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Selective Toxic i ty  of A m a n i t i n - A l b u m i n  Conjugates  for Macrophages  

The tox ic i ty  of pep t ide  amani t ins  for eukaryot ic  cells is 
a consequence  of the i r  inh ib i tory  act ion on R N A  poly- 
merase  I I  1-a. The conjugate  ob ta ined  by  coupling amani-  
t in  to  bovine  se rum a lbumin  (AMA-BSA) was found  to 
damage  select ively sinusoidal  cells of the  l iver when  
in jec ted  in to  mice 4, and  to  kill in v i t ro  per i tonea l  macro-  
phages  a t  m u c h  lower concen t ra t ions  t h a n  those  affect ing 
l ymphocy te s  and  f ib rob las t sL  The sens i t iv i ty  of l iver 
s inusoidal  cells and  macrophages  to  AMA-BSA is mos t  
l ikely a consequence  of t he  h igh  pro te in  up take  by  
p inocytos is  d isplayed by  these  cellsS,L 

AMA-BSA m a y  exer t  its toxic  ac t iv i ty  directly,  because 
i t  inhibi ts  R N A  polymerase  I I  in vi t ro  *, or by  releasing 
aman i t i n  af ter  pene t r a t i on  in to  the  ceils. The la t t e r  
mechan i sm is more  likely because prote ins  are hydro lyzed  
by  lysosomal  enzymes  af ter  pene t r a t i on  in to  macro-  
phages  7. 

In  these  exper imen t s  we compared  the  sens i t iv i ty  of 
per i tonea l  macrophages  to AMA-BSA wi th  t h a t  of several  
cells of d i f ferent  origins and  character is t ics .  

AM A-BS A was p repared  according to  DERBNZINI et  
al. 4 The molar  ra t io  of amani t in  to  a lbumin  in the  con- 
juga te  was found  to  be 1.9. Cells were i ncuba ted  in Eagle ' s  
med ium  conta in ing  AMA-BSA or e -aman i t in  for 24 h a t  
37 ~ Dur ing  the  f irs t  15 h of incubat ion,  the  m e d i u m  did 
no t  con ta in  se rum 5. Then  inac t iva ted  foetal  bovine se rum 
was added  to  make  a concen t ra t ion  of 10% ; af ter  fu r ther  
9 h of incubat ion,  the  number  of viable  cells was deter-  
mined  by  s ta in ing wi th  t r y p a n  blue ~s. Macrophages  were 
ob ta ined  f rom per i tonea l  exuda te  of Swiss miceL The 
da t a  given in the  Table  show t h a t  all the  cells t e s t ed  have  
essent ial ly  the  same sens i t iv i ty  to  free amani t in ,  whereas  
t he  macrophages  are m a n y  t imes  more  responsive  to  
AMA-BSA t h a n  the  o ther  cells. The sens i t iv i ty  of neo- 
plast ic  cells to  AMA-BSA was no t  h igher  t h a n  t h a t  of 
non-neoplas t ic  cells. This  result ,  in ag reemen t  w i th  
R~ZSER'S observa t ions  8, th rows  some d o u b t  upon  the  

Toxicity of AMA-BSA and ~-amanitin for different cells 
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CPE25 and CPE100 correspond to the concentrations ([zg/ml) of AMA- 
BSA or ~-amanitin killing 25O/o or 100~o of the cells. The amount 
of amanitin contained in AMA-BSA ([zg) is shown in parentheses. 
HeLa, KB, HEp-2, neoplastic cells from human carcinomata; 
RTC, neoplastic ceils from a methylcholanthrene-induced sarcoma 
in Fisher rats; MDBK, Madin-Darby bovine kidney cell line19; 
MKS-Bu 100, mouse embryo fibroblasts transformed by simian virus 
40 ~0; HE F- SV, human embryo fibroblasts tranformed by simian virus 
40; HEF, normal human embryo fibroblasts; BHK, baby hamster 
kidney cellsm; VERO, CV-1, green monkey kidney cells2~; MEF, 
primary mouse embryo fibroblasts. 

belief in a specific h igh  up take  of p ro te ins  by  t u m o u r  
cells ~, 70 

The p resen t  results,  as well as previous  da t a  5, indicate  
t h a t  conjuga t ion  wi th  a lbumin  gives to amani t in  a 
selective tox ic i ty  for macrophages  ( =  his t iocytes)  and  
suggest  a possible approach  to  the  t h e r a p y  of pathological  
prol i fera t ions  of these  ceils. 

I t  is indeed possible t h a t  besides anaanit in o ther  
cy to tox ic  compounds  covalen t ly  bound  to  a lbumin  are 
released in act ive form af ter  pene t r a t i on  of t he  conjuga te  
into t he  cells. If  these  compounds  select ively damage  the  
cells in prol iferat ion,  the  resul t ing conjugates  should kill 
prol i fera t ing h is t iocytes  a t  concen t ra t ions  ineffect ive 
for the  non-d iv id ing  h is t iocytes  as well as for d ividing 
non-h is t iocyt ic  cells, which display a low degree of pro te in  
uptake.  

Such conjugates  could be useful in the  t h e r a p y  of those  
re t iculosarcomas  which are composed  by  h is t iocytes  11,18 
and  in the  t r e a t m e n t  of h is t iocyt ic  ret iculoses ~3. 

I t  is w o r t h  no t ing  t h a t :  1. no rmal  macrophages  and  
po lymorphonuc lea r  leukocytes,  which  are also highly  
p inocy tos ing  cells, do no t  prol i ferate  14, ~5 ; 2. p romonocy te s  
and  mielocytes  which  are the  d ividing precursors  of these  
cells have  a ve ry  low pinocyt ic  ac t iv i ty  14,1~ ; 3. neoplas t ic  
prol i fera t ing  h is t iocytes  were found  to  be h ighly  phago-  
cyt ic  ~ - n ,  ~L 

In  our fu ture  expe r imen t s  we shall  t r y  to de te rmine  
which  compounds  would  kill neoplas t ic  prol i fera t ing 
h is t iocytes  in v i t ro  a t  concen t ra t ions  ineffect ive for non- 
d iv id ing  his t iocytes .  Then  we shall  a t t e m p t  to  conjugate  
such subs tances  to a lbumin  to t e s t  w h e t h e r  t h e y  are 
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released in act ive  form af ter  the  pene t r a t i on  of conjugates  
in to  h is t iocytes  2a. 

Note added in proo/: While  th is  pape r  was  in the  press  
it came to  our  knowledge an art icle by  TROUET et al., 
(Nature  new Biol., 239, 110, 1972) ill which  s imilar  con- 
cep ts  were exposed  and  the  effect  of a complex  dauno-  
rub ic in -DNA on mouse  L 1210 leukemia  was t e s t ed  wi th  
encouraging  results .  

Riassunto. Viene descr i t t a  la par t icolare  sensibili t~ dei 
macrofagi  al coniugato  aman i t ina -a lbumina .  ~; inot t re  
p r o s p e t t a t a  e discussa la possibile att ivitA an t ineoplas t ica  
di coniugat i  de l l ' a lbumina  con sos tanze  in ibent i  la mi tos i  
o la s intesi  del DNA. 
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Induction of in vitro Maturation in Oocytes of Tri turus  (Amphibia Urodela) 

In  the  last  few years,  numerous  s tudies  have  been  con- 
duc ted  on the  induc t ion  of in v i t ro  oocyte  m a t u r a t i o n  by  
proges te rone  in t he  anu ran  amph ib ians  1-4, while anal-  
ogous research  on the  urodele  has not,  for t he  mos t  
par t ,  p roduced  sa t i s fac tory  results1. 

Recent ly ,  i t  has  been  m a d e  possible  to induce in v i t ro  
oocyte  m a t u r a t i o n  by  proges te rone  in the  urodele  
Triturus viridescens ~, 0. The urodeles represen t  the  an imal  
group in which the  morpho logy  and the  s t ruc tu re  of t he  
l a m p b r u s h  chromosomes  have  been s tudied  mos t  ex ten-  
sively v-9. For  th is  reason, we t h o u g h t  it  would be in teres t -  
ing to ver i fy the  poss ib i l i ty  of inducing in v i t ro  oocyte  
m a t u r a t i o n  in o the r  species of urodeles, w i th  the  par t i cu la r  
a im of inves t iga t ing  the  morphologica l  changes  of t he  
l a m p b r u s h  ch romosomes  dur ing  the  m a t u r i n g  period.  

Material and methods. The s t u d y  was conduc ted  on the  
ovar ian  oocytes  of Tritu~us cristatus carni/ex (Laurent i  
1768) and  of Triturus vulgaris meridionalis (Boulenger 
1882). The morpho logy  of the  l a m p b r u s h  chromosomes  

in these  species is well known s, 10. The spec imens  used 
came f rom the  outsk i r t s  of Pisa  and  Naples.  A to ta l  of 9 
exper iments ,  using 8 females  of T. c. carni/ex, and  of 
6 exper iments ,  using 5 females of T. v. meridionalis, were 
pe r fo rmed  in a per iod f rom December  to  April.  

The  females  were p r e t r ea t ed  wi th  a gonado t roph ic  
ho rmone  ( 'Pregnyl ' ,  Organon).  E a c h  female received 3 
inject ions,  on a l t e rna te  days,  of 100 uni ts  each for 
T. v. meridionalis and  of 200 uni ts  each for T. c. carni/ex. 
One or b o t h  of the  ovaries were t hen  removed,  and  the  
larger oocytes  were isolated by  dissect ion in Ringer ' s  
solut ion for amphib ians .  The d iamete r s  of these  oocytes  
meas u red  be tween  1.5 m m  and 1.75 m m  in T. c. carni/ex, 
and  be tween  0.96 m m  and  1.4 m m  in T. v. meridionalis. 
Some of t he  oocytes  were left in Ringer ' s  and used as a con- 
t rol  (67 oocytes  for T. c. carni/ex and  26 for T. v. meridiona- 
lis), and  some were incuba ted  for 1 h in Ringer ' s  solut ion 
conta in ing  proges te rone  (Schering) a t  a concen t ra t ion  
of 10 [zg/ml, and  then  once again t rans fe r red  to  R inger ' s  
(173 oocytes  for T. c. carnifex and  49 for T. v. meridionalis). 

The m a t u r a t i o n  process could be observed  in t he  
in tac t  oocytes  since the  germinal  vesicle, a lmos t  cent ra l  
in the  i m m a t u r e  oocytes,  migra tes  t oward  the  an imal  
pole dur ing  m a t u r a t i o n  and  becomes visible f rom the  
outs ide;  a t  the  end of t he  ma tu ra t ion ,  a small  l ight  area 
near  the  an imal  pole indicates  t he  zone of fo rma t ion  of 
the  second meiot ic  spindle  and of expuls ion of the  f i rs t  
polar  body.  The germinal  vesicle b r eakdown  was also 
ascer ta ined by  dissect ion of the  oocytes.  

At  var ious  t imes,  f rom the  beginning  of t he  period of 
incubat ion ,  some of t he  oocytes  were  f ixed in Bouin ' s  or 
in Go ldsmi th ' s  solut ion and  used for histological  prepa-  
ra t ions ;  p repa ra t ions  of l a m p b r u s h  chromosomes  were 
made  f rom o ther  oocytes  ~1. The contro l  ooeytes  were 
processed analogously.  

Fig. 1. First meiotic spindle in an oocyte of T. c. carniJex. 3 h from 
the time of incubation in progesterone. • 1520. 

I j. BRACHET, F. HANOCQ and P. VAN GANSEN, Devel. Biol. 27,157 
(1970). 

o L. D. SMITH and R. E. ECKER, in Current Topics in Developmental 
Biology (Eds. A. A. MOSCONA and A. 1V[ONROY; Academic Press, 
New York-London 1970), voI. 5, p. 1. 
D. MASUI and G. L..~d[ARKERT, J. ExpL ZooL 777, 129 (1971). 

4 S. SCHORDERET-SLATKINE, Cell Different. 7, 179 (1972). 
G. BARSACCHI and A. A. HUMPHRIES JR., The A.S.B. Bulletin, 17, 
30 (1970). 

6 G. BARSACCHI, Boll. Zool. Atti dO Convegno U.Z.I. 38, 491 (1971). 
J. G. GALL, J. Morph. 94, 283 (1954). 

s H. G. CALI.AN and L. LLOYD, Phil. Trans. R. Soc. B, 243, 135 (1960). 
o I. NARDI, M. RAGGHIANTI and G. MANClNO, Chromosoma 37, 1 

(1972). 
10 G. BARSAGCI-II, L. BUSSOTTI and G. MANClNO, Chromosoma 31, 255 

(1970). 


