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ABSTRACT 

Capil lary electrophorcsis  has been used to separa te  and quant i ta te  glyphosale  and its ma jo r  metabol i te ,  
(anfinomethyl)pho.~phonic acid (AMPA),  in serum. The  two compounds ,  af ter  derivat izat ion with p- tolu-  
enesulphonyl  chloride, were clearly separated with 0.1 M boric ac id - sod ium hydroxide butter  (pH 9.6) 
containing 10% methanol .  The separa t ion was completed within I5 rain at an applied potential  o f  30 kV. 
Cal ibra t ion  curves for the assay were linear over  bo th  the lower (0.5-10 l;g/ml) and the higher ( i0 -100  
Itg/ml) concentra t ion  ranges. The within-run and day- to -day  coefficients o f  variat ion o f  peak area were 
1.4--4.4 and  4.4--8.5%, respectively, for g lyphosate  and 1.8-2.9 and 1.8-2.9%, respectively, for A M P A .  The  
within-run and  day- to-day  precisions o f  the migrat ion t ime for  bo th  c o m p o u n d s  were less than  ! .8% and 
less than 2 .5%,  respectively. The  detection limit o f  both  derivatives was 0.1 l,g/mi in spiked sera, and  the 
recoveries o f  g lyphosate  and  A M P A  were 87.9-88.8 and 78.4-86.9%, rcapectively. In this study, the 
reproducibi l i ty and the etTcct o f  pH changes on the c lec t ropherograms were especially examined.  

INTRODUCTION 

Herbicides containing glyphosate, N-(phosphonomethyl)glycine,  as a major 
ingredient have been used all over the world, and suicides or accidents due to 
glyphosate poisoning have been occasionally encountered in forensic practice 
[1,2] in spite of  its low mammalian toxicity, Although it has been determined by 
gas chromatographic [3,4] and high-performance liquid chromatographic 
(HPLC) [5,6] methods, its determination in biological specimens has been some- 
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what  t roub lesome [1,2]. We previously  reported an invest igat ion of  the efl'ective- 
ness o f  an  H P L C  method  for the quan t i t a t ion  o f g l y p h o s a t e  and  its ma jo r  metab-  
olite, (aminonae thyl )phosphontc  acid ( A M P A )  [7,8]. However,  that  me thod  also 
needed pre t rea tment  on a ca t ion-exchange  co lumn . . . . . . . . . .  

Grea t  advances  have been made  in capi l lary  electrophoresis  (CE) under  high 
voltage as a separa t ion  method .  This  me thod  provides high-speed separat ion,  
accurate  quan t i t a t ion  and  ease of  au tomat ion ,  A n u m b e r  of  trials using this 
p romis ing  me thod  have been a l ready  reported and discussed [9-12]. 

In this s tudy,  we appl ied  CE to the quant i ta t ive  analysis  o f  g lyphosate  and  
A M P A  in serum. Eluted c o m p o u n d s ,  which were derivat ized with p-toluenesut-  
phony l  chlor ide pr ior  to separa t ion,  were detected in the UV region with high 
sensitivity. The effect o f  pH changes  on the resolution and reproducibi l i ty  o f  tiffs 
me thod  are especially discussed. 

E X P E R I M E N T A L  

Materials 
Glyphosa t e  was generously  dona ted  by M o n s a n t o  J a p a n  (Tokyo,  Japan)  and  

A M P A  was obta ined  f rom Sigma (St. Louis,  MO,  USA).  p -To luenesu lphony l  
chlor ide  was purchased  f rom Tokyo  Kasei  (Tokyo,  J apan)  and  the p- toluenesul-  
phony l  chlor ide  solut ion (l 0 mg/ml )  was p repared  freshly dai ly  in acetonitri le.  All 
other  chemica ls  were o f  ana ly t ica l - reagent  grade. 

Preparation o f  standard solution 
Stock solut ions (1 mg/ml )  were prepared  by weighing g lyphosate  and  A M P A ,  

then dissolving them in distil led water  and s tor ing them at 4°C in an E p p e n d o r f  
1.5 ml  po lypropy lene  microtube .  A work ing  solut ion and spiked sera were pre- 
pared by di lut ing the stock solut ion with disti l led water and  h u m a n  sera, respec- 
tively. 

Procedlll'e 
Standardsohttion. To 0.5 ml o f  s t andard  solut ion were added 0.25 ml of  0.4 M 

phospha te  buffer (pH 11.0) and  0.1 ml o f  p - to luenesu lphonyl  chlor ide solut ion,  
and  the mixed solut ion was incuba ted  at 50°C for 5 rain in a hea t ing  bath.  After  
the incubat ion ,  one d rop  of  9 .~4 su lphur ic  acid and  then 4 ml o fe thy l  acetate were 
added  to extract  the result ing derivatives.  After  shak ing  vigorously  for I :nin, the 
ethyl  acetate layer was removed.  This  extract ion procedure  under  acid condi t ions  
was repeated four  times, and  the organic  layers collected were dried under  nitro- 
gen gas. The  residue was dissolved in 0.3 ml o f  33 m M  p h o s p h a t e  buffer ( p H  
11.0), then filtered through a filter uni t  o f  0.45 l tm pore size (Advantec,  Tokyo,  
J apan)  for CE analysis ,  

Serum. A 0.5-ml serum sample  con ta in ing  glyphosate  and  A M P A  was added  
to 1.0 ml o f  I0% tr ichloroacet ic  acid (TCA).  After  cent r i fugat ion at 900 g for l0  
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m i n ,  the  supe rna tan t  was washed  four  t imes wi th  5 ml o f  ethyl acetate  and  then 
once wi th  5 ml o f  die thyl  ether,  The  aqueous  solut ion was neut ra l  af ter  these 
washings.  To this aqueous  solut ion were added  0.25 ml  o f  0.4 M p h o s p h a t e  buffer  
(pH 11.0) and  0.1 ml o f p - t o l u e n e s u l p h o n y l  chlor ide  solut ion,  and  der iva t iza t ion  
was carr ied out as for the s t anda rd  solut ion.  

Appara tus  and  condit ions 
An a u t o m a t e d  CE ins t rument  (Model  270A, Appl ied  Biosystems,  Fos te r  City, 

CA,  USA) was used to ob ta in  the e lec t ropherograms.  Fo r  each e lect rophoresis  
run, a fused-sil ica capi l la ry  (72 cm x 50 l tm I.D.) was first washed  wi th  1.0 M 
sod ium hydrox ide  for 3 rain and  then recondi t ioned  wi th  a r unn i ng  buffer  for 4 
rain. Dur ing  these periods,  the solut ions  were forced th rough  the capi l la ry  tubes. 
The  sample  was in t roduced by app ly ing  a precisely contro l led  5 - m m H g  vacuum,  
requi r ing  5 s. This  resulted in 15 nl o f  the sample  be ing in t roduced  into the 
capi l lary.  After  the sample  in t roduc t ion ,  C E  separa t ion  was pe r fo rmed  at a volt- 
age o f  30 kV at 35°C. The  sample  inlet  :,:~.s held positive,  and  0.1 M bor ic  ac id -  
sod ium hydrox ide  con ta in ing  10% me thano l  was used as the r u n n i n g  buffer. All 
solut ions  were filtered th rough  a filter uni t  (Advantec) .  E lec t rophoresed  compo-  
nents  were detected with a UV detector  set at 240 nm. The  detector  signal  was 
t r ansmi t t ed  to an  in tegra tor  ( C h r o m a t o c o r d e r  12, SIC, Tokyo ,  Japan) ,  which  
reported the area co r respond ing  to each peak.  

R E S U L T S  A N D  D I S C U S S I O N  

In order  to es tabl ish  the o p t i m u m  condi t ions  for rap id  and  sensit ive determi-  
na t ion ,  we s tudied the effects o f  some buffer  c o m p o n e n t s  and  p H  changes  on the 
e lect rophoret ic  behav iour  o f  g lyphosa te  and  A M P A  spiked in serum.  G o o d  reso- 
lu t ion o f  g lyphosate  and  A M P A  from serum const i tuents  was ob ta ined  with 
me thano l i c  0.1 M boric  a c i d - s o d i u m  hydrox ide  buffer  at  p H  8.7-9.6,  with better  
resolut ion at h igher  pH.  W h e n  the buffer  p H  was less than  8.5, the two com- 
pounds  were not  separa ted  f rom serum const i tuents .  A h igher  buffer  p H  resulted 
in a :higher cur ren t  when  a cons tan t  vol tage was appl ied,  bu t  m e t h a n o l  lowered 
the current  and  also improved  the resolut ion.  A typical  e l ec t ropherogram ob- 
ta ined under  op t ima l  r u n n i n g  condi t ions ,  i.e. I 0% m e t h a n o l  and  p H  9.6, is shown  
in Fig. 1. The  derivat ives of  g lyphosa te  and  A M P A  showed the peaks  at ca. 14.4 
min  and  ca. 10.5 min ,  respectively.  Since the e lec t roosmot ic  flow reaches a maxi -  
m u m  under  a lka l ine  condi t ions  [ 13], the less negat ively charged  A M P A  migra ted  
faster than  glyphosate .  
.... As shown in Fig.  I, on the o ther  hand ,  a s ignif icant  n u m b e r  o f  interferences are 

present  in the TCA- t rea t ed  sample  solut ion,  and  some o f  these, m a i n l y  cat ions,  
m a y  b ind  to the s i lanol  groups  o f  the capi l la ry  surface.  N g u y e n  et al. [I4], us ing 1 
M sod ium hydroxide ,  ob ta ined  reproduc ib le  e lec t ropherograms  o f  nucleot ides  in 
deprote in ized supe rna t an t  f rom fish tissues. Our  f indings  conf i rmed this wash ing  
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Fig. 1. Electrogherograms of  (A) spiked and (B) blank human serum, derivatized with p-toluenesulphonyl 
chloride. Peaks: AMPA = (aminomethyl)phosphonic acid; GLYP = glyphosate. Conditions: voltage, 30 
kV; current, 48 /~A; buffer, 0.1 M boric acid-sodium hydroxide (pH 9.6) containing 10% methanol; 
capillary, 72 cm x 50 pm I.D.; temperature, 35°(2. 
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TABLE I 

W I T H I N - R U N  P R E C I S I O N  O F  M I G R A T I O N  T I M E  

S H O R T  C O M M U N I C A T I O N S  

Serum concentration Glyphosatc A M P A  
(pg/ml) 

t a (rain) C .V#  (%) t R (min) C.V. ° (%) 

0.5 14.4 0.5 10.5 0.9 
2.0 14.3 1.7 10.4 1.7 

20.0 14.3 1.5 I0.5 1.8 

" It = 5. 

effect o f  1 M sodium hydroxide .  The  e l ec tropherograms  in our exper iment  were 
reproducible  in successive repetitions.  The  with in-run and day- to-day  precis ions 
for migrat ion times o f  three different concentrat ions  o f  each c o m p o u n d  in serum 
are listed in Tables  I and II. Thus ,  the wi th in-run precis ion,  expressed as coeffi- 
cient o f  variation (C.V.)  was 0 . 5 - 1 . 7 %  for g lyphosate ,  and 0 . 9 - 1 . 8 %  for A M P A .  
The  day- to-day  precision was 1 .0 -1 .5% for g lypnosate ,  and 0 . 7 - 2 . 5 %  for 
A M P A .  

Table  III shows  the reproducibi l i ty (C.V. )  o f  the peak area at three concentra-  
t ions obta ined by this method:  the wi th in-run and day- to-day  precis ions o f  repli- 
cate assays using sera spiked with 0.5, 2 and 20 pg /ml  g lyphosate  were 1 .4-4 .4  and 
4 . 4 - 8 . 5 % ,  respectively,  and those  for A M P A  were 1 .8-2.9  and 1 .8 -2 .9%,  respec- 
tively. The  peak-area linearity was  assessed in serum over the lower  (0.5--10 pg/  
ml) and the higher ( 1 0 - I 0 0  ttg/ml) concentrat ion  ranges.  Cal ibrat ion curves  for 
both c o m p o u n d s  were l inear over these two ranges and passed c lose  to the origin. 
Correlat ion coefficients obta ined for g lyphosate  were r = 0 .99996 in the lower  
range and r = 0 .99695 in the higher range. T h o s e  for A M P A  were r = 0.99991 in 
the lower range and r = 0 .99949 in the higher range,  respectively.  The  detect ion 
i:'mit for both  c o m p o u n d s  was 0.1 ltg/ml in serum under these condi t ions  (mea-  
sured at a 2:1 s ignal - to-noise  ratio). 

T A B L E  II 

D A Y - T O - D A Y  P R E C I S I O N  O F  M I G R A T I O N  T I M E  

Serum concentration Glyphosatc 
(pg/ml) 

A M P A  

t~ (rain) C.V." (%) t R (min) C.V." (%) 

0.5 14.5 1.0 I0.5 2.5 
2.0 14.4 1.2 10.5 0.7 

20.0 14.3 1.5 10.4 0.9 

" IJ 5 . . . . .  
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T A B L E  llI 

W I T H I N - R U N  A N D  D A Y - T O - D A Y  P R E C I S I O N  O F  P E A K  A R E A  

Serum concentra t ion Coefficient o f  variation (n -- 5) (%) 
(ltg/ml) 

Glyphosate  A M P A  

Within-run Day- to-day Within-run Day- to-day  

0.5 4.4 4.4 2.9 1.8 
2.0 1.4 8.5 i.8 2.9 

20.0 2.9 5.7 1.9 2.8 

T A B L E  IV 

R E C O V E R I E S  OF  G L Y P H O S A T E  A N D  A M P A  F R O M  S P I K E D  S E R A  

Serum concentra t ion 
(l{g/ml) 

Recovery (mean 4- S.D, n = 5) (%) 

Glyphosa te  AM PA 

0.5 87,9 4- 6.2 86.9 4- 5.3 
2.0 88.5 4- 3.5 80.8 4- !.5 

20.0 88.8 4- 3.5 78.4 4- 3,6 

Table  IV shows the measured recoveries of  glyphosate and A M P A  at 0.5, 2 
and 20 ttg/ml in serum. Analytical  recoveries were 87.9-88.8% for glyphosate and 
78.4-86.9% for A M P A .  

We have previously reported an investigation of the effectiveness of an HPLC 
method for the quant i ta t ion of  glyphosate and A M P A  in serum [8]. That  method 
required the extraction of  both compounds  with an anion-exchange resin column 
prior to derivatization. With  this CE method,  however, it was possible to separate 
both compounds  independently from a significant number  of  interferences. In 
addit ion,  the recoveries of  glyphosate obtained by this CE method were higher 
than those obtained by HPLC.  

We described here a simple, sensitive and reproducible method for analysis of  
glyphosate and A M P A  in serum, which could be useful in screening, identifica- 
tion and quanti tat ion.  
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