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The max imum and shape of the curve of thiazoline 
carboxylic acid in phosphate buffer near the neutral i ty  
are very similar to those found for the metabolic 
product of thiazolidine carboxylic acid by liver prepara- 
tions 2. This finding strengthens the hypothesis tha t  a 
thiazoline derivat ive is the first product  of the biological 
oxidation of thiazolidine carboxylic acid. 

D. CAVALLINI, B. MONDOVt, and 
C. DE MARCO 

Institute o/ Biological Chemistry of the University o] 
Rome and Centro di Enzimologia delC.N.R., Rome (Italy), 
June 29, t957. 

Riassunto 

La formilcisteina in HC1 12 N dA un assorbimento nel- 
I 'ul t raviolet to indicante Ia formazione di un anetlo t ia-  
zolinieo, La reazione 6 pil~ rapids  per la Iormilcisteina 
che per il glutat ione e dipende dalla concentrazione 
dell'acido. Tra t tando  la formicilsteina con HC1 12 N, 6 
stato preparato  nn composto avente  le proprieth del- 
l 'acido tiazolin carbossilico, che in soluzione di fosfati a 
pH 7,4 db. una curva  spet t rofotometr ica  sovrapponibile 
a quells  o t t enu ta  in un precedente l'avoro da un meta-  
bolita detl 'acido tiazolidin carbossilico. Questo risultato 
avvalora  l ' ipotesi che il legato di ra t to  ~ capace di ossi- 
dare l 'anello tiazolidinico a tiazolinico. 

B i o c h e m i c a l  S tud ie s  on  the  D e g r a d a t i o n  P r o d u c t s  
of  D i a z i n o n e  

During chemical and biochemical studies on some 
organophosphorus insecticidesL it  was found tha t  
diazinone (O,O-diethyl O, 2-isopropyl-4-methyl-pyrimidyl 
thionophosphate) is degradated to various derivat ives 
by chemical and other  means. I t  was also observed tha t  
plants sprayed with diazinone contained biochemically 
active residues even after comparat ively  long periods of 
time. The results of these experiments are reported in the 
following : 

Methods and material ~. Plants  (Impatiens balsami) 
were sprayed with  a 0.02% aqueous diazinone solution, 
approximately  100 ml per m ~. Samples (3-5 g of fresh 
leaves) were taken after various periods of time, and 
homogenized in water  (10 ml). The homogenates were 
analysed for chemical ac t iv i ty  by measuring the eholin- 
esterase-inhibiting effect on an acetylcholine-cholin- 
esterase system with the Warburg  techniqueS. The 
enzyme used was a purified preparat ion from human 
blood serum. Before the addit ion of substrate  (acetyl- 
choline chloride), the enzyme was incubated for 50 rain 
with the extracts. Samples taken  from nnsprayed 
plants and treated in the same way were used as con- 
trois. 

Paper  chromatograms of various diazinone prepara- 
tions were carried out with filter paper (Munktell OB) 
impregnated with silicone or vaseline from a 5 % hexane 
or benzene solution, and air dried. The solvent used was 

1 K.-B. AUGUSTINSSON, Acta agr, Scand. 7, 165 ([957). 
2 We are grateful to Dr. Sxv RENVALL of the Swedish Plant Pro- 

tection Institute, Stockholm, for carrying out the spraying of the 
plants and taking samples for analysis. The diazinone preparations 
used were kindly supplied by Messrs. J. R, Geigy, Basel. 

s K.-B. AUGUSTINSSON, Meth. bioehem. Analysis 5, I (I957). 

t h e  upper phase from a mixture  containing water- 
ethanol-chloroform ( 6 : I 0 : 1 0 ) t  After air drying, the 
paper was developed by spraying first with a N-bromo- 
succinimide solution (0.09 g in 50 ml chloroform and 
afterwards diluted 1:5 with the solvent) and then with 
a fluorescein solution (0.33 g in 100 of 0.1 N NaOH and 
afterwards diluted 3:100 with ethanol) ~. The colour 
development  could only be favorably performed when 
the paper  was t rea ted  with vaseline. 
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Fig. l.--Biochemical effect of residues in plants sprayed with 
diazinone. 

Chromatograms not sprayed with the colour reagents 
were used to s tudy  the cholincstcrase inhibition by 
separated consti tuents.  The chromatogram was cut into 
sections of the same size, usually 20 sections from the 
start ing point to the solvent front, and extracts  of each 
section were made in a bicarbonate buffer solution (the 
same solution as used in enzyme act iv i ty  determinationS). 
Cholinesterase inhibition by these extracts  was assayed 
using the technique mentioned above. The location of 
act ive const i tuents  thus obtained (Fig. 3) was evaluated 
as per cent  enzyme inhibit ion by each section of the 
chromatogram, and compared with a chromatogram 
developed with the colour reagents. 

Analysis o] residues [rom diazinone-spra yed plants. The 
first sample of the plant  sprayed with diazinone was 
taken 1 h after spraying, followed by sampling during 
one to two months  (duplicate series of experiments 
carried out). The results obtained from one of these 
experiments  are recorded in Figure 1. They indicate that 
50% of the act ive components  was present 25 days after 
spraying. After 9 weeks, the ac t iv i ty  of the residues was 
approximate ly  20}/0 of the original biochemical activity, 
corresponding to approximate ly  0-15 /~g of diazinone 
equivalents  per gram plant  material.  The original 
amount  of diazinone (based on the amount  used in 
spraying) was approximate ly  10 /~g/g material. 

I t  is most  probable tha t  diazinone is easily isomerised 
or converted to analogues (e.g., by  oxidation) in a way 
similar to tha t  demonst ra ted  for parathion 4. Some of 
these isomers and analogues might  be more active bio- 
chemically than  diazinone, in the same way as was 
found for parathion.  In  order to  find support  for this 
view, the following experiments  were performed. 

Enzyme inhibition by diazinone preparations treated in 
various ways. The cholinesterase inhibit ing activities of 
pure (99.9%) diazinone and of a one year old prepara- 
tion containing 95% pure diazinone (chemical analysis) 
differed greatly, as demonstra ted in Figure 2. Even after 
keeping for four months  a t  room temperature,  a prepara- 
tion behaved much the same as the one year old prepara- 

a K.-B. AUGUSTINSSON and G. JoNssoN~ Acta chem. scand 1t, 
275 (1957). 

a j .W.  Coog, J. Ass. off. agrie. Chem. Wash. 37,984 (1954). 
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t ion.  The  e n z y m e  inh ib i t ion  was increased  by  hea t ing  
a pure  p r e p a r a t i o n  for severa l  hours  a t  140°C, and this  
increase in a c t i v i t y  is a ssumed to be due to  the  fo rma t ion  
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Fig. 2 . -  In vitro inhibition of cholinesterase activity (purified enzyme 
from human blood serum) by diazinone preparations treated in 
various ways. (A) Pure diazinone; {B) Pure diazinone heated for 
65 h at 140°C; (C) One year old diazinone preparation (a precipitate 
present was removed before use); (D} and (E) Pure diazinone treated 
with bromine for 3 h (D) and tested immediately after the addition of 
bromine (E). pI = -- log of molar inhibitor concentration (based on 
pure diazinone, mol, weight 303"35), Values inserted refer to 50% 

enzyme inhibition (pls,). 

of t he  S-e thy l  i somer  of d iazinone.  The  in vitro inh ib i t ion  
was stil l  more  increased when  pure  d iaz inone  was t r e a t ed  
wi th  d i lu te  b romine  w a t e r  (1:2500).  The  reac t ion  wi th  
b romine  was ins tan taneous ,  and  the  g rea tes t  increase in 
inh ib i t ion  was ob ta ined  when  the  m i x t u r e  was t es ted  as 
soon as possible a f te r  the  add i t ion  of b romine .  I t  is as- 
sumed  t h a t  d iaz inone was t h e r e b y  oxid ised  to its o x y g e n  
analogue,  which  is p r o b a b l y  the  ac t ive  de r i va t i ve  
in vivo. W h e n  diaz inone  was i ncuba t ed  wi th  b romine  
wa te r  for longer  per iods  of t ime,  the  inh ib i t ing  a c t i v i t y  
of t he  m i x t u r e  was decreased.  I n c u b a t i o n  m u s t  be 
car r ied  ou t  in aqueous  so lu t ion ;  in e thanol ,  d iaz inone  
was n o t  oxid ised  b y  b romine .  I t  is seen in F igure  2 t h a t  
a f te r  t h e  b romine  t r e a t m e n t ,  t he  enzyme- inh ib i t i ng  
power  was  increased  10,000 t imes.  

tJaper chromatography. P u r e  and  techn ica l  grade  
d iaz inone  p repa ra t ions  as welt as p r epa ra t i ons  hea t ed  or  

t r e a t e d  wi th  b romine  were  ana lysed  b y  pape r  c h r o m a t o -  
g raphy .  The  c h r o m a t o g r a m s  ob ta ined  wi th  vasel ine-  
t r e a t e d  pape r  were  deve loped  by  sp ray ing  w i t h  N-  
bromosuec in imide- f luoresce in ,  and those  ob t a ined  wi th  
s i l i cone- t rea ted  pape r  were e v a l u a t e d  b y  b iochemica l  
means.  The  resul ts  of some of these  e x p e r i m e n t s  are 
r ecorded  in F igure  3. The  Rf va lues  ob t a ined  w i t h  t he  
vasel in-  and  s i l icone- t rea ted  papers  are no t  comparab le ,  
which  m a y  be no ted  when  compar ing  the  resul ts  shown 
in F igu re  3 (A and a). 

On  a co lour -deve loped  c h r o m a t o g r a m  of pure  (99.9%) 
d iaz inone  p r e p a r a t i o n  (A, a) on ly  one spot  was visible. 
B iochemica l  e v a l u a t i o n  revea led  two  ac t ive  cons t i tuen ts .  
On the  o t h e r  hand ,  six va r ious  cons t i tuen t s  could  be  
t r aced  by  t h e  b iochemica l  m e t h o d  on a c h r o m a t o g r a m  
of an  old p repara t ion .  I t  has  n o t  been possible to  iden t i fy  
all these  cons t i tuen t s ,  b u t  some suggest ions  in th is  
d i rec t ion  could be  made ,  when  the  fol lowing e x p e r i m e n t s  
had  been  per formed .  

A pure  d iaz inone p r e p a r a t i o n  hea t ed  for 65 h a t  140°C 
revea led  on ly  two  spots  (C; R!  0-68 and 0-88). I t  is sug- 
ges ted  t h a t  these  cor respond  to  t he  two  f a s t - runn ing  
cons t i t uen t s  observed  in the  old p repa ra t ion .  One of t h e  
two cons t i tuen ts ,  p robab ly  t h a t  w i th  R~ 0-88, is t he  S- 
e thy l  i somer  of d iaz inone ;  the  o the r  (Rf  0.58) m a y  be 
the  o x y g e n  ana logue  of diazinone.  The  l a t t e r  d e r i v a t i v e  
was the  p r e d o m i n a n t  cons t i t uen t  in a m ix tu r e  ob t a ined  
af te r  the  t r e a t m e n t  of d iaz inone wi th  b romine  wa te r  
(D, Fig.  3). 

We conclude,  therefore ,  t h a t  the  two  cons t i t uen t s  
t r aced  b iochemica l ly  in a ' pu re '  d iaz inone  p r epa ra t i on  
were d iaz inone  (R! 0.1) and  i t s o x y g e n  ana logue  (RI0.68), 
the  l a t t e r  p r o b a b l y  being easi ly formed f rom the  fo rmer  
even  in con t ac t  w i th  air. As to t he  i d e n t i t y  of the  th ree  
r ema in ing  cons t i t uen t s  p resen t  in t he  old p r e p a r a t i o n  
(B, Fig.  3), no answer  can  be g iven  before  t es t ing  o the r  
possible ana logues  or  i somers  of diazinone,  e.g., t he  
S -py r imidy l  isomer,  the  b i s -py r imidy l  analogue,  and  
others .  

K. -B.  AUGUSTINSSOI~" and  G. JONSSON 

Institute of Organic Chemistry and Biochemistry, 
University Stockholm (Sweden), Pday 3, 1957. 
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Fig. 3.--Cholinesterase inhibition by various sections of the paper chromatograms of pure (99.9%) diazinone (A), one year old diazinone 
(B), heated diazinone (65 h at 140°C) (C), and bromine-treated diazinone (D). Silicone treated paper used, except for the colour 
developed chromatogram (a) of pure diazinone when vaseline-treated paper was used instead. The R] values of all constituents 

observed are noted on a 'hypothetical' chromatogram (b). 
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Z u s a m m e n / a s s u n g  

Pf lanzen ,  die m i t  D i a z i n o n  g e s p r i t z t  w u r d e n ,  e n t h a l -  
t en  b i o c h e m i s c h  a k t i v e  R i i c k s t ~ n d e  des  I n s e k t i z i d s  a u c h  
n a c h  verg le ichsweise  l a n g e r  Ze i t ;  5 0 %  der  a k t i v e n  
Stoffe w a r e n  v o r h a n d e n  25 Tage  n a c h  de r  S p r i t z u n g :  
20% der  u r sp r f ing l i chen  b i o c h e m i s c h e n  A k t i v i t ~ t  wur-  
den  noch  n a c h  9 \ ,Vochen fes tges te l l t .  

Re ines  (99 ,9%) D i a z i n o n  e n t h i e l t  ausse r  d e m  Diazi-  
n o n  eine a n d e r e  c h o l i n e s t e r a s e h e m m e n d e  S u b s t a n z ,  
w a h r s c h e i n l i c h  i d e n t i s c h  m i t  d e m  S a u e r s t o f f a n a l o g o n  
des Diaz inons .  I n  e i n e m  e in  J a h r  a l t e n  r e i n e n  D i a z i n o n -  
p r / i p a r a t  k o n n t e n  6 K o m p o n e n t e n  p a p i e r c h r o m a t o g r a -  
p h i s c h  n a c h g e w i e s e n  werden .  3 B e s t a n d t e i l e  e ine r  der-  
a r t i g e n  M i s c h u n g  k o n n t e n  i d e n t i f i z i e r t  w e r d e n :  Dia-  
z inon,  se in  S a u e r s t o f f a n a l o g o n  u n d  se in  S-e thy l i so -  
meres .  Die  b e i d e n  l e t z t e r e n  w u r d e n  w a h r s c h e i n l i c h  bei  
der  B e h a n d l u n g  y o n  D i a z i n o n  m i t  B r o m  bzw.  bei  se iner  
E r h i t z u n g  a u f  140°C als  H a u p t p r o d u k t e  geb i lde t .  

D e m o n s t r a t i o n  of Spec i f i c  and N o n - s p e c i f i c  
A ~ g l u t i n o g e n s  in the N o r m a l  B o n e  M a r r o w  

E r y t h r o b l a s t s  

T h e  p re sence  in t h e  b o n e  m a r r o w  e r y t h r o b l a s t s  of 
a g g l u t i n o g e n s  (specific a n d  non-spec i f ic )  s imi l a r  to  t h o s e  
of t h e  m a t u r e  e r y t h r o c y t e s ,  t h o u g h  t h e o r e t i c a l l y  i n tu i -  
t ive ,  h a s  u p  to  n o w  b e e n  s u g g e s t e d  o n l y  ind i rec t ly .  F o r  
i n s t ance ,  ]3JORKMAN 1 r e p o r t s  t h e  a g g l u t i n a b i l i t y  of 
e r y t h r e m i c  cells b y  i n f l u e n z a  v i ru s  a n d  b y  a s e r u m  
c o n t a i n i n g  cold a g g l u t i n i n s ,  a n d  WAGNER 2 t h a t  of 
e r y t h r o b l a s t s  of t h e  r a t  b y  a n  a n t i - r a t - e r y t h r o c y t e s  
se rum.  More  r e c e n t l y  PISCIOTTA a n d  HINZ 3, u s i n g  
c i r cu l a t i ng  e r y t h r o b l a s t s  in  a case of a c q u i r e d  h a e m o l y t i c  
a n a e m i a ,  h a v e  s h o w n  t h a t  t h e y  a g g l u t i n a t e  w i t h  g roup-  
specif ic  sera ,  a n d  w i t h  se ra  c o n t a i n i n g  a u t o h a e m o -  
agg lu t in ins .  

The  p r o b l e m  is espec ia l ly  i n t e r e s t i n g  in r e l a t i o n  to  t h e  
s u g g e s t e d  b o n e  m a r r o w  i n v o l v e m e n t  in  course  of im-  
m u n o h a e m o l y t i c  s y n d r o m e s :  t h e  b o n e  m a r r o w  v u l n e r -  
ab i l i t y  in  such  p a t h o l o g i c a l  cond i t i ons ,  d e m o n s t r a t e d  b y  
seve ra l  d i f f e ren t  s tud ie s  (GASSER 4, SACCHETTI, R o s s I ,  
a n d  DIENA~), wou ld  be  s u p p o r t e d  b y  t h e  f i nd i ng  of 
e r y t h r o b l a s t i c  a g g l u t i n a b i t i t y .  

The  p r e s e n t  w o r k  h a s  b e e n  t h e n  d i r e c t e d  to  e s t a b l i s h :  

(1) w h e t h e r  g roup-spec i f i c  a n t i g e n s  ex i s t  in  t he  n o r m a l  
bone  m a r r o w  e r y t h r o b l a s t s ,  a n d  t h e  s t age  of t h e i r  
a p p e a r a n c e  in t h e  ceils:  a n d  

(2) w h e t h e r  t h e  e r y t h r o b l a s t s  are  a g g l u t i n a t e d  b y  n o n -  
specific a g g l u t i n a t i n g  sera.  

T h e  e r y t h r o b l a s t s  of t h e  b o n e  m a r r o w  h a v e  b e e n  
s e p a r a t e d  b y  a f r a c t i o n a t e d  c e n t r i f u g a t i o n  t e c h n i q u e  
(BRACCO, CURTI, a n d  MASERA6), mod i f i ed  w i t h  t h e  ad-  
d i t i on  of P o l y v i n y l p y r r o l i d o n e ,  wh ich  m a k e s  i t  poss ib le  
to  o b t a i n  in  a s h o r t  t i m e  (15 ra in  f rom t he  b o n e  m a r r o w  
p u n c t u r e )  a n  e r y t h r o b l a s t i c  s u s p e n s i o n  of 9 0 - 9 5 % .  F o r  
t h e  a g g l u t i n a t i o n  t e s t s  w i t h  g r o u p i n g  sera,  a d r o p  of t h e  
a g g l u t i n a t i n g  s e r u m  was added ,  in  serological  t u b e s ,  to  

1 S. l:.. BJ6RKMAN, Acta haematol. 11, 189 (1954). 
2 K. WAGNER, 5th Congr. Europ. Soe. Haematol. 192,.5, 593. 

A. V. PlSCtOTTA and J. E. HtNZ, Proe. Soc. exper. Biol. Med. 
N. Y. 91, 356 (1956). 

4 C. GASSER, Sang g6, 6 (1955). 
C. SACCHETTI, V. RoSSL and F. DIESA, Boll. Soe. ital. Ematol. 

(to be published). 
M. BRACCO, P. C. Cv~T~, and N. MAS~RA, Acta haematol, a, 9l 

0951). 

a d r o p  of a n  e r y t h r o b l a s t i c  s u s p e n s i o n  a t  40 50% in 
sal ine.  

Fo r  se ra  c o n t a i n i n g  a u t o - a n t i b o d i e s ,  t h e  ery thro-  
b las t s ,  a t  2 - 4 %  in sal ine,  were  a d d e d  to  e q u a l  volumes 
of se rum.  

The  r e a d i n g s  of t he  a g g l u t i n a t i o n ,  a f t e r  i n c u b a t i o n  at 
t h e  a p p r o p r i a t e  t e m p e r a t u r e  for n o t  longer  t h a n  30 rain 
to  a v o i d  ce l lu la r  d a m a g e ,  were t a k e n  mac ro -  a n d  micro- 
scopical ly .  

I n  case  of i n c o m p l e t e  a n t i b o d i e s ,  c o m p a t i b l e  normal  
s e r u m  was  a d d e d  to  t h e  e r y t h r o b l a s t s - s e r u m - m i x t u r e ,  
a n d  t h e  r ead ings  were  t a k e n  as above .  

All g lassware  used  was  s i l i cona ted .  

T a b l e  I shows  t h e  r e su l t s  of some  e x p e r i m e n t s  of ag- 
g l u t i n a t i o n  of n o r m a l  e r y t h r o b l a s t s  b y  group-specif ic  
se ra :  t h e  r e su l t s  o b t a i n e d  were in c o m p l e t e  agreement  
w i t h  t hose  o b t a i n e d  w h e n  m a t u r e  e r y t h r o c y t e s  of the 
s a m e  s u b j e c t s  were  used  i n s t e a d  of b o n e  m a r r o w  erythro-  
b las t s .  

Table I 

Case No. t Case No. 2 Case No. 3 

Anti-A 
Anti-B 
Anti-M + 
Anti-N 
Anti-D + 
Anti-Lewis Lea - 
Ant i -Lutheran  Lug+ 

Anti-A 
Anti-B 
Anti-M 
Anti-N + 
Anti-D 
Anti-Lewis + 

+ Anti-A 
- Anti-B 

Anti-M 
Anti-N 
Anti-D 
Anti-Lewis 

Ant i -Lutheran  - 

+ 
+ 
+ 
+ 

Anti-Lutheran + 

q- denotes agglutination; -- denotes no agglutination. 

I n s p e c t i o n  of t h e  a g g l u t i n a t e s ,  in f resh ly  made  pre- 
p a r a t i o n s  ca re fu l ly  o b s e r v e d  w i t h  p h a s e - c o n t r a s t  micro- 
scopy,  or a f t e r  s t a i n i n g  of t h e  slides, m a d e  i t  possible to 
recogn ize  t he  p re sence  of basoph i l i c  e r y t h r o b l a s t s  also 
in t h e  ea r l i e r  phases .  

Table t l  

Agglutin- Optimal 
ating sera Type of antibody temperature Agglutination 

1 
2 
3 
4 
5 
6 

Incomplete 
Incomplete 
Incomplete 
CompIete 
Complete 
Complete 

37 
37 
20 

4 
20 

4 

+ 
+ + +  
+ +  
+ + + +  
+ + + +  
+ + +  

+,  + -+, + + t , q- + + + denote varying degrees of agglutination. 

T a b l e  I I  shows  t h e  r e su l t s  of e r y t h r o b l a s t i c  agglutina- 
t i o n  b y  sera  c o n t a i n i n g  a u t o - a n t i b o d i e s ,  cold and  warm 
type ,  c o m p l e t e  a n d  i n c o m p l e t e  form.  

O u r  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  b o n e  marrow 
e r y t h r o b l a s t s  possess  g roup-spec i f i c  a n t i g e n s  similar in 
all r e spec t s  to  t h o s e  f o u n d  o n  t he  m a t u r e  erythrocytes .  
Such  a n t i g e n s  are  p r e s e n t  also in t h e  m o s t  immature  
basoph i l i c  e r y t h r o b l a s t s  : t h i s  f ac t  d e m o n s t r a t e s  t h a t  the 
p r e sence  of a n t i g e n s  is u n r e l a t e d  to  t h e  appea rance  of 
h a e m o g l o b i n  in  t he  cells. T h e  d e m o n s t r a t i o n  t h a t  the 
e r y t h r o b l a s t s  a re  s t r o n g l y  a g g l u t i n a t e d  b y  sera con- 
t a i n i n g  a u t o - a n t i b o d i e s  of d i f f e r en t  t y p e  seems  to be 
s i gn i f i c an t :  t h i s  sugges t s  t h a t ,  d u r i n g  t h e  immunohae-  


