is complex ,  b u t  i t  is k n o w n  t h a t  t h e  molecule  
undergoes  c leavage  in to  2 moie t ies  (Figure  2) t h u s  
g iv ing  rise to  two series of me tabo l i t e s ,  de r i va t i ve s  of 
9, 10-dihydrolyserg ic  acid and  de r i va t i ve s  of t he  pep t i de  
m o i e t y  (J. R. KIECHEL; unpub l i shed) .  50 pmol  of 9, 10- 

d ihydro lyserg ic  acid fai led to give a cross-react ion.  W i t h  
6 pmol  pep t ide  m o i e t y  as homologous  cyc lo lca rbonic  acid 5, 
t he  r a t io  Bz/Bo is 0.8, i.e. a t  t h i s  c o n c e n t r a t i o n  20% of 
t he  cyc lo lcarbonic  acid is b o u n d  to a n t i b o d y .  

A p rac t i c a l  i n v e s t i g a t i o n  was t h e n  car r ied  o u t  w i t h  
D i h y d e r g o t  | in  rhesus  monkeys .  The  a im  of t h e  inves t iga -  
t ion  was to e s t i m a t e  t he  u n c h a n g e d  d rug  in t he  b lood 
a f t e r  a n  oral  dose of 2 t ab le t s ,  each  c o n t a i n i n g  2.5 m g  
D H E  mesyla te .  The  b lood levels m e a s u r e d  a f t e r  va r ious  
in t e rva l s  of t i m e  are i n d i c a t e d  i n  Tab le  I in  p m o l / m l  
p lasma.  The  w i t h i n - a s s a y  s c a t t e r  ( j :  SD) a t  t he  95% 
conf idence  level  (each va lue  based  on 4 obse rva t ions )  is 
g iven  in Tab le  I I .  

The  r a d i o i m m u n o a s s a y  descr ibed  is a sens i t ive  a n d  
specific t e s t  for  t h e  d e t e c t i o n  of 9 , 1 0 - d i h y d r o e r g o t a m i n e  
in p l a s m a  or  serum.  The  s ter ic  specif ic i ty  of t h e  a n t i b o d y  
is such  t h a t  m e t a b o l i t e s  de r ived  f rom the  two  moie t ies  of 
t he  molecule  (Figure  2) do n o t  c ross - reac t  w i t h i n  t he  
r ange  inves t iga ted .  I t  h a s  t h u s  p r o v e d  possible  to  de te r -  
m ine  i n t a c t  ergo~ a lka lo id  in pmol  quan t i t i e s ,  t h u s  
p e r m i t t i n g  d i rec t  d e t e r m i n a t i o n  of p h a r m a c o k i n e t i c  
pa rame te r s ,  such  as half-l ife of e l imina t ion ,  w i t h  reference 
to u n c h a n g e d  drug.  

5 A. HOFMANN, Die Mutterkornalkaloide (F. Enke Verlag, Stuttgart 
1964), p. 88. 

Dermatologically Active Sesquiterpene Lactones in Trichomes of Parthenium hysterophorus L. 
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Summary. Scann ing  e lec t ron  mic roscopy  of t he  leaf  surface,  phyl la r ies  and  achene -complex  of Parthenium hystero- 
phorus L. showed  t h e  presence  of 4 types  of g l a n d u l a r  a n d  n o n - g l a n d u l a r  t r i chomes ,  Chemical  ana tys i s  e s t ab l i shed  t h e  
presence  of sesqu i t e rpene  lac tones  in  t h e  t r i c h o m e s  t h a t  cause eczematous  de rma t i t i s .  

I t  h a s  b e e n  s h o w n  r ecen t ly  t h a t  a c o m m o n  cause  of 
al lergic c o n t a c t  d e r m a t i t i s  in  m a n  is t h e  sesqu i te rpene  
l ac tones  found  c o m m o n l y  in m e m b e r s  of t he  Composi-  
t ae  4. The  cosmopo l i t an  weed, Parthenium hysterophorus 
L. is c u r r e n t l y  t he  cause  of a serious o u t b r e a k  of allergic 
eczematous  d e r m a t i t i s  in  p a r t s  of Ind ia ,  e.g,, Poona ,  
where  i t  was  i n t r o d u c e d  in 1956 f rom t he  Amer icas  s. T h e  
a l lergenic  c o m p o u n d s  in t h i s  aggress ive  weed are  t he  
pseudogua ianol ides ,  p a r t h e n i n  (I) a n d  a m b r o s i n  (II),  
wh ich  are also found  in o t h e r  genera  of t he  Compos i t ae  
such  as Ira, Ambrosia a n d  Hymenoclea s-l~ (Figure  1). 

0 

0 0 
Parthenin (I) Ambrosin(II) 

Fig. 1. Allergenic Sesquiterpene Laetones. 
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