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WOOLVERTON, W L AND R L BALSTER Effects of lo~al anesthettt~ on fired-mtertal responding m rhe~u~ 
monl, evs PHARMACOL BIOCHEM BEHAV 18(3) 383-387, 1983 --Several  local anesthetics of both the ester and amlde 
type were administered IM to rhesus monkeys trained to respond on a fixed-interval 5 mm schedule of food dehvery With 
the exception of procalnamlde, all local anesthetics produced dose-related decreases m response rates Effects on pattern 
of responding vaned between local anesthetics With some (cocaine, dlmethocame and hdocame) rate-dependent effects 
were apparent When control rates were low, these compounds increased rates, when control rates were high, they 
decreased rates However, with others (procaine, chloroprocame, tetracame and propoxycame) no rate-dependent effects 
were noted, i e ,  these compounds had httle or no effect on the pattern of responding, even at doses that substantmlly 
reduced response rates Consistent with other experiments w~th these compounds cocame was the most potent of the 
group In several mstances, local anesthetics which had slmdar stimulus propemes m other behavioral paradigms differed 
m terms of their effects on fixed-interval behawor 

Local anesthetics Schedule-controlled behavior Rhesus monkey 

R E C E N T L Y ,  the re  has  d e v e l o p e d  an  in te res t  m the behav-  
ioral  p h a r m a c o l o g y  o f  local  ane s t he t i c s  S ince  the  inltml dis- 
c o v e r y  [2,5] tha t  p roca ine  can  func t ion  as a pos i t ive  rem- 
fo rce r  w h e n  d e h v e r e d  i n t r avenous ly  to rhesus  m o n k e y s ,  a 
n u m b e r  of  o t h e r  local  anes the t i c s  have  b e e n  found  to func-  
t ion  as pos i t ive  r e in fo rce r s  In this  species  [6, 15, 16] It has  
also b e e n  found  tha t  p r o c a m e  can  func t ion  as a d~scrlmlna- 
t lve  s t imulus  in ra ts  and  tha t  severa l  o the r  local  anes the t i c s ,  
mclud lng  coca ine ,  p roduce  p roca ine  l eve r  r e s p o n d i n g  [16] 
Fu r the r ,  it has  b e e n  r epo r t ed  [14] tha t  hdoca lne  c a n n o t  be  
d i s t ingu ished  f rom c o c a m e  in e x p e r i e n c e d  h u m a n  volun-  
t ee rs  The  poss ib i l i ty  tha t  local  ane s t he t i c s  share  s t imulus  
p roper t i e s  wi th  drugs  o f  abuse  is c lear ly  of  in te res t  

The  p r e sen t  e x p e r i m e n t  was  des igned  to fu r the r  c o m p a r e  
the  behav io ra l  effects  of  local  ane s t he t i c s  in rhesus  mon-  
keys  The  effects  o f  e ach  of  the  local  ane s t he t i c s  we have  
s tudied  in se l f -admin is t ra t ion  and  drug d l s c n m m a t t o n  [ 15,16] 
were  d e t e r m i n e d  in rhesus  m o n k e y s  t r a ined  to r e s pond  on  a 
f ixed-mterva l  5 min schedu le  o f  food  de l ivery  A n u m b e r  of  
local  ane s the t i c s  tha t  had  s t imulus  p roper t i e s  in c o m m o n  
w~th coca ine  in o the r  behav to ra l  pa rad igms  were  d is t inc t ly  
di f ferent  f rom coca ine  in this  e x p e r i m e n t  

METHOD 

Ammals and Apparatu~ 

The  an imals  were  4 adul t  male  rhesus  m o n k e y s  (Maca~a 
mulatta) t ha t  weighed b e t w e e n  8 1 and  11 2 kg at the  begin-  
nmg  of  the  e x p e r i m e n t  Two  of  the  an imals  (B002 and  B4115) 
had  p rev ious  e x p e n e n c e  wi th  acu te  in ject ions  of  can-  
nab lno lds ,  p h e n c y c h d l n e ,  phencyc l l d lne  ana logues  and  
c o m b i n a t i o n s  of  phencyc l ld lne  and  pen toba rb l t a l  M o n k e y  
4156 had  expe r i ence  with i n t r avenous  se l f -adminis t ra t ion  o f  
local  anes the t i c s  and  in ject ions  of  c o m b i n a t i o n s  of  phency-  
chd ine  and  pen toba rb l t a l  The  four th  an imal  (M-324) had  a 
b n e f  h i s to ry  of  i n t r a v e n o u s  c o c a m e  se l f -adminis t ra t ion  All 
an imals  were  drug free for  at  least  1 m o n t h  p n o r  to the  s tar t  
o f  the  p r e sen t  e x p e r i m e n t  The  an imals  were  indiv idual ly  
housed  in s t anda rd  pr imate  cages  (0 6 × 0  7 × 0  8 m) whe re  
wa te r  was  con t inuous ly  avai lable  Food  in take  was re- 
s t r ic ted  to food de l ivered  in the  expe r imen ta l  sess ions  (usu- 
ally twen ty  1 g banana - f l avo red  pellets ,  P J N o y e s ,  Lancas -  
ter,  N H ,  F o r m u l a  L) and  supp lemen ta l  pos t - sess ion  feedmgs  
of  app rox ima te ly  100 g/day P u n n a  M o n k e y  Chow with  a 
chewab le  mul t iv i tamin  tab le t  
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Experimental sessions were conducted in an upright re- 
frigerator shell equipped with an exhaust fan The monkeys 
were seated for the duration of  the experimental session in a 
primate chair which restncted movement by a waist stock 
and shoulder rings A response lever with three stimulus 
lights above it and a food trough were mounted on the ins,de 
of  the door of the chamber Lever  pressing resulted in the 
dehvery of two food pellets by an automatic pellet dispenser 
(BRS/LVE. Beltsvllle. MD. PDC) mounted outside the 
chamber door Expenmental contingencies were controlled 
by sohd state programming equipment located In an adjacent 
room Data were recorded automatically in the form of re- 
sponse totals and cumulative response recordings 

Pro( edure 

The animals had been trained to lever press on a fixed- 
interval 5-min (FI 5) schedule of food presentation At the 
beginning of the session the lever lights were illuminated and 
the first lever press after 5 mln resulted m food delivery If an 
animal did not respond within 1 mm after the 5-mm FI had 
elapsed (limited hold LH 1 mm). the available food pellets 
were forfeited and the schedule advanced into a I-mm time- 
out (TO 1 mm). during which the lever lights were extin- 
guished and responding had no consequence The session 
automatically terminated after the end of the tenth TO 
period Experimental sessions were conducted 5 days/week. 
Monday through Friday 

When responding was stable, dose-effect determinations 
were begun Drugs were administered on Tuesdays and Fri- 
days. with Thursdays serving as control sessions The 
animals were inJected intramuscularly 5 mm before the ses- 
sion while seated In the primate chair Dose-effect determi- 
nations were done in the following order procaine (Pfaltz 
and Bauer. Stanford. CT). hdocalne (Pfaltz and Bauer. Stan- 
ford. CT). procmnamide (Pfaltz and Bauer. Stanford. CT). 
plperocalne (Ell Lilly and C o .  Indianapolis. INI. dl- 
methocame (Hoffmann-La Roche. I n c .  Nutley. N J). te- 
tracame (Pfaltz and Bauer. Stanford. CT). propoxycalne 
(Sterhng-Wmthrop Research Institute. Rensselaer. NY). co- 
caine (National Institute on Drug Abuse. Washington. DC) 
and chloroprocame (Penwalt Corporation. Rochester. NY) 
Procaine was retested at the end of  the series to assure that 
tolerance had not developed as a result of repeated testing 
with local anesthetics Each compound was dissolved in 
0 9% saline for inJection with concentrations adjusted so that 
inJections were administered m a volume of l 0 ml/10 kg 
Doses are expressed as/zmoles/kg, and calculated for the salt 
For purposes of comparison, 1 0/zmole of each compound is 
equivalent to the following cocaine HCl-340 /xg, chloro- 
procaine HCI-307 /zg, procaine HC1-273 /xg, dimethocaine 
HC1-315/xg, plperocame HCI-298/zg, propoxycalne HC1-33 l 
/zg, procamamlde, hdocalne HC1-271 p.g, tetracame HCI-300 
/zg 

Data Analysl~ 

Drug effects on overall response rate (responses/sec ex- 
cluding TO) and pattern of responding (quarter-life) were 
calculated and group means and standard errors are pre- 
sented Quarter-life IS defined as that portion of the FI that 
had elapsed when one-fourth of the total responses had oc- 
curred [4] For rate-dependency analysis [7]. the FI was di- 
vided into 5 one-mln segments and drug effects on local re- 
sponse rates were determined as a function of average rates 
of responding in the corresponding segments of the FI under 

control conditions In all cases, control conditions were de- 
fined as mean response rates on the four control days 
(Thursdays) during each dose-effect determination on which 
no injection was given Control rates and drug rates were 
determined for individual animals 

Potency comparisons were also made between local anes- 
thetics for effects on response rate Since a measure of po- 
tency based upon overall response rate would be confounded 
by combining rate-increasing and rate-decreasing effects in 
one measure, calculations were based on effects on respond- 
lng in bin 5 of the FI only Responding in bin 5 occurred at 
high rates under control conditions and only rate-decreasing 
effects were seen when drugs were administered The effects 
of each dose of each drug were calculated on an mdwldual 
basis as percent of  control Rates of responding on Thurs- 
days during dose-effect determinations served as control 
data Dose-effect lines were then calculated by the method of 
least squares linear regression and ED~,, values calculated for 
each drug 

Local anesthetics were also compared in terms of relative 
durations of action by comparing cumulative response re- 
cords To equate lntensmtes, the lowest dose that com- 
pletely suppressed responding in the first 5 mm interval was 
used for this comparison The duration of complete response 
suppression was then measured from the response record 

RESULTS 

Under control conditions, rates and patterns of respond- 
ing ty pical of a fixed-interval schedule of reinforcement were 
seen Control rates of responding in individual ammals 
ranged between 0 5 tMonkey B4115) and 1 6 (also Monkey 
B4115) responses/sec over the course of the experiment 
Control values for quarter-hfe ranged between 0 56 (Monkey 
M-324) and 0 81 (Monkey B002) indicating a positively ac- 
celerated pattern of responding 

Figure 1 shows response rate and quarter-life data for 
each drug. averaged over all four monkeys Sufficient doses 
of each drug. with the exception of procamamnde, reduced 
overall response rates to near 0 levels With procamamlde. 
solubility limitations precluded testing doses higher than 128 
p~moles/kg However.  64 /xmoles/kg administered intrave- 
nously reduced response rates to 0 43 response/sec, md,cat- 
ing that procalnamlde is active in sufficient concentrations in 
this preparation Although increases in overall response rate 
were occasionally seen with most of the local anesthetics 
only with tetracame were increases noted in all animals In 
spite of these similarities m effects on overall response rate. 
effects on quarter-hfe varied between local anesthetics De- 
creases in quarter-hfe indicative of disruption of the pattern 
of fixed-mterval responding were apparent with d,- 
methocaine, hdocame, cocaine and to some extent piper- 
ocaine However.  for the other local anesthetics, quarter- 
life values were either increased or not affected 

A more detailed analysis of pattern of responding based 
on local effects within the fixed-mterval is shown for cocaine 
and procaine in Fig 2 As can be seen. cocaine produced 
rate-dependent effects, increasing low response rates seen 
early in the interval and decreasing high rates seen late m the 
interval Similar effects were seen with hdocame and dl- 
methocalne Rate-increasing and rate-decreasing effects 
were not as substantial with piperocame In contrast, doses 
of procaine that had similar effects on overall response rates 
either uniformly decreased rates throughout the interval or 
decreased low rates proportionately more than high rates 
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FIG 1 Effects of several local anesthetics on fixed-interval responding m rhesus monkeys Each point represents the mean value for 
four monkeys for control days (C), sahne rejection (S) and various doses of each local anesthetic The vertical hnes around each 
control value are the standard errors of the means Standard errors for drug effects were generally less than 10% of the mean The 
open symbols for procaine are the data for the dose-response redetermlnatlon at the end of the series Injectmns were given IM 5 mln 
before the session 

This effect  on local rates was also seen with ch lo rop rocame  
while te t racalne  and p ropoxyca lne  did not  differentially alter  
local r e sponse  rates  

Po tency  compar i sons  among local anes the t ics  for effects  
on high rate responding  are shown  in Table 1 Cocaine  was 
the most  po ten t  of  these  with an ED~0 of  I l /xmole /kg  (0 36 
mg/kg) Dlmethoca lne  and te t raca lne  were  approximate ly  1/3 
and t/6 as po ten t  as cocaine ,  respec t ive ly  With the excep t ion  
of  ch loroproca lne  and p rocmnamlde ,  the remainder  of  the 
local anes the t ics  tes ted  were  i/i0-i/i5 as potent  as cocaine  
Chioroproca lne  was approximate ly  i/60 as po ten t  as cocaine  
while an EDs0 could not be calcula ted for p roca lnamide  
Differences  in po tency  could not  be accoun ted  for  by 
changes  in s ensmvl ty  to the effects  o f  local anes the t ics  s ince,  
allowing for shifts in pa t tern  o f  responding  under  contro l  
condi t ions ,  the effects  o f  procaine  were  the same after  the 
series as they  had been  before (Fig 1) The drugs could be 
ranked in the following o rder  in te rms  of  durat ion of  act ion 
procaine  = ch lo rop roca ine<d ime thoca Ine  = p r o p o x y c a l n e <  
coc alne < p lperocalne  < te t racalne = hdoca lne  

DISCUSSION 

Slmllant les  be tween  the effects  o f  local anes the t ics  and 

T A B L E  1 
P O T E N C Y  C O M P A R I S O N S  A M O N G  L O C A L  A N E S T H E T I C S  IN 

RHESUS MONKEYS FOR FIXED INTERVAL RESPONDING 

EDs0 Rauo to EDs0 Ratio to 
Compound (/~moles/kg) Cocaine (mglkg) Cocaine 

Cocaine 1 1 1 0 0 36 1 0 
Dlmethocalne 3 7 3 4 1 2 3 3 
Tetracalne 6 9 6 4 2 1 5 7 
Propoxycalne l l  0 10 3 3 6 10 0 
Procame 13 2 12 3 3 6 l0 0 
Lldocalne 14 1 13 2 3 8 l0 6 
Piperocalne 17 8 16 6 5 3 14 7 
Chloroprocame 74 1 69 0 22 8 63 0 

those  of  the local an e s t h e t i c -p s y ch o mo t o r  st imulant  cocmne  
have been  noted  in several  behaviora l  paradigms Procaine ,  
ch loroproca lne ,  d imethylproca ine ,  d imethoca ine  and co- 
came were  all self-administered IV by rhesus monkeys  [2, 5, 6, 
15, 16] In rats t ra ined to discr iminate  procaine f rom saline, 
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FIG 2 Effects of selected doses of local anesthetics as a function of control response rate for two 
rhesus monkeys Abscissae Control rate m responses/sec ordinates (drug rate/control rate) ,~ 100 
Each point represents the control rate and drug rate for a single 1 mm bin of the fixed-interval Points 
were not plotted when control rates were less than 0 001 responses/sec 

all of  the  local anes the t i c s  t es ted  in the  p resen t  s tudy excep t  
p ipe roca ine  and  proca inamIde  p roduced  at least  75% drug 
lever  r e spond ing  [16] In the  p re sen t  s tudy,  all of  these  local 
anes the t i c s  p roduced  dose- re la ted  dec reases  m fixed- 
interval  r e spond ing  H o w e v e r  there  were  dis t inct  d~fferences 
b e t w e e n  local anes the t i c s  m t e rms  of  the i r  effects  on  pa t t e rn  
of  r e spond ing  Coca ine ,  hdoca ine ,  d lme thoca ine  and to some 
ex ten t  p lpe rocame  all d i s rup ted  the  pa t t e rn  of  r e spond ing  m 
a typical  r a t e - d e p e n d e n t  f a s h m n  Where  ra tes  had  b e e n  low 
u n d e r  con t ro l  condi t ions ,  each  of  these  c o m p o u n d s  in- 
c r eased  ra tes  W h e r e  ra tes  had  b e e n  high, each  dec reased  
ra tes  On the o the r  hand ,  p roca ine ,  ch lo rop rocame ,  tet-  
raca ine  and  p ropoxyca lne  all had  more  a typical  effects  on  
f ixed- in terva l  r e spond ing  Respond ing  was e i the r  not  af- 
fected or  dec rea sed  by these  c o m p o u n d s ,  regardless  of  con-  
trol rate It should be noted  tha t  similar effects on the pat- 
te rn  o f  f ixed- in terva l  r e spond ing  have  been  found  w~th o the r  
p s y c h o a c t w e  drugs  including t e t r ahyd rocannab Ino l s  [1,3] 
some an t ipsycho t l c  c o m p o u n d s  [8] and  physos t igmine  [9,13] 
W h e t h e r  these  s~mflant~es m b e h a w o r a l  effects  ref lect  some 
c o m m o n  m e c h a n i s m  of  ac t ,on  is unc lea r  at th~s t~me 

Dif ferences  b e t w e e n  the  effects  of  coca ine  and  those  of  
o the r  local anes the t i c s  on f ixed- in terval  r e spond ing  have  
been  no ted  prev ious ly  In pigeons,  some doses  of  coca ine  
inc reased  overal l  r e sponse  ra tes  while  p roca ine  and  
h d o c a m e  did not  [10] In tha t  e x p e r i m e n t  d i f ferences  were  

also no ted  m the  effects  of  these  drugs  on the  pa t te rn  ot FI 
responding ,  a l though  a detai led analys is  of  these  d i f ferences  
was not  u n d e r t a k e n  In addi t ion ,  the po tency  re la t ionship  
be tween  proca ine  and coca ine  was s~milar to tha t  found m 
monkeys  H o w e v e r ,  while h d o c a m e  was slightly more  po- 
tent  than  p roca ine  m p,geons,  the  two were  e q m p o t e n t  m 
m o n k e y s  

D~fferences were  also no ted  m te rms  of  d u r a n o n s  of  ac- 
tmn  of  the  var ious  local anes the t i c s  Al though  the  compar i -  
sons  made  here  mus t  be cons ide red  approx ima te ,  severa l  
facts  should  be men t ioned  Proca ine  and  ch lo rop roca lne  
were  the shor t e s t  act ing of  the local anes the t i c s  Th~s obser -  
va t ion  ~s cons i s t en t  w~th the k n o w n  shor t  half-life of  p roca ine  
[12] and may accoun t  for the high rate  of  r e spond ing  mare- 
t amed  by these  c o m p o u n d s  m se l f -adminis t ra t ion  experi-  
men t s  [2, 6, 15, 16] It should  also be  no ted  that  the  only 
amlde  local anesthetmc to have  behav io ra l  effects,  h d o c a m e ,  
was one of  the  longest  act ing c o m p o u n d s  This  f indmg is also 
cons i s t en t  with  the  k n o w n  di f ferences  m m e t a b o h s m  of  es- 
tera t lc  and  amlde  local anesthetmcs Es te r s  are rapidly hydro-  
lyzed by se rum es te rases  while amides  are more  s lowly de- 
graded  by the h v e r  [11] The  po tency  re la t ionsh ips  d i scussed  
above  were  at least  partmlly d e t e r m i n e d  by these  d i f ferences  
m dura t ion  of  ac t ion  Proca ine  would  be expec t ed  to be more  
po ten t  relat ive to t e t r acame  were  the  experamenta l  sess ion  
sho r t e r  
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Similar i t ies  b e t w e e n  local  ane s t he t i c s  m this  behav io ra l  
pa rad igm were  not  c o n s i s t e n t  wi th  s imilar i t ies  no ted  in o t h e r  
expe r imen t s  Of  the  c o m p o u n d s  tha t  func t ion  as pos i t ive  
re in force rs  in rhesus  m o n k e y s ,  two (cocaine  and  dl- 
me thoca lne )  r educed  quar ter- l i fe  va lues  while  two  (p roca ine  
and  ch lo roproca lne )  did not  A m o n g  the  c o m p o u n d s  tha t  
were  not  pos i t ive  re in force rs  in m o n k e y s  hdoca ine  r educed  
quar ter- l i fe  values  while  p r o p o x y c a l n e  did not  and  
p l p e r o c m n e  had  in te rmed ia te  effects  Similar ly ,  c o m p o u n d s  
tha t  had  proca ine- l ike  d i sc r imina t ive  s t imulus  p roper t i e s  In 
ra ts  bo th  did (coca ine ,  l ldocalne ,  d lme thoca lne )  and  did not  
(proca ine ,  ch lo rop roca lne ,  t e t raca lne ,  p ropoxyca lne )  r educe  
quarter- l i fe  values  In addi t ion ,  effects  on  f ixed- in te rva l  re- 
sponding  are not  cons i s t en t  wi th  chemica l  c lass  Of  the  local  
anes the t i c s  tha t  are es te rs ,  four  (p roca ine ,  ch lo rop roca lne ,  

t e t r acame ,  p ropoxyca lne )  failed to r educe  quar te r -hfe  va lues  
while  two (coca ine ,  d l m e t h o c a m e )  did Of  the  two amides  
tes ted ,  h d o c a l n e  r educed  quar t e r -h fe  values  whi le  
p roca lnamlde  had  no  behav io ra l  ef fects  in thts  s i tua t ion  
Thus ,  a l though  there  are no tab le  s imilar i t ies  b e t w e e n  the  
re inforc ing  and  d i sc r imina t ive  s t imulus  p roper t i e s  o f  local  
anes the t i c s ,  par t icular ly  of  the  es te ra t tc  c lass  [6, 15, 16], the  
p r e s e n t  e x p e r i m e n t  suggests  s ignif icant  d i f fe rences  in the  
behav io ra l  effects  of  these  c o m p o u n d s  
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