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RONEY, P L , JR , L G COSTA AND S D MURPHY Condmoned taste averston mduced by organophosphate 
cornpound~ m rats PHARMACOL BIOCHEM BEHAV 24(3) 737-742, 1986--Three organophosphate compounds, 
dtchlorvos, parathion and dusopropylfluorophosphate were tested as an unconda~oned sUmulus m the conda~oned taste 
aversion (CTA) test All organophosphates caused a dose-dependent CTA m rats at doses wluch did not reduce any other 
s~gns of toxicity Experiments with dichlorvos showed that the mm~mum dose which caused CTA did not alter the rats' 
sensit~wty to pare or their behavmr in either an open field or on an inchned plane Chohnesterase activity was mh~blted in a 
dose-dependent manner m brain and plasma after admm~straaon of the organophosphates and CTA was correlated with the 
degree of plasma chohnesterase inh~bltlon CTA appears to be a sensitive indicator of neurobehavloral effects of mild 
exposure to organophosphates which causes only 30--40% mhlb~tton of plasma chohnesterase 

Conditioned taste aversion Organophosphates 
Plasma chohnesterase Neurobehavxoral testing 

Dlchlorvos Parathion Dnsopropylfluorophosphate 

IT has been observed that under many condmons when in- 
take of  a novel food or liquid is paired wath admmastratlon of 
a chemical, this often results m subsequent avoidance of  that 
food or fluid Such condltaoned aversions have been ob- 
served under natural cond~taons and can be produced exper- 
imentally by pamng a novel flavored substance with expo- 
sure to a toxic substance The condataoned stimulus is the 
novel taste, the uncondttloned stamulus ~s the toxtcant and 
the subsequent avoidance as known as conditioned taste 
aversion (CTA) [17] A wide variety of chemical and physical 
agents have been found to serve as unconditioned stlmuh 
and cause CTA [16, 17, 37, 40] Th~s behavioral paradigm has 
been also successfully used an the control of predation of 
eggs by crows and predation of  sheep and turkeys by 
coyotes [14,32] Furthermore, CTA appears to play a role 
in the anorexm present in cancer patients [6,7] In recent 
years neurotoxlcolog~sts, concerned w~th the development 
of new methods for detecting and characterizing the behav- 
ioral and neurological consequences of exposure to toxic 
substances, have tested various chemicals for their abdlty to 
induce CTA 

Compounds whtch cause CTA include metals such as lead 
[12], methylmercury [8], copper [9] and organotms [26], pes- 
tlcades such as chlordlmeform [27], methylbromlde [28] or 
2,4,5-trtchlorophenoxyacetlc acad [43], and various other 
toxic chemacals lake acrylamade [1], toluene [29] and haloge- 
nated hydrocarbons [20] The results of these studies suggest 
that the CTA method may be a sensttlve method for assess- 

mg the possible effects of chemicals Moreover,  a few 
studies have shown that CTA is a more sensitive indicator 
than other behavioral paradigms [1,34] 

A class of environmentally relevant compounds which 
have not been evaluated for thear abdtty to reduce CTA as the 
organophosphorus lnsectacades Their ma,n mechanism of 
actaon is mhlbltaon of acetylchohnesterase wtth a consequent 
stimulation of cholmerglc receptors by acetylchohne which 
accumulates in the synaptlc cleft Thus, dtfferently from 
most of the other chemicals tested, whose precise mech- 
amsm of acuon has not been elucidated, measurement of  
chohnesterase activity represents a rehable marker for 
assessing exposure to organophosphates and for mechanistic 
studies 

The a~m of thas study was therefore threefold first, to 
estabhsh whether organophosphorus insecticides would 
cause CTA, second, to determine whether CTA as a more 
sensatlve Index of  neurotox~clty than other behavioral tests, 
third, to correlate the behavioral effects observed m the CTA 
test, with a baochemlcal marker of organophosphate expo- 
sure Three organophosphates were used in this study dl- 
chlorvos and parathaon, which are among the most widely 
used insecticides m the home and in agriculture, respec- 
tively, and dusopropylfluorophosphate, a prototype of irre- 
versible chohnesterase mhlb~tors 

METHOD 

Male Sprague-Dawley rats (Tamco, Houston, TX) weagh- 

lPrehmmary commumcatlons of this study have been presented and were pubhshed m abstract form [10,41] 
-'Requests for repnnts should be addressed to Luclo G Costa, Ph D , Department of Environmental Health, SC-34, Umverslty of Washing- 

ton, Seattle, WA 98195 
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FIG 1 Sacchann preference ratios for rats treated w~th dichlorvos. 
parathion and DFP Control animals were rejected with the respec- 
twe vehicles Each bar represents the mean (_+SEM) of 7-8 rats 
aSlgmiicantly dLfferent from control, p <0 05 
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FIG 2 Inh~bmon of brmn chohnesterase actwlty by organophos- 
phates in rats Each bar represents the mean (+_SEM) of five rats 
Control chohnesterase actlwty was 9 28_+0 47/~mol ATC/mm/g of 
tissue "S]gmficantly dtfferent from control, p<0 05 

mg 150-200 g were mdswdually housed in wire bottom cages 
m air condmoned rooms at a constant temperature (25°C) 
and hght schedule (12 hr dark) and had food (Punna For- 
mulab Chow 5008) and water avadable ad hb At least seven 
days after shxpment rats were placed on a water restricted 
regsmen, tap water was avmlable 30 mln/day between 08 30 
and 09 00 Water was presented in modified 60 ml plasUc 
synnges attached to the front of the cage by a sprang chp 
The volume of water consumed m each session was read 
directly off the syringe which was marked m one ml di- 
visions When water retake had stabdized (usually after 5-7 
days) rats were presented with a 0 15% (w/v) solution of  
sodmm sacchann (Aldrich Chemical Co , Mdwaukee, WI) 
Fifteen minutes after th~s drinking session, rats were injected 
IP w~th an organophosphate or ~ts vehscle Parathion (0,0- 
dlethyl-0-(4 mtrophenyl) phosphorothloate, analytical grade. 
supphed by American Cyanamid C o ,  Pnnceton, N J) and 
dusopropylfluorophosphate (DFP, Sigma Chemical Co , St 
Lores, MO) were dzssolved in corn od Dlchlorvos (0-(2,2- 
dlchloroethenyl)-0-0-dlmethylphosphate, analytical grade. 
97%, donated by Shell Chemical Co , Houston TX) was dis- 
solved m physiological saline solutmn. Llthmm chlonde (AI- 
dnch), dissolved in dlstdled water and admlmstered IP at the 
dose of 3 mEq/kg, served as a poszt~ve control All com- 
pounds were administered m the volume of 1 ml/kg On the 
next day rats were gsven access for 30 minutes to tap water 
Two days after the condltaonmg session, rats were presented 
with the choice between tap water and the saccharin solu- 
tion This two-bottle procedure has been shown to be more 
sensitive than the single-bottle test [19] The total fired con- 
sumed was defined as the volume of tap water consumed 
plus the volume of sacchann solution consumed The sac- 
chann preference ratio (SPR) was calculated as 

Volume of saccharin soluUon consumed 

Total fired consumption 

In control animals SPR ranged between 0 80 and 0 85, 
while a substance causing aversion gave lower SPR values 
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FIG 3 Inhlbmon of plasma chohnesterase acuvlty by organophos- 
phates m rats Each bar represents the mean (-+SEM) of five rats 
Control chohnesterase activity was 0 51+--0 07 t~mol ATC/mm/ml 
• 'SJgmficantly different from control, p<0 05 

Chohnesterase (ChE) actlvlty was determined in whole 
brain and plasma according to the method of Eliman et al 
[15], as modified by Benke et al [4] Rats were anesthetized 
with ether and blood was collected by cardiac puncture in a 
hepannlzed synnge, transferred to hepannlzed tubes, cen- 
trifuged and kept on ice until the assay ChE actwmes were 
measured 30 mln after dlchlorvos, 60 mm after DFP, and 120 
mln after parathion rejection These Ume points were chosen 
as the time of maximal ChE lnhlbmon, as determined m 
prehrmnary experiments Brmns were homogenized wzth a 
Bnnkman polytron m 10 vol of 0 1 M sodmm phosphate 
buffer (pH 8 0) and further diluted (1 13) with the same buf- 
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FIG 4 Antmooceptlve effect of dlchlorvos m rats Reacaon ttmes 
were measured m the tall immersion and in the hot-plate test, 30 mln 
after injection, as described m the method section Each bar repre- 
sents the mean (-+-SEM) of five rats "Significantly different from 
control, p<0 05 

fer One hundred/xl of dduted brain homogenate or 20/zl of 
plasma (previously diluted 1 2 w~th buffer) were added to 
phosphate buffer containing 50 p.l of  1 0 mM 5,5'-dlth]oblS 
(2-nltrobenzolc) acid (DTNB) in a final volume of 5 ml The 
reaction was started by the addition of 5 /zl of acetyl- 
th~ocholme (ATC) and the lmtlal absorbance at 412 nm as 
well as the absorbance after 30 rain incubation at 27°C were 
recorded The change in absorbance is due to the formation 
of 5-thio-2-nltrobenzolc a o d  from DTNB and thzochohne, 
the hydrolytic product of  ATC To be consistent with the 
CTA experiments, rats used for ChE measurement were also 
on a water restricted regimen 

Antmoclceptlon was measured by the tall immersion 
techmque and the hot plate test, as previously described 
[11] In the tail immersion test rats were placed in a plastic 
restrainer and their tall ~mmersed, to a constant depth, in a 
water bath maintained at 51 0+-0 25°C by a thermostatically 
controlled heating block The time between lmmerston and 
the ammal withdrawing ~ts tail was recorded, the noocept ive  
endpomt being a violent jerk of  the tail An arbitrary 30 sec 
cut-off time was ~mposed as maximal antlnOclceptlve re- 
sponse In the hot plate test, the plate (IITC Inc , Landing, 
NJ) was maintained at 55 0-+0 I°C and was surrounded by a 
Plex~glas wall to prevent escape The endpolnt was the first 
hck of a hmdpaw and a 60 sec cut-off time was arbitrarily 
selected as a maximal antmoc~ceptive response 

For the open field test a 120 cm square box with 41 cm 
high black walls was used The floor of the box consisted of 
alternated black and white 24 cm squares The room was 
kept dark and the field was illuminated by a red light A trial 
consisted in placmg a rat m the center square and covenng it 
under a confinmg box for 15 sec The box was then removed 
allowing the rat free movement for two minutes Square 
crossing was defined as the rat entenng another square with 
all four paws, reanng was defined as the rat raising ~ts 
forepaws simultaneously off the floor [45] For each animal 
the number of squares crossed and the number of reanngs 
made was recorded 

For the mchned plane test, a measure of the rat 's motor 

TABLE 1 

EFFECT OF DICHLORVOS ON OPEN FIELD AND INCLINED 
PLANE BEHAVIORS 

Open Field 
Dlchlorvos Inchned Plane 
(mg/kg) Square Crossing Reanngs (°) 

0 18__+5 4 _ + 2  46_+4 
45 11 _+5 4_+ 1 47_+3 
9 0 0* 0* 36 _+ 2* 

Tests were conducted as described in the Method section, 30 mm 
after administration of d~chlorvos or sahne Results are the mean 
(_+SEM) of five rats 

*Significantly different from control, p<0 05 

coordmation [2], a wooden board covered by a washable 
plastic sheet was used The initial angle was zero degrees 
The angle of  the board was raised by a torque motor attached 
through a pulley system to the front of the plane The rat was 
placed on the plane facing uphill and the plane was raised at a 
constant rate (15 degrees/see) The angle of  the plane when 
the rat began to shp was recorded 

In all behavioral expenments animals were water de- 
prived for at least seven days as in the CTA studies All tests 
were done 30 rain after the administration of dlchlorvos on a 
bhnd basis, t e ,  the investigator was not aware of the treat- 
ment the animals had recewed Data were analyzed for 
statistical significance by analysis of variance When a signif- 
icant F value was found, data were further analyzed by the 
Newman-Keuls test [42] 

RESULTS 

Five to seven days after the beginning of the restricted 
dnnklng regimen, water intake had usually stabilized at 
16-18 ml in the 30 rain period The only rat that did not reach 
a constant basehne of water consumptton was not used in the 
studies On the conditioning day rats had free access for 30 
mzn to a 0 15% saccharin solution instead of  water Fired 
consumption in this testing session did not defter among 
groups and ranged from 155_1 0 ml to 185_+1 5 ml 
(+-SEM) Two days later animals were presented with the 
choice of the sacchann solution or water Total fluid con- 
sumptton (saccharin plus water) did not defter among groups 
(not shown) Saccharin preference ratios for control (vehicle 
treated) rats were 0 80 to 0 85, however, animals reJected 
with the organophosphates 15 mm after the first condttlonlng 
session, drank significantly less sacchann than control rats 
Figure l shows that dlchlorvos (4 5 and 6 0 mg/kg), parathion 
(2 0, 3 5 and 5 0 mg/kg) and DFP (0 2 and 0 8 mg/kg) stgmfi- 
cantly lowered the rats" saccharin preference ratio as com- 
pared to vehicle treated controls Lithium chloride was cho- 
sen as a posltwe control and at a dose of 3 mEq/kg reduced an 
SPR of 0 19-+0 09 ( n = 5 , p < 0  01) At the dosages employed, 
no signs of  organophosphate po]sonlng were observed, with 
the exception of highest dose of parathion (5 0 mg/kg) which 
caused slight dtarrhea and salivation 

Chohnesterase activity was measured m brain and plasma 
of rats after administration of the organophosphates (Fig 2) 
Brain chohnesterase actwlty was significantly inhlbRed by 
all doses of  dlchlorvos and by the two htghest doses of 
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FIG 5 Correlation between percent sacchann preference (SPR × 
100) and inhibition of cholmesterase acuvlty m brain (5a) or plasma 
(5b) The correlation coefficients are 0 617 and 0 947, respectwely 

parathion and DFP Plasma chohnesterase activity was sig- 
nificantly lowered by all organophosphates at all doses (Fig 3) 

In order to determine the sensitivity of CTA, further 
studies were conducted with dlchlorvos The lowest dose of 
dichlorvos capable of causing CTA (4 5 mg/kg) was adminis- 
tered to rats and tested for ~ts abihty to induce antlnoclcep- 
tlon and to impair both motor activity in an open field and 
motor coordination on an inclined plane A higher dose of 
dlchlorvos (9 0 mg/kg) was used as a positive control Figure 
4 shows that at the dose of 4 5 mg/kg, d~chlorvos did not alter 
pare sensitivity m both a tad-immersion and a hot-plate test 
Moreover,  th~s dose of d~chlorvos had no effect on rats" 
behavior in the open field or on the mchned plane (Table 1) 
At the higher dose tested (9 0 mg/kg) dlchlorvos exerted a 
slgmficant effect in all three tests (Fig 4 and Table 1) 

D I S C U S S I O N  

The major alms of this study were (1) to determine 
whether three organophosphates with different charac- 
teristics would cause CTA In rats, (2) to determine whether 
CTA IS a more sensitive paradigm for assessing neurobe- 
havioral effects than other behavioral tests, (3) to determine 
the extent of central and penpheral ChE inhibition caused by 

the organophosphates The dlmethyl organophosphate dl- 
chlorvos is a direct inhibitor of ChE which causes a rap~d 
onset of toxicity but has a relat~,ely short duration of action 
DFP Is also a direct inhibitor of ChE, however it can be 
considered an almost irreversible inhibitor Parathion, on the 
other hand, reqmres metabohc transformation to an active 
ChE inhibitor and has, therefore, a slower onset ot tO~lC~ty 
Despite these differences m the onset and duration of ChE 
inhibition and of toxicity, all three organophosphates caused 
CTA at doses which produced no other obvlou,, s~gn of tox- 
icity These results are cons~stant w~th prewous studies with 
the carbamate physost~gmme [34,39] and the olganopho,,- 
phates soman [39], sarln [24] and tabun [23] In one study it 
was found that the carbamate carbaryl caused CTA at high 
doses and the carbamate propoxur was unable to ~.ause CTA 
[25] The reasons for the lack of effect of propoxur are not 
evident but might be related to the time separating dosing 
and choice testing However.  with th~s exception, ChE m- 
hlb~tors, of both the carbamate and organophosphate 
classes, are all able to cause CTA 

An issue to be considered m CTA studies w~th neurotox~c 
compounds is the sensltivHy of this procedure In our study 
the minimum effectwe doses of organophosphates able to 
reduce CTA were 25 0, 35 1 and 5 4e~ of their reported LD;,, 
values [3, 21, 44], for dlchlorvos, parathion and DFP, re- 
spectively Thus, CTA was elicited at doses well below the 
acute lethal doses We investigated whether one of these 
organophosphates, dlchlorvos, would cause any effect m 
other behavioral paradigms when administered at the mini- 
mal dose causing CTA Dlchlorvos, however, at the dose of 
4 5 mg/kg had no effect m the taft-immersion and the hot- 
plate tests, nor altered the rats' behavior and performance m 
the open-field or lnchned-plane tests A lack of any effect m 
various behavioral tests at doses which caused CTA, was 
also shown for physostlglme [34,39], acrylamlde [1] and 
more recently, for soman, sarm and tabun [23, 24, 39] Thus, 
CTA appears to be a rather sensitive method to detect effects 
of toxic agents 

Organophosphates are potent ChE lnhlbltors and meas- 
urement of th~s enzyme's activity represents a good marker of 
the degree of exposure We attempted to correlate the effects 
of organophosphates on sacchann preference ratio with their 
degree of inhibition of brain and plasma chohnesterase (Fig 
5) With the possible exception of dlchlorvos, there was no 
clear correlation between the whole brain ChE activity and 
SPR For example, CTA was reduced by a dose of parathion 
(2 0 mg/kg) or DFP (0 2 mg/kg) which did not significantly 
inhibit brain ChE, even m the case of dlchlorvos, a 3 0 mg/kg 
dose inhibited brain ChE by about 30%, (p<0 05) but did not 
cause any CTA This does not Imply that lnh~bmon of brain 
ChE is not important in organophosphate induced CTA, it is 
possible that only a specific area of the brain ~s revolved m 
CTA and a certain degree of ChE inhibition m th~s area m~ght 
be sufficient for CTA to develop 

On the other hand, a good correlation (r=0 947, p<O 05) 
was observed between SPR and inhibition of plasma ChE 
(Fig 5) This observation ~s particularly interesting because 
~t suggests that a peripheral s~te m~ghI mediate or- 
ganophosphate-induced CTA This site could be outside 
the central nervous system or in an area of the brain which is 
not protected by the blood-brain barner Several studies 
suggest a role of the area postrema in the induction of CTA 
by different agents Surgical lesion of the area postrema has 
been found to attenuate or abolish CTA induced by gamma 
radiation [33], lithium chloride [38] copper sulfate [9] and 
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scopo lamine  m e t h y l m t r a t e  [5] C h o h n e r g l c  m u s c a n m c  re- 
cep to r s  h a v e  b e e n  recen t ly  ident i f ied in the  a rea  p o s t r e m a  
[35] and  could  r e p r e s e n t  the  ta rge t  for  o r g a n o p h o s p h a t e -  
induced  CTA.  H o w e v e r ,  C T A  Induced  by cer ta in  drugs  such  
as a m p h e t a m i n e  [5] does  not  s eem to requ i re  an  in tac t  a rea  
p o s t r e m a  There fo re ,  a poss ib le  role for  the  a rea  p o s t r e m a  in 
o r g a n o p h o s p h a t e - i n d u c e d  C T A  will be on ly  d e t e r m m e d  f rom 
e x p e r i m e n t s  m les ioned  an imals  

A n o t h e r  issue to be a d d r e s s e d  is w h e t h e r  a specif ic  neuro-  
t r a n s m i t t e r  r e cep to r  sys tem ~s invo lved  In o r g a n o p h o s p h a t e -  
r educed  C T A  Ace ty l cho lme ,  which  accum ul a t e s  at  chohn-  
erg~c synapses  fol lowing C h E  inhibi t ion,  will s t imula te  
c h o h n e r g i c  r ecep to r s  of  the  m u s c a n n l c  and n lco t imc  type  
Bo th  c a r b a c h o l  and  n tco t ine  have  been  p rev ious ly  s h o w n  to 
cause  CTA [22,30] In p r e h m l n a r y  e x p e r i m e n t s  we at- 
t emp ted  to se lec t ive ly  b lock  e i the r  r ecep to r  wi th  the  
mco tmlc  an tagon i s t  m e c a m y l a m m e  and  the m u s c a r m l c  
an tagon i s t  a t r o p m e  H o w e v e r ,  despi te  the low doses  of  
an t agon i s t s  u t ihzed  (2 mg/kg),  in ce r ta in  e x p e r i m e n t s  they 
caused  C T A  w h e n  a d m i m s t e r e d  a lone  Indeed ,  C T A  reduced  
by a t rop ine ,  s copo lamine  and  m e c a m y l a m m e  had  b e e n  pre-  
v iously  r epo r t ed  [5, 13, 36] F u r t h e r  s tudies  are needed  to 
inves t iga te  this m e c h a m s t l c  a spec t  of  o r g a n o p h o s p h a t e -  
m d u c e d  CTA 

Fmal ly ,  ~t is of  in teres t  to cons ide r  the  re la t ionsh ip  be- 

tween  the  degree  of  inh ib i t ion  of  p l a s m a  C h E  by or- 
g a n o p h o s p h a t e s  and  e v i d e n c e  for  o the r  a d v e r s e  effects  I t  is 
k n o w n  tha t  a lowered  p l a s m a  C h E  ac t iv i ty  is of ten  not  asso-  
c ia ted  with cl inical  po i son ing  N a m b a  et al [31] ind ica ted  
tha t  inh ib i t ion  of  up  to 50% of  p l a s m a  C h E  m h u m a n s  does  
not  resu l t  in any  sign of  tox~clt'y, w h e r e a s  on ly  mdd  po ison-  
lng is p r e s e n t  w h e n  p l a s m a  C h E  ~s dep re s sed  as m u c h  as 
80% A 30-40% dec rea se  in p l a s m a  C h E  ac t iv i ty  ts usual ly  
cons ide red  suff ic ient  for  r e m o v a l  of  worke r s  f rom poss ib le  
exposu re ,  even  m the  a b s e n c e  of  any  clinical  sign of  poison-  
ing Our  s tudy,  which  s h o w e d  tha t  CTA could  be  m d u c e d  by  
doses  of  o r g a n o p h o s p h a t e s  caus ing  37-45% inhib i t ion  of  
p l a sma  C h E  (Fig 3), may  r e p r e s e n t  an  example  of  a subt le  
behav io ra l  effect  a s soc ia t ed  wi th  such low C h E  inhtb~tlon 
This  md~rectly suppor t s  the use  o f  p l a s m a  C h E  measu re -  
m e n t s  for  a ssess ing  po ten t ia l  hea l th  haza rds  re la ted  to expo-  
sure to o r g a n o p h o s p h a t e s  
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