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Over t h e  past  decades,  much in t e re s t  has  been focused on t h e  possibility to 

develop drugs with select ive aff ini ty  for r ecep to r s  or o the r  comDonents of tumour ce l l s  

as a basis for diagnosis and therapy of malignant neoplasms. By using such compounds as 

ca r r i e r s  of s t ab le  nuclides,  e.g. l0B, t h a t  can  l a t e r  b e  ac t iva t ed  by neutron cap tu re ,  an  

improvement  in the rapeu t i c  e f f i cacy  and reduction of side effects may be  combined. A 

dis t inct  advan tage  of t h i s  approach is t h a t  me tas t a ses  would be  t a rge ted  automatical ly .  

The present  paper is briefly dealing with boron neutron c a p t u r e  as a tool for studying 

t h e  distribution of ce r t a in  boron-containing substances in expe r imen ta l  animals  and, in 

t h e  prolongation, for  possible boron neutron cap tu re  therapy of malignant melanomas. 
Naturally occurr ing boron consis ts  of 19.6 % l 0 B  which has  a large cross  sect ion 

for  t he rma l  neutrons (3840 barns). Af t e r  t h e  c a p t u r e  of a slow ( thermal)  neutron, t h e  

boron nucleus undergoes instantaneous nuclear fission into a n  alpha pa r t i c l e  and a 

li thium ion according to t h e  following scheme:  

' O B  + I n  __ CY (1.78) + 7Li (1.01) + Y (0.48) 

The kinet ic  energies  of t h e  par t ic les  in M e V  a r e  given in b racke t s  (14). The 

e m i t t e d  par t ic les  e x e r t  radiochemical  act ion along short  (< 9 microns) t racks,  i.e. 

within t h e  d i ame te r  of single cells. Due to t h e  high-linear energy t r ans fe r  of this  

radiation, large biological effects might be  r e s t r i c t ed  to t h e  "B-containing t issues 

without  ce l l  cyc le  and dose-rate  effects. 

To obtain e f f e c t i v e  therapy by boron neutron cap tu re ,  i t  is essent ia l  to  p repa re  

s table ,  nontoxic,  substances rich in I 0 B  and with specif ic  aff ini ty  for  turnour cells. A 

l imiting f a c t o r  regarding maximal  neutron dose is  t h e  neutron c a p t u r e  react ions in 

nitrogen /14N (n, p) 14C/ and hydrogen / H ( n , y )  H/ of t h e  normal  t issue.  O the r  

important  pa rame te r s  a r e  t h e  I 0 B  r a t io  ( tumour / normal  t issue),  l 0 B  concentrat ion,  

and t h e  t a r g e t  depth.  For example,  t h e  necessary l 0 B  concentrat ion is of t h e  o rde r  28- 

36 ug/g tumour,  if t h e  l 0 B  r a t io  is  10 and t h e  depth is 4 c m  (8). 
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The init ial  cl inical  t r i a l s  with boron neutron c a p t u r e  therapy gave  poor results. 

mainly due  to  t h e  lack of sui table  ca r r i e r s  of l0B  in combinat ion with t h e  rapid 

a t t enua t ion  of the rma l  neutrons in t issue (7, 8). During t h e  l a s t  years,  however,  

d i f f e ren t  promising substances have  been identified as possible vehicles for  t h e  delivery 

of 'Of3 to  tumours,  including antibodies,  amino  acids,  porphyrins, nucleosides, s teroides ,  

and phenothiazine der ivat ives  ( for  review, see ref .  7, 8). Improvement  of t h e  quali ty of 

the rma l  and ep i the rma l  neutron beams, f r e e  f rom fast neutrons and g a m m a  contamina-  

t ion,  has  also cu r ren t ly  been obtained, making neutron c a p t u r e  the rapy  m o r e  a t t r ac t ive .  

Before clinical  application, t h e  biological fate of boronated compounds must  b e  

thoroughly invest igated in experimental  animals. Since n o  radioisotopes of boron a r e  

avai lable  for  autoradiography, a new technique, named boron neutron c a p t u r e  radio- 

graphy (BNCR), was  developed, based on t h e  l 0 B  (n, a )  7Li r eac t ion  (14, 19, 20). The 

f i r s t  experiments  with RNCR for  t h e  localization of boron in histological sect ions were  

performed with photographic emulsions as d e t e c t o r s  (6, 9, 13, 20). A drawback of th i s  

technique was t h e  heavy background t h a t  appeared,  mainly due to t h e  nitrogen of t h e  

gelat ine t h a t  builds up t h e  emulsion; t h e  nitrogen undergoes t h e  1 4 N  (n,  p) 14C react ion 

during neutron exposure. In 1967, Hughes and Rogers  (12) developed a technique for  

revealing t h e  microdistribution of boron in su r faces  of solids by BNCR using ce r t a in  

plast ics  as solid state d e t e c t o r s  of t h e  radiation. These plast ics  (10, 1 1 )  do not  record 

b e t a  or  g a m m a  radiat ion and  contain no nitrogen. The invisible mic ro t r acks  in t h e  

plastics,  caused by t h e  alpha par t ic les  and t h e  l i thium ions, were  "developed" by etching 

in hot  aqueous KOH, allowing t h e  t r acks  to grow to suff ic ient  s i ze  to b e  recorded under 

microscope. 

Matsuoka et al. (19) were  using cellulose n i t r a t e  plastics as d e t e c t o r s  in 

distribution s tudies  of boronated substances in mice,  bear ing t ransplanted tumours. 

They were  preparing whole-body cryosect ions from t h e  mice according to Ullberg (27, 
28) and a f t e r  freeze-drying, t h e  sect ions were  apposed to t h e  plast ic  f i lms and exposed 

to the rma l  neutrons.  The f i lms were  e t ched  by immersion into hot  6N NaOH solution. 

Borje Larsson and his group have fu r the r  developed th i s  technique (2, 14) and the i r  

resul ts  show t h a t  i t  may  b e  possible to obtain useful expe r imen ta l  information f rom 

sect ions with a I0B c o n t e n t  down to about  0.1 pg per g t issue (14). Their s tudies  were  

made  on freeze-dr ied 5-20 urn thick sag i t t a l  sect ions f rom rats ,  injected with boronated 

macromolecules.  The d e t e c t o r s  were  6 or  12 pm thick cellulose n i t r a t e  f i lms (Kodak- 

P a t h 6  LR 115, types I and  11) and during t h e  neutron irradiation, t h e  f i lms and sect ions 

w e r e  pressed t ight ly  toge the r  in an evacua ted  bag of thin polvethylene (14). The etching 

was  performed with 2.25-6.25 N NaOH at 60 OC for varying periods (15-40 min). Af t e r  

e tching,  t h e  fi lms w e r e  washed for  30 min in water .  

In cooperat ion with Borje Larsson and his col leagues w e  have  s t a r t e d  experiments  

on t h e  accumulat ion of  boron-labelled substances in melanot ic  melanomas t ransplanted 
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t o  mice. The B N C R  techniaue used is similar to t h a t  described above (2, 14). The 

neutron irradiation has  been pe r fo rmed  in Studsvik, Sweden, with an  equipment  

consisting of a l a rge  moderator  tank,  containing heavy wa te r ,  in c lose c o n t a c t  with t h e  

R 2 - 0  r eac to r  (2). These faci l i t ies  pe rmi t  whole-body sect ions to  be  exposed in their  

en t i r e ty  by a flux of pu re  the rma l  neutrons.  
Our expe r imen t s  a r e  based on previous findings t h a t  various substances a r e  

accumula t ed  in melanin-containing t issues,  including melanot ic  melanomas. The main 

p a r t  of these  compounds, e.g. polycyclic amines such as chlorpromazine and chloro- 

quine,  a r e  bound to  t h e  melanin by e l e c t r o s t a t i c  interact ions (15, 18, 25) - cf. t h e  

a r t i c l e  by N.G. Lindquist in this  journal. A t t e m p t s  to scan melanomas by t h e  use of 

radiolabelled substances with melanin aff ini ty  have been r epor t ed  ( I ) ,  but  a drawback of 

this  approach is t h e  heavy binding to t h e  melanin-bearing normal  tissues. W e  have also 

found t h a t  thioamides,  e.g. thiouracil ,  a r e  accep ted  as false  precursors  of melanin 

during synthesis and strongly accumula t e  in murine melanomas ( 3 ,  4, 5, 16, 24). A 

cha rac t e r i s t i c  f e a t u r e  of these  substances is t h a t  t hey  lack adsorption to already 

fo rmed  melanin ( 5 )  which means t h a t  t hey  a r e  exclusively accumula t ed  in growing 

melanin. Af t e r  radioiodination, thiouraci l  is  s t i l l  se lect ively incorporated as a fa l se  

precursor into melanin (17), and i t  might t he re fo re  be  used in t h e  clinical  diagnosis of 

malignant melanot ic  melanomas - clinical  experiments  with 1311-thiouracil a r e  in 

progress. 

Therapy of malignant melanomas by t h e  use of radiolabelled thioamides is 

scarcely pract icable ,  due  to t h e  high radio doses t h a t  would be  needed. As an  

a l t e rna t ive ,  thiouracil  may be  used as a ca r r i e r  of "B for  neutron c a p t u r e  therapy. The 

polycyclic amines,  t h a t  a r e  bound to preformed melanin,  a r e  a lso interest ing as possible 

I 0 B  carr iers .  Mishima (21-23) has  performed promising the rapeu t i c  s tudies  with 

boronated analogs of melanoma-seeking compounds on expe r imen ta l  animals.  An 

advan tage  of this technique is t h a t  pa t i en t s  could be  adminis tered high doses for long 

periods without  any  serious exposure to radioactivity.  
W e  have developed a method for  t h e  synthesis of boron-containing melanoma 

seekers ,  both a thiouraci l  de r iva t ive  (26)  and some  polycyclic amines,  e.g. chloroquine 

and chlorpromazine analogs. The boron moiety has  consisted of decaborane.  Further  

oreparat ion of sui table  compounds is in progress - problems concerning solubility and 

chemica l  s tabi l i ty  a r e  st i i l  par t ly  unsolved. The fate of t h e s e  boronated substances in 

mice  with t ransplanted Harding-Passey melanomas or B-16 melanomas has  been studied 

by B N C R  (cf. above).  Prel iminary resul ts  indicate  t h a t  t h e  boronated thiouracil  

der ivat ive is  accumula t ed  in melanomas. Complementary studies,  with convent ional  

chemica l  analysis of t h e  boron c o n t e n t  of melanoma fract ions,  have  shown tha t ,  on a 
weight basis, t h e  melanin fract ion contained 20 t imes  more  boron than  t h e  correspond- 

ing tumour t issue,  indicating t h a t  t h e  boronated thiouracil  der ivat ive was incorporated 
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i n to  t h e  melanin (26). The boron-containing chloroquine analog is also accumulated in 

t h e  expe r imen ta l  melanomas (Fig. I ) ,  apparent ly  due  to binding to t h e  preformed 

melanin of t h e  tumours.  

Liver Melanoma 

Fig. 1. Distribution of boronated chloroquine in a mouse with t ransplanted Harding- 
Passey melanoma, revealed by neutron c a p t u r e  radiography. The mouse was 
injected i.p. 6 t i m e s  during 6 days with a t o t a l  boron dose of 1.9 mg. Note t h e  
dis t inct  up take  in pigmented pa r t s  of t h e  tumour - t h e  c e n t r a l  region is 
necrot ic .  

CONCLUSIONS 

The se l ec t ive  up take  of boronated substances in tumours  is a necessary basis for  

neutron c a p t u r e  therapy.  The biological fate of such compounds in experimental  

animals,  t ransplanted with tumours ,  may be  readily investigated by neutron c a p t u r e  

radiography. In radiographic s tudies  on boronated analogs of substances t h a t  a r e  bound 

to preformed melanin (e.g. chloroquine) or incorporated into melanin during synthesis 

( thiouraci l  derivative),  w e  have  found t h a t  t hey  a r e  localized in murine melanot ic  

melanomas, obviously due to interact ion with t h e  melanin. So far ,  t h e  resul ts  a r e  

preliminary.  Further  s tudies  a r e  needed to eva lua te  t h e  clinical  potent ia l  of t hese  

compounds for  melanoma therapy. 
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