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THE DETERMINATION OF METRIBUZIN AND ITS METABOLITES 
BY HIGH PRESSURE LIQUID CHROMATOGRAPHY 1,2 
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ABSTRACT 

A method for the determination o f  metribuzin and its 
metabolites in plant tissues has been developed using High 
Pressure Liquid Chromatography (HPLC). 
volves reversed-phase chromatography on a C-18 HPLC column and 
a 62:38 methanol/0.05 acetic acid mobile phase. Under these 
conditions, metribuzin and the three known metabolites [dea- 
minated metribuzin (DA), deaminated diketometribuzin (DAOK) 
and di ketometribuzin (DK)] are completely resolved from each 
other. 

The system used in- 

Detection i s  by UV absorbance at 254 nm. 
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726 PARKER ET AL. 

INTRODUCTION 

Met r i buz i n [ 4- ami no- 6- (1 ,1- d i  methyl e t h y l  )-3- (methyl t h i  0)- 

1,2,4- t r iaz in-5 (4lj)one; BAY 943371 i s  a systemic he rb i c ide  

w ide ly  used f o r  t h e  c o n t r o l  o f  grasses and broadleaf  weeds 

i n  a v a r i e t y  o f  crops, i n c l u d i n g  soybeans, potatoes, and 

tomatoes. The r e l a t i v e  to le rance  o f  p l a n t s  such as soybeans 

t o  me t r i buz in  has been a t t r i b u t e d  t o  t h e i r  a b i l i t y  t o  

convert  me t r i buz in  t o  l e s s  phy to tox i c  substances more 

r a p i d l y  than do more suscep t ib le  p l a n t s  (1). Three metabol i tes 

o f  me t r i buz in  have been i d e n t i f i e d  (2-4): deaminated me t r i buz in  

(DA),  deaminated d i ke tomet r i buz in  (DADK), and d i ke tomet r i buz in  

(DK). 

F igure 1. These metabol i tes have been found i n  soybeans 

(1 ,5-71, tomatoes (8,9), potatoes (1 0) , sugarcane (1 1 ) , 

barnyard grass and American nightshade (12), o the r  crops 

( l o ) ,  and i n  s o i l s  (7,10,13). 

The s t r u c t u r e s  o f  these compounds are shown i n  

Di f ferences between c u l t i v a r s  i n  s u s c e p t i b i l i t y  t o  

me t r i buz in  i n j u r y  have been observed f o r  soybeans (5,14- 

25), potatoes (26,27), and tomatoes (8). These d i f f e rences  

have been a t t r i b u t e d  t o  d i f f e rences  i n  me t r i buz in  metabolism 

(5,8,14,25). Another area o f  concern i nvo l ves  p o s s i b l e  

phy to tox i c  i n t e r a c t i o n s  between met r i buz in  and o t h e r  pes t i c ides  

(6,9,28-32). 

found i n  soybeans (6) and i n  tomatoes (9) which appear t o  

have been induced by t h e  a d d i t i o n a l  p e s t i c i d e .  

Changes i n  me t r i buz in  metabolism have been 
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METRIBUZIN AND ITS METABOLITES 727 

Met r i buz in OK 

DA DADK 

Figure 1. Structures of metribuzin and the three known 

metabolites 

Interest in crop tolerance or susceptibility to metribuzin 

injury has led to the development o f  various research 

methodologies for  the detection and quantitation of metribuzin 

and its metabolites in plant tissue and soils. Thus far, 

these methods include only gas chromatography ( G C )  and 

thin-layer chromatography (TLC). 

DA, DADK, DK may be performed with an OV-225 column using 

an electron-capture detector (7,10,11) or Coulson conductivity 

detector (10); or with a Silar-5CP column and an alkali 

flame ionization detector (13). 

extensive sample cleanup is usually required, and several 

GC analysis o f  metribuzin, 

Using these GC methods, 
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728 PARKER ET AL. 

i n j e c t i o n s  are sometimes r e q u i r e d  t o  separate a l l  o f  t h e  

metabol i tes ( l o ) ,  al though t h e  use o f  N -spec i f i c  de tec to rs  

has e l im ina ted  many in te r fe rences  (7). 

Various t h i n - l a y e r  chromatographic procedures us ing  

aluminum ox ide (12) o r  s i l i c a  ge l  (5,6,12) a re  c u r r e n t l y  i n  

use f o r  t h e  ana lys i s  o f  me t r i buz in  and i t s  metabol i tes.  

Many o f  these methods cannot reso lve  a l l  of  t h e  known 

metabol i tes.  Moreover, us ing  t h e  TLC method, q u a n t i t a t i o n  

must be done as a separate step, u s u a l l y  a f t e r  t h e  m a t e r i a l  

has been removed from t h e  p l a t e .  

To the  bes t  of our  knowledge, t h i s  paper i s  t h e  f i r s t  

t o  descr ibe a method us ing h i g h  pressure l i q u i d  chromatography 

(HPLC), f o r  t h e  separat ion o f  me t r i buz in  and i t s  metabol i tes.  

The method a l l ows  the  separat  on and q u a n t i t a t i o n  o f  these 

compounds i n  a s i n g l e  s tep,  w t h o u t  t h e  need f o r  extens ive 

sample cleanup. 

MATERIALS AND METHODS 

Equipment 

The HPLC system cons is ted  o f  two Waters 6000A pumps 

(Waters Associates, M i l f o r d ,  MA), a Waters 440 UV de tec to r  

s e t  a t  254 nm, and a Waters 660 Solvent Programmer. 

t imes and peak areas were determined w i t h  a Waters Data 

Module 730. 

column, 5 micron p a r t i c l e  s i z e ,  4.6 mm I . D .  x 25 cm l e n g t h  

(Dupont Instruments A n a l y t i c a l  D i v i s i o n ,  Wilmington, DE). 

Retent ion 

The column used was a Dupont Zorbax ODS (C-18) 
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METRIBUZIN AND I T S  METABOLITES 72 9 

Flow r a t e s  were 1.0 ml/min, and separat ions were done a t  

room temperature unless otherwise s t a t ed .  

was car r ied  out  on Waters C-18 Sep-Paks. 

Standards and Solvents 

Sample cleanup 

Sampies of metribuzin,  D K ,  DADK, and DA were obtained 

from Mobay Chemical Corp, Ag. Chem. D i v . ,  Kansas Ci ty ,  MO. 

Stated p u r i t i e s  f o r  these  compounds were 99.6%, 95%, 95%, 

and 95%, respect ively.  Solvents used i n  t h i s  study were 

HPLC-grade methanol (Fisher  S c i e n t i f i c ,  Co., Fairlawn, NJ), 

HPLC grade te t rahydrofuran (THF) (Burdick and Jackson 

Laboratories,  Inc. ,  Muskegon, MI), HPLC-grade ace t i c  acid 

(J.T. Baker Chemical Co., Phi l l ipsburgh,  NJ) and deionized 

water (Darco Water Systems, Inc . ,  Durham, NC). The organic 

solvents  were f i ' l t e r ed  through a 0.5 micron Mil ipore  

f i l t e r ,  type FH (Mil l ipore Corp., Bedford, M A ) ;  the  water 

was f i 1 te red  through a 0.45 micron Mi 11 ipore f i 1 t e r ,  type 

HA. 

Plant Culture 

Soybean seeds [Glyci ne max. (L. ) Merr. "Ransom"] were 

germinated on paper towels. After  germination, seedl ings 

were t ransfer red  t o  125-ml f l a sks  containing 100 m l  of 

ha l f - s t rength  Hoagland's so lu t ion  (33).  

were cul tured i n  a growth chamber a t  a l i g h t  i n t e n s i t y  of 

12 klux. 

and 27OC, respect ively.  

Soybean p lan ts  

Day length and temperature were maintained a t  16 h 
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7 30 PARKER ET AL. 

Tissue Ex t rac ts  

Four day-old p l a n t s  were p a r t i t i o n e d  i n t o  leaves, 

stems, coty ledons, and roo ts .  The wet weight  o f  t h e  combined 

p l a n t  p a r t s  were 0.48 g, 0.29 g, 1.19 g, and 0.47 g respec- 

t i v e l y .  Each p l a n t  p a r t  was ex t rac ted  w i t h  methanol i n  an 

omni-mixer. The homogenate was then f i l t e r e d  and t h e  

f i l t r a t e  was evaporated i n  a f l a s h  evaporator t o  a f i n a l  

volume o f  2 m l  . 

For c o n t r o l  samples, 1 m l  o f  each e x t r a c t  was d i l u t e d  

t o  10 m l  w i t h  methanol. For "spiked" samples, 1 m l  of each 

e x t r a c t  was d i l u t e d  t o  10 m l  w i t h  methanol t o  which a 

m ix tu re  o f  standards had been added. Concentrat ions o f  t h e  

standards i n  the  spiked e x t r a c t s  were approximately 1.5 

ng/pl DK, 1.2 ng/pl DADK, 1.9 ng/pl DA and 1.2 ng/p1 

metr ibuz in.  

ma te r ia l  which might  be present,  a 2 m l  p o r t i o n  o f  each 

e x t r a c t  was f i l t e r e d  through a Waters C-18 Sep-Pak which 

had p rev ious l y  been r i n s e d  w i t h  methanol. Recoveries o f  

DK, DADK, DA, and me t r i buz in  were g rea te r  than 99% by HPLC 

ana lys i s  (UV de tec t i on )  be fo re  and a f t e r  Sep-Pak f I t r a t i o n .  

Sep-Pak f i l t e r e d  c o n t r o l  and spiked e x t r a c t s  were n jec ted  

d i r e c t l y  i n t o  the  l i q u i d  chromatograph. 

I n  order  t o  remove any s t r o n g l y  r e t a i n e d  

RESULTS AND DISCUSSION 

Using HPLC, separat ion o f  a m ix tu re  of met r ibuz in ,  DK, 

DADK, and DA can be achieved i n  66:34 methanol: 0.05 
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METRIBUZIN AND ITS  METABOLITES 731 

a c e t i c  a c i d  (HOAc) and a f l o w  r a t e  o f  1 m l h i n ,  g i v i n g  an 

o v e r a l l  ana lys i s  .time of 8 minutes f o r  t h e  m ix tu re  (F igure 

2A). The separat ion of  t h e  same standard m ix tu re  i n  62:38 

methanol/0.05 - M HOAc i s  shown i n  F igure 26. While t h i s  has 

t h e  e f f e c t  of i nc reas ing  the  ana lys i s  t ime t o  approximately 

15 minutes pe r  sample, i t  has been found t o  g i v e  b e t t e r  

separat ion o f  t h e  me tabo l i t e  peaks from n a t u r a l l y  occu r r i ng  

t i s s u e  components. The r e t e n t i o n  t imes o f  DK, DADK, m e t r i -  

buzin,  and DA under these cond i t i ons  are 5.63, 6.46, 8.56 

and 9.56 min, respec t i ve l y .  

Chromatograms shown i n  F igure 3 were obtained by 

i n j e c t i n g  8 1.11 o f  t h e  c o n t r o l  and sp iked l e a f ,  stem, coty ledon, 

and r o o t  ex t rac ts .  For t h e  spiked e x t r a c t s ,  t he  chromatograms 

shown correspond t o  approximately 12 ng DK, 10 ng DADK, 15 

ng DA, and 10 ng me t r i buz in  i n j e c t e d .  As can be seen from 

these chromatograms, each p l a n t  organ has a d i f f e r e n t  

p a t t e r n  o f  e a r l y  e l u t i n g  ( i . e . ,  p o l a r )  components, b u t  

these components do n o t  s e r i o u s l y  i n t e r f e r e  w i t h  t h e  ana lys i s  

under these cond i t i ons .  Peak areas from n a t u r a l l y - o c c u r r i n g  

components which coe lu te  w i t h  me tabo l i t e  peaks could be 

subtracted from the  t o t a l  peak areas i f  c o n t r o l  t i s s u e  

samples were run. To prevent  bu i l d -up  o f  any s t r o n g l y  

r e t a i n e d  ma te r ia l s  on t h e  HPLC column, t h e  column was 

purged w i t h  te t rahyd ro fu ran  for  an hour a f t e r  t h e  end o f  

each workday, a t  a f l o w  r a t e  o f  1 ml/min. 
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C 

DADK 

A -  

STAhDARD MIXTURE 

66 :34  MeOH / 0.05 M HOAc - 

STANDARD M I X T U R E  

62:38 MeOH / 0.05 r?. HOAc 

c 

DK 
I 

DADK 

F igure 2. Chromatograms o f  a m ix tu re  o f  standards i n  methanol: 

0.05 a c e t i c  ac id .  
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%!-+J 
LEAF CONTROL 

STEM CONTROL 

LEAF SPIKE 

D A  
3K 

d 

STEM SPIKE 

1 COTYLEDON CONTROL 

I 

ROOT CONTROL 

D A  

DK 1 

COTYLEDON CONTROL 

i ROOT SPIKE 

Figure 3.  Chromatograms o f  control and spiked plant extracts 

in methanol:0.05 p! acet ic  acid. 
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METRIBUZIN AND ITS METABOLITES 735 

I n i t i a l  work on t h e  separat ion o f  me t r i buz in  and i t s  

metabol i tes was done w i t h  a methano1:water mobi le phase. 

Although separat ion could be achieved, s e l e c t i v i t y  d i f f e rences  

were observed a t  room temperature between columns from the  

same manufacturer and i n s t a b i l i t y  of r e t e n t i o n  t ime was 

observed f o r  DA (Table 1). 

Two s t r a t e g i e s  were pursued i n  order  t o  overcome t h i s  

problem: one was t o  increase t h e  temperature o f  t he  separat ion 

and t h e  o the r  was t o  lower t h e  pH o f  t h e  so lvent .  Table 1 

shows the  r e t e n t i o n  t imes o f  t h e  compounds from repeated 

i n j e c t i o n s  under d i f f e r e n t  condi t ions.  This  data shows 

t h a t  an increase i n  column temperature s t a b i l i z e s  t h e  

r e t e n t i o n  t ime f o r  DA and shortens o v e r a l l  ana lys i s  t ime. 

A s i m i l a r  temperature e f f e c t  on s e l e c t i v i t y  was repor ted 

f o r  t h e  separat ion o f  trans-diethylstilbestrol from d i e n e s t r o l  

(34). Furthermore a temperature increase from 25' t o  42OC 

lowers t h e  v i s c o s i t y  o f  t h e  so l ven t  and thereby lowers t h e  

back pressure o f  t h e  system. A chromatogram obtained a t  

42OC o f  a m ix tu re  o f  CIA, DADK, DK and me t r i buz in  w i t h  a 

methanol H20 ( 1 : l  v/v) mobi le phase i s  shown i n  F igure 4. 

As can be seen from Table 1 and by comparing Figures 2 

and 4, a c e t i c  a c i d  (0.05 F) i n  t h e  so l ven t  m ix tu re  gave a 

d i f f e r e n t  e l u t i o n  sequence from t h a t  obta ined w i t h o u t  

a c e t i c  ac id .  Also, i n  t h e  presence o f  a c e t i c  ac id ,  t h e  

r e l a t i v e  r e t e n t i o n  t ime f o r  t h e  DA peak increased and 
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736 PARKER ET AL. 

DI 
STANDARD MIXTURE 
5050 MeOH / H20 ; 42O C MZN 

I 

DK 

DP 

DADK 

Figure 4. Chromatogram of a mixture of standards in methanol: 

water at 4 2 O C  with simultaneous detection at 280 

and 254 nm. 

temperature effects were reduced. Either modification 

(temperature or pH) allowed reproducible separation, so 

separation conditions can be chosen depending on availability 

and applicability to a particular sample matrix. 

separations involving plant tissue extracts described 

For the 
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METRIBUZIN AND ITS METABOLITES 737 

e a r l i e r  i n  t h i s  paper, t h e  method i n v o l v i n g  pH adjustment 

was se lected s ince i t  does n o t  r e q u i r e  a column heater  and 

was thus considered t o  be more g e n e r a l l y  app l i cab le  t o  

o the r  l abo ra to r ies .  

The a p p l i c a t i o n  o f  dual wavelength d e t e c t i o n  t o  these 

compounds i s  shown i n  F igure 4. Whi le t h i s  technique i s  

n o t  mandatory, i t  can be used t o  increase t h e  s e n s i t i v i t y  

o f  t h e  ana lys i s  f o r  me t r i buz in  s ince t h e  parent  compound 

absorbs more s t r o n g l y  a t  280 nm. 

compounds, d e t e c t i o n  l i m i t s  a t  254 nm were approximately 1 

ng f o r  DA, DK, and DADK, and 5 ng f o r  metr ibuz in.  A t  280 

nm, t h e  de tec t i on  l i m i t s  were approximately 2 ng f o r  DA, 

I n  t h e  absence o f  i n t e r f e r i n g  

DK, DADK, and metr ibuz in.  

CONCLUSIONS 

Due t o  the  combinat ion o f  r e s o l u t  on, s e n s i t i v  ty, and 

ease o f  sample preparat ion,  t h e  HPLC technique descr ibed 

here should prove t o  be a convenient and r a p i d  method f o r  

t h e  study o f  me t r i buz in  and i t s  metabol i tes i n  p l a n t  t i ssue .  

Because i s o c r a t i c  cond i t i ons  are used, i t  should be poss ib le  

t o  automate t h e  ana lys i s  w i t h  an automat ic sampling system. 

The r e s o l u t i o n  ob ta inab le  w i t h  t h e  HPLC method should a l s o  

f a c i l i t a t e  t h e  d e t e c t i o n  and q u a n t i t a t i o n  o f  o the r  poss ib le  

me t r i buz in  metabol i tes.  

With UV de tec t i on ,  t h e  use o f  rad io labe led  standards 

i s  n o t  necessary, p r o v i d i n g  t h a t  app rop r ia te  c o n t r o l  t i s s u e  
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738 PARKER ET AL. 

samples are used, and that a system can be devised to 

separate metabolites from normally occurring compounds. The 

ideal system for metabolite analysis, however, would be the 

use of radiolabeled parent compounds, and HPLC analysis 

with both a UV detector and an in-line radioactivity monitor. 

Radioactivity detection would be specific and selective for 

the radiolabeled metabolites, and thereby shorten the 

overall analysis time since only separation of the metabolites 

from each other, but not from naturally-occurring plant 

material s , would be required. 

were reported here in order to emphasize that this HPLC 

method i s  a relatively flexible system which should be 

easily adaptable for the analysis of metribuzin and its 

metabolites in other biological matrices. 

Detail s of the separation 
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