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SUMAARV 

The use of the newly synthesized 10-boron atoms 
containing amino acid L-o-carboranylalanine (Car) as a 
useful tool in slow neYitron therapy of tumors is pro- 
posed and its attempted application with a Car-substi- 
tuted Tobacco mosaic virus (TMV) is described and 
discussed. Also the synthesis of OB-enriched decaborane 
as a precursor of Car is described. 

L'utilisation de la nouvelle acide amin6e L-0- 
carboranylalanine (Car) contenant 10 atomes de-boron 
comme agent dans le traitement de tumeurs avec des 
neutrons thermiques est proposge. L'application sur un 
W substitus avec "Car" est rapport& et discutge. En 
outre, la synthsse de dgcaboron enrichie en l0B comme 
prticurseur de Car est dgcrite. 

Die Verwendung der kUrzlich synthetisierten 10 Bor- 
atome enthaltenden Aminoshre L-o-Carboranylalanin (Car) 
als leistungftlhiges Mittel in Xer Therapie von Tumoren 
mit thermischen Neutronen wird vorgeschlagen. Die ver- 
suchte Anwendung an einem Car-substituierten TMV wird be- 
schrieben und diskutiert. Im weiteren wird die Synthese 
von 
beschrieben. 

OB-angereichertem Dekaboran als Vorlhfer von Car 
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I n t r o d u c t i o n  

The boron-isotope l o6  i s  a very s t rong slow neutron absorber and subse- 

quent a-emi t ter .  

t o  many attempts t o  f i n d  an a p p l i c a t i o n  f o r  t h i s  isotope i n  cancer therapy. 

I n  s p i t e  o f  these e f f o r t s ,  no t h e r a p e u t i c a l l y  s a t i s f y i n g  s o l u t i o n  has been 

found u n t i l  now. 

r a t i o  i n  tumor t i s s u e  vs normal t i s s u e ) ,  i n s u f f i c i e n t  boron content, and 

h igh t o x i c i t y  o f  t he  boron compounds (1) .  

Th is  amazing p roper t y  has l e d  du r ing  the  past  40 years 

The major problems encountered: l a c k  o f  s p e c i f i c i t y  (boron 

The great  advantage o f  a successful a p p l i c a t i o n  o f  t he  slow neutron 

therapy i s  t h a t  a non-radioact ive c a r r i e r  i s  in t roduced which binds s p e c i f i -  

c a l l y  t o  t a r g e t  c e l l s .  

a- rad iat ion,  d e s t r u c t i n g  t h e  t a r g e t  c e l l s  w i t h o u t  damaging o the r  t i ssue .  

There i t  can be t r i g g e r e d  by slow neutrons t o  emi t  

The isotope l 0 B ,  which occurs up t o  18.45% i n  na tu ra l  boron, reac ts  w i t h  

thermal neutrons i n  a (n, a ) - reac t i on :  

7Li*,-,7Li f y f (0.48 MeV) 

The nuc lear  cross sec t i on  u o f  l o B  f o r  slow neutrons is very h i g h  : 

3,800 barns (1 barn = l o m z 4  c d ) ,  whereas common elements range between 32.5 

(C l )  and 0.0042 ( C )  barns (1). 

To apply t h i s  technique t o  a simple l i v i n g  system, Tobacco MOALLLC V W  ( 2 )  

(TMV, w i l d  type)  was mod i f i ed  w i t h  Car and the  s t i l l  a c t i v e  v i r u s  was exposed 

t o  thermal neutrons i n  order  t o  i n a c t i v a t e  t h e  v i r u s .  

TMV was se lected because o f  i t s  a v a i l a b i l i t y ,  h igh  chemical s t a b i l i t y ,  

simple t e s t  methods, simple p u r i f i c a t i o n  and l a r g e  q u a n t i t i e s  (3) .  

Results 

I n  order  t o  r a i s e  t h e  content  o f  l o g  i n  l a t e r  preparat ions o f  Car o r  

s i m i l a r  compounds, decaborane enriched i n  l o g  has been synthesized. 

Boron t r i f l u o r i d e  w i t h  85% l o g  content  was reduced w i t h  l i t h i u m  aluminium 
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hydr ide t o  diborane which subsequently was pyrolyzed t o  decaborane (4, 5 ) .  

LiAIHk A t  
BF3 - BZ H6 - 810 H14 

For boron s u b s t i t u t i o n  o f  TMV, a Car con ta in ing  diazonium reagent was 

prepared capable o f  coupl ing s p e c i f i c a l l y  w i t h  Tyrosine H i s t i d i r e a n d  t o  some 

ex ten t  t o  Lysineside-chains. P h t a l y l  p ro tec ted  Car was e s t e r i f i e d  t o  g i v e  

the N-hydroxisuccinimideester (6 )  (Pht-Car-0%).  This a c t i v e  es te r  was 

coup1 ed w i t h  p-n i trophenyl a1 an i ne (4 '  -NO2 ) Phe , y i e l d i n g  t h e  N-protected 

d i  pept ide Pht-Car-(4'-NOz)Phe-OH. 

gave Pht.Car-(4'-N$)Phe-OH which was coupled i n  aqueous s o l u t i o n  t o  n a t i v e  

TMV . 

Hydrogenation fo l l owed  by d i a z o t a t i o n  

A f t e r  several p u r i f i c a t i o n  steps, a so lub le,  f u l l y  a c t i v e  orange TMV was 

obtained. The s u b s t i t u t i o n  was 4.51 Car/subunit o r  10'000 Car/TMV, as shown 

by elementary ana lys i s .  

e lec t rophore t i c  c o n t r o l .  Amino a c i d  ana lys i s  was unsu i tab le  because Car 

does n o t  appear i n  a normal amino a c i d  spectrum. 

Non-covalent i nco rpo ra t i on  has been r u l e d  ou t  by 

Cross sec t i on  c a l c u l a t i o n s  show t h a t  s u b s t i t u t e d  TMV i n  s o l u t i o n  requ i res  

h igh  slow neutron doses which r e a d i l y  i n a c t i v a t e  n a t i v e  TMV. Using l y o p h i -  

l i z a t e  i ns tead  o f  so lu t ions,  t he  cross sec t i on  increases d r a s t i c a l l y  because 

the  nuc lear  f i s s i o n  products can now h i t  v i ruses  up t o  l o p  apar t .  The volume 

o f  t he  capture c e l l  i s  a t  a rad ius  o f  l op :  4.2.103 p 3  and conta ins 4.107TMV. 

The cross sec t i on  u thus i s :  uTMV .4-107 barn = 2.8-10-9 cm2. To i n a c t i v a t e  

a v i r u s ,  t he  RNA has t o  be c u t  o r  destroyed, so on ly  RNA h i t s  are t o  be 

considered. 

and one 10B- f i ss ion  i s  producing 7.5.107 ion i za t i ons ,  r e s u l t i n g  i n  a requ i red  

f l u x  o f  3.4.1012 (n/cm2). 

The RNA content  i s  5.7% i n  TMV, t he re  are 4.107 Virus per c e l l  

Nat ive TMV was r a t h e r  s t a b l e  against  thermal neutrons up t o  1015 n/cm2 

from a reac to r  when contaminating y and f a s t  neutrons were f i l t e r e d  o f f .  

I r r a d i a t i o n  o f  Car s u b s t i t u t e d  TMV w i t h  1.6.1015 n/cm2 (500 times the  ca lcu-  

l a t e d  dose) gave products which had the  same v i r u l e n c e  as non- i r rad ia ted  

subs t i t u ted  o r  i r r a d i a t e d  non-subst i tu ted samples. A tendency t o  l esse r  

aggregation i n  i r r a d i a t e d  samples was observed (Table) .  
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ACTIVITY TEST 

TMV Dilution 1: 10 1 : 5 0  1 : 250 
~~ 

Native, non-irradiated 16 14 5 

Native, irradiated 4 4  1 2  1 Y 5  

Substituted, non-irradiated 

Substituted, irradiated 
51 24 6 
118 35 5 

The activity is expressed as necrosis spots per tobacco leaf and an average 
of two TMV probes is taken. Each point consists of twice three plants of 
about three leaves (see experimental). 

Discussion 

This f a i lu re  may be due t o  the decreasing sens i t iv i ty  of TMV towards 

increasing ionizing power of the radiation, whereas tumor c e l l s  behave 

inversely ( 7 ) .  

Since the a- and 7Li par t ic les  have a range = 1011 (8) i n  t i s sue  and since 

the .whole energy i s  deposed in about 75,000 ionization per decay, i t  i s  

reasonable t o  assume tha t  the  energy o f  a single 'OB-decay of 2.3 MeV provokes 

death of a tagged or  an adjacent c e l l .  Assuming tha t  on the average each 

cell of the tumor has to  suffer one decay, one can calculate the required 

boron content per gm of t i s sue  a t  a given neutron flux. 

have serious radiobiological e f f ec t s ,  the flux i s  limited by the maximum 

tolerated whole body irradiation dose. 

tumor, irradiation may be u p  t o  25 rem. The action o f  thermal neutrons comes 

mainly from the 1 4 N ( n ,  p)"+C-reaction (9), which gives a t  a flux o f  1 O 1 O  n/cm2 

25 rem whole body dose. 

TMV RNA fragments seem t o  reaggregate back t o  active viruses. 

Since thermal neutrons 

Depending on the seriousness o f  the 

Taking the above considerations into account, one can estimate a boron 

requirement of 1O'O 10B/cell o r  20-100 mg/kg tumor. This is  in good agree- 

ment with JavLd et d (10) who have calculated that i n  t i s sue  containing 50 mg 

1°B/kg,  86% of the total  radiation dose resu l t s  from the ( n ,  a )  reaction. 

Carboranylalanine (Car) (6 )  i s  particularly a t t r ac t ive  for  t h i s  purpose since 

i t  contains 10 boron atoms per molecule. 

are required per ce l l  fo r  natural boron or lo9  Car enriched in boron 10. 

However, one ce l l  may contain only u p  to lo4  receptor s i t e s  for  hormones or 

Accordingly, 5 x lo9 amino acids 
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ant ibodies (11). A h igh  boron charge o f  5 x l o 5  per  s i n g l e  c a r r i e r  molecule 

would be needed. C a r r i e r s  which have been considered inc lude  tumor s p e c i f i c  

an t i bod ies  (12), and t o  a l e s s e r  extent ,  pept ide hormones i . e .  f o r  melanoma. 

However, u n t i l  now a l l  e f f o r t s  t o  l a b e l  an antibody w i t h  t h e  requested amount 

o f  boron have f a i l e d  due t o  i n s o l u b i l i t y  o f  t he  mod i f i ed  antibody (13)  o r  

too low boron s u b s t i t u t i o n s  (14). 

Also t o x i c o l o g i c a l  problems have t o  be considered; boron compounds i n  

general a re  very t o x i c  (1) .  

(15). 

et ul (14) cou ld  y i e l d  such a so lub le  antibody. 

p resen t l y  i n  progress i n  our  1aborator.y. 

we i n t e n d  t o  use c e l l  c u l t u r e s  o r  animals, i . e .  t ransp lan tab le  rodent tumors 

and t h e i r  s p e c i f i c  an t i bod ies ,  s i m i l a r  t o  the work o f  M&kima et ul (17). 

I n  con t ras t ,  Car seems t o  have a low t o x i c i t y  

The use o f  Car by the  method o f  Fuch and S& (16) ,  and M U q m  

Studies t o  t h i s  ex ten t  are 

For f u r t h e r  b i o l o g i c a l  experiments, 

Experimental 

A c t i v i t y  t e s t s  of TMV were done a t  t he  "LundLllitLt6cha6fiche Foh.Schungnan- 

bXu& Reckenhotz" Zurich, Switzerland. 

water and smeared on corund powder p re t rea ted  leaves o f  6 weeks o l d  Tobacco 

seed1 ings ["nicoLi.neu g U n o n u " ) .  A f t e r  f i v e  days, necros is  spots were 

counted and t h e  v i r u s  a c t i v i t y  as spots per l e a f  expressed. 

prepared by t h e  method o f  Van Wechmah and Vun Regenmohtd ( 3 )  and was s to red  

as standard s o l u t i o n  con ta in ing  25.2 mg TMV/ml i n  0.125 mMolar phosphate 

bu f fe r  pH 6.8 a t  4.OoC. 

copy and o n l y  i n t a c t  f r a c t i o n s  were used. 

done a t  t he  I n s t i t u t e  of C e l l u l a r  B io logy,  ETH Zurich. 

l abo ra to ry  "A t~hed  B m n W "  D-5251 E l  bach Uber Engelskirchen, G.F.R. c a r r i e d  

ou t  t he  boron elementary ana lys i s .  

on a HS-30 double beam inst rument  ( A E I  Co., England) from the  Nuclear Medical 

Department o f  t h e  U n i v e r s i t y  o f  Sherbrooke. 

grade from Fluka AG Ruchs, Switzerland, i f  n o t  otherwise noted. 

TMV samples were d isso lved i n  3 m l  

TMV has been 

TMV was v e r i f i e d  a f t e r  each s tep  by e l e c t r o n  micros- 

E lec t ron  microscopic work was 

The m ic roana ly t i ca l  

Mass-spectroscopic measurementswere conducted 

A l l  reagents used were reagent 

Pht.Car-(4'-N02)Phe-OH: 79 mg Pht.Car.OSu (MW 459.54; 0.172 mMol) (6 )  

were d isso lved i n  3 m l  d r y  dimethylformamide (DMF), s o l i d  (4'-N02)Phe (MW 
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210.2; 0.2 mMol) and 23 mg N-methylmorpholine was added. 

l e f t  i n  the thawing ice-bath and s t i r r e d  overn ight .  

t he  res idue red isso lved i n  e thy lace ta te  and washed w i t h  potassium s u l f a t e -  

b i s u l f a t e  pH2-buffer. 

s u l f a t e  and evaporated. 

80 mg (MW 553.60; 0.145 rnMol) product  i n  84% y i e l d .  

raphy (TLC) : 

precoated p la tes ,  de tec t i on  by UV and 12. 

product 0.35, n inhydr ine negative. NMR 60 mHz: (Var ian T60, recorded i n  

CDC13, TMS standard, Chemical s h i f t  i s  6 i n  ppm, b = broad, s = s i n g l e t ,  

d = dublet ,  m = multiplet); 6 = 9.1 fbs, IH,-COOH); 

7.2 - 8.1 (my AA'-BB' System, 4'-NO~-aromate); 6.8 (bd, l H ,  Amid-H). 

p o i n t :  146.3OC. 

Pht.Car-(4'-NHs)Phe-OH: 

were hydrogenated i n  5 m l  methanol a t  room temperature and normal pressure 

w i t h  a spatu le  t i p  o f  10% pal lad ium on charcoal du r ing  one hour. The product 

was f i l t e r e d  o f f  from t h e  c a t a l y s t ,  evaporated and d i sso l ved  i n  1 m l  g l a c i a l  

ace t i c  acid. TLC gave one spot, R f  0.08, n inhyd r in  c o l o r a t i o n  p ink.  The 

substance was n o t  f u r t h e r  character ized and d i r e c t l y  used f o r  the nex t  step. 

The r e a c t i o n  was 

DMF was evaporated, 

The organic  phase was d r i e d  over anhydrous sodium 

Recrys ta l l  i z a t i o n  from isopropanol/water gave 

Thin l a y e r  chromatog- 

th ree  migrat ions i n  CHC13/MeOH/AcOH = 100.5 3, Merck S i l  i cage l  

R f  s t a r t i n g  m a t e r i a l  0.31, 

7.9 (bs, 4H, Pht); 

M e l t i n g  

68 mg Pht*Car-(4'-N02)Phe*OH (MW 553.6; 0.123 mMol ) 

S u b s t i t u t i o n  of TMV: 

10 m l  2N hyd roch lo r i c  a c i d  and c h i l l e d  t o  OOC. 

step was added under vigorous s t i r r i n g ,  a p r e c i p i t a t i o n  was red i sso l ved  by 

adding a f u r t h e r  3 m l  o f  a c e t i c  acid. 

was f i l t e r e d  o f f ,  excessive n i t r i t e  was destroyed w i t h  su l famic ac id  and the 

mixture was n e u t r a l i z e d  t o  pH8 w i t h  sodium b icarbonate s o l u t i o n .  

diazoniurn s o l u t i o n  was s low ly  added 51.14 mg TMY i n  2 m l  standard so lu t i on .  

The m ix tu re  was r o t a t e d  a t  room temperature f o r  s i x  hours, f o l l owed  by 

twenty hours d i a l y s i s  against  20 1 water w i t h  one change. 

s o l u t i o n  was cen t r i f uga ted  a t  20,000 rpm, the  c l e a r  orange upper l a y e r  

d i l u t e d  t o  100 m l  and the p e l l e t  discarded. 

sodium c h l o r i d e  fo l l owed  by 10 min c e n t r i f u g a t i o n  a t  10,000 rpm gave a 

9.0 mg sodium n i t r i t e  (0.013 mMol) were d i sso l ved  i n  

The s o l u t i o n  o f  t he  prev ious 

A f t e r  one hour, the y e l l o w i s h  s o l u t i o n  

To t h i s  

The t u r b i d  

Add i t i on  o f  4 g Carbowax and 
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TMV p e l l e t .  

days against  10 1 water a t  40C w i t h  three changes t o  y i e l d  the s a l t f r e e  

standard s o l u t i o n  o f  mod i f l ed  TMV. 

This TMV was red isso lved i n  10 m l  water and d ia l yzed  f o r  t h ree  

P r o t e i n  content  (Lowry): s u b s t i t u t e d  TMV: 1.3 mg TMV/ml .  An equa l l y  t r e a t e d  

n a t i v e  TMV s o l u t i o n  gave 3.85 mg/ml. 

ed 

Boron content  i n  l y o p h i l i z e d  s u b s t i t u t -  

TMV: 2.82% = 4.57 Car/subunit o r  about 10,000 Car/TMV. 

I r r a d i a t i o n  experiments - Neutron i r r a d i a t i o n s  o f  TMV have been c a r r i e d  out 

i n  a D20 moderated reac to r  "ULohit" o f  the  ELdgen8oabcchw I n b U  dllh 

Reaktoh6o~chung ( E l R )  i n  WlLtenlkngen, Sw-Ltze~Land. The s t a b i l i t y  o f  

unmodif ied TMV has been estimated w i t h  var ious y and f a s t  neutron contami- 

nat ions from "Diohit" and the E l R  swimming pool reac to r  "Supkihrr. TMV was 

s t a b l e  on l y  against  r a t h e r  pure thermal neutrons f i l t e r e d  through 10 cm lead 

up t o  a f l u x  o f  1015 ("cm2) and r a p i d l y  i n a c t i v a t e d  above 1 0 l 6  ("cm*). 

500 pg TMV samples were l y o p h i l i z e d  i n t o  1 rnl po lyethy lene tubes. 

and unmodif ied TMV samples, two o f  each, were exposed du r ing  two days t o  a 

dose o f  1.6.1015 n/cm2 and af terwards t h e i r  v i r a l  a c t i v i t y  was measured. 

Mod i f i ed  

Synthesis o f  l o B  enriched decaborane - 
ous¶ i f  a i r  contaminates the  substance, vigorous explosions are i n e v i t a b l e .  

A l l  work has t o  be c a r r i e d  ou t  behind explos ion sh ie lds  and g rea tes t  care 

has t o  be taken (4, 5, 18). 

NOTE: - This work i s  extremely danger- 

Synthesis o f  lOB-diborane: - 2 1 boron t r i f l u o r i d e  (80 mMol) 85% l o B  ( f rom 

EIR WUrenlingen, Swi tzer land)  a t  700 t o r r  i n  1,000 m l  g lass tubes were 

condensated i n  l i q u i d  n i t rogen,  opened under n i t r o g e n  and 20 ml o f  d r y  

diglyme were added. 

temperature and the  pressure was adjusted w i t h  n i t rogen.  

b o r o n t r i f l u o r i d e  so lu t i ons  were combined and the tubes washed w i t h  2 m l  o f  

diglyme. 

aluminium hydr ide (80 mMol) i n  a n i t rogen  f lushed n o - a i r  apparatus equipped 

The tubes were evacuated, closed, warmed up t o  room 

The brown diglyme- 

This s o l u t i o n  was added, over a pe r iod  o f  one hour, t o  3 g l i t h i u m  
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w i t h  a 250 m l  f l a s k  w i t h  c o o l f i n g e r  (diglyme condensation), magnetic s t i r r e r  

and th ree  subsequent cool t raps.  The l a s t  c o o l t r a p  was f i l l e d  w i t h  g lass wool 

t o  avoid s o l i d  diborane t o  f l y  i n t o  the  vacuum pump. The c o o l f i n g e r  was kept  

t o  -25OC and the  t raps i n  l i q u i d  n i t rogen.  

2OoC, the reac t i on  vessel was heated up t o  6OoC f o r  30 min. 

chain was separated from the  f l a s k  and evacuated t o  1 t o r r  f o r  p u r i f i c a t i o n .  

To the res idue i n  the f l a s k  s t i l l  .under n i t rogen,  50 m l  o f  ethanol was added 

over a per iod o f  30 min t o  dest roy res idua l  hydride. 

was re jec ted .  The f i r s t  c o o l t r a p  was heated up t o  -75OC and diborane d i s t i l l e d  

i n  the second t rap ,  then the  f i r s t  t r a p  was disconnected. 

second coo l t rap ,  con ta in ing  10B-diborane, a 100 m l  s tee l  autoc lave wi th  

manometer was connected, f lushed several t imes w i t h  n i t rogen,  evacuated and 

cooled down t o  -2OOoC. 

30 min, evacuated t o  1 t o r r ,  and the va lve closed. 

perature gave, a f t e r  t h ree  equal syntheses, 22 atm = 93 mMol l0B-diborane o r  

80% y i e l d .  

A f t e r  an a d d i t i o n a l  hour a t  p lus  

The c o o l t r a p  

Afterwards, t he  content  

To the c losed 

The diborane was d i s t i l l e d  i n t o  the  autoc lave du r ing  

Warming-up t o  room tem- 

Synthesis o f  l0B-decaborane f r o m  lOB-diborane: 

ul ( 5 )  was tes ted  and found unsui tab le.  

be developed cons is t i ng  o f  a 500 m l  c y l i n d r i c  f l a s k  w i t h  a greaseless 34/45 

female j o i n t  w i t h  Tef lon-Vi ton sea l i ng  on top  and a s i m i l a r  28/15 spher ica l  

j o i n t  on the  upper side. 

placed i n  the reac t i on  vessel and, on the s ide  arm, a vacuum l i n e  w i t h  s i x  

stopcocks. 

The f o l l o w i n g  f i l l i n g  has l e d  t o  acceptable r e s u l t s :  

( c a t a l y s t ) ,  200 t o r r  diborane, 250 t o r r  n i t rogen.  

c a r e f u l l y  l i f t e d  t o  the f l a s k  u n t i l  t o t a l l y  immersed and s low ly  heated t o  

16OOC dur ing  one hour, keeping the  pressure a t  abqut 700 t o r r .  

f l a s k  was cooled t o  2OoC and the content evacuated i n t o  th ree  subsequent 

coo l t raps  i n  l i q u i d  n i t rogen  t o  a res idua l  pressure o f  5 t o r r .  

was r e f i l l e d  w i t h  the mentioned m ix tu re  aod t h i s  operat ion was repeated 

f i v e  t imes. The c o o l f i n g e r  was c a r e f u l l y  ex t rac ted  and the wh i te  l a y e r  

the  method o f  d~ Acetin & 

A new p y r o l y s i s  apparatus had t o  

Through the  f i r s t ,  a water jacketed c o o l f i n g e r  was 

The apparatus was f lushed w i t h  n i t rogen  and evacuated t o  1 t o r r .  

50 t o r r  d imethy lether  

A lOOoC h o t  o i l  bath was 

The r e a c t i o n  

The f l a s k  
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washed o f f  w i t h  ethanol i n t o  a subl imat ion apparatus. 

orated and the  res idua l  borane subl imated i n  a 50 t o r r  n i t r o g e n  atmosphere 

overn ight .  

The ethanol was evap- 

I n  order  t o  work up the  content  o f  t he  cool t raps,  diborane was d i s t i l l e d  

back i n t o  the r e a c t i o n  vessel by heat ing the c o o l t r a p  t o  -75OC. 

ered diborane was processed as described above. 

t raps contained d imethy lether  and lower boranes. 

explos ive and were f l ushed  w i t h  n i t rogen  i n t o  the vent. 

decaborane 610 H i4  was between 16 and 28%. 

boronic  a c i d  B(OH)3 (decomposition i n  the i o n  source) a t  62/61. 

l o B  = 15:85. Normal decaborane gave boronic  acid; 62/61 = 85:15 . 

The recov- 

The res idue i n  the  cool -  

The l a t t e r  a re  extremely 

Overa l l  y i e l d  o f  

MS: Mt peak a t  118 - 110, 

62/61 l lB :  
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