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A Method for the F luor imetr ic  De terminat ion  of Thior idaz ine  (Mellaril  | or Mesor idaz ine  (Lidanil | 
in P l a s m a  

~re  needed  a m e t h o d  for  d e t e r m i n i n g  th io r idaz ine  
which ,  in  a d d i t i o n  to be ing  sens i t ive  e n o u g h  for esti- 
mating blood  levels, would  also be  su i t ab le  for assay ing  
a large n u m b e r  of samples  in  a cl inical  l abo ra to ry .  

P h e n o t h i a z i n e s  h a v e  a r e l a t ive ly  low in t r ins ic  f luor-  
escence, wh ich  can  be  on ly  s l ight ly  increased b y  cooling 
t he  samples  to  a low t e m p e r a t u r e  or b y  us ing  a n  a lka l ine  
r a t h e r  t h a n  an  acid m ed i um .  Most  a u t h o r s  h a v e  t r ied ,  
therefore ,  to  increase  t he  f luorescence b y  o x i d a t i o n  
react ions .  

]~AGLAND et  al. * h a v e  descr ibed  a m e t h o d  for t h e  
d e t e r m i n a t i o n  of p h e n o t h i a z i n e s  where  a f luo rophor  is 
fo rmed  b y  ox ida t ion  w i t h  h y d r o g e n  peroxide.  As the 
i n t e n s i t y  of t he  f luorescence w i t h  th i s  p rocedure  decreased  
co n t i nuous ly  w i t h  t ime,  i t  was  diff icul t  to  o b t a i n  repro-  
ducible  results .  

In  t he  p rocedure  of MARTIN 2 f luorescent  de r i va t i ve s  
are p r o d u c e d  b y  r eac t ing  t h e  p h e n o t h i a z i n e s  w i t h  con- 
c e n t r a t e d  sulfuric  acid. Accord ing  to t he  a u t h o r  the 
f luorophor  fo rmed  w i t h  th io r idaz ine  is, however ,  rela-  
t ive ly  u n s t a b l e  a n d  t he  r ead ing  has  to  be  t a k e n  w i t h i n  
15 ra in  fol lowing t he  reac t ion .  

MELLINGER and  KEELER a h a v e  deve loped  a m e t h o d  
for  f luorescence t i t r a t i o n  of p h e n o t h i a z i n e s  us ing po tas -  
s ium p e r m a n g a n a t e .  I n  t h e i r  p rocedure  a so lu t ion  of 
p o t a s s i u m  p e r m a n g a n a t e  is added  successively un t i l  
m a x i m u m  fluorescence is r eached ;  wi th  f u r t h e r  add i t i on  
of t he  r e agen t  t he  i n t e n s i t y  aga in  decreases.  

The m e t h o d  we h a v e  deve loped  is a modi f i ca t ion  of 
t he  p o t a s s i u m  p e r m a n g a n a t e  t i t r a t i o n  p rocedure  of MEL- 
LINGER and  KEPLER a. An excess of p e r m a n g a n a t e  is 
al lowed to r eac t  w i t h  t he  d rug  for a sho r t  per iod  a n d  
t h e n  ox ida t ion  is s topped  by  add i t i on  of a d i lu te  so lu t ion  
of h y d r o g e n  peroxide.  I n  th i s  way v e r y  reproduc ib le  
read ings  are ob ta ined .  

I n  order  to  t e s t  t he  s t ab i l i t y  of the  f luorophor  fo rmed  
f rom th ior idaz ine ,  the  f luorescence read ing  in t he  spec t ro-  
f luor imete r  was recorded  for 3-min per iods  w i th  con t inuous  
i l l umina t ion  i m m e d i a t e l y  a f te r  add ing  h y d r o g e n  perox ide  
and  t h e n  10 and  30 rain later .  The  read ing  decreased b y  
2% af te r  13 min  and  b y  6% af te r  33 rain.  

Procedure. The  deta i ls  of our  p rocedure  for measu r ing  
th io r idaz ine  (Mellaril| or i ts  s ide-chain  sulfoxide, meso-  
r idaz ine  (Lidanil |  in p l a s m a  are as follows: 

P l a s m a  or urine,  1-5 nfl  samples  in a 25 nfi glass- 
s toppe red  cen t r i fuge  tube ,  are a lka l in ized  w i t h  0.5 ml  
of 1 0 N  sod ium h y d r o x i d e  a n d  e x t r a c t e d  w i th  10 ml  of 
h e p t a n e  c o n t a i n i n g  1.5% i soamyl  alcohol  b y  shak ing  on 
a m a c h i n e  for 15 min.  T h e n  t he  t ubes  are cen t r i fuged  for 
5 m in  a t  3000 rpm.  A 9-ml  a l iquo t  of the  h e p t a n e  is 
t r ans fe r r ed  to a n o t h e r  cen t r i fuge  tube ,  and  t he  th io r idaz ine  
(mesoridazine)  r e t u r n e d  to  an  aqueous  phase  b y  shak ing  
w i t h  2 ml  of a 2 M  ace t a t e  buffer ,  p H  3. Af te r  cent r i fu-  
ga t ion  t he  organic  l ayer  is r e m o v e d  b y  a sp i r a t i on  and  
1.5 ml  of t he  buf fe r  so lu t ion  is used for  t h e  assay.  

The  samples,  acidif ied w i t h  0.5 ml  of 0 . 2 N  sulfuric  
acid, are  oxidized b y  a d d i t i o n  of 0.1 ml  of a 0.1% so lu t ion  
of p o t a s s i u m  p e r m a n g a n a t e .  Af ter  5 m i n  a t  room t em-  
p e r a t u r e  t he  r eac t ion  is s topped  b y  a d d i n g  0.1 ml  of a 
0.6% solu t ion  of h y d r o g e n  peroxide.  The  f luorescence is 
d e t e r m i n e d  in a Zeiss spec t ro f luo r ime te r  a t  355 n m  
exci ta t ion ,  a n d  440 n m  fluorescence.  

I n t e r n a l  s t a n d a r d s  are o b t a i n e d  b y  add ing  k n o w n  
a m o u n t s  of t he  d rug  to p l a s m a  or urine.  A s tock  so lu t ion  
of 100 #g /ml  in 0 .1N  hydroch lo r i c  acid, f rom which the 
s t a n d a r d s  are p r e p a r e d  da i ly  b y  di lut ion,  can  be s tored  

in a re f r ige ra to r  for a t  leas t  2 weeks. B l a n k s  are p r e p a r e d  
b y  o m i t t i n g  the  d rug  f rom t h e  samples ,  w h i c h  are  o the r -  
wise t r e a t e d  ident ica l ly .  

Discussion.  Sens i t i v i ty :  The  i n t e n s i t y  of f luorescence 
shows a l inear  r e l a t ionsh ip  in t h e  c o n c e n t r a t i o n  range  
s tud ied  up  to 10/~g. A p p r o x i m a t e l y  80% of the  th ior i -  
daz ine  a n d  90% of t he  mesor idaz ine  s t a n d a r d  added  to  
b lood  samples  can  be  recovered  b y  th i s  e x t r a c t i o n  pro-  
cedure.  F r o m  dog urine,  recover ies  of a p p r o x i m a t e l y  95% 
are o b t a i n e d  wi th  b o t h  drugs.  

T h e  sens i t i v i ty  - def ined  as t h e  smal l e s t  d i f ference 
b e t w e e n  t he  c o n t e n t s  of t he  s u b s t a n c e  in 2 d i f fe ren t  
samples  t h a t  can  be d i s t ingu i shed  b y  the  m e t h o d  ~ - 
al lows t h e  de t ec t ion  of a p p r o x i m a t e l y  0.05 #g  of th io-  
r idaz ine  or mesor idaz ine .  

Specif ic i ty:  The  m e t a b o l i s m  of t h io r i daz ine  in t h e  r a t  
ha s  been  s tud ied  us ing  t he  asS-labelled c o m p o u n d K  The  

Table  I. Blood levels  of thioridazine in the r a t  

Min. 20 ing/kg, i.v. 50 mg/kg,  i.p. 10 mg/kg, p.o. 
#g/ in l  :t: s.d. N ~g/ in1:5  s.d. N /zg/ml • s.d. N 

5 3.25 i 0.19 2 1 .95:5  0.22 2 - 
10 3 .52 :5  0.38 4 5 .19 :5  1.87 9 0.05 i 0.03 5 
30 2 .55 :5  0.48 4 5.11 i 0.85 13 0 .17 :5  0.08 6 
60 2.27 • 0.62 4 4 .89 :5  1.26 8 0.16 ~: 0.04 6 

120 2.26 ~: 0.20 4 4 .25 :5  1.27 9 0 .26 :5  0.14 6 
180 1 .48:5  0.17 2 3.38 ~: 1.25 6 0 .24 :5  0.02 6 
240 1 .01:5  0.02 2 2 .67 :5  0.89 7 0 .26 :5  0.10 6 
360 - - 0 .11 :5  0.05 3 
480 - - 0 .04 :5  0.02 3 

T~ -a 2.3 3.3 1.5 

[~iological half-life, h. Mean 3- s.d. -- 2 . 4 : 5  0.9. 

Table  I I .  Hun ian  p lasma levels of thioridazine a 

h 3 8 24 48 72 96 T�89 ~ 

Pat ient  

1 2.24 1.87 0.75 0.16 0.00 - 11.6 
2 2.13 1.85 0.89 0.29 0.06 0.00 15.1 
3 1.20 1.81 0.51 0.07 0.00 - 8.4 
4 0.93 1.51 0.99 0.41 0.15 0.03 19.4 
5 2.43 1.97 0.73 0.16 0.00 - 11.2 

Mean 1.79 1.80 0.77 0.22 13.1 
s.d. • :5 :k :5 :5 

0.67 0.17 0.18 0.13 4.2 

a/zg/Inl,  b Biological half-life, h. 
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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 .  
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