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EFFECTS OF ENVIRONMEHTAL POLLUTAHTS ON GROWTH AND EROLINE 

CONTENT OF PLANT AND ANIMAL CELL CULTURES

CHAPTER I  

INTRODUCTION AND LITERATURE REVIEW

C ell and t i s s u e  c u ltu re  methods o f fe r  c e r ta in  advantages fo r  

t e s t in g  th e ,e f f e c t s  o f environm ental p o l lu ta n ts  which more complex 

b io lo g ic a l  system s do n o t have (h g ). These a re :

1. They allow  more p re c ise  c o n tro l  over experim en ta l co n d itio n s  such 

a s  te m p e ra tu re , pH, tim e and th e  chem ical environm ent.

2 . They prov ide  uniform  l iv in g  m a te r ia l from which many r e p l ic a te  

samples can b e  ta k en .

3 . They demand l e s s  complex experim en tal equipment and methods.

4. They allow  a cc u ra te  o b se rv a tio n  a t  th e  c e l l u la r  le v e l .

5 . They perm it th e  reco rd in g  of r e s u l t s  in  th e  dynamic re la t io n s h ip  

o f tim e-change.

6 . They a re  u s u a lly  more s e n s i t iv e  to  changes in  th e  chem ical en v i

ronment .

7 . They u s u a lly  o f f e r  g re a te r  economy in  tim e and expense.

8 . They o f f e r  th e  p o s s ib i l i t y  o f working w ith  human m a te ria l under

p re c is e ly  c o n tro lle d  c o n d itio n s .

On th e  o th e r  hand, c e l l  c u l tu re  methods have c e r ta in  In h e ren t

1
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d isadvan tages such a s :

1. There i s  l i t t l e  in d ic a tio n  o f th e  e f f e c t  th a t  a change in  th e  

chem ical environm ent may have on th e  fu n c tio n a l a c t i v i t y  o f th e  l iv in g  

organism  a s  a whole.

2 . O bservations on th e  e f f e c t s  o f a change a re  lim ite d  to  m odifica

t io n s  *of c e l l u la r  a c t i v i t y  and growth.

3. C e lls  in  v i t r o  a re  ex trem ely  s e n s i t iv e  to  n o n -sp e c if ic  s t im u li .

!«•. I f  th e  m a te r ia l b e in g  te s te d  i s  a l te r e d  in  any way by th e  in ta c t

organism , c e l l  c u ltu re  may no t show th e  e f f e c t  o f t h i s .

A number o f in v e s t ig a to r s  have used b o th  p la n t and anim al t i s s u e  

c u l tu re s  to  in v e s t ig a te  th e  e f f e c t s  o f environm ental p o l lu ta n ts .  Ordin 

and Skoe (62) s tu d ied  th e  e f f e c t s  o f ozone on p la n t c e l l  w a lls . They 

p re tre a te d  c e l l s  o f Avena c o le o p t i le  fo r  6 hours w ith  I 30 ppm o f ozone 

and th en  incubated  th e  c e l l s  fo r  4 hours w ith  glucose-U-C^^. They found 

r e s p i r a t io n  in c reased  by t h i s  tre a tm e n t. In  the  is o la te d  c e l l  w a lls  th e y  

found a d ecrease  in  c e l lu lo s e .  The trea tm en t w ith  I 30 ppm ozone gave 

d e f in i te  c e l l  w a ll damage and in h ib i t io n  o f growth.

Boney and Corner ( l l )  have re p o rted  th a t  low c o n ce n tra tio n s  of 

p o ly c y c lic  arom atic  carcinogens produced an in c rease  in  c e l l  p roduction  

in  sp o re lin g s  o f marine red a lg ae  whereas non-carcinogen ic  p o ly cy c lic  

a ro m atics  showed in h ib i t io n  o f c e l l  p o p u la tio n . Moutschen-Dahmen and 

Moutschen-Dahmen ( 58) found th a t  th e  mutagens, aluminum c h lo r id e , m aleic 

hydrazide and n itro g en  m ustard o i l ,  were to x ic  to  tobacco c u ltu re s  and 

caused b reak in g  and fu s in g  o f  chromosomes. The lo c i  o f a t ta c k  on the  

chromosomes were not random b u t were s p e c if ic  fo r  each mutagen.

In  c a r ro t  c u l tu re s ,  Menoret and Morel (55) found 2 ,4 -d ic h lo ro -
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phenoxyacetic ac id  to  g ive a response s im ila r  to  th a t  o f in d o le -

a c e t ic  a c id . F ree  amino n itro g en  doubled in  12 hours a t  th e  expense of 

th e  p ro te in  n itro g en  of th e  medium. A lanine accounted fo r  60 per cen t 

o f th e  in c re a se .

The in v e s t ig a t io n  o f th e  e f f e c t s  o f p o l lu ta n ts  on anim al c e l l  

c u l tu re s  has been much more ex ten s iv e  than  fo r  p la n t c e l l  c u l tu re s .  

Mammalian c e l l s  in  c u ltu re  have been exposed to  th e  gases n itro g en  d io x id e  

and su lfu r  d iox ide  (63 , TO, 8 4 ). Thompson and Pace (84) found su lfu r  

d iox ide  to  be in h ib ito ry  to  c e l l  growth, e s p e c ia l ly  when th e  anim al c e l l s  

were d i r e c t ly  exposed. Media co n ta in in g  serum e x h ib ite d  a p ro te c tiv e  

in flu e n c e . N itrogen d iox ide  ex h ib ited  s im ila r  r e s u l t s .  In  a d d it io n , 

th e re  was m u ltin u c lea tio n  o f c e l l s ,  changes in  th e  shape o f n u c le i and 

changes in  th e  u l t r a s t r u c tu r e  o f m itochondria during  n itro g en  d iox ide  

tre a tm e n t.

The e f f e c t s  of a v a r ie ty  o f so lid  p a r t ic u la te s  (d u s ts )  have been 

examined in  t i s s u e  c u ltu re . M etal c o llo id s  (32, 3 9 ), in c lu d in g  c o llo id s  

o f s i l ic o n ,  t i n ,  zirconium , t i ta n iu m , iro n , s i lv e r ,  g o ld , p la tinum , le a d , 

m ercury, antimony, bism uth and selenium , s tim u la te  c e l l  growth in  low 

co n cen tra tio n s  b u t in h ib i t  growth a t  high c o n c e n tra tio n s . M eta llic  s a l t s  

( 39) behave in  th e  same manner except th a t  s i lv e r  and lead  s a l t s  a re  in 

h ib i to r y  a t  a l l  c o n ce n tra tio n s . P e re ly g in  (67) found n a tiv e  b l a s t  d u s t 

to  be to x ic  to  c e l l s  v i t r o . M inerals and a lk a lo id  components were 

more to x ic  w hile  f ib ro u s  c o n s ti tu e n ts  were le s s  to x ic .  Marks, Mason and 

Nagel-Schmidt (54) observed th a t  q u a rtz , tr id y m ite , c r i s t o b a l i t e ,  f e ld -
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sp a r , mica, k a o lin , c o a l, f e r r i c  phosphate, calcium  f lu o r id e ,  aluminum 

phosphate and alumina were to x ic  to  leu co cy tes  and to x ic i ty  c o rre la te d  

w ith  vivo f ih ro g e n ic  a c t i v i t y .  Karnovsky and W allach (37) have shown 

th a t  phagocytozing c e l l s  e x h ib it  s p e c if ic  m etabolic  changes when exposed 

to  s o lid  p a r t i c l e s .  There were la rg e  in c re a se s  in  r e s p i r a t io n ,  g lyco ly 

s i s ,  conversion  of g lucose to  carbon d iox ide  and oxygen up take . I t  was 

assumed th a t  th e se  changes provided energy fo r  phagocy tosis a lthough  

non-phagocytozing c e l l s  (E h rlic h  carcinoma) e x h ib ite d  th e  same changes 

in  m etabolism  when exposed to  so lid  p a r t i c l e s .

S i l i c i c  a c id  has shown no to x ic  p ro p e r tie s  nor has i t  induced 

any m orphological changes in  c e l l s  exposed in  c o n ce n tra tio n s  tg  65 |Ag 

per ml o f media (4o, 4 l ,  k2) .

A lky l benzene su lfo n a te , used in  d e te rg e n ts , has been found to
i-

be to x ic  to  human c e l l s  dm v i t r o  a t  a l l  c o n ce n tra tio n s  te s te d  ( 7) .  There 

was a d ecrease  in  c e l l  grow th, decreased p ro te in  sy n th e s is , decreased 

DNA sy n th e s is  and c y to p a th o lo g ica l changes.

Lewis and R ichards (52) rep o rted  th a t  d ic h lo ro d ip h e n y ltr ic h lo ro -  

ethane (PDT) in  s a tu ra t io n  co n cen tra tio n s  (f«ip|a«aâtttate!ly ^  ippm) was w ithou t 

observab le  e f f e c t  on ch ick  embryo c e l l s .  Even a 1 per cen t emulsion of 

DDT showed no to x ic i ty  a lthough  0 .5  ml i s  a l e th a l  dose fo r  a mouse.

R ecen tly , a method fo r  t e s t in g  th e  to x ic i ty  o f p l a s t i c s  in  c e l l  

c u ltu re  has been re p o rte d  (69) .  A t o t a l  o f  112 p la s t i c s  was te s t e d .

Most o f th e  p l a s t i c s  showing to x ic i ty  could be made n on -tox ic  by e x t r a c t 

ing  th e  p la s t i c  w ith  re f lu x in g  95 per cen t e th an o l fo r  2k h ou rs . This 

t e s t in g  method was found to  be more s e n s i t iv e ,  more ra p id  and le s s  

expensive th a n  th e  s tandard  in tram u scu lar im p lan ta tio n  tech n iq u e .
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A number o f in v e s t ig a to r s  has examined th e  e f f e c t s  o f carcinogens 

on mammalian c e l l s .  Andrianov e t  a l .  (4) have shown th a t  b o th  normal and 

n e o p la s tic  f ib r o b la s t s  absorb 3 ,%-benzpyrene from th e  medium and A lfred  

( l )  re p o rte d  th a t  n e o p la s tic  c e l l s  absorbed te n - fo ld  g re a te r  co n cen tra -
I . . .  I

t io n s  o f t r i t i a t e d  3^k-benzpyrene a s  coippared to  normal c e l l s .  Approxi

m ately 80 p e r cen t of th e  r a d io a c t iv i ty  was bound to  p ro te in s  in  th e  

so lu b le  f r a c t io n .  A lfred  e t (2 ) re p o rte d  th a t  normal mouse and ham

s te r  c e l i s  showed hig& s u s c e p t ib i l i ty  to  th e  to x ic  e f f e c t s  of 3 ,4 -  

benzpyrene and 3-M ethylcholanthrene, whereas n e o p la s tic  c e l l s  showed

l i t t l e  i f  any to x ic  response . The non-carcinogen , chrysene, ex h ib ited
'  ' ■: 

no c y to to x ic i ty  in  normal or n e o p la s tic  c e l l s .  Diamond ( I 9 ) bas r e 

ported  t h a t ,  in  rodent c e l l s ,  3 ,4-benzpyrene and 3-m ethy lcho lan threne 

in h ib ite d  p r o l i f e r a t i o n  in  normal c u ltu re s  b u t not in  n e o p la s tic  o r v iru s  

transform ed c u l tu re s .  In c o n tra s t ,  th e se  carcinogens showed no in h ib i 

t io n  of p r o l i f e r a t i o n  in  e i th e r  normal or m alignant human c e l l  c u l tu re s .  

Berwald and Sachs (8 , 9 ) found normal ham ster c e l l s  to  e x h ib it  a h igh  

r a te  o f n e o p la s tic  tran sfo rm a tio n  when exposed to  3 ,4 -benzpyrene, 

3-m eth y lch o lan th ren e , 7 , 12-d im ethylbepzanthracene o r 10-m ethy lbenzan thra- 

cene whereas no tran sfo rm a tio n  occurred w ith  th e  non-carcinogens, 

8-m ethy lbenzan th racene, chrysene or pyrene. In  normal c e l l s ,  o th e rs  (3 , 

50 , 57 , 59) have rep o rted  t h a t ,  a lthough  r e l a t i v e ly  h igh  c o n ce n tra tio n s  

of carc in o g en ic  hydrocarbons in  th e  medium in h ib i t  p r o l i f e r a t i o n ,  low 

c o n ce n tra tio n s  cause h y p e rp la s ia . U ltr a v io le t  i r r a d ia t io n  o f th e  medium 

co n ta in in g  low c o n ce n tra tio n s  o f carcinogens rev ersed  th e  p r o l i f e r a t iv e  

e f f e c t .  H yperp lasia  was accompanied by abnormal c e l l  morphology and 

m ito s is . The carcinogens were concen tra ted  in  th e  lysosomes and th e
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co -ca rc in o g en s, c ro to n  o i l  and Tween ^0 , in creased  th e  p e rm eab ility  of 

lysosom al membranes.

The e f f e c t s  o f smoke on c e l l s  in  c u ltu re  have been examined by 

a number o f w orkers. K asai and P o liak  (38% found th a t  whole c ig a re t  

smoke caused to x ic  m an ife s ta tio n s  when bubbled th rough  media in  which 

ra b b it  c a rd io v a sc u la r  c e l l s  were growing. These e f f e c t s  included  an 

in c re a se  in  p in o c y to s is , budding o f th e  cytoplasm ic membrane, th ick en in g  

o f th e  n u c lea r membrane, in h ib i t io n  o f p r o l i f e r a t io n  and c e l l  death  a t  

h ig h  c o n c e n tra tio n s . Awa, Ohnuki and Pomerat (5) have rep o rted  th a t  

human f e t a l  lung  c e l l s  in  d i r e c t  co n tac t w ith  whole smoke fo r  5-10  

seconds e x h ib it  v a c u o liz a tio n , "b lebbing" and pyknosis of n u c le i ,  a de

crease  in  c e l l  d iv is io n ,  an in c rease  in  abnormal m ito tic  f ig u re s  and 

chromosomal anom alies. The smoke from c ig a re t  paper was more to x ic  than  

th e  smoke from tobacco a lone  o r from c ig a r e ts .

Cooper and G oldring ( 16) re p o r t  th a t  smoke gases cause g ra n u la r

i t y ,  pyknosis, c e l l  enlargem ent, v a c u o liz a tio n , su rface  "blebbing" and 

a re d u c tio n  in  th e  c e l l  p o p u la tio n . Smoke gases from onion sk in  o r 

c ig a re t  papers were more to x ic  th an  c ig a re t  smoke gases or c ig a re t  

tobacco  smoke g ases ( I 7) . Thayer and K ensler (8 2 ) found th a t  th e  w ater 

so lu b le  components o f c ig a re t  smoke g ases  in h ib ite d  KB c e l l  p ro l i f e r a t io n  

and p ro te in  s y n th e s is .

C ig a re t smoke condensate has been  rep o rted  (27, 43, 4-5, 82) to  

reduce c e l l  " take" upon in o c u la tio n , in h ib i t  c e l l  p ro l i f e r a t io n  and to  

enhance cy toplasm ic g ra n u la r i ty  and n u c lea r pyknosis w ith  u ltim a te  

c y to ly s is .  Thayer and K ensler (82) found p ro te in  sy n th es is  to  be in h ib 

i te d ;  which would be expected when p r o l i f e r a t io n  i s  in h ib i te d . Guimard
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(27) found th a t  p r o l i f e r a t io n  and m ito tic  a c t i v i t y  were in h ib i te d  a t  

h igher co n cen tra tio n s  of smoke t a r  b u t th a t  b o th  were in c reased  a t  lower 

t a r  c o n ce n tra tio n s . L a sn itz k i (51) re p o rted  th a t  c e r ta in  f r a c t io n s ,  

e sp e c ia l ly  hydrocarbon f r a c t io n s ,  o f smoke condensate, induced h yperp la

s ia  of human f e t a l  lung c e l l s  in  c u l tu re .  The e f f e c t s  observed were much 

l ik e  th ose  ob tained  w ith  3-m ethyloholanthrene and 3,% -benzpyrehe. The 

to x ic  e f f e c t s  of n ic o tin e  upon c e l l s  in  c u ltu re  have been re p o rted  (^ 3 , 

lih, 1»'5) to  be s im ila r  to  th o se  o f smoke condensate b u t having  one- 

t h i r t i e t h  th e  potency.

Few s tu d ie s  have been  rep o rted  concerning th e  e f f e c t s  o f rubber 

upon c e l l s  in  c u ltu re  a lthough  i t  has long been known th a t  most rubber 

fo rm u la tio n s  show some to x ic i ty  to  c e l l s  in  c u ltu re  w hile  some a re  v io 

l e n t ly  to x ic  (6 4 ). T h is t o x ic i ty  has been assumed by some t i s s u e  

c u l t u r l s t s  to  be due to  th e  s u lfu r  components in  th e  rubber and Parker 

(64) g iv es  an e f fe c t iv e  means fo r  removing th e  so -c a lle d  s u lfu r  "bloom" 

from rubber s to ppers  to  be  used a s  c lo su re s  in  t i s s u e  c u l tu re .  P a rk e r, 

Morgan and Morton (65) re p o rted  th a t  a l l  ty p es  of rubber s to p p ers  which 

th e y  examined were to x ic  to  ch ick  embryo c e l l  c u l tu re s .  T o x ic ity  could 

not be e lim ina ted  by e x tra c t io n  w ith  o rg an ic  so lv e n ts , hot b a s ic  so lu 

t io n s ,  or hot a c id ic  s o lu tio n s . Vasington e t  a l .  (89) re p o rted  th a t  a 

number of th e  rubber c lo su re s  b e in g  used in  th e  pharm aceu tical in d u s try  

showed to x ic i ty  to  c e l l s  in  c u l tu re .

A number o f  p o ly cy c lic  arom atic hydrocarbons has been id e n t i f ie d  

in  rubber s to p p ers  and v e h icu la r  t i r e  ru b b e r. F a lk  e t  a l .  (26 ) rep o rted  

th e  ex is ten ce  of pyrene, 3 ,4 -benzpyrene , chrysene , 1 , 12-benzpery lene and 

cyclopentenophenanthrene. T e n ta tiv e ly  id e n t i f ie d  were a lk y lp y ren e .
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1.2-benzpyrene and a lk y l  1 ,2 -b eazap th racen e . Benzene e x t r a c ts  o f rubber 

s to p p ers  were found to  be carc inogen ic  when p a in ted  upon th e  sk in  of 

mice. Smith (76) d e tec te d  coronene, 3^4-benzpyrene, f lu o ra n th e n e ,

1 . 2-benzpyrene and pyrene a s  components o f v e h ic le  t i r e  ru b b e r. A 

number o f th e se  compounds has carc inogen ic  a c t i v i t y  and p o s s ib ly  con

t r i b u te  to  th e  to x ic i ty  which most rubber fo rm u la tio n s  e x h ib it  in  t i s s u e  

c u l tu r e .

Thompson, Nau and Lawrence (86 , 87) have shown v e h ic le  t i r e  

rubber to  be p resen t i n  th e  roadway d u st o f a p a rk in g  garage and th e  a i r  

o f th e  Holland and L inco ln  tu n n e ls  o f New York C i ty . ' R ecen tly , b e fo re  a 

m eeting o f th e  Oklahoma C ity  Chamber o f Commerce, Dr. Rene Dubos (83) 

s ta te d  :

"Pu lverized  rubber has shown up a s  th e  la r g e s t  s in g le  component 
in  an a n a ly s is  o f New York a i r .  . . . When th e  r e tu rn s  a re  a l l  
in  I  w ouldn 't be su rp rise d  to  see th e  f in g e r  pu t on p u lv e rized  
rubber a s  th e  a rch  v i l l i a n  in  a i r  p o l lu t io n ."  *

One of th e  m ajor components of v e h ic le  t i r e  rubber i s  carbon 

b la c k . T ire  tre a d  rubber co n ta in s  30 to  50 p a r ts  by w eight o f carbon 

b lack  per 100 p a r ts  by  w eight o f rubber and more th an  90 per cen t of th e  

carbon b la c k  produced in  th e  United S ta te s  i s  used by th e  rubber in d u s

t r y  (77)• Nau, Neal and Stembridge (60 ) have p o in ted  out th a t  carbon 

b la c k  i s  in co rp o ra ted  in to  rubber goods used in  food p ro cessin g  (tu b in g , 

conveyor b e l t s ,  e t c . ) ,  in to  in k s  (n ew sprin t, e t c . )  and in  c e r ta in  foods 

a s  a  c o lo rin g  agent ( j e l l y b e a n s ,  l i c o r i c e ,  gum^drpps, e t c . ) .  Carbon 

b la ck  i s  a lso  used e x te n s iv e ly  in  p a in ts  and p l a s t i c s .  A lthough a  number 

o f hydrocarbons, in c lu d in g  carc in o g en s, have been e x tra c te d  from carbon 

b la ck s  (25) ,  no p u b lic a tio n  was found concerning th e  e f f e c t s  of carbon 

b la c k  on c e l l s  in  c u l tu re .
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I t  i s  apparen t th a t  r e l a t i v e ly  few m etabolic  s tu d ie s  have been 

rep o rted  in  which c e l l s  in  c u ltu re  were exposed to  environm ental p o llu 

t a n t s .  I t  was n o ticed  during  th e  course o f t h i s  re se a rc h  a t  th e  

U n iv e rs ity  o f Oklahoma th a t  tobacco c a llu s  v i t r o  accum ulates la rg e  

q u a n t i t ie s  o f f r e e  p ro lin e  when exposed to  rubber d u s t. Thus, s tu d ie s  

on amino a c id  m etabolism  became o f in t e r e s t .

There has been a number o f p rev ious re p o r ts  o f q u a n ti ta t iv e  

changes in  f re e  p ro lin e  in  b io lo g ic a l  systems sub jec ted  to  s t r e s s .  

D iffe re n t in v e s t ig a to r s  have v a r io u s ly  a t t r ib u te d  t h i s  e f f e c t  to  be due 

to  a p .a l te r e d  n itro g en  m etabolism  in  th e  organism , an a l t e r a t io n  in  th e  

c ap a c ity  o f  th e  c e l l  membrane to  absorb c e r ta in  n itro g en -c o n ta in in g  com

pounds, p ro te o ly s is  o f c e l l u la r  p ro te in , re d u c tio n  of growth w ith  a 

concom itant d e lay  of in c o rp o ra tio n  o f p ro lin e  in to  p ro te in , in c re a se  in
* ■ ' f

growth w ith  a concom itant in c re a se  in  p roduction  o f f r e e  amino a c id s , or 

a com bination o f th e se  f a c to r s .  The rep o rted  f re e  p ro lin e  changes a re  

p resen ted  in  Table 1.

At tinges, th e  change in  f r e e  p ro lin e  co n cen tra tio n  w ith  s t r e s s  

i s  phenomenal. For example, th e  f r e e  p ro lin e  in c re a se s  by a f a c to r  of 

70 in  tobacco  stem crown g a l l  tumor t i s s u e  a s  compared to  th e  normal stem 

t i s s u e  (75 ) • ID hyperpro linem ia o f humans, a g en e tic  d e fe c t invo lv ing  

pro^ine  o x id ase , th e  r i s e  in  f r e e  p ro lin e  i s  more m oderate. A case 

h is to ry  i s  rep o rted  ( 31) in  which th e  f r e e  p ro lin e  in  th e  plasma was

I4. tim es th e  normal value and te rm ina ted  f a t a l l y .  Three fem ale s ib lin g s  

had hyperpro linem ia w ith  vary ing  degrees o f damage to  b o d ily  o rgans. I t  

i s  of in te r e s t  th a t  a decrease  o f p ro lin e  in  DDT-poisoned cockroaches was 

p ro g ress iv e  w ith  th e  symptoms of p a ra ly s is ,  and r e s to r a t io n  of p ro lin e  to
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normal le v e l s  re lie v e d  the  symptoms in  paralyzed  in s e c ts  ( l8 )

TABLE 1

KEPORTED CHANGES IN FREE PRCLINE IN BIOLOGICAL 
SYSTEMS UNDER VARIED CONDITIONS

BIOLOGICAL SYSTEM CONDITION CHANGE REFERENCE

Bermuda g ra s s  le a f Water d e f i c i t In c rease 6
B arley  le a f Water d e f i c i t In c rease Ik
Wheat l e a f Water d e f i c i t Inc rease 48
Wheat l e a f Water d e f i c i t Inc rease 81
Wheat l e a f Water d e f i c i t In c rease 68
Corn p la n t E le c t r i f ie d  s o i l In c rease 46
Ladino c lo v e r le a f Water d e f i c i t Inc rease 71
P o ta to  l e a f P otato  ro l le d  v iru s In crease 66 !
P o ta to  tu b e r Maleic hydrazide 

or 2,4-D
In crease 29

Tomato stem Crown g a l l  tumor In c rease 75
Pumpkin p la n t Water d e f i c i t Inc rease 47
Cabbage p la n t Low tem peratu re In crease 56
Sugar b e e t p la n t Beet yellow s v iru s In crease 56
Jerusa lem  a rtic h o k e K ine tin  d e f i c i t In c rease 56

tu b e r ( in  v i t r o )
Tobacco le a f P o ta to  v iru s  Y Increase 12
Tobacco stem Crown g a l l  tumor In crease 75
Tobacco p la n t Ca or B d e f i c i t In c rease 88
Tobacco p la n t Maleic hydrazide Increase 93
C reoso te  bush le a f Water d e f i c i t In c rease 73
Almond bud Low tem peratu re In c rease 36
Cockroadh DDT poisoning Decrease 18
R at fo o t pad In je c tio n  o f fo rm al

dehyde, d ex tran  or 
sero to n in

Increase 35

Rat t i s s u e S ta rv a tio n Decrease 85
Rat plasma C hilled  or ex erc ised Decrease 92
Human' G enetic In crease 31

I t  seems l ik e ly  th a t  th e re  i s  much y e t to  he d iscovered  r e la t in g  

to  p ro lin e  fu n c tio n  and metabolism in  l iv in g  organism s. P ro lin e  i s  a 

c o n s t i tu e n t  o f every p ro te in  th a t  has been s tud ied  (91) . P ro lin e  f a c i l 
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i t a t e s  th e  assum ption of an O f-he lica l conform ation hy p ro te in s ,  hence 

i t s  freq u en t occurence in  co llag en  (2 8 ). P ro lin e  a lso  serv es  a s  a p re 

c u rso r fo r  g lu tam ic a c id , a rg in in e , o rn ith in e  and hydroxypro line .

H ydroxyproline does not occur f r e e  in  any q u a n tity  in  p la n t or 

anim al t i s s u e  except in  c e r ta in  e x ce p tio n a l s i tu a t io n s  (78 , 80 ) . I t  i s
I

found in  q u a n tity  only in  co llag en  o r , in  p la n ts ,  in  c o lla g e n - l ik e  p ro 

te in s  (80 , 91 ) '  Steward and P o lla rd  (80 ) found such p ro te in s  to  be 

e s s e n t ia l  f o r  growth in  p la n ts .  They re p o rte d  th a t  exogenous hydroxypro

l in e  in  c o n ce n tra tio n s  a s  low a s  10 ppm, in h ib i te d  th e  in c o rp o ra tio n  of 

p ro lin e  in to  p ro te in  and in h ib ite d  growth. Added p ro lin e  could rev e rse  

t h i s  in h ib i t io n  and growth resumed. Labeled p ro lin e  was in co rp o ra ted  

and hydroxylated  y ie ld in g  a p ro te in  t h a t ,  l ik e  co llag en , was m e ta b o lica l-  

ly  i n e r t .  Twenty-four hours a f t e r  in tro d u c in g  lab e led  p ro lin e  in to  

p la n ts ,  th e  la b e l  was alm ost e q u a lly  d is t r ib u te d  between p ro lin e  and 

hydroxypro line. They concluded th a t  d i r e c t  in c o rp o ra tio n  of p ro lin e  in to  

p ro te in  and i t s  hyd roxy la tion  a re  necessary  p a r ts  of th e  growth in d u c tio n  

response .

In  re c e n t years  th e re  has been much in te r e s t  in  th e  so -c a lle d  

co llag en  d is e a s e s . These a re  d is o rd e rs  in  which th e re  a re  p r o l i f e r a t iv e  

and d eg en era tiv e  changes in  connective  t i s s u e .  In  co llagen  sy n th e s is , 

p ro lin e  i s  in co rp o ra ted  in to  p ro te in  and hydroxylated only  a f t e r  i t s  

re le a s e  from th e  ribosome ( lO ) . A utoradiographic  s tu d ie s  have shown 

h y d ro x y la tio n  to  be in t r a c e l lu l a r  , r e s u l t in g  in  e x tr a c e l lu la r  co llagen  

( 34) .  F e r r ic  ion  and m olecular oxygen a re  e s s e n t ia l  fo r  hyd roxy la tion  

( ih ,  15) .  A scorbate i s  thought to  be th e  hydrogen donor 3^ vivo bu t 

in  v i t r o ,  2 -am ino-4-hydroxydim ethylp terid ine has a lso  been rep o rted  to
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be e f f e c t iv e  ( l 4 ) . C ro ss-lin k ag e  o ccu rs , p robab ly  by th e  e s t é r i f i c a t i o n  

o f f r e e  a s p a r t ic  and g lu tam ic a c id  carboxy ls w ith  g lucose hydroxyls (6 l ) . 

V arious c o lla g en s  c o n ta in  30-3^ per cen t g ly c in e , 10-13 p e r cent L-prOm 

l in e ,  5-10 per cen t U -hydroxy-L -proline and 0 .5 -1  per cen t 5-hydroxy-L- 

ly s in e  (2 8 ). From 1-4  per cen t of th e  hydroxyproline in  c o llag en  occurs 

a s  3 -hydroxy-L -pro line  ( l4 ) .



CHAPTER I I  

PURPOSE AHD SCOPE

Very few s tu d ie s  have heen performed to  in v e s t ig a te  th e  e f f e c t s  

o f environm ental p o l lu ta n ts  upon the  m etabolism  o f c e l l s .  No publicar- 

t io n  was found in  which c e l l s  in  c u ltu re  have been exposed to  commercial 

carbon b la c k s . The few rep o rted  in v e s t ig a tio n s  o f th e  e f f e c t s  o f rubber 

fo rm u la tio n s  on c e l l s  have been confined to  to x i c i t y  s tu d ie s ,  th a t  i s ,  

th e  degree of in h ib i t io n  of c e l l  p r o l i f e r a t io n  in  c u l tu re .  The only  

rubber fo rm u la tio n s  examined have been those  used fo r  c lo su re s . A lthough 

th e  e f f e c t s  o f c ig a re t  smoke on c e l l s  in  c u ltu re  have been in v e s tig a te d  

e x te n s iv e ly , s tu d ie s  have been p rim arily  confined to  c e l l u la r  to x ic i ty ,  

m orphological changes and m ito tic  a c t i v i ty .

Since l i t t l e  i s  known in  t h i s  a re a , i t  was o f in t e r e s t  to  d e te r 

mine what b a s ic  changes, i f  any, occur in  m etabolism  when c e l l s  a re  

exposed to  th e se  m a te r ia ls  now so common in  our environm ent. Viewed 

from th e  h e a lth  a sp ec t and th e  w idespread exposure o f th e  g en e ra l popu

l a t i o n ,  c ig a r e t  smoke assumes g re a t im portance a s  an atm ospheric _r

p o l lu ta n t .  The f a c t  th a t  more than  I 50 m illio n  v e h ic u la r  rubber t i r e s  

a re  sold  each year coupled w ith  th e  f a c t  th a t  approx im ately  o n e -th ird  of 

each t i r e  i s  carbon b la c k , in d ic a te s  th a t  more a t te n t io n  should be given 

to  those  m a te r ia ls  a s  p o te n t ia l  c o n tr ib u to rs  to  atm ospheric  p o llu t io n .

13
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T his study was undertaken to  observe se le c te d  m etabolic changes 

th a t  occur in  p la n t o r anim al c e l l s  exposed to  rubber d u s t ,  carbon b la ck s

Or c ig a re t  smoke components. The m etabolic change to  be monitored i s  th e

change in  f r e e  p ro lin e  con ten t in  tobacco c a l lu s  c e l l s  and in  human 

d ip lo id  and n e o p la s tic  c e l l s  when exposed v i t r o  to  rubber d u s t, th e r 

mal carbon b la c k , fu rnace  carbon b la c k  and c ig a re t  smoke t a r .
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EXPERIMENTAL MATERIALS AND METHODS

P lan t T issue  C u ltu re  Experim ents 

The m a te r ia ls  th a t  were e s s e n t ia l  to  th e  experim ents, w ith  th e i r  

source and p u r i ty ,  a re  a s  fo llo w s:

C a llu s  t i s s u e  from tobacco , H ico tiana  tabacum v a r ie ty  W isconsin 

number 3 8 , was obtained  from Dr. Folke Skoog of th e  U n iv e rs ity  of Wisoon- 

c in . -

Carbon b la c k s , produced by th e  therm al and th e  furnace p ro cesses , 

were ob ta ined  from th e  I n s t i t u t e  of Environm ental H ealth , 800 N ortheast 

13th  S t r e e t ,  Oklahoma C ity , Oklahoma.

Rubber dust was ob tained  from th e  b u ff in g  wheel of a lo c a l  t i r e  r e 

capping shop and was screened thrqugh a number 40 mesh s iev e  (0 .41? mm). 

This dust rep re sen ted  b o th  passenger and tru c k  t i r e  rubber.

C ig a re t smoke p a r t ic u la te  m a te r ia ls  were obtained  from à popular 

brand of 100 mm f i l t e r - t i p  c ig a re ts  smoked under th e  su p erv isio n  of P h il ip  

Schafer in  ,a smoking machine designed by th e  Research L aboratory  o f th e  

American Tobacco Company, In c . and m anufactured by Pliipps and B ird , Inc . 

E igh t p u ffs  were taken  from each c ig a r e t .  The Cambridge f i l t e r  d is c s  

upon which th e  t a r  from m ain-stream  smoke was deposited  were ex tra c te d  

fo r  48 hours w ith  methanol in  a Soxhlet ap p a ra tu s . The so lv en t was

15
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removed in  a r o ta ry  ev ap o ra to r and th e  re s id u e  was s to red  in  a  m ethanol- 

henzene s o lu tio n  (1 :9  v /v ) in  th e  r e f r ig e r a to r  fo r  2 weeks b e fo re  use.

The so lu tio n  con tained  33-0 mg t a r  p e r ml and each m i l l i l i t e r  rep re sen ted  

th e  t a r  from two c ig a r e ts .

A ll chem icals and so lv en ts  were analyzed reagen t grade and a l l  w ater 

used in  cU ltu re  was r e d i s t i l l e d  in  an a l l  g la s s  s t i l l .

The medium (T able 2) th a t  was used in  th e  p la n t t i s s u e  c u ltu re  exper

iment was t h a t  o f L insm aier and Skoog (53) except th a t  th e  th iam ine 

co n ce n tra tio n  was in c re a se d . L insm aier and Skoog (53) found th a t  t h i a 

mine degrades on au to ca lv in g  and an in c reased  amount p rov ides a s a fe ty  

f a c t o r .

A s to ck  so lu tio n  of th e  l a s t  fo u r m ineral s a l t s  as  l i s t e d  in  

Table 2, and which a re  p re sen t in  sm a lle s t c o n ce n tra tio n , was made 1000 

tim es th e  c o n ce n tra tio n  o f th e  growth medium. Ten ml o f t h i s  so lu tio n  

was p ip e tte d  in to  a l i t e r  vo lum etric  f la s k  to  which was added th e  r e 

mainder o f th e  m inera l s a l t s ,  except fo r  Na^EDTA and FeSO^'^HgO, in  te n  

tim es th e  co n ce n tra tio n  o f th e  growth medium. Double d i s t i l l e d  w ater 

was added to  b r in g  to  volume. A s to ck  so lu tio n  of NagFeEDTA was prepared 

by adding 26k mg of Na2C0^"H20 and Sk'J mg of EDTA to  100 ml o f double 

d i s t i l l e d  w a te r . T h is  was b rought to  a b o i l  and 557 mg of FeSOj^'^EgO were 

added slow ly , w ith  s t i r r i n g .  A s to ck  so lu tio n  of 3-iQ <ioleacetic ac id  

(IAA) c o n ta in in g  1 mg per ml was ob ta ined  w ith  h ea tin g  on a steam b a th .

A s to ck  s o lu tio n  of k i n e t i n ' co n ta in in g  0 .1  mg per ml was made in  th e  saAe 

manner. The k in e t in  and IAA s o lu tio n s  could be s to re d , w ith  c a re , up to  

3 months in  th e  r e f r i g e r a to r .  K in e tin  forms a f in e  p r e c ip i ta te  under 

th e se  c o n d itio n s  and was th e re fo re  p ip e tte d  a s  a suspension . Then 20 mg
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of th iam in e«HCl were d isso lv e d  in  100 ml o f double d i s t i l l e d  w a ter. F ive  

ml a l iq u o ts ,  each c o n ta in in g  1 mg o f thiamine*HCL, were s to red  in  th e  

f r e e z e r  in  25 ml Erlenm eyer f la s k s .

TABLE 2

COMPOSITION OF TOBACCO TISSUE CULTURE MEDIUM

MINERAL SALTS

NH4N03 1650 m g/l H 3 B O 3 6 .2 mg/l

KN03 1900 m g/l MnSOĵ  • 4H2O 22 .3 mg/l

CaCl-ZEgO 440 m g/l ZnSOj^^EgO 8 .6 mg/l

M g S O i ^ . T H g O 370 m g/l KI 0 .83 mg/l

KB2PP4 170 m g/l HaMoO| -̂2 ^ 0 0.25 mg/l

NagEDTA 37 .3  m g/l CuSOj^-^EgO 0.025  mg/l

F e S Q ^ ' T H g O 2 7 .8  m g/l CoClg-HgO 0.025  mg/l

ORGANIC CONSTITUENTS

Sucrose 30 s / i K in e tin 0 .2 mg/l

Agar 10 g/1 Thiamine'HCl 1 mg/l

3- In d o le a c e tic
ac id

2 m g/l m y o -Inosito l 100 mg/l

The fo llo w in g  procedure was follow ed in  o rder to  p repare  1 l i t e r  

of medium:

1. To 886 ml o f double d i s t i l l e d  w ater were added 100 ml of th e  lOx 

co n cen tra tio n  m inera l s a l t s ,  $ ml o f th e  NagFeEDTA s to ck  so lu tio n  and
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30 g o f sucrose .

2 . The pH o f th e  so lu tio n  was ad ju sted  t o  $ .6  w ith  1 N KOH.

3. Ten g o f agar was added and th e  m ixture was au toclaved  5 m inutes 

in  o rder to  m elt th e  ag ar.

4 . To th e  so lu tio n  were then  added 100 mg o f m y o -in o s ito l, $ ml of 

th e  th iam in e *101 s o lu tio n , 2 ml of th e  k ih e t in  so lu tio n  and 2 ml o f th e  

lAA so lu tio n .

5 . A fte r sw ir lin g , th e  medium was e q u a lly  d ispensed  in to  20 E rlen - 

meyer f la s k s  ( 12$ ml) w ith  a $0 ml p ip e t from  which th e  t i p  had been 

removed in  order to  f a c i l i t a t e  rap id  p ip e t t in g .

6 . The f la s k s  were plugged w ith  co tto n  and au toclaved  12 m inutes a t  

121°C and 1$ pounds of p re s su re .

7 . Hardening o f th e  agar re q u ire s  approxim ately  30 m inutes a f t e r  

which th e  f la s k s  were in o cu la ted  w ith  t i s s u e .

R ep lica te  f la s k s  were p lan ted  w ith  d is c s  o f f irm , w hite  c a l lu s  

from 4-5 week old s tock  c u ltu re s .  Each f l a s k  was p lan ted  w ith  th re e  

d is c s  obtained  by c u tt in g  a cy lin d e r o f c a l lu s  t i s s u e  w ith  à nuuiber 3 

s t e r i l e  cork  b o re r ,  ex tru d in g  th e  c y lin d e r from th e  b o re r  w ith  a s t e r i l e  

g la s s  rod and c u tt in g  tra n sv e rse  s l ic e s  of approx im ately  2 mm th ic k n e ss . 

The c a l lu s  d is c s  were p laced  w ith  fo rcep s  e q u id is ta n t  from each o th er on 

th e  su rface  o f th e  a g a r . Any p o rtio n  o f t i s s u e  benea th  th e  ag ar w i l l  

not grow because o f anaerob ic  c o n d itio n s . C u ltu res  were p repared  under 

a p le x ig la s s  hood which had been swabbed in s id e  w ith  70 per cen t e th an o l 

im m ediately b e fo re  use. C u ltu res  were p laced  on a s h e lf  in  d if fu s e  

l ig h t  a t  room tem peratu re  (26°C) u n t i l  h a rv ested  5 weeks l a t e r .

T est m a te r ia ls  were in troduced  in to  th e  medium in  th e  fo llow ing
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ways. Rubber d u s t ,  eq u iv a len t in  weight to  th e  se le c te d  percen tag es  o f 

th e  t o t a l  m a te r ia ls  in  th e  f l a s k ,  was added to  each Erlenm eyer f la s k .  

A fte r  adding medium and a u to c lav in g , eac% f la s k  was sw irled  p e r io d ic a l ly  

so th a t  th e  du st d id  no t s e t t l e  to  th e  bottom  b e fo re  th e  agar had h ard 

ened .

In  o rd e r to  o b ta in  a suspension of th e  carbon b la c k s , th e y  had 

to  be  b lended in to  th e  medium minus agar w ith  a Waring b len d er fo r  

10-15 seconds. A fte r  p ip e t t in g  50 ml of medium co n ta in in g  th e  carbon 

b la c k  suspension in to  each 125 ml Erlenmeyer f la s k ,  0 .5  g o f agar was 

added. The co tton-p lugged  f la s k s  were th en  au toclaved  12 m inutes a t  

121°C and 15 pounds o f p re s su re . A fte r a u to c lav in g , th e  f la s k s  were 

sw irled  p e r io d ic a l ly  so th a t  th e  carbon p a r t i c le s  d id  not s e t t l e  b e fo re  

th e  medium had hardened.

The ci-garet smoke t a r  was in troduced  in to  each empty f l a s k  in  

so lu tio n  in  m ethanol-benzene (1 :9  v /v ) .  A fte r  th e  so lv en t had been 

evaporated  under an a i r  stream , th e  medium was added and th e  f la s k s  were 

s t e r i l i z e d  by  au to c lav in g  a s  b e fo re .

A fte r  a 5-week growth p e rio d , t r e a te d  f la s k s  and c o n tro l f la s k s  

co n ta in in g  no t e s t  m a te r ia ls  were h a rv es ted . T issue  from r e p l ic a te  

f la s k s  were combined, weighed, p laced in  an Erlenmeyer f la s k  and b o ile d  

in  a  minimal amount o f  isopropano l-w ater azeo trope  (88:12  w/w) in  o rd er 

to  in a c t iv a te  a l l  enzymes.

T issu e s  were e x tra c te d  accord ing  to  a procedure devised  by 

W inkler (93) to  remove q u a n t i ta t iv e ly  a l l  flav o n o id s  from tobacco t i s s u e .  

I t  was found th a t  a l l  n in h y d rin  and i s a t in - p o s i t iv e  m a te r ia ls  a re  a lso  

q u a n t i ta t iv e ly  e x tra c te d . The procedure fo llo w s:
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1. The h a rv ested  t i s s u e s  and th e  l iq u id  were r in s e d , into: a h le a d e r  

w ith  enough m ethanol to  coyer th e  b la d es  of th e  b le n d e r .

2 . T h is m ixture was homogenized fo r  1 m inute.

3 . The homogenized m ixture was r in se d  w ith  m ethanol in to  a  Soxhlet 

th im b le  o f  s u i ta b le  s iz e ,  which was contained  in  a funne l b u i l t  in  th e  

shape of th e  th im b le . A ll so lv en ts  from th e  fu n n e l were c o lle c te d  in  a 

1- l i t e r  round bottom  f la s k .

The fo llo w in g  l iq u id s ,  b ro u g h t to  a b o i l  on a steam b a th , were 

poured in  succession  over th e  s o l id s  in  th e  th in b le :  isop ropano l-w ater

(50 :50  v /v ) ,  isopropanol-behzene-m ethanol-w ater (IBMW) (2 ;1 :1 :1  v /v /v /v )  

and iso p ro p an o l-w a te r a zeo tro p e . The volume of each so lven t was 5 tim es 

( in  ml) th e  f r e s h  w eight ( in  g) of th e  t i s s u e  a t  h a rv es t or enough s o l

ven t to  f i l l  th e  th im b le , whichever was g re a te r .

5 . The s o l id s  rem aining in  th e  th im ble were e x tra c te d  fo r  2k hours

in  a Soxhlet e x tra c to r  w ith  iso p ro p an o l-w ater azeo trope  and fo r  a second 

2k hours w ith  iso p ro p an o l.

6 . A ll  w ashings and e x tr a c ts  were combined and reduced to  a heavy 

syrup in  a ro ta r y  e v ap o ra to r . Reduced p re ssu re  was supplied  by a w ater 

a s p i r a to r  and th e  round bottom  f l a s k  co n ta in in g  th e  e x tra c te d  m a te r ia l 

was heated  on a w ater b a th  a t  approx im ately  50°C or l e s s .

The e x tr a c t  was d isso lv ed  in  a vo lum etric  f l a s k  in  iso p ro p an o l- 

benzene-w ater (IBW) (3 :1 :1  v /v /v ) .  The f in a l  volume was approxim ately  

2 .5 -3  tim es ( in  ml) th e  f r e s h  w eight ( in  g) of th e  h a rv ested  t i s s u e .  To 

g e t th e  e x tra c te d  m a te r ia l in to  s o lu tio n  was sometimes d i f f i c u l t  b u t 

could  be r e a d i ly  accom plished in  th e  fo llow ing  manner:

1 . O n e-th ird  o f th e  benzene and o n e -th ird  o f th e  w ater th a t  were
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to  be con tained  in  th e  f i n a l  so lu tio n  vas added to  th e  round bottom  

f la s k  c o n ta in in g  th e  syrupy e x tr a c t .  T his emulsion vas s v ir le d  u n t i l  

a l l  m a te r ia l  came lo o se  from  th e  v a i l s  o f th e  f la s k .

2 . The em ulsion vas then  poured in to  a volum etric  f l a s k  and th e  

f i r s t  s tep  v as  rep ea ted  tv ic e .

3 . The round bottom  f la s k  vas r in se d  sev e ra l tim es v i th  sm all quan

t i t i e s  o f iso p ropano l and th e se  r in s e s  vere  added to  th e  vo lum etric  

f la s k .

4 . S u f f ic ie n t  iso p ro p an o l vas added to  th e  vo lum etric  f l a s k  to  b r in g  

th e  so lu tio n  to  volume. The e x tra c t  vas  sto red  in  a cold room a t  0°C. 

U sually  a sm all amount o f so lid  p re c ip i ta te d .  T his p r e c ip i ta te  could

be minimized o r e lim in a ted  by decreasin g  th e  benzene and in c re a s in g  

th e  v a te r  c o n c e n tra tio n  in  th e  IBW. T h is  p re c ip i ta te  vas not f lu o re sc e n t 

and d id  not produce co lo r on th in - la y e r  p la te s  vhen sprayed v i t h  0 .2  

per cen t n inhydrin  in  ace tone  or 0 .2  per cent i s a t i n  in  n -b u ta n o l-a c e tic  

ac id  v a te r  (9 0 :5 :5  v /v /v ) .  T h is p re c ip i ta te  vas thought to  be g lucose .

P la n t e x t r a c ts  v e re  q u a n t i ta t iv e ly  analyzed fo r  p ro lin e  content 

by  den sito m etry  o f th e  i s a t in - r e a c te d  p ro lin e  spot on th in - la y e r  chroma-
.t

to g rap h ic  p la t e s .  G lass p la te s  (20 cm x 20 cm) v e re  spread v i th  a  la y e r 

o f A vicel-SF m ic ro c ry s ta l l in e  c e l lu lo s e  (FMC C orporation) o f approxim ately  

400 p in  th ic k n e s s . I t  vas  found th a t  th e  th ic k e r  th e  la y e r  th e  g re a te r  

th e  s e n s i t i v i t y  b u t i f  th e  la y e r  vas much th ic k e r  th an  400 p , c racks v i l l  

develop . The A vicel-SF la y e r s  v e re  prepared by veigh ing  approxim ately  

3 .5  g o f A vicel-SF per p la t e ,  adding 4 .5  ml of v a te r  per g o f A vicel-SF 

and b len d in g  a t  h igh  speed fo r  30 seconds. This tim e in te r v a l  i s  c r i t i 

c a l  because l e s s  b len d in g  y ie ld ed  a s tr in g y  m ixture and longer b lend ing
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th ickened  th e  m a te r ia l  so th a t  micro a i r  hubb ies  were perm anently  trap p ed . 

These bubbles b u rs t  a s  i^he m a te r ia l d ried  on th e  p la te ^  r e s u l t in g  in  a 

la rg e  number o f m inute h o le s  which gave b l ip s  on th e  d en sito m ete r. 

Follow ing b le n d in g , th e  m a te r ia l was s t i r r e d  f o r  5-10 m inutes to  e lim i

n a te  a i r  b u b b le s , and th ep  i t  was spread on th e  g la s s  p la te s  w ith  a 

Desaga sp read e r. P la te s  were allow ed to  a i r  d ry  a f t e r  sp read in g , and 

th e se  were used w ith in  sev e ra l weeks. P la te s  allow ed to  s tand  6 months 

b e fo re  using  produced pronounced s tre a k in g .

I t  was found to  be im portan t th a t  th e  th ic k n e ss  o f th e  la y e r  on 

th e  p la te  be a s  uniform  a s  p o s s ib le . When th ic k  o r th in  a re a s  occurred , 

an uneven reco rd e r b ase  l in e  was o b ta in ed . I f  a th ic k  or a th in  s tre a k  

occurred w ith in  th e  a rea  o f a spot which was b e in g  recorded  densitomev 

t r i c a l l y ,  an in v a lid  read in g  re s u l te d .  S ev e ra l m ix tu res were examined 

in  an e f f o r t  to  ach ieve  more u n ifo rm ity , to  e lim in a te  p in  h o le s  and to  

allow  th e  spread ing  o f la y e r s  th ic k e r  th an  500 y. w ithoiit c rack in g . These
i

e f f o r t s  were u n su cc e ss fu l. When 20 per cen t Woelm polyamide was in 

corpora ted  in to  th e  m ix tu re , no advantage was o b ta in e d , b u t th e  f r a g i l i t y

o f th e  la y e r  was in c re a se d . When 20 per cen t so lu b le  p o ta to  s ta rc h  was
!

in co rp o ra ted  in to  th e  m ix tu re , th e  tendency o f th e  la y e r  to  c rack  was 

increased  and th e  re s o lu t io n  o f amino a c id s  was decreased . H ighly u n i

form p la te s  were ob ta ined  w ith  20 p e r cent s i l i c a  g e l in  A vicel-SF , bu t 

th e  co lo r y ie ld  of p ro lin e  a f t e r  i t s  re a c tio n  w ith  i s a t i n  was dim inished 

and th e  co lo r faded ra p id ly .

Each p la te  was sp o tted  w ith  hine sp o ts  which were 0 .75  of an inch  

a p a r t and on a l in e  O.75 o f an inch  from th e  edge of th e  p la te .  On each 

p la te  an unknown was sp o tted  in  t r i p l i c a t e  and d u p lic a te  sp o ttin g s  were
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made o f a  p ro lin e  s tandard  so lu tio n  in  th re e  d i f f e r e n t  q u a n t i t i e s .  The 

L -p ro lin e  (N u tr i t io n a l  B iochem icals Company) s tandard  was d isso lv ed  in  

w a te r-iso p ro p an o l (4 :1  v /v ) a t  a co n cen tra tiô û  of 0 .1  fig per p i .  . The 

l in e a r  range was found to  he  from 0 .1  pg to  0 .8  pg of p ro l in e .  S p o ttin g  

was accom plished w ith  a m icrom eter sy ringe and h u re t  (Roger Gilmont 

In s tru m en ts , In c .)  w ith  a  c ap a c ity  o f 200 p i  and c a l ib ra te d  in  0 .2  p i  

d iv is io n s .  The b u re t  was f i t t e d  w ith  a 24 gauge need le  which was 0 .75  

o f an inch  long . A h a ir  d ry e r reduced th e  amount o f tim e re q u ire d  to  

s p o t .

P la te s  were developed in  w ater-fo rm ic  a c id  (98  p e r c e n t) -n -  

bu tano l-m ethano l-pheno l ( 1 :1 :3 :9:9  v /v /v /v /w ) fo r  3*5 h o u rs . B est 

r e s u l t s  were ob ta ined  when th e  so lven t was f r e s h ly  made im m ediately 

p r io r  to  use and when th e  components were added in  th e  o rd e r l i s t e d  

above. The p la te s  were developed a t  a tem pera tu re  o f approx im ate ly  70°C 

in  a chamber which had no t been e q u ilib ra te d  w ith  th e  so lv en t system . An 

u n e q u ilib ra te d  chamber seems to  give b e t t e r  re s o lu t io n  o f amino a c id s .  

Follow ing developm ent, th e  p la te s  were d rie d  under an a i r  stream  a t  room 

tem peratu re  fo r  1 hour and a t  110°C fo r  30 m inutes. T h is  s tep  removes 

th e  phenol which lowered s e n s i t iv i ty .

A fte r  th e  p la te s  had coo led , th ey  were dipped in  2 per cen t i s a 

t i n  in  a c e to n e -n -b u ta n o l-a c e tic  ac id -w ate r (9 :9 :1 :1  v /v /v /v ) .  D is so lu tio n  

o f th e  i s a t i n  was f a c i l i t a t e d  i f  i t  was f i r s t  d isso lv ed  in  th e  acetone  

component by h e a tin g  and th en  adding th e  o th e r components. The co lo r 

y ie ld  could be in c reased  somewhat by in c re a s in g  th e  amount o f w ater and 

a c e t ic  a c id  and by in c re a s in g  th e  i s a t i n  c o n c e n tra tio n . Dipped p la te s  

were heated  fo r  25 m inutes a t  110°C and d en s ito m etr ic  re a d in g s  were made
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a s  soon a s  th e  p la te s  had coo led . P ro lin e  appeared a s  a  b lu ish -g re e n  

spo t (R j, 0 . 50) on a deep yellow  background. The d e n s ity  o f th e  co lo r 

in  th e  spot d id  not d im in ish  to  any m easurable ex ten t w ith in  th e  f i r s t  

2 hours a f t e r  th e  p la te  was dipped and h ea ted , b u t d e n s ity  read in g s  on 

th e  follow ng day were alw ays lower in  v a lu e .

D ensitom etry  read in g s  were made on a Model 530 P hotovolt TLC 

d en sito m ete r equipped w ith  a P ho tovo lt m u lt ip l ie r  photom eter model 52O-M, 

V aricord  v a r ia b le  response rec o rd e r model 42-B and In teg rap h  in te g ra to r  

model 4 9 . The sensing  arm was f i t t e d  w ith  a W ratten 22 f i l t e r  above an 

in c id e n t s l i t  o f 16 mm le n g th . The p la te s  were p laced  on th e  th in - la y e r  

s tag e  w ith  th e  A vicel-SF la y e r  up and were scanned in  a d ire c t io n  which 

was 90 deg rees  to  th e  d ir e c t io n  o f so lv en t developm ent. The photom eter 

decade was s e t  a t  lOx and th e  response s e t t in g  on th e  reco rd e r was 6 . 

P la te s  were scanned w ith  th e  densitom eter covered w ith  a  wooden frame 

which was a d d i t io n a l ly  covered w ith  sev e ra l la y e r s  of b la c k  c lo th . Room 

l ig h t s  were a ls o  tu rn ed  o f f  and th e  shades were c losed  s ince  th e  photo

m eter i s  very  s e n s i t iv e  to  ex traneous l i g h t .

I t  was found necessa ry  to  p repare  a standard  curve each tim e th e  

p ro lin e  c o n c e n tra tio n  was determ ined in  a p la n t e x tra c t  because o f th e
r .

many v a r ia b le s  in v o lv ed . The most im portan t v a r ia b le  seemed to  be th e  

A vicel-SF la y e r  on th e  p la te s .  I t  has been found im possiisle to  con

s i s t e n t l y  o b ta in  a p la te  on which th e  la y e r  was o f uniform  th ic k n e ss  

th ro u g h o u t. A lso , one group o f p la te s  spread by one in d iv id u a l were 

u s u a lly  o f somewhat d i f f e r e n t  th ic k n e ss  th an  ano ther group of p la te s  

spread by a d i f f e r e n t  in d iv id u a l. D iffe r in g  .d en sito m etric  va lu es  r e 

su lte d  when th e  same q u a n tity  o f p ro lin e  was compared on two such groups
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of p la te s .  On each s e r ie s  of a n a ly se s , a l l  read in g s  o f r e p l ic a te  known 

c o n c e n tra tio n s  were averaged , p lo tte d  and th e  b e s t  s t r a ig h t  l in e  was 

f i t t e d .  At no tim e in  th e  an a ly ses  rep o rted  was a p o in t ob ta ined  which 

was more th an  I .5 in te g ra to r  counts from a s t r a ig h t  l in e .  T h is  i s  w e ll 

w ith in  th e  e r ro r  o f p re c is io n  o f th e  d en sitom eter. A sample standard  

curve i s  g iven  in  F ig u re  1. In  t h i s  f ig u re  each p o in t i s  an average of 

th e  d e n s ity  read in g s  o f l4  sp o ts , each of which con tained  th e  same 

q u a n ti ty  o f  p ro lin e . The range of read in g s  which was ob ta ined  i s  in d i

c a te d . Q uite  f re q u e n tly , a l l  p o in ts  f e l l  on a s t r a ig h t  l i n e .  Most o f 

th e  s tandard  curves had approxim ately  th e  same slope b u t when extended to  

zero p ro lin e  co n cen tra tio n  th ey  crossed th e  o rd in a te  between zero  and 

seven in te g ra to r  coun ts. The cause fo r  t h i s  base  l in e  e f f e c t  i s  not 

known b u t i t  seemed to  be a f fe c te d  by th e  th ic k n e ss  o f th e  A vicel-SF 

la y e r ,  th e  shape of th e  spot th a t  was scanned and th e  amount o f fad in g  of 

th e  co lo r in  th e  sp o t. I f  p la te s  on which known c o n ce n tra tio n s  of p ro lin e  

had been sp o tted  were scanned im m ediately and th en  on th e  fo llow ing  day, 

two curves were ob ta ined  which were approxim ately  p a r a l l e l  b u t th e  va lu es  

o b ta ined  on th e  l a t e r  day f e l l  on th e  lower l in e .

Tobacco c a l lu s  e x tr a c ts  were examined in  a number o f d i f f e r e n t  

so lv en t systems on A vicel-SF th in  la y e rs  in  o rder to  f in d  a system ühich  

gave a good sep a ra tio n  o f p ro lin e  from th e  o th e r amino a c id s  which were 

p re se n t. In  one system a p e c u lia r  phenomenon was noted . In  2 -b u tan o l- 

ace tone-fo rm ic  ac id  (98  per c en t)-w a te r (10 :10 :2 :5  v /v /v /v )  (SBAFW), the  

p ro lin e  standard  had an Rj o f 0 .40  ( a l l  rep o rted  R ^ 's  were measured from 

th e  c e n te r  o f th e  s p o t) , b u t th e  m a te ria l in  th e  p la n t e x t r a c ts  which was 

thought to  be p ro lin e  sep ara ted  in to  two spo ts  w ith  R ^ 's  of 0 .37  aud 0 .4 6 .
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F ig u re  1. A standard  curve fo r  q u a n t i ta t in g  g ro lin e  by  d i r e c t  den sito m etry  on th in - la y e r  
p la te s  o f A vicel-SF .
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The p la te s  were sprayed w ith  0 .2  per cen t i s a t i n  in  a c e to n e -w a te r -a c e tic  

ac id  (75 :5 0 :2  v /v /v ) .  The co lo r o f  b o th  th e se  sp o ts  could  not be d i s t i n 

guished from th e  c o lo r o f th e  p ro lin e  spot whereas a l l  o th e r  amino a c id s ,  

even hy d ro x y p ro lin e , th a t  have been examined in  t h i s  la b o ra to ry  g ive  a 

t i n t  w ith  i s a t i n  which i s  d is t in g u is h a b le  from p ro l in e .  The m a te r ia l  in  

th e  e x tr a c ts  which was though t to  be p ro lin e  was homogeneous in  a l l  o th e r 

so lv en t systems which were in v e s t ig a te d  and i t s  matched t h a t  o f p ro 

l i n e .  When th e  p ro lin e  s tandard  was sp o tted  a t  th e  o r ig in  on top  o f th e  

t i s s u e  e x tr a c ts  and developed in  SBAFW, two sp o ts  were ag a in  ob tained  

w ith  R f 's  o f 0 .3 7  and 0.U6 b u t no spot appeared betw een th e se  two w ith  an 

Rf m atching th a t  o f th e  p ro lin e  s tandard  (0 .4 o ) . The added p ro lin e  was 

d iv ided  between th e  two sp o ts  because b o th  sp o ts  in c re ase d  in  co lo r 

d e n s ity  a s  a r e s u l t  o f such o v e r-sp o ttin g  w ith  p ro l in e .  The m a jo rity  

o f th e  added standard  p ro lin e  tra v e le d  w ith  th e  spo t having  th e  h ig h er 

R f .

To in v e s t ig a te  t h i s  phenomenon f u r th e r ,  1 ml o f an  e x tr a c t  o f 

tobacco  c a l lu s  t i s s u e  grown on medium co n ta in in g  I 5 p e r c en t rubber 

d u s t was s treak ed  a c ro ss  th e  bottom  o f an A vicel-SF th in - la y e r  p la te .

The p la te  was developed in  SBAFW. The s t r ip s  o f A vicel-SF  co n ta in in g  

th e  h igh  R^ and th e  low R^ m a te r ia l were scraped from th e  p la te  and sep

a r a te ly  e lu te d  w ith  w a te r . When th e  h igh  R̂  ̂ m a te r ia l  and th e  low Rg 

m a te r ia l  were s e p a ra te ly  sp o tted  on A vicel-SF and rechrom atographed in  

SBAFW, b o th  e x h ib ite d  th e  s p l i t t i n g  phenomenon. Both m a te r ia ls  gave 

two sp o ts  w ith  R f 's  o f 0 .3 7  and 0 .4 6 . The high R^ and th e  low R^ mate

r i a l  were th en  chromatographed in  w ater on a P o ly c la r column (G eneral 

A naline and F ilm  C orpora tion) which had a packed volume o f I .5  x 5 cm.
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The s p l i t t i n g  phenomenon was s t i l l  p re sen t in  b o th  m a te r ia ls  so th e  

m a te r ia ls ,  d isso lv ed  in  w a te r , were next p laced  on an  ion  exchange 

column (1 .5  X 5 GDI packed volume) o f AG-50-W x  12 (B iorad L a b o ra to r ie s ) , 

100-200 mesh in  th e  hydrogen c y c le . A fte r  th e  column was washed w ith  25 

ml o f w ater i t  was s tr ip p e d  w ith  1 N ammonium hydroxide. The so lven t 

was removed in  a ro ta ry  ev ap o ra to r. The re s id u e  was re p e a te d ly  taken  

up in  sm all q u a n t i t ie s  o f w ater and th e  w ater was d i s t i l l e d  vacuo to  

e lim in a te  ammonium hydrox ide . The h igh  m a te r ia l  was d isso lv ed  in  2 

ml o f w ater and th e  low m a te ria l was d isso lv ed  in  1 ml o f  w a ter.

Upon chromatography on A vicel-SF th in - la y e r  p la te s  in  SBAFW, n e ith e r  

e x h ib ited , th e  s p l i t t i n g  phenomenon. A p ro lin e  s tandard  had an R^ o f

0 .4 0 , th e  h igh  Rj m a te r ia l now gave only  one spot w ith  an R^ of 0 .40  and 

th e  low Rf m a te r ia l gave only  one spot w ith  an Rf o f 0.39* T his in d i 

c a te s  th a t  b o th  o f th e se  m a te r ia ls  were p ro lin e  and th a t  th e re  was some 

f a c to r  or f a c to r s  in  th e  e x tra c ts  which cause th e  p ro lin e  to  sep a ra te  

in to  two sp o ts  in  t h i s  so lv en t sys.'.es,.

To make c e r ta in  i t  was p r o l i f e  be in g  q u a n tita te d  in  th e  t i s s u e  

e x t r a c ts ,  a b io a ssa y  was performed on b o th  m a te r ia ls  a f t e r  ion  exchange 

chromatography and on th e  o r ig in a l  t i s s u e  e x tra c t  from which th ese  

m a te r ia ls  were d e riv ed . A p ro lin e - re q u ir in g  E. c o l i  mutant th a t  had 

been is o la te d  by Dr. John H. L ancaster o f th e  U n iv e rs ity  o f Oklahoma 

Department of M icrobiology was used. D u p lica te  c u ltu re s  were incubated  

a t  37°C fo r  2k hours w ith  skaking in  V o g e l's  minimum medium (90) p lu s  

p ro lin e . Growth was measured tu rb id im e tr ic a l ly  in  a  S pectron ic  20 

(Bausch and Loipb) spectrophotom eter a t  420 mji. The t e s t  m a te r ia ls  were 

au toclaved  fo r  15 m inutes a t  121°C and I 5 pounds o f p re s su re . The crude
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e x t r a c t ,  th e  low m a te ria l and th e  high  R^ m a te r ia l a l l  supported

grow th. C on tro l c u ltu re s  con ta in in g  V o g e l's  minimum medium w ithout 

p ro lin e  e x h ib ite d  no growth. H ydroxy-L -proline, L-glutam ic a c id , L -o rn l-  

th in e ,  L - c i t r u l l in e  and L -arg in ine  were not a b le  to  support growth a t  

le v e ls  o f  50 pg per ml o f medium. P ro lin e , even a t  a co n cen tra tio n  o f

0 .5  pg per ml, gave measurable growth (see  F ig u re  2 ) .  I t  appeared c e r 

ta in  th a t  bo th  the  high m a te ria l and th e  low R^ m a te r ia l were p ro lin e .
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F igure  2 . The growth curve fo r  a p ro lin e - re q u ir in g  E. c o l i  mutant 
grown on V ogel's  minimum medium p lu s  p ro lin e .



30

Animal C e ll C ultu re  Experim ents 

The m a te r ia ls ,  e s s e n t i a l  to  the  experim ents, to g e th e r  w ith  t h e i r

source and p u r i ty  a re  a s  fo llo w s:
'

HeLa c e l l s  were o b ta ined  from Dr. L. V. Sco^t o f th e  U n iv e rs ity  o f 

Oklahoma M edical School. HeLa i s  a h e te ro p lo id  c e l l  l in e  derived  from 

carcinoma of th e  human c e rv ix .

WI-3 8  c e l l s  (passage 18) were obtained from B altim ore  B io lo g ic a l 

L a b o ra to rie s , B altim o re , Maryland. T his i s  th e  W istar s t r a in  o f human 

embryonic fem ale lung c e l l s  and i s  capable of s e r i a l  p ropagation  ^  v i t r o  

w hile  r e ta in in g  a  normal d ip lo id  karyotype of 46 chromosomes.

H ank's balanced  s a l t  s o lu tio n , w ithout sodium b ic a rb o n a te , was ob

ta in e d  from Flow L a b o ra to r ie s , R o ck v ille , Maryland.

C igare t  smoke p a r t i c u la te  m a te r ia ls  ( ta r )  whs ob ta ined  by P h il ip  

Schafer in  th e  manner p re v io u s ly  described  under P la n t T issu e  C u ltu re  

E xperim ents. Two d i f f e r e n t  t a r  so lu tio n s  were used; th e  f i r s t ,  d e s ig 

nated  t a r - 1 , was ob ta ined  from th e  smoke o f 50 f i l t e r - t i p ,  100 mm 

c ig a r e ts  of a popular b ran d . The t a r  was d isso lv ed  in  25 ml o f m ethanol- 

benzene ( 1:9  v /v ) and was s to red  in  the  r e f r ig e r a to r  2 .5  months b e fo re  

u se . The so lu tio n  con tained  45 .3  mg t a r  p e r ml. The second t a r  so lu 

t io n ,  designa ted  t a r - 2 , was ob ta ined  from th e  smoke of two packs each 

o f re g u la r ,  n o n - f i l t e r - t i p  C h e s te r f ie ld s , Lucky S tr ik e s  and Camels. Six 

p u ffs  were taken  from each c ig a r e t .  The t a r  was d isso lv ed  in  60 ml of 

benzene-m ethanol (9 :21  v /v ) and contained 26 .6  mg t a r  per ml. T his 

m a te r ia l was uséd im m ediately.

S co p o le tin  was syn thesized  ( I 3 ) and p u r if ie d  on a s i l i c i c  ac id  column 

in  t h i s  la b o ra to ry .
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E a g le 's  minimum e s s e n t i a l  medium (20) co n ta in in g  E a r l e 's  balanced 

s a l t  s o lu t io n  (24) and 10 p er cen t c a lf  serum (CulturSTAT) was ob ta ined  

from B altim o re  B io lo g ic a l  L a b o ra to r ie s . T his medium was used to  c u l t i 

v a te  HeLa c e l l s  and I t s  com position I s  given In  Table 3 . For b r e v i ty ,  

t h i s  medium I s  r e f e r r e d  to  a s  growth medium- 1 (GM-l).

TABLE 3

EAGLE m a im m  e ss e m -ia l  medium with eable base (gm^i )
FOR CULTURING HELA CELLS

INGREDIENTS CONCENTRATION 
(P er L i te r )

INGREDIENTS CONCEHTRATIpN 
(Per L i te r )

L -A rg in ine•HCl 126 .98  mg C a-Panto thenate 1 mg
L -C ystine 2k mg Pyrldoxal-H Cl 1 mg
L-Glhtamlne 292 mg Thiamine'HCl 1 mg
L - E ls t id ln e •HCl•BgO 41.88  mg N icotinam ide 1 mg
Ir-Leucine 52 mg R ib o flav in O'.l mg
L -Iso ieu c in e 52 mg Sodium c h lo rid e 618 g
ÏÂ-Lyslne *HC1 58 mg Potassium  c h lo rid e 0 .4  g
If-M ethionine 15 mg Calcium c h lo rid e 0 .2  g
L -Phenylalan lne 32 mg Magnesium s u lfa te 97-7 mg
Ir^Thfeonlne 48 mg Monosodium phosphate-HpO o. i4  g
L-Tryptophan 10 mg Glucose 1 g
LrTyroslne 36 mg Sodium, b ica rb o n a te 2 .2  g
L-V aline 46 mg Phenol red 0 ,0 2  g
C holine c h lo rid e 1 mg Pooled c a l f  serum 100 • ml
B lo tin 1 mg P e n ic i l l in 100 ,000 u n its
F o lic  ac id 1 mg Streptom ycin 100 mg
m y o -In o sito l 2 mg Water to  volume

E a g le 's  b a s a l  medium (2 l)  co n ta in in g  E a r le 's  balanced  s a l t  so lu tio n  

{2k)  and 10 per c en t c a l f  serum (CulturSTAT) was ob ta ined  from B altim ore 

B io lo g ic a l L a b o ra to r ie s . WI-38  c e l l s  were propagated I n  t h i s  medium and 

i t s  com position I s  g iven  In  Table 4 . For b re v i ty  t h i s  medium i s  re fe r re d  

t o  a s  GM^2.
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TABÜE . k
MGLE BASAL MEDIUM WZFH EARIf BASE (GM-2) 

FOR CUÎffURpîG WI-38  CELLS

INGREDIENTS CONCENTRATION 
(Per L i te r )

INGREDIENTS CONCENTRATION 
(Per L i te r )

L-A rginine.RCl 21.04 mg C a-P anto thenate 1 mg
L-C ystine 1 1 .6 mg Pyridoxal'H C l 1- mg
L-Glutamine 292 mg Thiamine«HCl 1 mg
L-Hi s t  id  i  ne•HCl•H2O 10 .81 mg N icotinam ide 1 mg
L -Iso leu c in e 2 5 .8 mg R ib o flav in 0 .1  ing
L-Leucine 2 5 .8 mg Sodium c h lo rid e 6 .8  g
L-Lysine*HCl 2 9 .1 mg Potassium  c h lo rid e 0 .4  g
L-M ethionine 7-5 mg Calcium c h lo rid e 0 .2  g
L -Phenylalan iue 1 5 .9 mg Magnesium s u l f a te 97-7 mg
L-Threonine 2 5 .8 mg Monosodium phosp h ate«H0O 0 . l4  g
L-Tryptophan 4 mg , Glucose 1 . g
L-Tyrosine 1 8 .3 mg. Sodium b ic a rb o n a te 2 .2  g
L-V aline 2 5 .8 mg Phenol red 0 .02  g
Choline c h lo rid e  . 1 mg Pooled c a l f  serum 100 ml
B io tin 1 mg P e n ic i l l in 100,000 u n its
F o lic  a c id 1 mg Streptom ycin 100 mg
m yo-Inosito l 2 mg Water to  volume

The carbon b la ck s  th a t  were used have been d esc rib ed  p rev io u s ly  on 

page 1 5 .

Rubber d u st was ob ta ined  from th e  b u ff in g  wheel o f a  lo c a l  t i r e  re 

capping shop and screened th rough  a number 4o s iev e  (0 .417 mm). This 

d u s t re p re se n te d  b o th  passenger and tru c k  t i r e  ru b b e r .

F ive  per cen t carbon d io x id e  in  a i r ,  b io lo g ic a l  atm osphere, was ob

ta in e d  from th e  Matheson Company.

A ll  chem icals and so lv en ts  were analyzed reag en t g rade .

S te r i l e  t r a n s f e r s  were accom plished in  a la rg e  enclosed  hood s t e r i 

l iz e d  w ith  u l t r a v io le t  r a d ia t io n  and provided w ith  rubber g loves.
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HeLa s to ck  c u ltu re s  were c a r r ie d  in  m ilk d i lu t io n  b o t t l e s .  Cul-
I -

tu re s  were su b cu ltiv a ted  in  th e  fo llow ing  manner when th e  c e l l  sheet 

became c o n flu en t. The medium was decanted and 5 nO. o f 0 .0^ per cen t 

pronase (C a lifo rn ia  Biochem ical Company) in  H ank's balanced s a l t  so lu 

t io n  was added w ith  th e  c e l l  sheet up. The pronase so lu tio n  had been
. i

brought to  pH 7 .4  w ith  J.2  per cent sodium b ic a rb o n a te  and f i l t e r  s t e r i 

l iz e d  b efo re  u s in g . A fte r a llow ing th e  pronase so lu tio n  to  r in s e  over
I

th e  c e l l s ,  th e  f l a s k  was in v e rted  and th e  pronase so lu tio n  was decan ted .

The c e l l s  were observed u n t i l  they  had sloughed from th e  g la s s  su rfa ce .

Ten ml o f GM-l were added. The c e l l s  were a s p ira te d  v ig o ro u sly  a t  le a s t  

te n  tim es by means of a cotton-plugged 10 ml p ip e t and a  rubber b u lb .

The r e s u l ta n t  c e l l  suspension was evenly  d is t r ib u te d  between two m ilk  

d i lu t io n  b o t t l e s .  T his i s  c a lle d  a 1 :2  s p l i t .  S u f f ic ie n t  f r e s h  medium 

was added to  b r in g  th e  t o t a l  volume per b o t t l e  to  20 ml. C u ltu re s  were 

sealed  w ith  s i l ic o n e  stoppers  (The West Company, P h o e n ix v ille , Pennsyl

vania) and incubated  a t  37°C. A ll o p e ra tio n s  were c a r r ie d  ou t a s e p t ic a i ly .

In  experim ents invo lv ing  t e s t  m a te r ia ls ,  su b c u lt iv a tio n s  involved 

a 1:3 or 1 :4  s p l i t  so th a t  c e l l s  could be exposed to  th e  t e s t  m a te r ia ls  

fo r  a longer period  of tim e . Large Leighton tu b es  (28 x  110 mm) were 

used in  some experim ents and m ilk d i lu t io n  b o t t l e s  were used in  th e  

o th e rs . In  each experim ent, c o n tro l c u ltu re s  were in o cu la ted  and t r e a te d  

in  a manner id e n t ic a l  to  those co n ta in in g  t e s t  m a te r ia ls . A ll c u ltu re s  

were in o cu la ted  from a common pool o f c e l l s  so th a t  th e  c e l l  number per 

f la s k  would be id e n t ic a l .  The c u ltu re s  were gassed fo r  approxim ately  

10 seconds w ith  5 per cent carbon d iox ide  in  a i r  b e fo re  th ey  were incu

b a te d . T his brought th e  pH to  approxim ately  7-^ and reduced th e  la g
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p erio d  in  th e  growth c y c le . In  o rd er to  o b ta in  enough c e l l s  to  an a ly ze , 

r e p l ic a t e  c u l tu re s  were u t i l iz e d  fo r  each t e s t  m a te r ia l .  The c u l tu re s  

were e s ta b lis h e d  f o r  2k hours a t  37°C, a t  which tim e th e  spent medium 

was rep laced  w ith  f r e s h  medium and t e s t  m a te r ia ls  were in troduced  in to  

th e  tr e a te d  f la s k s .  In  t h i s  way, th e  i n i t i a t i o n  and te rm in a tio n  o f th e  

experim ents were conducted in  th e  ex p o n en tia l phase o f th e  p r o l i f e r a t io n  

c y c le .

WI-3 8  c u l tu re s  were t r e a te d  in  b a s ic a l ly  th e  same manner except 

fo r  minor d if f e r e n c e s .  They were su b cu ltiv a te d  a l t e r n a t e ly  every  th i r d  

and fo u r th  day on a s t r i c t  schedule. A lthough HeLa c e l l s  w i l l  not p ro 

l i f e r a t e  a s  r a p id ly  in  p la s t i c  a s  in  g la s s ,  WI-3 8  c e l l s  were more 

co n v en ien tly  c u ltu re d  in  p la s t i c .  WI-3 8  c e l l s  w i l l  not t o l e r a t e  a pH 

above 7 ,4  fo r  any extended period so c u l tu re s  were alw ays gassed w ith  

5 per cen t carbon d io x id e  in  a i r  a t  th e  tim e o f in o c u la tio n  and whenever 

medium changes were made. Since WI-38  c e l l s  r e p l ic a te  more slow ly th an  

HeLa c e l l s ,  sub c u l t i v â t ion  fo r  an experim ent in v o lv in g  t e s t  m a te r ia ls  

was always a 1 :2  s p l i t .  A ll f la s k s  were in o cu la ted  from a common pool 

of c e l l s .

Human d ip lo id  c e l l  s t r a in s  have a f i n i t e  l im it  o f approxim ately  

50 s u b c u lt iv a tio n s  (30) , th e re fo re , a l l  excess c u ltu re s  were fro zen  in  

th e  fo llo w in g  manner :

1. A fte r  th e  co n flu en t c e l l  sheet had sloughed from th e  su rface  of 

th e  f l a s k  and had been a sp ira te d  in  10 ml o f medium a s  d esc rib ed  above, 

th e  c e l l  suspension  was cen trifu g ed  fo r  2 m inutes a t  195 x g . The 

s t e r i l e  c e n tr ifu g e  tube was plugged w ith  c o tto n  to  p revent con tam ination . 

The sup ern a tan t was decanted and 2 ml o f GM-2 c o n ta in in g  10 per cent
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g ly c e r in e  ( s t e r i l i z e d  "by au to c lav in g ) was added.

3 . The c e l l s  were a s p ira te d  a few tim es w ith  a  s t e r i l e  5 ml syringe  

f i t t e d  w ith  a 20 gauge needle 2 in ch es  long in  o rd er to  o b ta in  a good, 

suspension . The pH o f th e  medium was i n i t i a l l y  7»0 so th a t  i t  would not 

r i s e  above 7 .4  d u rin g  m an ip u la tio n s .

4 . Using th e  sy rin g e , 1 ml o f th e  c e l l  suspension was d ispensed 

in to  each of two ampules (2 m l) . Care was taken*^ not to  touch, th e  necks 

o f  th e  ampules because h ea t se a lin g  l a t e r  w i l l  cause th e  medium to  ch ar.

5 . The ampules were sea led  ra p id ly  in  a F ish e r  b lirner by use o f a 

g la s s  ro d . The s e a l i s  assu red  i f  th e  t i p  o f th e  ampule c o lla p se s  upon 

h e a tin g . A ll ampules were tagged to  in d ic a te  th e  d a te , c e l l  s t r a in ,  

passage number, medium, e tc .

6 . The ampules were p laced  in  th e  r e f r ig e r a to r  o v ern ig h t a t  4°C.

7 . In  th e  morning th e  c e l l s  were resuspended by a g i ta t io n  o f th e  

ampules and th e  tem peratu re  was lowered from 4°C to  -25°C a t  th e  r a te  o f 

1 . 5°  per m inute. T his was accom plished by p lac in g  th e  ampules in  a 125 

ml beaker which in  tu rn  was in s id e  a 25O ml b eak e r. The to p  o f th e  in n er 

b eaker was sea led  w ith  styrofoam  and s u f f ic ie n t  in s u la t io n  was placed 

around th e  in n e r beaker to  g ive  th e  proper r a t e  o f coo ling  when placed

in  a f r e e z e r  a t  - 65°C.

8 . Ampules were s to red  in  a f r e e z e r  (Revco, In c . u ltra lo w  tem pera

tu r e  model SZB-659) a t  -65°C.

WI-38  c e l l s  were fro ze n  accord ing  to  th e  above procedure, s to red  

4 months a t  -65°C, and s u c c e ss fu lly  re tr ie v e d  in  th e  fo llo w in g  manner:

1. An ampule to  be re c o n s ti tu te d  was removed frôm th e  - 650C f re e z e r  

and im m ediately plunged in to  a la rg e  volume of w ater a t  37°C.
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2. The appuie vas  c o n s ta n tly  moved about in  th e  v a te r  fo r  5 m inutes 

t o  Taring th e  co n ten ts  o f th e  ampule to  37°C ra p id ly .

3. A fte r  th e  neck o f th e  ampule vas swabbed v i th  %0 per cen t e th an o l 

and b r i e f l y  flam ed, i t  vas snapped.

4 . The c o n ten ts  were t r a n s fe r r e d  to  a 250 ml p la s t i c  t i s s u e  c u ltu re  

f l a s k  by means o f a  s t e r i l e  sy ringe  and 20 ml o f GM-2 were added.

5 . The f la s k  was gassed w ith  5 per cent carbon d iox ide in  a i r ,  s to p 

p e red , and incubated  a t  37°C.

6 . A fte r  2k hours , th e  medium was changed.

7 . When th e  c u ltu re  was c o n flu e n t, i t  was sub c u lt iv a te d  a s  above. 

HeLa c e l l s  in  GM-l co n ta in in g  10 per cen t g ly ce rin e  have been success

f u l l y  f ro z e n , r e t r ie v e d ,  and were used in  some of th e  experim ents. Mouse 

L c e l l s  were fro zen  in  GM-l co n ta in in g  10 per cen t g ly cerin e  fo r  Dr. 

Donald C. Cox o f th e  U n iv e rs ity  of Oklahoma Department o f M icrobiology 

and have a ls o  been su c c e ss fu lly  recovered  by fo llow ing  the  above pro

cedu re .

To in tro d u ce  th e  rubber dust in to  th e  t e s t  c u ltu re s ,  a q u a n tity  

o f d u s t s u f f ic ie n t  to  o b ta in  th e  req u ired  trea tm en t le v e l  was weighed 

in to  a 250-ml Erlenm eyer f la s k  c o n ta in in g  a te f lo n  s t i r r i n g  b a r and 5 ml 

o f double d i s t i l l e d  w a ter. A fte r  au to c lav in g  fo r  I 5 m inutes a t  121°c 

and 15 pounds of p re s su re , much of th e  v a te r  i s  lo s t  b u t th e  rubber dust 

i s  l e s s  hydrophobic than  p re v io u s ly . Follow ing au to c lav in g , th e  r e 

qu ired  amount o f growth media was added to  th e  Erlenmeyer f la s k .  An 

even suspension  of dust p a r t i c l e s  in  th e  media "was m aintained by 

m agnetic s t i r r i n g  w hile  d isp en sin g  to  t e s t  c u ltu re s . Upon in cu b a tio n , 

th e  d u s t p a r t i c l e s  s e t t le d  to  th e  c e l l  sh ee t. I f  th e  dust p a r t i c le s
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were not un ifo rm ly  d is t r ib u te d  over th e  bottom  of th e  f l a s k ,  th e  medium 

was swished in  th e  f l a s k  u n t i l  a f a i r l y  uniform  d e n s ity  o f p a r t i c le s  was 

o b ta in e d .

The carbon b la c k s  were in troduced  in to  th e  t e s t  c u ltu re s  in  th e  

same manner a s  th e  rubber d u s t. A r b i t r a r i ly ,  a co n ce n tra tio n  of 1 per 

cen t carbon b la c k  in  th e  media was u t i l i z e d .  V is u a lly , i t  could not be 

determ ined w hether th e re  was uniform  d isp e rs io n  o f carbon p a r t i c le s  in  

a f l a s k  because 20 ml of media co n ta in in g  a 1 per cen t co n cen tra tio n  

r e s u l t s  in  an alm ost com plete coverage of th e  c e l l  sheet w ith  carbon 

p a r t i c l e s .

The c e l l s  were exposed to  th e  c ig a r e t  smoke t a r  by  p ip e tt in g  the  

e x tra c t  in to  a 250-ml round bottom  f l a s k ,  removing th e  so lven t in  a 

ro ta ry  ev ap o rto r and p lac in g  th e  media in  c o n tac t w ith  th e  t a r  fo r  

10-15 m inutes b e fo re  i t s  in tro d u c tio n  in to  tre a tm e n t f l a s k s .  T ar-2  was 

s t e r i l i z e d  by a u to c lav in g  in  th e  round bottom  f l a s k  f o r  15 m inutes a t  

121°C and 15 pounds o f p re ssu re  b e fo re  exposure to  th e  media. Tar-1  was 

exposed to  th e  media fo r  15 m inutes and th e  media was th en  s t e r i l i z e d  by 

f i l t r a t i o n .  The major p o rtio n  of th e  t a r  was found t o  be  in so lu b le  in  

th e  media a lthough  a t  h igher le v e ls  of exposure, a brow nish co lo r was 

im parted to  th e  media.

S co p o le tin  was in troduced  in to  c u ltu re s  a f t e r  s t e r i l i z a t i o n  by 

e i th e r  au to c lav in g  (no w ater added) o r f i l t r a t i o n .  The c o n ce n tra tio n , 

te s te d  in  c u l tu re ,  was 1 mM which i s  c lo se  to  th e  l im i t s  o f i t s  s o lu b il

i t y  in  growth media. At t h i s  c o n ce n tra tio n , 2-4  hours a t  approxim ately 

60°C were n ecessary  to  e f f e c t  so lu tio n .

At th e  end of th e  trea tm en t p e rio d , c e l l s  were harvested  in  th e
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fo llow ing  manner ;

1. The spent medium was decanted  and th e  c e l l  sh e e ts  were rin se d  

w ith  2 ml o f 0 . 8$ per cen t sodium c h lo rid e  in  double d i s t i l l e d  w ater 

(l-m l volumes were used in  Leighton tu b e  c u l tu r e s ) .

2 . The s a lin e  s o lu tio n  whs decahted and 2 ml o f s a lin e  so lu tio n  

were ag a in  added.

3 . Using a  rubber policem an, th e  c e l l s  were scraped from  th e  su rface  

o f th e  g la s s  and poured in to  a 40-m l, c o n ic a l, g raduated  c e n tr ifu g e  tu b e .

4 . Each f la s k  was r in se d  tw ice  w ith  2 ml o f s a l in e  so lu tio n  per 

r in s e .  A ll c e l l s  and r in s e s  from r e p l ic a te  tre a tm e n t f la s k s  were com

b ined .

5 . The c e l l s  were c en tr ifu g e d  a t  195 x g fo r  2 m inutes.

6 . The su p ern a tan t was c a r e fu l ly  removed from th e  c e l l  "bu tton" w ith

a 10- ml p ip e t so th a t  0 .5  ml o f c e l l s  and l iq u id  rem ained.

7 . To th e  c e l l s  were added 10 ml of d i s t i l l e d  w a te r . T h is  caused

ly s i s  o f c e l l s  b u t i t  w^s determ ined ex p erim en ta lly  th a t  th e re  was no 

r e s u l t in g  decrease  in  th e  number o f c e l l  n u c le i p re s e n t.

8 . The c e l l s  were resuspended by vo rtex  mixing a t  h igh  speed fo r  2 

m inutes. ..

9 . O ne-half ml was p ip e tte d  and saved f o r  n u c le i co u n tin g .

10. The rem ainder of th e  suspension  was tr a n s fe r r e d  to  a 100-ml b eaker 

w ith  two r in s e s  (5  ml each) o f th e  c e n tr ifu g e  tube w ith  d i s t i l l e d  w ater.

11. The m ixture was p laced  in  b o i l in g  w ater fo r  2 m inutes to  stop 

enzymatic a c t i v i t y  and was th en  so n ica ted  by a B rohw ill u l t r a s o n ic  gen

e ra to r  fo r  2 m inutes. The so n ic a to r  was s e t to  produce maximum 

c a v i ta t io n .
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12. The sample v as  s to red  in  a f re e z e r  u n t i l  i t  could be  d e p ro te in -  

ized  and analyzed .

Samples were d e p ro te in iz ed  w ith  p ic r ic  ac id  accord ing  to  th e  procedure 

o f  S te in  and Moore (79 ) a s  fo llo w s;

1 . Each sample was removed from th e  f r e e z e r  and allow ed to  m elt.

To each sample was th en  added 5 ml of 1 per cen t p ic r ic  ac id  in  w a te r .

In  th e  f i r s t  d e p ro te in iz a t io n s , 2 ml o f p ic r ic  a c id  so lu tio n  were used 

per sample b u t t h i s  amount was sometimes in s u f f ic ie n t  to  remove a l l  p ro 

t e in .  Some samples contained  a s  many as 29 x 10^ c e l l s .

2 . The m ixture was p laced  on an ion  exchange column ( I .5  x 3 cm 

packed volume) o f Dowes 2 x 8  (200-k00 mesh) in  th e  c h lo r id e  form. Both 

th e  p r e c ip i ta te  and th e  excess p ic r ic  a c id  a re  removed in  t h i s  s te p . The 

beaker which con tained  th e  sample was r in se d  tw ice w ith  sm all q u a n t i t ie s  

o f d i s t i l l e d  w ater and th e  r in s in g s  were added to  th e  column. The flow  

r a te  was in c reased  by using  1-5  pounds of p ressu re  on th e  column.

3 . The column was washed w ith  5 ml o f 0 .02  K hy d ro ch lo ric  a c id .

4 . The t o t a l  e f f lu e n t  from th e  column was taken  to  d ryness in  a  50 

ml round bottom  f l a s k  in  a ro ta ry  ev ap o ra to r. Reduced p re ssu re  was p ro

duced by a w ater a s p i r a to r  and d i s t i l l a t i o n  was f a c i l i t a t e d  by a w ater 

b a th  a t  50°C. —

5 . The re s id u e  was d isso lv ed  in  0 .5  ml o f d i s t i l l e d  w a te r- iso p ro p a 

nol (9 :1  v /v ) and tr a n s fe r re d  by means of an eye dropper to  a 1-dram 

v ia l .  The round bottom  was r in se d  tw ice w ith  0 .5  ml o f th e  above s o l

v en t. T h is m a te r ia l  was a lso  added to  th e  v ia l .

6 . The v ia l s  were taken  to  dryness overn igh t under an a i r  stream  

and 0 .5  ml o f  w a te r-iso p ro p an o l ( 9 j l  v /v ) was added per v i a l .  (Some
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samples were 1 ml in  volume.)

7 . The v i a l s  were stoppered and sto red  in  th e  r e f r ig e r a to r  u n t i l  

an a ly zed .

The d e p ro te in iz ed  samples were q u a n t i ta t iv e ly  analyzed fo r  pro

l in e  co n ten t by  densitom etry  on Avicel-SF p la te s  according  to  the  

procedure p rev io u s ly  o u tlin ed  fo r  th e  p la n t t i s s u e  e x tr a c ts .

In  o rd er to  determ ine th e  number o f c e l l s  be ing  analyzed , n u c le i 

numbers were determ ined a t  th e  te rm in a tio n  o f each experim ent. The 

n u c le i were a ls o  counted in  a re p re se n ta tiv e  f la s k  when th e  t e s t  mate

r i a l s  were in troduced  and a n u c le i count was made on th e  inoculum when 

th e  c u l tu re s  were s ta r te d .  I t  was assumed th a t  each c e l l  contained only  

one n u c leu s . N uclei were counted accord ing  to  a m od ifica tio n  of th e  

procedure o f Sanford e t ( 72) a s  fo llow s:

1. To c e l l s  suspended in  5 ml o r le s s  o f media, O.85 per cent so d i

um ch lo rid e  o r d i s t i l l e d  w ater in  a  40-ml c e n tr ifu g e  tu b e , was added 

s u f f ic ie n t  0 .1  M c i t r i c  acid  to  b r in g  th e  volume to  40 ml. A few c ry 

s t a l s  o f thymol were placed in  th e  c i t r i c  a c id  s to ck  so lu tio n  to  in h ib i t  

growth o f molds.

2 . The c e n tr ifu g e  tube  was stoppered and shaken a s  v igo rously  as  

p o s s ib le  fo r  a t  l e a s t  20 tim es.

3 . The m ixture was incubated in  a i r  a t  37°C fo r  1 hour.

4 . A fte r  removing from th e  in cu b a to r, th e  m ixture was again  shaken 

a s  v ig o ro u sly  a s  p o ss ib le  fo r  a t  l e a s t  20 tim e s . I f  shaking was not 

done, clumps of n u c le i occurred which were d i f f i c u l t  to  count a c c u ra te ly . 

T h is  problem was g re a t ly  dim inished i f  th e re  were few clumps of c e l l s  in  

th e  o r ig in a l  suspension . This was u su a lly  th e  case  when th e  suspension
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was ob ta ined  by th e  a c tio n  o f pronase b u t clumping was more of a problem 

when th e  c e l l s  were ob ta ined  w ith  a rubber policem an. There was a lso  

more c lip ip ing  w ith  WI-38  c e l l s  th an  w ith  HeLa c e l l s .

5 . The n u c le i were c o lle c te d  by c e n tr ifu g a tio n  a t  292 x g fo r  20 

m inutes.

6 . The su p ern a tan t was c a re fu l ly  withdrawn (saved fo r  s tep  7 ) w ith  

a  p ip e t to  th e  l-m l le v e l  and th e  n u c le i in  th e  sedim ent were s ta in ed  by  

adding  4 ml o f  0 .1  per cen t c r y s ta l  v io le t  in  0 .1  M c i t r i c  a c id . A fte r  

mixing w ell on a v o rtex  mixer fo r  sev e ra l seconds, th e  m ixture was allow ed 

to  stand a t  l e a s t  5 m inutes a t  room tem p era tu re .

7 . To th e  s ta in ed  n u c le i were added 20 ml o f 0 .5  per cen t methyl 

c e l lu lo s e  ( in  0 .1  M c i t r i c  a c id )  and enough o f th e  c i t r i c  ac id  superna

ta n t  (saved in  s tep  6) to  b r in g  th e  m ixture to  4o ml in  volume. I f  

r e l a t i v e ly  sm all numbers o f c e l l s  were p resen t a s  in  th e  0 .5  ml sample 

tak en  from th e  h a rvested  c e l l s ,  a l l  q u a n t i t ie s  were halved or q u a rte red  

so th a t  f i n a l  volumes were 20 or 10 ml.

6 . In  a  hemocytometer, 8-10 counts were made on each n u c le i suspen

sio n  except th o se  c e l l s  ha rv ested  a f t e r  trea tm en t w ith  carbon b la c k . In  

th e se  sam ples, th e  many carbon p a r t ic le s  p re sen t com plicated  and le n g th 

ened th e  counting  p rocedure ; consequently , on ly  fo u r counts were made 

on each sample co n ta in in g  carbon p a r t i c le s .  I t  i s  alm ost im possib le to  

count WI-38  c e l l s  d i r e c t ly  because upon h a rv est w ith  e i th e r  a rubber 

policem an o r a  p ro te o ly t ic  enzyme i t  i s  extrem ely d i f f i c u l t  to  d i s t i n 

g u ish , under a  m icroscope, c e l l s  from d e b ris . T h is  i s  no t such a 

problem w ith  HeLa c u l tu re s  bu t fo r  un ifo rm ity  and g re a te r  accuracy , a l l  

c e l l  numbers re p o r te d , except where s p e c if ie d , a re  based on n u c le i counts
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r a th e r  th a n  c e l l  count's .

The number of t o t a l  g u c le i in  th e  sample b e in g  counted can be 

c a lc u la te d  from th e  average hemocytometer c o u n t. There' a re  n ine la rg e  

squares in  a  hemocytometer f i e l d .  Each of th e se  la rg e  squares i s  1 mm 

on a s id e  and th e  n u c le i suspension i s  0 .1  mm th ic k .  T h ere fo re  th e  

number o f n u c le i in  1 mm̂  would be 10 tim es th e  average number counted 

in  one la rg e  square . U sually  a l l  n ine  la rg e  squares were counted so 

th a t  th e  count must be d iv ided  by nine to  o b ta in  th e  average count per

la rg e  square and m u ltip lie d  by 10 in  order to  o b ta in  th e  number of

n u c le i in  1 mm3. in  e ssen ce , one i s  m u ltip ly in g  by IO/ 9  o r 1 .1 1 . I f  

la rg e  numbers o f n u c le i were p re s e n t ,  only fo u r la rg e  squares were 

counted and th e  f a c to r  was 10 /4 . Since 1 cm^ i s  eq u iv a len t to  10^ mm3, 

one must m u ltip ly  th e  average count per mm3 by 10^ to  o b ta in ,th e  number of 

n u c le i per ml. I f  th e  t o t a l  n u c le i suspension i s  10 m l, i t  i s  then  

necessary  to  m u ltip ly  by 10 in  o rd e r to  o b ta in  th e  t o t a l  number of

s ta in ed  n u c le i in  th e  sample. I f  t h i s  in  tu r n  i s  on ly  a sample from a

h arv ested  c e l l  suspension to  be analyzed , th e  t o t a l  n u c le i number must 

be m u ltip lie d  by  an o th er f a c to r  to  o b ta in  th e  nuniber o f c e l l s  th a t  were 

sub jec ted  to  a n a ly s is .  For example, ha rv ested  c e l l s  were u su a lly  sus# 

pended in  10.5  ml of d i s t i l l e d  w ater and 0 .5  ml was withdrawn fo r  n u c le i 

coun ting . The 10 ml c e l l  suspension  rem aining was analyzed  fo r  p ro lin e  

c o n ten t, so t h a t  th e  t o t a l  number o f s ta in ed  n u c le i (co n ta in ed  in  10 ml) 

was m u ltip lie d  by 20 t o  o b ta in  th e  number o f c e l l s  t h a t  were analyzed .

The above in fo rm ation  can be condensed to  th e  fo llo w in g  fo rm ula:

T o ta l c e l l s  analyzedrw average hemocytometer c o u n t ( l . l l ) (1 0 ^)(10)(20) 

when: 1. A ll  9 la rg e  squa,res a re  counted in  th e  hemocytometer.
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2 . th e  to^arl volume o f  s ta in ed  n u c le i i s  10 ml and

3* th e  c e l l  suspension a liq u o t was 0 .5  ml o f  1 0 .5  ml t o t a l .

A ll g lassw are used in  anim al c e l l  c u ltu re s  was cleaned  accord ing  

to  th e  fo llow ing  p rocedure:

1. A 25 per cen t so lu tio n  o f amphyl was in troduced  in to  a l l  f la s k s  

which had contained  c e l l s .

2 . A fte r pouring out th e  amphyl o r o th e r c o n te n ts , th e  g lassw are was 

brushed in  a 1 per cen t so lu tio n  o f "JX d e te rg e n t.

3 . Glassware was brought to  a b o i l  in  a 1 per cen t so lu tio n  o f 7X

in  a la rg e  s ta in le s s  s te e l  pan over an open F ish e r  b u rn e r.

4 . A fte r  th e  d e te rg en t was r in se d  o f f ,  th e  g lassw are was b rought to  

a b o i l  in  a very  d i lu te  so lu tio n  (approxim ately  0 .1  per c en t)  o f a c e t ic  

a c id .

5 . Follow ing a thorough r in s e  w ith  d i s t i l l e d  w a te r , g lassw are  was 

brought to  a b o i l  in  d i s t i l l e d  w a ter.

6 . Glassware was th en  r in se d  in  d i s t i l l e d  w ater and allow ed to  a i r

d ry .



CHAPTER IV

EXPERIMENTAI RESULTS

P lan t T issue C u ltu re  Experim ents

Tobacco c a l lu s  c u ltu re s  were t r e a te d  w ith  rubber d u s t a t  s ix  

d if f e r e n t  le v e ls .  The co n cen tra tio n s  a re  rep o rted  a s  a percen tage  o f 

rubber in  th e  medium. At each trea tm en t le v e l  th e re  were f iv e  r e p l ic a te  

f la s k s .  The t i s s u e s  were harvested  a f t e r  a 5-week growth p e rip d , weigh

ed , ex tra c te d  and q u a n ti ta t iv e ly  analyzed f o r  f r e e  p ro lin e  c o n te n t. The 

r e s u l t s ,  rep o rted  in  ng (nanograms) per mg t i s s u e ,  a re  p resen ted  in  Table 

5.

I t  can be, seen th a t  co n cen tra tio n s  o f rubber du st in  th e  medium 

g re a te r  th an  0 .5  per cen t a re  q u ite  to x ic  and cause marked in h ib i t io n  o f 

growth. At th e  same tijme, th e re  i s  a s t r ik in g  in c rease  in  f r e e  p ro lin e  

in  th e  t i s s u e  exposed to  in c reas in g  amounts o f rubber d u s t.

In  th e  c o n tro l t i s s u e  and in  th e  t i s s u e  exposed to  0 .5  per cent 

rubber d u s t, th e  fre e  p ro lin e  con ten t i s  so low th a t  r e la t iv e ly  la rg e  

q u a n t i t ie s  of th e  e x tr a c ts  must be spo tted  on th e  th in - la y e r  p la te s  to
I

o b ta in  a q u a n tity  which w i l l  f a l l  w ith in  .the range o f th e  standard  curve. 

In  such q u a n t i t ie s ,  o th e r amino a c id s  beg in  to  appear and may in te r f e r e  

w ith  th e  an a ly ses  i f  they  a re  not w e ll separa ted  from p ro lin e . There 

was complete s e p a ra t io n .in  th e  an a ly ses  rep o rted  in  Table 5 t u t  in  a
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prev ious s e t  o f a n a ly se s  o f th e  same e x tr a c ts  th e re  was poor sep a ra tio n  

in  th e  e x tr a c ts  o f u n tre a ted  t i s s u e  and in  th e  e x tr a c ts  ob ta ined  from 

th e  0 .5  per cen t rubber dust c u ltu re s . A comparison of th e  v a lu es  ob

ta in e d  in  th e se  two s e ts  o f an a ly ses  o f th e  same t i s s u e  (F igure  3 and
!

Table 6) g iv es  some id ea  concerning th e  r e p ro d u c ib i l i ty  o f d i r e c t  d en si

tom etry  fo r  de te rm in in g  p ro lin e .

TABLE 5

the free PROLINE CONTENT AND TISSUE YIELD OF TOBACCO CALLUS 

CULTURES GROWN ON MEDIUM CONTAINING RUBBER DUST®

PERCENTAGE AVERAGE FRESH PERCENTAGE FREE PROLINE RATIO^
RUBBER IN WEIGHT̂ OF CONTROL CONTENT

MEDIUM (g T issu e /F la sk ) TISSUE^ (ng/mg T issue)

■ b 13.05 (100) 19 ( 1 . 0)
0 .5 13 .37 102 28 1 .5
1 6.7k 51 111 5.8
5 0 .9 2 7 370 19.4

10 0 .9 8 7 565 29 .7
15 0 .7 2 5 575 30.2
20 . 0 .7 4 5 543 28.6

Data o b ta ined  a f t e r  5 weeks of growth.

^Weight o f t i s s u e  on ly  and does not in c lu d e  w eight o f  medium.

^Weight in  g o f t r e a te d  t i s s u e  x 100 d iv ided  by weight in  g of 
c o n tro l t i s s u e .

d
P ro lin e  per mg tr e a te d  t i s s u e :p r o l in e  per mg c o n tro l t i s s u e .

These two s e ts  of d a ta  were ob tained  2 months a p a r t on a d i f f e r 

ent s e t  o f p la te s  using  d i f f e r e n t  standard  cu rves. Otherwise co n d itio n s  

were a s  s im ila r  a s  i t  was p o ss ib le  to  make them. At h igher le v e ls  of 

p ro lin e  co n ce n tra tio n  th e  r e p ro d u c ib i l i ty  was v ery  good except w ith  20
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F ig u re  3- D u p lica te  d i r e c t  d e n s ito rae tr ic  d e te rm in a tio n s  o f p ro lin e  in  tobacco  c a l lu s  
t i s s u e  grown on medium c o n ta in in g  rubber d u s t.
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TABLE 6

DUPLICATE DETERMINATION OF THE FREE FROLINE CONTENT® OF TOBACCO 

CALLUS TISSUE GROWN ON MEDIUM CONTAINING RUBBER DUSET̂

PERCENTAGE 
RUBBER IN 

MEDIUM

FREE

FIRST
DETERMINATION

PROLINE

SECOND
DETERMINATION

DIFFERENCE

0 40 19 21
0 .5 47 28 19
1 120 111 9
5 357 370 13

10 558 565 7
15 561 575 14 '
20 613 543 70

a
Reported in  ng o f p ro lin e  per mg f r e s h  w eight o f t i s s u e .

^D ata ob ta ined  a f t e r  5 weeks of grow th.

per cen t ru b b e r. At th e  le v e l  of p ro lin e  in  th e  t i s s u e  t r e a te d  w ith  10 

per cen t ru b b e r, a d if fe re n c e  in  one in te g ra to r  count was found to  be 

eq u iv a len t to  10 ng o f p ro lin e . The la rg e  d if fe re n c e  in  th e  two de

te rm in a tio n s  on t i s s u e  t r e a te d  w ith  20 per cen t rubber d u s t i s  unaccounted 

fo r .

From v is u a l  o b se rv a tio n  on th in - la y e r  p la te s  i t  was determ ined 

th a t  th e  f r e e  amino ac id  in  g re a te s t  q u a n tity  in  tobacco  c a l lu s  grown 

in  v i t r o  i s  g lu tam ine (R^, 0 .0 9 ) . This amino a c id  was id e n t i f ie d  by 

I n n e ra r i ty  (33 )- Glutamine gave a  purp le  spot w ith  i s a t i n  o f th e  same 

t i n t  a s  th e  unknown spot and th e  R ^ 's  matched in  th re e  so lven t system s. 

When th e  unknown was is o la te d  in  q u a n tity  from th in  la y e r  p la te s ,  hydro

lyzed w ith  h y d ro ch lo ric  a c id  and chrom atographed, th e  R^ of th e  r e s u l t in g



compound matched th a t  o f glutam ic ac id  and i t s  co lo r produced w ith  i s a t i n  

vas th e  same a s  th a t  o f  glutam ic a c id  p lu s  i s a t i n .  A lthough f r e e  g lu ta 

mine in  th e  t i s s u e  was not q u a n tita te d , from v is u a l  o b se rv a tio n  of p la te s  

f r e e  glutam ine appeared to  in c rease  s u b s ta n t ia l ly  when th e  t i s s u e  was 

tre a te d  w ith  in c re a s in g  le v e ls  o f rubber d u s t .

TABLE 7

THE TISSUE YIELD AHD FREE PROLIHE COMTEMT OF TOBACCO CALLUS 

CULTURES GROWN ON MEDIUM CONTAINING 

WHOLE CIGARET SMOKE TAR*

TREATMENT̂  
(Tar equiv
a le n t  t o : )

AVERAGE FRESH 
WEIGHT®

(g T issu e /F la sk )

PERCENTAGE 
OF CONTROL 
TISSUE®

FREE PROLINE 
CONTENT 

(ng/mg T issue)

RATIO®

0 c ig a re t 5 A s (100) 32 (1 .0 )
0.25  c ig a re t 8 .3 0 152 10 0 .3
0 .5  c ig a re t 10 .90 200 17 0.9
1 c ig a re t 7 .8 8 145 10 0.5
2 c ig a re t s 3 .3 2 61 29 0 .9
3 c ig a re t s 0 .5 7 10 27 0.8

Data ob ta ined  a f t e r  5 weeks of grow th.

^Tar was in co rp o ra ted  in to  th e  medium.

^Weight of t i s s u e  only and does not in c lu d e  w eight o f medium.

^Weight in  g o f tre a te d  t i s s u e  x 100 d iv ided  by weight in  g 
of c o n tro l t i s s u e .

®Proline per mg t r e a te d  t i s s u e :p r o l in e  per mg c o n tro l t i s s u e .

E x tra c ts  o f  tobacco  c a l lu s  t i s s u e  t r e a te d  w ith  whole c ig a re t  

smoke t a r  gave, on th in - la y e r  p la te s ,  a poor se p a ra tio n  of p ro lin e  from 

a m a te r ia l which produced a gray co lo r w ith  i s a t i n .  T h erefo re , a l l  

va lu es  which a re  rep o rted  in  Table 7 under th e  head ing , f re e  p ro lin e
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c o n ten t, a re  probably  bigfi. Table 7~ïti< îîcates th a t  growth was s tim u la t

ed a t  lower tre a tm en t le v e ls  o f t a r  b u t was sev e re ly  in h ib ite d  a t  th e  

h ig h es t le v e l .

TABLE 8

THE TISSUE YIELD AMD FREE PROLINE CONTENT OF 

TOBACCO CALLUS CULTURES GROWN ON MEDIUM 

CONTAINING CARBON BLACKS^

PERCENTAGE 
CARBON IN 

MEDIUM

AVERAGE F^SH  
WEIGHT 

(g T issu e /F la sk )

PERCENTAGE 
OF CONTROL 

TISSUE

FREE FROLINE 
CONTENT 

(ng/mg T issue)

RATIO*

Thermal
0 4.83 (100) 13 (1 .0 )
1 4.62 95 18 1.4
5 3-39 70 25 1 .9

10 4 .4? 92 17 1 .3
15 3.18 65 20 1 .5
20 2.65 54 30 2 .3

Furnace
0 4.83 (100) 13 (1 . 0 )
1 8.17 169 23 1 .8
5 5-75 , 119 4o 3 .1

10 0 .96 19 60 4i6
15 0 .58 12 128 9 .8
20 0.49 10 152 1 1 .7

Data ob ta ined  a f t e r  5 weeks of growth.
^ 4

Weight o f t i s s u e  only and does not in c lude  w eight of medium.

^Weight in  g o f t re a te d  t i s s u e  x 100 d iv ided  by weight in  g o f  
c o n tro l t i s s u e .

^ P ro lin e  per mg t r e a te d  t i s s u e :p r o l in e  per mg c o n tro l t i s s u e .

Tobacco c u ltu re s  were t r e a te d  w ith  two d i f f e r e n t  carbon b la c k s  

(Table 8 ) .  Thermal b lack  produced some in h ib i t io n  of growth b u t no
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marked change in  th e  f r e e  p ro lin e  con ten t o f th e  t i s s u e s .  Furnace h lack  

produced a much g re a te r  in h ib i t io n  o f growth a t  h igh  trea tm en t le v e ls  

b u t enhanced growth a t  r e l a t iv e ly  low c o n ce n tra tio n s . There was a d ra 

m atic in c re a se  in  f r e e  p ro lin e  in  th e  t i s s u e s  exposed to  in c re as in g  

le v e ls  o f  th e  fu rnace  b la c k . The in c re ase  in  f r e e  p ro lin e , p resen ted  in  

Table 8 ,  i s  g ra p h ic a lly  shown in  F igure  4.

Animal C e ll C u ltu re  Experim ents 

HeLa C e lls

HeLa c e l l s  in  c u ltu re  were exposed sep a ra te ly  fo r  vary ing  p e rio d s  

of tim e to  each of th e  fo llow ing  m a te r ia ls ;  rubber d u s t, carbon b la c k s , 

th e  p a r t ic u la te  phase ( t a r )  o f c ig a re t  smoke, and; sc o p o le tin , which i s  

a coumarin o ccu rrin g  in  c ig a r e t  smoke (94 ). The fo llow ing  ta b le s  (9-12) 

summarize th e  in fo rm atio n  ob tained  concerning c e l l  p ro l i f e r a t io n  and th e  

change in  th e  f r e e  p ro lin e  co n cen tra tio n  in  th e  c e l l s  when exposed to  

th e  t e s t  m a te r ia ls .  The t o t a l  number of s tic k in g  c e l l s  th a t  were p re s 

en t when th e  tre a tm en t s ta r te d  i s  given in  m illio n s  under th e  heading: 

i n i t i a l  c e l l s .  I t  was assumed th a t  only  th e  s tic k in g  c e l l s  were v ia b le , 

th e re fo re ,  no f lo a t in g  c e l l s  were included in  c e l l  numbers. A ll c e l l  

nuDibers a re  based on n u c le i counts in  a hemocytometer except where o th e r

w ise no ted . In  every  c a se , trea tm en t began a f t e r  c e l l s  had been 

e s ta b lis h e d  fo r  24 hours in  c u l tu re .  The t o t a l  number o f c e l l s  a t  the  

te rm in a tio n  o f th e  experim ents which had been exposed to  th e  t e s t  

m a te r ia ls  i s  g iven and th e  number of hours exposure i s  designa ted  a t  th e

to p  of th e  column. An in d ic a tio n  of th e  in h ib i t io n  of p r o l i f e r a t io n

produced by  th e  t e s t  m a te r ia ls  i s  given by d iv id in g  th e  number of t r e a t 

ed c e l l s  a t  h a rv e s t by th e  number o f c o n tro l c e l l s  a t  h a rv est and
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m u ltip ly in g  by 100. A ll harvested  c e l l s  were q u a n t i ta t iv e ly  analyzed 

fo r  f r e e  p ro liq e  co n ten t and t h i s  i s  rep o rted  in  ng o f p ro lin e  per 10^ 

c e l l s .

TABLE 9

THE PROLIFERATION AND FREE PROLINE CONTENT OF HEIA CELLS 

GROWN IN MEDIUM CONTAINING CARBON BLACKS

PERCENTAGE 
CARBON IN 

MEDIUM

INITIAL 
CELL^ 

(x 10°)

TERMH^ PERCENTAGE 
CELLS® OF CONTROL 

(x 10°) CELLS®

FREE
PROLINE
CONTENT̂

RATIO®

Experim ent 1

(O hours) (48 hours)
0 1 1 .4 2 0 .7  ( 100) 278 ( 1 .00)
1 Thermal 11.4 13 .6  66 367 1 .32
1 Furnace 11.4 14.1 68 402 1.45

Experiment) 2

(O hours) (72 hours)
0 0 .5 21 .6  ( 100) 131 ( 1 . 00 )
1 Thermal 0 .5 17 .6  82 173 1.35
1 Furnace 0 .5 1 5 .8  73 490 3 .82

^T o ta l c e l l s  p re sen t a t  th e  beg inn ing  of th e  experim ent.

^ T o ta l c e l l s  p resen t a t  th e  te rm in a tio n  of th e  experim ent.

cT o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  of th e  experim ent x 100 
d iv ided  by the, t o t a l  c o n tro l c e l l s  a t  th e  te rm in a tio n  of th e  experim ent.

"^In ng o f p ro lin e  per 10^ c e l l s .

® Proline per 10^ tre a te d  c e l l s :p r o l in e  per 10^ c o n tro l c e l l s .

In  experim ents 1 and 2 in  which HeLa c e l l s  were t r e a te d  w ith  

sc o p o le tin  (Table 12) ,  th e  c u l tu re s  were wrapped in  aluminum f o i l  to  

p ro te c t th e  sco p o le tin  a g a in s t d eg rad a tio n  by l i g h t .  In  experim ent 3,
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c u ltu re s  were not p ro te c te d  from l i g h t .  In  no case  were c o n tro l c u l tu re s  

p ro te c ted  from l i g h t .  C u ltu re s  were grown in  a w a lk -in  in c u b a to r which 

contained  a  l ig h t  b u t th e  tim e t h i s  l ig h t  was on was ex trem ely  v a r ia b le .  

No ex p lan a tio n  i s  known fo r  th e  d ecrease  in  f r e e  c e l l u l a r  p ro lin e  in  th e  

c e l l s  t r e a te d  w ith  sc o p o le tin  in  experim ent 1 .

TABLE 10

THE PROLIFEKATION AND FREE PROLINE CONTENT OF HEIA CELLS 

GROWN IN MEDIUM CONTAINING RUBBER DUST

TREATMENT 
(mg/lOO 
ml medium)

INITIAL
CELLS®

(x 10°)
1

TERMINAL 
CELLS® 

(x 10°)

PERCENTAGE 
OF CONTROL 

CELLS®

FREE
PROLINE
CONTENT̂

-------- ' 1'
RATIO®

Experim ent 1

(O hours) (48 hours)
0 11.4 20.7 (100) 278 (1 .00)

200 11.4 9 .4 45 520 1 .8 7
500 11.4 10.4 50 441 1 .5 7
800 11 .4 0 .8 3 1430 5 .1 6

Experim ent 2

(O hours) (72  hours)
0 0 .5 2 1 .6 ( 100) 131 ( 1 . 00 )

400 0 .5 12 .1 56 320 2 .5 0
600 0 .5 9 .5 43 374 2 ,9 2
800 0 .5 8 .1 37 240 1 .8 7

^T o ta l c e l l s  p re sen t a t  th e  beg inn ing  o f th e  experim ent.

^ T o ta l c e l l s  p re sen t a t  th e  te rm in a tio n  o f th e  experim ent.

°T o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  o f th e  experim ent x 100
d iv ided  by th e  t o t a l  c o n tro l c e l l s  a t  th e  te rm in a tio n  o f th e  experim en t.

* În ng o f p ro lin e  per 10^ c e l l s .

® Proline per 10^ t r e a te d  c e l l s :p r o l in e  per 10^ c o n tro l  c e l l s .
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TABLE 11

THE PROLIFERATION AND FREE PROLINE CONTENT OF HELA CELLS GROWN IN 

MEDIUM CONTAINING THE SOLUBLE PORTION OF CIGARET SMOKE TAR

TREATMENT 
(mg ta r /m l 
medium)

INITIAI, 
CELLS® 

(x 10^)

TERMINAL 
CELLS  ̂

(x 10&)

PERCENTAGE 
OF CONTROL 

CELLS®

FREE
PROLINE
CONTENT‘S

RATIO®

Experiment 1

(T ar-2  used) (O hours) (48 hours)
0 11.4 20 .7 ( 100) 278 ( 1 .00)
0 .1 11.4 25 .1 121 504 1.81
0.5 U .4 6 .6 32 402 1.44
1 .0 11.4 4 .5 22 510 1:84

Experiment 2

(T ar-2  used) (O hours) (72  hours)
0 0 .5 2 1 .6 ( 100) 131 (1 ;00)
0 .2 0 .5 5 .0 23 541 4 .22
0 .6 0 .5 0 .8 4 in s u f f ic ie n t ; c e l l s

Experiment 3?

(T a r - l  used) (O hours) (68 hours)
0 7 .8 2 9 .0 ( 100) 169 ( 1 .00 )
0 .5 7 .8 21.4 74 289 1 .71
1 .0 7 .8 14.4 50 389 2 ,3 0

^T p ta l c e l l s  p re sen t a t  th e  beg inn ing  of th e  ex perim en t.

^ T o ta l c e l l s  p re sen t a t  th e  te rm in a tio n  o f th e  experim en t.
c
T o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  o f th e  experim ent x  100

d iv ided  by th e  t o t a l  c o n tro l c e l l s  a t  th e  te rm in a tio n  of th e  experim ent.

* În ng of p ro lin e  per 10^ c e l l s .

® Proline per 10^ t r e a te d  c e l l s ;p r o l in e  per 10^ c o n tro l c e l l s .

f c e l l  numi^ers in  t h i s  experim eht were based on c e l l  co u n ts , not 
on n u c le i co u n ts .
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TABLE 12

THE PROLIFERATION AND FREE PROLINE CONTENT OF HELA CELLS 

GROWN IN MEDIUM CONTAINING SCOPOLETIN

CONCENTRATION 
IN MEDIUM 
. imM)

INITIAL 
CELLS® 

—(x 10 )

TERMINAL PERCENTAGE 
CELLS  ̂ OF CONTROL 

(x 10°) CELLS®

FREE
PROLINE
CONTENT̂

RATIO®

Experiment 1

(0  hours) (48 hours)
0 11.4 2 0 .7  (100) 278 (1 . 00 )
1 11.4 8 .8  42 175 0 .63

Experiment 2

(o hours) (72  hours)
0 0 .5 2 1 .6  (100) 131 1 .00
1 0 .5 2 0 .2  94 200 1 .56

Experiment 3^

(O hours) (68 hours)
0 7 .8 2 9 .0  (100) 169 ( 1 . 00 )
1 7 .8 1 8 .6  64 289 1 .71

®Total c e l l s  p resen t a t  th e  beginning of th e  experim ent.

^ T o ta l c e l l s  p resen t a t  th e  te rm in a tio n  o f th e  experim ent.

°T o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  o f th e  experim ent x 100
div ided  by th e  t o t a l  c o n tro l c e l l s  a t  the  te rm in a tio n  o i  th e  experim ent.

* În ng o f p ro lin e  per 10^ c e l l s .

® Prolinç per 10^ t r e a te d  c e l l s ;p r o l in e  per 10^ c o n tro l c e l l s ,  
f

C e ll nvmjhers in  t h i s  experiment were based on c e l l  co u n ts , not 
on n u c le i coun ts.
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WI-38 C ells

The exposure o f WI-38  c e l l s  to  th e  t e s t  m a te r ia ls  and th e  an a ly 

ses  fo r  p ro lin e  were performed in  a manner id e n t ic a l  to  th a t  used w ith  

HeLa c e l l s .  The da ta  a ls o  a re  rep o rted  in  ta b le s  I 3- I 6 in  a s im ila r 

manner. Because WI-3 8  c e l l s  m u ltip ly  more slow ly th a n  HeLa c e l l s ,  a l l  

c u l tu re s  were e s ta b lis h e d  fo r  W hours b e fo re  th e  in tro d u c tio n  of t e s t  

m a te r ia ls ,  u n le ss  sp e c if ie d  o therw ise . When WI-3 8  c e l ls ',  t r e a te d  w ith  

rubber d u s t (Table I 3 ) ,  were h a rv ested , th e  c e l l  p o p u la tio n  in  th e  con

t r o l  f la s k s  a f t e r  a 48 hour growth period  was e s s e n t ia l ly  th e  same 

nu m erica lly  to  what i t  had been when th e  du st was in tro d u ced . WI-38  

c e l l s  a ls o  seem to  be more s e n s it iv e  to  rubber d u s t th an  a re  HeLa 

c e l l s .  A ll tre a tm e n ts  o f WI-38  c e l l s  caused a re d u c tio n  in  c e l l  popu

la t io n  when compared to  th e  u n trea ted  c e l l s  except fo r  fu rn ace  carbon 

b la c k  (Table I 5) . Furnace b la c k  was a lso  th e  on ly  t e s t  m a te r ia l which 

caused an in c re a se  in  f r e e  p ro lin e  in  WI-38  c e l l s .  A ll o th e r m a te r ia ls  

which were t e s t e d ,  c o n tra ry  to  th e  r e s u l t s  ob ta ined  w ith  HeLa c e l l s ,  

caused a re d u c tio n  in  f r e e  p ro lin e  in  WI-38  c e l l s .  The fo llow ing ta b le s  

( 13- 16) p re sen t t h i s  in fo rm ation  in  concise form.
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TABLE 13

THE PROLIFERATION AND FREE PROLINE CONTENT OF WI-38  CELLS 

GROWN IN MEDIUM CONTAINING RUBBER DUST

TREATMENT 
(mg/loo ml 
medium)

INITIAL 
CELLS* 

(x 10°)

TERMINAL 
CELLS  ̂

(x 1( f )

PERCENTA&E 
OF CONTROL 

CELLS®

FREE 
PROLINE, 
CONTENT*

RATIO®

(0  hours) (48 hours)
0 8 .7 8 .1 ( 100) 208 (1 . 00)

200 8 .7 4 .0 4 i 95 0 .3 7
600 8 .7 1 .0 12 in s u f f ic ie n t c e l l s
800 8 .7 no v iab le ! c e l l s •f —

®Total c e l l s  p re sen t a t  th e  beg inn ing  o f th e  experim ent.

^ T o ta l c e l l s  p resen t a t  th e  te rm in a tio n  o f  th e  experim ent.

°T o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  o f th e  experim ent x 100
d iv id ed  by th e  t o t a l  c o n tro l c e l l s  a t  th e  te rm in a tio n  o f th e  experim ent.

^In  ng o f p ro lin e  per 10^ c e l l s .

®Proline per 10^ t r e a te d  c e l l s jp r o l in e  per 10^ c o n tro l c e l l s .
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TABLE }.k

THE PROLIFERATION AND FREE PROLINE CONTENT OF WI-38  CELLS GROWN IN
.1! .

MEDIUM CONTAINING THE SOLUBLE PORTION OF CIGARET SMOKE TAR

TREATMENT 
(mg ta r /m l 
medium)

INITIAL 
CELLS® 

(x 10°)

TERMINAL PERCENTAGE 
cells'  ̂ of CONTROL 

(x 10°) CELLS=

FREE
PROLINE
CONTENT'̂

RATIO®

!
Experim ent 1

(T ar-2  used) (0  hours) (48 hours)
0 8 .7 8 .1  • (100) 208 (1 . 00 )
0 .2 8 .7 3 .2 4o 120 0 .5 8
0 .6 8 .7 3 .6 44 178 0 .6 6
1 .0 8 .7 2 .5 31 181 0 .8 7

Experim ent 2f

(T ar-2  used) (0  hours) (120  hours)
0 2 .4 3 .6 (ICO) 375 ( 1 .00 )
0 .2 2 .4 1 .8 50 207 0 .65
0 ,4 2 .4 1 .6 44 In s u f f ic ie n t  c e l l s

T o ta l c e l l s  p re sen t a t  th e  beg inn ing  o f th e  experim ent.
■h '' 'T o ta l c e l l s  p re se n t a t  th e  te rm in a tio n  o f th e  experim ent.

^T o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  of th e  experim ent x 100 
d iv ided  by th e  t o t a l  c o n tro l  c e l l s  a t  th e  te rm in a tio n  o f th e  experim ent.

*^In ng of p ro lin e  per 10^ c e l l s .

G proline per 10^ t r e a te d  c e l l s s p ro l in e  per 10^ c o n tro l c e l l s .

^E stab lish ed  in  c u ltu re  2k hours b e fo re  in tro d u c tio n  o f t e s t  
m a te r ia ls .
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ta b le  15

THE PROLIFERATION AND FREE PROLINE CONTENT OF WI-38  CELLS GROWN 

IN MEDIUM CONTAINING CARBON BLACKS

PERCENTAGE 
CARBON IN 

MEDIUM

INITIAL 
CELLS® 

(x 10°)

TERl-mSIAL PERCENTAGE 
CELL^ OF CONTROL 

(x 10°) CELLS°

FREE
PROLINE
CONTENT̂

RATIO®

Experiment 1

(0 hours) (48 hours)

0 8 .7 8 .1 (100) 208 ( 1 .00)
1 Thermal 8 .7 6 .9 85 116 0 .5 1
1 Furnace 8 .7 7 .6 94 277 1 .32

Experiment 2

(0 hours) (120 hours)
0 2 .0 6 .4 (100) 394 ( 1 . 00 )

1 Thermal 2 .0 5 .6 88 345 0 .8 8
1 Furnace 2 .0 6 .4 100 939 2,3.^

T o ta l c e l l s  p re sen t a t  th e  beg inn ing  of th e  experim ent.

^ T o ta l c e l l s  p re sen t a t  th e  te rm in a tio n  of th e  experim ent.

°T o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  of th e  experim ent x 100
div ided  by th e  t o t a l  c o n tro l c e l l s  a t  th e  te rm in a tio n  of th e  experim ent.

* În hg of p ro lin e  per 10^ c e l l s .

^P ro lin e  per 10^ t r e a te d  c e l l s :p ro ]in e  per 10^ c o n tro l c e l l s .
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TABLE 16

THE PROLIFERATION AED FREE PROLINE CONTENT OF WI-3 8  CELLS 

GROWN IN MEDIUM CONTAINING SCOPOLETIN

* " — .......... .
CONCENTRATION 

IN PEDIUM 
(mM)

INITIAL 
CELLS® 
(x 10°)

: TERMINAL PERCENTAGE 
cells'^ of CONTROL 
(x 10°) CELLS°

FREE
PROLINE
CONTENT®

RATIO®

Experiment 1

(0 hours) (48 hours)
0 8 .7 8 .1  ( 100) 208 (1 .00 )
1 8 .7 3 .0  37 246 1 .18

Experiment 2^

(0 hours) (120 hours)
0 2 .4 3 .6  ( 100) 375 (1 . 00 )
1 2 .4 2 .8  75 246 0 .66

T o ta l c e l l s  p re sen t a t  th e  beginn ing  of th e  experim ent.

^ T o ta l c e l l s  p re sen t a t  th e  te rm in a tio n  o f th e  experim ent.

°T o ta l t r e a te d  c e l l s  a t  th e  te rm in a tio n  o f th e  experim ent x 100
div ided  by th e  t o t a l  c o n tro l c e l l s  a t  th e  te rm in a tio n  of th e  experim ent.

*^In ng of p ro lin e  per 10^ c e l l s .

® Proline per 10^ tre a te d  c e l l s ;p r o l in e  per 10^ c o n tro l c e l l s .

^E stab lish ed  2k hours in  c u ltu re  b e fo re  in tro d u c tio n  of t e s t  
m a te r ia ls .



CHAPTER V 

DISCUSSION

A ll t e s t  m a te r ia ls  (rubber d u s t , carbon b la ck s  and c ig a re t  

smoke t a r )  e x h ib ite d  t o x ic i ty  in  b o th  p la n t and anim al t i s s u e  c u l tu re s .  

At h ig h er trea tm en t le v e l s ,  to x ic i ty  was dem onstrated by in h ib i t io n  o f 

c e l l  p r o l i f e r a t i o n .  With th e  p o ss ib le  ex cep tio n  of c ig a re t  smoke t a r ,  

th e  le v e l s  o f exposure re p o rte d  in  t h i s  work a re  h ig h er th an  would 

u su a lly  be encountered p h y s io lo g ic a lly . In  c e r ta in  in d u s t r ie s ,  however, 

fo r  example in  t i r e  recapp ing  and carbon b la c k  p la n ts ,  i t  i s  p o ss ib le  

th a t  th e  exposure le v e l s  may a t  tim es approach th o se  le v e ls  which were 

te s te d  in  t h i s  in v e s t ig a t io n .  A dm itted ly , t i s s u e  c u ltu re  i t s e l f  i s  an 

a r t i f i c i a l  system y e t t h i s  techn ique  can be u se fu l in  o b ta in in g  h in ts  

a s  to  what m olecu lar ev en ts  may be tak in g  p lace v iv o . In  th e  same 

way, in c reased  le v e ls  o f environm ental p o l lu ta n ts  in  c u l tu re s  may g ive 

some in d ic a tio n  o f th e  d i r e c t io n  o f p h y s io lo g ic a l changes which tak e  

p lace  in  an organism  exposed to  le s s e r  le v e l s .  Also i t  should be noted 

th a t  a lth o u g h  v ivo  exposure to  th e se  m a te r ia ls  may be a t  a lower 

c o n ce n tra tio n  l e v e l ,  th e  le n g th  o f th e  exposure vivo i s  u su a lly  fo r  

a much lo n g er p e rio d  o f tim e th an  i s  p r a c t ic a l  in  c u l tu re .  H opefu lly , 

th e  in c re a se d  c o n c e n tra tio n s  in  c u ltu re  a re  balanced  by th e  decreased 

tim e p e rio d .

61
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At lower le v e ls  o f exposure, growth was found to  be s tim u la ted  

a t  tim es . When c a l lu s  was t r e a te d  w ith  c ig a re t  smoke t a r  eq u iv a len t to  

th a t  ob ta ined  from h a lf  a c ig e re t  th e re  was almost a tw o-fo ld  in c re a se  

in  f r e s h  t i s s u e  w eight over th e  c o n tro l t i s s u e .  The same phenomenon 

was observed in  th e  tobacco  t i s s u e  c u l tu re s  exposed to  fu rnace  carbon 

b la c k . The only  case o f s tim u la tio n  o f growth observed in  anim al c e l l s  

was in  HeLa c u l tu re s  which were grown in  medium which had been exposed 

to  0 .1  mg t a r  p e r ml o f medium. T h is  p r o l i f e r a t iv e  e f fe c t  in  anim al 

c e l l  c u l tu re s  has been re p o rte d  p rev io u s ly  fo r  c ig a re t  smoke t a r  (27 ,

51) and fo r  carcinogens ( 3 , 50 , 57  ̂ 59) when exposures were a t  low 

c o n c e n tra tio n s . S tim u la tio n  of growth w ith  th e  o th e r  t e s t  m a te r ia ls  

might have been observed i f  a w ider range o f co n cen tra tio n s  had been 

examined. H yperp lasia  may a lso  be a to x ic  symptom. Well known exam

p le s  a re  th e  tre a tm e n t o f p la n ts  w ith  c e r ta in  h e rb ic id e s  and th e  

exposure of e p ith e liu m  to  carc in o g en s.

The m acroscopic e f f e c t s  o f t o x ic i ty  can be re a d i ly  observed b u t 

de term in ing  th e  sequence o f even ts  a t  th e  m olecular le v e l  which p ro 

duces th e se  e f f e c t s  i s  much more d i f f i c u l t .  I t  was a t  f i r s t  thought 

th a t  an in c re a se  in  th e  c e l lu la r  p ro lin e  pool might be an in d ic a tio n  o f 

t o x ic i ty  a t  th e  m olecular le v e l .

The in c re a se  in  f r e e  p ro lin e  in  th e  c a l lu s  t r e a te d  w ith  rubber 

du st roughly  p a ra l le le d  th e  degree o f in h ib i t io n  o f  growth b u t no c o rre 

l a t io n  between f r e e  p ro lin e  co n ten t and in h ib i t io n  o f growth was observed 

when c a l lu s  was t r e a te d  w ith  c ig a r e t  smoke t a r .  At th e  h ig h est le v e ls  

o f  t a r  th a t  were te s te d  growth was v i r t u a l ly  n i l ,  b u t th e  f r e e  p ro lin e  

co n ten t o f  th e  t r e a te d  t i s s u e  was approxim ately  th a t  of th e  u n tre a te d .
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At low trea tm en t le v e ls  o f t a r ,  growth i s  g re a t ly  s tim u la ted  and th e re  

appears to  he a drop in  th e  co n cen tra tio n  o f f r e e  p ro lin e  in  th e  tre a te d  

t i s s u e  a s  compared to  th e  u n trea ted  t i s s u e .  On th e  o th e r hand, th e re  

was a steady  in c re a se  in  f r e e  p ro lin e  in  c a l lu s  t i s s u e  exposed to  in 

c reas in g  co n cen tra tio n s  o f fu rnace  carbon b la c k  in  s p i te  o f  th e  f a c t  

th a t  a t  low co n ce n tra tio n s  o f  fu rnace b la c k  th e re  was a  g re a t s tim u la 

t io n  o f growth and a t  h igh  co n cen tra tio n s  th e re  was severe in h ib i t io n  

of grow th. In  HeLa c e l l s  t r e a te d  w ith  c ig a re t  smoke t a r  th e re  was an 

in c re a se  o f f r e e  p ro lin e  in  th e  c e l l s  a t  a l l  tre a tm en t le v e ls  even 

though th e re  was s tim u la tio n  of growth a t  the  low est co n cen tra tio n  

te s te d  and a re d u c tio n  in  th e  number of c e l l s  a t  h ig h e r l e v e l s .

I t  i s  in te r e s t in g  th a t  whereas th e  n e o p la s tic  c e l l s  (HeLa) were 

found to  co n ta in  in c reased  q u a n t i t ie s  o f f r e e  p ro lin e  a f t e r  exposure to  

th e  t e s t  m a te r ia ls , th e  normal c e l l  s t r a in  (WI-38) showed a drop in  f re e  

p ro lin e  con ten t a f t e r  tre a tm e n t. The only  ex cep tion  to  t h i s  i s  in  f u r 

nace carbon b la ck  c u l tu re s  where an in c re a se  in  th e  p ro lin e  pool re su lte d  

in  b o th  HeLa and WI-38  c u l tu r e s .  I t  seems unusual th a t  fu rn ace  carbon 

b la c k  should show no e f f e c t  on c e l l  numbers in  WI-3 8  c u l tu r e s ,  a reduc

t io n  in  c e l l  numbers in  HeLa c u ltu re s , and e i th e r  a  g re a t s tim u la tio n  

or a severe in h ib i t io n  o f  growth in  tobacco c a llu s  c u l tu r e s ,  depending 

on th e  co n cen tra tio n  of carbon b la ck . However, o n ly  one co n cen tra tio n  

le v e l  was te s te d  in  anim al c e l l s .  I f  a t e s t  m a te r ia l  enhanced c e l l  

growth a t  low le v e ls  and in h ib ite d  c e l l  growth a t  h igh  le v e l s ,  i t  

might be p o ss ib le  to  s e le c t  an in te rm ed ia te  le v e l  o f tre a tm en t in  which 

th e re  would be no apparen t e f f e c t  on th e  number o f c e l l s  in  th e  popula

t io n .
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Thermal carbon dem onstrated e f f e c t s  q u ite  d i f f e r e n t  from th o se  

o f fu rn ace  carbon, e s p e c ia l ly  in  th e  tobacco c u l tu re s .  Ko s tim u la tio n  

o f growth was observed a t  any trea tm en t le v e l  and th e re  was not th e  

s e v e r i ty  o f growth in h ib i t io n  in  c a l lu s  c u ltu re s  encountered w ith  f u r 

nace carbon even when th e  t i s s u e  was exposed to  20 p e r cen t therm al 

carbon in  th e  medium. Carbon b la c k s  a re  known to  vary  w idely  in  t h e i r  

chem ical and p h y sica l p ro p e r t ie s  (6o , 77)• The amount o f benzene- 

e x tra c ta b le  m a te r ia l which i s  adsorbed to  th e  p a r t i c l e s  a lso  v a r ie s  (60 , 

77)• Such d if fe re n c e s  in  carbon b la c k s  could ex p la in  th e  d i f f e r e n t  

r e s u l t s  ob ta ined  w ith  th e se  two in  c u l tu re .

The v a r i a b i l i ty  dem onstrated by sc o p o le tin  in  c u ltu re  rem ains 

unexp lained . The only conclusion  which can be drawn i s  th a t  sco p o le tin  

in h ib i t s  p r o l i f e r a t io n  o f human c e l l s  in  v i t r o  àt%a co n ce n tra tio n  le v e l  

o f 1 nM. S co p b le tin  i s  o f i n te r e s t  because i t  i s  a component o f tobacco 

smoke and i t s  presence can be dem onstrated in  th e  t a r  f r a c t io n  ($4 ). 

F urtherm ore , many phenols e x h ib it  co -carc inogen ic  a c t i v i t y  b u t scopole

t i n ,  s  pheno lic  compound, has never been adeq u a te ly  te s te d  in  t h i s  

r e s p e c t .

In  th e  anim al c e l l  c u l tu re s ,  a q u estio n  might a r i s e  concerning 

th e  p ro lin e  co n cen tra tio n  o f th e  l iq u id  medium which i s  b a th in g  th e  

c e l l s .  N either GM-1 nor GM-2 c o n ta in  p ro lin e  a lthough  th e se  media 

n e c e s s a r i ly  co n ta in  c e r ta in  amino a c id s  which the  c e l l s  can r e a d i ly  syn

th e s iz e .  T his apparen t anomaly was reso lv ed  by Eagle and P iez  (23) who 

found th a t  th e re  i s  a ra p id  (15-30  m inutes) e q u ilib riu m  a tta in e d  between 

th e  c o n c e n tra tio n s  of c e r ta in  amino a c id s  in  th e  c e l l s  and th e i r  concen

t r a t i o n s  in  th e  medium, th e  requirem ent fo r  th e se  amino a c id s  which
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could be sy n th esized  by  th e  c e l l s  was found tP  be dependent upon th e  

c e l l  d e n s ity  in  th e  medium. In  dense c e l l  p o p u la tio n s  th e  amino ac id  

was not re q u ire d  b u t in  sparse  p o p u la tio n s  th e  c e l l s  would d ie  i f  th e  

amino a c id  was not provided in  the  medium. T his i s  not th e  case  w ith  

p ro l in e .  The f r e e  p ro lin e  c o n ce n tra tio n  in  human c e l l s  in  v i t r o  was 

found to  be e s s e n t ia l ly  independent o f th e  p ro lin e  co n ce n tra tio n  in  th e  

media. E agle and P iez  (23) rep o rted  th a t  th e  f r e e  p ro lin e  co n cen tra 

t io n  in  HeLa c e l l  w ater was O.80 mM whereas th e  p ro lin e  co n cen tra tio n  

in  GM-1 in  which th e se  c e l l s  were p r o l i f e r a t in g  was le s s  than  O.OO5 

mM. The r a t i o  o f th e  p ro lin e  co n cen tra tio n  in  th e  c e l l  w ater to  th e  

p ro lin e  c o n c e n tra tio n  in  th e  medium was th e re fo re  g re a te r  th an  160 . In  

th e  same p u b lic a t io n , Eagle and P iez  re p o rted  th a t  th ey  found no end- 

p roduct (n e g a tiv e  feedback) in h ib i t io n  o f p ro lin e  sy n th e s is  in  human 

c e l l s .

The s ig n if ic a n c e  of in c reased  le v e ls  o f f r e e  p ro lin e  in  l iv in g  

c e l l s  exposed to  th e  te s te d  environm ental p o l lu ta n ts  i s  not known bu t 

some in te r e s t in g  p o s s i b i l i t i e s  can be suggested . I t  i s  p o s s ib le  th a t  

in c reased  le v e l s  o f f r e e  p ro lin e  in  c e l l s  might in d ic a te  a m od ifica tio n  

o f co llag en  m etabolism . V arious c o lla g en s  co n ta in  IO -I3 per cen t pro- 

l in e  and 5-10  per cen t hydroxyproline which i s  derived  from p ro lin e .

The epidem ic p ro p o rtio n s  th a t  emphysema has assumed and th e  in c reas in g  

im portance o f so -c a lle d  co llagen  d is e a se s  in  re c e n t y e a rs  makes t h i s  

an im portan t c o n s id e ra tio n . I t  has been shown th a t  anim al c e l l s  v i t r o  

can produce c o lla g en  (22) ,  th e re fo re  t h i s  problem cou ld .be  in v e s tig a te d  

in  c e l l  c u l tu r e s .

The s ig n if ic a n c e  o f a la rg e  p ro lin e  pool may be i t s  ready con-
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v e r t i b i l l t y  in to  glutam ic ac id  and g lu tam ine. The l a t t e r  tv o  compounds 

p lay  c e n tr a l  ro le s  in  th e  n itro g en  metabolism  of th e  c e l l  and a la rg e  

p ro lin e  pool might be o f g re a t value to  th e  c e l l  a s  an augment to  i t s  

supply o f g lu tam ic a c id  and g lu tam ine . In  tobacco c a llu s  c u ltu re s  ex

posed to  rubber dust th e re  was an in c re a se  in  glutam ine a s  w e ll a s  

p ro lin e . Glutamine was v is u a l ly  observed on th in - la y e r  p la te s  to  be 

th e  amino ac id  o ccu rrin g  in  la rg e s t  co n cen tra tio n  in  the  f re e  amino 

ac id  pool o f tobacco c a l lu s ,  a lthough  a t  h igher le v e ls  of rubber dust 

tre a tm e n t, p ro lin e  may assume t h i s  d i s t in c t io n .  Saunier _et _al. (73) ob

ta in e d  s im ila r  r e s u l t s  when c reo so te  bush was subjected  to  drought 

c o n d itio n s . They found 3*5 tim es a s  much p ro lin e  and tw ice a s  much 

glutam ic a c id  (a n a ly s is  d id  not d is t in g u is h  between th e  ac id  and th e  

amide) in  th e  w ater s tre s se d  p la n ts  as  compared to  n o n -s tre ssed  p la n ts .

I t  i s  o f  in te r e s t  th a t  th ey  a lso  found th a t  a rg in in e , which i s  co n v ert

ib le  to  g lutam ic a c id , had more th an  doubled in  q u a n tity  in  th e  s tre sse d  

p la n ts .  Some w orkers have found th a t  th e re  i s  a ne t in c rease  in  p ro te 

o ly s is  o f p ro te in  when p la n ts  a re  sub jec ted  to  va rio u s  s t r e s s  co n d itio n s  

w ith  a r e s u l ta n t  in c re a se  in  re le a s e  of p ro lin e  from p ro te in  and a lso  

an in c re ase  in  p ro lin e  sy n th e s is . However, p ro te o ly s is  of p ro te in  does 

not ex p la in  th e  experim ents rep o rted  h e re in  in  which an in c rease  in  f re e  

p ro lin e  was accompanied by a s t r ik in g  s tim u la tio n  of growth.

Glutamic ac id  and glutam ine a re  in te rc o n v e r tib le  in  most b io lo g 

ic a l  system s. Not only  do they  p lay  a c e n tr a l  ro le  in  n itro g en  metabolism 

(by deam ination , tran sam in a tio n  and d eca rb o x y la tio n ), b u t they  serve in  

o th e r ways. Both occur in  p ro te in s . Glutamic ac id  i s  u t i l iz e d  in  th e  

b io s y n th e s is  o f a rg in in e . I t  a lso  serves a s  an im portant l in k  in  the
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in te rm ed ia te  m etabolism  of p ro te in s  and carbohydrates  by v ir tu e  of i t s  

conversion  to « * -k e to g lu ta r ic  a c id . Glutamine p lay s  a c ru c ia l  ro le  in  

th e  b io sy n th e s is  of p u rin e s . I t  i s  p o ss ib le  th a t  one of th e  most impor

ta n t  fu n c tio n s  o f  th é  p ro lin e  poôl i s  to  a c t  a s  a bank fo r  glutam ic acid  

and glutam ine which can be re a d i ly  drawn upon when c o n d itio n s  become 

such th a t  ra p id  growth i s  p o s s ib le .



CHAPTER VI 

8l#iARY AND CONCLUSIONS

Tha growth and f r e e  p ro lln e  co n ten t o f tobacco  c a llu s  and human 

c e l l s  exposed in  c u ltu re  to  rubber d u s t ,  fu rn ace  carbon b la c k , therm al 

carbon b la c k  and c ig a re t  smoke t a r ,  was in v e s t ig a te d .

In  o rd er to  f a c i l i t a t e  t h i s  s tu d y , a new and rap id  procedure 

fo r  th e  q u a n ti ta t io n  o f p ro lin e  by d i r e c t  den sito m etry  on th in - la y e r  

p la te s  was developed. P lan t e x t r a c ts  o r d e p ro te in iz ed  mammalian c e l l  

so n ic a te s  were sp o tted  on th in  la y e r s  o f A vicel-SF  m ic ro c ry s ta l lin e  

c e l lu lo s e  (400 ji th ic k )  w ith  th e  a id  of a m icrom etric  sy rin g e . The 

m a te r ia ls  to  be q u a n tita te d  were sp o tted  in  t r i p l i c a t e  to g e th e r  w ith  

s tandard  so lu tio n s  o f p ro l in e .  The p la te s  were developed in  w a ter-fo rm ic  

ac id -n -b u tan o l-m eth an o l-p h en o l ( l ; l ; 3 : 9 ; 9  v /v /v /v /w ) fo r  3«5 hou rs .

A fte r thorough d ry in g , th e  p la te s  were dipped in  2 per cent i s a t i n  in  

a c e to n e -n -b u ta n o l-a c e tic  a c id -w a te r (9 :9 :1 :1  v /v /v /y )  and heated  a t  

110°C fo r  25 m inutes. The absorbance o f th e  b lu ish -g re e n  p ro lin e  spo ts 

was determ ined on a d ensitom eter f i t t e d  w ith  a W ratten 22 secondary 

f i l t e r .  The average percen tage  absorbance of th e  m a te ria l be ing  ana

lyzed was compared to  th a t  o f th e  s tandard  s o lu tio n s  spo tted  on th e  same 

p la te s .  A l in e a r  response was ob ta ined  betw een 0 .1 -0 .8  pg p ro lin e  per 

sp o t. At th e  lower l im i t s  of d e te c tio n  (O .l jag), th e  r e p ro d u c ib i l i ty  i s
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±■0.03 Hg of p ro lin e  p e r spot or about ± 3 0  per c e n t. At m id-range on 

th e  standard  curve th e  r e p ro d u c ib i l i ty  i s  approxim ately  t  15 pdr cent 

w hile  a t  th e  upper l im i t s  o f th e  l i n e a r  response  i t  i s  t  T jper c e n t.

The p re c is io n  can be g r e a t ly  improved i f  a  s tandard  curve i s  drawn fo r 

each p la te .  The lower l im i t  o f d e te c tio n  i s  0 .1  pg o f p ro lin e  per 

sample which i s  a s e n s i t i v i t y  te n - fo ld  g re a te r  th a n  th e  methods commonly 

employed fo r  q u a n t i ta t in g  p ro lin e .

Using t h i s  method o f a n a ly s is ,  p ro lin e  was q u a n tita te d  in  tobacco  

c a l lu s  and human c e l l s  t r e a te d  in  c u ltu re  w ith  rubber d u s t ,  carbon b la c k s  

and c ig a re t  smoke t a r .  Human c e l l s  were a lso  t r e a te d  w ith  s c o p o le tin , 

a coumarin which occurs  in  c ig a re t  smoke.

Tobacco c a l lu s  t r e a te d  w ith  in c re a s in g  le v e ls  o f rubber dust in  

th e  medium ex h ib ited  an in h ib i t io n  of growth and d ram atic  in c re a se s  in  

f r e e  p ro lin e  c o n ten t. The f r e e  p ro lin e  con ten t o f  t r e a te d  t i s s u e  in 

c reased  a s  much as  t h i r t y  tim es th a t  of th e  c o n tro l c u l tu r e s .  When 

c a l lu s  t i s s u e  was t r e a te d  w ith  whole c ig a re t  smoke t a r  th e re  was a stim 

u la t io n  o f growth a t  low c o n ce n tra tio n s  o f t a r  in  th e  medium and an 

in h ib i t io n  o f growth a t  h igh  c o n ce n tra tio n s . There was a  decrease  in  

p ro lin e  co n ten t of th e  t i s s u e  a t  a l l  trea tm en t le v e ls  o f t a r .  In c re a s 

in g  le v e ls  o f therm al carbon b la c k  in  th e  medium produced some in h ib i t io n  

o f growth and m oderate in c re a se s  o f p ro lin e  in  tobacco t i s s u e .  Furnace 

carbon b la c k  produced a s tim u la tio n  of c a l lu s  growth a t  low concen tra 

t io n s  and an in h ib i t io n  o f growth a t  high le v e l s .  A ll  tre a tm e n t le v e ls  

o f fu rnace  carbon b la c k  re s u lte d  in  increased  q u a n t i t ie s  of f r e e  p ro lin e  

in  c a l lu s ,  th e  h ig h e s t co n ce n tra tio n  being  e leven  tim es th a t  found in  

u n tre a ted  t i s s u e .
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When HeLa c e l l s  (human carcinoma o f th e  cerv ix ) were exposed in  

tu rn  to  ruhher d u s t, therm al ca r to n  b la c k , fu rnace  carbon b la ck  and th e  

p o rtio n  o f c ig a re t  smoke t a r  so lu b le  in  media, an in h ib i t io n  o f c e l l  ■ 

p r o l i f e r a t io n  was always ob ta ined  except in  one in s ta n c e . When c e l l s  

were grown in  medium exposed to  0 .1  mg o f t a r  per ml medium, th e re  was 

a s tim u la tio n  of p r o l i f e r a t io n .  A r i s e  in  f r e e  p ro lin e  con ten t o f th e  

tre a te d  c e l l s  compared to  th e  u n trea ted  c e l l s  was found in  every case. 

The p r o l i f e r a t io n  o f HeLa c e l l s  exposed to  sco p o le tin  was in h ib i te d  b u t 

th e  f r e e  p ro lin e  response was v a r ia b le . In  two experim ents, th e  f re e  

p ro lin e  co n ten t of th e  t r e a te d  c e l l s  was increased  w hile  in  one ex p e ri

ment i t  was decreased .

WI-38  (human f e t a l  d ip lo id  c e l l s  derived  from lung) c u ltu re s  

t r e a te d  in  tu rn  w ith  rubber d u s t , therm al carbon b la c k  and th e  p o rtio n  

of c ig a re t  smoke t a r  which was so lu b le  in  media, ex h ib ited  in h ib i t io n  

of p r o l i f e r a t io n  accompanied by a decrease  in  f re e  p ro lin e  c o n ten t. 

WI-38  c e l l s  exposed to  fu rnace  carbon ex h ib ited  no in h ib i t io n  of pro

l i f e r a t i o n  b u t an in c re ase  in  f r e e  p ro lin e  was found in  th e  t r e a te d  

c e l l s .  Treatm ent w ith  sco p o le tin  a lso  produced a red u c tio n  in  c e l l
-y '
I

p o p u la tio n  b u t th e  f re e  p ro lin e  response^ a s  in  HeLa c u ltu re s^  wgs 

again  v a r ia b le .  In  one experim ent th e re  was a s l ig h t  in c re a se  in  f re e  

p ro lin e  b u t in  another experim ent th e re  was a decrease  in  th e  p ro lin e  

con ten t o f th e  c e l l s .

The p o ss ib le  s ig n if ic a n c e  o f changes in  th e  p ro lin e  pool of 

c e l l s  exposed to  th e se  environm ental p o llu ta n ts  may be summarized a s  a 

c e l lu la r  response to  s t r e s s ,  an upset in  co llagen  or c o lla g e n - l ik e  p ro

te in  m etabolism , a bank fo r  supplem enting th e  supply of f r e e  glutam ic
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a c id  and glutam ine or a combination o f th e se .



BIBLIOGRAPHY

1. A lf re d , L . , " In te r a c t io n  o f Soluble Complexes o f T r i t i a te d  3,%-Benzo- 
pyrene and Animal C e lls  ija V itro ", B r it j» £ .  C ancer. 18:561^-7^ (1964).

2. A lf re d , L. J , , G loberson, A ., Berw ald, V. and Prehn, R. T , ,  "D if
f e r e n t i a l  T o x ic ity  Response o f  Normal and N eo p las tic  C e lls  V itro  
to  3 ,4-BenzQnyrene and 3-M ethy lcho lan th rene", B r i t .  J .  Cancer, 1Ô; 
159-64 (1964). “  ■”

3. A l l is o n ,  A. C. and M allu cc i, L . , "Uptake o f Hydrocarbon Carcinogens 
by  Lysosomes", N a tu re , 203:1024-7 (1964).

4 . A ndrianov, L. N ., B e l i ts k y ,  G. A ., Ivanova, 0 . J . , K hesina, A. Y ., 
K h itro v a , S. S . ,  Shabad, L. H. and N a s i l ie v , J .  M., "M etabolic 
D egrada tion  o f 3,4-Benzo*yrene in  C u lt tires  o f  Normal and N eop lastic  
F ib r o b la s ts " ,  B r i t . J .  C àncer, 21;566-75 (1965)*

5. Awa, A .,  Ohnuki, Y. and Ppm erat, C. H ., "Some Comparative E f fe c ts  
o f Smoked P aper, Tobacco and C ig a re t te s  on Chromosomes jUa V itro " , 
Texas Rep. B io l . Med. , 1^:518-28 ( I 96I ) .

6 . B a r n e t t ,  N. W. and N aylor, A. W., "Amino Acid and P ro te in  M etabolism 
in  Bermuda G rass d u rin g  Water S tr e s s " ,  P la n t P h y s io l.., 41:1222.-30
(1966) .

7 . B enarde, M. A. and K uck ler, R. J . , " Q u a n tita tiv e  E f fe c ts  o f A lkyl 
Benzene S u lfo n a te  on KB C e l ls  in  T issu e  C u ltu re " , P ro c . Sec. E x p t l . 
B io l . Med., 116:781-84 (1964).

8 . B erw ald, Y. and Sachs, L . , "In  V itro  C e ll T ransfo rm ations w ith  Chem
ic a l  C arcinogens", N a tu re , 200:1182-4 ( I 963) «

9 . B erw ald, Y. and Sachs, L . , "In  V itro  T ransfo rm ations o f Normal C e lls  
to  Tumor C e lls  by  C arcinogenic H ydrocarbons", J .  N a t l . Cancer I n s t . ,

641-61 (1965) .

10. B h atn ag ar, R. S . ,  Rosenbloom, J . , K lv ir ik k o , K. I .  and Prockop, D.
J . , "E ffec t o f  CyclohexiÉ ide on C ollagen  B io sy n th e s is  a s  Evidence 
f o r  a P o s t-r ib o so m a l S ite  f o r  H ydroxylation  o f  P ro lin e " , Bioehim. 
B lophys. A c ta , 149:273-81 ( 1967) .

72



73

11. Boney, A. D. and C orner, £ . D. S . ,  "The E f fe c ts  o f  Some C arcino
genic Hydrocarbons on th e  Growth o f  S p o re lln g s  o f Narine Red A lgae", 
J .  Narine B io l. A ssoc. U. K .. 42:579-85 (1962), Ghem. A b e t.. 6 l :
Î 2 3 3 T h 7 Î 9 ^ -----------------------------------------    ^  “

12. B ozarth , R. F . and D ien er, T. 0 . ,  "Changes in  C oncen tration  o f F ree
Amino A cids and Amides in  Tobacco P la n ts  by  P o ta to  V irus X and P o ta 
to  V irus T ", V iro lo g y . 188-93 (1963) .

13 ° Braymer, E. D ., S h e t la r ,  M. R. and Vender, S. H .,  "An Inqproved
Syn thesis  o f S co p o le tin " , Biochem. B iophys. A c ta . 44:163-4 ( I 960) .

14. B ro q h ls t, H. P. and T urp in , J .  S . ,  "Amino Acid N etabolism ", Ann.
Rev. Biochem. , 231-274 (1966) .

1 5 . C hvapll, H ., Hurych, J . ,  E h rlich o v a , E. and T ichy , M., "Nechanism o f 
th e  A ction  o f  C h e la tin g  A gents on P ro lin e  ^yd ro x y la tip n  and i t s  
In co rp o ra tio n  in to  Collagenous and Roncollagenous P ro te in s " . E u r.
J .  Biochem. . 2:229-35 ( 1967) ,  Chem. A b st. .  ^ :10T 075p  ( I 967) .

16 . Cooper, P . and G o ld ring , I .  P . ,  "The E f fe c t  o f Smoke and Hon-smoke 
Gases on C e lls  in  C e ll  and Organ C u ltu re s " , Surg. Forum. 11:72-3
( i 960) .

1 7 . Cooper, P . ,  K le in , H. and G o ld ring , I .  P . ,  "A lte ra tio n s  in  Growth o f  
S tra in  L. C e l ls  Exposed to  Smoke G ases", P ro c . Soc. E x p tl . B io l . 
Med.. 110:11-13 (1962).

1 8 . C orrigan , J .  J .  and K earns, C. W., "Amino Acid Metabolism o f DBT 
Poisoned American C ockroaches", J .  In se c t P h y s io l. . 2 :1 -1 2  ( I 963)» 
Chem. A b st. .  5 8 :l4491f (1963).

1 9 . Diamond, L . , "The E f fe c t o f C arcinogenic Hydrocarbons on Rodent and 
Prim ate C e l ls  in  V itro " , J .  C e l lu la r  Comp. P h y s io l . . 66:183-98
(1965) . ----------------------------------------    “

20. E ag le , H ., "Amino Acid M etabolism in  Mammal i a n  C e ll C u ltu re s" , 
S cience . 130:432-7 (1959).

21. E ag le , H ., "Propagation  in  a  F lu id  Medium o f Human Epidermoid Car
cinoma, S tra in  KB", P roc . Soc. E x p tl . B io l . Med. . 82:362-4 (1955).

22. E agle , H. and Leventow, L . ,  "B iochem istry o f C ultured Mammalian 
C e l ls " ,  Ann. Rev. Biodhem. . ^ :6 0 $ - 4 0  (1961) .

2 3 . E ag le , H. and P ie z ,  Kw A ., "Amino Acid P o o ls , P ro te in  S y n thesis  and 
P ro te in  Turnover in  Human C e ll C u ltu re s " , Amino Acid P o o ls . J .  T. 
Holden, e d i to r ,  pp. 694-707, E ls e v ie r  P u b lish in g  C o., Hew York .
(1962) .

24. E a r le , W. B . ,  "P roduction  o f Malignancy in  V itro . IV. The Mouse 
F ib ro b la s t  C u ltu re s  and Changes Seen in  L iv ing  C e l ls " ,  J .  H a tl . 
Cancer I n s t . .  4:165-212 (1943). ””



74

25. F a lk , H. L. and S te in e r ,  P. E .,  *'The I d e n t i f i c a t io n  of Aromatic Poly- 
cy c lic . Hydrocarbons in  Carbon B lacks" , Cancer R es ., 12;30-9 ( I 952) .

2 6 . F a lk , H. L ., S te in e r ,  P . E . , G oldfein , S . ,  Breslow , A. and Hykes,
Ro, "Carcinogenic Hydrocarbons and R elated  Compounds in  Processed 
Rubber", Cancer R es. . 11:318-26

2 7 . Guimard, J . , "C e llu la r  Changes Induced in  V itro  in  Q uiescent F ib ro 
b l a s t s  and those  in  M ito sis  by N onfrac tibnated  Tobacco^Tar", Arch. 
S c i . P h y s io l. .  20:153-67 (1966) ,  Chem. A b st. .  ^ :1 2 t 2 9 f  (1966TT"

2 8 . H arring ton , W, F . , "The S tru c tu re .o f  C ollagen and G e la tin " , Ad
vances in  P ro te in  C hem istry , 1-127 ( I 961) .

2 9 . H arriso n , E. M., F u l t s ,  J .  L. and Payne, M. G ., " In te ra c t io n  of
2 ,4-D , Maleic Hydrazide hod Minor Element Uptake in  P6t a tb i^ " j  Am.
P o ta to  J . . ^ :4 2 5 - 7  (1958) , Ghem.i Abst . . 11337b

3 0 . H ay flick , L. and Moorhead, P. S . ,  "The S e r ia l  C u ltiv a tio n  o f Human 
D ip lo id  C e ll S tr a in s " ,  E x p tl . C e ll R e s .. 25:585-621 ( I 961) .

3 1 . H sia , D. Y ., Inborn E r ro rs  of M etabolism. P a r t  I .  C l in ic a l  A sp ec ts ,
pp. 171-2  (1966) ,  Second E d itio n , Yearbook Medical P u b lish e rs , I n c . ,  
Chicago, 111. ,

3 2 . Inaba , H ., "Action o f J ^ a l k  upO rf^ ib r,(^ las ts  V itro " , Toho 
Igakkai Z a ssh i. 7:658474  ( i 960) ,  j r f 'A b s t . .  ^ ; 3 S 5 ^  (19517.

3 3 . In n e ra r i ty ,  T . ,  P erso n a l Communication.

34 . Juva, Ki and Prockop, D. J . , "S ynthesis  o f H ydroxyproline in  V itro
by th e  H ydroxylation o f a  Polypeptide P recusor o f C o lla g e n ^  
Bioehim. P h y s io l. T issu  C o n ju n c tif , Conf. Commun. Symp. I n t . , Lyon. 
1965 :417- 3 2 . Chem. A b st. .  68:10654.1 7 1 ^ ) .

35- Kalbhen, D. A ., "Free Amino A cids in  Normal Inflam ed T issu es  o f
th e  F ee t o f R a ts" , Arch. In te rn . Pharmacodyn. , 143:337-61 ( I 963) ,  
Chem. A b st. .  ^ :7 9 9 0 c l" l9 6 3 ) .

36 . K arapetyan, K. A ., "Some Changes in  M etabolism o f  P ro te in s  and Car
bohydra tes  in  Buds o f Almond a t  Low Tem peratures", Iz v . Akad. Nauk. 
Arm. S .S .R ., B io l . H auki. 1^:43-50 (I962) ,  Chem. A b st. . ^ :7 4 7 g
119637 .*"”

3 7 . Karnovsky, M. L. and W allach, F . H ., "M etabolic Responses o f Mam
m alian C e lls  to  So lid  P a r t i c l e s " ,  C o ll. In te rn . C entre N a t l . Rech.
S c i . .  115:147-57 (1964), Chem. A b st. .  6oT I62^d (1964).

3 8 . K asa i, T . ,  and P o lia k , 0 . J . , "Action o f C ig a re t te  Smoke on R abbit 
C ard iovascu lar C e lls  V itro " . Toboku J .  E x p tl . Med. . 83:245-52



75

39• Kimura, R ., T issu e  C u ltu re  a s  A pplied E sp e c ia lly  w ith in  B a c te r i
o logy and Immunology, EJnar Munksgaard, Copenhagen (1953)*

40. lûiake, E . ,  "The E f fe c t o f Soluble S i l i c i c  A cids on T issue  C ultu re  
B e i t r .  S il ik o se  F o rsc h . Sonderband, 2:363-92 (1956), Chem; A bst. ,
M ^ 6 6 c  ( 1959) .

h i .  Knake, E. and P e te r  H ., "The E f fe c t o f O ligom eric S i l i c i c  Acid on 
T issue  C u ltu re s" , B e i t r . S i l ik o se  F o rsc h . , 68:37-^9 ( I 96O), Chem. 
A b s t. .  5 5 ; l l6 7 lf  ( Î 96Ï J .

42. Knake, E . , P e te r ,  H. and M uller-R uchholtz, "A ction of S i l i c ic  Acid 
on T issue  C u ltu re s" , B e i t r .  S il ik o s e  F o rsch . , 35-66  (1959)t
Chem. A b s t.'. ^ : 15706g ( i 960) .

4 3 . Kbide, R. and P o lia k , 0 . J . , "The E f fe c t o f C ig a re t te  Smoke Conden
sa te  on R a b b its ' C ard iovascu lar C e lls  V itro ” . E x p t l . Mol. P a th . .
2 :243-50  (1963) .

44. Kokubu, T . and P o lia k , 0 . J . , " In flu en ce  o f N ico tin e  on C e lls  o f
R a b b its ' A orta and Myocardium in  T issue  C u ltu re " , E x p t l . Mol. P a th . .
1 :293-303  ( 1962) .

4 5 . Kokubu, T . ,  P o lia k , 0 . J .  and Koide, R ., "Comparison o f E ffe c t o f 
C ig a re t te  Smoke Condensate and N ico tine  on R a b b its ' C ard iovascu lar 
T issue  in  C u ltu re " , C irc . .  24:1096 ( 196I ) .

46. K ravtsov , P. V ., N ik i t in ,  B. L. and S tankev ich , R. V ., "Change in  
N itrogen  M etabolism in  Corn a s  a R esu lt o f C u ltiv a tio n  on E l e c t r i 
f ie d  S o i l" ,  T r. T se n tr . Genet. Lsb. ^  I .V . MLchurina, 8:124-8 
(1962) .  Chem. A b st. .  6o:15557c (1954).

4 7 . Kudrev, T. G ., "The E f fe c t o f Drought on th e  Amount o f Free and
Bound Glutamic Acid and P ro lin e  in  Pumpkins", C. R. Acad. B ulg.
S c i . . ^ : 6 1 - 3  (1967) ,  Chem. A b st. .  ^ :7 9 6 3 3 y  (19^7)-

48. Kudrev, T. and I s ta tk o y , S . ,  "Accumulation o f F ree  P ro lin e  in  th e  
Leaves of Wheat Under th e  In flu en ce  o f D rought", C. R. Acad. B u lg . 
S c i . .  ^ * .711-13  ( 1967) ,  Chem. A bst. .  ^ :9 7 7 2 4 h  (1967T.

4 9 . Lammers, W., "C ell C u ltu res  in  th e  Assessment o f  Drug T o x ic ity " , 
P roceedings o f th e  European S o c ie ty  fo r  th e  Study o f Drug T o x ic i ty . 
Vol. II:51 -6~ T 1963). Excerpta Medica F oundation , New York.

5 0 . L a s n itz k i, I . ,  "The E f fe c t o f 3,^-B enzpyrene on Human F o e ta l Lung 
Grown V itro " . B r i t . J .  C ancer. 10:510-16 ( I 965) .

5 1 . L a z n itz k i, I . ,  "The E f fe c ts  o f Condensates fromJ3igare1itSaoke..on 
Human F e ta l  Lung V itro " . B r i t . J .  C ancer. 12:547-52 (1958).

52 . Lewis, W. H. and R ich ard s , A. G . ,  J r . ,  "N o n -to x ic ity  o f  DDT on C e lls  
in  C u ltu re " , S c ien ce . 3 ^ :3 3 0 -3 1  (1945).



7 6 ........................

53- L insm aier, E. M. and Skoog, F . ,  "Organic Grovth F ac to r Requirem ents 
in  Tobacco T issu e  C u ltu re s" , P h y s io l. P la n t . ,  l8 tl0 0 -1 2 T  ( I 965) .

$4. Marks, J . , Mason, M. A. and N agel-Schm idt, G ., "A Study o f Dust 
T o x ic ity  Using a Q u a n tita tiv e  T issu e  C u ltu re  Technique", B r i t . J ,  
In d . Med. . 12.:187-91 (1956).

55 . M enoret, V. and M orel, G ., " In flu en ces  o f 2 ,4-D ichlorophenoxyacetic 
Acid on M etabolism of F ree  Amino A cids in  C arro t T issue  C u ltu re" , 
Compt. Rend. ,  246:2652-5 (1958).

56 . M orel, G ., "The E ffe c t o f Growth R egulato rs OttJSitfogçnîM etabQlism  
o f  P la n t T is su e s " , Proceedings o f  th e  In te rn a t io n a l  Conference on 
P la n t T issu e  C u ltu re . pp. 93-401, W hite, P. R. and Grove, A. R . , 
e d i to r s ,  McCutchen P u b lish in g  C o rp ., B erkeley , C a l i f .

57 . Mormiura, Y ., K o tin , P . and F a lk , H. L . ,  "Photodynamic T o x ic ity  o f 
P o ly c y c lic  Aromatic Hydrocarbons in  T issue  C u ltu re " , Cancer R es. .

1249-60  (1964).

58 . Moutschen-Dahmen, J .  and Moutschen-Dahmen, M., "Cytology o f T issue  
C u ltu re s  T rea ted  w ith  Mutagenic C hem icals", Rev. C y to l. B io l. 
V e g e ta lê s , 265-75 (1962), Chem. A b st.. 57:12917f (1962T

59* N ak ajin a , A. and Dandel, P . ,  " In te ra c t io n  Between C arcinogenic 
Eÿdrocarbons and th e  P ro te in s  o f  C ultu red  C e l ls " ,  E x p tl . C e l l .
R e s .,  434-6  (1964).

60 . Nau, C. A ., N eal, J .  and Stem bridge, V. A ., "A Study o f th e  i^ y s io r  
l o g ic a l  E f fe c ts  o f Carbon B lack " , A rch. E nv iron . H e a lth . 1:512-33
( i 960) .

6 1 . N euberger, A. and R ich ard s , F . F . , "P ro te in  B io sy n th es is  in  Mammae 
l i a n  T is su e " , Mattirriaiian P ro te in  M etabolism , Munro, H. N. and A lliso n , 
J .  B . , e d i to r s , '.p p .  264-71 (1964) ,  Academic P re s s , New York.

6 2 . O rd in , L. and Skoe, B. P . ,  "Ozone E f fe c ts  on C e ll Wall Metabolism of 
Avena C o le p tile  S e c tio n s" , P la n t P h y s io l. ,  ^ :7 5 1 - 5  (1964).

6 3 . Pace, D. M., Thompson, J .  R ., Aftonomos, B. T. and H arold , G. 0 . H ., 
" E ffe c ts  o f NOg upon E s ta b lish ed  C e ll L in es" , Can. J .  B io l . P h y s io l. ,  
jg :1 2 4 7 -5 5  (1961), Chem. A b st. . ^ 6 :2679b ( 1962) .

64. P a rk e r , R . C ., Methods of T issu e  C u ltu re , T h ird  E d itio n , Hoeber 
M edical D iv is io n , Harper and Row, I n c . ,  New York (1964) pp. 23, 33*

6 5 . P a rk e r , R. C ., Morgan, J .  F . and Morton, H. J . ,  "T o x ic ity  o f Rubber
S toppers f o r  T issu e  C u ltu re s" , P ro c . Soc. E x p tl . B io l . Med. ,
26:444-5  (1951).

66. P e n d r iz e t , E. and Jfacquaiye, G ., "Study o f th e  V a ria tio n  in  Metab
o lism  of P o ta to  Leaf Evoked by R olled  V irus during  th e  F i r s t  S tages 
o f  I n f e c t io n " ,  Compt. R e n |. ,  257:3208-11 ( I 963) .



77

d7. P e re ly g in , V. M., ’’E ffe c t o f  Dust on V arious T issue  C u ltu re s" .
G iglena i  S a n i t . .  (1964), Chem. A b st. .  ^ ; 88l l f  (1964).

6 8 . Prusakova, L. D ., "E ffec t o f  M oisture C onditions on S yn thesis  of
Tryptophan and Leaf Growth in  Wheat", F iz io l .  R a s te n ii  Akad. Sauk.
S .S .R ., %: 170-80  ( i 960) ,  Chem. A bst. .  ^ :3 7 ^ 1 g  ( l 9 ^ l ) .

69 . R osehblu th , S. A ., W eddington, G. R ., Guess, W. L. and A utian , J . ,
"T issue C u ltu re  Method f o r  Screening T o x ic ity  o f P la s t ic  M ate ria ls  
to  he Used in  M edical P r a c t ic e " ,  J .  Pharm. S c i . . $4:156-9 (19&5).

70 . Rounds, D. M. and B i l s ,  R. F . ,  "E ffec ts  o f A ir P o llu tio n  on C e lls  
in  V itro " . A rch. E nv iron . H e a lth . 3D:251-9 (1965) .

71 . Rout l e y ,  D. G ., "P ro lin e  Accumulation in  W ilted Ladino Clover 
L eaves", Crop S c i . 6:358-61 (1966) ,  Chem. A b s t ., 65:12556d ( I 966) .

7 2 . S anford , K ., E a r le ,  W. R ., Evans, V. J . , W altz, H. K. and Shannon,
J .  E . , "The Measurement o f  P r o l i f e r a t io n  in  T issue  C u ltu res  by
Enum eration o f  C e ll N u c le i" . J .  N a tl. Cancer I n s t . ,  11:773-96
(1951) .  "

7 3 . S au n ie r, R. E . ,  H u ll, H. M. and E h ren re ich , J .  H ., "Aspects o f th e  
Drought T o lerance  in  C reosotebush (L arrea  d iv a r ic a ta ) " .  P lan t 
P h y s io l . . 4^ :401-4  ( I 968) .

7 4 . S av itskoya , N. N ., "Accumulation o f F ree  P ro lin e  in  B arley  P la n ts  
Under C ond itions o f Water D efic iency  in  th e  S o il" ,  F iz io l .  H a s t . ,  
14:737-9 (196?), Chem. A b s t.. 6 7 :97644g ( 1967) .

75 . S e i tz ,  E. W. and H ochster, R. M., "Free P ro lin e  in  Normal and in
Crown G a ll Tumor T issue  o f Tomato and Tobacco", L ife  S c i . . j,:1033-7
(1964) ,  Chem. A b st. . 13641b (1964).

76 . Smith, C. G ., S ep ara tio n  and I d e n t i f i c a t io n  of P o ly cy lic  Aromatic 
Hydrocarbons in  Rubber D u st. D is s e r ta t io n , The U n iv e rs ity  o f Okla
homa M edical School ( l9 ^ 7 ) •

77 ' Smith, W. R ., "Carbon B lack " , Encyclopedia o f Chemical Technology. 
I l l ;pp . 34-65  (1949) The In te rs c ie n c e  Encyclopedia, I n c . ,  New York.

78 . S oupart, P . ,  "Free Amino A cids o f  Blood and Urine in  th e  Human", 
Amino Acid P o o ls . J .  T. Holden, e d i to r ,  pp. 220-262, E lse v ie r  
P u b lish in g  C o ., New York ( I 962) .

79 ' S te in , W. H. and Moore, S . ,  "The Free Amino A cids o f Human Blood 
Plasm a", J .  B io l . Chem. . ^ : 9 1 5 - 2 6  (1954).

8 0 . Steward, F . C. and P o lla rd , J .  K ., "^^C -Proline and H ydroxyproline 
in  th e  P ro te in  and M etabolism o f  P la n ts " ,  N atu re . 182:828-32
(1958) .



78

81. T a rc h e v sk ii, I .  A. and Siyanova, N. S . ,  "The E ffe c t of Drought on 
P o s tp h o to sy n th e tic  T ransform ation  of C in  Wheat Leaves", F i z i o l .
E a s t . .  2 :534-41  ( 1962) ,  Chem. A b st. ,  2 § :4 8 l3 g  ( 1963) .

8 2 . Thayer, P. S. and K ensler, C. J . , "C ig a re tte  Smoke: C harcoal F i l 
t e r s  Reduce Components th a t  In h ib i t  Growth o f  C ultured  Human C e lls " , 
S c ience , 146:642-4 (1964).

8 3 . Tharp, B .,  "Can Ifan Achieve H is P o te n t ia l i ty ? " ,  The Oklahoma J o u rn a l, 
S aturday , December 2 , I 967 , p . 6 , Oklahoma Jo u rn a l P u b lish in g  C o., 
Oklahoma C ity , Oklahoma.

84. Thompson, J .  R. and Pace, D. M., "The E f fe c t of S u lfu r D ioxide upon 
E s tab lish ed  C e ll L ines C u ltiv a ted  ^  V i t r o ", Can. J .  Biochem.
P h y s io l . , 40:207-17 (1962), Chem. A b st. ,  Tl9‘̂ T

8 5 . Thompson, P. E . ,  Schurr, P. E . , Henderson, L. M. and Elvehjem , C. A ., 
"The In flu en ce  o f F a s tin g  and N itrogen  D ep riv a tio n  on th e  Concen
t r a t i o n  o f F ree  Amino A cids in  Rat T issu e s" , J . B io l. Chem., 182:47- 
53 (1950) .  —  —

8 6 . Thompson, R. N ., V ehicle T ire  Rubber a s  an A ir P o l lu ta n t , D is s e r ta 
t io n ,  The U n iv e rs ity  o f Oklahoma M edical School, Oklahoma C ity  ( I 967)

8 7 . Thompson, R. N ., Nau, C. A. and Lawrence, C. H .,  " Id e n t i f ic a t io n  o f 
V ehicle  T ire  Rubber in  Roadway D ust", Amer. In d u s t . Hyg. A ss . J . , 
g [:488 -95  ( 1966) .

8 8 . Tso, T. C, and E ngelhaupt, M. E . , "Amino A cids R ela ted  to  Gradual 
Development o f  Calcium and Boron D efic iency  Symptoms in  Tobacco 
P la n ts " ,  Tobacco S c i . ,  J :1 2 - l6  ( I963) .

8 9 . V asington, B. J . ,  P iersm a, H. D ., C o rb e tt, J .  J .  and B i t t l e ,  J .  L . , 
"C y to to x ic ity  o f Rubber C losures in  T issue  C u ltu re  System s", J .
Pharm. S c i . ,  2 6 :1276-9  (1967) .

9 0 . Vogel, H. J .  and Bonner, D. M., "A ce ty lo rn ith ase  o f  E sch erich ia
C o li: P a r t i a l  P u r i f ic a t io n  and Some P ro p e r t ie s " ,  J .  B io l . Chem. ,

97-106  (1956) .

9 1 . W hite, A ., H andler, P. and Smith, E. L . , P r in c ip le s  of B io ch em istry , 
T h ird  e d i t io n ,  pp. 95, 495, 767-70 (1964), McGraw-Hill Book C o.,
New York. _  .

9 2 . W illiam s, J .  M., Schurr, P. E. and Elvehjem , C. A ., " In flu en ce  of
C h illin g  and E x erc ise  on F ree Amino Acid C oncen tra tio n s  in  Rat
T iséu e" , J .  B io l . Chem. , l8g :5 5 -9  ( 1950) .

93* W inkler, B ., Q u a n tita tiv e  A nalysis  o f Coumarins by Thin Layer 
Chromatography, R elated  Chromatographic S tu d ie s , and th e  P a r t i a l  
I d e n t i f i c a t io n  o£ a Scopo le titj G lycoside P resen t in  Tobacco T issue 
C u ltu re , D is s e r ta t io n ,  pp. 8 9 ,' ’90 ( I 967) The U n iv e rs ity  o f Okla
homa, Norman, Oklahoma.



79

$4. Yang, C ., Nakagawa, Y. and Vender, S. E . , " Id e n t i f ic a t io n  of Scop
o le t in  in  C ig a re t te  Tobacco and Smoke", J .  Org. Chem., 23:204-5 
(1958).


