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Kontrolle 
~Vacholderbeer61 1,0 ml/kg subkutan  
Terpineuol-4 0,1 ml/kg subkutan  

Urlnmenge als Prozentsatz verabfolgter Fliissigkeit 

nach 4 h naeh 24 h 

Durchschnitt 

14,3 -t- 4,1 
44,0 -t- 6,9 
78,4 -b 7,1 

95 % -Sieherheits- 
grenzen 

3 ,8~4 ,8  
26 ,7~1,0  
60 ,2~6 ,6  

Durehsehnitt 

43,8 ~ 4,6 
85,3 =[= 7,6 

157,6 + 7,1 

95%-Sicherheits- 
grenzen 

32,0- 55,6 
65,8-104,8 

113,7-201,5 

w e r t u n g  de r  W i r k u n g  w u r d e  die M e n g e  a u s g e s c h i e d e n e n  
Ur ins ,  a u s g e d r i i c k t  als  P r o z e n t s a t z  v e r a b f o l g t e r  Fl i iss ig-  
ke i t ,  n a c h  4 u n d  n a c h  24 h b e s t i m m t .  

N a c h  d e m  V o r v e r s u c h e  m i t  d e r  K o h l e m v a s s e r s t o f f -  
f r a k t i o n  ke ine  b e s o n d e r e  ~Vi rkung  ze ig ten ,  k o n z e n t r i e r -  
t e n  wi r  u n s  aussch l i e s s l i ch  au f  die P r i i f u n g  d e r  d iu r e t i -  
s c h e n  W i r k s a m k e i t  de r  s a u e r s t o f f h a l t i g e n  F r a k t i o n .  D a s  
d a r i n  e n t h a l t e n e  T e r p i n e n o l - 4  ( 1 - p - m en t hen - 4 - o l ) ,  Sdp .  
89 ° be i  10 m m  Hg,  d s0 0 ,9259,  n ~  1,4762, [e~0] + 28,1 ° 
ze ig te  i m  Verg le i ch  m i t  Wacho lde rbee rS1 ,  e ine  g u t  aus-  
gepr/~gte d i u r e t i s c h e  W i r k u n g  (Tabel le) .  

D e m  T e r p i n e n o l - 4  m u s s  e in  g rosse r  Tei l  d e r  d iu r e t i -  
s c h e n  "Wirkung d e r  W a c h o l d e r b e e r e n  z u g e s c h r i e b e n  
werden .  

Die  E r g e b n i s s e  p h a r m a k o l o g i s c h e r  P r i i f u n g e n  u n d  
h i s t o l o g i s c h e r  U n t e r s u c h u n g e n  n a c h  l a n g d a u e r n d e r  Ver -  
a b r e i c h u n g  y o n  T e r p i n e n o l - 4  w a r e n  so be f r i ed igend ,  dass  
m i t  d e r  k l i n i s c h e n  P r f i f u n g  d e r  S u b s t a n z  b e g o n n e n  wor-  
d e n  ist .  

I .  JANKfi, M. H2{VA u n d  
O. MOTL 

Chemisches Institut der Tschechoslowakischen A kademie 
der Wissenscha[ten, Prag, den 29. September 1956. 

Summary 

I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  t e r p i n e n o l - 4 ,  c o n t a i n e d  
in  j u n i p e r - b e r r y  oil, h a s  a m a r k e d  d i u r e t i c  effect .  On  t h e  
bas i s  of t h i s  f ind ing ,  i t  is a s s u m e d  t h a t  t h i s  s u b s t a n c e  
is t h e  p r o p e r  d iu r e t i c  f a c t o r  of j un ipe r -be r r i e s .  

2 0 h n e  LSsungsmittel gemessen. 

T h e  C o n t r o l  o f  O v a r y  D e v e l o p m e n t  i n  W o r k e r  

Honeybees (Apis mellifera) 
tntroduction.--It is  g e n e r a l l y  a g r e e d  t h a t  t h e  o v a r i e s  

of a d e q u a t e l y  n o u r i s h e d  w o r k e r  h o n e y b e e s  d e v e l o p  t o  
some  e x t e n t  if  t h e  q u e e n s  a re  r e m o v e d  f r o m  t h e i r  
colonies.  F o r  e x a m p l e ,  H E s s  1 f o u n d  t h a t  in  n i n e  o u t  of 
e l even  colonies  t h e  ova r i e s  of 10% or  m o r e  of t h e  w o r k e r  
bees  d e v e l o p e d  w i t h i n  a week  of t h e  r e m o v a l  of t h e i r  
m a t e d  queens .  

I t  h a s  a lso b e e n  s h o w n  t h a t  o v a r y  d e v e l o p m e n t  wil l  
occur  in  we l l - nou r i shed  q u e e n l e s s  w o r k e r s  k e p t  in  s m a l l  
g roups  in  cages  a t  a b o u t  30°C, a n d  t h a t  t h e  p r e s e n c e  of 
e i t h e r  a l iv ing  or  d e a d  m a t e d  q u e e n  is su f f i c i en t  to  pre -  
v e n t  such  d e v e l o p m e n t  u n d e r  t h e s e  c o n d i t i o n s  2. 

As a r e s u l t  of h e r  e x p e r i m e n t s  HESs  ~ s u g g e s t e d  t h a t  
some  m a t e r i a l  s u b s t a n c e  p r o d u c e d  b y  t h e  q u e e n  is 
c i r c u l a t e d  in  food a m o n g s t  he r  w or ke r s  a n d  is c a p a b l e  of 

1 G. HEss, Beih. Schweiz. Bienenztg. 1, 33 (1942). 
2 j .  pair L XI. International Beekeeping Congress, Copenhagen 

1954. - A .  P. DE GROOT and S. VOOGD, Exper. 10; 384 (1954). 

i n h i b i t i n g  t h e  d e v e l o p m e n t  of t h e i r  ovar ies .  T h e  exist- 
ence  of s u c h  a n  i n h i b i t o r y  s u b s t a n c e  (queen  substance)  
h a s  s ince  b e e n  ve r i f i ed  3, a n d  b io log ica l ly  a c t i v e  extracts  
of i t  h a v e  b e e n  o b t a i n e d  f r o m  t h e  bod ies  of q u e e n s  in a 
n u m b e r  of o r g a n i c  s o l v e n t s  4. 

I n  1954 BUTLER 5 f o u n d  t h a t  bee s  w h o  h a d  j u s t  finish- 
ed l i ck ing  t h e  b o d y  of t h e i r  q u e e n  of fe red  regurgi ta ted  
food to  o t h e r  m e m b e r s  of t h e i r  c o l o n y  m o r e  o f t en  than 
o t h e r  bees  of t h e  s a m e  c o l o n y  w h o  h a d  o n l y  j u s t  examin- 
ed b u t  n o t  l icked  t h e i r  q u e e n .  F u r t h e r m o r e ,  h e  was able 
t o  s h o w  t h a t  less o v a r y  d e v e l o p m e n t  o c c u r r e d  amongs t  a 
g r o u p  of we l l -nou r i shed ,  queen t e s s  w o r k e r  h o n e y b e e s  to 
w h o s e  food h a d  b e e n  a d d e d  t h e  h o n e y s t o m a c h  contents  
of bees  w h o  h a d  j u s t  l i cked  t h e i r  q u e e n  t h a n  amongst  
a s imi l a r  g r o u p  of bees  to  w h o s e  food  h a d  b e e n  added  the 
h o n e y s t o m a c h  c o n t e n t s  of bees  w h o  h a d  h a d  no  oppor- 
t u n i t y  to  t ick  a q u e e n  for  s eve ra l  h o u r s  6. I t  t h u s  appeared 
t h a t  q u e e n  s u b s t a n c e  was  c a p a b l e  of i n h i b i t i n g  ovary 
d e v e l o p m e n t  e v e n  w h e n  r ece ived  b y  w o r k e r  bees  in  their 
food  r a t h e r  t h a n  d i r e c t l y  f r o m  t h e i r  queen .  VOOGD ~, on 
t h e  o t h e r  h a n d ,  c o n c l u d e d  f r o m  h e r  o w n  exper iments  
t h a t  q u e e n  s u b s t a n c e  was  e f fec t ive  only w h e n  t he  bees 
were  ab le  to  l ick i t  f r o m  some  ob jec t ,  s u c h  as a dead 
w o r k e r  bee.  

F u r t h e r  e x p e r i m e n t s  h a v e  n o w  b e e n  m a d e  to  compare 
d i r e c t l y  t h e  e f f ec t iveness  of q u e e n  s u b s t a n c e  in inhibit- 
i ng  o v a r y  d e v e l o p m e n t  in  w o r k e r  bees  w h e n  supplied to 
t h e m  b y  t h e s e  two  m e t h o d s .  

Experimental Method.--In J u l y  1956, 216 newly  em- 
e rged  w o r k e r  h o n e y b e e s  were  t a k e n  f r o m  a normal 
c o l o n y  w h i c h  h a d  m a d e  no  a t t e m p t s  to  s w a r m  nor to 
s u p e r s e d e  i t s  m a t e d ,  l a y i n g  q u e e n .  T h e  ova r i e s  of 36 of 
t h e s e  bees  were  i m m e d i a t e l y  e x a m i n e d  a n d  found  to be 
u n d e v e l o p e d .  T h e  r e m a i n i n g  bees  we re  d i v i d e d  a t  random 
i n t o  5 g r o u p s  of e q u a l  size. E a c h  g r o u p  of 36 bees was 
p l a c e d  in a s e p a r a t e ,  w e l l - v e n t i l a t e d ,  p e r s p e x  cage, 
60 m m ×  5 m m  × 95 m m  high .  A piece  of e m p t y  worker 
b r o o d  c o m b ,  40 m m  X 40 ram,  was f ixed  in t he  centre  of 
one  of t h e  s ides  of e a c h  cage.  

T h e  bees  in  each  cage  were  s u p p l i e d  c o n t i n u o u s l y  with 
d i s t i l l ed  w a t e r  a n d  a lso  w i t h  p o l l e n ] c a n d y  in separate 
feeders .  T h e  p o l l e n / c a n d y  was  p r e p a r e d  b y  mix ing  icing 
s u g a r  w i t h  2 0 %  b y  w e i g h t  of f r e sh  bee-co l lec ted  pollen 
a n d  su f f i c i en t  d i s t i l l ed  w a t e r  to  m a k e  a s t i f f  paste .  The 
cages  of bees  were  k e p t  in  t h e  d a r k  in a n  i ncuba to r  at 
a p p r o x i m a t e l y  32°C for  20 days .  

A n  e x t r a c t  of q u e e n  s u b s t a n c e  was  p r e p a r e d  as follows: 
2 m a t e d  l a y i n g  q u e e n s  were  k i l led  b y  ch i l l ing  t h e m  in a 

3 A. P. DE GROOT and  S. VOOGD, Exper .  10, 884 (1954). - S. 
VOOGD, Exper ,  11, 181 (1955); 12, 199 (1956). - C. G. BUTLER, Proc. 
Roy.  En t .  Soe. Lond.  (A) 31, 12 (1956). 

4 A. P. DE GROOT and S. VOOGD, Exper .  10, 384 (1954). - S. 
VOOGD, Exper .  It ,  181 (1955); 12, 199 (1956). 

5 C. G. BUTLER, Trans .  Roy.  En t .  Soc. Lond.  105, 11 (1954). 
C. G. BUTLER, Proc.  Roy.  En t .  Soc. London  31, 12 (1956}. 

7 S. VOO~D, Exper .  I1, 181 (1955); 12, 199 (1956). 
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Table I.--Effects of treatments on ovary development in worker 
honeybees 

No. bees 
C a g e  Treatment with de- 
No. veloped 

ovaries 

No. bees 
with un- 
developed 

ovaries 

None 
Extracted queen . . . 
Reimpregnated queen. 
Acetone in food . . . 
Ext rac t  in food . . . 

28 2 
25 9 
14 22 
31 3 
22 10 

% bees 
with de- 
veloped 
ovaries 

93 
74 
39 
91 
69 

refrigerator.  The i r  bod ies  were  t h e n  e x t r a c t e d  for 3 h in 
10 ml of a c e t o n e  in a m i c r o - S o x h l e t  a p p a r a t u s .  This  ex-  
tract of q u e e n  s u b s t a n c e  was  s u b s e q u e n t l y  r educed  in 
volume to  2 ml  b y  e v a p o r a t i o n  a n d  d iv ided  in to  2 equa l  
parts. 

One of t h e  m a t e d  lay ing  queens  w h i c h  h a d  been  ex- 
tracted in t h i s  w a y  for  3 h was  a t t a c h e d  to  t h e  cen t r e  of 
the comb in  one cage.  T h e  second  m a t e d  lay ing  queen  
which h a d  b e e n  s imi la r ly  e x t r a c t e d  was  r e i m p r e g n a t e d  
w.ith 1 ml  of t h e  c o n c e n t r a t e d  ace tone  e x t r a c t  o b t a i n e d  
from the  2 queens  a n d  a t t a c h e d  to  t h e  cen t r e  of t h e  
comb in a s econd  cage. ( R e i m p r e g n a t i o n  of th i s  q u e e n ' s  
body was a c h i e v e d  b y  r e p e a t e d l y  b a t h i n g  i t  in t h e  ex-  
tract and  a l lowing  t h e  so lven t  to  e v a p o r a t e  a t  r o o m  
temperature . )  The  second  1 ml  of t h e  c o n c e n t r a t e d  ex-  
tract was  t h o r o u g h l y  m i x e d  wi th  t h e  p o l l e n / c a n d y  
(volume 8 ml) in  a t h i r d  cage in  w h i c h  no  q u e e n  was  
present. 1 ml  of a c e t o n e  was  a d d e d  to  t he  p o l l e n / c a n d y  
(8 ml) in a f o u r t h  cage,  in w h i c h  t h e r e  was  also no queen .  
Nothing was  a d d e d  to  t h e  food of t h e  bees  in t h e  re- 
maining cage no r  was  a q u e e n  p re sen t .  

After  20 d a y s  all t h e  bees  r e m a i n i n g  alive were  kil led 
and the  degree  of d e v e l o p m e n t  of t he i r  ovar ies  d e t e r m i n -  
ed. Five  degrees  of o v a r y  d e v e l o p m e n t  s imi lar  to  t h o s e  
used by  H E s s  1 were  recogn i sed :  ' no  d e v e l o p m e n t ' ,  ' pos-  
sible ve ry  s l igh t  d e v e l o p m e n t ' ,  ' s ome  d e v e l o p m e n t ' ,  
'strong d e v e l o p m e n t ' ,  ' v e r y  s t r o n g  d e v e l o p m e n t ' .  Since 
in s u m m e r  in an  average ,  a p p a r e n t l y  n o r m a l  co lony  
headed b y  a m a t e d  l ay ing  q u e e n  worke r  bees  w i t h  
ovaries showing  'no  d e v e l o p m e n t '  a n d  'poss ib le  s l ight  
development '  are  r egu la r ly  found ,  t h e s e  t w o  degrees  of 
development  were  classif ied t o g e t h e r  as ' u n d e v e l o p e d '  
and the  r e m a i n i n g  t h r e e  degrees  of d e v e l o p m e n t  were  
considered t o g e t h e r  as ' d e v e l o p e d ' .  This  c lass i f ica t ion  
was also e m p l o y e d  b y  DE GROOT a n d  VOOOD s. 

Results.--The resu l t s  o b t a i n e d  are s h o w n  in Tab les  I 
and II.  

Discussion.--VooGD 9 s howed  t h a t  t h e  ovar ies  of t h o s e  
queenless w o r k e r  h o n e y b e e s  w h o  l icked an ob j ec t  w h i c h  
had been i m p r e g n a t e d  w i t h  an  ace tone  e x t r a c t  of a 
queen h o n e y b e e  d e v e l o p e d  s ign i f i can t ly  less (P < 0.01) 
than those  of bees  who  did  n o t  lick t h e  i m p r e g n a t e d  
object; bu t ,  w h e n  an  e x t r a c t  of a q u e e n  was  a d d e d  to  
their food t h e  n u m b e r  of bees  w i t h  d e v e l o p e d  ovar ies  
was less obv ious ly  r e d u c e d  a l though ,  if one  uses a ' s ingle-  
tail tes t '  t he  d i f fe rence  w h i c h  she obse rved  is j u s t  on t h e  
5% level (i.e. if one  ignores  t h e  poss ib i l i ty  of a t rue  resu l t  
in the 'wrong '  d i rec t ion) .  The  resu l t s  g iven  in Table  I in 
this paper  show t h a t  an  ace tone  e x t r a c t  of a m a t e d  
queen, w h e t h e r  g iven  in food or on t h e  b o d y  of a dead,  
previously e x t r a c t e d ,  queen ,  i nh ib i t ed  t h e  d e v e l o p m e n t  

s A. P. DE GROOT and S. VOOGD, Exper. 10, 384 (1954). 
9 S. VOOGD, Exper. 12, 199 (1956). 

Table//.--Analysis of results in Table 12 

Comparison of difference in 
number of bees with and 
without developed ovaries 

in cages 

1 and 2 
1 and 3 
1 and 4 
1 and 5 
2 and 3 
2 and 4 
2 and 5 
3 and 4 
3 and 5 
4 and 5 

Value of P 

< 0.001 

< 0.04 
< 0.01 

< 0.001 
< 0.03 
< 0-05 

of the  ovar ies  of worker  honeybees  (cages 1 and  3, 4 a n d  
5, 2 a n d  3, 3 a n d  4). Therefore ,  if t he  d a t a  of VOOGD ~ a n d  
of BUTLER s , as well as t hose  in the  p re sen t  pape r ,  a re  
cons ide red  t o g e t h e r  i t  seems t h a t  an e x t r a c t  of q u e e n  
s u b s t a n c e  (ob ta ined  in ace tone  f rom a queen)  t a k e n  
ora l ly  b y  queenless  wel l -nour i shed  worker  h o n e y b e e s ,  
e i t he r  in food or f rom the  b o d y  of a dead  bee, does  h a v e  
a def in i te  i n h i b i t o r y  inf luence on the  d e v e l o p m e n t  of 
t he i r  ovar ies .  

I t  appears ,  however ,  f rom compar i son  of the  degree  
of o v a r y  d e v e l o p m e n t  of t he  bees in cages 3 a n d  5, t h a t  
p r e s e n t a t i o n  to  t he  bees  of t he  e x t r a c t  on the  b o d y  of a 
p r ev ious ly  e x t r a c t e d  queen  (which t h e y  were  seen to  
e x a m i n e  a n d  lick f requen t ly )  was more  effect ive  in in= 
h i b i t i n g  o v a r y  d e v e l o p m e n t  b y  these  worker  bees t h a n  
was  t h e  a d d i t i o n  of an  equa l  q u a n t i t y  of t he  same queen  
e x t r a c t  to  t h e  food of a s imi lar  g roup  of bees. I t  is pos-  
sible t h a t  th i s  d i f fe rence  m a y  h a v e  been  due to  t h e  bees  
r ece iv ing  more  queen  s u b s t a n c e  when  i t  was offered on 
t h e  b o d y  of a dead ,  e x t r a c t e d ,  queen  t h a n  w h e n  i t  was  
offered  in  food, or t h a t  i t  m a y  conce ivab ly  have  been  due  
to  t he  bees  rece iv ing  a psychologica l  s t imulus  w h e n  t h e y  
l icked an  ob jec t  i m p r e g n a t e d  wi th  queen  subs t ance .  
This  l a t t e r  poss ib i l i ty  seems r a t h e r  unl ikely,  however .  

C. G. BUTLER 

Bee Department, Rothamsted Experimental Station, 
Harpenden, Hert/ordshire (England), January  31, 1957. 

Zusammen/assung 

W ~ h r e n d  U b e r e i n s t i m m u n g  dar i iber  e r r e i ch t  w o r d e n  
ist,  dass  die A r b e i t s b i e n e n  eine o v a r i e n h e m m e n d e  Sub-  
s t a n z  yon  ih ren  K6n ig innen  e rha l ten ,  is t  es w e d e r  Mar-  
ges te l l t  worden ,  wie diese Su b s t a n z  u n t e r  die A r b e i t s -  
b i enen  ve r t e i l t  wird,  noch  ob die K6n ig in  eine p s y c h i -  
sche  W i r k u n g  auf  sic ausfibt .  

Wrenn die V e r s u c h s r e s u l t a t e  y o n  VOOGD 9 u n d  B U T L E R  6 

sowie die R e s u l t a t e  d ieser  A r b e i t  z u s a m m e n  b e t r a c h t e t  
werden ,  sche in t  es klar,  dass  ein E x t r a k t  d ieser  S u b s t a n z ,  
w e n n  er an  weisellose A r b e i t e r i n n e n  ver]i~ttert wird ,  eine 
deu t l i che  H e m m w i r k u n g  auf  die O v a r i e n e u t w i c k l u n g  
aust ibt .  Die V e r s u c h s r e s u l t a t e  d e u t e n  j e d o c h  d a r a u f  hin,  
dass  diese S u b s t a n z  w i r k u n g s v o l l e r  ist ,  w e n n  sie den  
A r b e i t s b i e n e n  auf  d e m  K 6 r p e r  e ine r  t o t e n  Biene ,  oder  
d e m  Modell  e iner  Biene,  d a r g e b o t e n  wird ,  als w e n n  m a n  
sie d e m  F u t t e r  be imisch t .  Es  s c h e i n t  a b e t  u n w a h r s c h e i n -  
lich, dass  dies auf  eine p s y c h i s c h e  R e i z w i r k u n g  zu- 
r f ickzuf i ihren  is t  t°. 

10 D. B. CARLISLE and C. G. BUTLER, Nature 177, 276 (1956). 
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