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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 

s This work was supported by the Comitato Interministeriale Lotta 
Antitermica, Roma (Italia). 

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.  

A. SPRINGHETTI 

Istituto di Zoologia, Universitg di Ferrara, 
Via Previata 2d, 1-44100 Ferrara (Italy), 
7 November 5973. 

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. 

2 W. BOLLAO, Cancer Chemother. Rep. 55, 53 (1971). 
3 W. BOLLAG, Schweiz. med. Wschr. 101, 11 (1971). 
4 W. BOLLAG, Eur. J. Cancer 8, 689 (1972). 
5 W. BOLLAG and F. OT% Cancer Chemother. Rep. 55, 59 (1971). 
s H.J. RYSSEL, I{.W. BRUNNER and W. BOLLAG, Schweiz. med. 

Wschr. 101, 1027 (1971). 
7 J . p .  EV.&RD alld W. BOLLAG, Schweiz. med. Wschr. 102, 1880 

(1972). 
s Belgian Patent Application No. 142589 of March 29, 1974. 
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Table I. Results of treatment of skin papillomas for 2 weeks with 
retinoie acid and its analog I 

Dose Average sum of the Change in the average 
papilloma diameters sum of the papilloma 
per animal ( m m )  diameters per 

(mg/kg) animal (%) 

Day 0 Day 14 

Controls 21.1 26.0 + 23.2 

Retinoic acid 
400 1 • weekly i.p. 21.6 11.2 --48.2 
200 24.7 15.8 --36.0 

Analog I 
200 1 x weekly i.p. 25.5 6.6 --74.1 
100 28.0 8.5 --69.6 
50 20.4 9.1 --55.4 
25 24.4 12.5 --48.8 
12.5 24.8 17.3 -- 30.2 

Analog I 
400 1• weekly p.o. 22.0 4.8 78.2 
200 23.7 9.8 --58.7 
100 21.5 14.3 --33.5 
50 21.0 16.5 --21.4 
25 16.0 14.2 --11.3 

Comparing the average sum of diameters on day 0 and day 14 the 
t-test showed significant decreases (P < 0.05). 

Table II. Results of treatment of skin carcinomas for 2 weeks with 
the retinoic acid analog I 

Mean carcinoma volume (mm ~) 

Day 0 Day 14 

Change in 
volume 
(%) 

Controls 660.1 1182.2 + 79.1 
Analog I 500.3 288.2 --42.4 
(400 mg/kg p.o. 
1 • weekly) 

Table III. Comparison of the therapeutic ratio of retinoie acid and 
its analog I 

Preparation Hypervitaminosis A Papilloma Therapeutic 
(rain dose/day) (ED 50%/week) Ratio 

400 
Retinoic acid 80 mg/kg 400 mg/kg -- 5 

80 
25 

Analog I 50 mg/kg 25 mg/kg 50- = 0.5 

The lower the ratio, the better the preparation. 

CH a CH a CHa 
1 I I 

CH a COOC2H 5 

zl.  II 
CH30 " ~ / ~ C H  a 

Chemical structure of the retinoic acid analog I. 

Skin papillomas and carcinomas. Skin papi l lomas  and  
carc inomas  were induced  by  means  of 7 ,12-Dimethyl -  
benz(a )an thracene  (DMBA) and cro ton  oil, as previously  
descr ibed in detail2, 3. 150 ~g D M B A  were pa in t ed  twice  
wi th  an in te rva l  of 14 days  on the  back  skin of Swiss 
albino mice followed by  the  appl ica t ions  of 0.5 mg cro ton  
oil twice weekly.  Whereas  skin papi l lomas  appeared  
mos t ly  3-8 m o n t h s  af ter  t he  f i rs t  appl ica t ion  of D1V[BA, 
carc inomas  were usual ly not  induced  unt i l  af ter  5-12 
months .  Animals  were chosen for the  the rapeu t i c  tests ,  
when  t h e y  had  developed mul t ip le  papi l lomas  of an 
average d i ame te r  of 4 m m  or a single carc inoma of a t  
least  7 mm.  T h e  the rapeu t i c  expe r imen t s  consis ted in a 
2 weeks '  trial.  Groups of 4 animals  (with papil lomas) or 11 
(with carcinomas) were formed.  They  received once a 
week e i ther  in t raper i tonea l ly  or orally a suspension of I 
in arachis  oil. In  the  pap i l loma exper iment ,  t he  average 
sum of t he  pap i l loma d iameters  per  animal  was  de t e rmined  
for each group, on day  0 and  day  14 of the  trial .  The  
increase or decrease of the  pap i l loma d iamete r s  expressed 
in pe rcen t  ref lect  the  progress ion or regression of the  
papi l lomas.  In  the  tes t  wi th  carcinomas,  the i r  approxi -  
ma te  volume was de t e rmined  by  the  p roduc t  of length,  
w i d t h  and  height .  

The controls  showed a progress ion of papi l lomas  by  
23.2%. I has  a marked  effect  on es tabl ished papi l lomas.  
They  regressed in a dose -dependen t  way  under  t he  t r ea t -  
m e n t  wi th  I (Table I). Af te r  i.p. admin i s t r a t i on  of 200 mg/  
kg I once a week, there  was a reduc t ion  of the  pap i l loma 
d iamete r s  of 74.1% wi th in  14 days.  In  order  to  achieve a 
s imilar  result  wi th  oral admin is t ra t ion ,  it  was necessary  
to  double  the  dose to  400 mg/kg.  In t r ape r i t onea l  applica-  
t ion of doses of 50 mg/kg  once a week still  led to a 
decrease in the  papi l loma d iamete r s  by  55.4%. The effect  
on carc inomas  was less pronounced.  Whereas  the  m e a n  
carc inoma volume of t he  controls  d isp layed  a g rowth  of 
79.1~ the  carc inoma volume of t he  animals  t r ea ted  wi th  
400 mg/kg  I once weekly orally, showed an average 
regression of 42.4% (Table II). 

Hypervitaminosis A and therapeutic ratio. As a l ready  
po in t ed  out  above,  t he  l imi t ing  fac tor  for t h e r a p y  wi th  
ret inoic acid is the  so-called hype rv i t aminos i s  A syndrome,  
which  in mice becomes clearly mani fes t  in the  form of 
weight  toss, scaling of the  skin, hai r  loss and bone f ractu-  
res. In  order  to  calculate a the rapeu t i c  ratio,  we needed 
values  for pap i l loma regression as well  as for the  induc t ion  
of hype rv i t aminos i s  A, to be b rough t  in to  re la t ion wi th  
each other.  To ob ta in  a value for hype rv i t aminos i s  A a 
grading sys tem of 0-4 - none to  ve ry  marked  - for each 
of the  ab o v e -men t i o n ed  s y m p t o m s  was used. I t  was speci- 
f ied which  is t he  lowest  daiIy i.p. dose causing in a 14 
days '  s t u d y  (2 x 5 injections) a hype rv i t aminos i s  A. The 
la t t e r  was def ined as being t h a t  condi t ion  of the  animals  
when  the  add i t ion  of all the  s y m p t o m  grades yie lded at  
least  3 ( =  h y p e rv i t ami n o s i s  A: min  dose/day) .  The value 
for the  an t i -pap i l loma  effect  was assessed as the  dose 
given i.p. once a week dur ing  a 2 weeks '  t he rapeu t i c  
s tudy  - descr ibed above  - leading to  an a p p r o x i m a t e l y  
50% regression of pap i l loma d iameters  ( =  papi l loma:  
E D  50%/week).  The the rapeu t i c  ra t io  = 

Papilloma: ED 50%/week 
Hypervitaminosis A: min dose/day 

enabled us to  compare  re t inoic  acid analogs wi th  each 
other.  

I t  can be seen f rom Table  I I I  t h a t  I possesses a 10 
t imes  more  favourable  the rapeu t i c  ra t io  t h a n  ret inoic 
acid. Despi te  hav ing  th is  ve ry  mark ed  ac t iv i ty  agains t  
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chemica l ly  induced  skin  tumors ,  t he  a r o m a t i c  ana log  I 
was s imi la r ly  i nac t i ve  as re t ino ic  acid w h e n  t e s t ed  aga ins t  
t r a n s p l a n t a b l e  t u m o r s  l ike E h r l i c h  carc inoma,  solid form, 
E h r l i c h  asci tes  t u m o r ,  Crocker  s a rcoma  S 180 or l eukemia  
L 1210 (BoLLAGS). Beside  t he  d i rec t  a n t i p a p i l l o m a  effect, 
a m e t a p l a s i a - p r e v e n t i n g  effect  of I on t h e  vag i na l  epi- 
t h e l i u m  of t he  r a t  could be  d e m o n s t r a t e d  in t he  modi f ied  
co lpokera tos i s  t e s t  of BOGUTH et  a l )  ~ W i t h  equ imola r  
doses I showed  79% of t h e  a c t i v i t y  of re t ino ic  acid 
(WEIsER n).  I t  would  be  ve ry  i n t e r e s t i ng  to  k n o w  w h e t h e r  
t he  m e t a p l a s i a  or  dysp las i a  p r e v e n t i n g  effect  could be  
d e m o n s t r a t e d  also in o t h e r  sys tems  like o rgan  cu l tu res  of 
t r achea l  e p i t h e l i u m  to~ or p r o s t a t e  e p i t h e l i u m  ~3. 

W e  m a y  conc lude  t h a t  I, a re t ino ie  ac id  analog,  has  a 
m a r k e d  t h e r a p e u t i c  effect  on chemica l ly  induced  b e n i g n  
a n d  m a l i g n a n t  ep i the l ia l  t umors .  W i t h  respec t  to  t h e  
pap i l loma- regress ing  effect, I is super ior  to  re t ino ic  acid, 
as ref lec ted  in a 10 t imes  b e t t e r  t h e r a p e u t i c  rat io.  This  
i nves t i ga t i on  has  p roved  t h a t  t he  a n t i t u m o r  effect  is no t  

9 W. BOLLAG, unpublished. 
10 W. BOGUTH, V. HORN, lYJ[. K. SOLLIlVlAN and H. WEISER, Int. Z. 

Vitaminforsch. 37, 6 (1960). 
n H. WEISER, personal communication. 
I~G.H. CLA.~ION, M.B. SPORN, J.M. SMITH and U. SAIeFrOTTI, 

Nature, Lond. 250, 64 (1974). 
13 [. LASNITZKI and DE W~Tr S. GOODMAN, Cancer Res. 34, 1564 

(1974). 

s t r i c t ly  l inked  w i t h  t h e  d e v e l o p m e n t  of h y p e r v i t a m i n o s i s  
A a n d  t h a t  a d i ssoc ia t ion  be tween  these  two p roper t i e s  
leads  to  a b roade r  t h e r a p e u t i c  marg in .  I n  p r e l im ina ry  
s tud ies  i t  could be  d e m o n s t r a t e d  t h a t  t he  a r o m a t i c  ana log  
I exer t s  also t he  same  supe r io r i ty  over  re t ino ic  acid w h e n  
g iven  p rophy lac t i ca l ly .  I de layed  m a r k e d l y  t he  i n d u c t i o n  
of p r e m a l i g n a n t  as well  as m a l i g n a n t  ep i the l ia l  sk in  
lesions 0. Clinical  t r ia ls  are u n d e r t a k e n  on  t he  t h e r a p y  of 
p recance rous  cond i t ions  in  man ,  w i t h  t he  goal  to  r e a c h  
t h e r e b y  a p r o p h y l a x i s  of m a l i g n a n t  ep i the l ia l  t umors .  

Zusammen[assung. RetinsSmre h a t  e inen p r o p h y l a k t i -  
s chen  u n d  t h e r a p e u t i s c h e n  Ef fek t  au f  chemisch  induz ie r t e  
ben igne  u n d  mal igne  ep i the l ia le  T u m o r e n .  Die W i r k u n g e n  
werden  d u r c h  das  A u f t r e t e n  der  s o g e n a n n t e n  Hyper -  
v i t a m i n o s e  A - S y m p t o m e  l imi t ie r t .  Es  werden  die biolo- 
g ischen E i g e n s c h a f t e n  eines a r o m a t i s c h e n  Retins~ture- 
Ana logen  (Figur) beschr ieben ,  bei  d e m  das  Verh53tnis  
zwischen den  Dosen,  die eine T u m o r h e m m u n g  bewirken ,  
u n d  denen,  die eine H y p e r v i t a m i n o s e  A erzeugen,  10mal 
g i ins t iger  i s t  als bei  Retins/~ure. Pap i l l omregres s ion  u n d  
H y p e r v i t a m i n o s e  A s ind n i c h t  eng  m i t e i n a n d e r  gekoppel t .  
E ine  Dissoz ia t ion  dieser  b io logischen  E i g e n s c h a f t e n  f i ihr t  
zu S u b s t a n z e n  m i t  besserem t h e r a p e u t i s c h e m  Quot i en t .  
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On the Modification of the Divalent Cation-Binding by Phospholipids in Tumours 

Phospho l ip id s  are t he  m a j o r  s t r u c t u r a l  c o m p o n e n t s  of 
t he  cell m e m b r a n e  and  the i r  c o m b i n a t i o n  w i t h  ca lc ium 
and  m a g n e s i u m  p l ay  a role of v i t a l  i m p o r t a n c e  in m a n y  
physiological  p h e n o m e n a ,  such  as cell secre t ion 1, ac t ive  
t r a n s p o r t  a, a n d  celI pe r m eab i I i t y  3. T he  i so la t ion  of pl~os- 
pho l ip id -ca lc ium complexes  f rom e x p e r i m e n t a l  t u m o u r s  
has  been  a l r eady  r epo r t ed  4. 

A c o m p a r a t i v e  s t u d y  on  t he  concen t ra t io r t  of ca lc ium 
a n d  m a g n e s i u m  complexes  w i t h  phos pho l i p i d  in hepa to -  
ms ,  l iver  of h e p a t o m a - b e a r i n g  an i m a l s  a n d  l iver  f rom 
n o r m a l  an ima l s  was car r ied  ou t  in  t he  p r e s en t  exper imen-  
t a l  work.  

8-day-old Novikof f  h e p a t o m a  (ascitic or solid form) a n d  
30-day-old h e p a t o m a  B W 7 7 5 6  bea r i ng  an ima l s  were 
used in th i s  inves t iga t ion .  Groups  of n o r m a l  H o l z m a n  
r a t s  and  C57L/J  mice  of t he  same  sex and  we igh t  were 
used as con t ro l  groups.  I n  o rder  to  i so la te  t h e  pt~ospho- 

I W. V. DOUGLAS and R. P. RUBIN, J. Physiol., Lond. 159, 40 (1961). 
2 G. GARDOS, Acta physiol, hung. 78, 265 (1961). 
3 L. V. HEILBRUNN, in An Ooutline o] General Physiology (W. B. 

Saunders & Co., Philadelphia 1952). 
4 L. J. ANamLERI, Experientia 28, 1086 (1972). 

Calcium and magnesium complexed by the phospholipids of neoplastic and normal tissues 

Totallipid phosphorus Complexed phospholipid Complexed calcium Complexed magnesium 
(~g P/g tissue) (% of total l i nd  P) (~xg Ca/g tissue) (vg Iv[g/g tissue) 

Novikoff hepatoma b 
Solid form 114 (91-156) ~ 9.2 (5.8-14.0) ~ 3.9 (2.2-6.3) ~ 1.1 (0.7-1.6) 
Ascites form 201 (190-223) 8.3 (6.5-11.0) 1.7 (1.0-3.1) 2.9 (1.84.2) 
Liver solid tumor bearing 340 (232424) 6.3 (2.7-12.9) 3.5 (2.7-4.2) 5.8 (2.8-7.3) 
Liver ascites bearing 340 (241-451) 13.0 (10.8-16.6) 4.5 (4.1-5.2) 8.1 (7.2-9.3) 
Liver normal animals 436 (386-500) 12.7 (6.4-18.8) 4.2 (2.8-5.5) 10.1 (7.9-11.4) 

Hepatoma BW 7756 c 
Solid tumor 23 (15-28) 7.4 (5.2-9.0) 2.5 (1.9 3.0) 1.5 (1.2-1.6) 
Liver tumor bearing 66 (51-71) 9.6 (7.2-11.1) 3.3 (3.0-3.9) 4.8 (4.3-5.7) 
Liver normal animals 95 (93-96) 7.3 (6.4-8.9) 2.1 (1.9-2.4) 3.6 (3.4-3.8) 

,, Range; b, from 20 animals; % from 45 animals. 


