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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHIC DETERMINATION OF 

BRAIN FREE AMINO ACIDS FROM CARBARYL- 
AND THIRAM- INTOXICATED MICE BY PRE- 

0-PHTHALDIALDEHYDE 
COLUMN DERlVATlZATlON WITH 

MEJiNAK!#II GUPTA AND M. JC. P. AMMA 

Panjab Uniwdy 
Deparhnent of 
Chandigarh - 160 014, Zndia 

ABSTRACT 

Precolumn d e r i v a t i z a t i o n  w i t h  OPA w a s  used f o r  
t h e  a n a l y s i s  of b r a i n  f r e e  amino a c i d s  from mice a f t e r  
t h e  a d m i n i s t r a t i o n  of d i f f e r e n t  d o s e s  of c a r b a r y l  and 
t h i r a m  for  d i f f e r e n t  d u r a t i o n s .  I n  g e n e r a l ,  t h e r e  was 
a d o s e  dependent  d e c r e a s e  i n  amino a c i d s ,  e x c e p t  t h a t  
t h r e o n i n e ,  t a u r i n e ,  a l a n i n e ,  a r g i n i n e  and o r n i t h i n e  
were found to i n c r e a s e  w i t h  l / 4  LD dose of c a r b a r y l ,  
and g l y c i n e  and l y s i n e  i n c r e a s e d  w i S R  1 / 4  LD d o s e  of 
t h i r a m .  Threonine ,  t a u r i n e  and GABA le&s were 
elevated w i t h  a l l  t h e  d o s e s  of  t h i r a m .  These s t u d i e s  
s u g g e s t e d  t h a t  t h e s e  two p e s t i c i d e s  produced an  
imbalance of t h e  amino acids i n  b r a i n  which may be due  
t o  carbamyla t ion  of p r o t e i n s .  

INTRODUCTION 

C a r b a r y l  (1-naphthyl  - N - methyl  carbamate)  and 

t h i r a m  ( T e t r a  methyl  t h i u r a m  d i s u l f i d e )  are commonly 
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2154 GUPTAANDAMMA 

u s e d  for  c o n t r o l l i n g  i n s e c t  p e s t s .  They may a l s o  

a f f ec t  t h e  non t a r g e t  s y s t e m s  l i k e  a n i m a l s  and  humans. 

B o t h  t h e  compounds”* h a v e  been  shown t o  cross t h e  

b l o o d - b r a i n  barrier and  t h u s  c a u s e  c a r b a m y l a t i o n  of 

p r o t e i n .  C a r b a r y l  derives i t s  t o x i c  effects from b e i n g  

a p o t e n t  c h o l i n e s t e r a s e  i n i b i t o r  . Changes i n  amino  

a c i d  c o n t e n t  of b r a i n  may be r e s p o n s i b l e  for c e r t a i n  

d i s e a s e s  l i k e  H u n t i n g t o n ’ s  c h o r e a 4  - c a u s e d  by decreased 

GAEA c o n t e n t ,  and  Tay-Sachs disease . 

3 

5 

Thus ,  it w a s  t h o u g h t  p e r t i n e n t  t o  s t u d y  t h e  

effect of these pesticides o n  b r a i n  f ree  amino acids 

u s i n g  pre-column d e r i v a t i z a t i o n  of amino ac ids  by 0- 

p h t h a l d i a l d e h y d e  ( O P A ) ,  b e c a u s e  of some of t h e  

a d v a n t a g e s  s u c h  a s  h i g h  s e n s i t i v i t y ,  rapid q u a n t i t a v e  

a n a l y s i s  and good s e l e c t i v i t y  . S i n c e  , r e l a t i v e l y  

1 i t . t le  i n f o r m a t i o n  i s  ava i lab le  o n  t h e  a p p l i c a t i o n  of 

HPLC f o r  amino acid a n a l y s i s  i n  a n i m a l  t i s s u e s ,  t h e  

p r e s e n t  s t u d y  w a s  u n d e r t a k e n .  

6 

MATERIALS AND METHODS 

A d u l t  S w i s s  P o r t a n  m i c e  of e i t h e r  s e x  w e i g h i n g  

30 2 5g o b t a i n e d  f r o m  t h e  U n i v e r s i t y  Animal House,  w e r e  

m a L n t a i n e d  a t  25OC and fed o n  t h e  normal  r a t  d i e t .  

C a r b a r y l ,  of 99% p u r i t y  w a s  o b t a i n e d  from Union 

Carb ide ,  U S A  a n d  w a s  u s e d  as s u c h .  Thi ram,  o b t a i n e d  

f r , > m  F l u k a  AG,  S w i t z e r l a n d ,  w a s  of 9 9 %  p u r i t y .  
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BRAIN FREE AMINO ACIDS FROM MICE 2155 

Both the pesticides in 2% propanol-2 were given 

intraperitoneally to 16h fasted mice. The doses of 

carbaryl and thiram, and the time of sacrifice of 

animals by decapitation, after the administration of 

the toxicants is given below:- 

Dose (pM Kg-’ body wt. and Time of sacrifice after 
schedule of administration the administration of 
of the toxicant the toxicant. 

(h 1 
~ ~~ 

carljaryl 

1/4 LDS0 (29.91, single i.p. 

1/4 LD (29.91, single i.p. 
once daP1y for three consecutive 
days. 

1/2 LDS0 (59.71, single i.p. 

L D ~ ~  (119.0), single i.p. 0.75 

Thiram 

1/4 LDS0 (6701, single i.p. 

1/4 LD (6701, single i.p. 72 
once dgfly for three consecutive 
days. 

1/2 L D ~ ~  (13301, single i.p. 0.75 

LDS0 (2660), single i.p. 0.75 

0.75, 4 and 168 

7 2  

0.75 and 4 

0.75, 4 and 168 

Determination of free amino acids by HPLC. 

Brain free amino acids were extracted, 

derivatized and estimated according to the method of 

Ra jendra6 with slight modification. Brains excised 

from mice at surgery, were immediately chilled and 
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2156 GUPTAANDAMMA 

homogenized ( approx ima te ly  50 mg m i 1  i n  m e t h a n o l ) .  The 

homogenate was c e n t r i f u g e d  a t  2000 x g a t  4OC f o r  15  

min. The e x t r a c t i o n  o f  amino a c i d s  w a s  r e p e a t e d  t w i c e  

by t h e  s a m e  p r o c e d u r e  and t h e  s u p e r n a t a n t s  o b t a i n e d  

w e r e  pooled. The pooled  s u p e r n a t a n t  w a s  e v a p o r a t e d  t o  

d r y n e s s  on a b o i l i n g  w a t e r  b a t h .  The r e s i d u e  was 

coo:.ed and t w o  m l  of d o u b l e  d i s t i l l e d  water was added 

t o  .t and k e p t  i n  w a t e r b a t h  a t  37OC f o r  5 min. S i x  m l  

ch loroform w a s  t h e n  added and mixed on  a v o r t e x  mixer .  

The upper  l a y e r  w a s  c a r e f u l l y  drawn o u t  by a P a s t e u r  

p i p c t t e  and 20 p1 of  H C 1  (1:l d i l u t e d )  was added.  The 

m i x t u r e  was t h e n  e v a p o r a t e d  t o  d r y n e s s .  The residue 

was resuspended  i n  100 p l  of d i s t i l l e d  w a t e r ,  and used  

immedia te ly .  

The amino a c i d  a n a l y s i s  w a s  done a c c o r d i n g  t o  

t h e  method g i v e n  by waters Techn ica l  B u l l e t i n ,  whose 

in s t rumen t  w a s  u sed .  

Column used  : C18 p bondapak ( r e v e r s e d  p h a s e )  

Mobile phase 

A )  Methanol : T e t r a h y d r o f u r a n  : 0.005M Sodium 

a c e t a t e ,  pH 7.2 ( 5 : 5 : 9 0 ) .  

B) Methanol : 0.05M sodium a c e t a t e ,  pH 7.2 (80:20)  

Detector model : 420 AC. 

E x t i n c t i o n  : 338nm; Emission : 425 nm 
-1 F l o w  r a t e  was m a i n t a i n e d  a t  l m l  min . 
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BRAIN FREE AMINO ACIDS FROM MICE 2157 

1- Aspartate; 2- Glutamate; 3- Serine; 4- Histidine; 5- Glycine; 6- Threonine; 
1- Taurinc; 8- Alanine; 9- GABA; 10- Arginine; 11- Tyrosine; 12- Methionine; 
13- Valine; 1 4 -  Phenyl alanine; 15- Isoleucine; 16- Leucine; 17- tysine;  
18- Ornithine 

FIGURE 1. 
Intoxicated with Different Doses of Carbaryl. 

Percent Change in  Brain Free Amino Acids of Mice 

Quantitation 

Flourescence response was measured a t  a 

s e n s i t i v i t y  d i a l  s e t t i n g  o f  4 on the  de tec tor .  Amino 

ac id  concentration was quant i f ied  from t h e  r a t i o  of 

peak height  of t h e  chromatogram curve aga ins t  an 

external  standard . 

RESULTS 

Dose Related Changes 

From t h e  r e s u l t s ,  it could be seen t h a t  

carbaryl ( F i g .  1 )  decreased the  content  of amino ac ids  
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2158 GUPTA AND AMMA 

1- Aspartake; 2- Glutamate; 3- Serine; 4- Histidine; 5- Glycine; 6- Threonine; 
7- Taurine; 8- Alanine; 9- GABA; 10- Arginine; 11- Tyrosine; 12- Methionine; 
13- Valine; 14- Phenyl alanine; 15- Isoleucine; 16- leucine; 17- Lysine; 
18- Ornithine 

FIGURE 2 .  Percent Change i n  Brain Free Amino Acids of  Mice 
Intoxicated with Different Doses of Thiram. 

i n  a dose d e p e n d e n t  manner  - a s p a r t a t e ,  g l u t a m a t e ,  

s e c i n e ,  h i s t i d i n e ,  g l y c i n e ,  - a m i n o b u t y r i c  a c i d  

(G 9BA) I t y r o s i n e  , m e t h i o n i n e ,  v a n e  , i s o l e u c i n e  , 
l e i c i n e  and l y s i n e .  T h r e o n i n e ,  t a u r i n e ,  a l a n i n e ,  

a r g i n i n e  and o r n i t h i n e  w e r e  found t o  i n c r e a s e  w i t h  1/4 

LDjO dose of c a r b a r y l ,  w h i l e  t h e  rest of t h e  t w o  doses 

1e.i t o  a decrease of t h e s e  amino acids  below t h e  

c o i t r o l .  S e r i n e  and p h e n y l  a l a n i n e  were f o u n d  t o  be 

u n a f f e c t e d  a t  1 / 4  LDS0 dose of c a r b a r y l  a n d  t h e i r  

c o i c e n t r a t i o n  f e l l  below t h e  c o n t r o l  w i t h  i n c r e a s i n g  

d o s e s  (1/2 LDS0 and LDSo) (Fig.1.). 
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BRAIN PREE AMINO ACIDS FROM MICE 2159 

TABLE 1. 

Effect Of l/4 LD D o s e  Of C a r b a r y l  On Mice B r a i n  Free 
Amino A c i d s  &er D i f f e r e n t  Durat ions Of Its 
A d m i n i s t r a t i o n .  

N a m e  of t h e  C o n t r o l  amino a c i d  c o n c e n t r a t i o n  a t  
amino a c i d  d i f f e r e n t  d u r a t i o n s ( h )  a f t e r  t h e  

a d m i n i s t r a t i o n  of c a r b a r y l  

0.75 4.0 168.0 72.0 

A s p a r t a t e  2.00 
Glu tama te  2.00 
S e r i n e  1.30 
H i s t i d i n e  1.62 
G l y c i n e  0.34 
T h r e o n i n e  0.66 
T a u r i n e  0.10 
A l a n i n e  0.80 
GAB A 4.00 
A r  g i. n i n e 0.18 
T y r o s i n e  3.40 
Meth ion ine  2.26 
V a l i n e  2.26 
Phenyl  a l a n i n e  2.59 
I s o l e u c i n e  3.00 
Leuc ine  1.40 
L y s i n e  4.76 
O r n i t h i n e  6 . O O  

4.00 
0.92 
0.96 
1.30 
1 . 5 3  
0.26 
1.86 
0.12 
3.50 
0.55 
2.92 
0.90 
2.20 
2.59 
1 .01  
1.11 
3.22 
6 .ll 

0.90 
0.70 
1.28 
0.45 
0.24 
0.63 
0.15 
0.72 
2.70 
0.13 
0.90 
2 .26  
1 .45 
0.78 
0.86 
0.11 
1.82 
0.89 

1 . 0 0  
0 . 9 1  
0.91 
1.42 
0.28 
0.60 
0.10 
0.50 
6.48 
0.30 
2.98 
:L.13 
2.00 
2.50 
1.12 
1.22 
3.12 
6.00 

0.62 
0.51 
0.73 
0.10 
0.11 
0.48 
0.06 
0.48 
8.61 
0.13 
2 .92  
1.67 
2.26 
0.80 
0.05 
0.07 
2.52 
2.96 

Va lues  are mean of t h r e e  independen t  expe f imen t s .  
Amino a c i d  c o n t e n t  i s  e x p r e s s e d  a s  PM g w e i g h t  w e t  
t i s s u e .  

N e a r l y  s imi la r  r e s u l t s  w e r e  o b t a i n e d  w i t h  t h i r a m  

( F i g .  2 ) ,  e x c e p t  t h a t  t h r e o n i n e  and t a u r i n e  were found 

t o  i n c r e a s e  i n  a d o s e  dependen t  manner and GABA c o n t e n t  

w a s  more t h a n  c o n t r o l  a t  a l l  t h e  dose leve ls .  G l y c i n e  

and  l y s i n e  c o n c e t r a t i o n s  i n c r e a s e d  a t  1 / 4  LDS0 d o s e  of 

t h i r a m  ( F i g . 2 . ) .  
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21 60 GUPTAANDAMMA 

TABLE 2. 

E f f e c t  Of l / 4  LD D o s e  O f  Thiram On M i c e  B ra in  Free 
Amino A c i d s  A @ e r  D i f f e r e n t  D u r a t i o n s  O f  Its 
Adminis t ra t ion .  

Name of t h e  C o n t r o l  amino acid c o n c e n t r a t i o n  a t  
amino a c i d  d i f f e r e n t  d u r a t i o n s ( h )  a f t e r  t h e  

a d m i n i s t r a t i o n  of t h i r a m  

0.75 4.0 168.0 72.0 
~ 

A s p a r t a t e  2.00 1 . 0 0  1 . 0 0  1.00 1 . 0 0  
G 1 utamat e 2 .oo 1 .00  1.00 1.00 1.00 
S e r i n e  1.30 1.29 1.29 1.29 0.46 
H i s t i d i n e  1.62 0.98 0.83 1.23 0.19 
G 1 y c i n e  0.34 0.74 0.36 0.40 0.17 
Threonine  0.66 0.94 1.03  0.60 0.59 
Taur ine  0.10 0.17 0.18 0.13 0.04 
Alanine  0.80 0.73 0.26 0.74 0.08 
G ABA 4.00 10.67 12.90 2.10 8.75 
Argin ine  0.18 0.13 0.25 0.16 0.35 

Methionine 2.26 2.25 2.25 2.20 2.92 
Val ine  2.26 1.13 2.20 1.14 1.58 

Tyros ine  3.40 2.92 0.29 2.91 1.90 

Phenyl a l a n i n e  2.59 2.59 2.59 2.58 1.02 
I s o l e u c i n e  3.00 0.48 0.63 0.60 2.21 
Leucine 1.40 0.30 0.24 0.72 1 .oo 
Lys ine  4.76 6.72 5.88 6.00 3.72 
O r n i t h i n e  6 .OO 2.96 3.74 3.00 2.51 
- 
Values are mean o f  three independent  expef iments .  
Amino acid c o n t e n t  i s  expres sed  as  pM g weight  w e t  
t i s s u e .  

- T i m e  related changes: 

I n  g e n e r a l ,  w i t h  i n c r e a s e  i n  d u r a t i o n  of 

c b s e r v a t i o n  (Tables 1 and 2 )  t o  4h, 168h and 72h, there 

x a s  a f a l l  i n  amino acid c o n t e n t  w i t h  few e x c e p t i o n s ,  

x h i c h  w e r e  a s  f o l l o w s .  T a u r i n e  was still i n c r e a s e d  

a f t e r  4h as compared t o  0 .75h  a f t e r  t h i r a m  (Table 2) 
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BRAIN FREE AMINO ACIDS FROM MICE 2161 

a d m i n i s t r a t i o n  and GABA c o n c e n t r a t i o n  i n c r e a s e d  a f t e r  

168h and 72h after c a r b a r y l  ( T a b l e  1) i n t o x i c a t i o n .  

T a u r i n e  and o r n i t h i n e  c o n t e n t s  were found t o  r e v e r t  

back t o  t h e  c o n t r o l  l e v e l  a f t e r  168h and t h a t  of 

meth ionine  a f t e r  4h o f  c a r b a r y l  a d m i n i s t r a t i o n .  

A r g i n i n e  was found t o  i n c r e a s e  a f t e r  168h of c a r b a r y l  

i n t o x i c a t i o n .  Lys ine  w a s  i n c r e a s e d  a f t e r  168h o f  t h i r a m  

a d m i n i s t r a t i o n .  

DISCUSSION 

A s  bo th  c a r b a r y l ’  and thirarn2 have been shown t o  

cross t h e  b lood  t i s s u e  b a r r i e r  and even a f t e r  24h, 

r a d i o a c t i v i t y  c o u l d  be d e t e c t e d  i n  t i s s u e s  l i k e  l i v e r ,  

blood, k idney  and s p l e e n  i n c l u d i n g  b r a i n ,  t h e  observed  

changes  i n  t h e  amino a c i d  c o n t e n t  ( T a b l e s  1 and 2 ;  

F i g s .  1 and 2 )  might  be due t o  carbamyla t ion  of 

p r o t e i n s .  E x c i t a t o r y  amino a c i d s  l i k e  g l u t a m a t e  and 

a s p a r t a t e  c a u s e  membrane d e p o l a r i z a t i o n  and i n c r e a s e  

t h e  p e r m e a b i l i t y  of c e l l u l a r  membranes to sodium i o n s  . 
Thus an  i n h i b i t i o n  o f  t h e s e  n e u r o t r a n s m i t t e r  amino 

a c i d s ,  i n  b r a i n  as  i n  p r e s e n t  s t u d y  may lead t o  

h i n d e r a n c e s  i n  t h e  n e r v e  t r a n s m i s s i o n  and c e l l u l a r  

metabolism. 

7 

S i m i l a r l y ,  r e d u c t i o n  of c o n c e n t r a t i o n  of GABA - 
a p r e s y n a p t i c  i n h i b i t o r y  t r a n s m i t t e r ,  below t h e  normal 

9 i n  b r a i n  i n d u c e s  c o n v u l s i o n s 8  and h y p e r e x c i t a b i  l i t y  

whereat3 an  i n c r e a s e d  c o n c e n t r a t i o n  can be a s s o c i a t e d  
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w i t h  r e d u c e d  electrical  d i s c h a r g e  loll l .  GABA h a s  been 

shown t o  have  e x c i t a t o r y  and d e p o l a r i z i n g  ac t ions  a s  

w e l l .  F u r t h e r m o r e ,  a l t e r a t i o n s  i n  t h e  c o n t e n t  of o n e  

amino acid may affect  t h e  metabolism of o t h e r  amino 

a c i d s .  T h e r e  i s  e v i d e n c e  t h a t  t r a n s p o r t  s y s t e m s  for 

amino acids  may i n  f a c t  be h o m e o s t a t i c  mechanisms 

I e s p o n d i n g  t o  a l t e r a t i o n s  . 1 2  
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