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learned her optical proper name  as well as the names 
of their a t t endan t s  and  other chimpanzees. All carried 
too their names in form of a plastic figure on a collar. 
By  correctly arranging the plastic figures on a magnet ic  
blackboard,  Sarah could write, e.g. : 'Give apple 
Sarah' .  Once - and  never  again - Sarah wrote the 
sentence 'Give a p p l e  Gursie'.  Thereupon,  her teacher 
immedia te ly  gave the apple to another  chimpanzee 
named  Gursie. Also in other captive chimpanzees, 
they could be brought  so far tha t  they adopted an 
artificial signal as a proper name and used it in the 
right way. They definitely identified themselves with 
it  which belongs to the character of each t rue proper 
name. By this, they manifest  a knowledge of one's 
own self in the above-ment ioned sense. 

Another  way to prove the knowledge of one's own 
self, the identif icat ion of 'self', will also be ment ioned 
because it  - with others - shows tha t  the animal  self- 
consciousness, respectively its preformed na ture  has 
to remain closed by  no means as m a n y  scientists think,  
and  as AUTRUM 5~ has fornmlated clearly: 'Conscious- 
ness and personal i ty in animals  are for us absolutely 
inaccessible phenomena ' .  

GALLUP 56 accustomed chimpanzees dur ing a longer 
period to mirrors, then narcotized them for a short 
t ime and spotted them with fast drying red color at  
places of the body (e.g. above the eyebrows, tips of the 
ears) they themselves could not see. Not unt i l  the 
next  look in the mirror could they discover the un-  
accustomed marks on themselves and investigate them 
with the fingers. Here as well, a definite identification, 
a recognition of one's own self, has taken place. This 
by  no means says  tha t  strongly, optical ly-orientated 

animals  always see a strange rival in the mirror  tha t  
they t ry  to combat.  GALLUP could observe this re- 
cognition of one's own self in front of the mirror in 
chimpanzees, bu t  not  in Macaques (Macacafascicularis 
and Macaca irus). 

In  fact, each imitat ion,  as we find them in so many  
birds, namely  in all birds tha t  mock, needs a certain 
(primitive) consciousness as an assumption (TIcoRPE 19, 
p. 78), in so far tha t  within it a knowledge of one's own 
self is expressed and  a knowledge of the other one 
being imitated.  I presume tha t  the highest level of 
such imi ta t ion  is found in the l i t t le-investigated 
(scientifically) Aust ra l ian  lyre-bird (Menura) tha t  
usually imitates  about  20 other bird species (SMITH 57) 
as well as h u m a n  voices, bark ing  of dogs, technical 
noises and so on. 

PORT~.IANN 5s concludes tha t  there is a conscious 
hearing and  therefore an an imal  self-consciousness 
from the ext raordinary  performance of imi ta t ion  in 
Menura. - KOEHLER59, RENSCK3~ (p. 252), DOBZtIAN- 
SKY (cited in RENSCH32), SEIFERLE 60 and m a n y  others 
are of the opinion today  tha t  the animal  consciousness 
mus t  not  remain tota l ly  closed. 

.5.~ H. AOTRU~% Biologic - ~ntdeckung einer Ordnung (Deutscher  Ta-  
schenbtlch-Verlag,  Miinchen 1975), p. 111. 
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Diterpene  A c i d s  as  Larval  G r o w t h  Inh ib i tors  
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Summary. Kaurenoie and trachylobanoic acids from sunflower inhibited larval development in several Lepidoptera 
species. The tricyclic resin acids were also effective in curtailing growth of Pectinophora gossypiella and either reduction 
to carbinol or esterification of the carboxyl group lowered activity. Partial  reversal of growth inhibition in the presence 
of relatively large amounts of cholesterol suggests an interaction with the insects' hormonal system. 

A recent study 3 on the nature of resistance in sunflower the major portion of their diet before burrowing into the 
(Helianthus annuus L.) to attack by larvae of the sun- immature seeds, the presence of the growth inhibiting 
flower moth (Homeosoma eleetellum H.) showed that  re- chemicals was considered to be the definitive factor in 
sistant varietes contained larger amounts of 2 larvacidal this example of host plant resistance. The 2 substances, 
diterpenoid acids in extracts of their rioters. Since first trachyloban-19-oic acid (1) and the biogenetically related 
instar larvae of Homeosoma electellum consume florets as (-)-16-kaurene-19-oic acid (2) whose structures had al- 
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r e a d y  b e e n  e l u c i d a t e d  4, 5 ( F i g u r e  1) we re  i so l a t ed  f r o m  t h e  
p l a n t  a n d  i n c o r p o r a t e d  i n t o  a s u i t a b l e  a r t i f i c i a l  d i e t  6 ill 
o r d e r  to  d e t e r m i n e  t o x i c i t y  to  Horneosoma  electeEum 
l a r v a e .  T h e  e f f ec t  of  t h e s e  2 a c i d s  u p o n  l a r v a l  g r o w t h  of  
o t h e r  L e p i d o p t e r a  spec ies ,  n a m e l y ,  Hel io lh i s  v irescens,  
He l io th i s  zea a n d  t~ect inophora gossypie l la ,  w a s  a lso  ex -  
a m i n e d .  ]Resul t s  of  e x p e r i m e n t s ,  e x p r e s s e d  in  t e r m s  of  
l a r v a l  w e i g h t s  as  p e r c e n t  of  t h e  g r o w t h  of  c o n t r o l  l a r v a e ,  
a re  s u m m a r i z e d  in  T a b l e  I.  W h i l e  e x t r e m e  t o x i c i t y  (of t h e  
o r d e r  of  c o m m e r c i a l  i n sec t i c ides )  w a s  n o t  o b s e r v e d ,  t h i s  
d o e s  n o t  r u l e  o u t  e f f e c t i v e  n a t u r a l  a n t i b i o s i s  s ince  c h r o n i c  
e f f ec t s  w h i c h  e v e n  s l i g h t l y  r e d u c e d  t h e  d e v e l o p m e n t  of  
p h y t o p h a g o u s  l a r v a e  a re  s u f f i c i e n t  to  p r o v i d e  a s i g n i f i c a n t  
a d v a n t a g e  t o  t h e  p l a n t  a. I t  is n o t e w o r t h y  t h a t  c o n s i d e r -  
ab l e  d i f f e r e n c e  in  spec i e s  s e n s i t i v i t y  w a s  o b s e r v e d .  T h e  
l e a s t  s u s c e p t i b l e  w e r e  l a r v a e  of  t h e  s u n f l o w e r  m o t h  w h o s e  
t a ck  of  s e n s i t i v i t y  m a y  be  a t t r i b u t e d  to  n a t u r a l  s e l e c t i o n  
for  t o l e r a n c e  in t h i s  spec ies .  

COOH 
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I n a s m u c h  as  no  p r e v i o u s  s t u d y  of  n a t u r a l  p I a n t  t o x i -  
c a n t s  h a d  u n c o v e r e d  c o m p o u n d s  o f  t h i s  t y p e ,  i t  w a s  of 
i n t e r e s t  to  e x a m i n e  s u b s t a n c e s  o f  r e l a t e d  s t r u c t u r e  for  
l a r v a c i d a I  o r  i n h i b i t o r y  a c t i v i t y .  T h e  d i t e r p e n e  r e s in  
ac ids ,  s o m e  r e p r e s e n t a t i v e  e x a m p l e s  of  w h i c h  a re  s h o w n  
in  F i g u r e  2, b e a r  a c lose  s t r u c t u r a l  a n d  b i o g e n e t i c  re-  
l a t i o n s h i p  to  t h e  s u n f l o w e r  a c i d s  a n d  t h e r e f o r e  s u g g e s t e d  
t h e m s e l v e s  as  c a n d i d a t e s  for  b i o a s s a y .  W o o d  r e s i n  c o n -  
s t i t u e n t s  h a v e  b e e n  i m p l i c a t e d  as  f a c t o r s  in  p e s t  r e s i s -  
t a n c e  7, s A l t h o u g h  t h e  r e s in  a c i d s  a r e  o b t a i n a b l e  in l a rge  
a m o u n t s  f r o m  n a t u r a l  sou rces ,  in p a r t i c u l a r  f r o m  c o n i f e r  

COOH COOH 

Pimaric ~ Rl=VinyI,R 2 = Me Isopimaric 
Dihydropirna tic: RI= Et, R 2 ~Me 
Sandaracopimaric: R 1= Me,R 2 = Vinyl 

COOH COOH 

Neoabietic Levopimarie 

COOH COOH 

Palustric Abietic 

oleores in% e x t r e m e l y  p u r e  (99 + % )  s a m p l e s  we re  o n l y  
a v a i l a b l e  in  r a t h e r  s m a l l  q u a n t i t i e s .  T h i s  m a d e  i t  n e c e s -  
s a r y  to  c a r r y  o u t  e x p e r i m e n t s  o n  a n  i n s e c t  w h o s e  food  
r e q u i r e m e n t s  w e r e  low. Of  t h e  i n s e c t s  a v a i l a b l e  to  us ,  
P e c t i n o p h o r a  gossypie l la ,  t h e  p i n k  b o l l w o r m ,  w a s  m o s t  
s a t i s f a c t o r y  s i nce  i t s  s m a l l  s ize  a n d  low food  d e m a n d  
m e a n t  t h a t  r e a r i n g  to  i n c i p i e n t  p u p a t i o n  c o u l d  be  c o n -  
v e n i e n t l y  c a r r i e d  o u t  on  a b o u t  600 m g  of  a r t i f i c i a l  d i e t  
p e r  i n d i v i d u a l .  S c r e e n i n g  for  a c t i v i t y ,  u s i n g  10 i n d i v i d u a l s  
p e r  level ,  u p  to  a conce~a t ra t ion  of  1% a d d i t i v e  in  t h e  d ie t ,  
r e q u i r e d  a b o u t  100 m g  of  res in  acid.  T h e  p i n k  b o l l w o r m  
w a s  r e a d i l y  p r o p a g a t e d  u n d e r  l a b o r a t o r y  c o n d i t i o n s  a n d  
w a s  a v a i l a b l e  in  l a rge  n u m b e r s ,  w h e r e a s  t h e  s u n f l o w e r  
m o t h  d e m o n s t r a t e d  r e d u c e d  f e c u n d i t y  a f t e r  s e v e r a l  gen~ 
e r a t i o n s .  W e  s e l e c t e d  t h e  c o m p o u n d s  s h o w n  in  T a b l e  I I  
as  r e p r e s e n t a t i v e  ac id s  of  t h i s  ser ies ,  d i f f e r i n g  in  p l ace -  

1 U. S. Forest Service, Forest Products Laboratory, Madison, 
Wisconsin, USA. 

2 Acknowledgment. We wish to thank M. Rosx and .I. BAKER for 
ixxseet bioassays. 

a A. C. WAISS, B. G. CHAN, V. H.  GARRETT, C. a .  }~LLIGI~;R, 1~. H .  
BEARD and E. CARLSOn, Science, irl press. (1976). 
J. St. PYREK, Tetrahedron 26, 5029 (1970). 
C. A. HENRICK and P. R. JEFFERIES, Aust. J. Chem. 17, 915 (1964). 
B. G. CHAN, A. C. WAISS, W. L. S'rANLEY and A. E. GOOI)BAN, 
J. econ. Entomol., in press (1976). 

7 J .  p.  VAN BUIJTENEN a n d  F. S. SANTAMOUR, JR., Can.  En tomol .  
70,4, 215 (1972). 

8 F. S. SANTA.~OU*, JR., Morris Aboretum Bull. 78, 82 (1967). 
,a L. F. FZ~SER and M. FIESER, Topics in Organic Chemislry (Rein- 

hold, New York 1963), p. 192. 

Table I. Larval growth in presence of sunflower diterpene acids 

Larva 

Larval growth~ at d ie tary/evel  (%) 

Trachylobanoic Kaurenoic 
acid acid 

0.2 0.5 1 2 0.2 0.5 1 2 

Homeosoma electellum ~, 1032 61 48 18 67 f 76 30 1 
Heliothis virescenso 90 111 46 13 97 109 56 20 
Hdiothiszec~ ~ 22 J. < 1  - 101 4 < 1  - 
Peclinophora gossypieEa~ 31 1 1 - 34 4 1 - 

�9 As percent of control weights after 14 days, 10 larvae per level. 
bAy. control wts: ~ 33 rag; e326 rag; a202 mg; e34 rag. f0.25% Dietary 
level. 

Table I I. Larval growth of ['ectinophora gossypiella on artificial diets 
containing resia acids 

Growth at dietary leveb (SD) 

Resin acids 0.05% 0.2% 

Abietic acid 78 (44) 14 (7) 
Dehydroabiefic acid 78 (41) 34 (17 / 
Dihydropimaric acid 48 (15) 17 (13) 
Isopimaric acid 18 (9) 1 (1) 
Levopimaric acid 77 (26) 24 (11) 
Manoyl oxide acid 54 (20) 14 (8) 
Neoabietic acid 61 (29) 14 (9) 
Palustric acid 83 (22) 14 (6) 
Pimaric acid 56 (36) 14 (5) 
Sandaracopimarie acid 43 (43) 5 (3) 

Fig. 2. Typical resin acids. ~Pereent of control weight after 14 days, 10 larvae per level. 
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m e n t  of u n s a t u r a t i o n  a n d  s u b s t i t u e n t  o r i e n t a t i o n  bu t ,  
w i t h  t he  excep t ion  of m a n o y l  oxide acid (8,13-/~-epoxy- 
14-1abden-19-oic acid) ~~ h a v i n g  t he  same carbocycl ic  
skeleton.  

F r o m  Table  I I  i t  can  be  seen t h a t  g r o w t h  i n h i b i t i o n  
occurs  w i t h  all  t e s t  compounds ,  and  t h a t  excep t  for t he  
r a t h e r  h ighe r  t ox i c i t y  of i sopimar ic  acid t he re  are rela-  
t i ve ly  s l ight  differences f rom one to t he  o ther .  Th i s  seems 
reasonab le  since e x a m i n a t i o n  of molecu la r  models  reveals  
essent ia l ly  the  same overa l l  shape  for these  s t ruc tures .  
In t e re s t ing ly ,  th i s  conf igura t ion  differs app rec i ab ly  f rom 
t h a t  of the  sunf lower  acids wh ich  h a v e  t he  oppos i te  
s t e reochemica l  o r i e n t a t i o n  a t  t he  A - B  r ing j u n c t i o n  and  
also posses a more  r igid sys t em due to add i t i ona l  r ing  
fo rmat ion .  

Table III. Larval growth of Pectinophora gossypiella on artificial 
diets containing isopimaric acid derivatives 

Growth at dietary leve> 

Conlpound 0.05 % 0.1% 

Isopimarie acid 18 5 
Dihydroisopimaric acid 23 10 
Methyl isopimarate 71 68 
Isopimarol 98 55 

~Percent of control wt. after 14 days, 10 larvae per level. 

Table IV. Larval growth of Pectinophora gossypiella on diets con- 
taining both Ievopimaric acid and cholesterol 

Additive Larval weight~ 

None 100 
1% Cholesterol 125 
0.2% Levopimaric acid 23 
Same + 0.05% cholesterol 45 
Same + 0.1% cholesterol 61 
Same + 0.2% cholesterol 41 
Same + 0.4% cholesterol 64 
Same + 1.0% cholesterol 86 

~Percent of control, 10 larvae per level. 

W h e t h e r  or no t  t he  c a r b o x y i  func t i ona l i t y  of t he  res in  
acids is necessa ry  for t ox i c i t y  m a y  be  ind ica ted  b y  com- 
par i son  of the  respec t ive  es ter  or ca rb ino l  w i th  t he  p a r e n t  
compound .  Table  I I I  shows these  resul t s  for t he  isopi- 
mar ic  series and  includes  d a t a  on t he  reduced  s ide-chain  
fo rm also. The  l a t t e r  compound ,  d ihydro i sop imar i c  acid, 
in  which the  v iny l  g roup  a t  C-13 is modif ied  b y  hydroge -  
na t ion ,  shows essent ia l ly  u n a l t e r e d  a c t i v i t y  wh ich  is con- 
s i s t en t  w i t h  the  obse rva t ions  p r e sen t ed  in Tab le  I I .  For -  
m a t i o n  of t he  m e t h y l  es ter  on  t he  o the r  h a n d  does reduce  
tox ic i ty  a n d  loss of a c t i v i t y  is also shown b y  t he  cor- 
r e spond ing  alcohol,  i sopimarol .  A p p a r e n t l y  the  ca rboxy l  
group,  whi le  no t  abso lu te ly  essent ia l  for g rowth  inh ib i -  
t ion,  does increase  ac t iv i ty .  Reduced  effect iveness  of t he  
m e t h y l  es ter  m i g h t  be  p a r t l y  coun te r ac t ed  b y  pa r t i a l  
hydro lys i s  to  the  free acid du r ing  d iges t ive  processes. I t  
is l ikely t h a t  t he  po la r  acid func t ion  faci l i ta tes  t r a n s p o r t  
a n d  abso rp t ion  of t he  compound .  

Since the  skele ta l  a r r a n g e m e n t  of t i le t r icycl ic  resin 
acids resembles  t i le ABC-r ing  sys tem of c o m m o n  steroids,  
i t  seemed possible  t h a t  these  c o m p o u n d s  in ter fere  w i t h  
s teroid  m e t a b o l i s m  in t he  insect .  D i e t a r y  phy tos t e ro l s  
m u s t  be  absorbed ,  t r a n s p o r t e d  and  b iochemica l ly  a l te red  
to  p roduce  essent ia l  hormones .  I n t e r f e r ence  w i th  a n y  s tep  
b y  i nh ib i t o r  ac t ion  of t he  res in  acid would ce r t a in ly  de- 
crease v i t a l i t y  of t he  larva .  W e  s o u g h t  to  examine  th i s  
p o i n t  b y  for t i fy ing t he  t e s t  d ie t  w i t h  increas ing concen-  
t r a t i o n s  of choles terol  to  d e t e r m i n e  w h e t h e r  g r o w t h  inhi-  
b i t i on  could be reversed  b y  mass  ac t ion  effect. The  ac- 
t i v i t y  of l evop imar ic  acid in the  presence  of added  choles- 
te ro l  is, in fact ,  r educed  (Table  IV). N o r m a l  g r o w t h  was 
no t  comple te ly  res tored,  however ,  even  a t  the  1% l e v e l  
L a r v a l  g r o w t h  in t he  absence  of t o x i c a n t  is acce le ra ted  
b y  choles terol  r esu l t ing  in average  weigh ts  s u b s t a n t i a l l y  
g rea te r  t h a n  those  of controls .  The  effect  of the  s terol  is 
p ropo r t i ona l l y  g rea te r  on those  l a rvae  consuming  resin 
acid in t he  diet .  L a r v a e  fed the  res in  acid d ie t  w i t h  l~ 
choles terol  showed a 270~ weigh t  increase  whi le  l a rvae  
fed the  con t ro l  d ie t  a u g m e n t e d  b y  1% cholesteroI  showed 
only  a 25% weigh t  increase.  I t  m a y  therefore  be con-  
c luded  t h a t  t he re  is a n t a g o n i s m  be tween  resin acid and  
steroid,  and  t h a t  tile effect  involves  the  h o r m o n a l  s y s t e m  
of the  insect .  

10 Isolated from Pinus resinosa needles 11. 
11 l-). F. ZINKEL and W. B. CLARKE, unpublished. 
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Summary. I t  is shown t h a t  the  r eac t ion  be tween  v i t a m i n  K a and  sod ium su lph i te  u n d e r  physiological  condi t ions  leads 
to  t he  f o r m a t i o n  of free rad ica l  in te rmedia tes .  

M u c h  a t t e n t i o n  has  been  pa id  to su lph i te  and  i ts  organic  
add i t i on  c o m p o u n d s  as t h e y  a c c u m u l a t e  in foodstuffs  1-3. 
A l t h o u g h  the re  are m a n y  obs e r va t i ons  on  b iochemica l  
a l t e r a t i ons  i nduced  b y  sulphi te ,  i ts  role in  biological  sys- 
t e m s  is sti l l  sub jec t  to  con t rove r s i a l  i n t e rp re t a t i on* .  Vi- 
t a m i n  K a (menad ione ;  2 -methy l - I ,  4 - n a p h t h o q u i n o n e )  (1) 
ha s  r ecen t l y  been  shown  to  i nh i b i t  t he  mic rosoma l  l ipid 
p e r o x i d a t i o n  and  t he  i ron-ca ta lyzed  l ipid pe r ox i da t i on  of 

t he  l iver  cells ~,6. I t  has  also been  shown t h a t  1 reac ts  
w i t h  su lph i te  to  form a wa te r - so lub le  b i su lph i te  add i t i on  
c o m p o u n d  2, whose  med ic ina l  ef fect iveness  p r e s u m a b l y  
resul t s  f rom regene ra t ion  of the  v i t a m i n  in basic  in tes -  
f ina l  f luid v ia  e l imina t ion  of su lph i te  7. So far  no  infor-  
m a t i o n  is ava i l ab le  descr ib ing  these  mechan isms .  W e  
h a v e  found  t h a t  t he  a t t a c k  of su lph i te  on  1 u n d e r  phys -  
iological cond i t ions  (pH 7-8) p roduces  free radicals  wh ich  


