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where  t he  q,;  are  charges  on  t h e  insect ic ide  a toms ,  qr is 
t he  charge  on  t he  receptor ,  D r ~  t h e  d i s t ance  be tween  
charges,  k a c o n s t a n t  wh ich  inc ludes  t he  rec iprocal  of t he  
dielectr ic  cons t an t ,  al~.d Ca c o n s t a n t  t a k i n g  i n to  accoun t  
i n t e r ac t i ons  o the r  t h a n  t he  e lec t ros ta t i c  b ind ing .  W e  h a v e  
ev idence  S t h a t  the  c o m p o u n d s  all  ac t  a t  t he  sod ium 
c h a n n e l  of a ne rve  m e m b r a n e  b u t  no de ta i l ed  in fo rma-  
t i on  concern ing  t he  r ecep to r  charge  d i s t r i bu t ion .  W e  
the re fore  a p p r o x i m a t e  t he  above  e q u a t i o n  b y  a s s u m i n g  
t h a t  all  r ecep to r  fac tors  are cons t an t .  Thus  

log LDso : A X qsi + C , 

i 

where  A is a s sumed  cons t an t .  Now ,2. q*i : 0 for n e u t r a l  

molecules  if t he  s u m m a t i o n  is t a k e n  over  all  t h e  a toms .  
However ,  s ince t he  model  pos tu l a t e s  two  d i s t i nc t  p a r t s  
of t he  'molecu la r  wedge '  we h a v e  t a k e n  ti le s um  over  t he  
p a r t  c o n t a i n i n g  t he  two ary l  r ings  and  the  b r idg ing  a t o m  
only  and  p laced  t he  ba l ance  of t i le  charge  on  t he  apex.  
The  resu l t s  are s u m m a r i z e d  in t he  Table .  A s t r a i g h t  l ine 
of bes t  f i t  t h r o u g h  t he  po in t s  has  a cor re la t ion  coeff icient  
of 0.998. 

This  f i nd ing  is in  accord  w i t h  t he  effects 2 of subs t i t u -  
t i on  ill t h e  a ry l  r ings  on  t he  nega t i ve  coeff icient  of 
t e m p e r a t u r e  w i t h  insec t  mor t a l i t y .  Th i s  was found  to  be 
i n d e p e n d e n t  of t he  chemica l  n a t u r e  of t he  apex  of t h e  
insect icide,  for c o m p o u n d s  of s imi la r  s ter ic  fea tu res  wh ich  
f i t  our  model .  

W e  cons ider  t he  resul t s  of th i s  work  p r o m i s i n g  enough  
to con t inue  ca lcu la t ions  w i t h  more  c o m p o u n d s  a n d  more  
accu ra t e  molecu la r  o rb i t a l  me thods .  

Zusammen/assung. Neues  V e r f a h r e n  mi t t e l s  Molekular -  
o rb i t a l -Be rech l lung  zur  V o r a u s e r m i t t l u n g  der  chemischen  
K o n f i g u r a t i o n  und  W i r k s a m k e i t  yon  I n s e k t i z i d e n  v o m  
Typ  des DDT.  
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A Study  of the  C o m b i n e d  R a m a n  and F l u o r e s c e n c e  

Ramai1 spec t roscopy  has  exper i enced  a r ev iva l  d u r i n g  
recen t  years  due  to  t he  u t i l i za t ion  of lasers  for exc i t a t ion .  
I t  has  t h u s  been  poss ible  to  e x t e n d  th i s  t e c h n i q u e  to  
s tud ies  on  t h e  c o n f o r m a t i o n  of complex  organic  molecules  
in  aqueous  solut ions ,  such  as p ro t e in s  (LORD and  Yu1).  
I t  seemed the re fore  poss ible  t h a t  new i n f o r m a t i o n  on  the  
phys i ca l  s t r u c t u r e  of t he  d o m i n a t i n g  c o n s t i t u e n t s  of 
b lood p l a s m a  m i g h t  be ob ta ined .  I n  connec t ion  w i t h  such  
s tud ies  we obse rved  t h a t  the  o v e r l a p p i n g  f luorescence 
s c a t t e r i n g  shows fea tu res  wh ich  seem to be  of cl inical  
impor t ance .  

The  weak  in t r ins i c  f luorescence of b lood p lasma ,  w h i c h  
is of t he  same order  of m a g n i t u d e  as t he  R a m a n  sca t te r ing ,  
has  no t  been  e x a m i n e d  earlier,  so fa r  as we know.  Laser  
l igh t  exc i t a t i on  a t  d i f fe ren t  w a v e l e n g t h s  were used, and  
we found  t h a t  t he  c o m b i n e d  f luorescence and  R a m a n  
spec t r a  in t h e  region 542 n m  -648  n m  are p a r t i c u l a r l y  
in t e res t ing .  The  spec t r a  are t h u s  changed  in a r egu la r  
way  a t  va r ious  diseases,  as will  be descr ibed  below. 

P l a s m a  samples  f rom p a t i e n t s  suffer ing f rom d i f fe ren t  
organic  diseases w i t h  de f in i t e ly  se t t l ed  d iagnoses  were 

S c a t t e r i n g  f r o m  H u m a n  B l o o d  P l a s m a  

ana lyzed :  Iues, erysipelas ,  mycos is  fungoides,  v i r a l  
hepa t i t i s ,  sepsis, leucemia,  and  a d v a n c e d  ca r c inoma  w i t h  
m e t h a s t a s e s  and  d i f fe ren t  p r i m a r y  site. H e a l t h y  cont ro ls  
of b o t h  sexes cover ing  all ag e g roups  were also ana lyzed .  
Af te r  a n  o v e r n i g h t  fas t  of a t  leas t  12 h, samples  of venous  
b lood were t aken .  The  b lood was col lected in s t a n d a r d  
h e p a r i n  t ubes  (Vi t rum).  Af te r  c e n t r i f u g a t i o n  for 10 m i n  
a t  2500 g, 0.1 ml  p l a s m a  was in jec ted  in to  a glass capi l lary ,  
d i a m e t e r  0.1 mm,  b y  careful  a v o i d i n g  f o r m a t i o n  of air  
bubbles .  

A Cary 82 s p e c t r o p h o t o m e t e r  w i t h  a n  a rgon  laser  was  
used. The  cap i l l a ry  was a d j u s t e d  in t h e  cen t re  of t h e  
unfocused  green l ine (514.5 nm),  w i t h  t he  axis  of t he  
cap i l l a ry  para l le l  w i t h  t he  beam.  I t  was  t ed ious  work  to 
a d o p t  the  e x p e r i m e n t a l  r u n n i n g  condi t ions ,  so t h a t  
r ep roduc ib le  spec t ra  could be  ob ta ined .  The  laser  power  
f ina l ly  used, m e a s u r e d  a t  t he  sample ,  was  150 mW.  
F luorescence  m a x i m a  a n d  b r o a d  R a m a n  bands ,  such  as 

1 R. C. LORD and N.-T. YtJ, J. molec. Biol. 50, 509 (1970). 
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Fig. 1. Spectrum from a healthy woman, 
age 23. No history of any disease. 
Routine hematological and urinary ana- 
lyzes normal. 
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t h a t  of O-H s t re tch ing  vibra t ions ,  could be separa ted  by  
use of d i f ferent  exc i ta t ion  wave leng ths  (the 514.5 and 
the  488 nm lines). The f luorescence effects which  could be 
corre la ted wi th  diseases were, as men t ioned  earlier, mos t  
p ronounced  in the  range 542-648 nm. This  cor responds  
to  a R a m a n  spec t rum in the  range 1000-4000 cm - t  
w i th  exc i ta t ion  by  the  514.5 n m  line. 

The s t anda rd  types  of clinical blood analyses  were 
pe r fo rmed  for correlat ion wi th  IRaman and fluorescence 
sca t te r ing  data .  

Af ter  the  ideal  runn ing  condi t ions  descr ibed above had  
been reached,  it  was soon revealed  t h a t  spec t ra  f rom 
hea l thy  individuals  were ve ry  similar, whereas  diseased 
s ta tes  showed var ious  deviat ions .  The spec t ra  were 
reproducible  af ter  several  mon ths  in the  same indiv idual  

Comparison between the present spectral information and ESR 

Healthy patients Diseased patients 
(13) (53) 

Normal ~ ESR 13 21 
Pathological ESR 0 32 

Normal spectrum 13 0 
Pathological spectrum 0 53 

dur ing  a cons t an t  s tage of hea l th  or disease. A typica l  
spec t rum from a hea l thy  individual ,  shown in Figure  1, 
is charac ter ized  by  the  following fea tures :  a) S t rong 
Ran]an  sca t te r ing  bands  a t  1160 and 1520 cm -1 due to  
resonance  enhanced  con juga ted  sys tems  of C-C single and  
double  bond  s t re tch ing  v ibra t ions  2, and a weaker  R a m a n  
sca t te r ing  band  at  1010 cm -~ due to C-C s t re tch ing  
v ib ra t ion  f rom aromat ic  p ro te in  side chains,  b) A maxi-  
m u m  in the  spec t rum formed by  R a m a n  sca t te r ing  
cor responding  to  the  broad  O-H s t re tch ing  v ib ra t ion  
band  at  3400 cm -1 (dominat ing~due to the  h igh  wa te r  
content)  and  the  unresolved N-H s t re tch ing  v ib ra t ion  
b a n d  at  abou t  3300 cm -1. A b road  shoulder  a t  abou t  
2900 cm -1 due to  the  C-H s t re tch ing  v ib ra t ion  band  is also 
seen. c) Background  fluorescence sca t te r ing  charac ter ized  
by  mo d e ra t e  slope upwards  in the . r ange  1000-1600 cm -~, 
and  a hor izonta l  n iveau or a s l ight  slope upwards  in the  
range 1600 to  2800 cm -1. The spec t ra  of all no rmal  cases 
obeyed the  condi t ions  ment ioned .  

In  the  combined  recording of R a m a n  and f luorescence 
sca t te r ing  of the  p lasma  from diseased individuals  of our 
mater ia l ,  we observed s t rong changes  in the  background  
spec t ra  due to changes  of the  intr insic  f luorescence.  Some 
co mmo n  general  character is t ics  in the  spec t ra  no t  ob- 
served among  hea l thy  persons,  and therefore  def ined as 
pathological ,  were as follows: a) increased slope upwards  
of the  background  sca t te r ing  curve in the  range wi th  the  

~Males: age <50:0-13 mm/h; age ~50:0-20 mm/h. Females: age 
<50:0-20 ram/h; age ~50:0-28 mm/h. 2 E. M. PoPov and G. A. KOGAN, Opt. Spectrosc. /7, 362 (1964). 
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Fig. 2. Changes in the spectrum from a 
diseased state to a healthy state in a 
patient with hepatitis. The spectra 
were obtained from a 20-year-old wom- 
an, with homologous serum hepatitis. 
The spectrum above was recorded dur- 
ing the icteric period, and a new spec- 
trum (below) was taken 20 days later 
when the patient had clinically recov- 
ered and routine liver function tests 
were normal except for the thymol 
turbidity test (0.48). 
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Fig. 3. Characteristic pathological 
spectra. The spectrum above was ob- 
tained from a woman, age 62, with 
infiltrating mammary carcinoma, 
grade II. The spectrum below was ob- 
tained from a 64-year-old woman, 
with pseudomueinous papillary cysta- 
denocareilloma. 
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m a x i m u m  fo rmed  b y  t he  R a m a n  O-H a n d  N - H  s t r e t c h i n g  
v i b r a t i o n  b a n d  (abou t  3400 cm-1),  b) A s t rong  slope 
u p w a r d s  of t he  cu rve  in t he  r ange  3600-4000 cm -1 
(f luorescence m a x i m u m  a b o v e  4000 cm -~) or a b r o a d  
f luorescence m a x i m u m  a t  a b o u t  3900 cm-1;  c) t h e  
n o r m a l l y  v e r y  weak  C-H b a n d  nea r  2900 cm -1 forms  a 
p r o n o u n c e d  m a x i m u m  in t h e  cu rve  ( th is  f ea tu re  could 
a lways  be co r re la t ed  w i t h  pa tho log ica l ly  h i g h  l ipid 
con ten t ) .  

Two examples  of pa tho log i ca l  spec t r a  are p r e sen t ed  in  
F igures  2 a n d  3. The  s p e c t r u m  in F igure  2 i l lus t ra tes  how 
the  cu rve  is n o r m a l i z e d  w h e n  t he  p a t i e n t  gets  hea l t hy .  
P a t i e n t s  w i t h  h e p a t i t i s  a lways  showed  a s teep  slope w i t h  
a m a x i m u m  below 4000 cm -1 ( type  a) above) .  All p a t i e n t s  
w i t h  a d v a n c e d  ca rc inomas  showed  such  a s teep slope due  to 
s t rong  in t r ins i c  f luorescence t h a t  t h e  s h a r p  R a m a n  b a n d s  
a t  1160 and  1520 cm -1 d id  no t  even  show up in t he  spec t r a  
(see F igure  3). 

N u m e r o u s  c o n v e n t i o n a l  f luorescence spec t roscopy  
s tud ies  h a v e  been  r epo r t ed  u t i l i z ing  t he  f luorescence of 
b lood p l a s m a  cons t i t uen t s .  I t  is, for example ,  k n o w n  t h a t  
t he  presence  of pe rox id iz ing  l ipids  in  p l a s m a  modif ies  t he  
f luorescence of s e r u m  a l b u m i n  3. T he  va r ious  spec t r a  
r epo r t ed  do not ,  however ,  show a n y  of t he  de ta i l s  discus-  
sed above,  as t he  s e n s i t i v i t y  in  r ecord ing  f luorescence 
spec t r a  are  severa l  orders  of m a g n i t u d e  lower. The  
changes  in t he  spec t r a  obse rved  do no t  seem to be  v e r y  
specific w i t h  r ega rd  to  disease accord ing  to  t h e  p r e sen t  
e x p e r i m e n t a l  ma te r i a l .  

A compar i son  in 66 r a n d o m l y  selected i nd iv idua l s  in  
our  m a t e r i a l  w i t h  t he  c o m b i n e d  R a m a n  a n d  f luorescence 
s c a t t e r i n g  ind ica t e  t h a t  t he  recorded  spec t r a  are super io r  
to  t he  d o m i n a t i n g  cl inical  screening m e t h o d ;  measure -  
m e n t  of t he  e r y t h r o c y t e  s e d i m e n t a t i o n  r a t e  (ESR).  
(See Table) .  I t  t h u s  seems as if t he  recorded  c o m b i n e d  
R a m a n  a n d  f luorescence s c a t t e r i n g  spec t r a  are  v e r y  
sens i t ive  for va r ious  pa tho log ica l  d i s t u r b a n c e s  a f fec t ing  
t he  p lasma .  The  m a i n  func t i on  of t h e  R a m a n  b a n d s  in 
these  spec t ra  is to  p rov ide  a ca l i b r a t i on  of t h e  weak  
f luorescence sca t te r ing .  

Zusammen[assung. Mit  L a s e r s t r a h l e n  ange reg te  R a m a n -  
u n d  F luo re szenzspek t r en  im B l u t p l a s m a  gesunder  u n d  
m i t  v e r s c h i e d e n e n  S y s t e m e r k r a n k u n g e n  b e h a f t e t e r  F r a u e n  
u n d  M~inner werden  m i t  der  B l u t s e n k u n g s r e a k t i o n  
korre l ier t ,  wobe i  s ich U n t e r s c h i e d e  zwischen n o r m a l e n  
u n d  pa tho log i s chen  F~illen zeigen. 
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