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T h e  In f luence  of F a r n e s e n i c  Acid  Ethyl  Es ter  on  
( I s o p t e r a )  So ld i er s  

L/3scnE•'s 1 expe r imen t s  d e m o n s t r a t e d  the  role of the  
corpora  a l la ta  in the  d i f fe ren t ia t ion  of Kalotermes /lavi- 
collis; moreover  2, 8 i t  was found  t h a t  the  juveni le  ho rmo n e  
and  several  analogous  subs tances ,  when  admin i s t e red  in 
var ious  ways,  induce d i f fe ren t ia t ion  of soldiers and  
in te rcas tes  b o t h  in K. /lavicollis and  in Reticulitermes 
luci/ugus. But  while the  fact  i tself is now a cer ta in ty ,  
observa t ions  are lacking on the  re la t ionship  be tween  
dose and  effect,  as well as on the  side effects of t r e a t m e n t .  

We t r e a t ed  K. /lavicollis pseuderga tes  wi th  d i f fe rent  
doses of a crude  p r epa ra t i on  of farnesenic  acid e thy l  es ter  
(FAEE)  4. The p r epa ra t i on  was dissolved in acetone,  
spread  on No. 3. W h a t m a n  fi l ter  p a p e r  and  left  to  eva- 
po ra t e  a t  room t empera tu r e .  9 d i f ferent  amoun t s  of the  
crude  p roduc t  were  used (Table I), per  1000 pa r t s  of 
f i l ter  paper ,  weighed a t  room condi t ions .  Pape r  t r e a t ed  in 
t he  same way  w i t h  pure  ace tone  was used for the  contro l  
pseudergates .  The insects  were placed in closed plast ic  
boxes  whose  b o t t o m s  were covered wi th  the  t r e a t ed  
paper .  The subs tance  thus  could act  t h rough  contac t ,  
t h r o u g h  the  gas phase  (perhaps  by  way  of the  t r achea l  
sy s t em ?) and  by  being ea ten  along wi th  the  pape r  ( the 
insects  were  given no o ther  food). The pape r  was changed  
every  10 days.  The t r e a t m e n t  con t inued  unt i l  all the  
pseuderga tes  had  mou l t ed ;  t he  insects  were r emo v ed  in 
each case a f te r  the  ecdysis.  Pseuderga tes  of 2 d i f ferent  
wild colonies ga thered  in Sardinia  were used. The groups  
were composed  of abou t  20 pseudergates ,  all orphans ,  
w i th  no soldiers. 

The resul ts  are r epor ted  in Table  I. In  expe r imen ta l  
groups  m o r t a l i t y  was high. The pseuderga tes  refused the  
p a p e r  t r e a t ed  wi th  t he  largest  doses of F A E E ;  in these  
cases the  m o r t a l i t y  was  largely due to  cannibal ism.  
Larva l  moults ,  moul t s  in to  s u p p l e m e n t a r y  reproduct ives ,  
soldiers, royalsoldiers  and  pseuderga te-so ld ie rs  were 
observed  5. 

E v e n  the  smal les t  doses of F A E E  lowered the  n u m b e r  
of larval  moul ts ,  b u t  h igher  doses were needed  to reduce  
the  n u m b e r  of moul t s  in to  s u p p l e m e n t a r y  reproduct ives .  
The larval  moul t s  and  moul t s  in to  s u p p l e m e n t a r y  
r ep roduc t ives  were replaced by  moul t s  in to  in te rcas tes  
and  soldiers:  a t  the  h ighes t  doses of the  subs tance ,  these  
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were a lmost  the  only types  of moul t s  t h a t  took  place. 
Higher  doses of F A E E  are necessary  for the  d i f fe ren t ia t ion  
of soldiers t h a n  for the  fo rma t ion  of in te rcas tes :  a few 
t rue  whi te  soldiers were ob ta ined  only wi th  doses f rom 
16 to 128, and  these  moul t ed  again 10 to 14 days  later.  

The in te rcas tes  did no t  have  co n s t an t  ex te rna l  mor-  
phological  character is t ics .  The shape  and size of the i r  
head  and  mandib les  vary ied  widely:  in some cases these  
fea tures  were more  or less t he  same as those  of t he  
pseuderga tes  and  the  reproduct ives ,  in o thers  t h e y  
resembled  those  of the  soldiers. The var iab i l i ty  seems 
cont inuous ,  the  b iomet r ic  s t u d y  has jus t  begun.  The 
he te rogene i ty  of these  fea tures  was observed  in insects  
be longing to  all the  t r ea t ed  groups and  thus  canno t  
depend  solely on the  dose of subs tance  used in t he  
t r e a t m e n t ,  bu t  m u s t  also be re la ted  to  the  physiological  
condi t ions  of the  t r ea t ed  pseudergates .  None  of the  royal-  
soldiers in tercas tes  had  p i g m e n t e d  c o m p o u n d  eyes;  t he  
females,  however ,  all lacked styles.  The in te rcas tes  did 
no t  moul t  any  more  (some were observed  for as long as 
90 days),  the i r  in tes t ine  filled up wi th  inges ted  mater ia l ,  
and the  dis ta l  and  med ian  pa r t s  of the i r  mand ib les  
darkened.  

The per iod of t ime  f rom the  beginning  of the  t r e a t m e n t  
unt i l  the  larval  moul t s  and  moul t s  in to  s u p p l e m e n t a r y  
r ep roduc t ives  is s igni f icant ly  longer for the  t r e a t ed  
pseuderga tes  t h a n  for the  contro l  insects  (Table II) ,  
whereas  for the  moul t s  in to  soldiers and  in to  in tercas tes  
it  was m u c h  shor te r  t h a n  in o the r  expe r imen t s  done 
using u n t r e a t e d  o rphan  pseuderga tes  6. In  our s tudies  on 
the  d i f fe ren t ia t ion  of castes 6,~, we have  a lways  found 
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Table I. Moults of orphan pseudergates, no soldiers, treated with Iarnesenic acid ethyl ester 

Dose �9 No. of No. 
pseudergates deaths 
treated 

~oults 

No. S.R. Larval Soldiers b 
total No. % No. % No. % 

controls 40 2 38 23 60.53 15 39.47 0 0.00 

1 40 3 37 24 64.86 9 24.32 4 10.81 
2 40 5 35 25 71.43 3 8.57 7 20,00 
4 40 4 36 22 61.11 7 19.44 7 19.44 
8 40 4 36 14 38.89 2 5.56 20 55.56 

12 40 12 28 1 3.57 1 3.57 26 92.86 
16 40 3 37 1 2.70 4 10.81 32 86.49 
32 40 13 27 1 3.70 1 3.70 25 92.59 
64 41 19 22 1 5.54 2 9.09 19 86.36 

128 42 26 16 1 6.25 0 0.00 15 93.75 

Parts per 1000 parts of paper by weight, b Including intereastes. The percentages are calculated on the total number of moults observed; 
S.R. = supplementary reproductives. 
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Table II. Average length of time elapsed between the formation of the experimental groups and the moults: cumulative data 

Type of moult No. Days Log P 

Larval ControI 15 22.17 1.346 4- 0.079 < 0.05 
Treated 29 39.90 1.517 -4- 0.040 

Supplementary reproductives Control 23 15.53 1.191 4- 0.054 < 0.01 
Treated 90 22.74 1.357 4- 0.027 

Soldiers and intereastes Control ~ 58 ~ 43.09 ~ 1.634 4- 0.035 < 0.01 
Treated 155 16.03 1.205 4- 0.016 

Data collected by the author in other researches (only soldiers). 

t h a t  on the  average  the  moul t s  in to  s u p p l e m e n t a r y  repro-  
duc t ives  take  place first ,  fol lowed by  larval  moul t s  and, 
s imul taneously ,  moul t s  in to  soldiers. In  t he  groups  
t r e a t ed  wi th  F A E E ,  moul ts  into soldiers and  in to  
in tercas tes  are t he  f i rs t  to t ake  place, followed by  moul ts  
in to  s u p p l e m e n t a r y  reproduc t ives  and  then,  last  of all, 
by  larval  moults .  E v i d e n t l y  the  subs tance  does no t  ac t  
only on pseuderga tes  t h a t  are in the  wel l -def ined per iod 
of compe tence  for d i f fe ren t ia t ion  illtO soldiers. 

The f requency  of moul t s  in to  soldiers and in te rcas tes  
increases as the  dose of F A E E  admin i s t e red  to  t he  
pseuderga tes  is increased ; on the  o ther  hand ,  larval  moul t s  
and  moul t s  into s u p p l e m e n t a r y  reproduc t ives  d iminish ;  
only  a t  ve ry  high doses are whi te  soldier obta ined.  
There  was an increase in the  average t ime  be tween  the  
beginning  of the  t r e a t m e n t  and  the  larval  ecdyses and  
ecdyses in to  s u p p l e m e n t a r y  reproduct ives ,  whereas  tile 
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t imes  of ecdysis  into in te rcas tes  and  soldiers became 
shorter ,  compared  wi th  t he  t imes  observed  in o ther  
expe r imen t s  s. 

Riassunto. Per  s tudiare  l ' inf luenza del fa rnesa to  di etile 
(FAEE)  sulla dif ferenziazione delle caste,  si sono t r a t t a t e  
pseuderga t i  di Kalotermes [lavicollis con dosi  d i f ferent i  di  
sos tanza.  Si ~ o t t e n u t a  la dif ferenziazione sia di soldati ,  
sia di in te rcas te :  t r a  so ldato  e pseuderga te  e t r a  soldato  
e reale di  sos t i tuz ione ; la frequellza di  quest i  t ip i  di  m u t e  
a u m e n t a  con la dose di  F A E E  usata ,  men t r e  d iminuisce  
la f requenza  delle m u t e  larval i  e a reale di sost i tuzione.  I1 
t e m p o  medio  intercorso t ra  l ' inizio del t r a t t a m e n t o  e le 
m u t e  larvali  o a reale di  sos t i tuz ione ~ s ta to  p ih  lungo 
che per  i controlli ,  g s ta to  invece pih breve  per  le m u t e  a 
soldato e a in te rcas ta  di  soldato.  
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A n t i t u m o r  Effect  of a N e w  R e t i n o i c  A c i d  A n a l o g  

Retil loic acid 1 has been  shown to  have  a p rophy lac t i c  
and  a the rapeu t i c  effect  on chemical ly  induced  benign  
and  ma l ignan t  epi thel ia l  t umor s  in mice (BOLLAG2-4). 
Skin papi l lomas  as well as skin carc inomas  of mice induced  
by  D i m e t h y l b e n z a n t h r a c e n e  and croton oil could be made  
to  regress e i ther  par t i a l ly  or comple te ly  by  sys temic  
admin i s t r a t i on  of ret inoic acid. In  clinical s tudies  t he  
t r e a t m e n t  of act inic kera toses  and basal  cell carc inomas  
wi th  local appl ica t ion  of re t inoic  acid led to  par t ia l  or 
comple te  regression of these  lesions (BOLLAG and  O~Th). 
F u r t h e r  posi t ive  the rapeu t i c  resul ts  were  ob ta ined  when  
ret inoic  acid was admin i s t e red  orally to  pa t i en t s  wi th  
p r ema l ignan t  condi t ions  of the  skin or mucous  memb ra -  
nes, e.g. leukoplakias  of t he  mou th ,  tongue  and  l a rynx  
(RYSSEL et al.6). Pap i l lomas  of t he  u r inary  bladder ,  too, 
have  been inf luenced favourab ly  by  the  oral admin is t ra -  
t ion  of re t inoic  acid (EvARI) and  BOLLAGT). Al though  
f rom a scientif ic po in t  of v iew in te res t ing  results  have  
been  achieved,  tllis t r e a t m e n t  canno t  be r e c o m m e n d e d  
for prac t ica l  purposes  because of side effects.  1Retinoic 
acid induces,  in an imals  as well as in man,  a series of 
tox ic  effects,  well known  unde r  the  name  of the  hyper -  
v i taminos is  A syndrome.  The main  s y m p t o m s  in m a n  
are headache  and  a l te ra t ions  of t he  skin and mucous  
membranes .  In  smal l  roden t s  bone f rac tures  are a pro-  
m inen t  feature.  These side effects  l imi t  h igher  and  thera -  

peut ica l ly  more  efficacious dosages. Our a im was there-  
fore to f ind der ivat ives  wi th  a b e t t e r  the rapeu t i c  ratio,  
possessing a more  favourable  re la t ion be tween  the  tumor -  
act ive  dose and  the  hyperv i tami l los i s  A causing dose. 
Among  a large series of re t inoic  acid analogs, syn thes ized  
by  RUEGG and  RYSER in the  Roche  Labora tor ies  8, the  
a romat ic  analog a l l - t rans-9-(4-methoxy-2,  3, 6 - t r imethyl -  
phenyl)-3,  7-dimethyl-2,  4, 6, 8-nonate t raenoic  acid, as 
well as i ts  esters  and  amides,  p roved  to  be par t icu lar ly  
act ive  prepara t ions .  The following inves t iga t ions  have  
been carr ied out  w i th  the  e thy l  es ter  I (Figure) of the  
above -men t ioned  free acid. 

1 Retinoic acid = all-trans-~-retinoic acid = vitamin A acid -- 
Retins~ture. 
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