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Action of acrylamide on selected enzymes of energy metabolism in 
denervated cat peripheral nerves 
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The effect of acrylamide on selected glycolytic and citric acid cycle enzymes has been studied in denervated cat sciatic nerves in vitro 
and in vivo. The enzyme activity of glyceraldehyde-3-phosphate dehydrogenase (GAPDH), neuron specific enolase (NSE), succinate 
dehydrogenase (SDH), and lactate dehydrogenase (LDH), has been examined in saline-perfused, desheathed and denervated pero- 
neal (P) and tibial (T) nerves from cats treated with acrylamide (15 mg/kg/day, s.c.) or vehicle for 15 days. GAPDH activity in dener- 
vated P and T nerve stumps was 2.0- and 2.3-fold higher than normal P and T nerve values. GAPDH activity in Schwann cells in dener- 
vated P and T nerves of acrylamide-treated cats was markedly reduced (56% and 61% of untreated denervated nerves, respectively). 
LDH and SDH activities were unaffected by acrylamide and NSE activity was absent in denervated nerve stumps. Acrylamide (0.5 
and 20 mM) inhibited GAPDH activity in denervated nerve homogenates by 67% and 29%, respectively. This study demonstrates 
that acrylamide inhibits GAPDH in Schwann cells. The significance of GAPDH inhibition by acrylamide in denervated nerves and its 
relation to distal axonopathy has been discussed. 

The underlying mechanism(s) by which acryla- 

mide produces distal axonal degenerat ion is un- 

known. Inhibit ion of certain neuronal  glycolytic en- 

zymes has been implicated in the pathogenesis of 

some toxic polyneuropathies2-4,9,10,12, ~3. Various re- 

ports have indicated that acrylamide neuropathy 

is associated with a reduction in the enzyme activ- 

ity of glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH)  and neuron-specific enolase (NSE) in rat 

brain and peripheral nerve homogenates2-4, 9. Since 

whole nerve and brain tissues were utilized in these 

studies, it was impossible to determine whether inhi- 

bition or loss of G A P D H  activity occurred in the axo- 

nal or in the Schwann cell compartment .  While direct 

methods to measure enzyme activity in these two 

compartments are unavailable,  Schwann cells are 

separated from axons in distal stumps of transected 

nerves as a consequence of Wallerian degenera- 

tion14. Previous reports have demonstrated that 

Schwann cells comprise approximately 90% of the in- 

trafascicular cell populat ion of denervated nerve 

stumps, while axons are absent 6. The present study 

employed this technique to examine in vitro and in 

vivo the effect of acrylamide on selected enzymes of 

glycolysis (i.e. G A P D H ,  NSE and LDH) and the 

citric acid cycle (SDH) in Schwann cells from dener- 

vated cat peripheral nerve. Preliminary results have 

been presented elsewhereT, 8. 

Acrylamide (electrophoresis grade 99.9% purity) 

was purchased from Bio-Rad Laboratories,  Rich- 

mond,  VA. The following chemicals were obtained 

from Sigma Chemicals, St. Louis, MO: 2.6-dichlor- 

phenol- indophenol ,  glyceraldehyde-3-phosphate, fl- 

nicotinamide adenine dinucleotide (oxidized and re- 

duced forms), DL-dithiothreitol, and potassium cy- 

anide. All other chemicals were of analytical grade. 

Cats were anesthetized with sodium pentobarbital  

(60 mg/kg, i.p.) and the sciatic nerve exposed bilater- 

ally at the level of the sciatic notch. The nerve was li- 

gated with a pair of 4/0 sterile sutures, transected 

midway between the sutures and the cut ends sewn 

into adjacent muscle beds. Distal stumps of tran- 

sected peroneal  (P) and tibial (T) nerves were allow- 

ed to undergo Wallerian degeneration for a period of 
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9 weeks. Animals  were t rea ted  for 15 days with 15 

mg/kg/day s.c. acrylamide in saline or  an equivalent  

volume of saline. 

Ten adult  male and female mongrel  cats, each 

weighing 2 .5-3 .5  kg, received 15 mg/kg/day acryla- 

mide or  saline s.c. for 15 consecutive days. Twenty- 

four hours after the last injection,  anesthet ized am- 

mals were perfused systemically with ice-cold saline 

to remove all b lood ceils, and the P and T nerves 

were excised bilaterally from the thigh to the ankle.  

Deshea thed  intrafascicular tissue from normal  or 

denerva ted  (P and T) nerves was placed on an ice- 

cold, upturned Petri  dish, minced with a razor  blade.  

placed in 10 vols. of ice-cold 0.25 M sucrose and dis- 

persed with a Br inkman polytron tissue homogenizer  

for 15 s (setting 10). The crude homogena te  (CH) 

was centr ifuged in a table- top centrifuge (800 g for 5 

rain at 4 °C) to remove nuclei, unbroken  cells and 

other  cell debris.  The post-nuclear  supernatant  ($1) 

was frozen at -73  °C for biochemical  analysis. 

Succinate dehydrogenase  (SDH)  (succinate: 2.6 

d ichlorophenol- indophenol  oxidoreductase:  EC 

1.3.99.1) was de te rmined  spect rophotometr ica l ly  

with 2 ,6-dichlorophenol- indophenol  as an electron 

acceptor  by modification of the method  of Veeger  et 

al. 16. Lactate  dehydrogenase  (LDH)  (L-lactate: 

N A D  oxidoreductase;  EC 1.1.1.27t was assayed 

according to the method of Stolzenbach Ls Enolase  

(2-phospho-D-glycerate  hydrolase:  EC 4.2.1.11) and 

NSE were assayed according to the method  of Mar- 

angos et al. 5. Glycera ldehyde-3-phospha te  dehydro-  

genase ( G A P D H )  (D-glyceraldehyde-3-phosphate:  

N A D  oxidoreductase  (phosphoryla t ing) :  EC 

1.2.1.12) was de te rmined  with minor  modif icat ion of 

the method  of Sabri  and Ochsl L. 

Acry lamide  inhibited G A P D H  activity, in vitro,  in 

the S 1 from denervated  nerve tissue (pooled P and T) 

in a concent ra t ion-dependent  manner  (Fig. 1). 

G A P D H  activity in denerva ted  nerves was signifi- 

cantly reduced to 63% and 79% of control  values 

with 2.5 to 20.0 mM acrylamide,  respectively 

G A P D H  activity in P and T nerve stumps was 2.0- 

and 2.3-fold higher than that  of values from normal  P 

and T nerve (Fig. 2). G A P D H  activity was signifi- 

cantly reduced by 44% and 39%, respectively,  in P 

and T nerve stumps from acry lamide- t rea ted  animals 

(Fig. 2). 

NSE, L D H  and SDH activities in the S t prepared  
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Fig. 1. Effect of acrylamide in vitro on GAPDH in denervated 
cat sciatic nerve. The S~ from desheathed denervated nerve 
w a s  preincubated with acrylamide (0.5-20,0 raM) f ~  20 rain at 
37 °C in a shaking water bath before determination of GAtrDH 
activity. Each value is the mean _+ S.E. % of 3-4 determin- 
ations run in triplicate, a p < 0.05. 

from intrafascicular tissue of denerva ted  nerves, 

from animals with and without acrylarnide t rea tment ,  

are listed in Table I. No al terat ion in L D H  or  S D H  

activities was observed in axon-free nerves from 
acrylamide- t rea ted  cats. NSE activity was absent  in 

denervated  nerves. 
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Fig. 2. Effect of denervation and acrytamide treatment on 
GAPDH activity in denervated P and T nerves. Each value 
represents the mean (expressed as % of normal-nerve GAPDH 
activity) __. S.E. % of 4 determinations run in tril~¢ate. P, per- 
oneal: T. tibial: a = significantly less than denervated; P < 0,05, 
GAPDH enzyme activity was expressed as micromoles NADH 
produced/rain/rag protein• Actual values in control, dener- 
vated and acrylamide-treated peroneal and tibial nerves were 
as follows: normal P, 0.104" T. 0.095: denervated P, 0.213; T. 
0.221: denervated (acrylamide) P. 0.120: T. 0.135. 



'FABLE I 

Neuron-specific enolase, lactate and succinate dehydrogenase 
activities in denervated nerve treated with and without acryla- 
mide 

Animals were treated and tissue prepared as described pre- 
viously, a = nmol succinate oxidized/min/mg protein; b =/~mol 
pyruvate reduced/min/mg protein; c = 15 mg/kg, s.c. for 15 
consecutive days. Each value represents the mean of 3-5 de- 
terminations run in duplicate. Parentheses = _+ S.D.N.D.  = 
not detected. 

SDH, LDH b NSE 

Denervated 0.27 (0.06) 0.14 (0.01) N.D. 
Denervated + acrylamide ~ 0.24 (0.08) 0.16 (0.03) N.D. 

The  goal  of  this s tudy was to e x p a n d  ou r  under -  

s tanding of  the way ac ry lamide  affects pe r iphera l  

nerve  funct ion.  A t t e n t i o n  has b e e n  focused  on the  ef- 

fect of  this neuro tox in  on se lec ted  enzymes  of  ene rgy  

me tabo l i sm in the  Schwann  cell  f r o m  d e n e r v a t e d  cat 

per iphera l  ne rve ,  in v ivo  and in vi t ro.  

The  da ta  show that  Schwann-ce l l  G A P D H  activi ty 

increased  ove r  2-fold in P and T d e n e r v a t e d  distal 

s tumps ove r  that  of  no rma l ,  u n t r e a t e d  P and T 

nerves.  P re sumab ly ,  e n h a n c e d  e n z y m e  act ivi ty is 

due to the numer i ca l  increase  in Schwann  cells ac- 

company ing  Wal l e r i an  d e g e n e r a t i o n .  Schwann-ce l l  
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G A P D H  in normal  ne rves  and axon- f ree  distal 

s tumps is suscept ib le  to ac ry lamide  to s imilar  degrees  

both  in v i t ro  and in vivo.  This  suggests  that  the ma-  

jor i ty  of  G A P D H  is loca ted  in the Schwann  cell com-  

pa r tmen t  ra ther  than in axons.  The  sensit ivi ty of  

G A P D H  to ac ry lamide  in normal  ne rve  in v ivo  and in 

vi tro has been  r e p o r t e d  elsewhere2-3,'L S D H  and 

L D H  activi t ies were  una f fec ted  by acry lamide  in de- 

ne rva ted  nerve ,  in vivo.  

These  studies indicate  that:  (1) ac ry lamide  selec- 

t ively inhibits enzymes  of  energy  me tabo l i sm  

( G A P D H  not  L D H  or  S D H )  in the Schwann  cell; (2) 

N S E  activity is absent  in Schwann  cells and the re fo re  

present  in axons;  (3) G A P D H  activi ty is high in 

Schwann cells. P rev ious  s tudies examin ing  enzymes  

of  energy  m e t a b o l i s m  in pe r iphera l  nerves  have as- 

sumed  that  act ivi ty p r e d o m i n a n t l y  resides in axons.  

It is now appa ren t  that  the con t r ibu t ion  of  G A P D H  

activity in Schwann  cells obscures  changes  that  may 

occur  in axons.  The  role  of  G A P D H  inhibi t ion in the 

gene ra t ion  of  axonal  n e u r o p a t h y  induced  by acryla- 

mide is t he re fo re  unknown .  
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