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RAFAI,ES, I,. S.. S. M. LASI,I-Y, R. D. GREENI,AND AND T. MANDYBUR. t-~]i'¢-t~ ,!1 ,('rylamidc ,m Io('omotio~ 
~md ~cntral mom,amim'/Um tion in the rat. PHARMACO[. BIOCHEM BEHAV 19(4t 635-644, 1983.--Male rats receiving 
acrylamide (A('R) in their drinking water ( 100 ppm) for a six-week period displayed increased psychomotor stimulation to 
d-amphetamine (d-A, 1.0 mg/kg St') under several conditions of handling and drug administration. Following behavioral 
tests a subset of the animals was sacrificed at 15. 50, 80 and 120 minutes following d-A and the brains removed and 
dissected for determinations of regional brain levels of several monoamine neurotransmitters and metabolites. ACR rats 
had elevated levels of 5-hydroxyindoleacetic acid (5-HIAA) in the striatum, septal area. and thalamus. The effect was most 
pronounced at 15 minutes post-drug with ACR rats not demonstrating a depression in 5-HIAA levels present in controls. 
Increases in accumben's dopamine and norepinephrine levels, evident after d-A, were of lesser magnitude in ACR-exposed 
rats. Decreases in dihydroxyphenylacetic acid and homovanillic acid. also evident after d-A, persisted for a longer duration 
in ACR-exposed rats. Light and electron microscopy of spinal cord, stiratum, nucleus accumbens and thalamus did not 
reveal morphok~gic abnormalities. Sciatic nerves showed histopathok)gical changes characteristic of multi-focal dying- 
back peripheral nerve degeneration. It was concluded that acrylamide's effect on the psychomotor stimulant properties of 
d-A may bc related to changes in a serotonergic inhibitory system. 
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B E H A V I O R A l ,  s tudies  h~tve d e m o n s t r a t e d  an a l te ra t ion  
in the normal  pharmaco log ica l  r e s p o n s i v e n e s s  to d-am- 
p h e t a m i n e  (d-A) and o the r  DA agonis ts  [I,  22, 32] af ter  
e i the r  acute  or  chron ic  e x p o s u r e  to ac ry lamide  (ACR) in 
rats.  Ti lson and Squ ibb  [32] used operan t  pe r f o r m ance  {lever 
press ing)  as a behav iora l  index of d -A ' s  e f fec t iveness .  In this 
p rocedu re  d-A causes  a supp re s s ion  in lever  press ing  as its 
dose  is raised.  A single admin i s t r a t ion  of  12.5 mg/kg P() of  
ACR 24 hr pr ior  to eva lua t ion  caused  an increase  in the 
suppres s ive  ac t ion of  d-A. In o rde r  to insure that  the behav-  
ioral supp re s s ion  was specif ic  to dopamine rg ic  agonis t s  
these  inves t iga to rs  also admin i s t e red  a p o m o r p h i n e  and 
found that  ACR exposu re  resul ted  in s imilar  effects  as were  
o b s e r v e d  fol lowing d-A. Howeve r ,  s chedu le -con t ro l l ed  re- 
spond ing  fol lowing ch l o r d i azepox i de  and c lon id ine-drugs  
with n o n - d o p a m i n e  si tes of  ac t ion -was  not affected.  

Rafales ct al. [22] s h o w e d  that  ACR could  augmen t  the  
pharmaco log ica l  e f f ec t iveness  of  d-A by faci l i ta t ing ra the r  
than  suppres s ing  a behav io ra l  measure .  Capi ta l iz ing  on  the  
we l l -known p s y c h o m o t o r  s t imulant  p roper t i es  of  d-A, these  
r e s ea r che r s  measu red  the s p o n t a n e o u s  and d rug- induced  lo- 
c o m o t o r  act ivi ty  of  an imals  rece iv ing  100 ppm ACR in drink-  
ing water ,  d -A- induced ,  but not s p o n t a n e o u s  l o c o m o t o r  ac- 
t ivity was e n h a n c e d  af te r  th ree  to six weeks  of  e x p o s u r e  to 
ACR (100 ppm in dr ink ing  water) .  

Severa l  s tudies  have  indica ted  that  an a n i m a l ' s  pr ior  
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e x p e r i e n c e  with tes t ing and  handl ing  p rocedure s  [7] and re- 
pea ted  drug  admin i s t r a t ion  [271 can affect  s u b s e q u e n t  drug 
r e spons ivenes s .  The  behav iora l  s tudies  desc r ibed  a b o v e  did 
not explici t ly cont ro l  for these  potent ia l ly  con found ing  fac- 
tors.  The re fo re  one  aspec t  of  the  cur ren t  ser ies  of  s tudies  
was to assess  the effects  of  ACR on the p s y c h o m o t o r  st imul- 
ant  p roper t i es  of  d-A in an imals  receiving different  handl ing  
and drug  his tor ies .  P s y c h o m o t o r  s t imula t ion  p roduced  by 
apomorphine was also evaluated t\~r a subset of  the animals. 

The effects of ACR on pharmacok)gical sensitivity 
suggest underlying neurochemical changes. Studies on 
pos t synap t ic  funct ion have  ,~hown that ACR increases  the 
b inding  of  :'tt sp i roper idol  [2, 4, 34] as a resul t  of  an en- 
hanced  recep to r  affinity and an increased  n u m b e r  of  b inding 
s i tes  for this I)A ligand. H o w e v e r .  dec rea se s  in r ecep to r  
b inding have  also been  repor ted  133]. It is also unc lear  
w h e t h e r  changes  in r ecep to r  affinity and n u m b e r  represen t  a 
toxic a h e r a t i o n  s ince they are seen af ter  acu te  exposu re  to 
low doses  of  ACR [ 1]. In addi t ion ,  changes  in r ecep to r  bind- 
ing a p p e a r  to be re la t ively  nonspeci f ic  at h igher  levels or  
du ra t ions  of  exposu re  s ince  they have  been  repor ted  to occu r  
in a variety of  neuro t r ansmi t t e r  sys tems including cholinergic,  
G A B A e r g i c ,  se ro tonerg ic  and glycinergic  [I]. Finally.  
changes  in r ecep to r  func t ion  may be s econda ry  to a l te ra t ions  
in p resynap t i c  neu ro t r ansmi s s ion .  Prev ious  s tudies  have  
s h o w n  changes  in whole  brain  N E  [3,10] and DA [10] follow- 
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T A B L E  1 

Week of 
Exposure Stud3,' 1" Study 2* Study 3- 

Before d-A d-A 
onset locomotor activity locomotor activil3, 

1 no test d-A 
locomotor activity 

2 no test d-A 
locomotor activity 

3 no test d-A 
locomotor activity 

4 no test d-A 
locomotor activity 

5 no test d-A 
locomotor activity 

6 d-A d-A 
locomotor activity locomotor activity 

d-A 
locomotor acti',it3` 

saline 
locomotor acttvtty 

saline 
locomotor act,vlty 

s~fline 
locomotor  ~lCtlVity 

saline 
locomotor activity 

saline 
locomotor actn',qty 

d-A 
locomotor activity 

7-12 (d-A. sacrificed (apomorphine 
for neurochem- challenges 
istry Week 7) Weeks 8 and 12) 

(apomorphine 
challenge Week 8, 
sacrificed for 
histopathology 
Weeks 10 and 11) 

*N-- 16 treated, 16 control. 
iN= 10 treated, 10 control. 

ing exposure  to ACR.  Whole brain D O P A C  levels  have been 
reported to increase or  not change following ACR exposure  
[3,18]. These  neurochemical  changes have been observed  
only under  nondrugged (i.e.,  basal) condit ions.  

By perturbing the C N S  with a pharmacological  probe the 
dynamic  response of  several  neurot ransmit ter  systems can 
be observed .  This permits  an assessment  of  regulatory re- 
sponses  as neuronal  sys tems respond to the drug probe and 
then return toward baseline levels.  Alterat ions in neuro- 
t ransmit ter  function which are not apparent  under  basal 
condi t ions  may become  manifest  when the CNS is disturbed 
in this way [19]. 

This rationale se rved  as the basis for a second aspect  of  
the current  study: to examine  the effects of  ACR on the 
dynamic  response of  biogenic amines in C N S  neuronal sys- 
tems to a d-A challenge. These  measures  were  acquired in a 
group of  animals which were also assessed for their  behav- 
ioral response (psychomotor  stimulation) to d-A. 

METHOD 

Animals and itousing 

Male Long Evans  hooded rats were  obtained from 
Charles  River  Labora tor ies  (Wilmington,  MA) at 70 days of  
age and individually housed in polycarbonate  rat cages with 
stainless steel wire lops. Ab-Sorb-Dri  ~ (#ABS-3 ,  Garfield.  
N J) was used for bedding. Animals  were  kept in a windlow- 
less, air-filtered, tempera ture  (22_ + I°C) and humidity (50- 
60%) control led room having a 12 hr l ight:dark cycle with the 
light phase commenc ing  at 7:00 a.m. l ,aboratory  chow (No. 
5001, Ralston Purina Co. ,  St. Louis,  MO) and deionized 
water  or  ACR solution were provided ad lib throughout the 

study. At weekly intervals rats were weighed and fluid intake 
was monitored.  

I:.rposurc Protocol 

ACR solutions (100 ppm) were prepared from A.C.S.  
chemical  grade acrylamide monomer  (No. 8887: Sigma 
Chemical  Co.,  St. Louis,  MO) dissolved in deionized water.  
Fresh solutions were prepared every  seven days. Control 
animals were  maintained on deionized water.  Exposure  was 
maintained for seven to twelve weeks  (see section below on 
General  Exper imenta l  Design). 

General Fxperimental Design 

Three  individual studies were conducted  (see Table I ). In 
each exper iment  spontaneous  and d-A-induced locomotor  
act ivi ty (I .0 mg/kg SC as sulfate) were assessed fi)r control 
and ACR-t rea ted  rats immediately prior to the onset and 
after six weeks  of  exposure  to ACR. [n each exper iment  
testing was initiated when animals were 90-120 days of  age. 
In Study I control (N=16)  and ACR-t rea led  ( N = I 6 )  rats 
were  not evaluated for spontaneous  or  drug induced locomo- 
tor act ivi ty during the intervening f ive-week interval. In 
Study 2, control (N=  161 and ACR-t rea ted  (N=  161 rats re- 
ceived weekly chal lenges o f d - A  with subsequent  monitoring 
of  their locomotor  activity,  in Study 3 a group comprised of  
10 control and 10 ACR-t rea ted  rats was evaluated tbr loco- 
motor  activity after weekly injections of  isotonic saline dur- 
ing the intervening f ive-week period. 

In each test session locomotor  activity was monitored for 
30 minutes prior to, and for two hours after,  injections o fd -A  
or the vehicle,  saline. Animals  were weighed 30-60 minutes 
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prior to testing which wax initiated 2~/2 hours after onset of 
the light portion of the light-dark cycle (i.e.. 9:30 a.m.). The 
apparatus for testing locomotor activity has been previously 
de`scribed [22]. Briefly, it consisted of ten transparent Plexi- 
glas cages positioned below red fluorescent lights and above 
photocell arrays inted'aced to a microcomputer. Photocell 
interruptions produced by the animal's movements were ac- 
cumulated in five-minute blocks on magnetic tape. Continu- 
ous vi`sual observation wax allowed through the use of a 
closed circuit television camera and monitor. Squads of 6-10 
animals were tested within a session with equal representa- 
tion of control and ACR-treatcd rats. Cage assignments were 
countcrbahmced such that if small differences in cage sen- 
sitivity wcrc present they would be nmdomly distributed 
across treatment conditions (cage effects were assessed for 
78 non-exposed animals during the baseline period with 
N =4-9 per cage. Sources of variance associated with cage 
were found to be non-significant). 

Animals in Study 1 wcrc subsequently sacrificed tk)r neu- 
rochemistry. Animals in Study 2 received subsequent chal- 
lenges with two doses of apomorphinc HCI, 10.625 and 2.5 
mg/kg IP) and animals in Study 3 received one dose of 
apomorphinc (2.5 mg/kg IPI prior to being sacrifced for light 
and electron microscopy. 

:~,'cttro('hcmi.~ lry 

Animals in Study 1 received a ~,econd d-A challenge (I.0 
mg/kg SC) after the ,seventh week of exposure. Rats were 
randomly designated for sacrifice by decapitation at one of 
four times following d-A injection ( 15.50, 80, or 121) mini and 
regional brain tissue analyzed for monoamine neurotransmit- 
ters and metabolites. An additional five control and five 
ACR-exposed rats with identical handling histories received 
injections of isotonic saline and were randomly assigned tk~r 
sacrifice at the same post-injection time points. Brains were 
removed, rinsed in ice-cold isotonic saline, and quickly dis- 
sected over ice. Nucleus accumbens, corpus striatum, septal 
area and thalamus were dissected essentially according to 
Hcffner et al. [17], frozen on dry ice, weighed, and stored at 
-71)°(? until extraction. 

Individual brain regions wcrc homogenized and extracted 
c`ssentially according to Co ct a/. [61 with 25 volume of ice- 
cold 1.0 N lk~rmic acid/acetone 115:85, v/v) containing 
epinine (N-methyldopamine) as the internal standard. The 
homogenate was centrifuged briefly at 4~C and the supernat- 
ant extracted with heptane/chloroform (8:1, v/v) the organic 
layer discarded, and the aqueous layer dried under N., and 
stored at 2(FC until assay 1< 1 week). 

Samples were thawed and rcdissolvcd in mobile phase 
prior to injection of 21) p,l into a liquid chromatograph with a 
glassy carbon electrochemical detector (TI~-8A) and an LC-3 
amperometric controller IBioanalytical Systems, Inc., W. 
Lafayette, IN). Chromatographic conditions permitted the 
quantilation of tyrosine (TYR), tryptophan ITRP), norepi- 
nephrine (NE), dopamine (DA), serotonin (5-HT). dihydroxy- 
phenylacctic acid (1)OPAC), homovanillic acid (HVA). and 
5-hydroxyindoleacetic acid (5-HIAA). All values were cor- 
rected for recovery and expressed as ~g,g tissue weight, l,owry 
1211 protein determinations were performed on aliquots of the 
tissue from each brain region and the concentrations also 
expressed as picomoles/mg protein. 

M~rpholo~ical Sludic.~ 

Following 10-11 weeks of ACR exposure Study 3 
animals wcrc sacrificed (ten ACR-cxposed and five controls) 

after being weighed and anesthetized with pentobarbital (40 
mg/kg IP). Animals were pcffused via the left ventricle of the 
heart with 500 ml of a washout solution followed by 700 ml of 
fixative. The washout solution was composed of a mixture o|" 
one liter of lactated Ringer's solution, two cc of 40.00 units 
heparin, and 10 g of sodium nitrate. "l-he fixative employed 
consi`sted of a 317~ solution of parafi~rmaldehydc, 3~ glutaral- 
dehydc and 1).1 M sodium cacodylate buffer at pH 7.2. The 
brain, spinal cord, bilateral sciatic nerves and lumbar dorsal 
root ganglia were dissected. 

Three brain areas of interest--nucleus accumbcns. 
striatum, thalamus--were dissected utilizing the same pro- 
cedures as employed in the neurochemical analyses. Tissue 
fragments were then placed back into fxat ive  for one hour 
and post-fixed in I(~ osmium tetroxidc for four hour`s. They 
wcrc subsequently rinsed in i). 1 M cacodylate buffer twice 
for 15 minutes and dehydrated in 30c~. 511¢;~, 71Y;/~ .. 95('4 and 
100"~ ethanol, respectively. Tissue samples were rotated in 
51~'~ Spurr plastic and 5W/; propylcnc oxide, then placed in 
10IRA Spurt and rotated overnight. The l\~llowing day. sec- 
tions were embedded in Spurr and baked at 71)°( ̀ for eight 
h o u r s .  

The spinal cord was cut into five 1 mm thick sections at 
each of the three major levels: cervical enlargement, mid- 
thoracic, and lumbar enlargement. These ti~,sue~ were then 
placed in fixative for one hour and post-fixed in IC;~ osmium 
tetroxide for three hours. The remaining processing was c~r- 
ried out as previously described t\w the bnun tissue, l,cft 
sciatic nerve and dorsal root ganglia ~s.erc processed in a 
similar fashion. 

Both semi-thin (0.5 p,M) and thin (900A) sections were cut 
from tissue of brain, spinal cord, dorsal root ganglia and the 
left sciatic nerve. The right sciatic nerve was dissected fiec 
of all connective tissue and a segment approximately 8 mm 
long cut from the middle portion of the nerve. This segment 
was then placed in fixative for one hour and post-fxcd in I~;( 
osmium tctroxidc for three hours. The segment was rinsed in 
cacodylatc buffer twice tbr 15 minutes and placed in I(~)c~ 
glycerine for at least two days prior to individual fibers being 
separated and placed on a microscope slide and cover- 
slipped with Pcrmount. 

R ESUI.I S 

I"hdd ('ou~ttmptiou aud Body ~'ci~,ht 

Fluid consumption and body weight during the first six 
weeks of exposure to ACR were analyzed using tv,,o-l'actor 
analyses of variance (ANOVA) with exposure condition 
(ACR, control) as a between-subject source of variance and 
week of exposure as a repeated measure. Separate AN()VAs 
were computed for each of the three experiments, l.Jnlcss 
otherwise noted, all significance levels for repeated meas- 
ures have been adjusted using the Geisser-Greenhouse cri- 
terion [ 13] to provide a conservative estimate of the F ratio in 
the event of correlations among the repeated measures. 

Fluid consumption increased over the first six ,,,,eek 
period of exposure in each of the three experiments, 
F(5,150)-7.66, p-;0.(X)l" F15,150}~4.1)7, p.~ 1"1.01: F15,90)-- 
4.04, p -0 .005:  Studies I, 2 and 3 respectively. However,  
fluid consumption was not significantly ~fffected by ACR, 
F11.30)=1.17. p>0.10; F( I,30)--- I, p ~-0.10. F[I,18)- I, 
p:-~-0.10, nor was the rate at which fluid consumption in- 
creased over the six-week interval affected by ACR-expo- 
sure, F(5,150)~1.28. p:>0.10; F15,150)=2.47, p-.0.05: 
F15,90)- 1.01, p 3--0.10. 
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PrMr i,, +, exposu re  an imals  in the A C R - e x p o s u r e  grotip 
,acre no difl2-renl in body  weight  f rom the i r  age -ma tched  
cont ro l s .  ( )ve r  the first s ix-week per iod tlf exposu re  bo th  
cont ro l  and A ( ' R - e x p o s e d  rids con t inued  to gain weight .  
[:(6,18()) 378.8, I,- 0.001: F (6 .180 ) -293 . / , .  O.(X)I: F(6,108)-  
151.1./)" 0.001. However .  rats exposed  to ACR gained at a 
s lower  rate than control  animals .  F(6 ,180)-5 .52 ,  p.  0.Ol: 
I:(6.180) 13.22. p,  O.(X)l: t : (6 ,108)-2 .83,  p ,  0.06. After  nix 
weeks  of  con t inuous  exposure  AC'R animals  had body weight>, 
which were 2.4-3.1Y; le>'s than controls  in the three experi-  
ments  <significant Newman-Keul>'  cornpari>'on', with p.  0.05). 

l . o ( - < ) m r , l + , r  A ( ' l i l ' i l v  

In each  s tudy s p o n t a n e o u s  Ioconlo tor  a c t i vhy  +,vas eval-  
tJated for the wcck p reced ing  exposu re  using a two- fac to r  
A N ( ) V A  v. lth exposu re  (A(TR, cont ro l )  as a b e l w e e n  subject  
>'ource of  va r iance  amJ six 5-minute  in tervals  dur ing  the ses- 
s i t s  its a repea ted  meitsure.  S p o n t a n e o u s  l o c o m o t o r  act ivi ty  
was found to be equiv tdent  for cont ro l  an imals  and those  
des igna ted  to rece ived  A(.'R later  in the s tudy.  

l . o c o m o t o r  act ivi ty  fol lowing d-A v+, its a lso s imilar  in each  
tit  the three  s tudies  tor  an imals  ass igned  to bo th  exposed  and 
cont ro l  g roups  prior  to the  tinsel t i t  ACR exposure .  Again,  
no signif icant  main effects  for cxposurc ,  F ( I ,30 ) -2 .N4 ,  
p -t).lO- 1-(I ,3( i)-2.57,  p :.1).10; F( I .181=2.45 ,  p >0.10, 
S tudies  I-3,  r espec t ive ly ,  or  in te rac t ions  betv..ecn expc, surc 
and lhe  t ime af ter  d-A admin i s t r a t ion  were  p resen t .  
1:(23.69~)). I. p .0.111: F(23.69(1). I, p .0.11)- I-1213,414)- 
1.74. p .0.10. S tudies  I -3 ,  respectivel., , .  

I-igule I dcpic ls  s p o n t a n e o u s  and d -A- induced  l ocomoto r  
act ivi ty  follo~.~.ing the first six ,a.eeks of  A C R - c x p o s u r e  for 
each  of  the th ree  expe r i m en t s .  Act iv i ty  ix expres sed  as the 
mc:m change  from ba+.+cline o b s e r v a t i o n s  pr ior  to exposure .  
T,.,.o-faclor A N ( ) V A s  ~,,.ilh exposu re  its a bet~,~,¢en >'tlb.jecl 
source  of ' ,ur iance mid t ime af ter  d - a  its a repea ted  fneasure  
v, ere performed on thc>'c ', :h ies .  , 'gponlaneotis activit} d tn ing  
the 30 minu tes  pr ior  to in.jcction was nol s ignif icant ly af- 
fectcd b\. A(R-expo> 'u rc  in an~. of  the three  s tudies .  In con-  
lra>,t, ]oc+.mlOltir acl iviI)  rtlllo,,ving d-A st, as significantl.v en- 
hanced  for tho>'e rat>' cxpo,~ed to A( 'R  o v e r  thc initial ',;ix 
~.~.eck interval .  This  increased  sens i t iv i t )  to d-A yeas ill 
marked  conlraM to c o n t r o l  an imals  ~aho were re spond ing  
close to hase l ine  Icvel>' of  act ivi ty  (Fig. I). Signif icant  ill- 
t e rac t ions  b e t , : t e n  e x p o s u r e  and the 24 5mli i lute  per iods  
~ i t h i n  a sess ion t't)l" each  s t u d ) .  F ( 2 3 , 6 9 0 ) - 4 . 0 6 .  /)" 0 . 0 0 2 :  
F(23,690)=2.96, p'-  0.01;  F ( 2 3 . 4 1 4 ) = 3 . 8 9 .  /~'.:0.0()1. St t id ies  
I-3.  respec t ive ly ,  and post h,,i,..' <,.'omparisc, n>' ror each  s tudy 
(Nc, . , .man-Kenls ,  p<: ().4.)5)indicated that  the increased  re- 
>'pon>'e to d-A occur red  dur ing  an interval  spann ing  15-65 
n]intttes af ter  in.iectioil. 

r e  as>'css the con t r i bu t ion  ,,it" handl ing  cond i t ions  (no test-  
ing vs. weckl )  tests)  and drug his tory (vvcekl) d-A challcrlgc 
vs. >'aline chal lenge)  ac t iv i ty  data  from all th ree  studie>' ',,.ere 
pooled and ana lyzed  using a single th ree - fac to r  A N ( ) V A  
,,,. ith exposu re  and s tudy :is between-sub. iect  sources  of vari- 
~tllCC a n d  the 24 5-mintlle hlLerval>' ptlM-iqjcction as ti re- 
p c : l e d  measure .  A significant  exposure .  F ( I . 7 g ) - 7 . 5 4 .  
p.  0.OI. and exposu re  ".< t ime in te rac t ion ,  1:(23,1794)-7.27.  
p..  0.001. conf i rmed  thal  the first six ~,,.eeks of  exposu re  to 
A ( . R  augmen ted  the p>' , ,chomotor s t imulant  p roper t i es  of  
d-A. primari ly dur ing  tile [ii->'l hour  of  the drug response .  
Handl ing  arid in t e rven ing  drug his tory werc  s.vslematical]y 
nlatlipul;.tled aClO>'% the threc  s tudies  hut did not s ignif icanl ly 
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affect the overal l  drug re sponse .  F ( 2 , 7 8 ) < l . p  .0.10, n o r d M  
these  manipu la t ions  inleract  with the ACR cxposure .  
F(2.78)= I. p + 0 .  I(). 

The  only di f ference which  appeared  to rct lect  handl ing 
cond i t ions  was the failure of  S tudy I rats  [o shtit, v a t rans ient  
<first 5 minu tes  po> ' t - in jec thm) increased  r e sponse  to the drug 
inject ion p rocedure  upon rc tes t ing.  A significant Study ,+ 
thne  in te rac l ion ,  F(46 .1794) -  5. [g. p ,  0.1X) I. and post hoc 
c o m p a r i s o n s  ( N e w m a n - K e u l s ,  1.,--.().05) conf i rmed  lhal thin 
obse rva t i on  v~its >'tatislic;.tlly significant .  Addit iomtl  post hoc 
con lpa r i sons  at o the r  linlcs dur ing the sess ion x,,cre n o t  >,ig- 
nif icant .  

To cstabli>'h ~,,,hether the diffcrntial  drug resp,,msc of 
A ( ' R - e x p o s e d  rats  could be a t h i b u t e d  Io lhe i r  modera te ly  
rednced  body weights  (<3";;) as compared  to cont ro l  
an imals ,  regress ion  ana lyses  were pe r fo rmed  on act ivi ty val- 
ties ob ta ined  t\ l i  the first hour  pos t -drug  using or thogona l  
po lynomia ls  [11]. Multiple R values  for 4th o rde r  polyno-  
mials ,,.ere 0.12. 0.06 and 0.0g. fol + Studies  I, 2, and 3. re- 
>'pectively. Goodness -of - l i t  les ts  for po lynomia ls  of  each  de- 
grec ,acre all non-s ignif icant .  These  ttata intticatc that the 
small  d i f ferences  in bed.', weight could not accoun t  for the 
dilTerential r e sponse  to d-A. 
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significance. 

[:igure 2 displays the deve lopment  of  the changing phar- 
macological  response to d-A across the first five weeks of  
ACR exposure  tk)r exposed and control  rats in Study 2. The 
enhanced response to d-A is not present during the first week 
of  exposure  and appears  to develop gradually. This data was 
amdyzed using a three- tac tor  A N ( ) V A  with repeated meas- 
ures for week of  exposure  and lime afler d-A. The analysis 
confirmed an overall  enhanced d-A response in ACR- 
exposed animals.  F(23.690)=2.40.1;,<~:0.05. but did not indi- 
cate a w.eek by exposure  interaction,  F[5. 150)<: I, p > 0 .  [0. 

During the same six-week period of  exposure  ACR- 
exposed and control  animals receiving saline challenges 
(Study 3) did not differ in their locomotor  activity.  

Apom,tyHtinc (halh'n,~,c.~ 

Figure 3 shows the ]occmlotor activit} occurring over  a 
l ,xo-hour period flfllowing apomorphine  H('I  12.5 mg/kg IP) 
in control  rats and animals exposed to ACR for 8 weeks.  The 
pattern of  responding is similar for Studies 2 and 3 with 
ACR-exposed  animals sho~ ing  reduced activity as com- 
pared to control animals 15-50 minutes post-injection. These  
differences were statistically significant for Study 2 only. 
F(23,690)=2.14, p=0 .05 .  Intense s tereotypy was observed  

fl)r all animals at the 2.5 mg/kg dose suggesling thai a behav- 
ioral " 'cei l ing" had been attained. Thereflwe,  a second lower 
dose of  apomorphine  flL625 m ~ k g  IP) was administered 
exacl ly  lv~o weeks  later to Study 2 animals only. ACR- 
exposed rats were more responsive IO apomorphine  at this 
lower dose for about the first 30 minutes.  Fl23.690)-2.40.  
/ ), 0.01. data :lOt shown. 

,\:curothcmi~lry 

The regional endogenous concentration of lhc mon- 
oamine neurotransmitlers, prectlrsofs and metabolites 
in animals given saline injections are presented in Table 2. 
The values for control animals are in general agreement with 
several other recent reports [20. 28. 351. 

Separate analyses were perfl~rmed for each region and 
compound. Each analysis consisted o fa  two-f i lc lor A N ( ) V A  
w, ith exposure and time after d-A (saline. 15, 50, 80, 1211 min) 
as the be lween  subject sources  of  variance.  Baseline (saline) 
data were also evaluated separately for each region and 
compound  using single factor AN()VAs .  

Analyses  reported here were compuled  on data expressed 
as kLg/g tissue. Howeve r .  it should be noted that duplicate 
analyses on values expressed as p icomoles /mg protein 
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yielded virtually identical results. Post-hoe comparisons 
were made using the Newman-Keuls procedure (p,z:0.05). 

DA System 

DA concentrations in the striatum and nucleus accum- 
bens increased following d-A in both control and ACR- 
exposed rats• F(4,32)=6.94, /,,<0.(X)I: F(4,32)=7.43. 
p <0.001, respectively. In the nucleus accumbens (Fig. 4) the 
effects of d-A on DA levels interacted with ACR-exposure, 
F(4.32) = 2.6 I, p =0.05. l:'ost-hoc comparisons indicated that 
DA concentrations were of lesser magnitude for ACR- 
exposed animals at 80 and 120 minutes post-d-A. Separate F 
tests on baseline (saline) DA concentrations were non- 
significant for all regions. 

Following d-A I)OPAC levels in both ACR and control 
rats decreased from saline control values in all brain areas 
except the thalmus (data not shown). These decreases per- 
sisted throughout the two-hour period of assessment in the 
septal area and striatum, F(4,32)=4.26, p<0.01: 
F(4.32)=27.65, p<0.001, respectively. In the acctnmbens 
DOPAC levels of control animals returned to baseline levels 
by 80 minutes post-injection (Fig. 5A). However, D()PA(" 
concentrations for ACR-exposed rats did not recover as 
rapidly and were significantly less than those of non-exposed 
controls at 80 and 120 minutes post-injection. These obser- 
vations were confirmed by the significant interaction term of 
the AN()VA,  F(4,32)=4.49• p<0.01, and by post hoc com- 
parisons. 

Concentrations of HVA showed a similar reduction fol- 
lowing d-A administration, although these changes were 
somewhat delayed compared to changes in DOPAC. Reduc- 
tions in HVA persisted throughout the 120-minute period of 
assessment in both the septal area, F(4,32)- I I  .54,/~<0.001, 
and striatum, F(4,32)=8.92. p<0.001. HVA concentrations 
in the nucleus accumbens (Fig. 5B) showed some return 
toward saline control values by 120 minutes post-injection. 
However. levels of HVA for ACR-exposed rats did not re- 
turn to baseline values and were significantly less than those 
of non-exposed control animals at 80 and 120 minutes post- 
injection. An exposure × time interaction. F(4,32)-3.48. 
p':  0.02, and l:X~st-hoc comparisons confirmed these observa- 
tions which closely paralleled the changes seen for DOPAC in 
these regions. Separate F-tests on baseline (saline) HVA and 
DOPAC concentrations were non-significant for all regions. 

N/'. System 

NE concentrations were not markedly affected by d-A 
in the striatum, F¢4,32)-1.36, p>0.1(), septal area. 
F(4,36)=<1, p>0.10, or thalamus, F(4,32)=1.52• /~>0.10. 
Only in the nucleus accumbens (Fig. 6) was there a tendency 
for NE values to increase over the 120 minute period post- 
injection, F(4.32)=2.37, p<0.08. NI-': values for ACR- 
exposed animals did not increase however, and were gener- 
ally less than those of non-exposed controls irrespective of 
the time of drug administration, F( I.32)=10.18, p<0.01. 
ACR-exposed rats showed similar decreases in septal Nt': 
concentrations, F( 1,32)=8.36, p<0.001, data not shown. 

d-A Did not significantly effect TYR levels in any brain 
region examined. However,  for stiratum, nucleus accum- 
bens and septal area TYR values of ACR-exposed rats were 
reduced form those of non-exposed controls ('Fable 3), irre- 
spective of the time of drug administration. 
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statistical significance. 

5-111 System 

C o n c e n t r a t i o n s  of  5-HT wcrc  genera l ly  not aft 'ected by 
the d-A chal lenge.  Only  in the septal  a rea  was there  a signifi- 
cant  change  in 5-HT levels  tb l lowing drug admin i s t ra t ion ,  
F(4 ,32)=2.89 ,  p < 0 . 0 5 ;  data  not shown.  Post hoc compar i -  
sons  showed  that  5-HT levels  in the septal  a rea  were  signifi- 
cant ly  r educed  f rom base l ine  values  at 80 and  120 minu tes  
pos t - in jec t ion  for cont ro l  and ACR rats.  H o w e v e r ,  ACR- 
exposed  and control  animab, were equall~ responsive  to d-A, 
F14,32)<1,  p > 0 . 1 0 ,  and  no exposu re - r e l a t ed  effects  were 
p resen t  for 5-HT c o n c e n t r a t i o n s  in the  septal  area .  
F( 1.32)< I, p > 0 . 1 0 ,  or  any o t h e r  region examined .  

For  s t r ia tum,  septal  area ,  and t ha l amus  A CR-exposed  
rats had levels  of  5 - H I A A  grea te r  than  con t ro l  an imals  (Fig. 
7 for tha lamus)  i r respec t ive  of  drug cha l lenge  or  the t ime at 
which  the drug  was admin i s t e r ed ,  F ( I ,32 )=27 .72 ,  p < 0 . 0 0 1 ;  
F(1 ,32)=18.92,  p<0 . (X) l ;  F11,32)-31,).74, p < 0 . 0 0 1 ,  for 
s t i ra tum,  septal  a rea  and  tha l amus ,  respec t ive ly .  A signifi- 
cant  exposu re  × t ime af ter  d-A in te rac t ion .  F(4 ,32)=2.73.  
p < 0 . 0 5 ,  and post  hoc c o m p a r i s o n s  also s h o w e d  that  5 -HIAA 
levels  in the t ha l amus  were  t r ans ien t ly  r educed  15 minu tes  
pos t - in jec t ion  for con t ro l  but  not  for A C R - e x p o s e d  rats (Fig. 
7). Similar  in te rac t ions  were  ev iden t  for 5 - H I A A  levels  in the  
s t r ia tum and septal  area ,  but  a p p r o a c h e d  stat is t ical  
s ignif iance only  for s tr iatal  c o n c e n t r a t i o n s  of  5 -HIAA.  
F(4 ,32)=2 .42 ,  p =0 .07:  da ta  not shown.  

T A B I , E  3 

MEAN I ' Y R O S I N E  C O N C E N T R A T I O N S  BY" R E G I O N  Lo.gg I ISSUt . I ) ;  

Nucleun 
Striaturn Accumbens Sephd Are,t 

ACR 11.69.- 1.74" I 1.16 ~ 1.74:1: 10.94 • 1.54~ 

Control 12.83 • 1.62 12.77"_ 1.94 12.1)9 + 1.79 

;Mean . ',tandard de'.iation. 
"F(1,32) 4.49, p. 0.05. 
:i:F( 1,32)=8.70, p- 0.01. 
,~F(I,32) 5.77, p. 0.05. 

d-A Chal lenges  had c o m p a r a b l e  effects  on TRP  levels in 
cont ro l  and A C R - e x p o s e d  rats.  Signif icant  main effects  for 
t ime af te r  drug admin i s t r a t ion ,  F(4 ,32)=5.40 .  p < 0 . 0 1 :  
F(4,32)=5.70, p < 0 . 0 1 ,  for nuc leus  a c c u m b e n s  and septal  
area ,  r espec t ive ly ,  and  post  hoc c o m p a r i s o n s  showed  TRP  
c o n c e n t r a t i o n s  for  bo th  g roups  of  an ima l s  to be e leva ted  
above  sal ine values  at 15 and 50 minu tes  post  d-A (data  not 
shown) .  
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l.i.~,,ht and I'.lcctron Micro.,,copy and 
Sin.~,le-:\.'ervc I"ihcr Preparation 

No pathological findings were evident for any brain re- 
gion examined or for spired cord sections or dorsal root gan- 
glia. 

Myelin ovoids characteristic of Waller|an-type degenera- 
tion v, ere present in approximately I(Y'/~ of  the axons of the 
sciatic nerve of At 'R-exposed rats. A few fibers showed dis- 
proportionately thin myelin sheaths consistent with remyeli- 
nation. A moderate degree of interfascicular edema was also 
present. 

DtSCUSSlON 

Chemical agents such as acrylamide which can modify the 
response of  several interacting neuronal systems have the 
potential for altering an individual 's emotional status, atten- 
tional capabilities, and processes by which inflwmation is 
acquired and stored. Untoward effects may only become 
manifest t\~llowing periods of stress, in conjunction with ag- 
ing. or as a result ofconcommitant  exposure to other toxins 
or drugs. The current study used pharmacological probes to 
clarify the effects of acrylamide on neurotransmitter ft,nc- 
tion. 

We confirmed earlier observations from this laboratory 
[221 that ACR exposure (I(R) ppm in drinking water for six 
weeks) alters the psycho-nmlor stimulant properties of d-A. 
After six weeks of  continuous exposure to ACR comparable 
increases in d-A-induced Ioconlotor activity were observed 
tbr animals tested and challenged weekly with d-A {Study 2) 
or saline vehicle (Stud~ 3). This finding obviates prior con- 
cern that repeated drug administration, and not ACR expo- 
sure pet so. could be responsible for the observed changes in 
response to d-A. Comparable increases in d-A-induced Io- 
conlotor activity were also observed tbr animals without re- 
peated experience in the test apparatus or with the injection 
procedure during the period of ACR exposure (Study I). 
Consequently. the effects of A( 'R on responsiveness Io d-A 
,aere robust and unaffected by different testing histories. 

The observed increases in d-A-induced locomotor activ- 
it)' cannot he attributed to a general increase in arousal or 
movement, since the spontaneous locomotor activity (i.e., 
under non-drugged or saline conditions) of control and 
AC'R-exposed arfimals did not differ at any time. A('R wits 

therefore acting in ;l more direct manner to alter the 
psychomotor stimulant properties of  d-A. 

The augmented drug response appeared to develop over 
repeated weeks of  ACR exposure, suggesting that a critical 
body burden or an accruing neurochemical alteration wa,, re- 
sponsible for the observed changes in drug response. 2"his 
pattern of  effects is consistent with that observed previously 
in this laboratory [221, but is in contrast lo the study by 
I i lson and Squibb [32] in which acutely administered A ( R  
(12.5 mg/kg P() 24 hr pretest) was found to be suflicienl to 
facilitate the suppressive effects of  d-A on operant perform- 
ante. These findings suggest that ACR may have an acute 
pharmacological mode of  action which is distinct from its 
morc chronic toxic effects, and that only operant condition- 
ing procedures may be sensitive to these acute changes. 

At a 2.5 mg/kg [P dose of apomorphine the locomotor 
response of At 'R-exposed rats tended to be depressed its 
compared to that of control animals. This observation is 
consistent with previous work in which rats pretreated with 
single doses of 25 or 100 mg/kg of A( 'R were reported to 
show less locomotion than controls following a 1.0 mg.'kg IP 
apomorphme HCI challenge I 11. In the current stud.~ at a lower 
dose of apomorphine (0.625 mg,kg IP) ACR-exD.~',ed animals 
showed a modest increase in their locomotor activity as com- 
pared to controls. A[x~morphine has at be,,t modest 
psychomotor stimulant properties yet is capable of producing 
intense stereotyp.,,. 191. These properties may account for the 
changes in drug response observed in the current stud.,,. At the 
low dose increases in response to apomorphine could still be 
reflected in the locomotor response of ACR-exposed animals. 
At the higher dose stereotypy ma,,. have interfered with pitt- 
terns of locomotion such that ACR-induced increases in drug 
reslxmsiveness catlsed increases in stereot}p} which inter- 
fered with locomotion and reduced the measured activity of 
ACR-exposed rats. Unl\~rtunately, stereotypy ~,,as not ex- 
plicitly quantified in the present cxperimenl, and the basis of 
this finding must remain speculative. 

In the absence ofd-A challcnge, there were no discereni- 
ble changes in regional concentrations of I)A. I)()PAC. 
HVA. NI'Z or 5-1-tI in the current study. Previous studies 
have reported changes in v, hole brain NE and I)A [3.101. 
However.  these changes may have been attributable to nu- 
tritional deficiencies since sizable reductions in body weight 
~ere  evident in those studies. Whole brain I)()PA(' Ic~,els 
have been reported to increase [3] or to remain unchanged 
118] following A('R exposure. These contradictory results 
ma} he due in part to the variety of dosage regimens em- 
ployed or the use of whole brain tissue rather than more 
specific regiomd samples, it is fair to conclude that none of 
the previously reported changes in l )A  or NIt s}.stems have 
been consistently demonstrated. 

In contrast, many of the findings of the current stud~ are 
consistent ,aith thc hypothesis that ACR hits an e|'tbct on 
serotonergic function. AC'R-exposed animals had increased 
levels of 5-HIAA in three of the four brain regions examined 
independent of drug administration. This finding is cons|s- 
lent with the increases in whole brain 5-HIAA observed by 
Farr ~'1 a/. [12]. ACR-exposcd animals also did not sho,a the 
decline in thalamic or striatal 5-HIAA levels exhibited by 
control animals 15 minutes post-d-A injection. This response 
in control animals may be the result of an initial d-A--induced 
5-HT release with the neurotransmitter feeding back to the 
raphe cell bodies In reduce the neuronal firing rate (and 
5-HIAA production) b,, at process of self-inhibition. Recent 
evMence has sho~.n thal d-A can inhibit the firing of 5-1t[ 
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neurons in this manner [241. That  this response was  absent or 
markedly attenuated in ACR-exposed rats is interesting 
since 5 -HT  receptor  antagonists also b lock  the inh ib i to ry  
effects o f  d -A  on 5 -HT neurons [24]. 5 -HT antagonists 
faci l i tate the e l |c i ta t ion o f  d -A-p roduced  s te reo typy  [5]. and 
d-A- induced l ocomo to r  ac t i v i t y  is fac i l i ta ted by reducing 
,~erotonergic funct ion [13]. Analogous increases in ac t iv i t y  
were observed in ACR-exposed  animals. The results o f  the 
currcn l  invest igat ion are consistent wi th the hypothesis  that 
A C R  antagonizes the activit~ of  ( ' N S  neurons which utilize 
5 - H T  for  nct t rotransmission.  Subsequent delays in the return 
to basel ine for I)()PA(" and HVA levels in the accun~hens 
after d-A injections may reflect changes  v, hich are secondary  
to the initial failure of  the 5-HT sys tem to respond appropri-  
ately. 

Body growth rate for A(_'R-exposcd rats ,aas modera te ly  
decreased  compared  to control  rates in the current  Sttld[es. 
This observa t ion  is consis tenl  with that of  (.iipon ct a/. [15]. 
who adminis tered  ACR (2(I mg/kg IP) to female rats. Redt, c- 
t ions in body weight gain in the present  study could 11oi 
hov ,ever  he corre la ted ,a.Jth the al tered p s y c h o m o l o r  stimul- 
anl r e sponse  to d-A or to lhe obse rved  neurochemica l  
changes  seen in A t R - e x p o s e d  rals. Similarly. Gipon c t a / .  
[151 found that pair-fed controls  dM not sho,a, the sanlc deft- 
t i t s  in motor  pe r fo rmance  (rotorod bahmcc) as their ACR- 
exposed  counte rpar t s .  There lbre .  changes  in body ,aeight 
and food intake,  while affected hy A( 'R-expos t t r e .  cannot  
accotlnl for the obse rved  changes  Jn behavior  or ncuro- 
chemis t ry .  

Signs of  Waller ian-type degenera t ion  v.cre evident  for lhe 
sciatic nerve and were generally cons is tent  v, ith the paltern 
of  degenera t ion  character is t ic  of a dying-back peripheral  
ncuropa thy .  I lov ,cver .  light and e lec t ron microscopy  did not 
reveal abnormal  changes  l \v  any brain region or spinal cord 
segtnenl exanl ined.  l h e s c  negative obse rva l ions  are in 
agrccmcnt  ,aith earl ier  s tudies  (of.. [29]) bill dit't~'r from re- 

ports  o f  CNS axonal  degenera t ion  [26.29] flfllowing ACR 
exposure .  It has also been repor ted  that cell bodies  in lumbar 
dorsal  roots  show signs of  reorganizat ion prior to overt  indi- 
cat ions  of  axonal  degenera t ion  1301. This suggests  that A( 'R 
may have direct effects  on ( ' N S  neuronal  cell bodies.  Ho~-  
ever .  in the current  study pathological  changes  v, ere not oh- 
served in lumbar dorsal  root ganglia at a tirnc ,zhen periph- 
eral axonal degenerat ion in sciatic nerves  ~ ;is clearly app:n'- 
ent. 

It is also note'aorth.v that morphoh+gical changcs  ,.,,ere n o t  

detected in the curren* study in an+~ brain regiot+l ohncl 'ved ttl 
have neurochemica l  al terat ions.  [ h i s  '+uggents that neultt- 
chemical  changes May precede gross 'qrnct tnal  t l isorganiza- 
tion. and that the}.' can be sensit ivc irudicatorn o f  celhthtr 
t ox i c i t y  follov,.ing exposure ttl A ( R .  

In  sumnl+. l ry  the current Stlld} t l , , e d  pharmacologica l  
probes to c lar i fy  the e f f e c t s  of  acr} lamMe ,.m netJrotransmit- 
ter f tmct ion.  The resuhant changes m regional mono;u l l inc 
concentrat ions artd the behaviora l  response,, to dop;m+finc 
agonists suggested that acry lamidc irnpaired scrotoncrgic 
neurotransmission.  The major  f indings v, crc that ,tcr+,,.htnfidc: 
( I )  increased the psychon+otor st imtt lant effects o f  d -A.  (2) 
increased levels o f  5 - H I A A  in the str iatt tm, thalarnu,, and 
septal area. (3) attcntJatcd the early response  ( 15 n+finutc) of  
forcbrain 5-HIAA to d-A. (4 ) rc ta rdcd  thc rc-cqttil ihration of  
I ) ( ) I 'A ( "  and H V A  concentrat ions in the accttrnhcnn t'ollm~- 
ing d -A  and I t )  b locked the rise ill aCCtlnlhcn"-, NI :  v. hich 
occ tu rcd  subsequent to d-A. 
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