
576 SHORT COMMUNICATIONS, PRELIMINARY NOTES VOL. 9 (1952) 
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Using capillary aspirat ion via a spray  chamber  into a bu rne r  and a filter pho tome te r  for emission 
measurements ,  SMIT and his co-workers 1, 2 have elucidated various fundamenta ls  of flame pho tomet ry .  
Since 1949 the wri ter  has had experience wi th  a flame spectrophotometer ,  employing a gravi ty  feed 
atomiser  spraying into a horizontal  chamber.  The vapour  is filtered into a propane burner,  which 
could be used wi th  acetylene by  changing the grid and inserting a ventur i  tube into the burner  
barrel. The light emitted is dispersed by  a pr ism monochromator .  The required emissions, isolated 
by  a moving slit (15-24 m p  band width), fall on red or blue sensitive phototubes ,  wi th  an electronic 
amplification circuit to measure  light intensities. The spec t rum also passes th rough  a slit fixed at 
671 m/~ onto a second red sensitive phototube ,  so tha t  a cons tan t  l i thium concentrat ion added to 
solutions, enabled potent iometr ic  measurements  of light intensi ty  ratios to be obtained s,4. This made 
feasible the comparison of the two techniques under  the same ins t rumenta l  conditions. 

The delivery of a cons tan t  a m o u n t  of element to the burner  in uni t  time, the correction of 
interferences produced in the  flame and the accurate isolation of emissions for measurement ,  was 
found to control  exact analysis. 

The minute  volume of fluid a tomised followed POISEUILLE'S law with  some modification, 
depending on a tomisat ion pressure, fluid capillary radius, and solution viscosity and temperature .  
Air pressure  and viscosity variat ions had little effect on ratio measurements  in cont ras t  to direct 
emissions, confirming the observat ions of BERRY et al. 5 With  fluid diameters from 0.3-0. 5 m m  and 
0. 7 kg/sq .cm air pressure, a tomisat ion ranged from 5-36 ml/min,  producing progressive increases 
up to 7o0 % and 4 % for direct and ratio measurements .  In  finer capillaries, the change in atomisat ion 
rate  (and direct emission) was more marked.  

The a m o u n t  of vapour  (and kation) entering the flame was dependent  on the number  of stable 
spray  particles formed on atomisation.  Reducing surface tension from 72-37 dynes per  cm with  
alcohols or bile salts increased the vapour  volume and direct emissions up to 7 ° %, and 5 % for 
ratio emissions. 

Solution tempera tures  (5-37 ° C), affecting fluid viscosities, size of a tomiser  capillary and the 
spray  process, produced no significant a l tera t ion in internal  s t anda rd  measurements .  

The delivery of the vapour  in cons tant  a m o u n t  to the  burner, therefore, necessitated considerable 
precaut ions  to enable direct emissions being read from calibration curves. Determinat ion  of light 
intensi ty  rat ios compensated adequately  for slight var ia t ions  in these factors. 

F lame interferences produced by  self-interference (i.e. light emission of element in high concen- 
t ra t ion no t  linear to its concentrat ion,  due to self-absorption and altered dissociation) and radiat ion 
interferences (due to ionised particles of elements interfering wi th  the atomic emission of the element 
being estimated) were reduced by  operat ing at  high dilution (1/lOO-1/2oo for l~a, 1/25-1/5o for K 
in serum). Judged  by  the error of replicate est imations within various s tandardisat ion ranges, such 
dilutions fell wi thin the m a x i m u m  sensit ivi ty range of the  ins t rument .  

The characteristics of l i thium (excitation and ionisation potentials  and the influence of inorganic 
and organic substances  on its emission in the propane and acetylene flames) indicated tha t  it behaved 
identically wi th  sodium, with slight var iat ion in respect  of po tass ium and some deviation for calcium. 
However ,  the flame error due to the incorporat ion of l i thium as an internal  s tandard  was ~ o.5 % 
for K and ~ 1.2 % for Ca, and was less than  the compounding of a tomisat ion and flame errors in 
the direct technique.  

Spectral  interference only occurred wi th  sodium in high concentrat ion at  the 554 m #  calcium 
oxide band  in cont ras t  to filter photometers  e,:. 

S tandard  solutions gave linear readings in all calibration ranges between 0-8 mg % for Na, 
o -  5 mg  % for K and o - I o  mg  % for Ca (Ca gave sat isfactory emission intensities only wi th  the 
acetylene flame). The s tandard  deviation of repeated est imations did not  exceed 0.9, 1.4 and 2.5 % 
for Na, K and Ca, respectively, unti l  one operated at concentrat ions less than  0.5 mg %. 

Methods of es t imation in all biological fluids and tissues have been developed. The internal  
s tandard  procedure yielded more accurate resul ts  and recoveries in plasma, urine, gastro-intestinal  
secretions and tissue analyses t h a n  direct flame p h o t o m e t r y  or chemical precedures.  The s tandard  



VOL. 9 ( I952 )  SHORT COMMUNICATIONS, PRELIMINARY NOTES 577  

dev ia t ion  for dup l i ca tes  and  recoveries  by  th is  m e t h o d  in all fluids and  t i ssues  was 1.3, 1.9 and  2.9 % 
(confidence l imi ts  for 96 of ioo analyses)  for Na,  K and  Ca. The  in te rna l  s t a n d a r d  m e t h o d  was  found 
pa r t i cu l a r ly  a d v a n t a g e o u s  for e s t ima t ions  in a. bile con ta in ing  spec imens  (bile, in tes t ina l  juice), 
where  sur face  t en s ion  affected direct  emiss ions ;  b. t i ssue  ashes,  where  iron and  p h o s p h a t e s  depressed 
direct  i n t ens i t y  m e a s u r e m e n t s ;  and  c. ur ines  con ta in ing  h igh protein,  glucose or p h o s p h a t e  concen- 
t ra t ions .  

The  detai led inves t iga t ions  will be publ i shed .  
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The  role of thiol  es ters  of coenzyme  A and  of g l u t a th ione  as i n t e rmed ia t e s  in the  ox ida t ive  
m e t a b o l i s m  of a l dehydes  and  ke to  acids  has  been  recen t ly  e luc ida ted  1. The  enzymic  ox ido- reduc t ion  
of n l e thy lg lyoxa l  to lactic acid cons is t s  of 2 s teps  ca ta lyzed  by  g lyoxalase  I and  112. In  the  first 
s tep  a condensa t i on  of g lu t a th ione  wi th  m e t h y l g l y o x a l  gives rise to a thiol  es ter  ( lactyl g lu ta th ione) ,  
wh ich  is hydro lyzed  in t he  second s tep to lactic acid and  g lu ta th ione .  I t  has  now been found  t h a t  
in t he  presence  of g lyoxa lase  I and  g lu ta th ione ,  o the r  ke toa ldehydes  (glyoxal, pheny lg lyoxa l  and  
h y d r o x y p y r u v i c  a ldehyde)  also give rise to t he  cor respond ing  thiol  esters .  These  es ters  all show 
a h igh  l ight  abso rp t ion  in t he  low u l t rav io le t  region and  give a charac te r i s t ic  color reac t ion  wi th  
h y d r o x y l a m i n e  and  ferric chloride s imilar  to t h a t  g iven  by  acyl  p h o s p h a t e s  3. The  fo rma t ion  and  
hyd ro lys i s  of t he  thiol  es ters  was  therefore  followed spec t ropho tomet r i ca l ly  as well as colorimetrical ly.  
A pa r t i a l ly  purif ied p repa ra t ion  of g lyoxalase  I I  ca ta lyzed  the  hydro lys i s  of t he  lactyl- ,  glycolyl-,  
mandely l - ,  and  g lycery l -es te rs  of g lu ta th ione .  I t  also spl i t  ace ty l  g lu t a th ione  slowly b u t  was  ap-  
p a r e n t l y  inac t ive  wi th  ace ty l  th iog lycola te  as subs t r a t e .  The  l a t t e r  c o m p o u n d  as well as ace ty l  
g lu t a th ione  recen t ly  ha ve  been  shown  to be hyd ro lyzed  b y l a r g e  a m o u n t s  of c rys ta l l ine  g lycera ldehyde-  
3 -phospha t e  dehydrogenase  4. A non -enzymi c  a m m o n o l y s i s  of ace ty l  th ioglycola te  to ace tamide  
was  also observed.  

A d iphosphopyr id ine  nuc leo t ide  l inked e n z y m e  is p r e sen t  in y e a s t  wh ich  ca ta lyzes  the  ox ida t ion  
of lac tyl  and  glycolyl  g lu t a th ione  2. Since these  thiol  es ters  are  p r e s u m e d  to be in equi l ibr ium wi th  
the i r  enediol forms,  t he  poss ib i l i ty  t h a t  t h e y  m a y  ac t  as subs t r a t e s  for e n z y m e s  wh ich  oxidize some  
enediol c o m p o u n d s  was  inves t iga ted .  I t  was  found however  t h a t  ne i the r  ascorbic acid oxidase  nor  
peroxidase  ca ta lyzed  t he  ox ida t ion  of lac ty l  g l u t a t h i one  nor  did the  y e a s t  e n z y m e  which  oxidizes 
the  thiol  es ters  h a v e  a n y  effect on ascorbic  acid or d i hyd roxyma le i c  acid. 

I n  the  course  of t hese  inves t iga t ions  m e t h o d s  were developed to follow the  ox ida t ion  of enediol  
c o m p o u n d s  spec t ropho tomet r i ca l ly .  A t  t he  appropr i a t e  w a v e l e n g t h s  t he  enediols  absorb  l ight  v e r y  
s t r ong ly  while  t he  ox ida t ion  p roduc t s  do not .  T h u s  t he  ox ida t ion  of aseorbic  acid b y  ascorbic acid 
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