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G l u c o s e  L e v e l s  a s  Ca s te  I n d i c a t o r  of the  H o n e y b e e  

Caste de t e rmina t i on  of the  honeybee  is a p rob lem as 
old as the  domes t i ca t ion  of the  insect .  The subjec t  was 
reviewed by REMBOLD and HANSER I, ~EMBOLD 2, 
WILSON3 and by SHUEL and DIXON4 who claimed that 
preferential feeding of the larvae and/or the composition 
of the i r  d ie t  is crucial  for t he  d e v e l o p m e n t  of t he  d i f ferent  
castes.  On the  o ther  hand ,  FISCHL and  ISHAY 5, in an 
inves t iga t ion  of the  Oriental  H o r n e t  (Vespa orientalis), 
found t h a t  s ignif icant  differences in glucose levels exist  in 
the  h e m o l y m p h  of t he  castes  w i th  no re la t ionship  
whatsoever to diet. Furthermore, it was found that upon 
incubation of the hemolymph with endogenic hyper- 
glycemic factors (components present in the hemolymph 
and to a greater extent in the midgut), different glucose 
curves were produced by the various castes 6. 

In the present study, measurement is made of the 
glucose levels in the hemolymph of different castes of the 
honeybee, and the changes that occur in those levels after 
incubation of the hemolymph alone and with midgut. The 
interspecies effect with material obtained from hornets 
is also investigated. 

Materials and methods. Ap i s  melli/ica ligustica larvae  
were used in the  exper iments ,  the  queen  and  worker  
larvae  layed in the  same hive  by  one queen on one day. 
On precisely t he  8th day  t h e y  were s t a rved  for 12 h, and  
immed ia t e ly  r emoved  f rom thei r  cells. To remove  residual  
food and  debris,  t h e y  were washed  in dist i l led wa te r  and  
gen t ly  dr ied wi th  f i l ter  paper .  The larvae  were p u n c t u r e d  
in the  dorsum near  the  hea r t  wi th  a sterile needle  and the  
h e m o l y m p h  f rom each group (queen and  worker)  was  
pooled into ice-cooled t e s t  tubes .  Midgut  was r emo v ed  
separa te ly  and  i ts  open  side f i rmly  t ied  wi th  silk th read .  
Midgut  and  h e m o l y m p h  were ob ta ined  in the  same m a n n e r  
f rom Vespa orientalis larvae.  

The p H  of t he  samples  was  set to  7.0 and  the  incuba t ion  
Was con t inued  for 90 min  at  37~ Incuba t i on  wi th  

( Apis melii]ica ligustica ) 

mi d g u t  was done by  immers ing  the  i n t ac t  m i d g u t  into t he  
h e m o l y m p h .  Glucose b l ank  of the  midgu t  was ob ta ined  by  
incuba t ing  it immersed  in Ringer ' s  solution.  

Hydro lys i s  was pe r fo rmed  wi th  0.1 N HC1 in sealed 
ampules ,  hea t ed  in boil ing wa te r  b a t h  for 3 h. Glucose 
d e t e r m i n a t i o n  was  made  according to  t he  enzymat i c  
m e t h o d  of KINGSLEY and  GETCHEL 7. All exper in len t s  
were pe r fo rmed  three  t imes.  

Resulls. Glucose levels of the  honeybee  h e m o l y m p h  
rose s teadi ly  upon  incubat ion,  wi th  s ignif icant  differences 
be tween  the  castes,  b o t h  in t he  ini t ial  v a l u e  and  in t he  
ra tes  of increase (Table I). As summar ized  in Table  II ,  
the  honeybee  mi d g u t  con ta ined  considerable  a m o u n t s  of 
glucose, while the  levels in t he  h o rn e t  m i d g u t  are low. 
Incuba t i on  of midgu t  immersed  in the  h e m o l y m p h  
p roduced  a more  rap id  and  grea ter  increase in t he  glucose 
levels t h a n  h e m o l y m p h  incuba ted  alone, and the  values  
found were s ignif icant ly  higher  t h a n  the  sum of the  
h e m o l y m p h  and midgu t  incuba ted  separa te ly  (Table I I I ) .  
The castes  dif fered s ignif icant ly  b o t h  in t he  glucose levels 
and  the  ra t io  of glucose p roduc t ion  pre-  and  pos t -  
incuba t ion  (Table IV). 
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Table I. Increase of glucose levels in the hemolymph of the honeybee on iucubation and after acid hydrolysis 

Time of Worker larvae Queen larvae 
incubation (min) 

Glucose Rate (%) Hydrolysis glue. Glucose Rate (%) Hydrolysis glue. 
(mg/100 ml) (rag/100 ml) (mgll00 ml) (rag/100 ml) 

0 �9 605 0 3200 1870 0 2150 
30 800 32 2105 12 
60 935 55 2220 19 
90 1165 93 4000 2450 31 2500 

Table II. Perfusion of glucose into Ringer's solution from the midgut of Apis melli#ra and of Vespa orientalis, and glucose values after 
hydrolysis 

Time of A pis melliJica ligust$cct Vespa orientc~gis 
incubation 
(rain) Worker larvae Queen larvae Glucose Hydrolysis glue. 

Glucose Rate (%) Hydrolysis gluc. Glucose Rate (%) Hydrolysis glue. (mg/100 ml) (mg/100 ml) 
(mg/100 ml) (mg/100 ml) (mg/100 mI) (rag/100 ml) 

0 ~ 2005 0 3200 420 0 720 15 17 
30 2640 32 680 62 17 
60 3085 54 720 71 20 
90 3762 81 3900 780 86 800 30 40 
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Table II I .  Gluconeogenesis induced by midgut on the hemolymph of honeybee and of the hornet 

EXPERIENTIA 30/12 

Hemolymph AW AW AQ V V AQ V 

Midgut AW V AW V AW AQ AQ 

Time of incubation (min) G R G R G R G R G R G R G R 

0 ~ 2605 0 2605 0 3900 0 115 0 2189 0 2225 0 540 0 

30 3100 19 3860 48 3100 --21 140 22 3380 55 2900 30 1100 104 

60 4700 80 6770 160 2700 --26 160 39 4400 101 3085 39 1400 160 

90 4700 80 8250 217 2500 --36 210 82 5100 133 3085 39 1500 180 

Hydrolysis 8500 8450 4000 350 5100 3300 1500 

AW, Honeybee workers; AQ, honeybee queens; V, hornet; G, glucose (mg/100 ml); R, rate of glucose change (%). ~ see Table II. 

Table IV. Key for the biochemical caste differentiation of the honeybee 

Initial  glucose Initial  glucose Hemolymph Hemolymph Hemolymph midgut 
levels of the hemolymph levels of the midgut polysaccharide reserves glucose generation glucose generation 

Worker larvae Lower Higher Higher Faster More active 

Queen larvae Higher Lower Lower Slower Less active 

Discussion. As i l l u s t r a t ed  ill Tab le  I, t h e  ave rage  glucose 
level  in  l a rva l  h e m o l y m p h  of t h e  worke r  h o n e y b e e  is 
on ly  a b o u t  a t h i r d  t h a t  of t he  queens.  However ,  t he  r a t e  
of increase  on  i n c u b a t i o n  is m u c h  h igher  in  t h e  workers .  
W i t h  acid hydrolys is ,  t he  glucose levels of t h e  workers  are 
m u c h  h ighe r  b o t h  in  t he  pre-  a n d  p o s t - i n c u b a t i o n  
samples  (p < 0.0005). I t  is conc luded  t h a t  queens  h a v e  
m u c h  more  i m m e d i a t e l y  ava i l ab le  glucose ene rgy  supp ly  
t h a n  workers ,  b u t  t he  l a t t e r  are  capab le  of mobi l i s ing  
ene rgy  a t  a m u c h  h igher  r a t e  and,  w h e n  necessary,  to  a 
m u c h  h ighe r  level. I t  is also n o t e w o r t h y  t h a t  acid hydro -  
lysis  of b o t h  queens '  and  workers '  h e m o l y m p h  yields more  
glucose a f te r  i n c u b a t i o n  of t h e  sample  t h a n  before,  
poss ib ly  due  to t he  presence  of endogenous  g luconeogenet ic  
fac tors  in  t he  h e m o l y m p h .  

I n  p rev ious  expe r imen t s ,  we found  t h a t  t he  m i d g u t  of 
h o r n e t  l a rvae  con t a in s  p rac t i ca l ly  no  or v e r y  l i t t l e  
glucose s, a l t h o u g h  per fus ion  w i t h  h e m o l y m p h  g rea t ly  
acce lera tes  t he  giuconeogenesis  of these  l a rvae  ~. 

The  b l a n k  t e s t s  on t he  h o n e y b e e  m i d g u t  i m m e r s e d  
in R inge r ' s  so lu t ion  showed  t h a t  i t  differs g rea t ly  f rom 
the  h o r n e t  l a rvae  in t h a t  t he  worker ' s  h o n e y b e e  m i d g u t  
was  e x t r e m e l y  r i ch  in glucose and  t he  queen ' s  only  
s o m e w h a t  less r ich  (Table  III). 

Acid hydro lys i s  of t h e  hom ogen i zed  m i d g u t  m a t e r i a l  
also h a v e  low glucose va lues  in  t he  h o r n e t ' s  midgu t .  The  
h igh  'g lucose-b lank '  of t he  h o n e y b e e  m i d g u t  s o m e w h a t  
compl ica tes  t h e  i n t e r p r e t a t i o n  of t he  resul ts ,  b u t  even  so 
i t  is c lear  t h a t  t h e  t o t a l  glucose gene ra t ed  is h igher  
t h a n  t he  sum of t he  h e m o l y m p h  and  t h e  m i d g u t  in- 
c u b a t e d  s e p a r a t e l y  (Table  I I I ) .  F o r t u n a t e l y ,  i t  was  found  
t h a t  an  in terspecies  r e l a t ionsh ip  exis ts  a n d  t he  m i d g u t  of 
each  species and  a n y  cas te  will ac t  s imi la r ly  on  h e m o l y m p h  
of e i t h e r  source. This  accoun t s  for t he  resu l t s  o b t a i n e d  
w i t h  h o r n e t  m i d g u t  w i t h  w h i c h  t h e  a s ses smen t  of t he  
gluconeogenesis  is m u c h  more  clear. 

I t  is also i n t e r e s t i ng  to  n o t e  (Table  i i i)  t h a t  w h e n  t h e  
l a rva l  h e m o l y m p h  of worker  bees  a n d  ho r ne t s  was in- 
c u b a t e d  w i t h  i ts  own midgu t ,  t h e  r a t e  of t h e  glucose 

p r o d u c t i o n  was lower t h a n  w h e n  in tersper  m a t e r i a l  
was  used. On t he  o the r  h a n d ,  t he  m i d g u t  of worke r  bee 
l a rvae  was no t  able  to  induce  g luconeogenes is  in  queens '  
h e m o l y m p h .  W e  c a n n o t  offer a n  e x p l a n a t i o n  for th i s  
p h e n o m e n o n  w i t h o u t  f u r t h e r  s tudy .  

Tab le  I V  p re sen t s  a s impl i f ied  i n t e r p r e t a t i o n  of the  
resu l t s  for p rac t i ca l  app l i ca t i on  in cas te  d e t e r m i n a t i o n .  
I t  m u s t  be n o t e d  t h a t  th i s  t ab l e  gives on ly  t h e  genera l  
t r e n d s  of t he  glucose r a t ios  of t he  castes  i n s t ead  of t he  
abso lu te  figures.  Th i s  is because  t h e  seasonal ,  n u t r i t i o n a l  
a n d  d e v e l o p m e n t a l  d i f ferences  of glucose levels in  t he  
same  castes  m a y  be  m u c h  more  g rea te r  a n d  more  va r i ab l e  
t h a n  t he  i n t e r ca s t a l  va r i a t ion ,  m a k i n g  t he  n u m e r i c a l  
d a t a  u n s u i t a b l e  for cas te  d e t e r m i n a t i o n .  

Rdsumd. L ' h 6 m o l y m p h e  de l 'abei l le  dev i en t  hype r -  
g lyc6mique  p e n d a n t  l ' i n c u b a t i o n  en pr6sence de l ' i n t e s t i n  
m o y e n  pr61ev6 sur  l a rves  d 'abei l les  ou de gu6pes. Des 
diff6rences s ign i f ica t ives  on t  6t6 observ6es  en t r e  les la rves  
de l ' abei l le  ouvr i~re  e t  celles de la re ine  t a n t  en  ce qui  
concerne  le t a u x  du  glucose dans  l ' h 6 m o l y m p h e  que celui 
de son a u g m e n t a t i o n  apr~s l ' i n c u b a t i o n  en pr6sence des 
d i f f6rents  fac teurs  hype rg lyc6miques  tels  que  l ' i n t e s t i n  
m o y e n  des larves.  Cela sugg~re que  ces fac teurs  d o i v e n t  
~tre consid6r6s c o m m e  carac t~r i s t iques  des cas tes  chez  les 
abeilles.  
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