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Glutathione-S-Transferase and Dopamine Receptors in Rat Brain 

SKI PRAKASH SRIVASTAVA 1, MOHAMMAD I. SABRI 2, ASHOK K. AGRAWAL 1 and PRAHLAD K. SETH 1 

1Industrial Toxicology Research Centre, Mahatma Gandhi Marg, Lucknow-226001 (India) and 21nstitute of Neurotoxicology, 
Departments of Neurology and Neuroscience, Albert Einstein College of Medicine, Bronx, NY10461 (U.S.A.) 

(Accepted August 27th, 1985) 

Key words: acrylamide - -  bis-acrylamide - -  glutathione-S-transferase - -  glutathione - -  dopamine receptor - -  
neurotoxicity - -  neuropathy - -  neurotoxin - -  axonopathy 

The effect of single and repeated doses of acrylamide (a neurotoxin) and N,N'-methylene-bis-acrylamide (a non-neurotoxic ana- 
logue of acrylamide) on glutathione (GSH), glutathione-S-transferase (GST) and dopamine receptors has been studied in rat brain. In 
vitro, both acrylamide and bis-acrylamide decreased brain GSH content in a concentration-dependent manner. At equimillimolar 
concentrations (2-10 mM) bis-acrylamide was more effective than acrylamide in lowering GSH levels. In vitro, GST activity was also 
inhibited as a function of acrylamide concentration. A single dose of either acrylamide or bis-acrylamide depleted GSH content of rat 
brain in a concentration-dependent manner without inhibiting GST activity. Repeated administration of either acrylamide or bis-acryl- 
amide in rats (50 mg/kg x 10 days) decreased GSH content in the brain but GST activity was inhibited only by acrylamide and not by 
bis-acrylamide. Single or repeated injections of acrylamide but not of bis-acrylamide increased brain dopamine receptors ([3H]spiro- 
peridol binding) in a concentration-dependent manner. 

INTRODUCTION 

Glutathione-S-transferases  (GST) are a family of 

multifunctional enzymes that catalyze the conjuga- 

tion of glutathione (GSH)  with a wide variety of elec- 

trophilic compounds including acrylamide 9. Toxico- 

logical studies have establ ished that acrylamide pro- 

duces distal axonopathy  of the 'dying-back '  type both 

in the central and per iphera l  nervous sys- 
tem 11,12,14,25,26. Recent  studies have shown that single 

and/or repeated  injections of acrylamide al tered ret- 

rograde axoplasmic flow19,21, a l tered G S H  levels and 

GST activity6, 30 and increased dopamine  receptors  in 

rat  brain e. Acry lamide  has also been shown to alter 

protein synthesis z7, inhibit glycolytic en- 

zymes 17,18,23,24 and interfere with other  biochemical  

processes 1,16. Several non-neurotoxic  analogues of 

acrylamide are also repor ted  to deple te  G S H  levels 16 

and produce biochemical  changes similar to acryla- 

mide. Hence,  the mechanism of acrylamide neuro-  

toxicity is not unders tood.  

In the present  study, the effect of single and re- 

pea ted  doses of acrylamide and bis-acrylamide (a 

non-neurotoxic  analogue of acrylamide)  has been 

studied on G S H  and GST activity in rat  brain.  In ad- 

dition, the effect of acrylamide and bis-acrylamide 

has been invest igated on dopamine  receptors  in the 

same tissue. Prel iminary data  of this study have ap- 

peared  elsewhere 22. 

MATERIALS AND METHODS 

In vivo treatment o f  animals with acrylamide and bis- 

acrylamide 
Albino adult  male rats of the Industr ial  Toxicologi- 

cal Research Center  ( ITRC)  breeding colony were 

given food and water  ad l ibi tum throughout  this 

study. In single exposure,  8 rats per  group were given 

i.p. injections of acrylamide or  bis-acrylamide at a 

dose of 100 and 200 mg/kg and in repea ted  exposure,  

8 rats per  group were injected with acrylamide or bis- 

acrylamide at a dose of 50 mg/kg for 10 consecutive 

Correspondence: M.I. Sabri, Institute of Neurotoxicology, Departments of Neurology and Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY 10461, U.S.A. 



320 

days. Control rats were injected with the vehicle 

(normal saline). The rats were killed by cervical dis- 
location after 2 h following single injections and 24 h 
after the last injection in the study of repeated expo- 
sure. 

In vitro treatment 
The in vitro effect of acrylamide and bis-acryla- 

mide on brain GST activity was studied by adding 

varying concentrations of acrylamide or bis-acryla- 

mide (2-10 mM) to the reaction mixture for enzyme 
assay. The effect of acrylamide and its analogue on 

GSH content was studied by incubating varying con- 

centrations (2-10 raM) of these agents with the brain 

homogenates for 30 min at 37 °C. The activity of 
GST and contents of GSH was estimated as de- 
scribed below. 

Assay of GSH and GST activity 
The brains were quickly removed, blotted free of 

blood and washed with ice-cold saline. Tissues were 

homogenized in a glass tube with a Teflon pestle in 4 
vols. of ice-cold 0.1 M phosphate buffer pH 7.4 con- 

taining 0.15 M KC1 and centrifuged at 14,000 g for 20 

rain at 0 °C. The resulting supernatants were centri- 
fuged at 104,000 g for 1 h in an MSE superspeed 
ultracentrifuge. The supernatant was carefully de- 

canted and used for the measurement of GST activi- 
ty. 

GST activity was assayed according to the method 
of Habig et al.15 using CDNB as a substrate. GSH 

content in brain homogenates was measured accord- 

ing to the method of Ellman 10. Protein was deter- 
mined according to the method of Lowry et al. 20. 

Membrane preparation and binding assay 
The rat brains were removed and the corpora stria- 

ta dissected 13 and frozen at -70 °C 2s. Crude mem- 

branes from frozen corpus striatum were prepared 

following the method of Agrawal et al. 2. Briefly the 

tissue was homogenized in 19 vols. of 0.3 M sucrose 
and centrifuged at 50,000 g. The pellet was washed 

twice with deionized water and suspended in cold 0.1 

M Tris-HC1 buffer pH 7.4 (50 mg/ml wet weight of 

tissue). Binding assays were performed on glass fiber 
discs as described earlier3, 28. Briefly, the method 
consisted of incubation of membranes in triplicate 
(250-300 ~tg protein) at 37 °C for 15 min with 1 nM 
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Fig. 1. In vitro effect of acrylamide and bis-acrylamide on brain 
glutathione content. 

1-phenyl-4-[3H]spiroperidol (NEN) in 40 nM Tris- 

HC1 buffer pH 7.4 in a total volume of 1 ml. The reac- 

tion mixture was filtered through a glass fiber disc 
(0.3 ~tm pore size, 25 mm diameter, Gelman Inc., 

Ann Arbor, MI) and washed 3 times with 5 ml cold 

Tris-HCl. Filter dried discs were counted in the scin- 
tillation counter (Wallac LKB Rack II) with an effi- 
ciency of 50% for 3H. To determine the extent of 

non-specific binding, parallel incubation was carried 
out in the presence of 10 -6 haloperidol. Specific bind- 
ing was calculated by subtracting non-specific bind- 

ing from total binding obtained in the absence of ha- 

loperidol. Saturability, specificity, regional distribu- 
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Fig. 2. In vitro effect of acrylamide and bis-acrylamide on brain 
glutathione-S-transferase activity. 



TABLE I 

Effect of a single injection of acrylamide or bis-acrylamide on 
glutathione and glutathione-S-transferase activity 

Data represent mean + S.E. of 4 animals. 

Treatment GSH (ktmol/ GST (nmol/min/ 
g tissue) mg protein) 

Control 1.06 + 0.026 135 + 5 
Acrylamide (100 mg/kg) 0.90 + 0.017" 150 + 6 
Acrylamide (200mg/kg) 0.81 _+ 0.046* 153 + 8 
Bis-acrylamide (100 mg/kg) 0.85 + 0.012" 128 + 3 
Bis-acrylamide (200 mg/kg) 0.74 + 0.016" 128 + 2 

* P < 0.05 as compared to control values (Student's t-test). 

tion and reversibility characteristic of spiroperidol 
binding were delineated prior to commencing this 
studyL 

RESULTS 

The  results  o f  this  s t u d y  d e m o n s t r a t e  that  b o t h  

acry lamide  and  b i s -acry lamide  c o n j u g a t e  the  G S H  

under  in vi tro c o n d i t i o n s  (Fig.  1). T h e  inh ib i tory  ef-  

fect  of acrylamide and bis-acrylamide in depleting 
GSH content was a function of concentration (2-10 
mM) of both compounds. In vitro, acrylamide caused 
a concentration-dependent decrease in the GST ac- 
tivity w h i l e  b i s - a c r y l a m i d e  fa i l ed  to do  so (Fig.  2) .  

Rats exposed to single doses of acrylamide or bis- 
acrylamide (100-200 mg/kg) showed no significant 
effect on GST activity but produced a significant de- 
crease in GSH levels (Table I). Results of repeated 
exposure of acrylamide (50 mg/kg for 10 days) are 
summarized in Table II. The data show a significant 
decrease in GSH and GST levels in acrylamide-treat- 
ed animals. Similar concentrations also caused a sig- 

TABLE II 

Effect of repeated doses of acrylamide or bis-acrylamide on glu- 
tathione and glutathione-S-transferase activity of rat brain 

Data represent + S.E. of 6 animals. 

Treatment GSH (ktmol/ GST (nmol/min/ 
g tissue) mgprotein) 

Control 1.54 + 0.055 140 + 8 
Acrylamide 

(50 mg/kg x 10 days) 1.22 _+ 0.044* i13 + 7* 
Bis-acrylamide 

(50 mg/kg x 10 days) 1.27 + 0.026* 138 + 5 

* Statistically significant from controls (P < 0.05). 
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Fig. 3. Effect of single exposure of acrylamide and bis-acryl- 
amide on [3H]spiroperidol binding (pmol/g protein) in rat 
brain. * P < 0.05 as compared to controls by Student's t-test. 

nificant decrease in GSH level but failed to affect the 
GST activity. 

Single (100 and 200 mg/kg) and repeated (50 
mg/kg × 10 days) exposure of acrylamide showed a 
significant increase of [3H]spiroperidol binding in 
corpus striatal membranes (Figs. 3 and 4). Results of 
the Scatchard analysis showed a significant effect on 
the affinity of the receptor (Ka) without affecting the 
number of binding sites (Bmax) (Table III). No signifi- 
cant effect of single and repeated exposure of bis- 
acrylamide on [3H]spiroperidol binding was observed 
(Figs.  3 and 4).  
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Fig. 4. Effect of repeated exposure of acrylamide and bis-acryl- 
amide on [3H]spiroperidol binding (pmol/g binding) in rat 
brain. * P < 0.05 as compared to controls by Student's t-test. 
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TABLE III 

Effect of single and repeated injection of acrylamide on [3H]spi- 
roperidol binding in rat brain 

Each set of data is the mean of 3 values from 3 separate experi- 
ments. K a and Bma x w e r e  calculated from linear regression 
lines. 

Treatment K a (nM) B ~a x (pmol 
bound/g protein) 

Control 0.067 + 0.038 525 _+ 39 
Single exposure 

(100 mg/kg) 0.42 + 0.029 565 _+ 52 
Repeated exposure 

(50 mg/kg × 10 days) 0.39 + 0.022 593 + 53 

DISCUSSION 

The results of this study demonstrate that single or 
repeated injections of acrylamide or bis-acrylamide 
deplete GSH levels in rat brain. The degree of GSH 
depletion with bis-acrylamide is slightly greater than 
with equimillimolar concentrations of acrylamide. 
GST activity is inhibited only by acrylamide and bis- 
acrylamide has no effect on this enzyme. A signifi- 
cant increase in dopamine receptors has been ob- 
served in corpus striatum by single or repeated injec- 
tions of acrylamide. Bis-acrylamide has no effect on 
dopamine receptors in rat brain. 

The conjugation of GSH and the inhibition of GST 
activity has been earlier studied, but the specificity of 
GST inhibition by acrylamide has not been estab- 

lished. The inability of bis-acrylamide, a non-neuro- 
toxic analogue of acrylamide, demonstrates the spec- 
ificity and perhaps the involvement of GST in the ex- 
pression of acrylamide neurotoxicity. GST catalyzes 
the reaction of acrylamide with glutathione to form 
sulfur-conjugates and thereby facilitate the elimina- 
tion of acrylamide. But since acrylamide inhibits 
GST activity6 the conjugation of acrylamide to GSH 
would be affected and the level of acrylamide or its 
metabolite will increase in the brain. 

Acrylamide has been shown to bind covalently to 
proteins in nervous tissue predominantly by reaction 
with sulfhydryl groups4, 5 but the mechanism of action 
of acrylamide is unknown. The inhibition of certain 
sulfhydryl enzymes by acrylamide has been demon- 
strated both in vitro and in vivo 17,18,23,24. Besides the 
sulfhydryl group, acrylamide has been shown to alky- 
late lysine, a property which may be linked to the ab- 
normal accumulation of 10 nm neurofilaments (rich 

in lysine) in acrylamide-treated animals. 
The observed low levels of GSH in acrylamide- 

treated animals appears to play a role in the express- 
ion of acrylamide neurotoxicity. This was demon- 
strated by Sharma and Obersteiner 29 that the neuro- 

toxic action of acrylamide on chick ganglia tissue cul- 
ture was rendered ineffective by the added gluta- 
thione into the culture medium. A similar conclusion 
can be drawn by the studies of Dixit et al. 7 in which 

the treatment of animals with diethylmaleate, a de- 
pleter of glutathione, prior to acrylamide administra- 
tion, decreased the time of onset of acrylamide neu- 

ropathy in rats by 4 days. 
The data of this study with bis-acrylamide suggests 

that depletion of GSH alone is perhaps not directly 
related to neurotoxicity of acrylamide, since bis- 
acrylamide, which depletes GSH levels in the brain, 

is non-neurotoxic to the rats. 
Acrylamide has been shown to conjugate with ty- 

rosine, a dopamine precursor, by Dixit et al.8 and 
cause a significant increase in dopamine receptors 2. 
The results of this study also show an increase in do- 
pamine receptors in the brain following single or re- 
peated acrylamide treatments with the neurotoxin 
acrylamide but not with the non-neurotoxic bis-acry- 
lamide. The alteration in dopamine and dopamine 
receptor levels in the brains of rats treated with single 
or repeated doses of acrylamide appears to be specif- 
ic, although the significance of these biochemical 
changes in relation to acrylamide neurotoxicity is not 

known and further studies in this direction may re- 
solve the biochemical mechanism of acrylamide neu- 
rotoxicity. 
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