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DBI-I in  t he  p inea lec tomized  g roup  as c o m p a r e d  w i t h  t h a t  
in  t h e  u n o p e r a t e d  control ,  t h e  difference b e t w e e n  p inea-  
l ec tomized  a n d  s h a m  groups  was n o t  s t a t i s t i ca l ly  signifi-  
c a n t  in th i s  second e x p e r i m e n t  w i t h  t h e  l igh ts  lef t  on. 

Discussion. LEw and  QuAY s h a v e  shown  t h a t  ad r ena l  
n o r e p i n e p h r i n e  (NE) con ten t ,  in t he  same  r a t  s t r a i n  ($1), 
is h ighes t  a t  m idda rk ,  wh ich  is cons i s t en t  w i t h  our  ea r ly  
n i g h t  t i m e  t ise  in  D B H  ac t iv i ty .  H ow eve r  our  resu l t s  for 
m i d d a y  D B H  ac t i v i t y  level  do n o t  para l le l  t h e  h i g h  mid-  
d a y  ad rena l  N E  c o n t e n t  obse rved  b y  t he  above  au tho r s .  
Nor  do t h e y  exp la in  t h e  f ind ings  of DIJNN and  LIN 9 who  
r epo r t ed  t h a t  a d r e n o m e d u l l a r y  N E  c o n t e n t  is lowes t  
d u r i n g  n i g h t  w h e n  ep inephr ine  (E) s tore  is v e r y  h i g h  9, l0 
I t  m i g h t  be  no ted ,  however ,  t h a t  t he re  are a t  l eas t  
severa l  reasons  w h y  one should  n o t  expec t  necessar i ly  
close cor re la t ions  in  t i m e  b e t w e e n  levels of a d r e n o m e d u l -  

�9 l a ry  DBI-t a c t i v i t y  a n d  of N E  a n d  E : 1. A d r e n o m e d u l l a r y  
NE,  in  a d d i t i o n  to  be ing  t he  p recursor  of E,  is also secre ted  
as an  i n d e p e n d e n t  ho rmone .  2. N E  and  E in t he  m edu l l a  
are ava i l ab le  i n t e r c h a n g e a b l y  in s torage-vesic les  in  b o u n d  
fo rm a n d  in t he  cy top l a smic  sap in a free pool. 3. T h e y  
undergo  a c o n t i n u o u s  a n d  c o n c o m i t a n t  ca tabo l i c  process  
of ox ida t ive  d e a m i n a t i o n  ( in t ra-ves icular ly)  a n d  0 -  
m e t h y l a t i o n  (free cy toplasmic)  11. 

Our  resu l t s  sugges t  t h a t  t he  n o c t u r n a l  rise in  ad r ena l  
D B H  a c t i v i t y  is b o t h  p inea l -  a n d  d a r k n e s s - d e p e n d e n t  
(Figure).  However ,  we can  n o t  y e t  ru le  ou t  t he  poss ib i l i ty  
t h a t  in  t h e  p inea l ec tomized  a n i m a l  a phase  sh i f t  in  D B H  
rise occur red  r a t h e r  t h a n  necessar i ly  a n  abol i sh ing  of t h e  
D B H  per iodic i ty .  A l t h o u g h  an  effect  of p i n e a l e c t o m y  on  
a n  a d r e n o m e d u l l a r y  a c t i v i t y  or f u n c t i o n  ha s  n o t  been  
p r e sen t ed  previous ly ,  phys io logica l  i n t e r r e l a t i ons  of t h e  
r a t  p inea l  g l and  a n d  ca t echo lamine rg i c  a n d  s t ress - re la ted  
sys t ems  h a v e  long been  sugges ted  b y  o the r  k inds  of 
ev idence  ~, t3. 

s G. M. LEw and W. B. QUAY, Comp. gen. Pharmac. 4, 375 (1973). 
9 j .  D. DU~N and F. Lix, Experientia 30, 348 (1974). 

~0 L. E. SCHEVlNG, W. H. HAm~iso~r and J. E. PA~JLY, Am. J. 
Physiol. 215, 799 (1968). 

11 R. YAMADA, in Neuroendocrine Controls (Eds. K. YAGI and S. 
YOSHIDA; John Wiley and Sons, New York 1973), p. 137. 

12 W. B. QUAY, Am. J. Physiol. 796, 951 (1959). 
13 W. B. QUAY, Pineal Chemistry in Cellular and Physiological 

Mechanisms (Charles C. Thomas Publisher, Springfield, Illinois 
1974). 

T H E O R I A  

M o l e c u l a r  Superde loca l i zab i l i t y .  A Corre la t ion  w i t h  D i a m a g n e t i c  Suscept ib i l i ty  

K. S. ROGERS and A. CAMMARATA 1 

Department o~ Biochemistry, Medical College o/ Virginia, Virginia Commonwealth University, Richmond (Virginia 
23298, USA),  and Laboratory o/ Physical Medicinal Chemistry, School o[ Pharmacy, Temple University, Philadelphia 
(Pennsylvania 79140, USA), 28 August 7975. 

Summary. D i a m a g n e t i c  suscept ib i l i t ies  of 44 d ivers  a r o m a t i c  molecules  were successful ly  p r ed i c t ed  f rom molecu la r  
superdelocal izabi l i t ies  ca lcu la ted  f rom I.iiickel molecu la r  o rb i t a l  t heo ry .  

I n  t h e  pas t ,  d i a m a g n e t i c  suscept ib i l i t ies  for organic  
c o m p o u n d s  were e s t i m a t e d  t h r o u g h  a se t  of ]PASCAL 
c o n s t a n t s  ~-5 wh ich  p e r m i t t e d  t he  ca lcu la t ion  of a mo la r  
suscep t ib i l i ty  on  a n  a d d i t i v e  basis  (a g iven  c o n t r i b u t i o n  
for  each  species of a tom)  p rov ided  t h a t  a p p r o p r i a t e  
c o n s t i t u t i v e  cor rec t ions  were  made .  A more  r ecen t  ap-  
p r o a c h  a s sumed  t h a t  a mo la r  suscep t ib i l i ty  m a y  be  w r i t t e n  
as a sum of b o n d  c o n t r i b u t i o n s  and  of cor rec t ion  t e r m s  

Table I. HMO parameters found suitable for correlations with dia- 
magnetic susceptibility 

Atom h Bond k 

C 0.0 C~r-Car 
C(--N) 0.0 C~r-C~l 
C12I~ 2.0 C~r-C(~N) 
() 1.0 C~-CH a 

3.0 C~N 
O(nitro) 2.0 C--s 

0.4 c - 5  
2.0 c - ~  

N(~C) 0.4 C--}~ 
N(nitro) 1.0 C--N(nitro) 
F 3.0 c - g  
CI 1.1 C--F 

Br 0.8 C--C1 
I 0.5 C--Br 

1.5 C-- I  

N--0(nitro) 

t h a t  r ep re sen t ed  i n t e r ac t i ons  b e t w e e n  a d j a c e n t  b o n d s  6-10. 
Ef fo r t s  to  p rove  t h e  v a l i d i t y  of each  of these  m e t h o d s  
f rom molecu la r  o rb i t a l  t h e o r y  h a v e  been  m a d e  6-8 a n d  
on  t h i s  bas is  a n  a r g u m e n t  ha s  been  p r e s e n t e d  in favor  of 
t he  b o n d  over  t h e  a t o m  c o n t r i b u t i o n  approach*,9,10. 
These  add i t i ve  p rocedure  are f u n d a m e n t a l l y  empi r i ca l  
desp i te  t h e i r  t heo re t i c a l  ra t ionales .  T h u s  i t  shou ld  n o t  
m a t t e r  in  a p rac t i ca l  app l i ca t i on  w h i c h  scheme  is fol lowed 
so long as t h e  empi r ica l ly  der ived  c o n t r i b u t i o n s  a n d  
associa ted  cor rec t ions  are used in a c o n s i s t e n t  m a n n e r ,  

W e  prefer  an  a l t e r n a t i v e  cor re la t ive  a p p r o a c h  in r e l a t i ng  
d i a m a g n e t i c  suscept ib i l i t ies  to  va lues  ca lcu la ted  f rom 
indices  o b t a i n e d  f rom Htickel  molecu la r  o rb i t a l  t h e o r y  ~. 
A t t e m p t s  to  cor re la te  e x p e r i m e n t a l l y  d e t e r m i n e d  dia-  
m a g n e t i c  suscept ib i l i t ies  b y  l inear  mul t ip le  regress ion 
ana lys i s  w i t h  molecu la r  o rb i t a l  indices :  ene rgy  of h ighes t  
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occupied molecular  orbi ta l  (HOMO); energy  of lowest  
e m p t y  molecular  orbi ta l  (LEMO); to ta l  ~ energy;  a t o m  
charge dens i ty ;  a t o m  electrophil ic  or nucleophil ic  super-  
delocal izabi l i ty;  ind ica ted  t h a t  only  electrophil ic  super-  
delocal izabi l i ty  m a y  be re la ted  to d iamagne t i c  suceptibi l i -  
ty.  

M e t h o d s .  E x p e r i m e n t a l  d iamagne t i c  suscept ibi l i t ies  for 
44 divers  a romat ic  compounds ,  hydroca rbons ,  he tero-  
cyclics, subs t i t u t ed  benzenes,  etc.,  were ob ta ined  f rom 
reference 12. The m a t r i x  equa t ions  11 for Hiickel molecular  
orbi ta l  t r e a t m e n t  of the  aryl  x-e lec t ron f r amework  were 
solved wi th  the  use of an IBM !130 c o m p u t e r  (Courtesy 
of D e p a r t m e n t  of Biomet ry ,  Med. Coll. Va.) Coulomb (h) 
and  bond  (k) integrals  used in our  calculat ions are pre-  
sen ted  in Table  I. These values were s l ight ly  ad jus ted  
f rom those  of STREITWEISt/;R 11 because ' in more  quan t i -  
t a t ive  specific correlat ions the  values should be ad jus ted  
for the  bes t  indiv idual  f i t ' .  Methyl  subs t i t uen t s  were 
t r ea t ed  as he te roa toms .  Elect rophi l ic  superdelocal izabi l i ty  
(SE)values for the  aryl  a toms  were calcula ted f rom the  

appropr i a t e  equa t ion  also given by  STREITWIglSER 11. 
Resu l t s .  Table I I  shows tile molar  d iamagne t i c  suscep- 

t ibi l i t ies (--XM) recorded for 44 a romat ic  compounds  and 
the  molecular  electrophil ic  superdelocal izabi l i t ies  (XS~)  
calculated for the  respect ive  compounds  f rom simple 
HMO theory .  2jS~ represents  the  add i t ion  of individual  
x-e lec t ron  a toms '  superdelocal izabi l i t ies  to  give the  
molecular  value, eg. 2JS E of benezene  (Table II) = 0.833 
+ 0.833 @ 0.833 + 0.833 + 0.833 + 0.833 ~ 4.988. 
E q u a t i o n  (1) describes the  l inear re la t ionship  be tween  the  
molar  d iamagne t ic  suscept ib i l i ty  and  the  magn i tude  of 
molecular  electrophil ic  superdelocal izabi l i ty  for the  
var ied  a romat ic  molecules in Table II .  

- -  XM (• 106 ) = 10.00 ~ S E  + 0.28 
(r = 0.998;~r = 44; SE = 1.87) 

(1) 

Compar ison of the  s ta t i s t ica l  values  la, r the  correlat ion 
coeff icient  for f i t  of expe r imen ta l  po in t s  to t he  equat ion 
and  SE, s t a n d a r d  error  of the  d iamagne t i c  suscept ib i l i ty  

Table II. Molecular superdeloealizabiIities and molar diamagnetic susceptibilities 

Compound Z S E --XM ( X 10 6) obs. - -Xu  ( • 106)calc. Ratio : - -XM calc. ~ 

- -  X M  obs. 

Aniline 6.253 62.95 62.81 0.998 
Toluene 6.253 66.11 62.81 0.951 
Phenol 5.996 60.21 60.24 1.000 
Phenylmercaptan 7.081, 70.80 71.09 1.004 
Benzaldehyde 6.136 60.78 61.64 1.014 
Bnezene 4.998 49.00 50.26 1.025 
Bellzamide 7.160 72.30 71.88 0.994 
Acetophenone 7.160 72.05 71.88 0.998 
Benzoic acid 6.859 70.28 68.87 0.980 
FIuorobenzene 5.825 58.40 58.48 1.001 
Chlorobenzene 6.983 69.97 70.11 1.002 
Bromobenzene 7.737 78.92 77.65 0.984 
Iodobenzene 9.227 92.00 92.55 1.006 
Cyanobenzene 6.495 65.19 65.23 1.001 
Nitrobenzene 6.266 61.80 62.94 1.018 
II/dole 8.651 85.00 86.79 1.021 
Thiophene 5.763 57.38 57.91 1.009 
Anisole 7.182 72.79 72.10 0.990 
m, m'-Bitolyl 12.800 127.40 128.28 1.007 
BiphenyI 10.292 103.25 103.20 1.000 
o-Xylene 7.560 77.78 75,88 0.975 
m-Xylene 7.510 76.56 75,38 0.984 
p-Xylene 7.564 76.78 75.92 0.989 
N, N-Dimethylaniline 9.011 89.66 90.39 1.008 
Phenylaeetate 8.260 82.04 82.88 1.010 
N-Phenylurea 8,489 82.10 85.17 1.036 
o-Toluidine 7.560 76.00 75.88 0.998 
m-Toluidine 7.510 74.60 75.38 1.010 
Naphthalene 8.874 91.90 89.02 0.968 
Phenanthrene 12.352 127.90 123.80 0.967 
Anthracene 13.485 130.00 135.14 1.038 
Pyrene 14.754 147.90 147.82 0.999 
Benzyprene 18.905 194.00 189.33 0.975 
m-Cresol 7.252 72.02 72.80 1.011 
o-Cresol 7.315 72.90 73.43 1.007 
p-Cresol 7.332 72.10 73.60 1.020 
Carbazole 11.605 117.40 116.33 0.991 
Methylbenzoate 7.997 81.59 80.25 0.983 
Quinoline 8.432 86.00 84.60 0.983 
Acridine 12.603 123.30 126:31 1.024 
Pyridine 4.724 49.21 47.52 0.964 
Diphenylmethane 11.520 115.70 115.48 0.998 
p-Hydroxy methylbenzoate 8.989 88.70 90.17 1.016 
Carbanilide 13.718 134.05 137.46 1.025 

~ iRatio of 1.000 is a perfect concurrence. 
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es t imate  b y  the  equa t ion  (predictabil i ty)  indicates  t h a t  
the  equa t ion  is qui te  sa t i s fac tory  as a s ta t i s t ica l  model.  
The correla t ion coefficient  of 0.998 indicates  a good fi t ;  
a value of r of 1.000 would be a per fec t  f i t  of t he  da t a  to  
the  line descr ibed by  the  equat ion.  Thus,  the  molar  
d iamagne t ic  suscept ib i l i ty  for an a romat ic  molecule can 
be expressed to a good level of app rox ima t ion  by  an 
order  of magn i tude  increase in the  molecular  electrophil ic  
superdelocal izabil i ty.  A major  advan t age  of th is  m e t h o d  
over  use of Pascal  cons tants ,  etc. in e s t ima t ing  dia- 
magne t ic  susceptibi l i t ies  is t h a t  a cons t i tu t ive  correct ion 
appropr ia te  to  a given molecule is made  ' au tomat ica l ly '  
as a consequence  of the  l inear combina t ion  of a tomic  
orbi ta l  - molecular  orbi ta l  calculat ion.  

Self polarizabil i t ies  14, localization energies I5 or Z- 
number s  16 migh t  also replace superdelocal izabi l i t ies  t7 in 
t he  correla t ion as these  are known  ~s to be h ighly  inter-  
correlated.  We find however  t h a t  S E values are easier to 
ob ta in  t h a n  the  others .  A word  of caut ion  is now neces- 
sary. The correla t ion we have  ob ta ined  m a y  no t  necessari-  
ly be of f u n d a m e n t a l  phys ica l  significance. Superde-  
localizabil i ty was originally der ived ~9 f rom pe r tu rba t i on  
t heo ry  as a react ive  index  for favorable  charge- t rans fe r  
t rans i t ion  s ta te  for a reac t ion  whe reby  a weak :r bond  was 
formed be tween  a t t ack ing  reagen t  and specific a tom of 
subs t ra te .  Diamagne t ic  suscept ib i l i ty  reflects  in te rac t ion  
of organic molecule 's  e lectrons w i th  a magne t ic  field. 
Stat is t ical ly,  XS E m a y  va ry  in the  same direct ion as a 
more  physical ly  meaningful  q u a n t i t y  or i t  m a y  be 
re la ted  in a more  complex  manne r  to phys ica l ly  s ignif icant  
pa rame te r s  (cf. reference 20). Never the less  while t he  ' t rue '  
physical  mean ing  of t he  correla t ion m a y  be suspec t  a t  
th is  t ime,  the  correlat ion should prove  useful in e s t ima t ing  
d iamagne t ic  susceptibi l i t ies  for a romat ic  compounds .  A 
s t r iking feature  of the  correlat ion is t h a t  a single expres-  
sion is all t h a t  is r equ i red  for complex  molecules t h a t  
include a l te rna te  hydrocarbons ,  heterocycl ics ,  and sub- 

s t i t u t ed  benzenes.  - -XM values have  been  used in nuclear  
magne t ic  resonance  2~, to  calculate  London  dispersion 
forces 22 and  to describe molecular  in te rac t ions  in biolo- 
gical sys tems  es, 2~. 

Conclusion. The d iamagne t ic  suscept ib i l i ty  of an 
a romat ic  molecule m a y  be p red ic ted  f rom its molecular  
electrophil ic  superdelocal izabi l i ty  calcula ted f rom Hfickel 
molecular  orbi ta l  theory .  Cor re l a t ion  be tween  the  two 
variables  was given b y  the  least  squares  express ion - -XM 
= 10.00 XS E + 0.28 for 44 a romat ic  compounds  consis t ing 
of subs t i t u t ed  benzenes  and n o n a l t e r n a t e  hydroca rbons  
and he te roa tomic  subs tances .  Diamagne t ic  suscept ibi l i t ies  
have  been  used in calculat ion of L o n d o n  forces and  of 
molecular  in te rac t ions  in biological sys tems.  
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Summary.  A quick and  s imple m e t h o d  for the  es t ima t ion  of lysozyme ac t iv i ty  using the  Fragi l igraph,  was described.  
Diminu t ion  of t u r b i d i t y  in a suspension of Micrococcus lysodeikticus produced  by  the  add i t ion  of s t a n d a r d  lysozyme 
(hen egg white) or se rum sample,  was cont inuous ly  recorded for 5 min  b y  the  Fragi l igraph.  The no rma l  mean  se rum 
lysozyme ac t iv i ty  value ob ta ined  by  th is  m e t h o d  is 6,80 y.g/ml • 1.85. 

Serum lysozyme level is considered to  be a ref lect ion of 
the  t u rnove r  of neut rophi l ic  granulocytes  3, ~. High  values 
were r epor ted  in condi t ions  w i th  increased tu rnove r  or 
des t ruc t ion  of neut rophi l ic  granulocytes ,  such as neu t ro-  
pen i s  due  to  hypersp len i sm 4,5, po lycy themia  vera  6 and  
megaloblas t ic  anemiaL  Low values  were repor ted  in 
neu t ropen ia  due to  hypop las t i c  bone mar row ~,5. Serum 
and  urine lysozyme ac t iv i ty  has recent ly  been in t roduced  
as a useful t e s t  in the  di f ferent ia l  diagnosis of acu te  
leukemia  s, 9. Since lysozyme is f i l tered by  the  glomerulus  
and a lmos t  comple te ly  reabsorbed  b y  p r o x y m a l  t ubu la r  
cells 10, t he  se rum and  u r ina ry  lysozyme ac t iv i ty  can be 
used for mon i to r ing  renal  funct ion.  

Immunologica l  or bac ter io ly t ic  m e t h o d s  are cur ren t ly  
used for h u m a n  lysozyme ac t iv i ty  de t e rmina t i on  in 
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