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me tabo l i c  reac t ions  obse rved  were N - d e m e t h y l a t i o n ,  
o x i d a t i o n  a t  b o t h  su lphur  a t o m s  a n d  t h e  f o r m a t i o n  of 
g lucuron ides  of h y d r o x y l a t e d  der iva t ives .  T he  m a j o r i t y  
of m e t a b o l i t e s  in  t he  bi le  (over 80%) consis ts  of con-  
j u g a t e d  h y d r o x y l a t e d  der iva t ives .  These  con juga ted ,  
acidic de r iva t i ve s  are no t  t a k e n  up  by  h e p t a n e  f rom 
a lka l ine  m e d i u m  a n d  should  the re fore  n o t  in te r fe re  wi th  
t h e  d e t e r m i n a t i o n  of t he  pa ren t  compound .  

The  p r e d o m i n a n t  d e r i v a t i v e  of the  free m e t abo l i t e s  is 
t he  t h io r i daz ine  d isu lphoxide .  T he  poss ib i l i ty  of separa-  
t i on  of p o t e n t i a l  m e t abo l i t e s  f rom t he  p a r e n t  c o m p o u n d  
b y  e x t r a c t i o n  ha s  been  t e s t ed  b y  s t u d y i n g  the  d i s t r i bu t i on  
of these  c o m p o u n d s  be tween  var ious  buf fe r  so lu t ions  
a n d  h e p t a n e - i s o a m y l  alcohol.  Only a m i n u t e  q u a n t i t y  
of t h e  t h io r i daz ine  d i su lphox ide  is e x t r a c t e d  i n to  t h e  
organic  phase  a t  a n  a lka l ine  pH.  Nor - th io r idaz ine  and  
i ts  side cha in  su lphox ide  are t r ans fe r r ed  a l m o s t  en t i re ly  
f rom a p H  10 buf fe r  in to  hep tane .  A t  p H  3, however ,  
on ly  a b o u t  50% of these  l a t t e r  2 de r iva t i ve s  are r e t u r n e d  
i n to  t h e  aqueous  phase .  There fore  at  be s t  ha l f  of these  2 
m e t a b o l i t e s  would be  inc luded  in the  de t e r m i na t i on .  

The  s ide-cha in  su lphox ide  of th ior idaz ine ,  mesor idazine ,  
is e x t r a c t e d  to t h e  same e x t e n t  as t h e  p a r e n t  c o m p o u n d  
a n d  t he  i n t e n s i t y  of f luorescence is also t he  same. Thus ,  
t h i s  m e t h o d  can  also be  used for t he  d e t e r m i n a t i o n  of 
mesor idaz ine .  

A n o t h e r  pheno th i az ine ,  ch lo rpromaz ine ,  a n d  t he  di- 
benzazep ine ,  im ip r am i ne ,  were  s tud ied  for  possible  in te r -  
ference in t h e  d e t e r m i n a t i o n  of th ior idaz ine .  B o t h  d rugs  
should  no t  interfere ,  s ince u n d e r  the  cond i t ions  used for  
f luo rophor  f o r m a t i o n  t he  f luorescence of 10/~g of chlor-  
p r o m a z i n e  cor responds  to  t he  b l a n k  read ing  and  5/~g of 
i m i p r a m i n e  also p roduces  no  s ign i f ican t  f luorescence.  

Resulls. The  m e t h o d  ha s  been  appl ied  to  the  de ter -  
m i n a t i o n  of b lood  levels of t h io r idaz ine  in l a b o r a t o r y  
an ima l s  a n d  m a n  n . 

The  d a t a  o b t a i n e d  wi th  r a t s  a f t e r  i.v. in jec t ion  of 
20 mg/kg,  i.p. a d m i n i s t r a t i o n  of 50 mg/kg,  a n d  perora l  
a d m i n i s t r a t i o n  of 10 m g / k g  of t h io r idaz ine  are  c o n t a i n e d  
in Tab le  I. 

F r o m  these  d a t a  a biological  half- l i fe  of a b o u t  2.5 h 
ha s  been  ca lcu la ted  for  t h e  d i s appea rance  of t h io r idaz ine  
f rom r a t  blood. The  biological  half-l ifes were ob ta ined  
by  select ing t he  bes t  f i t t ing  l ine for t h e  exponen t i a l  pa r t  
of a s emi loga r i t hmic  p lo t  b y  means  of t h e  ' leas t  squares '  
me thod .  

In t he  same  way  a half-l ife of a p p r o x i m a t e l y  13 h 
was found  for t he  d i s appea rance  of t h io r idaz ine  f rom t h e  
p lasma of p a t i e n t s  t r e a t e d  w i t h  a single ora l  dose of 
200 m g  of t h e  d rug  (Table II) .  

These  resu l t s  d e m o n s t r a t e  t h a t  t he  r a t e  of d i sappear -  
ance  of t h io r idaz ine  f rom h u m a n  p l a s m a  is m u c h  slower 
t h a n  f rom r a t  blood. 

Zusammenfassung. Es  wird eine Me thode  zur fluori- 
m e t r i s c h e n  B e s t i m m u n g  yon Thior idaz in  (Melleril| u n d  
dessen Se i t enke t t ensu l fox id  Mesor idazin  (Lidanil |  be-  
schr ieben.  Die Er fas sungsgrenze  der  Me thode  in P l a s m a  
u n d  Ur in  l iegt  ftir be ide  Wi rks to f f e  bet 0.05 pg  pro Probe.  

W. L. PACHA 

Pharmaceutical Chemical Laboratories, Sandoz Ltd., 
dO00 Basel 73 (Switzerland), 79 September 1968. 

6 The human blood was kindly provided by the courtesy of Drs. 
P6LmNGER and ROMMELE of the Psychiatric University Hospital, 
Basel. 

Red Cell Agglutination Kinetics: A Method for Automatic Recording with the Fragiligraph 

The  f rag i l ig raph  is a n  i n s t r u m e n t  des igned  p r i m a r i l y  
for t h e  a u t o m a t i c  record ing  of t he  osmot ic  f rag i l i ty  of r ed  
b lood  cells 1. M e a s u r e m e n t  of t he  degree of hemolys i s  as a 
f unc t i on  of dec reas ing  sa l t  c o n c e n t r a t i o n  is based  on  
record ing  t he  increas ing  t r a n s p a r e n c y  of r ed  cell suspen-  
Sions as hemolys i s  progresses.  

O t h e r  app l i ca t ions  of t he  i n s t r u m e n t  for  hema to log i ca l  
t es t s  h a v e  r ecen t ly  been  rev iewed 2. A m o n g  t he  t e s t s  
wh ich  can  be  pe r fo rmed  exp lo i t ing  t he  a d v a n t a g e  of 
a u t o m a t i c  record ing  in t h e  f ragi l igraph,  are  t h e  q u a n t i -  
t a t i v e  d e t e r m i n a t i o n  of v i r a l  h e m a g g l u t i n i n s  a n d  hemag-  
g lu t i n in s - i nh ib i t i ng  an t ibod ie s  3,,, t h e  r ecord ing  of t he  r a t e  
of a g g l u t i n a t i o n  a n d  s e d i m e n t a t i o n  b y  pos i t ive ly  cha rged  
po lye lec t ro ly tes  ~ a n d  t he  a g g l u t i n a t i o n  of red  cells b y  
a n t i b o d i e s  s. I n  t h e  l a t t e r  tes t ,  t h e  f ac t  t h a t  t h e  cu rve  
o b t a i n e d  in f rag i l ig raph  m e a s u r e m e n t  was  a compos i t e  
one, r e p r e s e n t i n g  t h e  r a t e  of a g g l u t i n a t i o n  b y  t he  agglu-  
t i n a t i n g  a g e n t  a n d  t he  r a t e  of s e d i m e n t a t i o n  of t h e  
a g g l u t i n a t e d  cells, m a d e  diff icult ,  if n o t  impossible ,  
ana lys i s  of t h e  cu rve  w i t h  r ega rd  to  t he  p h e n o m e n a  t a k i n g  
place  d u r i n g  t he  a g g l u t i n a t i o n  process.  I n  t h e  p r e sen t  
c o m m u n i c a t i o n  a m e t h o d  is descr ibed  in wh ich  the  r a t e  
of a g g l u t i n a t i o n  a lone  can  be  a u t o m a t i c a l l y  r ecorded  us ing  
t h e  F r a g i l i g r a p h  Model  D2 (Elron,  E lec t ron ic  Indus t r i e s ,  

Haifa ,  Israel) equ ipped  w i t h  a ' l inear izer ' ,  a un i t  wh ich  
enables  record ing  t he  log t r a n s m i s s i o n  on  a l inear  scale, 
a n d  a s imple  accessory  specif ical ly m a d e  for t h e  purpose .  
A d v a n t a g e  is t a k e n  of the  sens i t ive  op t ica l  sys t em of t he  
i n s t r u m e n t  a n d  of t h e  s tead iness  a n d  accuracy  of t he  
m a g n e t i c  s t i r re r  wh ich  is i n d e p e n d e n t  of l ine cu r r en t  
va r ia t ions .  The  d ia lys ing  m e m b r a n e  cell is replaced b y  a 
si l iconized square  op t i ca l  c u v e t t e  or a p las t ic  one  con ta in -  
ing a m a g n e t i c  bar .  W h e n  t he  a g g l u t i n a t i o n  cu rve  reaches  
a p la teau ,  t h e  s e d i m e n t a t i o n  r a t e  cu rve  of t he  aggregates  
a n d  single cells can  be  recorded  b y  r e m o v i n g  t h e  magne t i c  
b a r  st irrer .  T h u s  t he  a g g l u t i n a t i o n  a n d  s e d i m e n t a t i o n  r a t e  
curves  are  r ecorded  separa te ly .  

1 D. DANON, J. clin. Path. 16, 377 (1963). 
D. DANON, Br. J. Haemat. 73, (SuppL) 61 (1967). 

3 A. KORN and D. DANON, Experientia 2/, 296 (1965). 
4 A. KOHN and D. DANON, Int. Symp. Immun. Methods of Biol. 

Stand. in Series immunobiol. Standard, Basel 4, 319 (1967). 
5 y .  MARIKOVSKY, D. DANON and A. KATCaALSKV, Biochim. 

biophys.  A c t s  724, 154 (1966). 
s I. COliN, Ph. D. Thesis, The Hebrew University, Jerusalem (1965). 
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Fig. 1. The accessory for introducing the glass 
or plastic euvette into the optical pathway of 
the fragiligraph for measuring the rate of 
agglutination of cells (on the right) replacing 
the original part of the instrument (on the 
left) used when atttomatic recording of osmo- 
tic hemolysis is required. (a) Optical aper- 
ture, (b) non-magnetic stainless steel square 
holder for the cuvette, (c) cuvette, (d) a wire 
to facilitate the removal of the cuvette after 
the test. 
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Fig. 2. The rate of agglutination by poly-L- 
lysine. Agglutination curves of young red ceils 
(T, top fraction) and old red cells (B, bottom 
fraction). 
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Irig. 3. Hcmogglutination by Myxovirns parainfluenza Sendai and 
NDV virus. A graph representing the correlation between tile rate of 
agglutii~ation and the dilution of Sendai virus (1eft) and NDV virus 
suspension (right) (see text). 

The  accessory  (Figure  1) consis ts  of a p las t ic  plate ,  
s imi la r  to  t h a t  in  t h e  i n s t r u m e n t  wh ich  ho lds  t he  elec- 
t rodes  for m e a s u r i n g  t he  c o n d u c t i v i t y  of t h e  d ia lys ing  
m e d i u m  a n d  t h e  space  for i n t roduc ing  t he  c o n t a i n e r  cell. 
Th i s  space  is square  now r a t h e r  t h a n  round ,  a n d  a non -  
n lagne t i c  s ta inless  s teel  square  t ube  is a t t a c h e d  to  i t  w i th  
a n  a p e r t u r e  in  t he  op t ica l  p a t h  a n d  a wire to  fac i l i ta te  
r e m o v a l  of t h e  cuve t t e .  Dis t i l led  w a t e r  (7 ml) in  a glass 
c o n t a i n e r  is necessa ry  for m a i n t a i n i n g  t he  op t i ca l  p rop-  
er t ies  of t h e  i n s t r u m e n t  and  for good c o n d u c t i v i t y  b e t w e e n  
t h e  t h e r m o s t a t i c a l l y  con t ro l l ed  c i rcu la t ing  w a t e r  an d  t h e  
op t ica l  c u v e t t e  t h a t  will  be  i n t r o d u c e d  in to  t h e  accessory.  

A g g l u t i n a t i o n  b y  poly-L-lysine : Hepa r in i zed  or c i t r a t ed  
h u m a n  blood was used. S e p a r a t i o n  of old a n d  y o u n g  red  
cell f r ac t ions  was car r ied  o u t  as p rev ious ly  descr ibed  7, 
us ing  a b a t t e r y  of n o n - w a t e r  miscible  p h t h a l a t e  es ter  
m i x t u r e s  of p r e d e t e r m i n e d  specific g rav i ty .  The  s epa ra t ed  
f rac t ions  were  w a s h e d  twice  before  use. The  suspens ion  
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Fig. 4. Agglutination by antibodies. Agglutination curves of: old 
red cells (group B) (B); young red cells (T) and mixed red cell 
population (M) using undiluted antiserum (anti B). 

for the  t e s t  was p r e p a r e d  b y  r e s u s p e n d i n g  1 vol. of p a c k e d  
red  ceils in 500 vol. of 0.9 NaC1 so lu t ion  buf fe red  to p H  7.3 
w i t h  v e ro n a l  ace ta te .  

1.8 ml  of t h e  t e s t  suspens ion  is i n t r o d u c e d  in to  t h e  
si l iconized squa re  op t ica l  cuve t t e .  T h e  s i l iconiza t ion  is 
necessa ry  to avo id  adhes ion  of aggrega tes  to  t h e  i n t e r n a l  
wal l  of t h e  con ta ine r .  T h e  base l ine  is a d j u s t e d  to  t h e  f i rs t  
l ine of t h e  record ing  paper .  A t e f lon  coa t ed  m a g n e t i c  
s t i r re r  (size 3/s inch)  is t h e n  i n t r o d u c e d  in to  t h e  op t i ca l  
cuve t te .  T h e  m a g n e t i c  b a r  is a u t o m a t i c a l l y  a c t i v a t e d  as 
t h e  recorder  is swi tched  to the  ' on '  posi t ion.  Af te r  a few 
seconds of s t i r r ing  a n d  record ing  a t  base l ine  level,  0.4 m l  
of poly-L-lysine h y d r o b r o m i d e  solut ion,  degree of poly-  
mer i za t ion  n = 100 (Yeda Resea rch  an d  D e v e l o p m e n t  Co., 
Rehovo t ,  Israel)  (100 / ,g /ml  in  0 .9% NaC1) is a d d e d  
rapid ly .  The  basel ine  should  be s l ight ly  r e a d j u s t e d  because  
of t h e  d i lu t ion  b y  t h e  a d d e d  t r a n s p a r e n t  p o l y m e r  so lu t ion .  

D, DANON and Y, MARIKOVSKu J, Lab. Med. 5,I, 668 (1964). 
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Fig. 5. The range of 8 successive agglutination 
curves by poly-L-lysine showing the repro- 
ducibility of the method. 

Two recorded curves, represent ing the  difference in the  
ra te  of ugghltln_ation by  poly-L !::sine of ~ t o p  (young red 
cells) and b o t t o m  (old red cells) f ract ion of the  same blood 
sample (Figure 2) are presented.  

V i ra lhemagg lu t ina t ion :  Prepara t ion  of chicken red cell 
suspension and working procedures  were ident ical  as for 
the  measuremen t  of the  ra te  of agglut inat ion wi th  poly-  
L-lysine. However ,  since at  room tempera tu re  or  higher, 
myxovi ruses  elute f rom the  red cell, the  recording was 
carried out  in the  cold room (4 ~ 

Higher  t empera tu res  could be obta ined  by  ad jus t ing  
the  t empe ra tu r e  to the  the rmos ta t i ca l ly  control led circu- 
la t ing water .  Hemagg lu t ina t i on  was ini t ia ted by  adding 
0.2 ml  of virus suspension to 1.8 ml of red cell suspension 
in the  cuvet te .  The  viruses used were:  N D V  virus,  s t rain 
HP,  and Myxovi rus  para inf luenza  Sendal as s tock sus- 
pensions of H A  t i te r  1 : 1250 and 1 : 5000, respect ively.  The  
recorded hemagglu t ina t ion  curves  were measured  after  a 
given recording t ime  for the  degree of displacement ,  i.e. 
% t ransmiss ivi ty .  The  correlat ion be tween the  devia t ion  
of the  curve  and the  virus di lut ion of a representa t ive  
exper iment  is depicted in Figure  3. 

Agglu t ina t ion  by ant ibodies :  A vo lume  of washed 
packed h u m a n  red blood cells was suspended in 500 vol. 
of isotonic NaC1 solution. 1.8 ml  of this suspension was 
in t roduced into the  cuve t t e  conta in ing the  magnet ic  bar  
mixer.  1 drop of concent ra ted  ant i serum was added. 
Commercia l  blood grouping sera were used (Hyland,  Los 
Angeles, California). The  ra te  of agglut inat ion of old and 
young  cell f ract ions by  ant i serum of the  same t i ters  is 
i l lustrated in Figure  4. 

Discussion. The  s teady  cont inuous st i rr ing in the  
cuve t te  p reven ts  sedimenta t ion.  W i t h  the  progress of 
agglut ina t ion  the  cross section of the  cells t ha t  s topped or 
scat tered the  l ight  before agglut ina t ion  is marked ly  
reduced, resul t ing in increased l ight  t ransmission.  The 
bigger the  aggregat ion of cells, the  higher  the  loss of cross 
section of cells avai lable  for s topping or  scat ter ing the  
light. 

The charac ter  of the  curve  indicates t h a t  the  funct ion 
is re la t ively  simple. A prac t ica l ly  s t ra ight  line is ob ta ined  

when the  original  curve  is p lo t ted  on semilogar i thmic 
paper  so t h a t  the  curve, and hence the  ra te  of agglut ina-  
tion, can be character ized by  a ra ther  simple numerica l  
expression. The  reproducibi l i ty  of the  me thod  is fair ly 
sa t is factory  (see Figure  5). However ,  if the  blood sus- 
pension is left  for more than  30 rain at  room tempera ture ,  
changes in the  ra te  of agglu t ina t ion  m a y  occur. 

I t  is concluded t h a t  ra te  of agglut inabi l i ty ,  whether  
w i th  polylysine,  virus or  ant ibody,  can be au tomat ica l ly  
recorded wi th  the  fragiligraph. I n  addit ion,  the  dis tance 
be tween  the  level  of t he  p la teau  and the  100% trans-  
mission indicates the  propor t ion  of ceils tha t  remained  
non-agglut inated,  a factor  the  knowledge of which is 
impor t an t  for the  es t imat ion  of bo th  virus and an t ibody  
ti ters.  

Pho tomet r i c  quan t i t a t i on  of hemagg lu t ina t ion  has 
recent ly  been repor ted  8. However ,  the  technique  implied 
separate  measurements  of different  t imes  after  induct ion  
of agglut inat ion.  The  advan tage  of the  au tomat ic  record- 
ing is obvious.  

Rdsumd. Une  m6thode est d6crite qui  pe rmet  de 
mesurer  et d 'enregis t re r  a u t o m a t i q u e m e n t  la vitesse 
d ' agg lu t ina t ion  des globules rouges par  les h6magglut i -  
nines virales, la poly-L-lysine et  les antis6rums. Le 
fragi l igraphe modSle D2 muni  d ' u n  nouvel  accessoire a 
~t6 utilis~. La  difference de vitesse d ' agg lu t ina t ion  entre 
cellules jeunes et ag6es a ~t6 enregistr6e. 

D. DANON, Y. MARIKOVSKY 
and A. KOHN 

Section o] Biological UItrastructure, The Weizmann 
Institute of Science, Rehovot, and the Israel Institute 
for Biological Research, Ness-Ziona (Israel), 
16 July  1968. 

8 E. DYBKJAER, Stand. J. Haemat. 4, 465 (1967). 

PRO N A T U R A I N T E G R A  

Edi to r ' s  note. Unde r  the  t i t le  of 'Pro  N a t u r a  In tegra ' ,  papers ,on  f u n d a m e n t a l  research in the  field of bio-protect ion 
will appear.  Over-popula t ion ,  under -nut r i t ion  and changes in env i ronmen t  have  led to ecological dis turbances in the  

balance of N a t u r e  which th rea ten  the  exis tance of mankind .  Man is faced wi th  unce r t a in ty  th rough  the  changes in 

his envi ronment .  This  mos t  cr i t ical  crisis can only be over-come by  a society which has  the  will  to carry  ou t  a bio- 

phylaxis  which is scientif ically founded, ecologico-economical ly co-ordinated and biopol i t ical ly  responsible. H . M .  


