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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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A Method for Automatic Recording of Serum Lysozyme Activity with the Fragiligraph 
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Department o/ Internal Medicine 'B',  Central Emek Hospital, A/u la  (Israel), and Section o/ Biological Ultrastructure, 
The Weizmann Institute o/Science, Rehovot (Israel), 25 August  7975. 

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 

1 We gratefully acknowledge the excellent technical assistence of 
Miss M. TOUMA. 

2 M. E. FINCH and S. C. FINCH, Proe. Soc. exp. Biol. Med. 727, 365 
(1968). 

8 N. B. HANSEN, Series Haematologica 7, 1 (1974). 
4 D. CATOVSKu D. A. G. GALTON, C. GRIFFIN, A. V. HOFFBRAND 

and L. Szug, Br. J. Haemat. 27,661 (1971). 
5 W. M. VIETZKE, P. E. PERILLIE and S. C. FINCh, Yale J. Biol. 

Med. 45, 457 (1972). 
6 j .  MALM•UIST, Scand. J. Haemat. 9, 258 (1972). 

P. E. PERILLIE, S. S. KAPLAN and S. C. FINCH, New Engl. J. Med. 
277, 10 (1967). 

s E. F. OSSERMAN and D. P. LAWLOR, J. exp. Med. 724, 921 (1966). 
9 D. CATOVSKV, D. A. G. GALTON and C. GRIFFIN, Br. J. Haemat. 

21, 565 (1971). 
10 T. 3/[AACI% D. D. S. MACKENZIE and W, B, KINTER, Am. J. Physiol, 

221, 1609 (1971). 



258 Specialia tgXPERIENTIA 32/2 

biological  fluids. Since lysozymes  f rom d i f fe ren t  species 
are immuno log i ca l l y  d i f ferent ,  t h e  use of i m m u n o l o g i c a l  
m e t h o d s  h a s  been  l imi ted  b y  t h e  s h o r t  s u p p l y  of h u m a n  
c rys ta l l ine  lysozyme.  Thus ,  bac t e r io ly t i c  m e t h o d s  ( turbi -  
dome t r i c  or lyso-pla te)  h a v e  b e e n  wide ly  used.  

W h e n  a c e r t a i n  a m o u n t  of lysozyme is a d d e d  to  a 
suspens ion  of Micrococcus lysodeikticus, t h e  t u r b i d i t y  of 
t h e  suspens ion  is g r adua l l y  d i m i n i s h e d  as a resu l t  of 
bac t e r i a l  lysis b y  t h e  lysozyme.  This  process,  w h i c h  is 
genera l ly  m e a s u r e d  b y  s p e c t r o p h o t o m e t r i c  me thods ,  can  
be  recorded  a u t o m a t i c a l l y  b y  t h e  F rag i l ig raph ,  w h i c h  is a n  
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Fig. 1. AutomaticalIy recorded curve obtained in 5 rain by a Fragili- 
graph. 0.2 ml of a solution containing 7.5 ~xg of egg white lysozyme 
were added (arrow) to a 1.8 ml of bacterial suspension containing 
15 rag/100 ml phosphate buffer. The increased light transmission 
represents increased bacterial lysis. 
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Fig. 2. Bacterial lysis by standard lysozyme solution as expressed by 
light transmission at 5 min with different concentrations of bacterial 
suspensions. The degree of light transmission is given in arbitrary 
units, the light transmission reached at the plateau with 7.5 rag/100 
ml of bacterial suspension being taken as 50 %. Note the llnearity of 
the curve obtained when 15 mg of bacteria in 100 ml of buffer were 
used. 

i n s t r u m e n t  p r i m a r i l y  des igned  for t he  s t u d y  of t h e  osmot ic  
f rag i l i ty  of r ed  b lood  cells 11 a n d  w h i c h  was s u b s e q u e n t l y  
a d a p t e d  for a v a r i e t y  of o t h e r  cl inical  t e s t s  a n d  s tud ies  12,13. 

I n  t he  p r e s e n t  c o m m u n i c a t i o n ,  we r e p o r t  a mod i f i ca t ion  
of t h e  t u r b i d o m e t r i c  m e t h o d  of lysozyme d e t e r m i n a -  
t i o n  14,1s, in  wh ich  t he  r a t e  of lysis is a u t o m a t i c a l l y  
recorded  b y  t he  Frag i l ig raph .  

A suspens ion  of u l t rav io le t -k i l led ,  d r ied  Micrococcus 
lysodeikticus (Difco) in  sod ium p h o s p h a t e  buffer  (pH 
6.25) was  used  as a s u b s t r a t e  for  t he  e n z y m a t i c  assay.  
The  suspens ion  was p r e p a r e d  a t  leas t  6 h before  use a n d  
k e p t  a t  4~ for n o t  more  t h a n  4 days .  Crys ta l l ized  egg 
wh i t e  lysozyme (Difco) in  s o d i u m  p h o s p h a t e  buf fe r  was  
used to  e s t ab l i sh  t h e  s t a n d a r d  for e n z y m a t i c  ac t iv i ty .  
The  d i lu t ions  were p r e p a r e d  before  each  assay  f rom a 
s tock  so lu t ion  s to red  a t  4 ~ I n  p r e l i m i n a r y  expe r imen t s ,  
a m o u n t s  of 1; 2.5; 5; 7.5; 10; 15; 30; a n d  50 a g i n  0.2 ml  
of n o r m a l  sal ine were used  in each  assay.  L a t e r  i t  was  
found  t h a t  on ly  t h e  f i r s t  5 so lu t ions  were necessa ry  for  
p rac t i ca l  purposes .  F r ag i l i g r aph  Model  D 2 (Elmedix ,  
Tel -Aviv ,  Israel) ,  equ ipped  w i t h  a ' l inear izer '  a n d  ho:lder 
for a p las t i c  cuve t t e ,  was  used ;  1.8 ml  of t h e  bac te r i a l  
suspens ion  was i n t r o d u c e d  in to  t he  c u v e t t e  c o n t a i n i n g  a 
m a g n e t i c  bar .  The  base l ine  was a d j u s t e d  to  t he  f i rs t  l ine  
of t h e  r ecord ing  paper ,  a n d  t he  recorder  swi t ched  to  t h e  
'on' posi t ion .  The  m a g e n t i c  ba r  was t h e n  a u t o m a t i c a l l y  
a c t i v a t e d .  Af te r  a few sec of s t i r r ing  and  record ing  a t  
base l ine  level, 0.2 ml  of t h e  s t a n d a r d  so lu t ion  or of t h e  
s e rum sample  was added.  The  inc reas ing  l igh t  t r a n s m i s s i o n  
as a f unc t i on  of t i m e  was recorded  for 5 min .  E a c h  a s s a y  
was pe r fo rmed  twice,  a n d  t he  dev i a t i ons  o b t a i n e d  were 
p rac t i ca l ly  iden t ica l  (Figure 1). 

F igure  2 shows t he  r a t e  of bac t e r i a l  lysis as expressed  
b y  increased  l igh t  t r ansmiss ion ,  w i t h  d i f fe ren t  c o n c e n t r a -  
t ions  of bac t e r i a l  suspensions .  The  l igh t  t r a n s m i s s i o n  a t  
5 m i n  was p l o t t e d  aga ins t  d i f fe ren t  c o n c e n t r a t i o n s  of 
s t a n d a r d  lysozyme,  th i s  for  each  bac te r i a l  concen t r a t i on .  
The  lower t he  bac te r i a l  c o n c e n t r a t i o n s  used, t h e  h ighe r  
was  t he  l igh t  t r a n s m i s s i o n  (Figure 2). I t  can  be  seen t h a t  
a decrease  i n ' t h e  bac t e r i a l  lysis a t  5 m i n  t ook  place w i t h  
lysozyme c o n c e n t r a t i o n s  h ighe r  t h a n  15 ag  in eve ry  one 
of t he  bac te r i a l  c o n c e n t r a t i o n s  tes ted .  I t  can  be seen in 
the  lef t  p a r t  of F igu re  2 t h a t  t h e r e  is a dev i a t i on  f rom 
l i n e a r i t y  w i t h  v e r y  h igh  (50 a n d  25 mg) or v e r y  low (7.5 
mg) bac te r i a l  concen t r a t i ons .  The  o p t i m a l  c o n c e n t r a t i o n  
of b a c t e r i a  was, therefore ,  chosen  as 15 m g  pe r  100 ml  of 

Table I. Serum lysozyme activity in different types of leukemia 

Type of leukemia Serum lysozyme Urinary lysozyme 
(btg/ml) (btg/mI) 
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Fig. 3. The range obtained by 6 successive standard curves performed 
with the same bacterial suspension of 15 mg/100 ml buffer solution 
and a standard enzyme solution. The narrow range indicates satis- 
factory reproducibility. 

Acute undifferentiated 
leukemia 0 0 

Acute myeloid leukemia 5.0 0 
Acute erythroleukemia 5.0 N.D. 
Chronic myeloid leukemia 32.8 N.D. 

(blastie crisis) 
Acute promyelocytic 

leukemia 50.0 1.6 
Acute myelomonocytic 

leukemia 57.0 1.1 
Acute monocytic leukemia 105.0 110.0 
Acute monocytic leukemia 187.5 N.D. 
Chronic monocytieleukemia 425.0 N.D. 

Both morphological and eytochemical criteria were employed for 
the diagnosis of the different types of leukemia, N,D. = not done. 
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Table II. Serum and urinary lysozyme activity ill chronic renal 
failure 

Patient Urea Cr. clearance Serum Urinary 
No. (mg/100 ml) ml/min lysozyme lysozyme 

([xg/ml) (txglml) 

1 42 60 25.0 0.8 
2 63 25.0 50.0 1.5 
3 108 10.0 65.0 20.0 
4 208 6.0 45.0 5.6 
5 171 4.9 44.0 25.0 
6 250 3.2 37.5 5.45 
7 232 3.0 62.5 30.0 
8 261 2.6 45.0 40.0 
9 320 2.5 83.0 21.5 

10 258 1.4 72.0 100.0 

The number of neutropbilie granuloeytes were in the normal range 
in every case. Note the high levels of serum lysozyme in patients 
with low levels of creatinin clearance. Patients with high urinary 
lysozyme had other signs of functional tubular impairment. 

buffer,  resul t ing in a final concen t ra t ion  of 13.5 mg/100 
ml af ter  t he  addi t ion  of 0.2 ml  of the  enzyme solution.  
Figure 3 represen ts  t he  range of the  var iab i l i ty  of typ ica l  
s t anda rd  curves  ob ta ined  when  a bacter ia l  suspension 
of 15 rag/100 ml was used. However ,  i t  is r e c o m m e n d e d  
t h a t  a s t a n d a r d  curve be es tab l i shed  for every  day  on 
which tes t s  or expe r imen t s  are to  be per formed.  We found 
t h a t  the  add i t ion  of NaC1 did no t  improve  ei ther  the  l inear- 
i ty  or the  reproduc t ib i l i ty  of t he  react ion.  Therefore,  we 
did no t  include the  add i t ion  of sa l t  to  the  assay sys tem,  as 
P a r r y  and  o thers  did li. 

Procedure. A s t anda rd  curve is es tabl ished as descr ibed 
above,  using 5 d i f ferent  concen t ra t ions  of enzyme and  
a bacter ia l  suspension of 15 mg/100 mh E a c h  assay was 

recorded for 5 min.  (This per iod of t ime  was chosen 
because af ter  5 min the  Curve changes  and  t ends  to  ap-  
p roach  a plateau.)  The t e s t s  are now pe r fo rmed  in a 
similar manner ,  w i th  0.2 ml  of se rum being added  to t he  
bacter ia l  suspension ins tead  of (t.2 ml  of the  s t a n d a r d  
enzyme.  The level f rom the  basel ine a t  5 rain is measured  
and  compared  to  t he  s t a n d a r d  curve.  E a c h  t e s t  is per-  
fo rmed twice and  the  dev ia t ion  ob ta ined  a t  5 min  is 
usual ly identical .  

We  t e s t ed  the  se rum lysozyme ac t iv i ty  of 85 h ea l t hy  
hospi ta l  personnel  aged be tween  20 and  60. The mean  
lysozyme value found was 6.80 ~g/ml ~= 1.85. These 
resul ts  are in ag reemen t  wi th  values  r epo r t ed  in t he  li ter- 
a ture  for normal  se rum lysozyme act iv i ty ,  using egg 
whi te  lysozyme as s t an d a rd  and  tu rb idomet r i c  m e t h o d  8. 

We  have  cur ren t ly  been  tes t ing  the  se rum and  ur inary  
lysozyme ac t iv i ty  of pa t i en t s  suffering f rom di f ferent  
t ypes  of leukemia  and renal  diseases. The resul ts  ob ta ined  
wi th  the  m e t h o d  p resen t ly  descr ibed are wi th in  the  range  
of those  r epor ted  in t he  l i te ra ture  for the  above -men t ioned  
clinical condi t ions  (Tables I and  II).  

W h e n  the  se rum lysozyme ac t iv i ty  was h igher  t h a n  
15 p.g/ml, t he  recorded curve was no t  l inear ill the  f i rs t  
5 min;  the  samples  Were therefore  di luted in these  cases 
w i th  p h o s p h a t e  buf fe r  unt i l  a s t r a igh t  line was  recorded 
wi th in  the  f i rs t  5 mill, and  the  di lut ion was t a k e n  into 
account .  In  th is  manner ,  a simple, rapid  and  reproducible  
t e s t  is pe r fo rmed  using small  amo u n t s  of serum, which  has  
also the  advan t age  of recorded resul ts  t h a t  can be added  
to  t he  protocol  or to  the  case repor t .  
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Summary.  An improved  flow dialysis procedure  wi th  h ighly  increased diffusion ra tes  has  been  developed allowing the  
s t u d y  of smal l  changes  in the  ra te  of diffusion. The appl ica t ion  of the  m e t h o d  descr ibed wi th  only  a few indiv idua l  
exper iments ,  and wi th  t he  use of smal l  amoun t s  of biological mater ia l ,  gives m u c h  in fo rmat ion  abou t  b inding  sys tems.  

I t  is known  t h a t  for several  reasons 2 flow dialysis 
could be an excel lent  approach  for l igand po lymer  b ind-  
ing. Some inves t iga t ions  made  wi th  th is  t echn ique  have  
conf i rmed th is  thesis,  a l though  the  sens i t iv i ty  of the  
me thods  used 8-1~ was d i sappoin t ing ly  low. The same 
exper ience was  conf i rmed dur ing  the  deve lopmen t  of our 
flow dialysis cell. I t  appears  t h a t  the  d rawbacks  of t he  
m e t h o d  are caused by  an uncont ro l led  tu rbu lence  inside 
the  c o m p a r t m e n t  con ta in ing  the  diffusant .  B y  in t ro-  
ducing a l aminar  flow in b o t h  c o m p a r t m e n t s  of t he  
dialysis cell, t he  ra te  of diffusion increased 200 t imes  and  
more  compared  wi th  earlier publ i shed  resuIts s. 

The h igh  reproducibi l i ty ,  f lexibi l i ty and  sens i t iv i ty  of 
th is  m e t h o d  allows one to  s t u d y  smalI changes  in the  ra te  
of d i f fus ion due to  p a r a m e t e r s  such as t empera tu re ,  pH,  
ionic s t rength ,  viscosity,  b inding  pro te ins  and  the i r  
var ious  conformat ions .  This  allows a rap id  screening of 
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