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After  4 days,  mos t  of the  cells remained  on the  surface 
of the  solid m e d i u m  as spherical  clusters of abou t  20-50 
cells, b u t  some were found to have  migra ted  th rough  the  
medium,  appear ing  as f l a t t ened  individuals  on the  floor 
of the  dish. In  subsequen t  exper iments ,  therefore,  the  
cell suspens ion  was inocula ted  direct ly  on to the  floor 
of t he  dish, af ter  cu t t ing  a cent ra l  5 m m  well th rough  the  
whole th ickness  of the  medium.  After  incuba t ion  for 14 
days  these  cells had  prol i fera ted  centr i fugal ly  benea t h  
the  gel to  p roduce  a circular monolayer  abou t  1 cm in 
d iamete r  clearly visible to the  naked  eye (Figure 1). Sub- 
cul tures  into fluid med ium showed t h a t  the  cells survived 

Fig. 2. Pattern of distribution of 3T6 fibroblasts after 14 days in- 
cubation. Haematoxylin and eosin. • 7. 

in these  condi t ions  up to 6 weeks af ter  inoculat ion,  wi th-  
out  any  fu r ther  addi t ion  of medium.  This long survival  
suggests  appl ica t ions  as a t r a n s p o r t  medium.  

The expe r imen t  was then  repea ted  using smoo th  
muscle cells, cu l tured  in vi t ro  f rom exp lan t s  of pig aort ic  
media.  These ceils did no t  survive,  so the  exper iments  
were again r epea t ed  using, ins tead  of agar,  3% agarose 
(initially agarose F.3083, la ter  Indubiose  A.45, L ' I n d u s -  
tr ie Biologique Francaise ,  S.A.). This change was sug- 
gested by  CUTLER'S use of agarose-conta in ing  media  3, in 
a ve ry  similar sys tem,  for the  de tec t ion  of neu t rophi l  
chemotaxis .  In  agarose medium,  the  s mo o t h  muscle ceils 
f l a t t ened  on the  floor of the  dish and  survived for up to 
3 weeks b e n e a t h  the  m e d i u m  close to  t he  cent ra l  well; t he  
ra te  of cell prol i fera t ion was much  less t h a n  t h a t  of the  
3T6 fibroblasts ,  b u t  for the  p resen t  purpose  t h a t  is of no 
consequence.  

E x p e r i m e n t s  are now in progress  in which mater ia ls  
are in t roduced  in to  shallow wells in the  per iphery  of the  
medium.  These expe r imen t s  suggest  t h a t  the  d is t r ibu t ion  
p a t t e r n  of the  cells can be modif ied  by  th is  means ;  and  
therefore  t h a t  t he  t echn ique  is sui table  for t he  de tec t ion  
of bo th  chemotax i s  and g rowth -p romot ing  subs tances  
(GOLD, TAYLOR, LEVENE and MITCHINSON, unpublished 
results).  

An expe r imen t  can be concluded a t  any  conven ien t  
t ime b y  f ixing the  adhe ren t  cells in si tu by  the  addi t ion  
of f ixat ives  such as formol  saline and  then  t ipp ing  the  
solid disc of med i u m out  of the  plate.  The cells can t h e n  
be s ta ined by  var ious  rout ine  me t h o d s  (e.g. haema toxy l in  
and eosin) but ,  because xylene dissolves the  plastic,  
araldi te  should be used as the  m o u n t a n t .  I n  this  way  a 
p e r m a n e n t  record of t he  g rowth  p a t t e r n  is ob ta ined  
(Figure 2). Vv*e believe the  t echn ique  has broad  appli-  
cations.  

a j.  F. CUTLER, Proc. Soc. exp. Biol. Med. ld7, 471 (1974). 
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Summary. Using R a m a n  spect roscopy,  we d e m o n s t r a t e  t h a t  low levels of fl-carotene, lycopene,  and  x a n t h o p h y l l  give 
rise to resonance  enhanced  bands  in blood plasma.  These results  explain t he  significance of previously  unident i f ied  
spect ra l  m a x i m a  which  have  been  re la ted  to  the  s ta te  of hea l th  of the  blood donor.  

In  1974 LARSSON and  HELLGREN 1 repor ted  t h a t  b o t h  
the  R a m a n  and  fluorescence spec t ra  of h u m a n  blood 
p l a sma  change  marked ly  depending  on the  s ta te  of hea l th  
of t he  individual .  The laser R a m a n  spec t rum of blood 
p l a sma  exhibi t s  th ree  sca t te r ing  max ima  super imposed  
on a f luorescence background.  We now repor t  t h a t  these  
previous ly  unident i f ied  bands  1 arise f rom the  carotenoids  
in blood plasma,  and thus  r epo r t  the  di rect  de tec t ion  of 
caro tenoids  in blood p lasma  by  resonance R a m a n  spect ro-  
scopy. 

Carotenoid p igmen t s  are in tense ly  coIored, and t h ro u gh  
the  coupling of electronic and  v ibra t iona l  modes  give rise 
to a resonance  enhanced  s p ec t ru m which can be de tec ted  
at  10 -7 M 2, a. Prev ious  work  has shown t h a t  caro tenoids  
are carried by  p lasma  prote ins  a t  levels of ca. 10 .6 M *. 
Thus,  we bel ieved t h a t  direct  observa t ion  of carotenoids  
by  the  resonance  R a m a n  techn ique  should be p o s s i b l e .  
Repe t i t ive  measu remen t s  on h u m a n  blood p lasma showed 
the  three  m a x i m a  at  1517, 1157 and  1005 cm -1 (Figure a, 
Ar+ laser a t  514.5 nm). These frequencies  and re la t ive  

Resonance Raman spectra (cm -I) in chloroform 

/~-Carotene 

Lit.s,a Authenticsanlple ~ Fraction I 

Lycopene Xanthophylls 

Lit.2,a Fraction II Authentic sampleb Fraction III 

v 2 1527 1523 1523 
v 1 1158 1157 1157 
v 4 1006 1006 1006 

1516 1516 1525 1525 
1156 1155 1158 1157 
1004 1004 1007 1.005 
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Visible absorption spectra (nm) in n-Hexane 

Speeialia 1.353 

fi-Carotene 

Lit. 6 Authentic sample ~ Fraction t 

Lycopene Xanthophylls 

Lit. s Fraction II Litd Authentic sample b Fraction III 

1. 482 474 474 
2. 451 449 449 
3. 430 427 427 

506 497 480 471 468 
476 467 450 443 441 
447 438 421 421 

All trans-fl-carotene (Aldrich); b Vegetable hltein (ICN). 
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Resonance Rainai1 enhanced vibrational spectra of a) blood plasma 
(heparin, subjects fasted 12 h) ; b) petroleum ether extract of alcohol 
denatured blood plasma in chloroform, and c) fl-earotene (Aldrich) 
in chloroform. Excitation by 5145 A from argon iota laser, power 
20 100 mW, scattered radiation analyzed at right angles to incident 
beam by Cary 82 triple monochromator. Typical spectrophotomer 
settings were: spectral band width 3 cm -a, scan speed 2 eln-a/sec 
and pen period 1 sec. 

i n t e n s i t y  ra t ios  c o m p a r e  v e r y  f a v o r a b l y  wi th  those  for 
trans-f l-carotene which  are v 2 = 1523, vl = 1157 a nd  
va = 1006 c m - t  (Figure  c), a n d  are s imi la r  to t he  r e sonance  
R a m a n  spec t r a  of o the r  ca ro teno id  species 2, 3. 

Since ca ro teno id  p ro fe in  b ind ing  m i g h t  inf luence  the  
obse rved  spec t ra ,  e x t r a c t i on  a nd  f r ac t i ona t ion  exper i -  
m e n t s  were carr ied ou t  5. H u m a n  blood p l a s m a  was  de- 
n a t u r e d  w i th  m e t h a n o l  a nd  t h e  r e s u l t a n t  su spe ns ion  ex- 
t r a c t e d  w i th  p e t r o l e u m  ether .  The  R a m a n  s p e c t r u m  of the  
c o n c e n t r a t e d  p e t r o l e u m  p h a s e  (Figure  b) showed  t h e  ex- 
pec ted  in tens i f i ca t ions  of t he  th ree  ca ro teno id  b a n d s  
wh ich  occur red  a t  f requenc ies  ident ica l  to  those  of un -  
t r e a t e d  blood p l a s m a  (Figure  a). 

F r a c t i o n a t i o n  e x p e r i m e n t s  were carr ied ou t  to  de ter -  
m ine  t he  c o n t r i b u t i o n  of specific ca ro teno ids  to t he  to t a l  
R a m a n  spect ra .  Three  colored b a n d s  were ob t a ine d  by  
a c h r o m a t o g r a p h i c  m e t h o d  e m p l o y i n g  e l u a n t s  of increas-  
ing po la r i t y  5. 

The  r e sonance  R a m a n  a n d  visible a b s o r p t i o n  spec t r a  
of t he  f i rs t  f rac t ion  c o m p a r e d  f a v o r a b l y  to pub l i shed  
spec t r a  of f l-carotene 2, 3, 6 a nd  were found  to be iden t ica l  
to a n  a u t h e n t i c  s a mp le  recorded  in th i s  l a b o r a t o r y  (Table 
a nd  F igu re  c). T h e  r e sonance  R a m a n  s p e c t r u m  of the  
second f rac t ion  was  ident ica l  to  t he  pub l i she d  s p e c t r u m  
of lycopene,  a nd  i ts  visible a b so rp t i on  s p e c t r u m  c o m p a r e d  
f a v o r a b l y  to l i t e r a tu re  va lues  2, 3, 6 (Table). Similar ly,  the  
th i rd  f rac t ion  was  in a g r e e m e n t  w i t h  t he  r e sonance  
R a m a n  a nd  vis ible  a b so rp t i on  d a t a  for  t he  x a n t h o -  
phy l l s  5-~ (Table). 

As ind ica ted  above,  t he  c u r r e n t  m e t h o d  for the  detec-  
t ion  a n d  q u a n t i f i c a t i o n  of ca ro tenes  invo lves  a t ime  con- 
s u m i n g  p rocedure  to  e x t r a c t  t he  ca ro teno ids  f rom blood 
p l a sma .  The  ca ro tene  level  c a n n o t  be d i rec t ly  de t ec t ed  in 
blood p l a s m a  us ing  visible a b so rp t i on  m e a s u r e m e n t s  be- 
cause  of in te r fe rence  b y  o the r  colored c o m p o n e n t s ,  e.g. 
bi l i rubin,  w h ic h  abso rb  in t he  s a m e  region.  Thus ,  t he  
1Raman s p e c t r u m  (Figure a) showing  t he  sma l l  b u t  d i s t inc t  
ca ro teno id  b a n d s  of blood p l a s m a  is the  f i rs t  d e m o n s t r a -  
t ion  of d i rect  de tec t ion  b y  a n y  m e t h o d .  

The  original  work  of LARSSON a nd  HELLGREN 1 indi-  
ca t ed  t h a t  t he  i n t e n s i t y  of t he  b a n d s  as well as t he  fluo- 
rescence b a c k g r o u n d  in blood p l a s m a  c h a n g e  d ras t i ca l ly  

1 J6~. LARSSON and L. HELLGREN, Experientia 30, 481 (1974). 
2 L. RIMAI, R. G. KILPONEN and D. GILL, J. Am. chem. Sue. 92, 3824 

(1970). 
D. GII~L, R. G. KILPON~rZ and L. RIMAI, Nature, Land. 227, 743 
(1970). 

4 C. LONO, Biochemistry Handbook (Van Nostrand, New York 1961), 
p. 865. 

5 D. H. BLANKEN~ORN, J. biol. Chem. 227, 963 (1951). 
T. W. GOODWIN, Chemistry and Biochemistry o[ Plant Pigments 
(Academic Press, London 1965), p. 88. 

7 p. G. STECHER, Merck Index, 8th edn. (Merck, Rahway 1968), 
p. 1120. 
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in re la t ion  to  the  s t a t e  of h e a l t h  of the  ind iv idua l .  I t  is 
well  k n o w n  8," t h a t  ca ro teno id  and  v i t a m i n  A levels in 
b lood are d i rec t ly  re la ted  to diseases wh ich  af fec t  t he  si tes 
of ca ro t ene  m e t a b o l i s m  such  as t he  smal l  in t e s t ines  a n d  
liver. I t  m a y  become possible,  therefore ,  to  b o t h  de t ec t  
a n d  i nves t i ga t e  v e r y  specific disease s t a t e s  b y  examina -  
t i on  of b lood p l a s m a  us ing  t he  r a t h e r  u n u s u a l  t e c h n i q u e  
of r e sonance  R a m a n  spect roscopy.  P r e l i m i n a r y  inves t iga -  
t ions  of Rhesus  m o n k e y  p l a s m a  in our  l a b o r a t o r y  gave  
spec t ra  s imi lar  to  t h e  r e sonance  R a m a n  spec t ra  of h u m a n  

blood p lasma.  T h a t  sub jec t  a n d  t he  r e l a t ionsh ip  of R a m a n  
spec t ra  to  f u r t h e r  s tudies  in h u m a n  a n d  a n i m a l  h e a l t h  
will be  the  topic  of fu tu re  c o m m u n i c a t i o n s .  We  t h a n k  
Dr. D. CARLO, P. KNISKERN a n d  J. JACKSON for p r o v i d i n g  
t he  Rhesus  m o n k e y  blood. 

s L. COVACEV and G. SALoMoNE, Ann. Ist. Carlo Forlanini 25, 349 
(1966). 

s y. YAMAMOTO and S. TANOKA, Gann 58, 147 (1967). 
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Summary. The  r educ t ion  of p - n i t r oca t echo l  sulfate,  t he  ar t i f ic ia l  s u b s t r a t e  of a ry l su l fa tases  followed b y  a condensa t i on  
of a succinic  anhydr ide ,  gives a l igand for t he  pur i f i ca t ion  of the  e n z y m e  b y  a f f in i ty  c h r o m a t o g r a p h y .  

To pur i fy  a ry l su l fa tases  (EC 3.1.6.1.), severa l  m e t h o d s  
were r epor t ed ,  us ing  ace tone  p r ec ip i t a t i on  2, C.M. Se- 
phadex ,  G200 Sephadex ,  etc. U n f o r t u n a t e l y ,  t h e y  in- 
vo lved  n u m e r o u s  steps,  and  ac t ive  e n z y m e  was genera l ly  
o b t a i n e d  in poor  yield.  

Af f in i ty  c h r o m a t o g r a p h y  seemed  to be a n  a t t r a c t i v e  
m e t h o d  to  pur i fy  a ry l su l fa tases  f rom smal l  q u a n t i t i e s  of 
tissues. I t  was f i rs t  t r i ed  b y  SLOAN et  al. 3 us ing  psycho-  
sine s u l p h a t e  as l igand,  b u t  d u r i n g  th i s  s tep  t he  e n z y m e  
was pur i f ied  twice  only.  Moreover ,  psychos ine  su lpha t e  
is no t  read i ly  ava i l ab le  because  t he  su l fa te  g roup  is v e r y  
sens i t ive  to  t he  acidic m e d i u m  requ i red  for t he  c leavage  
of t he  f a t t y  acid 4. 

W e  h a v e  prefe r red  to use t he  ar t i f ic ial  s u b s t r a t e  of t he  
enzyme,  p -n i t r oca t echo l  su l fa te  (I) (p NCS).  Th i s  com- 
p o u n d  c a n n o t  be used as a l igand  as such  because  i t  h a s  
no  a m i n o  or  c a rboxy l  g roup  to  b ind  to t he  Sepharose  4B 
C N B r  a c t i v a t e d  m a t r i x ;  t he  r educ t i on  of t h e  n i t ro  g roup  
a l lowed to r each  t he  requ i red  amino  g roup  (p-amino-  
ca techo l  su l fa te :  p-ACS).  T he  wel l -known i n s t a b i l i t y  of 
such  aminoca t echo l s  to  o x y d a t i o n  led us to  p r o t e c t  i t  b y  
fo rming  a n  amido  group.  This  is t he  r eason  w h y  we h a v e  
condensed  a succinyl  cha in  on  t h e  p-ACS. T he  r e s u l t a n t  
amide  shou ld  be  m u c h  less oxidizable  t h a n  t he  s t a r t i n g  
amine .  The  two  s teps  of th i s  syn thes i s  are shown  in t he  
Formulae .  

NO2 

- - )  

NH 2 NH-CO-CHf-CH~COOH 

I II IF 

haza rdous .  H y d r o g e n a t i o n  over  5% Pd /C  a t  50~ a n d  
50 bars  in aqueous  e thano l  50 :50  (v :v)  gives tars.  F ina l ly  
we used 98% h y d r a z i n e  h y d r a t e  ove r  R a n e y  Nickel  in 
aqueous  so lu t ion  ~, which  lead to  t he  amino  compound .  
The  c o n d e n s a t i o n  of t he  succinyl  cha in  on t h e  p-ACS pre-  
v e n t e d  effect ively  the  o x y d a t i o n  of t he  l igand which  m u s t  
be k e p t  dry.  Indeed,  a slow d a r k e n i n g  was observed  a f te r  
several  days  in aqueous  solut ion,  cor responding  to  an  
hydro lys i s  of the  su l fa te  g roup  (as seen b y  IR) .  

Experimental. Genera l  procedure ,  p -n i t roca t echo l  sul- 
fa te  d i p o t a s s i u m  sal t  was  suppl ied  f rom S igma  Co. UV-  
spec t ra  (water) were recorded  on  a V a r i a n  635 M Spectro-  
p h o t o m e t e r .  I R - s p e c t r a  were pe r fo rmed  as K B r  pel le ts  
us ing a Pe rk in  E l m e r  457 S p e c t r o p h o t o m e t e r  and  N M R -  
spec t ra  on  a Jeol  C 60 H L  a p p a r a t u s  us ing  T.M.S. as an  
in t e rna l  s t a n d a r d .  

p - A m i n o c a t e c h o l  sulfate.  98~o h y d r a z i n e  h y d r a t e  (0.9 
ml) a n d  R a n e y  Nickel  (Merck) (1 g) were added  to a n  
aqueous  so lu t ion  (20 ml) of p -n i t r oca t echo l  sul fa te  (500 
mg). The  m i x t u r e  was s t i r red  d u r i n g  5 min  un t i l  comple te  
decoloura t ion .  Af ter  f i l t ra t ion ,  lyoph i l i za t ion  gave a grey  
res idue (II). u v  (water) :  245 i lm;  I R :  3380-3300 (NH),  
1600 (a romat ic  C = C ) ,  1245 a n d  1050 (sulfate group),  810 
(a romat ic  C-H)  cm -1. 

p -Succ iny l aminoca t echo l  sulfate.  N-e thy l ,  N ' - (3-d i -  
m e t h y l a m i n o p r o p y l ) - c a r b o d i i m i d e  hydroch lo r ide  (400 mg) 
and  succinyl  a n h y d r i d e  (300 mg) were added  to an  aqueous  
so lu t ion  (20 ml) of t h e  p reced ing  c rude  p - a m i n o c a t e c h o l  
sulfate.  The  m i x t u r e  was s t i r red  for 2 h a t  room t e m -  
p e r a t u r e  and  lyophi l ized.  The  res idue was washed  w i t h  
d i e t h y l e t h e r  (4 • 20 ml) a n d  dr ied  w i t h  a s t r e a m  of ni-  
t rogen.  Th i s  c o m p o u n d  ( I l l )  p r e s e n t e d  t h e  following ab-  
so rp t ions :  U V  (H20) 2m~z: 235 nm.  I R :  35OO (OH), 3480 
(NH), 1725 (acid), 1675 (amid),  1245 a n d  1050 (sulfate 
group),  810 (a romat ic  C-H)  cm -1. N M R  (D.M.S.O.d6):  
d2,1 (m,4H CH2) ,6 ,5(m,3H a r o m a t i c  H). 

The  i n s t a b i l i t y  of t he  s t a r t i n g  p r o d u c t  l imi ted  t he  
choice of t he  m e t h o d s  used for  t h e  r educ t i on  of the  n i t ro  
group.  I n  acidic med ium,  su l fa te  g roup  is hyd ro lyzed  3, 
while  in  basic  m e d i u m  th i s  a m i n o p h e n o l  is qu ick ly  oxi- 
dized;  a n y  increase  in t e m p e r a t u r e  favours  th i s  oxidi-  
zat ion.  The  inso lub i l i ty  of t he  s t a r t i ng  m a t e r i a l  in m o s t  
of t h e  organic  so lven t s  exc luded  the  r educ t i on  in a n h y -  
d rous  m e d i u m :  t h e  use of mixed  m e t a l  h y d r i d s  seemed 

1 Address for reprints: G. Dusols, Laboratoire de Neurochimie 
INSERM U. 134, H6pital de la Salp~tri6re, 47, Bld. de de l'H6pi- 
tal, F-75634 Paris C6dex 13, France. 
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