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Figure  1 i l lustrates  t he  m o s t  c o m m o n  t y p e  of SDT 
change  observed  in 13 ou t  of 15 subjects9: The th reshold  
means  of a r ep resen ta t ive  subjec t  a t  Tz (previous to the  
drug) were 3.9A and  3.6A, base up and  base  down respect i-  
vely. As the  drug effect  reached  i ts  peak,  T~, these  
th resholds  fell to  1.7A and  1.5A. At  Ts, th resholds  were 
once again approach ing  normal  values:  2.9A and  2.7A. 
The range of decrease in th resho ld  (base up and  base 
down) for t he  13 subjec ts  f rom T 1 to  T 2 was 1.4A to  
3.0/,. Two subjec ts  showed increases in mean  threshold ,  
one of only 0.58A, the  o the r  9.6A, p robab ly  due to  inter-  
ference f rom v iv id  hal lucinat ions .  

In  con t ras t  to  psi locybin,  an  exc i t a to ry  drug, which  
general ly  decreases  t he  SDT mean,  t ranqui l izers  such as 
ch lorpromazine  increase t he  SDT mean.  This increase 
is i l lus t ra ted  in Figure  2 af ter  the  admin i s t r a t i on  of 
5 0 m g  of ch lorpromazine  to  the  same subjec t  whose  
response  to  ps i locybin  is given in Figure  1. 
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Fig. 1. Thresholds for spatial distortion induced by prism lenses 
prior to and during the time course of a drug experience elicited 
by 200 btg/kg psiloeybin. Each point is the mean of 6 observations. 
The standard deviation about the mean is indicated by brackets. 
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Fig. 2. Thresholds for spatial distortion induced by prism lenses 
prior to and during the time course of tranquilization produced 
by 50 mg of chlorpromazine. Each point is the mean of 6 obser- 
vations. The standard deviation about the mean is indicated by 
brackets. 

The s ignif icant  effect  of ps i locybin on SDT is bes t  
r ep resen ted  t h ro u g h  corre la t ing the  combined  SDT means  
(base up and  base down, N = 15) a t  T1 wi th  t he  com- 
parable  means  ob ta ined  a t  T~ (r s = + 0.93) 10,11. This  cor- 
re la t ion is h ighly  s ignif icant  wi th  the  Wilcoxon Matched  
Pairs  S igned-Ranks  Tes t  (N = 15) which  indicates  t h a t  
the  p robab i l i ty  of such a d i s t r ibu t ion  occurr ing by  chance  
is 1 in 100 z2. E v i d e n t l y  a subjec t  a t  ps i locybin  drug  peak  
loses m u c h  of his compensa t ion ,  i.e. the  abi l i ty  to  ' correc t '  
d i s to r ted  visual  space za. Our resul ts  imply  a prac t ica l  
consequence;  namely ,  t h a t  a d a p t a t i o n  to  correct ive  lenses 
should be d iminished  dur ing  the  course of exc i t a to ry  
drugs of the  ps i locybin  t y p e  and  enhanced  b y  t r an-  
quilizers. P re l iminary  observa t ions  show t h a t  th is  indeed 
seems to be the  case ~4. 

Zusammen/assung. Die gerade noch  wahrnehmbare ,  
opt isch  induzier te  K r t i m m u n g  einer hor izonta len  Gera- 
den  wurde  un te r  dem Einf luss  yon  Ps i locybin  un te rsuch t .  
Die Droge bewi rk t  e inen deut l ichen,  jedoch vort iber-  
gehenden  K o mp en s a t i o n s v e r l u s t  gegeniiber  der  op t i sch  
induz ie r ten  Kr i immung .  
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9 Each subject, 1[2 h before T1, was given sufficient base up and 
base down SDT training such that his answers fell within a one 
prism (A) diopter range of < 0.5 prism diopters of the mean for 
a given set. He was also familiarized with the appearance of color 
fringes and the slight displacement of the line (less than 2 ~ on 
the average) accompanying the increase in prism power. The 
subjects, within a few trials, learned to ignore those ancillary 
phenomena. 

z0 The rs statistics given are Spearman Rank Correlation values. 
n No correlation, however, was found between change in pupil 

size and change in SDT from T 1 to T, indicating that the con- 
comitant vegetative and perceptual phenomena are unrelated. 

12 S. SIEGEL, Nonparametric Statistics ]or the Behavioral Sciences 
(McGraw-Hill, New York 1956), p. 75 ff. 
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The Fate of Walker 256 Carcinosarcoma Cells Labeled with Tritiated Cytidine (Cr-5-H s) 

Ther9 is considerable  clinical evidence to d e m o n s t r a t e  
t h a t  n@plas t i c  cells en te r  the  c i rculat ing blood no t  only  
as a resul t  of invas ive  growth,  b u t  a l so  dur ing  cer ta in  
c o m m o n l y  used clinical p rocedures  1,~. I t  has  been  demon-  
s t ra ted ,  t h a t  cancer  cells are re leased in to  t he  c i rculat ing 
blood d u r i n g  surgery a,4. The fa te  of t he  c i rculat ing cells 
is sti l l  a m a t t e r  of speculat ion.  I t  is p re sumed  t h a t  t he  
vas t  m a jo r i t y  pe r i sh  in t he  b lood or are f i l tered ou t  in 
the  t i s sues  where  t h e y  r ema in  in a d o r m a n t  s tage  ~,6. 

Apparen t ly ,  only a smal l  n u m b e r  of t h e m  reproduce  to  
form a metas tas i s .  

The possible re la t ionship  be tween  circulat ing cancer  
cells and the  e s t ab l i shmen t  of me tas t a ses  has no t  been  
expla ined  sa t is factor i ly  despi te  numerous  inves t iga t ions  
and  deserves  more  in tens ive  s tudy.  

Recen t  use of the  t r i t ium- labe led  D N A  and  R N A  
precursor,  t r i t i a t ed  cy t id ine  (CR-5-H3), has  p e r m i t t e d  
in vivo radioac t ive  labeling of indiv idual  t u m o r  ceils. 
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In  con t r a s t  to  the  incorpora t ion  of solely D N A  precursors ,  
which  occur p r imar i ly  in d ividing cells, t he  incorpora t ion  
of R N A  is a p r o p e r t y  of all viable nuclea ted  cells. Such 
cells are easily de tec ted  by  au torad iography .  

The purpose  of th is  inves t iga t ion  was to  label Walke r  
256 carc inosarcoma asci tes cells w i th  t r i t i a t ed  cy t id ine  
and  to de te rmine  the i r  local izat ion in the  t issues of hea l thy  
rec ip ient  animals  af ter  i.v. inject ion.  

Mater ia l  and  methods. Female  Wis t a r  ra t s  abou t  
200-250 g f rom Charles R iver  F a r m s  were used for th is  
exper iment .  

Procedure :  A ra t  which  had  been inocula ted  i.p. 8-10 
dajrs before w i th  Walker  256 ascites t u m o r  cells and  wi th  
obviously  d e m o n s t r a t e d  ascites was used as a donor.  
0 . 5 m l  conta in ing  2 5 0 m c  of t r i t i a t ed  cyt id ine  (S.A. 
6.0 c/MM, Schwar tz  Bioresearch,  Inc., Orangeburg,  New 
York) was in jec ted  i.p. 

The animal  was sacrificed 1 h later. The ascit ic fluid 
(approx imate ly  100 ml f rom each animal) was asp i ra ted  
f rom the  per i toneal  cav i ty  of the  ra t  and  di lu ted  wi th  
saline (average 1 pa r t  asci tes to  8 pa r t s  saline) to  a con- 
cen t ra t ion  of 106 cancer  cells/ml. The t u m o r  cell coun t  
was pe r fo rmed  in a hemocy tome te r .  Smears  were made  
for s ta in ing and  au toradiograms.  Viabi l i ty  was control led 
by  SCHREK'S Inethod ~ and  found to be 100%. 

Each  recipient  an imal  was anes the t ized  wi th  i.p. 
sodium pen toba rb i t a l  ( approx imate ly  15 mg), the  femoral  
vein was exposed and  10~ cancer  cells in 1 ml  of solut ion 
were in jec ted  i.v. E a c h  ml conta ined  abou t  3 mc of 
t r i t i a ted  cyt idine.  The animals  f rom each group were 
sacrificed at  in tervals  of 1, 15, 30 and  60 min  and  2, 3, 
4, 12 and  24 h af ter  inject ion.  The lungs were l igated 
and removed  in to to  immed ia t e ly  af ter  sacrifice. 

Autorad iographic  and  histologic t echn iques  : The ascitic 
fluid smears  were f ixed in m e t h a n o l  for 15 min.  The lung 
t issues ob ta ined  a t  au t o p s y  were f ixed in buffered 10% 
formalin.  Af te r  t he  t issues were e m b e d d e d  in paraff in,  
sect ions were cut  a t  a th ickness  of 5 ~x f rom several  levels 
of t he  block and  au to rad iog rams  were p repa red  by  
d ipp ing  the  slides in K o d a k  N T B  3 nuclear  t r ack  emulsion.  
The au to rad iograms  were  s to red  a t  4~ for 3 weeks, 
developed in K o d a k  Dekto l  a t  15~ for 2 min,  f ixed; 
washed,  and  s ta ined  wi th  Ehr l i ch ' s  acid h e m a t o x y l i n  
and  eosin. The smears  were s ta ined  wi th  Giemsa. Back-  
g round  was negligible in all au torad iograms .  

Results.  The resul ts  of th is  s t u d y  have  shown t h a t  when  
a single dose of t r i t i a t ed  cy t id ine  was  inocula ted  i.p. 
into a donor  rat,  a suff icient  a m o u n t  of the  radioisotope 
was incorpora ted  af ter  1 h to resul t  in the  h e a v y  posi t ive  
label ing of more  t h a n  99% of t he  ascit ic t u m o r  cells 
(Figure 1). 

W h e n  these  isotopical ly  labeled t u m o r  cells were sub- 
sequen t ly  in jec ted  in to  the  blood of rec ip ient  animals,  
t h e y  were readi ly  ident i f ied  in au to rad iographs  of the  
lung t issue a t  t he  earl iest  t ime  of sacrifice (1 min) 
(Figure 2). The p a t t e r n  and  degree of labeling did no t  
appear  to  change  s ignif icant ly  up to  12 h. At  the  early 
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Fig. 1. Positively labeled ascites tumor cells before their inoculation Fig. 2. Intensely labeled tumor cells in the lung tissue 1 rain after 
into the blood. Autoradiograph. • 400. their inoculation into the blood. Autoradiograph (oil immersion). 
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t ime  in terva ls  (up to  4 h) the  label t ended  to  appear  
h ighly  concen t ra t ed .  A t  12 h there  was a considerable  
lessening in t he  grain count  of m a n y  indiv idual  cells b u t  
t he  label was  still  conspicuous.  Au to rad iog raphs  of t he  
lung t issue a t  24 h still  showed a s ignif icant  presence  of 
grains a l t hough  t h e y  were more  widely  d ispersed 
(Figure 3). Diffusion of the  isotope in to  the  sur rounding  
t issue was  apparen t .  

There  were  no de tec tab le  toxic  effects following the  
admin i s t r a t i on  of t r i t i a t ed  cyt id ine  in any  of t he  animals  
s tudied.  

T u m o r  g rowth  occurred in 100% of t h e  ra t s  inocula ted  
s.c. w i th  labeled ascitic cells. 

Discussion and conclusions. The results  r epor ted  in th is  
s t u d y  d e m o n s t r a t e  t he  usefulness of the  in vivo technic  
in labeling Walke r  256 ascites carc inosarcoma cells w i th  
t r i t i a t ed  cy t id ine  to  s t u d y  the  localization of c i rculat ing 
cancer  cells and  the  possible e s t ab l i shmen t  of metas tases .  
The m e t h o d  employed  was basically simple. A single 
dose of CR-5-H ~ inocula ted  i.p. pos i t ively  labeled the  
t u m o r  cells in a shor t  t ime  (Figure 1). 

The s.c. inocula t ion  of ascitic fluid conta in ing  2,000;000 
labeled t u m o r  cells in to  rec ip ient  young  ra ts  resul ted  in 
100% takes  p rov ing  the i r  viabil i ty.  

The in jec t ion  of these  cells in to  the  c i rculat ing blood 
of hea l thy  rec ip ient  animals  resul ted  in the i r  appea rance  
in au to rad iographs  of t he  lung t issue as early as 1 rain 
af ter  the i r  in ject ion (Figure 2). The cells did no t  appear  
to change  m u c h  up to  4 h b u t  a t  12 and  24 h there  was  
a s ignif icant  decrease in the  counts  per  cell, as well as 
a more  wide dispers ion of t he  grains t h r o u g h o u t  t he  
ent i re  cell. This  was due  in p a r t  to  obvious  en l a rgemen t  
of the  cells and  to  cellular b reakdown,  as m a n y  t u m o r  
cells were found  in var ious  stages of d i s in tegra t ion  a t  
th is  t ime.  : I t  is conceivable  t h a t  there  was  some isotope 
di lut ion due  to  cellular prol iferat ion,  bu t  th is  was no t  
obvious.  

The p a t t e r n  of localization of the  t u m o r  cells in the  
lung p a r e n c h y m a  is of in teres t .  Many  isolated t u m o r  
cells could be found  sca t t e red  t h r o u g h o u t  the  t issue a t  
all t imes  a l though  more  aggregates  of cells seemed to  
be p re sen t  a t  the  la ter  t ime  intervals .  A t  12 h there  was 
evidence of passage  outs ide  the  capillaries and  pen-  
e t ra t ion  of the  alveolar  wall. 

There  was no evidence  t h a t  a s ignif icant  a m o u n t  of 
free cyt id ine  was p re sen t  in t he  ascites fluid. In  3 early 
expe r imen t s  we washed  the  ascites cells w i th  saline 
several  t imes  a f te r  wi thdrawal ,  w i th  no s ignif icant  dif- 
ference in the  cell labeling or t he  appearance  of the  cells 
in the  rec ip ient  animals .  We could f ind no evidence of 
labeling of no rma l  cells in the  recipient  animals  by  free 
cyt id ine  1-13 in t he  in jec ted  fluid. Only the  isolated t u m o r  
cells showed any  evidence of label. No isotope could be 
seen in any  o ther  organ, where  t u m o r  cells did no t  lodge, 
nor  was  there  any  evidence of isotope in t he  lungs of 
animals  which did no t  con ta in  t u m o r  cells af ter  inocu- 
lation. 

I t  is impossible  to  say t h a t  there  is no tu rnove r  of 
isotope wi th  t he  des t ruc t ion  of the  t u m o r  cells af ter  
8-12 h. However ,  a t  these  t imes  t h o u g h  there  is local 
spread  of the  isotope granules,  there  was no evidence of 
localization wi th in  cells of the  recipient  tissue. W i t h  the  
ve ry  marked  di lut ion of the  isotope in t he  rec ip ient  
animals,  the  a m o u n t  p resen t  for p ick-up by  the  animal  
cells would be so smal l  as to  be negligible, i t  seems 
reasonable  to  suppose  t h a t  the  labeled cells seen are all 
t u m o r  cells, labeled a t  the  t ime  of injection.  

There  was no a p p a r e n t  tox ic i ty  caused by  the  adminis-  
t r a t ion  of t r i t i a t ed  cyt id ine  in to  the  per i tonea l  cavi ty  
or by  the  in jec t ion  of labeled cells in to  the  blood. All 
the  animals  surv ived  these  procedures .  

The absence of toxic  effects f rom the  t r i t i a t ed  cyt id ine  
and i ts  abi l i ty  to  label 100% of viable  t u m o r  cells in a 
shor t  t ime  make this  me t h o d  a valuable  one in the  s tudy  
of t he  local izat ion of indiv idual  t u m o r  cells a f ter  the i r  
inject ion into the  blood s . 

Riassunto. Si vollero s tudiare  in vlvo le cellule neo- 
p las t iche  del Walke r  256 marca t e  con Tr i t ium Citidine 
(CR-5-H3). L ' in iezione i.p. di una  sola dose di CR-5-H 8 
~risult6 dopo un 'o ra  di  incubazione in u n ' a d e g u a t a  mar-  
ca~ura degli e lement i  neoplast ici .  L ' immiss]one  nel tor-  
ren te  sanguigno delle cellule marca te ,  r isult6 med i an t e  
studi autoradiograf ic i ,  nel l ' ident i f icazione di quesVul t ime 
n e l  pa r ench ima  polmonare .  I1 t r a t t a m e n t o  con C R-5-H a 

s t a t o  un i fo rmemen te  ben  to l lera to  in tu t t i  gli animal i  
s tudia t i .  L ' innes to  di  ascite ma rca t a  r ip roduceva  in ani- 
mall  integri t u mo r i  de l l a  s t r u t t u r a  di quello del datore.  
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Fig. 3. Sparsely labeled tumor cells in the lung tissue 24 h after 
their inoculation in the blood. Autoradiograph (oil immersion). 
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