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The effect of ethionine on the induction of the increased metabolism of pentobarbital and meprobamate and the increased urinary excretion of 
vitamin C induced by the pretreatment with phenobarbital or chloretone 

Pretreatment Pentobarbital metabolism Meprobamate metabolism Total vitamin C excretion Ascorbic acid 
excretion 

([~g/g/2 h) ([~g/g/2 h) (~.g/lO0 g/day) (~.g/lO0 g/day) 

-- 138 i 3.3 (6) 145 4- 4.1 (6) 635 =[= 48 (16) 481 4- 35 (16) 
Phenobarbital 389 :~= 5.3 (6) a 421 i 5.4 (6) 4 1885 4- 204 (8) a 1423 =[= 118 (8) ~ 
Chloretone 242 4- 4.5 (4) a 250 4- 4.8 (4) ~ 4641 4- 345 (12) ~ 3838 :L 209 (12)* 
Ethionine 133 4- 4.0 (4) 141 -¢- 4.3 (4) 889 4- 78 (8) ~ 743 4- 82 (8) b 
Ethionine + phenobarbital 148 4- 4.1 (6) 154 4- 3.9 (6) 2282 -}- 305 (12) a 1731 z]: 129 (12) a 
Ethionine + chloretone 136 4- 3.2 (4) 138 4- 4.3 (4) 5236 4- 491 (12)a 4345 4- 269 (12) • 

Pentobarbitat and meprobamate metabolisms are represented by ~g of the drugs metabolized by i g of liver slices in 2 h. Urinary excretion of 
ascorbic acid and total vitamin C are represented by ptg of the acid or total vitamin C excreted in 24 h per 100 g body weight. The numbers of 

rats used is shown in the brackets. Probability = , P < 0.001, b p < 0.01, ¢ p < 0.05. 

carr ied ou t  as descr ibed  previously% Ascorbic acid and  
to ta l  v i t a m i n  C were  d e t e r m i n e d  b y  2 , 4 - d i n i t r o p h e n y l -  
h y d r a z i n e  m e t h o d  a n d  t h e  2 , 6 - d i c h l o r o p h e n o l i n d o p h e -  
no l  m e t h o d  r e s p e c t i v e l y .  

The Table  shows t h a t  e th ion ine  has  a p o t e n t  inh ib i to ry  
ac t ion  on the  induc t ion  of an  increase  in t he  d rug  m e t a -  
bol ism in liver, while,  on t h e  con t ra ry ,  i t  does  n o t  show 
a n y  inh ib i to ry  effect  on the  increase in u r ina ry  excre t ion  
of v i t a m i n  C. 

On the  o the r  hand ,  i t  was also observed  t h a t  pheno-  
ba rb i t a l  has  a m a r k e d  ac t ion  on the  increase in t he  me ta -  
bol ism of drugs,  b u t  i t  has  a m o d e r a t e  effect  on  the  increase 
in the  u r ina ry  excre t ion  of v i t a m i n  C. Chloretone,  on the  
con t ra ry ,  has  a ma rked  effect  on the  increase in t he  u r ina ry  
excre t ion  of v i t amin  C, b u t  i t  has  l i t t le effect  on  the  
me tabo l i sm  of the  drugs.  

The  resul ts  indica te  t h a t  if some analogies  be tween  
the  m e c h a n i s m  of the  increase in drug  me tabo l i sm in l iver 
and  the  increase in u r ina ry  excre t ion  of v i t a m i n  C exist ,  
the  m e c h a n i s m  of the  l a t t e r  c anno t  be the  same as t h a t  
of t he  former .  

F u r t h e r  e x p e r i m e n t s  w i t h  d i f f e r e n t  doses of e th ion ine  
showed  t h a t  t he  a d m i n i s t r a t i o n  of  150 mg/kg ,  75 mg / k g ,  
a n d  100 m g / k g  for  t h r e e  s u c c e s s i v e  d a y s  inh ib i ted  the  
ch lore tone  induced  increase of the  drug  metabo l i sm,  b u t  
even the  high doses of 300 mg/kg,  200 mg/kg,  and  250 mg/kg  
failed to  inh ib i t  the  ch lo re tone- induced  increase of u r ina ry  
excre t ion  of v i t a m i n  C. 

Riassunto. L 'e t ion ina  @ capace  di inibire l ' a u m e n t a t a  
a t t iv i t£  metabo l i ca  del  fegato sul p e n t o b a r b i t a l  e sul 
m e p r o b a m a t o  i n d o t t a  da  un p r e t r a t t a m e n t o  con fenobar -  
b i ta l  o c loretone.  E s s a  invece non  inibisce l ' induz ione  
de l l ' aumen to  del l ' e l iminazione ur inar ia  di  v i t a m i n a  C 
c a u s a t a  da  un  a n a l o g e  p r e t t a m e n t o  con  f e n o b a r b i t a l  
o c l o r o t o n e .  Si c o n c l u d e  che i meccanismi  delle due  
induzioni  non  p o s s o n o  c o n s i d e r a r s i  i d e n t i c i .  
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T h e  Effect  of T e m p e r a t u r e  Var ia t ion  on  S p o n t a -  
n e o u s  Po ten t ia l  P r o d u c t i o n  f r o m  E x p l a n t s  of 

B r a i n  T i s s u e  in Cul ture  t 

This  is t he  f i rs t  r epo r t  of t he  q u a n t i t a t i v e  response  of 
spon t aneous  po ten t i a l s  f rom exp l an t s  of b ra in  t i ssue  in 
cul ture  to var ia t ions  in e n v i r o n m e n t a l  t e m p e r a t u r e .  I t  
concerns  the  sepa ra te  b u t  s imul taneous  responses  of two  
s imilar  exp l an t s  of the  superf ic ia l  p a r t  of t he  pos ter ior -  
la tera l  a spec t  of the  t e l encepha lon  of 14-day chick  
embryos  to  t he  same var ia t ion  in t e m p e r a t u r e .  The resul ts  
p rov ide  some in fo rma t ion  concern ing  the  na tu re  of these  
spon t aneous  potent ia l s .  

E a c h  exp l an t  was  p rocured  in the  usual  way  *,3 and  
each p laced  on a sepa ra te  coverglass  be tween  and  touch ing  
the  uppe r  surface of a cellulose sponge and  a 36 gauge bare  
p l a t i n u m  electrode.  E a c h  coverglass  w i th  its sponge,  ex- 
p lan t  and  e lect rode was  p laced  in a sepa ra te  K a h n  tube  
which  had  a 36 gauge p l a t i n u m  wire c e m e n t e d  on its wall 
to  serve  as a reference electrode.  Suff ic ient  s u p e r n a t a n t  
(balanced sal t  solut ion TDL1 ~ and  0.25% h u m a n  se rum 
protein)  was added  to  each K a h n  tube  to cover  the  end  of 
t he  reference e lec t rode  and  come ha l f -way  up the  cellulose 
sponge  w i t h o u t  touch ing  the  exp lan t .  A se rum s t o p p e r  
con ta in ing  an air  f i l ter  was  inser ted  in to  t he  uppe r  end of 
each  tube  in such a w a y  as to  allow the  egress of the  

electrodes.  The two  ex p l an t s  in the i r  sepa ra te  b u t  ident ica l  
t ubes  were t h e n  p laced  in similar  places in a double-wal led  
copper  i ncuba to r  wi th  a w a t e r  j acke t  h ea t ed  b y  an alcohol 
lamp.  W h e n  the  walls of the  i ncuba to r  were  g rounded  
t h e y  m a d e  a ve ry  sa t i s f ac to ry  shield aga ins t  a r t e fac t s  
f rom t r ans i en t s  and  in terference.  The  pa i r  of e lec t rodes  
f rom each  cul ture  t ube  was  connec ted  to  separa te  b u t  
ident ica l  ampl i f ier  s y s t ems  and  pape r  s t r ip  recorders  by  
shie lded cables.  

Af te r  t he  ex p l an t s  h a d  been  24 h in cu l ture  t he  t e m -  
pe ra tu re  in t he  i n c u b a t o r  was  a l te red  and  obse rva t ions  
m a d e  on the  f r equency  and  m a g n i t u d e  of t he  po ten t i a l s  
p roduced  by  each  ex p l an t  pe r  un i t  of t ime  (30 sec). The  
t e m p e r a t u r e  was  a l tered  as follows (Figures 3, 4, and  5); 
lowered f rom the  original  39°C to  32°C and  t h e n  b r o u g h t  
back  to  35°C, obse rva t ions  being m a d e  a t  eve ry  ha l f  
degree change  in t e m p e r a t u r e .  F r o m  35°C the  t e m p e r a t u r e  
was raised s lowly to  47°C wi th  con t inuous  recordings  
being made  on the  s t r ip  c h a r t  recorder  f rom each  exp lan t .  
W h e n  all ac t iv i ty  had  ceased in b o t h  ex p l an t s  t he  t e m -  
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pe r a tu r e  was  raised to  50°C t h e n  lowered to  32°C and  
f inal ly raised again  to  39°C a t  wh ich  level t he  exp l an t s  
were  obse rved  con t inuous ly  for a n o t h e r  24 h.  

ResMts.  At the  beg inn ing  of t he  inves t iga t ion ,  b o t h  ex-  
p l an t s  were  p roduc ing  a con t inuous  series of po ten t i a l s  
whose  slow increase and  decrease  in m a g n i t u d e  gave t h e m  
e longa ted  spindle  like forms (Figure  1). This  fea ture  is 
r ega rded  b y  us as charac te r i s t i c  for exp lan t s  of the  te len-  
cephalon.  In  e x p l a n t  A, groups  of th ree  po ten t i a l s  of 
larger m a g n i t u d e  were  supe r imposed  on the  more  con t in -  
uous series of smal ler  m a g n i t u d e  po ten t i a l s  (Figure 2). 
These  groups  of t h ree  po ten t i a l s  were  original ly two  and  
a ha l f  m i n u t e s  a p a r t  b u t  as t h e  t e m p e r a t u r e  rose, th i s  
in t e rva l  increased  to  10, t h e n  to  15 min  and  a t  a b o u t  
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Fig. 1. This shows the elongated spindle form of the paper strip 
recording of spontaneous potentials from explant B. X-axis, whole 
length of recording equals I rain. Y-axis, eight large divisions equals 

30 lxV. 

Fig. 2. This shows the paper strip recording of spontaneous potentials 
from both telencephalic explants (upper traee--exptant A, lower 
trace--explant B). X-axis, two small divisions equals 1 see. Y-axis, 

eight large divisions equals 30 Ix V. 
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Fig. 3. Shows the change in the frequency of spontaneous potentials from the two explants with change in temperature. X-axis, where 
there is a broken line in the temperature graph, observations were made on the explants at every 0.5°C change lit temperature. Where 
there is a solid line on the temperature graph, the observations were made continuously. Y-axis, for the graphs explants A and B, number of 

potentials, for the incubator temperature graph, in ° C. 
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45°C these  g roups  of large a m p l i t u d e  p o t e n t i a l s  f ina l ly  
van i shed .  The  ta l l  s h a r p  peaks  in t he  ' a c tua l  o b s e r v a t i o n '  
of e x p l a n t  A in F igu re  4 are due  to these  g roups  of large 
a m p l i t u d e  po ten t i a l s .  I t  was  cons idered  f rom our  p a s t  
exper i ence  t h a t  these  g roups  of large  p o t e n t i a l s  arose  f rom 
a focus of p o t e n t i a l  p r o d u c t i o n  s e p a r a t e  f rom t h a t  caus ing  
t he  more  c o n t i n u o u s  series of p o t e n t i a l s  a n d  t h e y  were no t  
i nc luded  in the  ca l cu la t ion  a n d  c o n s t r u c t i o n  of t he  curves .  

Method o/Measurement. The  f r equency  of p o t e n t i a l s  pe r  
30 sec were o b t a i n e d  b y  c o u n t i n g  t he  n u m b e r  of changes  
in p o t e n t i a l s  wh ich  occur red  on  t h e  s t r ip  c h a r t  r ecord ing  
for th i s  per iod of t ime.  V/e were i n t e r e s t ed  in the  q u a n t i -  
t a t i v e  change  in t he  p o t e n t i a l s  in response  to  t e m p e r a t u r e  
v a r i a t i o n  a n d  no t  in the  m e a s u r e m e n t  of abso lu t e  va lues  
for these  po ten t i a l s .  W e  the re fo re  m e a s u r e d  t h e  p o t e n t i a l  
pe r  30 sec per iod  b y  p l a n i m e t r y  of t h e  a rea  u n d e r  t h e  ink  
record ing  of t h e  p o t e n t i a l s  on t he  s t r i p  c h a r t  r ecord ing  for  
th i s  per iod  of t ime.  The  ave rage  p o t e n t i a l  pe r  spike  va lue  
was o b t a i n e d  b y  d iv id ing  the  p o t e n t i a l  pe r  30 sec per iod  
b y  the  n u m b e r  of p o t e n t i a l  spikes  for the  s ame  30 see. 

Frequency o/ potential discharges per 30 sec (Figure 3). 
The  c h a n g e  in t he  f r e q u e n c y  of p o t e n t i a l  d i scha rges  w i t h  
t e m p e r a t u r e  v a r i a t i o n  was v e r y  s imi la r  for t he  two  in- 
d e p e n d e n t  exp lan t s .  The  genera l  t r e n d  of c h a n g e  was a 
fall in f r e q u e n c y  w i t h  t he  in i t ia l  fall in t e m p e r a t u r e  t h e n  
a slow increase  as t h e  t e m p e r a t u r e  rose w i th  a m a x i m u m  
f r equency  for b o t h  e x p l a n t s  a t  a b o u t  42°C fol towed b y  a 
decl ine  t i l l  all a c t i v i t y  ceased a t  a b o u t  47°C. A c t i v i t y  did  
no t  r e t u r n  d u r i n g  the  s u b s e q u e n t  changes  in t e m p e r a t u r e  
(a rise to  50°C, t h e n  a fall to  32 ° and  a f inal  24 h s u r v e y  
39°C). W h e n  p l o t t e d  aga in s t  t ime,  t he  f r equency  of 
p o t e n t i a l  p r o d u c t i o n  in b o t h  e x p l a n t s  showed  a def in i t e  

cyclic t r end .  Th i s  cyclic t r e n d  was ve ry  s imi la r  in t i m i n g  
an d  per iod  (3.9 mi n  for e x p l a n t  A a n d  4.0 mi n  for e x p l a n t  
B) in b o t h  exp lan t s .  E x p l a n t  A r e sponded  more  r ap i d l y  
to t e m p e r a t u r e  v a r i a t i o n  t h a n  did  E x p l a n t  B as can  be 
seen ; (a) in t h e  r e sponse  to  t h e  in i t i a l  d r o p  in t e m p e r a t u r e ,  
(b) in  the  fac t  t h a t  t h e  cyclic v a r i a t i o n s  in t h e  f r equency  of  
spike  p r o d u c t i o n  occur  in e x p l a n t  A s l igh t ly  before  those  
in e x p l a n t  B, (c) t h e  increase  in t e m p e r a t u r e  a b o v e  42°C 
causes  cessa t ion  of p o t e n t i a l  p r o d u c t i o n  in e x p l a n t  A first .  
The  f r e q u e n c y  of spike  p r o d u c t i o n  increased  app rox i -  
m a t e l y  1.3 t imes  for a 10°C increase  in t e m p e r a t u r e  in  
e x p l a n t  A a n d  1.45 t imes  for the  s ame  rise in e x p l a n t  B. 

Magnitude o/potential per 30 sec (Figure d). T h e  magn i -  
t ude  of  p o t e n t i a l  f rom b o t h  e x p l a n t s  d rops  w i th  t h e  in i t ia l  
fall in  t e m p e r a t u r e  a n d  t h e n  rises w i th  t h e  increase  in  
t e m p e r a t u r e  to  r each  a m a x i m u m  va lue  a t  a b o u t  37.5°C. 
In  sp i te  of a c o n t i n u e d  rise in t e m p e r a t u r e  t h e  m a g n i t u d e  
of p o t e n t i a l  p r o d u c t i o n  in b o t h  e x p l a n t s  falls s lowly till  
a b o u t  47°C a f t e r  wh ich  all a c t i v i t y  ceases a n d  does n o t  
r e t u r n  w i t h  a n y  of t h e  s u b s e q u e n t  changes  in t e m p e r a t u r e  
d u r i n g  t h e  s u b s e q u e n t  24 h. W h e n  p l o t t e d  a g a i n s t  t ime ,  
t h e  m a g n i t u d e  of p o t e n t i a l s  p r o d u c e d  b y  each  e x p l a n t  
follow a cyclic course  in response  to  a u n i f o r m  increase  in 
t e m p e r a t u r e .  T h e  cycles h a v e  an  ave rage  of 4 m i n  for b o t h  
e x p l a n t s  A an d  B. Again,  e x p l a n t  A seemed to  r e spond  a 
l i t t le  more  r ap i d l y  to changes  in t e m p e r a t u r e  t h a n  did  
e x p l a n t  B. T h e  m a g n i t u d e  of t h e  a v e r a g e  p o t e n t i a l  for  
e x p l a n t  A a t  35°C was  1.54 t imes  t h a t  a t  45 ° whi le  t h a t  
for e x p l a n t  B a t  35°C was 1.83 t imes  t h a t  a t  45°C. 

Average potential per spihe (Figure 5). T h e  v a r i a t i o n s  in 
th i s  va lue  w i th  ch an g es  in t e m p e r a t u r e  were v e r y  s imi la r  
for b o t h  exp l an t s .  The re  was a m i n o r  r e d u c t i o n  w i th  t h e  
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Fig. 4. Shows the change in the magnitude of spontaneous potential per 30 sec for the two explants caused by the temperature variation. 
X-axis, as for Figure 3. Y-axis, for the graphs for the two explants, the arbitrary planimetric values for the average potential per :3t) see. 
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initial  d rop  in t e m p e r a t u r e  t h e n  a shor t - l ived  rise till 37°C, 
a slow fall till t he  t e m p e r a t u r e  was  be tween  42.5 and  
43.5°C and  a t e rmina l  rise, followed by  a p e r m a n e n t  
cessat ion of ac t iv i ty .  E x p l a n t  A shows the  effects  of the  
t e m p e r a t u r e  change  s l ight ly  before e x p l a n t  B, bu t  the  
values for exp l an t  B are much  h igher  t han  those  for ex- 
p lan t  A unt i l  37.5°C (due to the  occurrence  of a more  
def ini te  ' sp indle  form'  in the  po ten t i a l s  f rom this  exp l an t  
dur ing  th is  period).  The po ten t i a l  per  spike value for ex- 
p l an t  A at  33°C is 1.7 t imes  the  same value a t  43°C and 
the  po ten t i a l  per  spike value for exp l an t  B at  35°C is 2.0 
t imes  t h a t  for 45 ° C. 

Discussion.  Since the  obse rva t ions  in th is  s t u d y  were 
made  on only  two exp lan t s ,  conclus ions  d r a w n  from t h e m  
have  a l imi ted  significance.  However ,  since this  is the  first  
t ime  t h a t  such  a s t u d y  has  been made,  it is of in te res t  to  
explore  the  obse rva t ions  as t ho rough ly  as possible in a 
t en t a t i ve  fashion.  In  general  the  exp l an t s  show a reduc t ion  
in ac t iv i ty  wi th  an init ial  drop  in t e m p e r a t u r e  followed by  
a r e tu rn  to  normal  when  the  t e m p e r a t u r e  r e tu rns  to 
normal  and  an init ial  increase in ac t iv i ty  when  the  t em-  
pe ra tu re  is raised above normal  followed by  a reduc t ion  in 
ac t iv i ty  t hen  a cessa t ion  of ac t iv i ty  when  the  t e m p e r a t u r e  
reaches  47.5°C. Ac t iv i ty  did no t  r e tu rn  in e i ther  exp l an t  
when  the  t e m p e r a t u r e  was subsequen t ly  reduced  to  and 
below normal .  This  t ype  of response  s t rong ly  suggests  
t h a t  t he  p roduc t ion  of po ten t ia l s  is d e p e n d e n t  on a l iving 
process.  The  s t r ik ing  s imi lar i ty  in response  on the  pa r t  of 
the  two i n d e p e n d e n t  exp l an t s  is no t  likely to have  been 
due  to chance.  The two responses  were no t  synch ronous  
and  the  in te rva l  be tween  the i r  responses  was too long to 
have  resul ted  from the  same t r ans ien t  ex te rna l  electrical  

in ter ference  on tile two  explan ts ,  The delay of the  response  
of e x p l a n t  A with regard to t h a t  for ex p l an t  B m a y  be due 
to  a tesser th ickness  of e x p h m t  A al lowing more  rapid  
p e n e t r a t i o n  of a t e m p e r a t u r e  change,  a g rea te r  sens i t iv i ty  
of ex p t an t  A to t e m p e r a t u r e  change  or  possibly the  ac t ive  
focus in ex p l an t  A was nearer  to the  source of hea t  t han  
the  focus in exp lan t  B. 

The cyclic behav ior  of bo th  e x p h m t s  is of in teres t  for it 
is charac te r i s t ic  of l iving tissue. The cycles are not  due to 
the  spindle form of the  po ten t ia l s  for the  period of the  
spindles  differs in the  two e x p h m t s  and is not  the  same as 
the  per iod of the  cycles. 

Since the  t e m p e r a t u r e  was c o n s t a n t l y  changing,  it was 
impossible  to get  suff icient  obse rwt t ions  on the  ac t iv i ty  of 
the  exp lan t s  a t  any  one t e m p e r a t u r e  to enable  us to 
calcula te  a s ignif icant  Q 10 value. The s i tua t ion  was  
fu r ther  compl ica ted  by  the  cyclic change  in ac t iv i ty  which 
made  it necessary  in the  calcula t ion of Q 10 to use e i ther  
the  average  of obse rva t ions  dur ing  a whole cycle a t  the  
two desired t e m p e r a t u r e s  or to use the  value f rom the  
same phase  of the  cycle in each case. 

U s i n g  a n o t h e r  e x p h m t  f rom a 12-day  ch ick  e m b r y o  
T e l e n c e p h a l o n  w h i c h  had  been  in c u l t u r e  for 24 h t h e  
fo l lowing  Q I0 v a l u e s  w e r e  m e a s u r e d  for  t h e  c h a n g e  
in a c t i v i t y  b e t w e e n  12 ra in  r e p r e s e n t a t i v e  a c t i v i t y  a t  
29 ° a n d  12 rain r e p r e s e n t a t i v e  a c t i v i t y  a t  39 ° c/c. T h e  
Q 10 va lue  for  t h e  n u m b e r  of  i m p u l s e ,  pe r  u n i t  of  t i m e  
was  2,67. T h e  Q 10 v a l u e  for  t h e  a m o u n t  of  p o t e n t i a l  
p r o d u c e d  p e r  u n i t  of  t i m e  was  1.5 a n d  t h a t  for  t h e  
a m o u n t  of  p o t e n t i a l  pe r  i m p u l s e  was  1,79. T h e s e  Q 10 
v a l u e s  a re  c o m p a r a b l e  w i t h  t h o s e  p r e v i o u s l y  r e p o r t e d  
for  f u n c t i o n a l  a c t i v i t y  of t h e  b ra in .  

10 20 30 40 50 60 70 80 90min 

Fig. 5. The change in potential per spike for the two explants resulting from the variation in temperature. X-axis, as for l:igure .I. 
Y-axis, arbitrary units of potential (planimetric values) per spike. 
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In  both explants, the values for the potential  per spike 
rose during the period tha t  the permanent  temperature 
damage was being inflicted. The frequency of the poten- 
tials fell more rapidly than their magnitudes for the same 
period of time, The difference in the general response of 
these two aspects of the behavior of the spontaneous 
potentials and in the effect of the final temperature 
damage suggests tha t  they may depend upon different 
underlying mechanisms. 

As soon as the experiment was over, both explants were 
fixed in  buffered formalin, processed and stained for 
histological examination. They both showed the presence 
of histologically healthy examples of the various normal 
cellular elements of the telencephalon, 

Zusammen/assung. Bei zwei verschiedenen Explanta ten  
yon Telencephalongewebe 14t~igiger Hiihnchenembryonen 
ergab sich als Temperaturabh~tngigkeit der Aktions- 
potentiale: Frequenz und Ampli tudenabnahme bei sin- 
kender, Zunahme bei steigender Temperatur  bis zwischen 
37 und 42,5°C. Weitere Temperatursteigerung bringt  die 
Potentiale nach stetiger Verkleinerung bei 47°C schliess- 
lich zum Verschwinden. 

A. W. B. CUNNINGHAM and S. G. STEPHENS 

Pathology Department, Tissue Dynamics Laboratory, Uni- 
versity ~ of Texas Medical Branch, Galveston (Texas USA), 
July 7, 1961. 

T h e  A n t t m t c r o b i a l  A c t i v i t y  of  s o m e  I n s e c t  E x -  
t r a c t s  P o s s e s s i n g  J u v e n i l e  H o r m o n e  A c t i v i t y  ~ 

The juvenile hormone of insects acts to promote larval 
syntheses and thus deters adult  differentiation. During 
a general study of the distribution of this molecule, 
substances possessing juvenile hormone activity have 
been extracted from vertebrate material (GILRERT and 
~CHNEIDI~RMAN 2; W I L L I A M S ,  MOORHEAD, and PULlSa 
from invertebrates other than  insects (SCHNEIDERMAN 
and GILBERT 4) and from plants and microorganisms 
(ScHNEIDERMAN, GILBERT and V~rEINSTEINlt). As part  of 
a broad program to investigate the physiological signi- 
ficance of the ubiqui ty  of this biologically active sub- 
stance, juvenile hormone extracts were tested on bac- 
teria. The data to be presented show that  some of these 
extracts possess antimicrobial activity against a variety 
of microorganisms and tha t  such activity is associated 
with the fat ty acid component. 

Methods. Unless stated otherwise, ether extracts of 
adult  giant  silkmoth abdomens, (H. cecropia, S. cynthia, 
and R. orizaba) were used. The isolation procedure 
consisted of repeated extractions of finely homogenized 
abdomens with peroxide-free ether, followed by  washing 
and evaporating to dryness in vacuo. The residual oil 
contains nearly all the ether-soluble material of the 
abdomen and is rich in juvenile hormone activity (WIL- 
LIAMS 6). 

Due to the lipid nature  of the test extracts it  was not  
possible to assay the extracts by  tube culture or by  

impregnation of paper discs. A more suitable assay was 
developed by  placing known quantit ies of extract into 
holes cut into seeded agar with a sterile No. 4 cork 
borer. Plates were seeded by adding 0.3 ml of 24 h trypti-  
case soy broth culture of the test microorganism to 
trypticase soy or nut r ient  agar. The assay dishes were 
incubated at 30 ° C or 37 ° C depending on the opt imum 
temperature for growth of the microorganism and read 
at  24 h by measuring the diameter of the inhibition zone 
in millimeters. Diameter of the cork borer and agar cut- 
out was 9 mm. Results are expressed as the radius of 
inhibition or one-half of the total  zone diameter minus 
the diameter of the agar cut out. 

Results. Table I reveals the extent  of inhibition of 
microbial growth by extracts of male cecropia and male 
crizaba on a wide variety of microorganisms. Royal jelly 
containing the known antimicrobial agent 10-hydroxy-& 
2-decenoic acid (BLUM, NOVAK and TABERT;  M c C L E s K E Y  
and MELAMP~I 8) w a s  also assayed. While the antimicrobial 

x S u p p o r t e d b y G r a n t s G - 7 5 9 7  from N S F  and  A-~818 from U.S.P .H.S .  
2 L. I. GILBERT and  H. A. SCItNEIDERMAN, Science 128, 844 (1958). 
3 C. M. WILLIAMS, L. V. MooRnEAo, and  J .  F. PULIS, Na tu re  183, 

405 (1959). 
4 H. A. SCHNEIDERMAS a n d L .  I. GILBERT, Biol. Bull .  115, 530 (1958). 

H, A. SCHNEIDERMAN, L. 1. GILBERT, and  M. WEI~STEIN, Na tu re  
188, 1041 (1960). 
C. M. WXLLIAMS, Na tu re  178, 212 (1956). 

7 M. S. BLUM, A. F. NOVAK, and  S. TABER, Science 130, 452 (1959). 
S C. S. MCCLESKEY and  R. M. MELAMPY, J .  Econ.  En tomoL 32, 581 

(1939). 

Tab.  I. I nh ib i t i on  of microbia l  g rowth  b y  insect  ex t rac t s  

Microorganism Male H .  ceeropia 

1 2 4~ 

E x t r a c t  Male R.  orizaba 
Radius  of inh ib i t ion  (him) 
1 2 3 4 

Royal jelly 

1 2 

M .  luteus 1.5 2.0 3.0 3.0 0 0 
S.  aureus 0 0 0 0 0 0 
S.  lutea 0 0.5 1.0 1.0 0 0 
M .  smegmalis  2.0 2.5 2.5 3,0 0 0 
B.  megaterium 0 0.5 0.5 1.0 0 0 
B. subtilis 0.5 1.0 1.5 2,5 Not run 
A .  ]ecalis 0 0 0 0 2.5 3.0 
A .  aerogenes 0 0 0 0 1.5 4,0 
E.  coli B 0 0 0 0 1.5 4.5 
S.  marcesens 0 0 0 0 0 0 
P .  vulgaris 0.5 1.0 1.0 1.5 6.0 7,5 
S .  ellipsoideus 0 0 0 0 0 0 

0.5 1.5 7.5 
2.0 3.0 0 
0 0 3.5 
0 0 3.5 
0 0.5 3.5 

4.0 
4.5 5.5 0 
4.5 5.5 0 
6.5 7.5 0 
1.5 2.0 0 
8.5 10.5 1.5 
1.5 ~.0 0 

10.5 10.5 13.0 
0 0 0 
5.5 8.0 8.5 
6.5 9.6 11.5 
5.5 8.5 9.5 
5.0 6.0 6.5 
0.5 1.0 1.5 
0 1,0 4.o 
1.0 1,5 2.5 
1.0 1,5 2.0 
3.5 4.5 7.5 
0 0 0 

a I ,  0.03 ml ;  ~, 0.06 ml ;  3, 0.09 ml ;  4, 0.15 rnl. 


