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L i g h t  yel]ow (Edna l i t e  K2), l i gh t  green  (G1) a n d  l igh t  
blue (No. 80) p h o t o g r a p h i c  f i l ters  h a v e  p r o v e d  more  
s a t i s f ac to ry  t h a n  deep red  (R2), b i l t  t h i s  m a y  be  a 
pe r sona l  m a t t e r  a n d  poss ibIy  a f u n c t i o n  of one ' s  color 
vis ion.  A n  e x a m p l e  of a s t e reopa i r  for wh ich  th i s  ap-  
p r o a c h  has  p r o v e n  successful  is g iven  in t he  Figure.  This  
m e t h o d  ha s  been  found  equa l ly  useful  for sec t ioned  
mate r ia l .  

a p p r 6 c i a b l e m e n t  la fa t igue  e t  les m a u x  de t~te  que 
b e a u c o u p  r e s s e n t e n t  au cours  de ces man ipu l a t i ons .  
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Rdsumd. On propose  l ' emplo i  d ' u n  6cran  color6, 
dispos6 d e v a n t  u n  des oculaires,  c o m m e  aide 5~ la super-  
pos i t ion  d ' images  pa i res  p o u r  l ' o b s e r v a t i o n  s t6r6oscopique 
d ' o b j e t s  examin6s  en  microscopie  ~ ba layage .  Le f i l t re  
p e r m e t  u n  a l i g n e m e n t  facile et  rapide,  ce qu i  r6du i t  
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A N e w  Method in Cytospec trophotometry  

Classical  c y t o s p e c t r o p h o t o m e t r y  measures  q u a n t i t a t i -  
ve ly  t he  va r ious  chemica l  c o m p o n e n t s  ex i s t ing  in a g iven  
p a r t  of t he  cell. Un l ike  t he  classical  me thods ,  t h e  m e t h o d  
used here  revea ls  t he  changes  occur r ing  in t he  p r o p o r t i o n s  
in wh ich  these  d i f fe ren t  chemica l  c o m p o n e n t s  ex is t  w i t h i n  
t he  cell. As a n  example ,  t he  changes  shown  are  i nduced  b y  
X - r a y s  in t he  r a t  l y m p h o c y t e  nucleus.  One s t a r t s  f rom t h e  
p remises :  1. The  l y m p h o c y t e s  of t he  same  age, f rom the  
pe r iphe ra l  c i rcula t ion ,  h a v e  t he  same  chemica l  nuc lea r  
compos i t ion ,  i.e. t h e  p r opo r t i ons  of t he  nucle ic  acids, 
nuc leopro te ins ,  are  t he  same  in t he  all  nuclei .  2. These  
p ropo r t i ons  d e t e r m i n e  t he  colour  of t he  nuc leus  in a 
p a n c h r o m a t i c  s t a in ing  m a d e  w i t h  a complex  s ta in ,  l ike 
Giemsa,  in wh ich  t he  co lour ing  subs t ances  (Eosine, Azur  
a n d  Methy lb lau ) ,  h a v e  d i f fe ren t  af f in i t ies  for t he  nuc lea r  
componen t s .  3. B y  a n y  chemical ,  phys i ca l  or biological  
aggress ion  (here a phys i ca l  one), w h i c h  p rovokes  defense  
reac t ions ,  t he  p ropo r t i o ns  of d i f fe ren t  nuc lea r  c o m p o n e n t s  
m u s t  change,  a n d  these  changes  are revea led  b y  changes  in 
colour.  

Thus ,  b y  d e t e r m i n i n g  w i t h  t he  'T r i s t imu l i '  me thod1 ,  
t he  coord ina tes  of I lot  of l y m p h o c y t e  nucle i  p a n c h r o m a t -  
ical ly  s ta ined ,  one o b t a i n s  in  t he  eolours t r i ang le  a 
r e c t a n g u l a r - s h a p e d  conf idence  area,  w i t h  t he  bas is :  
Zrae~ =~ ~e a n d  t h e  h e i g h t :  Ym~e 4- he, in  w h i c h  reside,  
s t a t i s t i ca l ly  s igni f icant ,  t h e  g rea t  m a j o r i t y  of t he  nuclei .  

The  m e a s u r e m e n t s  were m a d e  w i t h  a mic rospec t ro -  
p h o t o m e t e r  bu i l t  b y  a n  a d e q u a t e  a s sembl ing  of a Re i che r t  
Z e t o p a n  microscope  wit t l  a B e c k m a n  ]3 spec t ropho to -  
meter ,  a Lei tz  P a n p h o t  m i c r o p h o t o d e v i c e  a n d  a G r aph i -  
spo t  Se f ram recorder .  A group  of 24 wh i t e  mice, un-  
se lected as concerns  age, sex or pa tho log ica l  an teceden tes ,  
was ut i l ized.  The  p r o g r a m m  of b lood d r aw i ng  f rom t he  t a i l  
ve in  a n d  i r r ad i a t i on  of t he  mice  is p r e sen t ed  in t h e  Table.  

I n  t he  u n i r r a d i a t e d  stage,  2 smears  were m a d e  to check  
w h e t h e r  t he  in jur ies  p r o v o k e d  to  t he  ta i l  do no t  induce  
unspecif ic  c h r o m a t i c  changes ;  th i s  was  no t  t he  case. To 
avo id  s t a in ing  ar te fac ts ,  t he  samples  were chemica l ly  
f ixed i m m e d i a t e l y  a f t e r  smear ing ,  a n d  were s ta ined ,  all  
toge ther ,  in  t he  same  b a t h  up  to  t he  10 th  day.  Micro- 
s p e c t r o p h o t o m e t r i c  curves  were p l o t t e d  f rom 2 = 400 n m  
to Z = 760 n m  for 2 d i f fe ren t  l y m p h o c y t e s  on  each  
sample .  The  area, explored  in t he  nuc leus  was r o u n d  
w i t h  a d i a m e t e r  of a b o u t  3.5 ~zm. "When t he  peaks  differed 
w i t h  more  t h a n  2 = 5 rim, 2 s u p p l e m e n t a r y  cu rves  for  
2 o t h e r  e l emen t s  were  p t o t t e d  and  i n t r o d u c e d  in  t he  
m e a n  value.  The  t r a n s m i s s i o n  was ca lcu la ted  as func t i on  
of t he  b l a n k  p lo t t ed  in a free area  in t he  n e i g h b o r h o o d  of 
t he  m e a s u r e d  e lements .  The  c h r o m a t i c  coord ina tes  were 
ca lcu la ted  in c o n f o r m i t y  w i t h  t he  m e t h o d  of 10 selected 
ord ina tes .  

Results. 1. The  colour  of G iemsa  s t a ined  mouse  l ympho-  
cytes  occupies  in t he  colour  t r i ang l e  a r e c t a n g u l a r - s h a p e d  
conf idence  a rea  w i t h  t he  coord ina te s :  

x 4- 3 e = 0.2684 4- 0.0102 
y 4- 3e = 0.1782 4- 0.0192 

2. I r r a d i a t i o n  w i t h  X-rays ,  55 IZV a n d  250 R, p rovokes  
i ts  sh i f t  to  t he  coord ina te s :  

x 4- 3e = 0.2583 ~ 0.0105 
Y i 3e = 0.1563 ~ 0.0147 

3. A new i r r ad i a t i on  w i t h  t h e  same  dose m a i n t a i n s  t he  
size, d i rec t ion  and  sense of t he  shift ,  b u t  reduces  t he  
d ispers ion  

x • 3 e = 0.2583 4- 0.0099 
Y i 3e = 0.1530 4- 0.0087 

4. The  v isua l  eff ic iency ( the green  s t imul i  va lue  Y) 
also suffers a sh i f t :  

before irradiation: Y J= 3e = 0.256 4- 0.0054 
after 250 R: Y 4- 3e = 0.222 =~ 0.0048 
after 500 R:  Y ~= 3e = 0.200 4- 0.0021 

The  an ima l s  be ing  unse lec ted ,  t h e  c h r o m a t i c  sh i I t  is 
i nduced  on ly  b y  i r r ad i a t i on  a n d  is specific to  it. I n  our  
e x p e r i m e n t  t he  t y p e  of cell and  of aggression,  t h e  s ta in ,  
a n d  t he  t i m e  de lay  b e t w e e n  aggress ion  a n d  m e a s u r e m e n t  
h a v e  been  t a k e n  w i t h o u t  a n y  o p t i m i z a t i o n  s t u d y ;  such  a 
s t u d y  could h a v e  d e t e r m i n e d :  1. t h e  cell w i t h  t he  m o s t  
s ign i f i can t  r eac t ion  for eve ry  k i n d  of aggression,  2. t he  
s t a in  w i t h  t he  m o s t  sens i t ive  colour  v a r i a t i o n  for eve ry  
t y p e  of change  occur r ing  in  t he  nuc lea r  composi t ion ,  a n d  
3. t he  de lay  for wh ich  t h e  c h r o m a t i c  sh i f t  has  i ts  m a x i m a l  
value .  

Discussion. The  cap i t a l  l e t t e r s  s t a n d  for the  nuc lea r  
c o m p o n e n t s  of a wel l -def ined k i n d  of cell, e.g. A 1 = t he  
a m o u n t  of D N A  in t he  nuc leus  of l y m p h o c y t e  No. 1. 
B 2 = t h e  a m o u n t  of B t y p e  p r o t e i n  in  t he  nuc leus  of 
l y m p h o c y t e  No. 2, we h a v e :  

A 1 + B 1 + C 1 + . . . . . . . . .  + N 1 = 01 

A2 + B2 + C 2 + . . . . . . . . .  + N 2 = 02 

An + B~, + Cn+ . . . . . . . . .  + N~ ~ On 

1 The Science o~ Colour (The Comlnitee on Colourimetry of the Opti- 
cal Society of America; Thomas Crowel Co., New York 1953). 

2 A. C. HARDY, Handbook o/ Colorimelry (The Technology Press 
M,I.T., Cambridge, Mass. 1936). 
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A) The location of confidence areas in the.colours triangle. B) The same as A) at a larger scale. 
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in  wh ich  Ot r ep resen t s  t he  we igh t  of t he  nuc leus  of cell 
No. 1. The  cells be ing  of d i f fe ren t  sizes 

O~ = Oj then A~ r Aj, B~ # By, . . . . . . .  Ni # 1Nj 

b u t  for ceils of t h e  same k i n d  a n d  age, we can  consider  

A I A~ An 

0 i 0~ O~ 

B i -- B z __ Bn __ 

0 i O~ 0~ 

N 1 N 2 Nn 
0 i = O~ . . . . . . . . .  On =W 

and  ~ + # + . . . . . . . . . .  + W = 1 for all  cells. 
The  classical  c y t o s p e c t r o p h o t o m e t r y  measures  A,, 

B,, .N,.  These  q u a n t i t i e s  are  f(O, S), i.e. f unc t i on  of 2 
va r i ab les  in wh ich  O represen t s  t h e  size or we igh t  of t he  
cell and  S rep resen t s  t he  chemica l  s t r u c t u r e  of t he  nuc leus  
requ i red  b y  t he  immuno- pa t ho l og i ca l s  s t a t e  of t he  animal .  
Acord ing ly ;  t h e  i n t e r p r e t a t i o n  of differences  A A i . . A  Nt 

is equivocal ,  because  we do no t  klloW A N t  = / ( O )  or 
d N ,  = / ( s )  or  A N ,  = / (O, S). 

The  m e t h o d  here  descr ibed  po in t s  ou t  t he  v a r i a t i o n s  of 
chemica l  c o m p o n e n t s  wtl ich be ing  i n d e p e n d e n t  of cell 
size, are  a f unc t i on  on ly  of nuc leus  s t ruc tu re .  B y  a d e q u a t e  
m e a s u r e m e n t s  t h e  sh i f t  in  t h e  colour  t r i ang le  m a y  be  
ca l i b r a t ed  a n d  t h e  c h r o m a t i c a l  coord ina tes  can  be  
s t a n d a r d i z e d  as regards  chemica l  composi t ion .  

Zusammen/assung. Versuch  der  A n w e n d u n g  e iner  
co lo r ime t r i schen  Me thode  ftir die Z y t o s p e k t r o p h o t o m e -  
t r i sche  U n t e r s u c h u n g  b io logischer  Sys teme.  Als ge- 
e ignetes  U n t e r s u c h u n g s o b j e k t  erwies s ich der  L y m p h o -  
z y t e n k e r n  n i t  se iner  b e s o n d e r e n  E m p f i n d l i c h k e i t  gegen- 
t iber  m u t a g e n e n  Agent ien .  Die  M e t h o d e  e r l a u b t  ein 
prgzises  Verfo lgen  der  v e r n r s a c h t e n  Ve rgnde rungen .  
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