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wahr sche in l i ch  g e m a c h t  h a b e n ,  dass  I m p l a n t a t i o n s h e m -  
m u n g  u n d  L a k t a t i o n s h e m m u n g  auf  der  p r imAren  H e m -  
m u n g  de r  P r o l a c t i n i n k r e t i o n  b e r u h t .  Die B e f u n d e  m i t  
~ - E r g o k r y p t i n  s ind m i t  de r  A n n a h m e  e iner  so lchen  ge- 
m e i n s a m e n  Pr im~i rwi rkung  in  E i n k l a n g .  

F i i r  2 -Br -m-Ergokryp t in  (F igur  2) ve r l au fen  n u r  die 
b e i d e n  D o s i s w i r k u n g s b e z i e h u n g e n  fa r  die b e i d e n  Kr i t e -  
r i en  de r  L a k t a t i o n s h e m m u n g  wie zu e r w a r t e n  k o n v e r g e n t  
au f  e ine m a x i m a l  w i r k s a m e  Dosis  h i m  Die Dos i swi rkungs-  
b e z i e h u n g  fl i t  F e r t i l i t / i t s h e m m u n g  h a t  h ingegen  e inen  vieI 
s te i le ren  Ver l au f ;  es w e r d e n  90 (und  100) % Fert i l i t~i ts-  
h e m m u n g  m i t  D o s e n  er re ich t ,  die wen ige r  als 50% Ge- 
w ich t s zuwaehs -  bzw.  weniger  als 200/0 Mi tchf leckhem-  
m u n g  im L a k t a t i o n s t e s t  bewi rken .  Diese Dos i swi rkungs-  
ve rh i i l tn i s se  k 6 n n e n  n i c h t  m i t  de r  Vors t e l lung  e iner  fiir 
Fer t i l i t / i t s -  u n d  L a k t a t i o n s h e m m u n g  g e m e i n s a m e n  Pr i -  
m i i r w i r k u n g  in E i n k l a n g  g e b r a c h t  werden.  Es  muss  pos tu -  
l ier t  werden ,  dass  2 - B r - a - E r g o k r y p t i n  bei  R a t t e n  eine 
spezif isch f e r t i l i t ~ t s h e m m e n d e  W i r k u n g  en t f a l t e t .  

Die B r o m i e r u n g  v o n  a - E r g o k r y p t i n  in S te l lung  2 des 
Molekii ls  b e w i r k t  somi t  eine S te ige rung  de r  an t i f e r t i l en  
AktivitS,  t u n d  eine Dissoz ia t ion  dieser  E i g e n s c h a f t  v o n  
de r  l a k t a t i o n s h e m m e n d e n  W i r k u n g .  

Summary. T h e  i n h i b i t o r y  ac t ions  of c¢-ergocryptin o n  
fe r t i l i ty  a n d  l a c t a t i o n  in t h e  r a t  a re  a l t e r ed  d i f f e ren t i a l ly  
in t he  2 -b romo  d e r i v a t i v e  of t h i s  e rgo t  alcaloid.  I t  is 
the re fo re  un l ike ly  t h a t  t h e  fe r t i l i ty  i n h i b i t i n g  a n d  t h e  
l a c t a t i o n  i n h i b i t i n g  effects  of 2 -b romo-=-e rgoc ryp t in  are  
gove rned  b y  a s ingle m e c h a n i s m  of ac t ion .  
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D e s m o s t e r o l  as  a C o m m o n  I n t e r m e d i a t e  i n  the  C o n v e r s i o n  of a N u m b e r  of C2a and C29 P lant  S t e r o l s  
to  C h o l e s t e r o l  by  the  T o b a c c o  H o r n w o r m  

A l t h o u g h  t h e  a c c u m u l a t e d  d a t a  f rom n u t r i t i o n a l  
s tud ies  sugges t  t h a t  a n u m b e r  of C~8 a n d  C~g p h y t o -  
s tero ls  a re  c o n v e r t e d  to  cho les te ro l  b y  insects ,  on ly  t h e  
c o n v e r s i o n  of  e rgos te ro l  t o  22 -dehydrocho le s t e ro l  ~ a n d  
t h e  d e a l k y l a t i o n  of f l -s i tosterol  to  cho les te ro l  ~-5 h a v e  
b e e n  conc lus ive ly  d e m o n s t r a t e d .  I n  t h e  t o b a c c o  ho rn -  
w o r m  (~Ianduca sexta) t h e  t r a n s f o r m a t i o n  of f l -s i tosterol  
to  cho les te ro l  p roceeds  t h r o u g h  t h e  i n t e r m e d i a t e  desmos-  
t e ro l  (24-dehydrocholes te ro l )~  a n d  c e r t a i n  v e r t e b r a t e  
hypocho le s t e ro l emic  a g e n t s  (d iazas te ro ls  a n d  t r ipa rano l )  
b lock  t h i s  c o n v e r s i o n  in t h e  h o r n w o r m  a t  t he  t e r m i n a l  
s tep  - t he  r e d u c t i o n  of desmos te ro l  to  choles terol% The  
p r e s e n t  p a p e r  r epo r t s  on  t h e  conve r s ion  of a n u m b e r  of 
C2s a n d  C29 p h y t o s t e r o l s  to  cho les te ro l  b y  t he  t obacco  
h o r n w o r m  l a r v a  a n d  p re sen t s  ev idence  t h a t  de smos t e ro l  
is a c o m m o n  i n t e r m e d i a t e  in  all  these  t r a n s f o r m a t i o n s .  

The  h o r n w o r m s  (6 l a rvae / t e s t )  were  r ea red  as pre-  
v ious ly  descr ibed  6. The  s terols  ~ were a d d e d  to  t he  a r t i -  
ficial d i e t  a t  a c o n c e n t r a t i o n  of 0 .026% (wet weight )  
e i t he r  a lone  or  in  c o m b i n a t i o n  w i t h  a n  equa l  c o n c e n t r a -  
t i o n  of 20 ,25-d iazacho les te ro l  d ihydroch lo r ide .  In sec t s  
r ea red  on  d ie t s  c o n t a i n i n g  f l -s i tosterol  as t h e  sole a d d e d  
s te ro l  se rved  as con t ro l s  for  b o t h  g r o w t h  a n d  s te ro l  m e t a b -  
o l i sm s tudies .  The  t o t a l  s te ro ls  were  i so la ted  f r o m  e i t h e r  
p r e p u p a e  (normal  g rowth)  or  20-day-old  l a r v a e  ( r e t a rded  
g rowth )  r ea red  on  each  of t h e  t e s t  d ie t s  a n d  a n a l y z e d  b y  
3 gas- l iquid  c h r o m a t o g r a p h y  (GLC) s y s t e m s  as p r ev ious ly  
r e p o r t e d  8 

T h e  h o r n w o r m s  fed d ie t s  c o n t a i n i n g  e a c h  of t he  s tero ls  
s h o w n  in  t h e  F igu re  u n d e r w e n t  n o r m a l  g r o w t h  a n d  m e t a -  
morphos i s .  However ,  insec ts  r ea red  on  d ie t s  c o n t a i n i n g  
e i t h e r  b rass i cas te ro l  or  d i h y d r o b r a s s i c a s t e r o l  deve loped  
more  s lowly  t h a n  those  on  campes te ro l ,  s t i gmas te ro l ,  
24 -me thy lenecho le s t e ro l  or  fucosterol .  T h e  g r o w t h  r a t e  of 
insec ts  fed these  l a s t  4 s terols  was  e q u i v a l e n t  to  t h a t  of 
t h e  cont ro ls .  

Ana lyses  of t h e  s te ro l  c o n t e n t  of t he  insec ts  i n d i c a t e d  
t h a t  choles te ro l  was  t h e  m a j o r  s terol  ( > 70%)  in all cases, 
d e m o n s t r a t i n g  t h a t  each  of t h e  s terols  t e s t e d  was  effi- 
c i en t ly  d e a l k y l a t e d  a n d  c o n v e r t e d  to  choles te ro l  (Table).  
These  resu l t s  show t h a t  t h e  h o r n w o r m  l a r v a  is c apab l e  of 
d e a l k y l a t i n g  a- or  f l -methyl ,  a -e thy l ,  m e t h y l e n e  a n d  

e t h y l i d e n e  g roups  f rom the  C-24 pos i t ion  of t h e  s te ro l  
s ide c h a i n  a n d  can  also s a t u r a t e  t h e  A ~ - d o u b l e  bond .  

"When 20, 25-d iazacholes te ro l  was  fed in t h e  d ie t s  in  
c o m b i n a t i o n  w i t h  each  of  t he  t e s t  s terols ,  severe  r e t a r d a -  
t i o n  of g r o w t h  a n d  d e v e l o p m e n t  occurred .  T h e  effect  o n  
g r o w t h  r a t e  was  m o s t  severe  in insec ts  fed d ie t s  c o n t a i n i n g  
b rass i cas te ro l  or  d i h y d r o b r a s s i c a s t e r o l  p lus  t he  d iazas-  
terol .  I n  a d d i t i o n  to  g r o w t h  inh ib i t ion ,  t he  d i azas t e ro i  
b r o u g h t  a b o u t  a b n o r m a l i t i e s  in d e v e l o p m e n t  such  as 
f o r m a t i o n  of p r e p u p a e  a n  i n s t a r  ear l ier  t h a n  n o r m a l  a n d  
t he  p r o d u c t i o n  of p r e p u p a l - p u p a t  i n t e r m e d i a t e s .  These  
resu l t s  sugges t  t h a t  t he  azas te ro l  m a y  in p a r t  be  e f fec t ing  
i t s  i n h i b i t o r y  ac t ion  b y  in t e r f e r ing  w i t h  c e r t a i n  endocr ine -  
m e d i a t e d  processes  in  t h e  h o r n w o r m .  

I n  all cases, GLC ana lyses  of t h e  s tero ls  i so la ted  f rom 
insec ts  fed a p h y t o s t e r o l  p lus  d i azas t e ro l  showed  a n  
a c c u m u l a t i o n  of de smos t e ro l  a n d  a c o n c u r r e n t  decrease  in 
choles te ro l  c o n t e n t  (Table).  A p p a r e n t l y ,  de smos t e ro l  is 
a n  i n t e r m e d i a t e  in  t he  f o r m a t i o n  of cho les te ro l  f rom all  
t hese  sterols,  i n d i c a t i n g  a s imi l a r i t y  in  the  t e r m i n a l  s tep  
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r All sterols used in this study except Iucosterol were either obtained 
from commercial sources or prepared by reported methods. A 
generous gift of fucosterol from Dr. G. W. PATTERSON, Department 
of Botany, University of Maryland, is gratefully acknowledged. 
The compounds were purified by recrystallization and]or adsorp- 
tion chromatography, except for campesterol, which was purified 
by preparative gas-liquid chromatography (GLC). The physical 
constants of the purified sterols agreed well with those reported 
in the literature, and the purity was determined by melting point, 
spectroscopic analyses and GLC. All the compounds were shown 
to be 3> 99% pure by these methods except campesterol which 
was > 96% pure aud contained about 3°/o fl-sitosterol. 



1132 Specialia EXPERIENTI& 24111 

of t h e  c o n v e r s i o n  of  t he se  p h y t o s t e r o l s  to  cho les te ro l  b y  
t h e  hon~worm.  

T h e  s lower  r a t e  of g r o w t h  t h a t  occu r red  w i t h  b rass i -  
cas te ro l  a n d  d i h y d r o b r a s s i c a s t e r o l  a n d  t h e  m o r e  severe  
g r o w t h  r e t a r d a t i o n  t h a t  was  b r o u g h t  a b o u t  w h e n  the se  
s te ro ls  were  fed in  c o m b i n a t i o n  w i t h  d i azas t e ro l  b o t h  
sugges t  t h a t  t h e  24-fl-Mkyls of t he se  s te ro ls  m a y  be  less 
e f f ic ient ly  d e a l k y l a t e d  t h a n  t h e  24-e-a lkyls  of campes -  
terol ,  f l -s i tosterol  a n d  s t igmas te ro l .  I f  s u c h  a se l ec t iv i ty  
exists ,  i t  could  be  r e l a t ed  to  a n  a d a p t a t i o n  to  t h e  n o r m a l  
s te ro l  comp lex  a v a i l a b l e  to  t h i s  o l igophagous  species f rom 
i ts  m a j o r  h o s t  p l an t ,  tobacco ,  in  w h i c h  we f ind  s t igmas-  
te ro l  a n d  f l-si tosterol  to  b e  t h e  p r e d o m i n a n t  sterols.  
S a t u r a t i o n  of t h e  A ~ - d o u b l e  b o n d  in  t h e  s te ro l  side cha in  

Sterol content of tobacco hornworms fed various C~s and C2~ phytos- 
terols alone and in combination with 20,25-diazaeholesterol 

Dietary sterol Sterol content of hornworms 
(% of total sterols) 

Cholesterol Desmosterol 

Phytosterols alone= 
fl-Sitosterol 84.5 
Campesterol 74.5 
Stigmasterol 75.3 
Fucosterol 94.1 
24-Methylenecholesterol 87.5 
Brassicasterol 70.5 
Dihydrobrassieasterol 74.4 

20, 25-Diazacholesterol plus b 
~-Sitosterol 5.6 
Campesterol 7.7 
Stigmasterol 5.1 
Fueosterol 6.4 
24-Met hylenecholesterol 8.0 
Brassicasterol 3.5 
Dihydrobrassieasterol 2.8 

21.8 
14.4 
12.2 
79.4 
39.8 
10.5 
11.3 

= Remainder of sterol was unchanged dietary sterol; desmosterol 
accounted for < 2% of total, b Remainder of sterol was unchanged 
dietary sterol plus minor unidentified metabolites 4. 

tS-Sitosterol 

Campesterol Stigmasterol 

Z4-Hethylcnect~olesterol Fucoaaol 

22.,Z3- Oit]ydrolJrassieast~rol Brassicasterol 

C2s and C29 phytosterols tested as dietary sterols. 

b y  t h e  t o b a c c o  h o r n w o r m  is a b iochemica l  conve r s ion  
u n a v a i l a b l e  to  t h e  o m n i v o r o u s  G e r m a n  cock roach  1. Th i s  
m e t a b o l i c  t r a n s f o r m a t i o n  is i m p o r t a n t  in  t h a t  i t  p e r m i t s  
t i le h o r n w o r m  to  c o n v e r t  s t i gmas te ro l ,  w h i c h  is t h e  m a j o r  
s te ro l  of t o b a c c o  leaves,  to  choles terol .  

B o t h  fucos tero l  a n d  24 -me thy l enecho le s t e ro l  were  m o s t  
ef fec t ively  c o n v e r t e d  to  cho les te ro l  in  t h e  absence  of d ia-  
zas tero l  a n d  feeding the se  c o m p o u n d s  in c o m b i n a t i o n  w i t h  
t h e  d i azas t e ro l  r e su l t ed  in t h e  g r e a t e s t  a c c u m u l a t i o n s  of 
desmos te ro l  a n d  t h e  l eas t  u n c h a n g e d  d i e t a r y  s terol .  T h e  
l a t t e r  effect  sugges ts  t h a t  t h e  c o n v e r s i o n  of these  2 s tero ls  
w i t h  a lkene  s u b s t i t u e n t s  a t  C-24 is less a f fec ted  b y  a feed- 
b a c k  m e c h a n i s m  w h i c h  a p p e a r s  to  b r i n g  a b o u t  a decrease  
in  t h e  r a t e  of d e a l k y l a t i o n  of s tero ls  w i t h  a l k a n e  sub-  
s t i t u e n t s  a t  C-246. B o t h  t h e  eff ic ient  c o n v e r s i o n  a n d  t h e  
a p p a r e n t  decrease  in f eedback  effect  sugges t  t h a t  fucos- 
t e ro l  a n d  24 -me thy lenecho le s t e ro l  m a y  be  n o r m a l  in t e r -  
m e d i a t e s  in  t h e  d e a l k y l a t i o n  scheme.  W e  p rev ious ly  n o t e d  
a m i n o r  s te ro l  m e t a b o l i t e  (a l l - labeled)5 f rom 3H-fl-sitos- 
t e ro l  in  t he  t obacco  h o r n w o r m  w h i c h  could co r re spond  to  
fucosterol .  Recen t ly ,  RITTE~ a n d  X¥IENTJENS s r e p o r t e d  
t he  t e n t a t i v e  i den t i f i c a t i on  of 24 -me thy lenecho le s t e ro l  
a n d  fucos tero l  as m e t a b o l i t e s  of d i h y d r o b r a s s i c a s t e r o l  a n d  
3-~H-/~-sitosterol respec t ive ly ,  in  t h e  G e r m a n  cockroach  
a n d  sugges ted  t h a t  these  m a y  be  i n t e r m e d i a t e s  in  t h e  
d e a l k y l a t i o n  scheme.  

I n  a p rev ious  p u b l i c a t i o n  5, we cal led a t t e n t i o n  to  a n  
i n t e r e s t i n g  s imi l a r i t y :  t h e  t e r m i n a l  s t ep  of t h e  dea lky la -  
t i on  process  in  t he  h o r n w o r m  resembles  the  p r i m a r y  s t ep  
of a l k y l a t i o n  in  p l a n t s  9 in  t h a t  b o t h  i nvo lve  a A~4-sterol 
i n t e r m e d i a t e .  Since b o t h  24 -me thy l ene  a n d  24-e thy l idene  
s terols  are  r e p o r t e d  to  be  i n t e r m e d i a t e s  in  t h e  a l k y l a t i o n  
process  9, C-24-sterol  d e a l k y l a t i o n  in  insec ts  may ,  in  fact ,  
be  t he  reverse  of C-24-sterol  a l k y l a t i o n  in  p lan t s .  A f ina l  
decis ion on  w h e t h e r  or  n o t  24 -me thy lenecho le s t e ro l  a n d  
fucos te ro l  are  i n t e r m e d i a t e s  in  t h e  p r i m a r y  d e a l k y l a t i o n  
s c h e m e  or  are  de r ived  f rom or  c o n v e r t e d  t h r o u g h  m i n o r  
or  a l t e r n a t e  p a t h w a y s  m u s t  a w a i t  a comple t e  a n d  de ta i l ed  
m a p p i n g  of t he  m e t a b o l i c  s teps  of s t e ro l  d e a l k y l a t i o n  in 
insects .  Th i s  i n f o r m a t i o n  is a r equ i s i t e  to  a more  t h o r o u g h  
u n d e r s t a n d i n g  of t he  c o m p a r a t i v e  s te ro l  b i o c h e m i s t r y  of 
p h y t o p h a g o u s  insec t s  a n d  t h e i r  h o s t  p l an t s .  I t  is also 
neces sa ry  to  a r a t i o n a l  a p p r o a c h  to  t h e  d e v e I o p m e n t  of 
chemica l s  t h a t  m a y  be  used  to  se lec t ive ly  d i s r u p t  t h e  
essen t ia l  d e a l k y l a t i o n  processes  in  p l a n t - f e e d i n g  insec t s  1°. 

Rdsumd. ,~anduca sexta ( J o h a n n s o n )  es t  c a p a b l e  d e  
t r a n s f o r m e r  7 phT~°cost6rols en  cholest6rol .  Ainsi ,  ce t  in-  
secte  p e n t  d6a lcoyler  le c~- e t  le f l -m6thyl  de  m ~ m e  que  
les g roupes  m 6 t h y l ~ n e  e t  6 thy l id~nes  du  c a r b o n e  24 e t  
p e u t  h y d r o g 6 n e r  la  doub le  l ia ison 22,23.  Q u a n d  ces 
s t~rols  s o n t  c o m b i n 6 s  au  20 ,25-diazacholes t6ro l ,  on  a 
c o n s t a t 6  d a n s  t o u s l e s  cas  que  ta  t r a n s f o r m a t i o n  en  
choles t6ro l  s ' e f fec tue  p a r  l ' i n t e r m 6 d i a i r e  c o m m u n ,  le des-  
most6rol .  
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