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t ime  0 for 30 sec and the rea f t e r  exposed to  an e ther  
s a tu ra t ed  nose-cone for the  r ema inde r  of the  blood 
collection period.  Pr ior  to  placing the  ra t  in to  the  e ther ized 
container ,  cau t ion  was t aken  no t  to  d i s tu rb  the  cage or ra t  
in any  manner .  Blood was collected in 0.5 ml samples  a t  
1, 2, 3, 4 and 5 rain of exposure  to  ether.  A separa te  1 ml  
glass syringe f i t t ed  wi th  a 21-gauge needle  was used to  
w i t h d r a w  blood f rom the  cannula  for each sample.  Af te r  
each blood sample,  the  cannula  was filled wi th  hepar in ized  
saline (0.06 ml, cannula  volume).  The to ta l  a m o u n t  of 
blood w i t h d r a w n  f rom the  cannula  of each ra t  was 2.5 ml. 
24 h af ter  t ak ing  the  last  blood sample,  the  an imal  was 
decap i t a t ed  to  ob ta in  a basal  (time 0) blood sample.  
Blood was allowed to  sit  overn igh t  a t  4 ~ and  the  serum 
collected the  following morning.  Serum was frozen at  
- -20~  unti l  assayed  for immunoreac t i ve  pro lac t in  by  
the  m e t h o d  of NISWENDER et. a l l  The significance of 
differences be tween  mean  serum prolac t in  levels was 
calcula ted by  S t u d e n t ' s  t-test .  

Results and discussion, Mean serum pro lac t in  level was 
19.0 :k 3.7 ng /ml  a t  t ime  0. Af te r  exposure  to e the r  for 
I min,  serum pro lae t in  values  were 17.8 :L 3.3 ng/ml,  a 
value no t  s ignif icant ly  d i f ferent  f rom t ime  0. Fol lowing 
2 rain of ether,  the  mean  pro lac t in  level showed an 
a p p r o x i m a t e  2-fold increase,  to 35.6 • 4.8 ng/Inl (p < 
0.001) and remained  a t  a h igh level t h r o u g h o u t  t he  5 
min sampl ing  per iod (Figure). E v e r y  rat ,  w i thou t  
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Expo6ure to Ether Anesthesia (minutes) 
The effect of continuous ether stress on irrimunoreactive serum pro- 
lactin levels. Animals were placed in an etherized container for 30 see 
and exposed to an ether saturated nose cone for the remainder of the 
5 rain etherization. Each point represents the mean of 16-18 values. 
The '0' time represents 6 decapitation values. The vertical bars 
represent ~= 1 standard error. 

except ion,  showed an increase in se rum prolac t in  a t  2 rain 
of e ther izat ion,  when  compared  wi th  pro lac t in  values a t  
t imes  0 or 1 min.  

Other  laborator ies  have  d e m o n s t r a t e d  2-% ~~ an e ther  
anes thes ia - induced  rise in ra t  serum prolact in ,  bu t  the  
crit ical t ime in which th is  rise takes  place was no t  the  
object ive  of these  studies,  consequent ly  it has  no t  been 
adequa te ly  evaluated.  The results  of th is  s tudy,  in which  
an in t ra -a t r ia l  cannula  was imp lan t ed  in to  male ra ts  for 
blood collection, show t h a t  th is  rise occurs wi th in  1 to  2 
min  of e ther  exposure.  These are in accord wi th  the  s t u d y  
of TERKEL et al. 3 who repor ted  a rise in serum prolac t in  
in l ac ta t ing  ra ts  af ter  1-2 rain of e ther  exposure  and  
WUTTKE and MEITES 11 who found no change  in se rum 
prolac t in  in normal  female ra t s  af ter  I/2 rain of e ther iza-  
tion. Thus,  if the  blood sample  can be d r a w n  in the  f i rs t  
min  of e ther izat ion,  a val id level of pro lac t in  can be 
obta ined.  Such a pract ice  should el iminate,  a t  least  in 
par t ,  t he  well acknowledged in t ra -group  dev ia t ion  of 
se rum prolac t in  values repor ted  by  us ~2-~ and numerous  
o the r  laboratories .  

Zusammen/assung. Bei m/innl ichen R a t t e n  wurde  das 
~,Timing~ der  Pro lac t in -S t ress reak t ion  gemessen und  
festgestel l t ,  dass die P ro l ac t i n -Konzen t r a t i on  invariabe!  
nach  2 rain Ather -S t ress  ansteigt .  
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JTk~hyroxine F o r m a t i o n  b y ~ _ ~ K ~ i d n e y t S o l u b l e ~ p e r n a t a n  t of~nabas testudineus 

I t  has  recen t ly  been repor ted  f rom th is  labora tory~ 
t h a t  head  k idney  soluble f rac t ion  (105,000 • g superna tan t )  
f rom a te leos tean  fish d e m o n s t r a t e d  s ignif icant  per-  
oxidase act iv i ty ,  and  th is  peroxidase  could oxidise the  
iodide into t r i - iodide,  a p r o p e r t y  which  is me t  in connec-  
t ion wi th  the  thyro id  peroxidase~,  ~. T h a t  head  k idney  of 
te leost  m a y  possess t hy ro ida l  ac t iv i ty  is again suppor t ed  
by  the  observa t ion  of large concen t ra t ion  of t hy ro id  
follicles in th is  area  4-s. More clear cut  ev idence  in th is  
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r ega rd  was p rov ided  b y  CHAVIN and  BOUWMANP. T h e y  
in jec ted  12sI i.p. and  obse rved  t h a t  h e a d  k i d n e y  of gold 
f ish (Carassius auratus) could a c c u m u l a t e  large a m o u n t s  
of rad io iodine  wh ich  was e v e n t u a l l y  i nco rp o ra t ed  
organica l ly  in t he  t h y r o i d  hormone .  Very  recent ly ,  
DASGUPTA and  BHATTACHARYA 1~ r epo r t ed  t h a t  soluble  
f r ac t ion  (105,000 • g s u p e r n a t a n t )  of h e a d  k i d n e y  f rom a 
te leos t  could ca ta lyze  t he  syn thes i s  of mono iodo ty ro s i n e  
(MIT) a n d  d i iodo tyros ine  (DIT).  All these  p r o m p t e d  us to  
inves t iga te  t he  syn thes i s  of t h y r o x i n e  b y  f ish h e a d  k i d n e y  
soluble f r ac t ion  wh ich  h a d  no t  been  repor ted  b y  a n y  
earl ier  worker .  

Materials and methods. Anabas testudineus was pur -  
chased  f rom the  local  m a r k e t  and  k e p t  in t he  a q u a r i u m  
for a t  leas t  1 week. On each  occasion, 4 p roper ly  accli- 
ma t i z ed  fishes were chosen  for s t u d y  a n d  sacrificed.  
H e a d  k i d n e y  f rom each  spec imen  was careful ly  dissected 
out ,  weighed and  homogen ized  in a 3?o t t e r -E lveh jem 
homogen ize r  in  0.05 M sod ium p h o s p h a t e  buffer,  p H  6.5 
to  m a k e  a 0.5% h o m o g e n a t e .  The  h o m o g e n a t e  was 
cen t r i fuged  in a Spinco Model  L p r e p a r a t i v e  u l t ra -  
cent r i fuge  a t  105,000 •  for 1 h and  t he  s u p e r n a t a n t  was  
used as enzyme.  All these  s teps  were car r ied  ou t  a t  0 -4  ~ 
F o r m a t i o n  of t h y r o x i n e  (T~) was assayed  in an  i n c u b a t i o n  
m e d i u m  c o n t a i n e d  300 tzmoles of sod ium p h o s p h a t e  
buffer  p H  6.5; 150 ~moles of K I ;  20~  " C a _ o K 2 ~ ;  120 
tzmoles of M I T ;  3 m g  of glucose;  12.5 g of glucose oxidase ;  
su i t ab le  concen t r a t i ons  of head  k i d n e y  105,000 • g 
s u p e r n a t a n t  f r ac t ion  a n d  glass-dis t i l led w a t e r  to  m a k e  t h e  
f inal  vo lume  3.0 ml.  Fo r  each  set  of expe r imen t s ,  a con t ro l  
was  a lways  m a d e  where  all o the r  add i t ions  were same 
excep t  t he  add i t i on  of boi led head  k i d n e y  soluble  f r ac t ion  
(boiled a t  100~ for 10 rain  in a w a t e r  ba th ) .  I n c u b a t i o n  
was car r ied  ou t  a t  37 ~ a n d  t i m e  per iod  was var ied .  T h e  

reac t ion  was s t o p p ed  b y  t h e  a d d i t i o n  of 0.6 ml  of 50% 
TCA a n d  i n c u b a t i o n  m i x t u r e  was t h e n  cen t r i fuged  a t  
700 • g for 5 min .  240 txl a l i quo t  of t h e  s u p e r n a t a n t  was  
spo t t ed  on  W h a t m a n  No. 3 c h r o m a t o g r a p h y  paper .  To 
p rove  t h e  i d e n t i t y  of t h e  label led  T 4 fo rmed  du r ing  t he  
incuba t ion ,  m a r k e r  T 4 (supplied b y  S igma  Chemical  Co.) 
were spo t t ed  on  one end  of t h e  c h r o m a t o g r a p h y  paper .  
C h r o m a t o g r a m  was deve loped  in  a n  ascend ing  sys t em 
for 22 h in N b u t a n o l :  e t h an o l  : 2NH 3 (25 : 50 : 10) a t  room 
t e m p e r a t u r e  in  a c h r o m a t o c a b .  Af te r  d r y i n g  t h e  chro-  
m a t o g r a p h y  paper ,  t h e  p o r t i o n  c o n t a i n e d  s t a n d a r d  T 4 
spot  was  cu t  off an d  sp rayed  w i t h  0 .2% n i n h y d r i n -  
ace tone  (w/v) so lu t ion  a n d  redried.  T h e  res t  of t h e  p a p e r  
was  t h e n  p laced  on  K o d a k  X - r a y  f i lm (30 • 25 cm) in a 
closed d a r k  c h a m b e r  to al low exposure  for 24 h. Tile 
X - r a y  f i lm was deve loped  w i t h  s t a n d a r d  p h o t o g r a p h i c  
so lu t ion  an d  dried.  X - r a y  p a p e r  i nd i ca t i ng  spots  was  
p laced  over  t h e  c h r o m a t o g r a p h y  p a p e r  for de tec t ion .  The  
p o r t i o n  of t h e  p a p e r  wh ich  co r responded  exac t ly  w i t h  
t h e  s t a n d a r d  T~ was t h e n  cu t  off a n d  c o u n t e d  in a Nuc lea r  
Chicago solid S~n t i j l ak ion  co~itker n.  T h e  regions con- 
t a i n e d  D I T  an d  u n r e a c t e d  1~I (except  T a, which ,  
however  was n o t  de tec ted )  were s imi la r ly  de t ec t ed  a n d  
col lected s epa ra t e ly  w i t h  t h e  spot  a t  t h e  or igin for calcu- 
l a t i ng  t h e  d i s t r i b u t i o n  of 1~1I in  c h r o m a t o g r a p h y  paper .  
The  resu l t  was  expressed  as p e r c e n t  1~I i n co rp o ra t ed  
in to  T 4. T h e  p ro t e in  was m e a s u r e d  accord ing  to  t he  
m e t h o d  of LOWRY et al. 12 

Results and discussion. I t  was  r epo r t ed  ear l ier  t h a t  
pe rox idase  l ike mye lope rox idase  la a n d  ch loroperox idase  ~4 
wh ich  could oxidise iodide w h e n  i n c u b a t e d  w i t h  ty ros ine  
or iodo tyros ine  resu l t s  in t h e  syn thes i s  of t h y r o x i n e .  
W o r k  f rom tt l is  l a b o r a t o r y  showed c lear ly  t h a t  105, 000 • g 
s u p e r n a t a n t  of t h e  h e a d  k i d n e y  of te leos t  could eff ic ient ly  
ca ta lyse  t h e  p e r o x i d a t i o n  of iodide in to  t r i iod ide  ~. Thus  an  
a t t e m p t  was m a d e  to observe  t h e  syn thes i s  of t h y r o x i n e  
b y  A.  testudineus head  k i d n e y  soluble s u p e r n a t a n t  frac- 
t ion.  W h e n  th i s  f r ac t ion  was i n c u b a t e d  for 90 min,  a de- 
t e c t ab l e  a m o u n t  of ~3~ I label led t h y r o x i n e  fo rmed  d u r i n g  
t h e  iod ina t ion  of MIT.  The  c h r o m a t o g r a p h y  was p e r f o r m e d  
in t h e  so lvents  a l r eady  m e n t i o n e d  a n d  the  r a d i o a u t o g r a m  
o b t a i n e d  in such  an  e x p e r i m e n t  is i nd i ca t ed  in t h e  Figure.  
The  added  t h y r o x i n e  m a r k e r  a lways  co r responded  
exac t ly  w i t h  t h e  b a n d  on  t h e  r a d i o a u t o g r a m .  Th i s  b a n d  
was easi ly de t ec t ab l e  in  90 m i n  sample  b u t  could n o t  be  
observed  in 70 m i n  i n c u b a t e d  sample.  Darkness  of t he  
D I T  spot  ind ica tes  t h a t  a s u b s t a n t i a l  a m o u n t  of D I T  was  
fo rmed  d u r i n g  t h e  per iod  of i ncuba t ion ,  a n d  t h i s  is 
expec ted  as i n c u b a t i o n  m e d i u m  c o n t a i n e d  M I T  as sub-  
s t ra te .  F o r m a t i o n  of D I T  m i g h t  h a v e  occured a t  t h e  
onse t  of i n c u b a t i o n  wh ich  t h e n  coupled  t o g e t h e r  and  
resu l ted  in t h e  f o r m a t i o n  of t h y r o x i n e .  There  was  no 
vis ible  b a n d  cor respond ing  to  added  T 3 marke r .  

Radioautogram of paper ehromatogram showing laI  distribution in 
head kidney soluble supernatant catalyzed iodination of MIT. 
Standard thyroxine corresponded exactly with the region marked as 
T~. Additions and assay were the same as already described and 
this chromatogram was the result of 1.5 mg of head kidney soluble 
fraction incubated for 90 rain. 
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The  Tab le  shows t h a t  f o r m a t i o n  of labe l led  t h y r o x i n e  
g r adua l l y  increased  p r o p o r t i o n a t e l y  f rom 90 to 120 m i n  
an d  f u r t h e r  increase  in t he  labe l led  t h y r o x i n e  syn thes i s  
was  no t  obse rved  in 130 m i n  i n c u b a t e d  sample .  W h e n  t he  
a m o u n t  of head  k i d n e y  soluble  p r o t e i n  was increased  to 
double  a n d  i n c u b a t e d  for  t he  same  periods,  t he  q u a n t i t y  of 
t h y r o x i n e  fo rmed  in  a l m o s t  doub le  q u a n t i t y  (Table),  wh ich  
ind ica tes  t h a t  f o r m a t i o n  of t h y r o x i n e  is a n  e n z y m a t i c a l l y  
ca ta lyzed  process. This  is aga in  e v i d e n t  f rom t he  fac t  t h a t  
w h e n  head  k i d n e y  soluble  s u p e r n a t a n t  was  boi led a t  100 ~ 

Formation of thyroxine by head kidney soluble supernatant 

Head kidney Incubation time 13~I incorporated 
soluble supernatant (nfin) into thyroxine 
(mg) (%) 

1.5 

3.0 

(in a w a t e r  b a t h ,  for 10 rain),  cooled a n d  t h e n  incuba t ed ,  
no v is ib le  b a n d  was obse rved  a t  t he  region of t h y r o x i n e  
and  DIT .  Besides,  t he  q u a n t i t y  of h e a d  k i d n e y  soluble 
p ro t e in  is a v e r y  i m p o r t a n t  factor .  W h e n  1 m g  of soluble 
s u p e r n a t a n t  was  i n c u b a t e d  for  90 min,  no  v is ib le  b a n d  
co r re spond ing  to  t h y r o x i n e  m a r k e r  was  observed .  Thus ,  
t he  m i n i m u m  r e q u i r e m e n t  of h e a d  k i d n e y  soluble  
f r ac t ion  to  observe  t h y r o x i n e  f o r m a t i o n  a t  90 mil l  
i n c u b a t e d  sample  was 1.5 rag~3.0 ml  of i n c u b a t i o n  mix tu re .  

As t h y r o i d  fol l icular  s t r u c t u r e  are p r e sen t  in  t he  head  
k i d n e y  of te leos t  f ishes a-s, a n d  as t he  h e a d  k i d n e y  soluble 
s u p e r n a t a n t  of th i s  te leos t  f ish possesses a pe rox idase  
which  s ign i f i can t ly  oxidizes t he  iodide in to  t r i iod ide  ~, t h e  
p r e sen t  o b s e r v a t i o n  of t he  f o r m a t i o n  of t h y r o x i n e  b y  t he  
same  f ish and  b y  t he  same fl 'action,  give f u r t h e r  s u p p o r t  
to  t he  possible  role of te leos t  f ish head  k i d n e y  in t he  
b iosyn thes i s  of t h y r o i d  hormone .  

Zusammenfassung.  I n  der  16slichen t i be r s t ehenden  
F r a k t i o n  (105,000Xg) der  Kopfn ie re  des K n o c h e n l  

9O 0.6 
100 0.8 f isches A nabas testudineus wurde  ein E n z y m  nachgewiesen,  
110 1.1 welches die S y n t h e s e  des T h y r o x i n s  ka ta lys ie r t .  Die 
120 1.4 Menge des 16slichen N ie r enp ro t e in s  u n d  die I n k u b a t i o n s -  
130 1.4 zei t  s te l len zwei l imi t i e r ende  F a k t o r e n  ffir die iI v i t ro -  

Syn these  des T h y r o x i n s  dar.  
90 1.2 

100 1.5 S. BHATTACHARYA and  P. DASGUPTA 
110 2.1 
120 2.7 
130 2.7 Department o/Zoology, Visva-Bharati University, 

Santiniketan 731235 (West Bengal, India), 8 A ugust 7974. 

Juvenile Hormone Promotes  Dominance Behavior and Ovarian Development in Social 
Wasps ( Pol is tes  annu lar i s  ) 

The  females  of a Polistes (Vespidae) co lony h a v e  a 
d o m i n a n c e  h i e r a r c h y  o rgan ized  w i t h  t h e  queen  (as t he  
p r e e m i n e n t  aggressor  a n d  egg-layer) in t h e  e -pos i t ion  a n d  
t he  workers  a r r a n g e d  l inea r ly  b e n e a t h  her1, ~. E v e n  
t h o u g h  all  females  are  v e r y  s imi la r  e x t e r n a l l y  3, t he re  is 
s t r i k ing  d i f fe ren t ia l  o v a r i a n  d e v e l o p m e n t  wh ich  is 
cor re la ted  w i t h  pos i t ion  in t he  d o m i n a n c e  h i e r a r c h y  ~. 
However ,  wasps  of a co lony  r e t a i n  t h e i r  d o m i n a n c e  
s t a t u s  a f t e r  be ing  ovar iec tomizeda .  

M a n y  s tudies  h a v e  shown  t h e  effects  of gonada l  hor-  
mones  on  v e r t e b r a t e  aggress ion  a n d  d o m i n a n c e  hier-  
a rchies  5. Juven i l e  h o r m o n e  (JH),  t he  endocr ine  p r o d u c t  
of t he  co rpora  a l la ta ,  is t h e  g o n a d o t r o p i n  of m o s t  female  
insec ts  6 and  top ica l  a p p l i c a t i o n  of J H  can  p r o m o t e  
o v a r i a n  g r o w t h  in PolistesL J H  is also k n o w n  to  af fec t  
m a t i n g  b e h a v i o r  a n d  p h e r o m o n e  p r o d u c t i o n  in m a n y  
insectsS a n d  to a l t e r  cas te  s t r u c t u r e  a n d  t he  t i m e  course 
of specific labors  in  honeybees  9. However ,  t h i s  is t h e  f i rs t  
r e p o r t  of a n  insec t  h o r m o n e  a f fec t ing  aggress ion  or 
d o m i n a n c e  in te rac t ions .  

Colonies of Polistes annularis were col lected in la te  May  
f rom one loca l i ty  on  Lake  Trav i s  n e a r  Aus t in ,  Texas.  
E a c h  of t he  16 nes t s  was  glued in  t h e  corner  of a 15 cm • 
15 cm plexiglass  a n d  screen o b s e r v a t i o n  cage. Nes t s  were 
chil led a t  4 ~ p r io r  to  m a n i p u l a t i o n  of t he  wasps.  W a s p s  
were p r o v i d e d  w i t h  l ive ca te rp i l l a r s  and  w a t e r  ad  l i b i t u m  
d u r i n g  t he  expe r im en t .  On t he  d a y  a f t e r  c ap t u r e  t h e  
queens  were d e t e r m i n e d  b y  observers  (R.H.,  T .K.  and  
L.J .L. )  accord ing  to  b e h a v i o r a l  c r i te r ia  1, 3. The  n e x t  d a y  
4 workers /cage  were g iven  a color-coded m a r k i n g  accord-  
ing to  t he  t r e a t m e n t  t h e y  were to  receive  a n d  su rp lu s  
workers  were r emoved .  W a s p s  ecdys ing  d u r i n g  t he  
e x p e r i m e n t  were d e s i g n a t e d  ' newly -emerged '  a n d  lef t  
in  t he  cage. A t  noon  da i ly  for  4 days  t he  cages were chi l led 

a n d  10 ~xl of ace tone  c o n t a i n i n g  20 y.g t e s t  s u b s t a n c e  (or 
oil) were appl ied  to  t h e  a b d o m e n s  of 3 workers /cage .  The  
iden t i t i e s  of t he  t e s t  subs t ances  were no t  revea led  to  t he  
observers ,  b u t  inc luded  J H  I I I ,  3 J H  analogs ,  a n d  
3 iden t ica l  so lu t ions  of ol ive oil. E a c h  cage was t r e a t e d  
w i t h  2 d i f fe ren t  h o r m o n e s  a n d  oil. The  J H  a n d  ana logs  
were a gif t  of Zoecon Corp.,  Pa lo  Alto,  Cal., a n d  were 
90% pure,  80% of wh ich  was  t he  ac t ive  trans, trans, cis- 
isomer.  On t he  6 th  d a y  wasps  were sacr i f iced a n d  t he  
l e n g t h  of the  3 l a rges t  oocytes  d e t e r m i n e d  w i t h  a n  ocular  
mic romete r .  A d d i t i o n a l  colonies were e s t ab l i shed  l a t e r  as 
cont ro l s  u n d e r  t he  same  cond i t ions  excep t  t h a t  t he re  
were e i t he r  no  t r e a t m e n t s  or on ly  ace tone  and  oil were 
a d m i n i s t e r e d  (to 3 wasps/cage) .  B e h a v i o r a l  obse rva t i ons  
of t he  i n t e r ac t i ons  b e t w e e n  colony m e m b e r s  were m a d e  
each  d a y  2-3 h a f t e r  t r e a t m e n t  a n d  on t he  d a y  of sacrifice. 
F r o m  these  obse rva t i ons  t he  fol lowing s y s t e m  of r a n k i n g  
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