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MOSER, V. C. AND R. C. MAcPHAIL. Cholinergic invoh'ement in the action oj~/brmetanate on operant behavior in rats. 
PHARMACOL BIOCHEM BEHAV 26(1) 119-121, 1987.--Formetanate (FMT) is a formamidine acaricide/insecticide with 
a carbamate moiety in its molecular structure. FMT-induced lethality is reportedly due to inhibition of acetylcholines- 
terase. Here we report evidence of the neurochemical basis for the sublethal, behavioral effects of FMT in rats. In this 
experiment, 0.5 mg/kg of FMT (5 min before the 55-min test session) produced a pronounced suppression of response rates 
in rats trained to lever-press under a multiple fixed-interval I-rain fixed-interval 5-rain schedule of milk reinforcement. 
Injections of scopolamine (0.1 mg/kg) and methylscopolamine (0.1 mg/kg) 15 min before FMT blocked the response rate 
suppression, whereas pretreatment with either mecamylamine (2 mg/kg) or hexamethonium (2 mg/kg) did not. These data 
suggest that FMT acts as an indirect agonist on central and peripheral muscarinic receptors, by inhibiting acetylcholines- 
terase, to produce changes in schedule-controlled responding. 
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F O R M E T A N A T E  (FMT)  has  b e e n  used wor ldwide  as an  
insec t ic ide /acar ic ide  for  more  t han  a decade .  Due to its 
s t ruc tura l  conf igura t ion ,  it has  been  classif ied as bo th  a for- 
mamid ine  and  a c a r b a m a t e  pes t ic ide  (see Fig. 1). Knowle s  
and  A h m a d  [4] d e m o n s t r a t e d  a co r re l a t ion  b e t w e e n  the  onse t  
and  dura t ion  o f  a ce ty l cho l ine s t e r a se  (ACHE) inhibi t ion  in rat  
bra in ,  c o n c e n t r a t i o n  of  F M T  in bra in ,  and  signs of  in toxica-  
t ion such  as t r e m o r  and  convu l s i ons  fol lowing a le thal  dose  
of  FMT.  We have  s h o w n  [6] tha t  F M T  is a more  po ten t  
inh ib i to r  of  A C h E  than  of  m o n o a m i n e  ox idase  (MAO),  an 
ac t ion  of ten  a sc r ibed  to fo rmamid ines .  F o r  pu rposes  o f  
fu r the r  unde r s t and ing  F M T  in tox ica t ion ,  it was  i m p o r t a n t  to 
d e t e r m i n e  w h e t h e r  the  behav io ra l  ef fects  p r o d u c e d  by  sub- 
lethal  e x p o s u r e s  were  more  fo rmamid ine -  or  ca rbamate - l ike .  
There fo re ,  in this  e x p e r i m e n t  we inves t iga ted  the  impor t ance  
of  chol inerg ic  i n v o l v e m e n t  in the  effects  of  F M T  on 
schedu le -con t ro l l ed  o p e r a n t  b e h a v i o r  in rats.  

METHOD 

Animals 

Seven  adul t  male  L o n g - E v a n s  h o o d e d  rats  (Char les  R ive r  
Co.)  were  ma in t a ined  at 350 g b.wt .  via res t r i c ted  daily food 
intake.  The  ra ts  had p rev ious ly  been  used  to d e t e r m i n e  the 
acute  effects  of  severa l  f o rmamid ine  pes t ic ides  on  
schedu le -con t ro l l ed  b e h a v i o r  [7]. W a t e r  was  ava i lab le  ad lib 
in the  home  cages,  bu t  no t  dur ing  expe r imen ta l  sess ions  or  in 
the  t r a n s p o r t  cages.  

Apparatus 

Sess ions  took place in commerc i a l  o p e r a n t  c h a m b e r s  
(Cou lbourn  I n s t r u m e n t s  Co. ,  Model  E l0-10)  loca ted  inside 
larger  vent i la ted ,  sound-  and  l igh t -a t t enua t ing  c h a m b e r s  
( G e r b r a n d s  Corp . ,  G7211). A r e sponse  l eve r  was  loca ted  on  
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Structure of formetanate (FMT) 
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FIG. 1. Structure of formetanate (FMT). 

the left side of the front panel, 2.5 cm above the chamber 
floor, and a recessed dipper magazine was on the right. Each 
chamber also contained three cue lights located directly 
above the response lever, a centrally located houselight on 
the front panel 27 cm above the floor, and a light above the 
dipper trough. The dipper delivered approximately 0.05 ml of 
milk (one part Borden's Eagle Brand sweetened condensed 
milk:two parts water). Schedule contingencies and data col- 
lection were controlled by a superSKED software system 
(State Systems, Inc.) with a PDP8/A minicomputer (Digital 
Equipment Corp.). 

Procedure 

Each rat was previously trained to press a lever under a 
multiple fixed-interval (FI) 1-min FI 5-rain schedule of milk 
reinforcement [2] during daily 55-rain sessions (Monday- 
Friday). A 30-sec limited hold was in effect at the end of each 
interval. Thus, according to this schedule the first response 
occurring after either 1 or 5 min, but before 1.5 or 5.5 rain, 
was reinforced. A 10-sec time-out (no lights on) followed the 
delivery of each reinforcer or the limited hold, during which 
time responses had no programmed consequences. The 
schedule components and their respective stimuli (cue lights 
on for FI 5-min and the houselight on for FI l-min) alternated 
throughout the session after each time-out period. These 
lights were extinguished upon delivery of the reinforcer, and 
the dipper light was illuminated for the 4 sec that milk was 
available. 

Dosing occurred ordinarily on Tuesdays and Fridays, and 
the data collected on Thursdays served as control values for 
evaluating treatment effects. A dose of FMT HC1 (0.5 mg/kg) 
which was previously shown [7] to substantially suppress 
responding when given alone, was given 5 min before the 
session in combination with either saline or one of several 
cholinergic antagonists, which were given 20 min pre- 
session. The antagonists included scopolamine HBr and 
methylscopolamine Br (0.1 mg/kg each), and mecamylamine 
HC1 and hexamethonium HBr (2 mg/kg each). Dosages were 
selected on the basis of preliminary determinations. 
Scopolamine and mecamylamine produce muscarinic and 
nicotinic blockade, respectively, in both the central and pe- 
ripheral nervous system [10,12]. Methylscopolamine and 
hexamethonium produce muscarinic and nicotinic blockade, 
respectively, that is restricted largely to the peripheral nerv- 
ous system [10,12]. The effect of each antagonist was also 
determined when given in combination with saline (5 rain 
pre-session). FMT dosing was always separated by at least 5 
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FIG. 2. Effects of combinations of FMT with muscarinic (upper 
panel) and nicotinic (lower panel) cholinergic blocking agents on 
response rates maintained under Fl 1-min (open bars) and under F1 
5-min (hatched bars). For each combination the first compound 
listed was given 20 min pre-session and the second compound was 
given 5 rain pre-session. Control response rates averaged 0.57 re- 
sponse/sec (FI l-min) and 0.18 response/sec (FI 5-rain) for the mus- 
carinic determinations, and 0.50 response/sec IF1 l-rain) and 0.16 
response/sec lbr the nicotinic determinations. 

days in an attempt to prevent the development of tolerance. 
All injections were administered intraperitoneally. 

Data Analysis 

The total number of responses occurring within each FI 
were divided by the elapsed time each FI was in effect in 
order to calculate overall response rates. The effects of each 
treatment were expressed relative to each rat's baseline 
(100% cohtrol) performance and then averaged across rats. 
In addition, responses occurring within successive fifths of 
each FI were tabulated and measures of within-interval re- 
sponse patterning (index of curvature) were calculated daily 
for each rat. However, since FMT alone had no effect on this 
measure (see 17]), these data are not presented. 

Chemicals 

Formetanate HCI was kindly supplied by Nor-Am Agri- 
cultural Products, Inc. (Naperville, IL). All other com- 
pounds were purchased from Sigma Chemical Co. (St. 
Louis, MO). All dosages are expressed in terms of the total 
salts identified above. 

RESULTS 

Preliminary results indicated that scopolamine alone 
(0.05-0.5 mg/kg) produced a biphasic effect on responding, 
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consisting of rate increases then decreases. Slight rate in- 
creases were also observed with methylscopolamine, but at 
larger dosages (0.5-1 mg/kg). Mecamylamine and 
hexamethonium were largely without effect over the dosage 
range studied (1-2 mg/kg). Complete data are not presented 
for purposes of brevity. 

Figure 2 shows the combined effects of FMT and the 
cholinergic receptor blocking agents. Seven rats were tested 
with the muscarinic agents, but due to evidence of the devel- 
opment of tolerance to FMT only four were tested with the 
nicotinic agents. As reported previously [7], FMT alone 
produced equal rate decreases in both FI components of the 
multiple schedule. This non-differential change in respond- 
ing was generally observed following all combinations of the 
cholinergic blockers with either saline or FMT. An exception 
was the administration of scopolamine and saline, following 
which responding under FI 5-rain was increased more than 
responding under FI l-rain. Scopolamine (SCO) produced 
clear increases in rates of responding (one-tailed Mann- 
Whitney U=39,  n~=n.,=14, p<0.01), and completely re- 
versed the response rate decreases produced by FMT (U=0, 
nj=n._,= 14, p<0.001, one-tailed). Methylscopolamine (MSC) 
also attenuated the effects of FMT (U=34, n~=n.,=14, 
p<0.01,  one-tailed), although not to the same as did 
scopolamine (U=27, n~=n.,=14, p<0.001, one-tailed). In 
contrast, neither mecamylamine (MEC) nor hexamethonium 
(HEX) had any influence on the rate-decreasing effects of 
FMT (for both blockers, U=19, n~=n.,=8, p=0.097, one- 
tailed). 

DISCUSSION 

In the present experiment, FMT produced decreases in 

response rates that were proportionately equivalent under 
both FI components of the multiple schedule. These equiv- 
alent decreases were obtained despite the fact that baseline 
response rates in the two components differed appreciably 
(by a factor of  3). This type of effect has been obtained under 
other schedule conditions and in a variety of animals follow- 
ing exposure to cholinesterase-inhibiting carbamate and or- 
ganophosphate compounds (for review, see [5]). Moreover, 
although FMT produced substantial decreases in overall re- 
sponse rates, the within-interval temporal pattern of re- 
sponding was not appreciably affected. Similar effects have 
also been obtained with a wide range of cholinesterase- 
inhibiting compounds (e.g., [1, 3, 13]). Effects of FMT differ 
markedly from those obtained with two other formamidines, 
chlordimeform and amitraz [7]. 

The results of  the present experiment also showed that 
the response-rate decreasing effects of FMT could be 
blocked by prior treatment with scopolamine and methyl- 
scopolamine but not with mecamylamine or hexamethon- 
ium. Evidence that muscarinic receptors are primarily in- 
volved in the behavioral disruption produced by other car- 
bamates, such as physostigmine, has been reported previ- 
ously (e.g., [8,11]). Our data further indicate that peripheral 
actions play an important role in the behavioral effects of  
FMT, as has also been observed for physostigmine [11,13]. 
Although it is of course possible that larger dosages of the 
nicotinic blockers may have attenuated the response-rate de- 
crease produced by FMT, the dosage of mecamylamine used 
in this experiment was twice as great as that shown by 
Stitzer et al. [9] in rats to completely block the suppression 
of Fl-reinforced responding produced by nicotine. Our re- 
suits, therefore, suggest that FMT acts principally as an indi- 
rect muscarinic agonist in altering behavior. 
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