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e n d o p l a s m i c  r e t i c u t u m  n o t e d  b y  HUTTERER et  al. x* in t h e  
l iver  cells of r a t s  g iven  d i e ld r in  or 3" -me thy l -4 -d ime thyI -  
a m i n o a z o b e n z e n e .  P r o l o n g e d  t r e a t m e n t  w i t h  these  com- 
p o u n d s  r educed  t h e  in i t i a l  increase  of e n z y m e  ac t iv i ty ,  
w i t h o u t  a f fec t ing  S E R  h y p e r t r o p h y .  Cons ider ing  t h e  bio-  
chemica l  d a t a  1-3, S E R  a c c u m u l a t i o n  in W a l k e r  t u m o r -  
bearin.g r a t s  seems to  r e p r e s e n t  a d i m i n i s h e d  f u n c t i o n a l  
c a p a c i t y  of t h e  h y p e r t r o p h i c  endop l a smic  r e t i cu lum.  How-  
ever ,  f u r t h e r  work  is needed  to  e s t a b l i s h  w h e t h e r  these  
changes  a re  due  to  a specif ic  ' t o x o h o r m o n e '  sec re ted  b y  
t h e  t u m o r  cells or  to  some nonspec i f ic  t o x i c i t y  (e.g., pro-  
t e i n  b r e a k d o w n  p r o d u c t s  re leased  f rom t h e  t u m o r  t is-  
sue, etc.) .  

P a t i e n t s  w i t h  a d v a n c e d  c a n c e r  m i g h t  e x h i b i t  d i f f e ren t  
nonspec i f ic  m a n i f e s t a t i o n s ,  i nc lud ing  anorex ia ,  we igh t  
toss, cachexia ,  inc reased  suscep t ib i l i t y  to  infect ion,  ab-  
n o r m a l  responses  to  d rugs  a n d  va r i ous  endoc r ine  a l t e ra -  
t ions ,  i r r espec t ive  of t h e  loca l iza t ion  of t h e  t u m o r .  Ob-  
v ious ly ,  n o t  al l  of t he se  changes  are  r e l a t ed  to  h e p a t i c  
microsomes .  However ,  some  of t h e m  could r e su l t  f rom 
f a u l t y  i n t e r m e d i a r y  d r u g  or  h o r m o n e  m e t a b o l i s m .  I t  

r e m a i n s  to  be  seen w h e t h e r  t h e  s t r u c t u r e  a n d  f u n c t i o n  
of t h e  e n d o p l a s m i c  r e t i c u l u m  m e m b r a n e s  a re  l ikewise  
i m p a i r e d  in t he se  cases is. 

Rdsumd. L ' i m p l a n t a t i o n  i.m. de  la t u m e u r  de  W a l k e r  
chez  les r a t s  p r o v o q u e  u n e  d i l a t a t i on ,  une  d6so rgan i sa t i on  
e t  une  d 6 g r a n u l a t i o n  progress ives  du  r6 t i cu lum endop las -  
m i q u e  g r a n u l e u x  des h6pa toey te s .  Ces c h a n g e m e n t s ,  qu i  
s ' a c c o m p a g n e n t  en  m~me t e m p s  d ' u n e  p ro l i f6 ra t ion  du  
r6 t i cu lum e n d o p l a s m i q u e  lisse, r e p r 6 s e n t e r a i e n t  les m a n i -  
f e s t a t ions  u l t r a s t r u c t u r a l e s  d ' u n e  insuf f i sance  microso-  
ma le  d 6 m o n t r b e  b i o c h i m i q u e m e n t  d a n s  le foie des  r a t s  
a f fec t6s  p a r  la  t u m e u r  de  Wa l k e r .  
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Fig. 3. SER accumulation in a rat hepatocyte 4 weeks after Walker 
tumor implantation. SER, smooth-surfaced endoplasmic reticulum. 
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I n t e r p r e t a t i o n  of  the  M e t h y l e n e  B lue  R e d u c t i o n  
P r o t e c t i n g  Effect  of  S e l e n i u m  

Se len ium h a s  r ecen t l y  b e e n  i m p l i c a t e d  as  a poss ib le  
cance r  p r o t e c t i n g  a g e n t  in  h u m a n s  b y  SHAMBERGER a n d  
FROST 1, These  a u t h o r s  f o u n d  a n  inve r se  r e l a t i o n  b e t w e e n  
t h e  whole  b lood  se len ium c o n c e n t r a t i o n s  f rom blood b a n k  
s amp le s  in  20 U S  cit ies a n d  t h e  h u m a n  cance r  m o r t a l i t y .  
T h e y  also r e p o r t  d a t a  w h i c h  sugges t  a lower  cance r  
m o r t a l i t y  in  a reas  of C a n a d a  whe re  ' s e l en ium i n d i c a t o r  
p l a n t s '  a re  f o u n d  t h a n  in a reas  where  such  p l a n t s  are  
n o t  found .  I n  t h e  p r e s e n t  c o m m u n i c a t i o n  we p r e s e n t  
d a t a  f r o m  ou r  l a b o r a t o r y  w h i c h  a p p e a r  to  s u p p o r t  t h i s  
hypo thes i s ,  arid w h i c h  e x p l a i n  ear l ie r  work  on  a p r e s u m e d  
p l a s m a  c a n c e r  t e s t  b a s e d  o n  t h e  m e a s u r e m e n t  of  t h e  
m e t h y l e n e  b lue  r e d u c t i o n  t ime .  

SAVIGNAC et  al. * a n d  BLACK 8 r e p o r t e d  a n  a b n o r m a l i t y  
in  t h e  m e t h y l e n e  b lue  r e d u c t i o n  t i m e  (MBRT)  of p l a s m a  
of c a n c e r  pa t i en t s .  A t y p i c a l  t e s t i n g  p r o c e d u r e  cons i s ted  
in t h e  m e a s u r e m e n t  of t h e  t i m e  r equ i r ed  for  comple t e  

T e s t  of  H u m a n  P l a s m a  and the  P o s s i b l e  C a n c e r  

deco lor iza t ion  of a s a m p l e  of p l a s m a  t o  w h i c h  a k n o w n  
a m o u n t  of m e t h y l e n e  b lue  so lu t ion  was  a d d e d  w h e n  t h e  
m i x t u r e  was  h e a t e d  u n d e r  a n a e r o b i c  c o n d i t i o n s  on  a 
s t e a m  ba th* .  T h e  t e s t  was  cons ide red  pos i t i ve  if t h e  
M B R T  exceeded  t h e  av e r ag e  v a l u e  of p l a s m a  of n o r m a l  
sub jec t s .  I n  s y s t e m a t i c  s tud ies  BLACK 3 r e p o r t e d  t h e  
p l a s m a  of 75% of hosp i t a l i zed  c a n c e r  p a t i e n t s  to  give 
pos i t ive  t e s t  resul ts .  P a t i e n t s  w i t h  n o n m a l i g n a n t  neo-  
p las ia  a n d  o t h e r  d iseases  gave  o v e r w h e l m i n g l y  n o r m a l  
M B R T  values .  S u b s e q u e n t  s tud ie s  4 i n d i c a t e d  p rac t i ca l  
l i m i t a t i o n s  of t h e  t e s t  for  cance r  d iagnos i s  in  t h a t  on ly  
a p p r o x i m a t e l y  5 0 %  of c a n c e r  cases gave  pos i t ive  t e s t  
resul ts .  Moreover ,  in  o t h e r  g roups  of p a t i e n t s  w i t h  p a t h o -  
logical  s t a t e s  t h e  p e r c e n t a g e  of false  pos i t ives  r anged  
f rom 7 to  34%.  T h e  or ig in  of  t h e  a b n o r m a l  b e h a v i o r  of 
cance r  p a t i e n t  p l a s m a  was or ig ina l ly  cons idered  to  be  
d e p e n d e n t  on  t h e  c o n c e n t r a t i o n  of free su l fhyd ry l  g roups  
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in  t h e  p l a s m a  p r o t e i n  z,3. Howeve r ,  HUGGINS s in  1949 
obse rved  n o  d i f fe rence  in  t h e  a m o u n t  of free s u l f h y d r y l  
g roups  p e r  mole  of n o r m a l  a n d  c a n c e r  p l a s m a .  A l t h o u g h  
t he  t e s t  ha s  s ince  n o t  rece ived  f u r t h e r  a t t e n t i o n ,  t h e  
in i t i a l  e x p e r i m e n t a l  o b s e r v a t i o n s  r e m a i n  of some in t e r e s t  
a n d  p r o m p t e d  us  to  s ea rch  for  t h e i r  c h e m i c a l  in te r -  
p r e t a t i o n .  

Method. 10 m l  of f a s t i ng  b lood  were  w i t h d r a w n  i n t o  
a d r y  syr inge  a n d  p l aced  in  a b o t t l e  c o n t a i n i n g  suf f ic ien t  
p o t a s s i u m  oxa l a t e  to  p r e v e n t  c lo t t ing .  T h e  c o n t e n t s  a re  
m i x e d  b y  r o t a t i o n .  Care m u s t  be  t a k e n  to  m i n i m i z e  
hemolys i s .  As soon as poss ib le  t h e  p l a s m a  is s e p a r a t e d  
f r o m  t h e  cells  b y  c e n t r i f u g a t i o n  a t  3000g for  20 m i n  a n d  
t h e  p l a s m a  is p i p e t t e d  of i n t o  a s e p a r a t e  s a m p l e  tube .  
The  p l a s m a  t h u s  i so la ted  was  k e p t  u n d e r  r e f r ige ra t ion  
no  longer  t h a n  24 h before  M B R T  d e t e r m i n a t i o n .  To 
1 m l  of p l a s m a  in  a 1 0 × 1 0 0  m m  W a s s e r m a n n  Tube ,  
0.2 m l  of a s t a n d a r d i z e d  so lu t ion  of m e t h y l e n e  b lue  in  
d o u b l y  d is t i l led  de ion ized  w a t e r  is a d d e d  b y  m e a n s  of  
a syr inge.  T h e  dye  so lu t ion  shou ld  c o n t a i n  a p p r o x i m a t e l y  
150 m g  of rec rys ta l l i zed  m e t h y l e n e  b lue  pe r  100 m l  of 
solut ion.  One  d rop  of c a p r y l  a lcohol  is a d d e d  to  p r e v e n t  
foaming ,  a n d  t h e  t u b e  is t h e n  p l aced  in  a 400 m l  b e a k e r  
c o n t a i n i n g  200-250 m l  of  v igo rous ly  bo i l ing  wate r .  D u r i n g  
t h e  m e a s u r e m e n t  t h e  w a t e r  m u s t  bo i l  b r i s k l y  s ince  t h e  
t e m p e r a t u r e  n e a r  t h e  surface  m u s t  a lways  be  n e a r  100 °C 
for  suf f ic ien t  s t e a m  genera t ion .  I f  t h e  t e m p e r a t u r e  fal ls  
be low t h e  bo i l ing  p o i n t  of wa te r ,  oxygen  m a y  seep b a c k  
i n to  t h e  t e s t  t ube ,  i n t r o d u c i n g  e r ro rs  in  t h e  M B R T  de te r -  
m i n a t i o n .  W i t h o u t  r e m o v i n g  t h e  t u b e  f r o m  t h e  w a t e r  
b a t h  t h e  t i m e  of d i s a p p e a r a n c e  of t h e  l a s t  t r a c e  of color  
is r ecorded  to  t h e  nea r e s t  h a l f - m i n u t e  a n d  n o t e d  as  t h e  
M B R T .  T h e  t u b e  m u s t  n o t  be  r e m o v e d  f r o m  t h e  w a t e r  
a t  a n y  t i m e  d u r i n g  t h e  m e a s u r e m e n t .  I t  is i m p o r t a n t  to  
t r e a t  a l l  s a m p l e s  in  e x a c t l y  t h e  s a m e  w a y  to  o b t a i n  
r ep roduc ib l e  resul ts .  T h e  s t a n d a r d  e r ro r  of  a s ingle  M B R T  
m e a s u r e m e n t  is a p p r o x i m a t e l y  6 .5% of t h e  e s t i m a t e d  
t r u e  v a l u e  of t h e  r e d u c t i o n  t ime ,  p r o v i d e d  t h a t  t h e  p H  
a n d  oxygen  c o n t e n t  of t he  s a m p l e  a re  he ld  c o n s t a n t .  

Results. The  r e d u c t i o n  of m e t h y l e n e  b lue  b y  p l a s m a  
u n d o u b t e d l y  invo lves  s u l f h y d r y l  g roups  of  t h e  p l a s m a  
p r o t e i n  as  t h e  e l ec t ron  donors .  However ,  t h e  r e d u c t i o n  
of t h e  dye  b y  th io l s  is s low in  t h e  absence  of c a t a l y s t s  
a n d  is g r ea t l y  acce le ra ted  b y  u l t r a m i c r o q u a n t i t i e s  of 
c e r t a i n  h e a v y  m e t a l  ions  a n d  b iogenic  m e t a l  complexes .  
T h e  m o s t  p o t e n t  c a t a l y s t s  a re  Cu, Co a n d  Fe - com pl exes  
of th io ls ,  i ron  p o r p h y r i n s  a n d  v i t a m i n  Bl~S, ~. However ,  
a c o m p a r i s o n  b e t w e e n  t h e  M B R T  va lues  a n d  t h e  t o t a l  
p l a s m a  levels  of Cu, Co a n d  F e  revea led  no  cor re la t ion .  
Since se len ium also ca ta lyzes  m e t h y l e n e  b lue  r e d u c t i o n  
b y  th io l s  ~,s, t h e  M B R T  of  p l a s m a  s a m p l e s  was  com-  
p a r e d  w i t h  t h e i r  t o t a l  s e l e n i u m  c o n t e n t  d e t e r m i n e d  b y  
t h e  f l uo r ime t r i c  m e t h o d  of OLsoN0, x0. T h e  re su l t s  g i v e n  
in T a b l e  I d e m o n s t r a t e  a n  inve r se  r e l a t i o n  b e t w e e n  t h e  
s e l en ium c o n t e n t  of h u m a n  p l a s m a  a n d  t h e  M B R T .  T he  
r e l a t i onsh ip  was  c o n f i r m e d  b y  a d d i n g  k n o w n  q u a n t i t i e s  
of s e l en ium in  fo rm of H~Se to  p l a s m a  a n d  m e a s u r i n g  
t h e  M B R T .  I n  v iew of t h e  a p p r o x i m a t e l y  l i nea r  r e l a t i on  
b e t w e e n  [MBRT]  -x a n d  [Se] i t  is  poss ib le  t o  use  M B R T  
m e a s u r e m e n t s  for  t h e  a p p r o x i m a t e  d e t e r m i n a t i o n  of 
p l a s m a  se l en ium levels ;  t h e  resu l t s  lie w i t h i n  -4-15% 
of t h e  a c t u a l  va lues .  

Discussion. T h e  p r e s e n t  work  shows  t h a t  a b n o r m a l l y  
long  M B R T  va lues  s ignal ize  lower  t h a n  n o r m a l  p l a s m a  
se l en ium levels.  T h e  a p p a r e n t  lower  c o n c e n t r a t i o n  of 
s e l en ium in  c a n c e r  p l a s m a  is u n e x p l a i n e d  b u t  c e r t a i n l y  
n o t  specif ic  of t h e  disease.  T h e  p l a s m a  c o n c e n t r a t i o n  of 
s e l en ium is l a rge ly  d e t e r m i n e d  b y  t h e  d i e t a r y  s e l en ium 
u p t a k e  a n d  t h e  r a t e  of excre t ion .  A l t h o u g h  in j ec t ed  s o d i u m  
se len i te  (Se 75) is a c c u m u l a t e d  in  c e r t a i n  n e o p l a s m s  Ix, we 

h a v e  t h u s  fa r  b e e n  u n a b l e  to  obse rve  a c c u m u l a t i o n  of 
d i e t a r y  s e l en ium in t u m o r  t issues.  F o r  example ,  t h e  
s e l en ium c o n c e n t r a t i o n  in  t i s sues  of  gas t r i c  c a n c e r  a n d  
of cance r  of t h e  colon  was  f o u n d  to  be  0.32 a n d  0.19 p p m  
(wet wt.) ,  w h i c h  is s t i l l  w i t h i n  t h e  n o r m a l  range.  On  t h e  o t h e r  
h a n d ,  if we fol low t h e  ideas  of SHAMBERGER a n d  FROST x, 
lower  t h a n  n o r m a l  p l a s m a  se l en ium levels  shou ld  b e  

Table I. Plasma selenium concentration and methylene blue reduc- 
tion time (MBRT) 

Sample Specification ', MBRT Selenium 
No. (min) (nglml) : 

1 Hospitalized, non-CA 4.0 120 
2 Hospitalized, non-CA 5.0 102 
3 Hospitalized, non-CA 6.0 88 
4 Hospitalized, non-CA 6.0 80 
5 Hospitalized, non-CA 6.0 76 
6 Hospitalized, CA 12.0 72 
7 Hospitalized, non-CA 12.5 65 
8 Hospitalized, non-CA 11.5 61 
9 Hospitalized, CA 12.0 60 

i0 Hospitalized, CA 11.0 55 
11 Hospitalized, non-CA 11.0 55 
12 Hospitalized, non-CA 14.0 52 
13 Control, healthy 4.5 102 
14 same, +50 ng of Se/ml 2.5 152 
15 same, +95 ng of Se/ml 2.0 197 
16" same, + 140 ng of Se/ml 1.5 242 
17 same, +190 ng of Se/ml 1.0 292 

Samples of plasma were selected to obtain large differences in the 
MBRT values. The selenium in samples No. 14-17 was added as 
HsSe under nitrogen to avoid oxidation of plasma sulfhydryl groups. 
T~,is-buffer (pH 7.4) was added to compensate for the removal of 
CO s during the addition of HzSe. 

Table II. Cancer morality rates (1967) and selenium concentrations in 
grain and forage crops in the 50 States of the U.S., including the 
District of Columbia 

Selenium content Is in grain and 
forage crops 

Cancer mortality rates 
per 100,000 deaths I~ 
160-190 125-160 90-125 

Low to very low ( ~  0.05 ppm) 17 4 0 
Low to adequte (0.05-0.10 ppm) 0 5 5 
High, locally excessive, median 5 10 5 
(0.26 ppm) 

x R. J. S~AMBERGER and D. V. FROST, Can. med. Ass. J. 100, 682 
(1969) .  

2 R. J. SAVIGNAC, J. C. GANT and I. W. SIZER, Am. Ass. adv. Sci. 
Res. Conference on Cancer, 1945, p. 241-252. - Also see R. J. ~vVINz- 
LRR, Adv, Cancer Res. l, 519 (1953). 

3 M. M. BLACK and F. D. SPEER, Am. J. clin. Path. 20, 446 (1950). 
4 N. U-RIKSEN, L.D. ELLERBROOK and S.W. LIPPINCOTT, J. Am. 
Cancer Inst. 7, 705 (1951). 

s C. HUGGINS~ E. V. JENSEN, ~¢[. A. PLAYER and V. D. HOSPELHORN~ 
Cancer. ires. 9, 753 (1949}. 

s D. C. HARRISON, Biochem. J. 22, 335 (1928). 
7 G. N. SCHRAUZRR and J.W. SIBRRT, Archs Biochem. Biophys. 

130, 257 (1969). 
s F. FEIGL and Pm WEST, Analyt. Chem. 10, 351 (1947). 

Determined by Dr. E. E. CARY, Ithaca, N.Y. 
20 O. E. OLSON, J. Ass. off. analyt. Chem. 52, 627 (1969). 
xx R. R. CAVALIERI and K. G. SCOTT, J. Am. med. Ass. 206, 591 (1968). 
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observed with higher probabili ty among cancer patients. 
Since the body pool of selenium is essentially determined 
by the dietary selenium intake, the published selenium 
concentrations in grain and forage crops of the US 12 
provide an approximate indication of the dietary selenium 
supply. If  selenium has a cancer protecting effect an 
inverse correlation between the cancer mortal i ty  and the 
selenium content of forage crops and grains may be 
expected. Using published is cancer mortal i ty  rates and 
the selenium distribution map of the US one finds that  
21 States are located in low to very low selenium areas. 
Of these 17 or 81% show the highest cancer mortali ty,  
the remaining 4 are in the second highest rank. Of 30 
states situated in areas with adequate to high or exces- 
sive supply of selenium 10 or 33% show the lowest 
cancer morta l i ty  rate, 15 or 50% the second highest 
and only 5 or 17% the highest mortal i ty  rates (Table II). 
I t  would seem for this reason tha t  the possible cancer 
protecting effect of selenium merits further attention. 
The role of selenium as a biological antioxidant may  be 
connected with this function u. 

Zusammenlassung. Der friiher zur Krebsdiagnose vor- 
geschlagene l~lasma-Methylenblau-Entftirbungstest nach 
SAVIGNAC s und BLACK s spricht im wesentlichen auf die 
Plasma-Selenkonzentration an. Daraus ergeben sich Hin- 
weise fiir die m6glicherweise krebsschiitzende Wirkung 
des Selens, die durch statistische Daten gestiitzt wird. 
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The Potency of N-acetylaminofluorene in the Production of Cytokinin Autonomous Tobacco Tissues 
in vitro 

In a previous communication 1 we reported the induction 
of cytokinin autonomous nodules in cultured tobacco 
tissues by several substituted fluorenes. The experiments 
showed small amounts of substituted fluorenes in the pre- 
sence of 0.1 to 12.5 tam kinetin and 10 taM indoleacetic 
acid (IAA) produced significant quantities of cytokinin 
autonomous nodule tissue. The nodules upon subculture 
behaved like the hormone-dependent plant  turnouts des- 
cribed by BRAUN 8. These tissues have lost their exogenous 
cytokinin requirement, but  still need an auxin such as IAA 
for growth in vitro, The purpose of this s tudy was to 
quant i ta t ively  define the levels a t  which one of the more 
potent  fluorenes, acetylaminofluorene (AAF), induced the 
formation of cytokinin independent tobacco tissue under 
standardized conditions. 

Materials and methods. The medium and general proce- 
dures were those described for use in cytokinin bioassays 3. 
The tobacco stock callus requiring both an auxin and a 
cytokinin for growth in vi tro was obtained from the pith 
of Nicotiana tabacum Wis. No. 38 and grown on medium 
containing < 0.15 taM kinetin and 10 taM IAA. Some 
stock callus was routinely subcultured on kinetin and/or 
IAA free media to detect any spontaneous occurrance of 
auxin and/or cytokinin independent tissues. No hormone 
autonomous tissues were observed in stock or control cul- 
tures. The experimental  series contained kinetin at  a con- 
centration of 0.5 taM with IAA maintained at 10 ~M. The 
AAF solution was filter sterilized and added to the auto- 
claved medium at  concentration between 0.02 and 12.5 
ta M. 3 small (about 20 mg fresh weight each) pieces of friable 
stock callus were planted on 50 ml medium solidified with 
1% agar in 125 ml erlenmeyer flasks. 4 replicate flasks of 
each t rea tment  were incubated a t  28 °C. Il lumination was 
furnished by standard cool-white fluorescent lamps pro- 
ducing 4500 ± 500 ergs cm-Ssec -1 incident upon the 
tissues. After 58 days the tissues were harvested. The firm 
white nodules were counted, separated from the moderately 
friable callus and weighed independently. 

Results and discussion. The appearance of the 2 kinds of 
tissues produced in the presence of AAF is illustrated in 

Figure 1. The tissue shown consists of a white compact no- 
dule composed of cytokinin autonomous ceils and darker 
green friable callus which is still cytokinin dependent upon 
subculture. The potency of AAF in producing these no- 
dules and its effect on the growth of callus are presented 
in Figure 2. The yield of the cytokinin independent tissue 
increased with increasing concentrations of AAF between 
0.02 and 2.5 ~M. Concentrations of AAF above 5.0 ~ M  
showed a strong inhibitory effect on the growth of both 
callus and nodule tissues. The greatest yield of nodule 
tissue was obtained at  concentrations of 0.5 and 2.5 taM 

Fig. 1. Cultured friable tobacco callus with a large nodule composed 
of cytoldnin-independent cells. 
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