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Abs t r ac t  of Annual Progress  Report  

Techniques w e r e  developed t o  produce e x c e l l e n t  h igh ,  per fornsnce  

g l a s s  c a p i l l a r y  columns f o r  gas chromatographic ana lyse s .  These 

columns ex t end ing  100 meters  o r  more i n  l e n g t h  and having i n t e r n a l  

d i ame te r s  i n  t h e  range of 0.20-0.25 mrn y i e lded  3000-6000 + t h e o r e t i c a l  

p l a t e s  per  meter.  A f t e r  s u r f a c e  de , ac t i va t i on  procedures;  t h e y  

were most s a t i s f a c t o r i l y  u t i l i z e d  f o r  t h e  a n a l y s i s  of a  wide range  

of complex mixtures  of o rgan ic  compounds i n c l u d i n g  t h o s e  c o n t a i n i n g  

a wide a r r a y  of po lycyc l i c .  a romat ic  hydrocarbons (PAH) de r ived  

from a c o a l  l i q u i f i c a t i o n  process  (ERIjA Research Cen te r ,  Morgantown, 

West Virginia . ) .  

Work was begun t o  assess t h e  p o t e n t i a l  mutogenici ty  and/or  

ca rc inogenc i ty  of t h e  va r ious  i s o l a t e d  PAH f r a c t i o n s  u t i l i z i n g  a  

unique h o s t  mediated b ioassay  system. Pre l iminary  r e s u l t s  i n d i c a t e  

t ha t . . : f u r the r  e f f o r t s  w i l l  be r e q u i r e d  t o  determine dose response  

p a r a m e t e r s . a s  w e l l  a s  s u i t a b l e ,  v e h i c l e s  f o r  t h e  s a t i s f a c t o r y :  

i n t r o d u c t i o n  of .  c e r t a i n  PAH f r a c t i o n s  i n t o  t h i s  p a r t i c u l a r  b i ca s say  

system. 



* Progre s s  Report  

During t h e  p a s t  e i g h t  months fo l l owing  t h e  i naugura t i on  of 

o u r  ERDA Research Con t r ac t  Ey-76-S-02-2958 on June 1, 1976, 

two f o r t u i t o u s  even t s  have occurred which have made it p o s s i b l e  

f o r  ou r  l a b o r a t o r y  t o  make. e x c e p t i o n a l  p rogress  t oward  c e r t a i n  

of our  r e s e a r c h  g o a l s  i n  such a r e l a t i v e l y  s h o r t  span of s t a r t  

up t i m e .  The f i r s t ,  a s  de sc r ibed  i n  S e c t i o n  A involved t h e  f u r t h e r  

development of advanced phys i ca l  chemical  t echniques  f o r  i s o l a t i o n  

and i d e n t i f i c a t i o n  of complex o rgan ic  compounds - i n  t h i s  i n s t a n c e  

methods t h a t  could be broadly a d p l i e d  t o  t h e  i n d i v i d u a l  p o l y c y c l i c  

a roma t i c  hydrocarbons and t h e i r  p o s s i b l e  t r ans fo rma t ion  produc ts  

found i n  complex mixtures .  The second even t ,  a s  de sc r ibed  i n  

S e c t i o n  B, involved t h e  development by a  co l l eague  and c o l l a b o r a t o r  

and a v a i l a b i l i t y  t o  us  - of a unique b ioassay  system which possesses  

t h e  p o t e n t i a l  of b e i n g  r e a d i l y  u t i l i z e d  i n  con junc t ion  w i th  t h e  

aforementioned advance i n  phys i ca l  chemical  n-.ethodology t o  e v e n t u a l l y  

p rov ide  c e r t a i n  in format ion  concern ing  t h e  p o s s i b l e  c a r c i n o g e n i c i t y  

and/or  mutogenici ty  of i n d i v i d u a l l y  i s o l a t e d  (and e v e n t u a l l y  

s t r u c t u r a l l y  i d e n t i f i e d  - see renewal p roposa l )  p o l y c y c l i c  hydro- 

carbons bound i n  complex~mixtures  .under r a d i c a l l y  changing 

environmental  c o n d i t i o n s ,  f o r  example, c o a l  convers ion  processes .  

S e c t i o n  A: Phys ical -Chemical  Methods - 

The Development o f . T h i n  Film Technology t o  Produce High' 

E f f i c i e n c y  Wall Coated Po la r  and Nonpolar Glass  C a p i l l a r y  Columns 

f o r :  Use i n  Gas Chrornatogra.phy. 



'r 

Within a few months a f t e r  t h e  s t a r t  of our  c o n t r a c t ,  

D r .  G. ' ~ l e x a n d e r ,  a chemical  eng ineer  wi th  a broad background 

i n  g l a s s  chemis t ry  and polymer c o a t i n g s ,  and t h e  P r i n c i p a l  I n v e s t i g a t o r  

as w e l l  a s  o t h e r  members of our  group decided ( a f t e r  some p re l imina ry  

exper iments  on t h e  c o n s t r u c t i o n  and use  of micropacked columns 

which h i g h l i g h t e d  c e r t a i n  of i t s  d i sadvantages  h e r e  f o r  t h i s  p a r t i c u l a r  

a p p l i c a t i o n ) ,  t o  conduct f u r t h e r  s t u d i e s  on some e a r l i e r  obse rva t ions  

of Alexander ' s  i n  t h e  p r e p a r a t i o n  of d e a c t i v a t e d  g l a s s  c a p i l l a r y  

w a l l  s u r f a c e s  t o  a c c e p t  t he rma l ly  s t a b l e  o rganic  compounds which 

could a c t  a s  s t a t i o n a r y  phases i n  t h e  gas chromatographic process .  

I n  t h e  r o u t i n e  p r e p a r a t i o n  of very h igh  e f f i c i e n c y  (3000-7000 

t h e o r e t i c a l  p l a t e s /me te r )  w a l l  coa ted  g l a s s  c a p i l l a r y  columns i n  

l e n g t h s  exceeding 25-30 meters  two major problems have been h e r e t o f o r e  

encountered by a hand fu l  of e x p e r t s  s c a t t e r e d  throughout  t h e  world.  

This  involved ,  f i r s t ,  t h e  poor w e t t a b i l i t y  of g l a s s  by compounds 

used a s  s t a t i o n a r y  phases and second, t h e  c a t a l y t i c  and/or  a b s o r p t i v e  

a c t i v i t y  of t h e  g l a s s  w a l l  i t s e l f ,  which whi le  l e s s  t hen  t h a t  

encountered w i th  meta l  t ub ing ,  i s ' c e r t a i n l y  h i g h  enough t o  cause 

s e r i o u s  d i f f i c u l t i e s  when s e n s i t i v e  s o l u t e s ,  mainly of b i o l o g i c a l  

o r i g i n  a r e  t o  be analyzed.  

A f t e r  a number of i n t e n s i v e  experiments i n  our  l a b o r a t o r i e s  

on t h e  use  of gaseous HC1 a s  a method ' rougheningt  t h e  s u r f a c e ' o f  

s o f t  g l a s s  c a p i l l a r y  t ubes  t h e  problem of r o u t i n e l y  c o a t i n g  any 

p o l a r  s t a t i o n a r y  phase on a t r e a t e d  c a p i l l a r y  t u b e  appeared t o  be 

so lved .  Apparently t h e  H C 1  gas r e a c t s  v igorous ly  w i th  t h e  a l k a l i  

i o n s  on t h e  g l a s s  s u r f a c e  t he reby  producing a uniform l a y e r  of' NaCl ... 

". 



b c r y s t a l s .  Although t h i s  r e a c t i o n ,  which causes  t h e  t u b e  t o  t u r n  

opaque, occurs  a lmost  i n s t a n t e o u s l y  a t  h i g h  tempera tures  (4500) 

we have found t h a t  exposing t h e  s o f t  g l a s s  c a p i l l a r y  t o  H C 1  gas  

f o r  2 hours  a t  4500C opt imizes  t h e  growth and un i fo rmi ty  of sodium 

c h l o r i d e  c r y s t a l  format ion.  Such a l a y e r  now a l l ows  t h e  uniform 

d i s t r i b u t i o n  on t h e  w a l l  of t h e  c a p i l l a r y  of any of t h e  h i g h e s t  

s u r f a c e  t e n s i o n  p o l a r  l i q u i d  phases wi thout  any ' d r o p l e t T  o r  l e n s  

format ion.  Moreover, it was found t h a t  t h e  a c i d i c  t r ea tmen t  d i d  

n o t  i n c r e a s e  t h e  number of a b s o r p t i v e  s i l a n o l  groups p re sen t  on 

t h o s e  a r e a s  of t h e  g l a s s  s u r f a c e  n o t  covered by t h e  NaCl c r y s t a l s .  

With t h i s  problem behind us ,  it became apparen t  t h a t  t h e  

u s u a l  s t a t i c  t e c h n i c  f o r  c o a t i n g  c a p i l l a r y  columns ( d i l u t e ,  

a e r a t e d  s o l u t i o n s  of s t a t i o n a r y  phase a r e  drawn i n t o  t h e  u s u a l l y  

s h o r t  20-30 meter c a p i l l a r y  column by vacuum u n t i l  f i l l e d ,  one 

end i s  t h e n  s e a l e d  and t h e  o t h e r  end i s  exposed t o  f u l l  vacuum 

f o r  1-2 days i n  o rde r  t o  evapora te  s o l v e n t )  would be l i m i t e d  

f o r  s e v e r a l  reasons .  

1. t h e  procedure was l a b o r i o u s  and t ime  consuming (1-2 days )  

2. could .only be used wi th  column l e n g t h s  up t o  20-30 meters  

x 0.25 mm i . d .  s i n c e  it was a l s o  d i f f i c u l t  and t ime consuming 

t o  v o l a t i z e  o f f  s o l v e n t  from longe r  l e n g t h s  of narrow bore 

t u b i n g  

3. f i n a l l y ,  a l though  t h e  p o l a r  phases which were s t a t i c a l l y  

produced on e tched  columns y i e lded  very h i g h  t h e o r e t i c a l  

p l a t e  numbers, t h e  s e p a r a t i o n  f a c t o r s  c a l c u l a t e d . f o r  p o l a r  : 
, .  . . 

s o l u t e s  analyzed on ' certa'in p o l a r  phases d i d  'not. co inc ide  ' . <  



with  t h e  v a s t  l i t e r a t u r e  a v a i l a b l e  on 'packedt columns coa ted  

w i th  s i m i l a r  phases .  The reason  f o r  t h i s  phenomenon i s .  s t i l l  

n o t  apparen t  a t  t h i s '  t i m e .  

Because of t h e s e  a s  w e l l  a s  o t h e r  reasons  we t h e r e f o r e  t u rned  

t o  dynamic methods of c o a t i n g  0.20-0.30 mm. i . d .  c a p i l l a r y  columns 

i n  l e n g t h s  exceeding 100 meters  - assuming t h a t  i f  w e  were s u c c e s s f u l  

w e  cou ld  r o u t i n e l y  have columns 100-150 meters  l o n g  y i e l d i n g  

400,000 t o  900,000 t h e o r e t i c a l  p l a t e s  (4000-6000 t .p. /m).  Under 

t h e s e  c i rcumstances ,  we would t h e n  hope fu l ly  have a  r e l a t i v e l y  easy  

t ime  of . r e a l i z i n g ,  one of our  goa l s  by s e p a r a t i n g  t h e  many isomers 

of c e r t a i n  po lycyc l i c  a romat ic  hydrocarbons produced under c e r t a i n  

c o n d i t i o n s .  

Here, a g a i n  ou r  t i m i n g  was . f o r t u n a t e .  Schomburg ( 1  .) had 

j u s t  publ i shed  a  paper d e s c r i b i n g  h i s  f i r s t  experiments w i t h  a  

nove l  t echnique  of dynamically c o a t i n g  l o n g  c a p i l l a r y  columns by 

f i r s t  f i l l i n g  about  5-10% of t h e  column wi th  t h e  a p p r o p r i a t e  

c o n c e n t r a t i o n  o f . s t a t i o n a r y  phase d i s s o l v e d  i n  a  s o l v e n t  such 'as 

methylene c h l o r i d e  - t h e n  fol lowed by f i l l i n g  1-2 loops  of t h e  column 

w i t h  mercury. The i n l e t ,  s i d e  of t h e  c a p i l l a r y  i s  t h e n  connected 

t o  a  n i t r o g e n  c y l i n d e r  and p r e s s u r e  i s  a p p l i e d  t o  t h e  mercury 

p l u g  which i n  t u r n  moves t h e  s o l u t e - s o l v e n t  p l u g  a l o n g  t h e  e n t i r e  

l e n g t h  of t h e  column a t  a  c o n s t a n t  speed.  A f t e r  i t s  e x i t  from t h e  

column, n i t r o g e n  gas p e r c o l a t e s  through t h e  column removing t h e  

s o l v e n t  and l e a v i n g  behind a  uniform l a y e r  of s t a t i o n a r y  phase.  

A f t e r  much exper imenta t ion ,  we r a d i c a l l y  modified t h i s  
I 

t echnique ,  optimized t h e  v e l o c i t y  of s o l u t e  s o l v e n t  p lug  as' we'll 



.. a s  t h e  concen t r a t i ons  of t h e  va r ious  d i f f e r e n t  s t a t i o n a r y  phases 

used i n  gas  chromatography and emerged wi th  a procedure t h a t  could 

I provide  us w i t h  uniformly coa t ed  very h i g h  e f f i c i e n c y  g l a s s  c a p i l l a r y  

I columns of a lmos t  any d e s i r e d  l e n g t h  - a t  l e a s t  80 p e r c e n t , o f  t h e  t ime.  

To i l l u s t r a t e  t h e  enormous r e s o l v i n g  power of t h i s  t ype  of 

l o n g  column, Schomburg ( 2  ) claimed t h a t  by u s i n g  a  300 m e t e r .  

l o n g  column coa t ed  w i t h  squa lene ,  h e  could  s e p a r a t e  t w o . c y c l i c  

C hydrocarbons each  of which conta ined  s i x  deuter ium atoms l o c a t e d  8  

a t  d i f f e r e n t  p o s i t i o n s  i n  t h e  m o l e c u l e . ,  A 100  meter column was 

on ly  necessary  f o r  t h e  s e p a r a t i o n  of two i d e n t i c a l  hydrocarbns 

t h a t  d i f f e r e d  only by one deuter ium atom. 

F igures  1-10 demonstra te  t h e  wide v a r i e t y  of h igh  e f f i c i e n c y  

c a p i l l a r y  columns we now can .produce  i n  ou r  l a b o r a t o r i e s  by t h e s e  

procedures .  (See Appendix f o r  s p e c i f , i c  o p e r a t i n g  c o n d i t i o n s ) .  

Enormously encouraged by our  r a p i d  progress  i n  t h i s  a r e a ,  

w e  moved r a p i d l y  toward some r e s o l u t i o n  of t h e  second ou t s t and ing  

d i f f i c u l t y  t h a t  s t i l l  remained i n  t h e  a r e a  of h igh  e f f i c i e n c y  

g l a s s  c a p i l l a r y  columns gas  chr~matog-raphy - a l l u d e d  t o  i n  t h e  

e a r l i e r  p a r t  of t h i s  t e x t  - t h a t  of d e a c t i v a t i o n  of s o f t  g l a s s  

c a p i l l a r y  s u r f a c e s .  

It has  l o n g  been recognized t h a t  t h e  s u r f a c e s  of e tched  o r  

nonetched g l a s s  c a p i l l a r y  columns coa ted  w i th  nonpolar phases 

showed s i g n i f i c a n t  a b s o r p t i v e  and/or  c a t a l y t i c  a c t i v i t y  toward 

c e r t a i n  c l a s s e s  of compounds, i . e .  ke tones ,  a l c o h o l s ,  bases ,  amines 

etc.  Although t h i s  phenomena of t a i l i n g  o r  van i sh ing  peaks was 

a l s o  observed t o  a  lesser e x t e n t  wi th  c a p i l l a r y  columns c o n t a i n i n g  



.. 
r e l a t i v e l y  t h i n  l a y e r s  of p o l a r  phases ,  moderate l a y e r s  of p o l a r  

I phases appeared t o  n e u t r a l i z e ,  much i f  n o t  a l l  of t h e  adve r se  . 

s u r f a c e  a c t i v i t y .  

I The p r e c i s e  chemistry  involved i n  s o f t  g l a s s  s u r f a c e  a c t i v i t y  

i n  t h i s  c o n t e x t  i s ' l i t t l e  unders tood and i s  worthy of a r e s e a r c h  

p r o j e c t  un to  i t s e l f .  S ince  t h i s  was n o t  our  i n t e n t ,  we t h e r e f o r e  

pursued t h e  e a r l i e r  observa t ions  t h a t  d i l u t e  s o l u t i o n s  of t h e  

p o l a r  po lye thy lene  g l y c o l  (Carbowax 20M) rendered such s u r f a c e s  

I l e s s  a c t i v e  by some l i t t l e  unders tood mechanism. Experiments were 

conducted whereby a 1-3% s o l u t i o n  of Carbowax 20M was coa t ed  on to  

I on e tched  s o f t  g l a s s  c a p i l l a r y  columns by t h e  dynamic mercury p lug  

method fol lowed by a r e g u l a r  c o a t i n g  of t h e  nonpolar  OV-101 phase. 

Indeed when c e r t a i n  r e p r e s e n t a t i v e  compounds were chromatoyraphed, 

I a c t i v i t y  was decreased  (See Figs.11-]Sand Appendix). Without 

t h e  Carbowax 20M undercoat ing,  bu t ano l  would ' t a i l 1  cons ide rab ly  

more; and py r id ine  would n o t  emerge o r  i f  p r e s e n t  - would show 

b i z a r r e  peak shapes .  Another drawback qu i ck ly  emerged w i t h  t h e  

I use  of.Carbo,wax 20M. I f  t h e  column tempera ture  was i nc reased  

1 t o  t h e  200-220'~ - no t  a n  unusual  t empera ture  range f o r  gas 

chromatoqtaphic . . a n a l y s i s  today  - t h e  Carbowax 20M undercoa t ing  

would breakdown and f u l l  s u r f a c e  a c t i v i t y  of a nonpolar column 
a 

would a g a i n  become mani fes t .  Along about  t h i s  time, we decided 

t o  make use  of a n  obse rva t ion  of Aue ( 3  ) .who noted t h a t  i f  packed 

I 
columns, coa t ed  w i th  a t h i n  l a y e r  of Carbowax 20M were s e a l e d ,  

hea t ed  t o  2800C + f o r  a g iven  pe r iod  of t ime  and t h e n  t h e  r e s i d u a l  

s o l u b l e  l a y e r  of s t a t i o n a r y  phase was removed by pas s ing  sma l l  



q u a n t i t i e s  of s o l v e n t  through t h e  columns s e v e r a l  t imes ,  a t h i n  

nonex t r ac t ab l e  t he rma l ly  s t a b l e  l a y e r  of a modified Carbowax 20M 

polymer remained on t h e  s u r f a c e  of t h e  columns packing - r ende r ing  

it i n e r t  chromatographical ly  ( a l coho l s '  t h e n  analyzed would no l o n g e r  

show t a i l s  ) . 
A f t e r  much t r i a l  and e r r o r  we f u r t h e r  modified t h e  Aue technique  

and made it work i n  con junc t ion  wi th  ou r  o t h e r  procedures  f o r  t h e  

p r e p a r a t i o n  of h igh  e f f i c i e n c y  g l a s s  c a p i l l a r y  columns. Although 

n o t  a l t o g e t h e r  p e r f e c t ,  it has  provided us  w i t h  some of t h e  b e s t  

r e s u l t s  w e  have seen  t o d a t e  i n  t h i s  p a r t i c u l a r  sphere  of endeavor 

(See F igures  16-19 and Appendix ). 

A t  t h i s  p o i n t  (3-4 months a f t e r  s t a r t u p )  w e  had t h e  e a r l y  

makings of a very e f f i c i e n t  system which could t h e n  be appl2ed 

t o  one of t h e  b a s i c  problems a t  hand - namely t h e  s e p a r a t i o n  and 

i d e n t i f i c a t i o n  of c e r t a i n  p o l y c y c l i c  a romat ic  hydrocarbons i n  

c e r t a i n  environments and t h e  development of a more r e l i a b l e  and 

s i m p l i f i e d  approach toward t h e  i d e n t i f i c a t i o n  of t h o s e  compounds 

which possessed mutagenic and/or  ca rc inogen ic  a c t i v i t y  i n  c e r t a i n  

t y p e s  of b ioassay  systems. Accordingly,  w e  con t ac t ed  John Kovach, 

Ac t ing  Chief of t h e  Process  Analysis  Laboratory Branch a t  EIIDA1s 

Morgantown, West V i r g i n i a ,  Energy Research Cente r  f o r  samples 

ob ta ined  d u r i n g  c e r t a i n  phases of t h e i r  c o a l  l i q u i f a c t i o n  process .  

Our purpose a t  t h i s  very  e a r l y '  p o i n t  i n  t i m e  was two f o l d .  

a )  t e s t  o u t  our  h i g h  e f f i c i e n c y  g l a s s  c a p i l l a r y  columns on 

t y p e s  of samples t h a t  w e  would become i n c r e a s i n g  involved 

w i t h  i n  t h e  f u t u r e  and 



b )  o b t a i n  a n  e a r l y  assessment  of what t y p e s  of problems may 

be encountered when such samples o r  s e l e c t i v e  segments of 

t h e s e  samples were sub j ec t ed  t o  a unique b ioassay  technique  

f o r  t h e  assessment  of mutagenic i ty  and/or  c a r c i n o g e n i c i t y  

( s e e .  f o l l owing  Sec t ion  on Bioassay Techniques).  

The e a r l y  r e s u l t s  of ana lyz ing  va r ious  t y p e s  of p rocess  samples 

w i t h  t h i s  type  of column 'system may be s een  i n  F igures  

Seve ra l  comments a r e  i n  o rde r :  

1. Although t h e r e  a r e  s e v e r a l  dozen d i s c e r n i b l e  major 

peaks,  t h e r e  a r e  probably 100-200 minor peaks p r e s e n t  i n  sample. 

2. The i n d i v i d u a l  components of each sample could be 

f u r t h e r  reso lved  from one ano the r  by go ing  t o  s t i l l  l o n g e r  c a p i l l a r y  

columns, i . e .  100-200 meters. 

3 .  Addi t i ona l  r e s o l u t i o n  w i l l  be ob ta ined  when sample i s  

chromatographed on two o r  more 100  meter + columns c o n t a i n i n g , s t a t i o n a r y  

phases of d i f f e r e n t  p o l a r i t y .  

4.  The columns should be f u r t h e r  condi t ioned  p r i o r  t o  

u se  s o  t h a t  base l i n e  ' s h i f t  d u r i n g  temperature'programrning i s  h e l d  

t o  a minimum. 

5. S ince  s o  many compounds a r e  p r e s e n t  t h a t  may,be 

p o t e n t i a l l y  harmful ,  some i n i t i a l  s h o r t c u t s  are i n  o r d e r  i n  an  

i e f f o r t  t o  a s s e s s  t h e  s y n e r g i s t i c  r e l a t i o n s h i p  t h a t  two o r  more 

i s t r u c t u r a l l y  r e l a t e d  compounds may have on b i o l o g i c a l  systems 

(namely, i n  t h i s  i n s t a n c e ,  t h e  b ioassay  system).  



Within t h e  nex t  few weeks, a p p r o p r i a t e  columns w i l l  become 

a v a i l a b l e  i n  o r d e r  t o  accomplish t h a t  which was mentioned under 

2 ,  3 and 4. John Kovatch of ERDAts Research Branch i n  Morgantown, 

West V i rg in i a ,  mentioned t h a t  companion samples w i l l  a l s o  be forwarded 

t o  us  from exper iments  w i th  d i f f e r e n t  p rocess  cond i t i ons . .  

S e c t i o n  B: A Host Mediated Bioassay Method 

I n  t h i s  s e c t i o n ,  I have reques ted  a co l l eague ,  D r .  Robert  Cap izz i ,  

a n  a c t i v e  worker i n  t h e  f i e l d  of chemical  mutagenesis u t i l i z i n g  a 

p a r t i c u l a r  t ype  of b i o l o g i c a l  d e t e c t i o n  system, t o  d e s c r i b e  h i s  views 

and exper iences  t o d a t e  wi th  t h i s  t echnique .  D r .  Cap izz i  has  c o l l a b o r a t e d  

w i th  us  i n  p re l iminary  s t u d i e s  t o  d e l i n e a t e  t h o s e  parameters t h a t  a r e  

e s s e n t i a l  t o  t h e  s u c c e s s f u l  deployment of t h i s  method wi th  t h e  aforementioned 

chromatographic techniques  f o r  t h e  s c r een ing  of chemicals f o r  ' t o x i c '  

b i o l o g i c a l  e f f e c t s .  S ince  t h e  r e s u l t s  from t h i s  type  of b ioassay  system 

a r e  u s u a l l y  no t  known f o r  s e v e r a l  weeks a f t e r  s t a r t u p ,  i n  s e l e c t i v e  

i n s t a n c e s  w e  i n t end  t o  use  t h i s  method i n  conjunc t ion  wi th  t h e  Ames 

system ( s e e  Renewal Proposa l )  i n  an  e f f o r t  t o  g a i n  f i r s t ' h a n d  exper ience  

a t  c o r r e l a t i n g  r e s u l t s  obtained-under s p e c i f i c  l a b o r a t o r y  cond i t i ons  - with  

a mammalian and a b a c t e r i a l  system. 
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Appendix 

Figuces  1-6 

Demonstrate t h e  c a p a b i l i t y  of c o a t i n g  g l a s s  c a p i l l a r y  
,- 

columns w i t h  a wide v a r i e t y  of s t a t i o n a r y  phases of d i f f e r i n g  

p o l a r i t y  (OV 101-methyl s i l i c o n e ,  OV 17-phenyl methyl s i l i c o n e ,  

CarboWax 20 M-polyethylene g l y c o l ,  FFAP-polyethylene g l y c o l  + 

t e r e p h t h a l i c  a c i d ,  S i l a r  10C-cyanopropyl s i l i c o n e ,  OV 275-cyanosi l icone)  

which y i e l d  e f f i c i e n c i e s  r ang ing  from 3500 t o  about  7000 t h e o r e t i c a l  

p l a t e s  pe r  meter ,? ! ! 

Figu re s  7.-10 -- 

. Depict  t h e  u se  of t h e s e  h igh  e f f i c i e n c y  g l a s s  c a p i l l a r y  

columns i n  s e p a r a t i n g  c e r t a i n  a r b i t r a r i l y  s e l e c t e d  complex mixtures  

c o n t a i n i n g  widely d i f f e r i n g  c l a s s e s  of compounds 

F igures  11-15 

Demonstrate cons ide rab l e  g l a s s  s u r f a c e  d e a c t i v a t i o n  when t h e  

g l a s s  t u b i n g - i s  p r e t r e a t e d . w i t h  s o l u t i o n s  of CarboWax 20M followed 

by a thermal  'baking i n t  per iod .  The d e s i r e d  s t a t i . o n a r y  phase i s  

t h e n  a p p l i e d  t o ' t h e  s u r f a c e  of t h e  precoated column a s  desc r ibed  

i n  t h e  t e x t .  Note t h e  s i g n i f i c a n t  improvement i n  t h e  shapes  of t h e  

a l c o h o l  ( b u t a n o l )  and pyriddne peaks (decreased  t a i l i n g )  i n  c o n t r a s t  

t o  t h a t  ob ta ined  without  t h e  procedure.  

F i g u r e s  16-19 

Depict  t h e  chromatographic a n a l y s i s  of p roduc ts  ob ta ined  from 

t h e  ERDA Morgantown, W.VA. c o a l  l i q u e f a c t i o n  process .  Samples FB-39SPT 

and 2-E r e p r e s e n t  f r a c t i o n s  normally ob ta ined  by s o l v e n t  e x t r a c t i o n .  
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FIGURE: VI 

Column: 08 275 60 meters 
Temp: 180 C. - : 
Pressure: 32 p s i  He 

I I 

A t t :  1 x 4  Chart: 0.51i/min. I I 

Sample: Test methyl e s t e r s  of f a t t y  acids ! /  

C-14, C-16, C-16:1, C-18, C-18:1 I !  - 

Comment: Peak 5 yielded 3970 theo re t i ca l  
p l a t e s  per meter 
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Sample : McReynold Is Tes t  Mixture 
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Capizz i ,  R.L. 

l n t r o d u c t  ion  

: The most commonly used procedures f o r  t he  d e t e c t  ion  o f  chemical 
mutagens employ prokaryo t  i c  and eukaryot i c  systems ranging f ran  phage 
t o  mammalian c e l  I s  i n  c u l t u r e  (1-3).  The use o f  any one o f  these t e s t s  
i n  an at tempt t o  e s t a b l i s h  the' human gene t i c  h e a l t h  hazard from chemical 

I 
mutagens, has as one major l i m i t a t i o n  i t s  i n a b i l i t y  t o  consider  host  
b lo t rans fo rma t ion  o f  t h e  chemical. T h i s  i s  a ve ry  e s s e n t i a l  f e a t u r e  
s ince  many agents a r e  known t o  r e q u i r e  metabo l ic  a c t i v a t i o n  i n  o rde r  t o  
exe r t  t h e i r  mutagenic o r  carc inogen ic  e f f e c t s .  Conversely, a chemical 
which i s  a very. po ten t  mutagen i n  v i t r o  may n o t  present  a s ign  i f  i c a n t  -- 
hazard i n  v i v o  due t o  i t s  l ack  o f  b,ioavai l a b i l  i t y  t o  t h e  t a r g e t  c e l l s  -- 
stemming from r a p i d  me tabo l i c  d e a c t i v a t i o n  o r  exc re t i on .  

Attempts t o  overcome t h i s  drawback i nc lude  t h e  expcsure o f  
b a c t e r i a l  t e s t e r  s t r a i n s  t o  var ious  t i s s u e  homogenates of animals which 
had been exposed t o  a mutagen (4-6)  and ac t  i v a t  ion o f  the  mutagen i n  
v i t r o  by the  use of drug metabo l iz ing  f r a c t i o n s  der ived from l i v e r -  
homogenates (5) . Other approaches inc lude murine host-med.iated assays 
which employ b a c t e r i a  ( I ) ,  yeasts (8,9) o r  f u n g i  (10) as i n d i c a t o r  
organisms. Whi le i n d i c a t i n g  mutagen ica l l y  a c t i v e  compounds which a re  
i n a c t i v e  i n  v i t r o ,  l i m i t a t i o n s  o f  these methods inc lude t h e  s h o r t  -- 
d u r a t i o n  of in-an irnal exposure t o  t h e  chemica 1,  l a c k  o f  cornparat i v e  
cy togene t i cs  ,and perhaps va r ied  s e n s i t i v i t y  as a r e s u l t  of d i f f e r e n c e s  
i n  c e l l  b io logy ,  e.g., t r anspor t ,  r e p a i r  mechanisms, e t c .  compared t o  
mammal ian i nd i ca to r .  ce l  1 s. 

Much thought has been devoted t o ' a t t e m p t s  t o  p l a c e  the  above 
- s t u d i e s  i n  proper perspect ive  w i t h  regards t o  the sa fe ty  e v a l u a t i o n  
o f  c.hemicals from a gene t i c  s tandpo in t .  Recent proposals t o  govern- 
mental  r e g u l a t o r y  agencies i n  the  U.S. and Europe have recognized t h a t  
no one t e s t  t o  da te  can f u l l y  e s t a b l i s h  t h e  genet ic  s a f e t y  o f  chemicals 
1 1 1 2 )  Consequently a b a t t e r y  of t e s t s  have been recommended i n  t h e  
o v e r a l l  screening procedure. Mu ta t i ona l  s tud ies  i n  Drosophi l a  and 
p r o k a r y o t i c  t e s t e r  s t r a i n s  a r e  used as t h e  i n i t i a l  screen f o r  these 

.chemicals  and should they be pos i t i ve , '  t h e  t e s t i n g  then advanced t o  
mama1 ian  systems o f  inc reas ing  complex i ty  and cos t .  A t  e i t h e r  end of 
t h i s  t e s t i n g  spectrum, t h e  technology and gene t i cs  have been reasonably 
w e l l  de f ined,  however, o the r  mammalian t e s t  systems which a r e  s e n s i t i v e ,  
.re1 i ab le ,  easy t o  perform, r e l a t i v e l y  q u i c k  and l e s s  expensive a re  
requi,red if a1 l medic ina l ,  i n d u s t r i a l  and environmental chemicals a r e  
t o  be screened. The da ta  obta ined thus f a r  suggests t h a t  t h e  use o f  t h e  
LS178~7asn- mouse leukemia may be very  u s e f u l  i n  t h i s  regard (see below 
f o r  d e t a i  1s.) 



The. fo l . low ing c h a r a c t e r i s t i c s  i l l u s t r a t e  t h e  s u i t a b i l i t y  o f  t h e  
~ 5 1 7 8 ~ / a s n -  mur ine leukemia as an  i n d i c a t o r  c e l l  f o i  t h e  d e t e c t  i o n  o f  t h e  
chemical mutagens: 

a) It i s  a w e l l  e s t a b l i s h e d . c e l 1  l i n e  which grows w e l l  i n  suspension 
c u l t u r e  and -- i n  v i v o  as a s i n g l e  c e l  1 a s c i t e s  tumor w i t h  a doub l ing  t ime o f  

'3 10-12 hours. 

b) Growth -- i n  v i v o  o r  i n  v i t r o  i s  e a s i l y  interchangeable. When taken -- 
from t h e  mouse i t  w i l l  grow i n  suspension c u l t u r e  o r  i t  can 'be  cloned i n  
s o f t  agar t o  determine c e l  l u l a r  v i a b i  1 i t y  w i t h  h i g h  p l a t i n g  e f f i c i e n c y  o r  
induced mu ta t i on  by us ing  t h e  app rop r ia te  c u l t u r e  medium. 

c )  I t  has a s tab le ,  n e a r - d i p l o i d  chromosomal complement o f  42 c h r m o -  
somes.   his would a1 low t h e  simultaneous comparison .of  p o i n t  muta t ions  w i t h  
cy  togenet i c  aber r a t  ions.  -. 

' d )  I t  has been shown t o  r e q u i r e  an exogenous source o f  t he  amino a c i d  
L-asparagine (asn) - for .g rowth  (16) .  Thus, c l o n i n g  t h e  c e l  1s i n  an asn-f ree 
medium w i l l  a l l ow  the  d e t e c t i o n  o f  induced mu ta t i on  t o  asn independence. 
This  i s  the  locus s tud ied  i n  the present  g r a n t  proposal .  

e). s ince  t h e  L5178Y i s  a n e o p l a s t i c  ce l  1, i t  metastas izes t o  a1 1 
organs o f  the bcdy and u l t i m a t e l y  k i l l s  the  host.  The a d m i n i s t r a t i o n  o f  
t h e  chemical i n  quest ion t o  t h e  tumor bear ing animal w i t h  m e t a s t a t i c  d isease 
cou ld  be o f  s i g n i f i c a n t  va lue  by a l l o w i n g  a study o f  organ accumulat ion o f  
t h e  mutagenic . chemical . by determlng the  mutant frequency o f  L5178Y c e l  1s i n  
a g iven   organ^ - ,  

. . r-  

Other n iu ta t iona l  sys.tems employing t h e  L5178Y leukemia c e l l  i nc lude  t h e  
thymidine k inase locus (1 3 ) ,  drug res is t .ance (14) and HGPRT locus (15).  The 
a v a i l a b i l i t y  o f  m u l t i p l e  l o c i  i n  t he  same c e l l  l i n e  would be o f  d i s t i n c t  
v a l u e  i n  the  screening o f  chemicals. f o r  t h e i r  rnuta,genic p o t e n t i a l  s i nce  some 
bu t  n o t  necessar i  l y  a1 1 genes might  be- expected t o  be mutated by v a r i o u s  
chemicals.  Fu r the r  s c i e n t i f i c  b e n e f i t  i n  the use o f  t h i s  c e l l  l i n e  i s  t h e  
a b i l i t y  t o  use i t  i n  a host-mediated assay which would a l l o w  a c o n s i d e r a t i o n  
o f  .mama1 ian  pharmacodynam i c  and pharmacoki ne t  i c  f a c t o r s  such as  chemical 
a c t i v a t i o n ,  d e t o x i f i c a t i o n ,  e x c r e t i o n  and p r e f e r e n t i a l  organ accurnulat ion. 

I I. Background Data f rom t h e  Appl i c a n t  ' s Laboratory 

The induc t  ion  o f  asparag ine-independent mutants by t h e  a c t i o n  o f  
known chemical mutagens on the asparagine auxotroph o f  t he  mur ine 
1 eukemia L 5 1 7 8 ~  (L.5178~/asn-) was studied.  Treatments were c a r r i e d  
o u t  both i n  v i t r o  and i n  a host-mediated assay whereby the  c e l l s  were 
implanted i.p. and the chemical was adminis tered by a d i s t a l  rou te .  

. Asparagine-independent c e l l s  were i d e n t i f i e d  by so f t -agar  c lon ing  i n  
asparag ine-def ic ien t  medium. The aver,age spontaneous mu ta t i on  r a t e  
t o  asparagine independence was 7.4 x 10-7/locus./ generat. ion. I n  t h e  



. I n  v l t r o  system methylmethanesul fonate, melpha l a n  and iodo-deoxy- 
u r l d i n e  were c o n c l u s i v e l y  mutagenic; 5'-amino- iododeoxyur idi ne and 

. t r l f  luorothymid i ne  were negat ive .  The mutagenic e f f e c t s  o f  the  a1 ky- 
l a t i n g  agents e t h y l  methanesulfonate, N-methyl-N'nitro-N-nitroso- 

.- guanid ine,  d i  (2 -ch lo roethy1)su l f  ide ( s u l f u r  mustard) and d in ie thy l -  
n l t rosamine were s tud ied  i n  v i t r o  and i n  t h e  host-mediated assay.. I n  -- 

8 the' host-mediated assay, a l l  agents were mutagenic and a l l  but d ime thy l -  
a n i t rosamine were mutagenic i n  v i t r o .  Posttreatment incubat ion  i n  

f u l l y  supplemented medium (expression t ime) was resu i red p r i o r  t o  
c l o n i n g  i n  t h e  s e l e c t i o n  medi"m.. For a1 1 agents tl;ere was a dose- and 
express i o n  t ime-re1 ated increase i n  mutant frequency. Other f a c t o r s  
- that  a f f e c t  t he  mutagenic potency o f  a chemical . include..  tb.e v e h i c l e  
and rou te  o f  a d m i n i s t r a t i o n  t o  t h e  mouse host .  

The spontaneous mutant frequency and mutat i o n  r a t e  t o  asn i n d e ~ e n -  
dence o f  ~ 5 1 7 8 ~  asn- c e l l s  grown i n ' v i t r o  a r c  shown i n  Tab le  1.   he - - 

average mutant frequency was 3.2 x l - i a b l e  c e l  1s w i t h  a spontaneou.s 
mu ta t i on  r a t e  o f  7.'4 x  j0 -7 /1ocus /~enera t ion .  S i m i  l a r  s tud ies  o f  c e l l  s 

. . ' grown i n  t h e  p e r i t o n e a l  c a v i t y  o f  mice revealed mutant frequency of 
6.3 x 10-6 v i a b l e  ce l  1s which compares v e r y  favo rab l y  w i t h  the l ' in  v i t r -o "  -- 
stud ies .  

, . -. . 

' Before performing any host-mediated s tud ies ,  i t  was important ' t o  
- determine the  r e p r o d u c i b i l i t y  o f  c e l l  grcxlrth i n  t h e  p e r i t o n e a l  c a v i t y .  

Th i s  i s  s'hown i n  F i g u r e  1 .  Fo l lowing the i n t r a p e r i t o n e a l  i n o c u l a t i o n  
o f  l o 6  c e l l s ,  t h e r e  i s  reproduc ib le ,  exponent ia l  growth i f  t h e  c e l l s  
a r e  harvested, d i l u t e d ,  and t ransp lan ted t o  new host  mice p r i o r  t o  or 
j u s t  a s  the  c e l l s  a r e  en te r i ng  the  p la teau phase o f  growth. A s i g n i f  i- 
can t  increase i n  doubl ing t ime occurs i f  the  c e l l s  a r e  t ransp lan ted 
a f t e r  having been i n  p la teau  phase f o r  2 t o  3 days. Th i s  in format  i on  
i s  o f  importance i n  dec id ing  when, a f t e r  having implanted t h e  c e l l s  i n  
t h e  mice, one might  admin is te r  the  chemical i n  quest i on  s i n c e  the  
growth phase of t h e  c e l l s ,  i.e., exponent ia l  vs p lateau,  might  i n f l uence  
t h e  chemica l ' s  e f f e c t .  

I n  t he  assessment o f  mutant c lones,  demonstrat ion o f  phenotypic  
- s t a b i l  i t y  and measurement o f  the mutant gene product  a r e  e s s e n t i a l .  

Randomly se lec ted  mutant ~ 5 1 7 8 ~ / a s n +  co lon ies  were subcu l tu red  i n  asn- 
. . f r e e  medium and t h e i r  growth was monitored as i s  shown i n  F i g u r e  2. 

C e l l s  grew q u i c k l y  when i n i t i a l l y  suspended i n  asn-supplemented medium, 

. . 
b u t  t h e r e  was a s l  i g h t ,  i n i t i a l  l ag  i n  growth when the c e l l s  were 

.:"r .. ' . . . 
.. .. . 

. . . = . .  . . . .  ..-,' . . . . .  suspended i n  asn- f ree medium (Fig.  2, p o i n t  a ) .  However, t he re  was 
comparable growth w i t h  subsequent re-suspension o f  c e l  1s i n t o  bo th  asn- 

. s u p p l q e n t e d  and asn - f ree  medium a f t e r  i n i t i a l  growth i n  asn - f ree  
medium' (F ig.  2, p o i n t  b) . Previous growth o f  t he  mutant ce l  1s i n  asn- 
supplemented medium ( ~ i g .  2, p o i n t  b) d i d  no t  a f f e c t  growth when 
subsequently subcul tured i n  asn- f ree  medium (Fig.  2, p o i n t  c ) .  The 

- phenotypic na ture  o f  newly de r i ved  chemical l y -  induced mutznts was 
conf i rmed by e x t r a c t i n g  co lon ies  from the  s e l e c t i v e  c l o n i n g  medium, 

. . and subcu l tu r i ng  t h e  c e l  1s i n  asn- f ree  medium; i n  no ins tance d i d  a 
colony so se!ected f a i l  t o  grow. 



I ~ 
' , Determinat ion o f  the  asparagine s y n t h e t i c  c a p a b i l i t y  o f  bo th  sub l i nes  ~ were. performed through the cour tesy  o f  D r .  Robert E. Hands.chumacher o f  

I t h e  Dept. o f  Pharmacology a t  Yale U n i v e r s i t y .  Using the  method o f  Chou 
and Handschumacher (17) va lues  o f  0.13 mole o f  asparagine synthesized 

' B per  106 c e l l s  per hour were ob ta ined from the  L5178Y/asn- c e l l s  and 2.23 
. .  m o l e s o f  asparagine per  1 0 6 c e l l s  per h o u r w e r e o b t a i n e d . f o r  t h e m u t a n t  

L5178Y/a sn+ c e l l  s  . 
Long term observat  ions o f  the  g r w t h  o f  L5178~/asn+ and i s 1  7 8 ~ / a s n -  

. i n  asn-f  r e e  o r  asn-supplemented med ium, respect  i v e l y ,  revea led comparable 
doub l i ng  t imes ( ~ ' i g .  3 ) .  . I n  a d d i t i o n ,  recons t ruc t i on  experiments d i d  
no t  revea l  t h a t  e i t h e r  sub1 i n e  eas a t  a s e l e c t i v e  advantage o r  d isad-  
vantage w i t h  regards t o  the o ther .  Furthermore, t o  be c e r t a i n  t h a t  t he  
recovery o f  mutant c e l  1s was not  t h e  resu l  t o f  s e l e c t i v e  cy . to tox i c i  t y ,  
popu la t ions  o f  both the  auxotrophs and p ro to t rophs  were s i m i l a r l y  exposed 
to t h e  chemicals i n  quest i on  and equ iva len t  c y t o t o x i c i  t y  was observed. 

. . 

The m u t a g e n i t  e f f e c t s  o f  the a l k y l a t  ing  agents EMS (ethylmethane- 
su l fona te ) ,  MNNG (N-methyl -N 'n i  t ro-N-ni  t rosoquanid ine) ,  SM ( s u l f u r  
mustard) and DMNA (d imethy ln i t rosamine)  were studied -- i n  v i  t r o  and i n  t h e  
host-mediated assay (HMA). I n  o r d e r  t o  d e t e c t  the  mutagenic a c t i v i t y  

. . o f  these agents, post t reatment  incubat ion i n  f u l  l y  supplemented medium 
(expression t ime) was requ i red  p r i o r  t o  c l o n i n g  i n  t h e  s e l e c t  i o n  (asn- 
f r e e )  rned ium. 

. A major  u t i l i t y  o f  t he  HMA i s  i n  t h e  ' d e t e c t i o n  o f  mutagens t h a t  
r e q u i r e  metabo l ic  a c t i v a t i o n  t o  t h e  a c t i v e  form. A c l a s s i c  example i s  
DMNA, a chemical t h a t  i s  known t o  r e q u i r e  metabol i c  a c t i v a t i o n  v i a  1 i v e r  
hydroxylases (18,19), thus exp la in ing  i t s  l a c k  o f  c y t o t o x i c i t y  and 
mu tagen ic i t y  when L5178Y/asn- c e l l s  were exposed t o  i t  -- i n  v l t r o .  
However, when exposed t o  DMNA i n  the  HMA, L5178Y/asn- ce l  1s were s i g n i f i -  
c a n t l y  mutagenized (F igure  4).  When the  c e l l s  were assayed 6 h r s  ( ~ a y  0)  

. a f t e r  treatment,  no increase i n  mutants was produced by '2 .5  mg/kg and 
q n l y  a s l i g h t  increase was produced by 5 and 10 mg/kg. However, when 
the  c e l l  s  were assayed 4 days s f  t e r  treatment , doses o f  2.5, 5 and 10 
mg/kg produced a S i g n i f i c a n t  i n c r e a s e ' i n  the mutant frequency. 

I n  con t ras t ,  s i g n i f i c a n t  a t t e n u a t i o n  o f  mutagenic a c t i v i t y  o f  
c e r t a i n  chemicals may occur through the HMA. If one were t o  assume t h a t  
EMS, MNNG, and SM were d i s t r i b u t e d  i n  t he  t o t a l  body water; then e x t r a -  
p o l a t i o n  o f  e f f e c t i v e  doses f rom -- i n  v i t r o  t o  -- i n  v i vo  exposure should be 
poss ib le .  However, such e x t r a p o i a t i o n  f o r  t h e  above chemicals i nd i ca ted  
cons iderab le  reduc t i on  i n  mutagenic a c t i v i t y  by f a c t o r s  o f  approximate ly  
4,900- and 10,000-fold f o r  EMS, MNNG, and SM, r espec t i ve l y  (Tables 2 t o  
4). Such a t t e n u a t i o n  probably r e s u l t s  from physicochemica 1 and pharmaco- 
k i n e t i c  f a c t o r s  such as r a p i d  hyd ro l ys i s ,  l oca l  i n a c t i v a t i o n ,  d i s t r  i- 
but ion ,  and o t h e r  f a c t o r s  t h a t  would prevent the a c t i v e  mutagen frm 
reaching the  t a r g e t  c e l  1s w i t h i n  the p e r i t o n e a l  c a v i t y .  Some o f  these 



l i m i t a t i o n s  may be circumvented by changes. i n  the  v e h i c l e  and rou te  o f  
. admin i s t ra t i on .  An i l l u s t r a t i v e  example inc ludes the  use o f  t h e  o rgan ic  
so l ven t  po lye thy lene g l y c o l  200 r a t h e r  than phosphate-buffered sal  i ne  
(pH 7.4, 5 x  10-2 M)  as the v e h i c l e  f o r  SM. As shown i n  Tab le  4, 
s o l u t i o ~ s  o f  SM i n  po lye thy lene .g l yco l  200 resu l ted  i n  a cons iderab le  
increase i n  t h e  SM-induced mutant frequency. Th i s  i s  probably due t o  
t h e  slower r a t e  o f  h y d r o l y s i s  of SM i n  o rgan ic  s o l u t i o n  as compared t o  

. aqueous so lu t i on .  

. . I n  mutagen ic i ty  screening i t  i s  o f  obvious importance t o  have a 
c o n t r o l  sample which i s  t r e a t e d  w i t h  t h e  v e h i c l e  a lone  t o  be c e r t a i n  

' - t h a t  t h e  chemical i n  ques t i on  does indeed increase the  mutant frequency. 
It would a l s o  be o f  va lue  t o  i nc lude  a "pos i t i ve "  c o n t r o l ,  i .e . ,  a  dose 
o f  known mutagen which would be expected t o  produce a s i g n i f i c a n t  
increase i n  the  mutant frequency. Th is  has a dual  b e n e f i t ;  i t  ensures 

' t h a t  t he  gene t i c  locus under c o n s i d e r a t i o n  i s  indeed capable o f  being 
mutated, and should the chemical i n  ques t ion  produce an increase i n  

. t h e m u t a n t  frequency, one would have an es t imate  o f  the  r e l a t i v e  
potency o f  the  unknown chemical w i t h  re fe rence t o  the standard mutagen. 
With these thoughts i n  mind an ex tens i ve  eva lua t i on  o f  t h e  mutagenic 
e f f e c t  of  m'eth~lmethanesul fonate (MMS) as a f u n c t i o n  o f  dose and 
d u r a t i o n  o f  exposure was undertaken. The data i n  F i g u r e  5 i 1 l u s t r a t e  
a dose-re lated increase i n  mutant frequency. Even non- le tha l  o r  
m in ima l l y  l e t h a l  doses o f  MMS such as 5 and 10 ug/ml. respec t i ve l y ,  
produce a s ign . i f  i car i t .  increase i n '  the  mutant frequency. Exposure o f  
t h e  c e l l s  t o  20 ug/ml f o r  3 hours k i  11s h a l f  o f  the  c e l l s  and produces 

. , '  a mutant frequency o f  135 x v i a b l e  c e l l s  (vs c o n t r o l  o f  12 x 10-6 
v i a b l e  c e l l s ) .  

Fo r  comparat ive pur'bises, t h e  e f f e c t s  o f  a drug, e.g., c y t o t o x i c i t y ,  
can f requen t l y  be expressed i n  terms' o f  t he  product  o f  the  . l o g  dose x 
d u r a t i o n  o f  exposure. For example, t h e  c y t o t o x i c  e f f e c t  o f  MMS a t  a 
dose o f  10 ug/ml f o r  4 hours ( l og  dose x t ime = 4) was comparable t o  

. . the  e f f e c t  of 20 ug/ml f o r  3 hours ( l og  dose x t ime  = 3.909). 

An extens i v e  monograph on the techno1 ogy o f  mutagen i c i  t y  screening 
(20) suggests a standard format  o f  48 hours f o r  dea l  i n g  w i t h  the  ma t te r  
o f  "expression time," i .e., t h e  t ime requ i red  f o r  post t reatment  incu- 
b a t i o n  i n  f u l l y  supplemented medium d u r i n g  which the  mu ta t i on  would ~e 
pheno typ i ca l l y  expressed. The r e s u l t s  o f  our  experiments suggest t h a t  
t h e  ma t te r  o f  expression t ime must be i n d i v i d u a l l y  determined f o r  each 
drug and dose. The c l o s e s t  apprcx imat ion t o  t h e  opt imal  ti-me can be 
de r i ved  by f o l  lowing the post t reatment  outgrowth o f  t h e  c e l l s  i n  f u l  l y  
supplemented medium. The opt ima l  t ime i s  probably t h a t  t ime when t h e  
growth o f  the c e l l s  approximates t h a t  o f  the c o n t r o l ,  i .e. ,  a  doub l ing  
t ime  o f  12 hours. When fo l lowed on a d a i l y  basis ,  t h i s  would a l l o w  
a t  l e a s t  2 rounds o f  DNA rep1 i c a t i o n .  An ev ident  increase i n  t he  mutant 
frequency a t  t h a t  t ime would be c o n s i s t e n t  w i t h  the  p a i r i n g  e r r o r  hypoth- 
e s i s  (21). Such an e f f e c t  may be seen w i t h  s u l f u r  mustard (sM). By 
v i r t u e  o f  i t s  b i f u n c t i o n a l  a l k y l a t i n g  p o t e n t i a l ,  SM i s  much more cy to -  
t o x i c  than the  monofunct ional  a l k y l a t i n g  agent, MMS. As i s  seen i n  



' F i g u r e  6, SM can e x e r t  a profound de lay  i n  c e l l  d u p l i c a t i o n  depending 
. o n  t h e  dose. Thus, f ou r  doses o f  0.001 Fcg/ml. t o  0.01 Vg/ml a 2-day 
expression t ime would be adequate f o r  t he  d e t e c t i o n  of  induced matu-. 
t i o n s .  However, f o r . l a r g e r ,  more t o x i c  doses, assay a t  e a r l y  t ime 
p o i n t s  would no t  be expected t o  d e t e c t  induced mutat ions, whereas, 

8 c l o n i n g  on days 4 through 8 would d e t e c t  them. 

.A photograph o f  asn' independent mutants as induced by s u l f u r  
mustard a r e  shown i n  f i g u r e  7. 

. .- 

I l l .  SPECIFIC AIMS 

To determine the mutagenic p o t e n t i a l  o f  a wide v a r i e t y  o f  p o l y c y c l  i c  
aroinat i c  hydrocarbons de r i ved  from d i f f e r e n t  sources, i .e . ,  t he  coa l  - 
convcrs ion  process (samples suppl ied by ERDA Research Center, - 
Morganstown, blest Va.) - as assayed i n  the  L ~ ~ ~ ~ T / A s N -  murirle leukemia -- - - - - -  ---- 
host mediated assay . . . . . . . .. ., . -. . . . . 

. . . .. . . . - 
These s tud ies  -have been c a r r i e d  ou t  i n  a c t i v e  c o l  l abo ra t  i o n  w i t h  

Dr. L ipsky.  Pre l  iminary s tud ies  u t i l i z i n g  c e r t a i n  crude m a t e r i a l  f r a c -  
t ions der ived .from the c o a l  convers ion  process were found t o  be v e r y  
i n s o l u b l e  i n  t h e  usual aqueous v e h i c l e s  and t h e  concent ra t  ions o f  o rgan ic  
so lvents  requ i red  t o  d i s s o l v e  t h e  va r ious  f r a c t i o n s  supercedea the  ' le tha i  
dose o f  so l ven t .  by several  orders of magnitude. (For example, i n  pre-  
l i m i n a r y  experiments, t h e  concen t ra t i on  of DMSO which was requ i red  t o  
d i s s o l v e  t h e  m a t e r i a l  was 100 x the  LDS0 of  OMSO f o r  mice. More r e c e n t l y  
Mazola o i  1 proved t o  be an excel l e n t  so lvent  here, however i t s  compat- 
a b i l i t y  w i t h  t h e  bioassay ( c o n t r o l )  i s  now being determined. I n  subsequent 
experiments, t h e  crude d e r i v a t i v e s  w i l l  again be subjected '  t o  sepa ia t  i o n  
o f  t h e  complex m ix tu res  i n t o  i n d i v i d u a l  components by means o f  h i g h  
e f f i c i e n c y  g lass  c a p i l  l a r y  column gas chromatography i n  D r .  L i p s k y ' s  
labora tory .  Pa r t  of t h e  gaseous e f fuen t  from the  column w i l  1 be cont  inu- 
ously d i v e r t e d  f rorn the  very  s e n s i t i v e  d e t e c t i o n  system a t  5 minute  
i n t e r v a l s  and bubbled th rough  a s u i t a b l e  v e h i c l e  which can then be 
in t roduced i n t o  t h e  bioassay system (see below). If any o f  these 5 
minute  f r a c t i o n s  (which may c o n t a i n  up t o  20-30 i n d i v i d u a l  compounds) prove 
t o  be mutagenic, t h a t  f r a c t i o n  w i l l  be f u r t h e r  separated by gas chroma- 
tography f o r  f u r t h e r  i d e n t i f i c a t i o n  o f  the  component ( s )  respons i b !e  f o r  
mutagenic a c t i v i t y .  I n  t h e  above experiments DMNA was g i v e n  t o  another group 
o f  mice a s ' a  p o s i t i v e  c o n t r o l .  ' I n  bo th  instances, a DMNA- induced increase i n  
t h e  mutant frequency was observed i n d i c a t i n g  t h e  r e s p o n s i v i t y  o f  t he  ce l  1 l i n e  
under analogous experimental  cond i t ions .  Obvious s tud ies  which need t o  be per -  
formed a r e  of  pharmacokinet ic  na ture  r e l a t i n g  t o  abso rp t i on  and d i s t r i b u t i o n  
o f  t he  components o f  t h e  e x t r a c t .  



Previous problems which had hampered the progress o f  t h e  host-med ia ted  
. a s s a y w e r e  the occasional  appearanceof  a h i g h  spontaneous mutant frequency 

I n  the  c o n t r o l s  and ready f l e x i b i l i t y  between i n  v i v o  and i n  v i t r o  growth. - -- -- 
I n  experiments conducted over the  past 6 months t h i s  has been overcome. 
Clonal  . i s o l a t e s  from i n  v i t r o  grawth grow r e a d i l y  i n  suspension and these 
suspensions when innoculated i n t o  mice y r w  r a p i d l y  and when cloned d i r e c t l y  
f rom t h e  mice they have a p l a t i n g  e f f i c i e n c y  i n  excess o f  60%. I n  a d d i t i o n ,  
t h e  spontaneous mutant frequency o f  these ne\q c l o n a l  i s o l a t e s  a r e  cons is -  
t e n t l y  i n  the  10-6 range. 

B. Methods o f  ~ r d c e d u r e  
. . 

. . .  A schema'tic f o r  the  host-mediated assay i s  shown i n  f i g u r e  8 and 

. . .,9.; As i s  shown i n  f i g u r e  8'., L5178Y/asn- c e l l s  a r e  innoculated i n t r a -  
p e r i t o n e a l l y .  Four days l a t e r  the agent i n  ques t ion  i s  adminis tered 
b y ' d i s t a l  r o u t e  (subcutaneously, o r  I V )  and a t  va ry ing  t.ime i n t e r v a l s  
t h e  c e l l s  can be harvested from the  p e r i t o n e a l  c a v i t y  and c loned i n  
s o f t  a g a r .  (see below) f o r  de terminat ion  o f  v- iab i  1 i t y  aad induced 
mutant frequency. Absorpt ion and c i r c u l a t i o n  o f  t h e  agent through the  

. va r i ous  organs of the mammalian host a l l ows  the  agent t o  undergo b io - '  
t rans format  ion ( a c t i v a t i o n  o r  i n a c t i v a t i o n )  or i s  excreted o r  s tored.  

. C.. Stock Propagatio'n , 
. . 

1. I n  v i v o  -- 
-. 

Both the  asparagine auxotroph and p r o t o t r o p h  o f  the L5178Y grow 
w e l l  as a s i n g l e  c e l l  suspension i n  the  p e r i t o n e a l  c a v i t y  o f  c e r t a i n  
inbred s t r a i n s  o f  mice, no tab ly  the  DBA2, BDFl, and AKD2Fl. Male 
DBA2 mice (18-20 gm) a re  purchased from t h e  Jackson Laboratory,  Bar 
Harbor, Maine, and a r e  housed i n  our  animal f a c i l i t i e s  u n t i l  they - 
weigh approximate ly  25 gm. Th i s  quarant ine  p e r i o d  a l l ows  the n i c e  

' t o  a c c l  imate t o  t h e i r  new surroundings and insures  us t h a t  they  a r e  
f r e e  o f  J iseases which might a l t e r  the course  o f  r e s u l t s  o f  our  
experiments. ( ~ l  though i n  regul a r ,  repeated purchases from t h e  
Jackson Laboratory over t h e  past  10 years,  every mouse- shipment has 
been hea 1 t h y  ) . 



__ _ _, _ _ _. _ _ _  -. . . . . . -. . 

Stock 1 ines f o r  .study a r e  mainta ined by t h e  s e r i a l  d i  l u t  i on  and 
% t r a n s p l a n t a t  ion  o f  l o 6  c e l  1s t o  new host  mice a t  weekly i n t e r v a l s  

( ~ i g u r e  1 ) .  The mice  a r e  s a c r i f i c e d  and the c e l l s  a r e  ex t rac ted  
I 
8 .  

accord ing t o  the  method descr ibed above. Appropr ia te  d i l u t  ions of t h e  
I 

1 .  
c e l l  'suspensions a r e  made i n  sa l  i ne  and c e t r  imide s o l u t  ion  ( t o  l y s e  
t h e  red blood . ce l  1s) and then the '  ce l  1s a r e  counted i n  a Model B . I 

- E l e c t r o n i c  P a r t i c l e  Counter ( ~ o u l t e r  E l e c t r o n i c s ,  Hialea'h, ~ l o r i d a ) .  
The c e l l s  a re  then d i l u t e d  w i t h  0.9% sodium c h l o r i d e  s o l u t i o n  t o  a 

.' ... ~ 
c oncen t ra t i on  o f  '107/m1. One-tenth m l  ( l o 6  c e l  1s) o f  t h i s  suspension 

: I 
I 

i s  then i -n jec ted  i n t o  new host  mice f o r  e i t h e r  s tock  p.ropagation o r  
experimental  purposes. The c e l  1 s  assume immed i a t e  exponent i a 1 growth 
which i s  reproduc ib le  i f  the  c e l l s  a r e  ha rves ted , .d i l u ted  and t rans -  
p lan ted  t o  new host  mice a t  weekly (7-8 day) i n t e r v a l s .  

-- 

. D. Exposure o f  L51i8Y t o  t h e  Chemical i n  v i v i  Through the  Host-Mediated Assay 1 
I : 

1. S t r a i n  o f  mice 

A l l  s tud ies  w i l l  be conducted w i t h  DBA2 m a l e m i c e  as descr ibed 
above. 

2 .  Dose - 
Mutagenic d o s e s . f o r  each f r a c t i o n  w i l l  be r e l a t e d  t o  i t s  

general  t o x i c i t y  t o  the  mouse. Thus t h e  i n i t i a l  e v a l u a t i o n  w i l l  
c o n s i s t  o f  4 doses p lus  the app rop r ia te  contro ls . .  The doses w i l l  
be r e l a t e d  t o  t h e  mouse LD50, s p e c i f i c a l l y  1/100 LD50, 1/10 LD 
1/2 LOs0, 1 LDsO. The des i red  dose w i l l  be adminis tered i n  0.?%.2 . . . . 

'm l  volumes us ing  the  app rop r ia te  d i l u e n t  as determined by 
D r .  L ipsky.  

- 
.. I f  p o s i t i v e  mutagenic r e s u l t s  a r e  ob ta ined w i t h .  the sma l l es t  

( i .e., 1/100 LDSO) dose, then f u r t h e r  s tud ies  w i l l  i nvo fve  smal le r  
:. doses i n  an at tempt t o  f i n d  the  "no e f f e c t  dose." I f  nega t i ve  

r e s u l t s  a're ob ta ined w i t h  t h e  l a r g e s t  dose (1 LDSO) then t h e  
doses w i l l  be scaled upward t o  2-4 LDtjO. Due t o  t h e  host  t o x i c i t y  

' w i t h  these l a r g e r  doses, t he  d u r a t i o n  o f  c e l l u l a r  exposure i n  t h e  
hos t  w i l l  o f  necess i t y  be l ess  than 24 hours. I n  these instances 

. . c e l l s  w i l l  be harvested from t h e  'mouse 4-6 hours a f t e r  t rea tment  

and d i l u t e d  t o  1 x 104/ml  w i t h  complete ( i .e . ,  asn-supplemented) 
i . .  medium. Thus, i n  v i t r o  incubat ion  w i , l l  s u b s t i t u t e  f o r  i n  v i v o  

-1 I- 
-. - ! "express ion  time. 



. . -  

3. . -Routes of Admin is t ra t i on  

The f u l l  advantage o f  host-mediat ion i s  provided by admin i s te r ing  
the  chemical by a  d i s t a l  rou te  ( i .e . ,  ' d i s t a l  ' to the I . P .  s i t e )  o f  
i nnocu la t i on  o f  t h e  i n d i c a t o r  c e l  1s. However, some chemicals, e.g., 
s u l f u r  mustard may be inac t i va ted  a t  t h e  s i t e  o f  i n j e c t i o n ,  and thereby 
p rov ide  f a l s e  negat ive  resul  t s .  Furthermore, o the r  chemicals, e ig. ,  
cycasin, , a r e  a c t i v a t e d  i n  the  g s s t r o i n t e s t i n a l  t r a c t ;  o thers  may be 
Inac t i va ted  o r  n o t  absorbed by the  g a s t r o i  n t e s t  ina 1 mucosa. . Consequently', 
I n  i n i t i a l  s tud ies  the  chem'icals w i  i l bi admi'nistered subcutaneously. 
If these prov ide nega t i ve  r e s u l t s  then the s tud ies  w i l l  be repeated and 
t h e  chemical w i l l  be administered by I .P .  i n j e c t i o n .  

4: Time o f  Treatment 

The chemical w i l l  be admi i s te red  c n  t h e  4 th  day a f t e r  t h e  i n t r a -  2 p e r i t o n e a l  imp lan ta t i on  o f  10 c e l l s .  A t  t h i s  t ime the c e l l s '  a r e  i n  
mid- logar i thmic  growth a t  a  concent ra t ion  o f  approximately 2-4 x  107/ 
mouse ( ~ i g u r e  1 ) .-. . . . . 

, 5 .  Removal o f  L5178Y a s c i t e s  c e l l s  f rom mice 

a .  The f i r s t  study po in t  i s  5-6 hours a f t e r  the  a d m i n i s t r a t i o n  
o f  a  s i n g l e  dose of the chemical. Fu r the r  determinat ions 
wi 1 1  be madest d a i  l y  i n te rva  1s f o r  4-5 consecut ive days t o  I 

assess t h e  e f f e c t  of "express i on  time" on the recovery o f  
mutant c e l l  s. 

I 
I 

b. Mice a r e  s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n .  
I 

c. ,  he abdominal w a l l  i s  saturated w i t h  0.5% amPhil s o l u t i o n .  

d.  he area o f  i n c i s i o n  i s  s t e r i l i z e d  w i t h  a  red  ho t  #11 sca lpe l  
blade. 

e . .  The s k i n  i s  n icked w l t h  t h e  b lade and the  s k i n  i s  then 
. peeled back t o  f u l l y  expose the  peritoneum. 

f .  us ing a  25 gauge needle, 5 cc ,of F-SIO medium i s  i n j e c t e d  
I n t o  the  peri.tonea1 c a v i t y  w i t h  moderate f o r c e  so a s  t o  
cause tu rbu l  ence'and hence mix ing  o f  the asc i  t i c  and c u l t u r e '  
f l u i d s - .  ( ~ ' ~ 1 ~ = F i s c h e r ' s  medium w i thou t  L-aspa-ragine sup- 
plemented w i t h  10% horse serum.) 



. . h. A new, s t e r i l e  25 gauge needle i s  appl ied  t o  the sy r i nge  
t o  min imize contaminat i o n  and the  contents o f  the  sy r i nge  

. - a r e  e jec ted  through the needle on to  the s i d e  o f  a 50 m l  
. . screw cap c e n t r i f u g e  tube. Th i s  procedure p l u s  g e n t l e  

p i p e t t i n g  and e j e c t i o n  aga ins t  t h e  s ide  o f  t he  tube w i t h  
. 4  a 5 m l  p i p e t t e  3 t imes w i l l  d i s r u p t  any c e l l u l a r  aggregates. 
. . The suspension may then be viewed under an inver ted  

.microscope t o  be sure of a homogeneous, s i n g l e  c e l l  suspen- 
s ion .  

-. I: The volume i s  then brought up t o  5b m l  w i t h  F-Slo. 

j. .' A 1:20 d i l u t i o n  (0.5 + 9.5 ml )  i n  s a l i n e  i s  made, then 
f u r t h e r  d i l u t e d  1:10 i n  c e t r i m i d e  s o l u t i o n  t o  l y s e  any 
contaminat ing red  b lood c e l l s .  T h i s  f i n a l  d i l u t i o n  i s  then 

.. counted i n  t he  Eiodel B Cou l te r  Counter. I f  s i g n i f i c a n t  c e l  l 
k i l l  has been achieved then the  above d i  l u t i o n  would have t o  
be a l t e r e d .  P l o t t i n g  the c e l l s  counts as a f u n c t i o n  o f  
t ime  a f t e r  treatment prov ides immediate i n fo rma t ion  on t h e  
approximate l e t h a l  o r  c y t o s t a t i c  e f f e c t  o f  t he  chemical on 

. t h e  L5178Y. E x t r a p o l a t i o n  of t he  exponent ia l  p o r t i o n  o f  
the growth curve back t o  the o r d i n a t e  w i l  1 p rov ide  a f i g u r e  
f rom which the s u r v i v a l  f r a c t i o n  o f  the t r e a t e d  c e l l s  can 
be c a l c u l a t e d .  This  suppl ies  conf i 'rmatory' ev' idence f o r  
v i a b i l i t y  determinat ions us ing  the  sof t -agar  c l o n i n g  tech- 
nique. 

-- : k. Washing procedure: t h e  c e l l  suspension i s  now c e n t r i f u g e d  

. . _  a t  900 rpm i n  the  i n t e r n a t i o n a l  PR-2 c e n t r i f u g e  f o r  5 
' , minutes; the supernatant i s  decanted and the  p e l  l e t  i s  

; d ispersed i n  the  remaining medium (usua l l y  1 m l ) .  by g e n t l y  
. . :,, tapping the  b o t t l e  aga ins t  the palm o f  one's  hand. The .  

. .  volume i s  then brought t o  50 m l  w i t h  F-S15 and the  procedure 
\ I s  repeated f o r  a t o t a l  of 2 washes. . A f t e r  t h e  second wash, 

' ,  t h e  c e l l s  a r e  d i l u t e d  w i t h  F-S15 t o  a f i n a l  concen t ra t i on  
'' o f  5 x 106 c e l l s / n l /  t h i s  d i  l u t  ion  being pre-determined 
!. 
:. f rom the count ob ta ined i n  "j". 
. . .  
L ' 

1 .  A l i q u o t s  of t h i s  suspension a r e  n w  taken fo r  the  d e t e r -  
j m i n a t i o n  o f  v i a b i l  i t y  and induced mutat ions.  

6.  V i a b i l i t y  

S ince the  induced mu ta t i on  r a t e  w i l l  be ca l cu la ted  from t h e  number 
of induced mutants per m i  1 1  i on  v i a b l e  cel l s ,  the exact quant i  t a t  i o n  o f  
c e l  l u l a r  v iab !  1 i ty.  i s  e s s e n t i a l .  Th i s  i s  determined by c l o n i n g  the  c e l  I s  
i n  s o f t  agar i n  t he  presence o f  10 g/ml of  L-asparagine using: a m o d i f i -  
cat i 'on o f  the technique as descr ibed by Chu and F ischer  (29) .  V iab i 1 i t y  
as determined by c l o n i n g  i s  compared w i t h  v i a b i  1 i t y  as determined by the  
outgrowth method. . . 



Soft  agar c l o n i n g  procedure: 

a)  A 2.2% Noble agar s o l u t i o n  i s  prepared i n  advance and 5 m l  
(0.11 gm) i s  dispensed t o  100 ml capac i t y  g lass  medium 
b o t t l e s .  Th i s  i s  then s t e r i l  i r e d  i n  an au toc lave and t h e  
b o t t l e s  a r e  s to red i n  the r e f r i g e r a t o r  u n t i l  needed. 

b) .F+S15 i s  pre-heatad i n  a 440 C water bath. 

c) Agar i s  mel ted i n  a. b o i l i n g  water ba th  o r  w i t h  a q u i c k  
- burse i n  an autoc lave.  When t h e  agar b o t t l e  i s  cool  enough 

t o  handle ( i  .e., warm), 45 m l  o f  pre-warmed ( 4 4 0 ~ )  F+S15 
i s  added t o  the  agar b o t t l e .  Th i s  i s  now designated as 
AF+S15 and . i s  returned t o  the 4 4 ' ~  water bath. 

d )  An a1 i quo t  o f  c e l l s  f rom s tep  5k ( i n  Sect i o n  C -  11 -5) i s  now 
s e r i a l l y  d i l u t e d  w i t h  F+S]S t o  p rov ide  s u f f i c i e n t  c e l l  
inoculum per  f l a s k  so as t o  produce 40-80 macroscopic 
co lon ies .  E.g., c o n t r o l  c e l l s  can be p l a t e d  w i t h  an 
e f f i c i e n c y  o f  60%. Therefore, 100 c e l l s  would be p la ted .  
Since the  f i n a l  concen t ra t i on  cf c e l l s  i n  s tep  5k was 

. .' 5 x 106 m l ,  t h i s  would be d i l u t e d .  i n  3 s teps:  

- 1 )  ) : I 0 0  (0.1 m l  c e l l  s u s p e n s i o n t  9.9 m l  o f  Ftsl5) . 
. . 2)  . \ : I 0 0  d i l u t i o n  o f  #1  t o  p rov ide  500 c e l l s / m l  

3) 0.5 m l  of d i l u t i o n  o f  #2 p lus  9.5 m l  o f  F+S] 
t o  p r o v i d e  a f i n a l  concen t ra t i on  of  2 5 c e l l s / m l .   is c e l l  

-. .. . _  inoculum i s  scaled u p w a r d s d e p e n d i n g o n t h e a n t i c i p a t e d c e l l  

. . .  k i l l  by the  chemical. If c e l l  k i l l  from a p a r t i c u l a r  dose 
cannot be est imated,  then 3 o r  4 ce l  1 inocu la  cover ing  3 o r  
4 orde rs  o f  magnitude a r e  cloned. Each inoculum. i s  done i n  
dupl i ca te .  

. . 

e) 6 m l  o f  AF+S15 a r e  added t o  30 ml Falcon p l a s t i c  monolayzr 
' f l asks  i n  t he  u p r i g h t  p o s i t i o n .  

f )  4 ml o f  the c e l  1 suspens'ion f rom "dlt a r e  then added t o  t h e  
I '  . f l a s k .  Thus one d i l u t i o n  o f  "d" w i l  1 be c loned i n  dup l  i ca te .  

g) Tk,s sell-agar-medium m i x t u r e  i s  g e n t l y  mixed, then placed i n  
a bucket of crushed i c e  f o r  5 minutes t o  a1 low t h e  agar t o  
ge l .  The f )asks a r e  then piaced i n  the u p r i g h t  p o s i t i o n  i n  
r e t a i n e r s  designed by the  appl  i can t  and a re  kept  a t  room 
temperature f o r  20 minutes,  then placed i n  a 37OC warm room. 

h) Macrosccpic c o l o n i a l  growth w i l l  be maximum by day 15 a t  
.which t ime t h e . f l a s k s  a r e  removed from t h e  incubator .  The 
f l a s k s  a r e  now placed ho.r izonta1 l y ,  ' thereby spreading the  
s o f t  agar over  one s ide  o f  the  f l asks  and t h e  co lon ies  a r e  
counted o n  a New Bcunswick C l l O  Colony Counter. 



I . )  The p l a t i n g  e f f i c i e n c y  ( P . E . )  i s  c a l c u l a t e d  by the  f o l l o w i n g :  

number o f  observed co lon ies  
P.E. = X 100 

number o f  c e l l s  p l a t e d  

4 The c o n t r o l  i s  normal ized t o  100% and a l l  t r e a t e d  c u l t u r e s  a r e  expressed 
as a  pe r  cent  o f  t h  i s  f i g u r e ,  thus enabl ing the c o n s t r u c t i o n  o f  a  dose- 
response curve. 

7. l nduced Kuta t  i o n  

-, . 6  
a. The c e l l  concen t ra t i on  from'"5k" above was 5 x 10 m l .  

b. Agar i s  prepared as descr ibed f o r  v i a b i l i t y  c l o n i n g  except 
t h a t  the  agar i s  d i l u t e d  w i t h  45 m l  o f  F-Sl5 (i.e., l ack ing  
L-asparagine).  . ' --- . 

. . 

c .  The f o l l o w i n g  i s  then added t o  a  30 m l  Fa lcon p l a s t i c  mono- 
l a y e r , ' f  ].ask: . . 

. . 

1 G l  o f  ce l  1 suspension from "5k." 
. . 

Th i s  w i l l  resul  t i n  5 x l o 6  c e l  1s suspended i n  15 m l  o f  Agar-mediun~ 
m ix tu re .  . . 

7. . . 
. . 

.. d. The': same procedure as i n  "69 and h" i s  f o l  lowed w i t h  regards ' I  1 
t o  .mixing, agar  gel  1 ing and co lony  count ing .  . .  i 

e. The mutant frequency i s  der ived f rom the f o l l o w i n g :  ~ 
1 .  ~ u t a n t  f reauency 

i 

x .  106 v i a b l e  c e l l s  = # o f  mutant c o l o n i e s / l 0 6  p l a t e d  c e l l s  

. - (MF) p l a t i n g  e f f i c i e n c y  1 

E. S i g n i f i c a n c e  I 

The carc inogen ic  process ' i s  undoubtedly a  mu1 t i f a c t o r  i a l  one. Whi l e  
f t has been es t inia t ed tha t the major i t y  o f  human cancers a r e  env i ron- 
men ta l l y  induced, t he  unequivocal i d e n t i f i c a t i o n  o f  these substances i s  
f a r  f rom apparent.  Ca rc inogen ic i t y  assays i n  c u r r e n t  use i n v o l v e  whoie 
animal s tud ies  t h a t  a r e  very t ime consuming (severa l  years)  and c o s t l y .  
Whi le  a  d e f i n i t i v e  casual r e l a t i o n s h i p  between mutat i o n  and t h e  i n d u c t i o n  
of cancer i s  a l s o  not  conc lus ive ,  i t  has been shown t h a t  m o s t , i f  not  a l l ,  
known carcinogens a r e  mutagens. Thus, s ince  mu tagen ic i t y  screening i s  



f a r  l ess  c o s t l y  and t ime consuming, mu tagen ic i t y  t e s t s  would be used i n  
I n i t i a l  screen t o .  i d e n t i f y  those chemicals which would .be s tud ied  more 
c l o s e i y  i n  t he  c a r c i n o g e n i c i t y  t e s t s .  

. . I t  i s  recognized tha t  mur ine  phys io logy  and pharmacology may d i f f e r  
8 f rom i t s  human counterpar t ,  however, a mammal ian  host-mediated assay 

which u t i  1 izes a mammal ian  i n d i c a t o r  c e l l  w i t h  a s t a b l e  chromosoma 1 
complement should pe rm i t  a c l o s e r  analogy t o  man than the study of non- 
mammalian o r  s o l e l y  i n  v i t r o  mammalian systems. . .. 

F. F a c i l i t i e s  a v a i l a b l e  . .  . 

Bioassays a r e  being c a r r i e d  o u t  i n  approximately 900 square f e e t  of 
. . l a b o r a t o r y  space i n .  a d d i t i o n  t o  separate o f f  i c e  f a c i  1 i t  ies.  Equipment i n  use 

inc ludes a Biophysics Cytograph Model 6301 f o r  -eel 1 count ing,  s i x i n g  and v i a -  
b i  l i t y  est imated (dye-exclus ion technique) .  :Gel l c u l t u r e  equipment, cons tant  
temperature water  baths, co lony counter ,  Hewett-Packard programmable 
ca lcu . la to r  Model 3800, r e f r i g e r a t e d  cen t r i f uged  and microscopes. I n  a d d i t i o n ,  
a1 1 o f  t he  f a c i  1 i t i e s  o f  a modern, we1 1-equipped pharmacology department w i  1 1  
be a v a i l a b l e .  Some o f  t he  major items inc lude  a c e n t r a l  c e l  1 c u l t u r e  f a c i  1 i t y  

. w i t h  a w a l k - i n  warm room (370), C02 incubator ,  r o l l e r - c e l l  equipment and . 

i 'nverted microscopes; a l s o  a v a i l a b l e  are  an e l e c t r o n  microscope, amino a c i d  
analyzer ,  h i g h  v o l t a g e  e lec t rophores is ,  1 iqu i d  s c i n t  i 1 l a t  ion  counter ,  Carey 
Recording ~ ~ e c t r o p h o t o m e t e r .  Experimental an ina  1s a r e  kept  i n  spec ia l  animal 
ho ld ing  rooms under the  d i r e c t i o n  o f  f u l  1 t ime v e t e r i n a r i a n s .  

G .  ' Col. laborat i v e  arrangement . .. . . . -  

,. - 

A c t i v e  .co l  l a b o r a t i o n  w i t h  D r .  S.  R .  L ipsky, Professor  o f  Phys ica l  Sciences 
i s  being c a r r i e d  o u t  i n  a1 1 o f  these experiments. D r .  L i p s k y ' s  l a b o r a t o r y  w i  1 1  , 

'cont inue t o  f r a c t i o n a t e  the c rude m a t e r i a l  and w i l l  a l s o  i d e n t i f y  t h e  chemical 
. s t r u c t u r e  o f  those i s o l a t e d  components which prove t o  be mutagenic. 
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DAYS O F  IN,CUBATION. 

Fig,.:T. Growth and ~ ~ I o [ ) Q ~ c  nature o f - a l b  from ncvrly derived 
,U178Y/Asn+ c l o n a  At  Poinr a. aliquou from the same coloniu w m  
Supendad in aspamginedeficirnt.(F-St,) 3rd uparagine-rupplemcnted ' . 

(F*SI,) medium and observed from Days 0 to 3: at Poinr b. cells that had 
grown in F-S,, were then di1u:ed into F'SI. and F-S,, and obxrvcd from 
D a y  3 to 6: at Poinr c. alb from F'S,..wre then d i l u td  into F+So & 
F-SIo and obvned from Days 6 to 9. 
. - 
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' Fig. 3 . Comparison of the groanh of U178YJAsn- in an asparaginc- 

. . . . . . . . 
'. ' , ~upphunted medium ud LS178Y/Aao* in asparagiru-ddicient d i k  . 

. . . . ; Ti doubling time. 
... 

mr)/k9 
4 DMNA-induced mutants to arparagine independena. Four - .. 

days rArr the i.p. inoculation of IC. bJ 178Y/Asn: cells. mia  were treated 
with r single rc. dox  of DMNA. The alb we= then h a n a t e d  wash4 in - .  - - .  :F-SU. and donat for viability . a d  frrqger#1 6 br l a m  (Day 0 ..... .- . -  

may)  rod 4 &ya ha. . - I 

. . - . . . .  - . . . . .  . . . . 
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LEGENDS .TO. F !,GUR.E 5 

Figure  5 

> ' '  L5 178Y/a sn' c e l l  s were exposed t o  i ncreas i ng doses o f  MMS f o r  3 hours. 
Ce l l s  were then washed f r e e  o f  drug and c loned immediately i n  f u l  l y  supple- 

?' mented medium t o  determine the  degree of c e l l  k i l l .  Another a1 i quo t  o f  c e l l s  
was re-suspended i n  f u l  l y  'supplemented medium and incubated f o r  72 hours a t  
which t ime they were cloned again tode te rm, ine  v i a b i  1 i t y  and mutant. f revuency 

. i s t h a t .  produced a f t e r  72 hours expression time. Data p o i n t s  a r e  mean - SEM. 
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FIGURE 6 

1 DAYS AFTER TREATMENT 
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. . Figure 7 

I 

M i c e  b e a r i n g  t h e  LS178Y/asn-  w e r e  t r e a t e d  w i t h  p h o s p h a t e  b h f f e r e d  s a l i n e  
( c o n t r o l )  or 100 mg/kg o f  s u l f u r  m u s t a r d  s u b c u t a n e o u s l y .  F o u r  d a y s  l a t e r  t h e  
c e l l s  w e r e  h a r v e s t e d  a n d  5 x 106 c e l l s  w e r e  c l o n e d  i n  s o f t  a g a r .  M a c r o s c o p i c  
c o l o n i e s  a r e  v i s i b l e  to  t h e  n a k e d e y e  and  c a n  b e  q u a n t i t a t e d  w i t h i n  10-14 d z y s .  
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. . .  . , . . Ten replicate platings we= performed in each of 10 experiments. Total . . population assayed was 500 x lo0 cells. 
. . B ' 

No. of experiments " 0  
. Menn no. of mutaats/S x l(r ah 15.3 . . .  . . . . . . Variance 246.1 

Mutant frequency/ 10. rumvon .. 3 3  
. . .  

' - Mutation rate x lo-" . 7.4 . . 
: . .. - . \ .  ._  . . 

.' ~ara t iom/ laus / - t i a  aamiinq td r - a ~ ~ ~ n  o i  L , ~ M  1 
a n d D P l b W  :' . 

. . ........... . . .  . . ....... --.-.-.. .. - ,.-,--- .. ..-I. . -;. - .-.. - ..-, -&.- --.- --- :- - . - -  . . 
: \ - 

' : .  . . 7%' : Tat& \-2 . * e 
L. . -. . ........... .. ' 

I .. , :. 4 ~ ~ n : , e R t  of ~ 1 7 8  Y ~ A S R -  with EMS i~ vi~m a d  in the HA4A . . . .  . . . .  . . . . 

' ' ARct.2 hr of e x p u n  to EMS in v i m  the cells were washed ire= of drug with F-Sta a d  then . . 
. . . . .  . . don& in F'S,, and F-S,, for the daermination.of viability and mutant i q u t n c y .  rrspeaively, a t  . . . .  ;.' various t i m a  after incubation in camplete medium ( a p m i o n  time). In the HMA. m i a  .. - . . - - . . . . 

inaced with a single s.c dosk of EMS 1 days after i.p. inoculation of 10) e l l s .  Celh were harvested. 
'72 br lakr. washed. and cloned as above. . . 

. :.,.. 
. . a .  ' Mutation. 

. . fresmcr 
. . .  Expression Viability 

. . 
(X 10'" 

. . . . .  . . . .  " . ' Exposure Dose timc (br) ' . (% of control) : viable cells) 
. :. 

0 100 32  b vftm 0 .  : 
108 2.3 24 - - 

. . 43 100 2.4 

-.. . . .  
-. . . . 

. . 

. : '  Invluo lo-' M 
.- 

' 72 & 243 - 
O.% NaCl solution 72 100' 4 2  I n  vfw 



- o/n.ammr of U I R Y / A s n -  rcfi with - - 

, . 
*fief z h r  ofuposur, to ME(NG in v i tm,  tbc were rarhro ires of drvg with F - S ~ o a d t h e n  

d O d  in F+s,; and F-S,. for dctcnnination of viability i:;? ir.ulmt ~ E ~ U C ~ C Y .  r = W i v e l ~ *  at 
. . ,60ur tirnD a ~ e r  incubztion in complete muiivm (uprv,5iiin t ine). In the H ~ ~ ~ * v  

Mtd a single s.c. do= of MNNG 4 days hfter thc i.?. il~ccuirtion of 10' =us. Cells 
. . 

. , 

. . .  
b - d  72 hr later. washai, and florid as a'hve. - 

' .  il 
I 

. . 
Viability frequcnq. . . 

(x  lo-' . . . . &pr---'-- 1% nf 

Exposun Do=. t i m  ,... , 
I m .. 32 . . . . n 

. . - b vi tm . . 0 
.-. 

w 
. . .  . . . . . . .  

. . 
.. : Inviim . .  23 x lo-' aa 

. . . . 
. , . . 

. . . . ... . 
. . .  In ri1m 5 x lO-'w . u 

. 24 24 - 15.6 . . . . 
. b  

52.4 . . . . . .  76 . . . .  
- A 0  

" . ' . . , . . . . . : .  .. . . 

... . . : ' . lnvlw 0.9% NaCl solution .- . . . .  - . .  . . . . .  control -... --,, ......... : . . .  . ,  . < *  .,-- " '.& " 7 .  " . 
118.0 . ,  

. 
. . .  

. . 

25 mo,/kg. im. . . .. Iavibt9.' . . . . . . . . .  
. . . - 

-C.-.*... . . 

\ ," -- 
control) 

. . . .  .C' :. . . 
. ? 

-. ... .- . .  ~ ~ . ~ / t ~ ~ ~ ~ e n r  of ul f8Y/ i . ?n  LC,- - ...- -- - 
. SM uud-lrdin 0.05 ps*, pH 7 2  or pllyethylenc ?.iyw12W. After 30 mi. d f c x ~ u n h  
dm, =us mrr .,,& fra of with 6-5.. and :i?-n cloned in F+Ste rod F-SU for 

dr(-inrlionS and mUmnt jjqu;ucy, rcsp-tivc!?. at various t i m a  2ltcr:jwb.tlm 
ampkte md;um (cxpraion ~ m e ) .  1. iiM, mi= were t c i d  with a single S.C d o s . o f S M 3  

after he iep inosulaion 10 c&. Cells were hap*-d  96 br later. m h d  a d  c l o r d  
rbovc. 

Mutatioo 
. . . . ,  . . .. Vibi l i~y  f ~ q c j  

- .  

. . 
&pression ' (%of (X IIT' ri.bk 

Dose . '  time (hr) control) dh). Expooure . ' 

0 100. 4.4. 
' l a  dl+ 1.2 . 0 

96 100 . . i 0.001-mg/l inPBS 100 4.4 0 
-96' 98. '. 6.2 - 

' . O;&V mg/l'in P B S  0 90 4.4 
% 90 .  ' . 12.6 

95 * 5.8 . . 
, ' . .0.01 rng/l in:?= 0 

' % 85 1 0 3  
2.6 . JRM'w) PEPS.control % 100 

' 1 mg/kg in PBS.'s.c. % , 4 - 8 - -  - -- --- 8 1 . . 
lO;.mg/ kg in PBS. S.C. % 75 3.9. 

- aA I 66 . , 24.0 . : 100rng/! 
: polyethy knc glyml iw I- . . 

contrd 
.' . U ) m ~ / k g  in polyethylene 95 53 160.0 

glycol. S.C. 
100 mgikg in polyelhylcne 36 45 59.8' 
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