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FORD, R.D. AND R. L BALSTER. ReinforchN properties of intravenous procaine in rhesus monkeys. PHARMAC. 
BIOCHEM. BEHAV. 6(3) 289 296, 1977. - The lever pressing behavior of rhesus monkeys was maintained by a fixed 
ratio 10 schedule of intravenous cocaine (3 monkeys) or codeine (2 monkeys) injections during 2 hour sessions. Saline or 
various doses of procaine hydrochloride were substituted for the baseline reinforcer for 6 consecutive sessions. Each 
substitution was separated by 3 or more days of cocaine or codeine reinforced responding. At one or more doses, procaine 
substitution resulted in response rates higher than saline control in all 5 animals. High response rates (greater than 30 
injections per session) were obtained in 4 of the 5 monkeys. In addition, procaine self-administration was studied in two 
naive monkeys given 23 hour per day access to procaine fbllowing an initial 10 days of saline contingent operant level 
responding. At a dose of 0.3 mg/kg/injection, both animals initiated responding for procaine reinforcement. Drug intake 
varied widely from day to day, however each animal took over 1200 injections per day (over 360 mg/kg) at least once 
during the 30 days of access. With the exception of decreased food intake, there was little evidence for behavioral toxicity 
from these doses. Following a second 10 days of saline self-administration, both animals were given access to 3.0 
mg/kg/injection procaine. A substantially greater intake of procaine was observed which was associated wifll marked 
toxicity. 

Procaine Self-administration Substitution procedure Cocaine Codeine 
Unlimited access Rhesus monkeys 

P R O C A I N E  is a widely used local anes the t ic .  Since it was effects  s imilar  to those  of  the  closely re la ted drug d ime thy l -  
syn thes ized  in 1905 it, a long wi th  s u b s e q u e n t  syn the t i c  a m i n o e t h a n o l  [ 1 9 ] .  
local anes the t ics ,  has largely replaced  the  na tu ra l ly  occur-  It is clear f rom the  var ie ty  of  suggested uses of  p roca ine  
ring c o m p o u n d  coca ine  in cl inical  pract ice .  It is general ly  tha t  it has a wide array of  p s y c h o p h a r m a c o l o g i c a l  effects.  
cons ide red  t ha t  p roca ine  is unl ike  coca ine  in no t  be ing  In spite of  this,  there  have been very few studies  of  the  
subjec t  to  abuse  because  it lacks the s y m p a t h o m i m e t i c  behaviora l  pha rmaco logy  of  p roca ine  in l a b o r a t o r y  animals  
ef fec ts  of  coca ine  [ 2 1 ] .  Procaine,  however ,  is no t  w i t h o u t  [ 1 6 ] .  Since p roca ine  may possess m a n y  of  the  pha rmaco-  
cent ra l  ne rvous  sys tem effec ts  as ev idenced  by the  wide logical p rope r t i e s  c o m m o n  to drugs of  abuse (i.e. analgesia, 
var iety of  clinical pu rposes  for  which  the  c o m p o u n d  has general  anes thes ia ,  and p s y c h o m o t o r  s t i m u l a t i o n ) w h i c h  are 
been  given in t r avenous ly  [9 ] .  It has  pr inc ipa l ly  been  se l f -adminis tered  by  l abo ra to ry  animals  [251,  we s tudied 
ut i l ized as an analgesic [ 17,1 8] or as an i n t r avenous  general  the in t r avenous  se l f -admin i s t ra t ion  of  this  c o m p o u n d  by 
anes the t i c  [ 14] .  In add i t ion ,  for  the  past  20 years,  p roca ine  rhesus m o n k e y s .  In the first s tudy,  the  subs t i t u t i on  of 
has been  p r o m o t e d  widely in Europe  for  the  t r e a t m e n t  of p roca ine  was s tudied  in animals  m a i n t a i n e d  on cocaine or 
p rob l ems  associa ted wi th  senescence  [ 1 ]. This  la t te r  use has codeine  r e in fo rcemen t .  In a second s tudy,  un l imi t ed  access 
been  based u p o n  a p p a r e n t  an t i dep re s san t  p roper t i e s  of the to proca ine  was s tudied in expe r imen ta l l y  naive animals.  
drug in geriatr ic  pa t i en t s  [4, 5, 23, 34 ] .  A possible 
m e c h a n i s m  which may  expla in  this  an t i dep re s san t  ef fec t  [4, G E N E R A L  M E T H O D O L O G Y  
15, 23] is t ha t  p roca ine  has been  shown to be a m o n o a m i n e  
oxidase i n h i b i t o r  [ 1 2 , 1 5 ] .  M o n o a m i n e  oxidase  act ivi ty  is Animals 
r epor t ed ly  increased in the  aged [ 2 2 ] .  I t  has also been  Seven male  rhesus m o n k e y s  (Macaca mulatta) weighing 
suggested [4 ,34]  t ha t  the  an t i dep re s san t  p rope r t i e s  of b e t w e e n  4.2 and  7.0 kg were used. Each m o n k e y  was 
proca ine  may  lie in its m e t abo l i t e ,  d i e t h y l a m i n o e t h a n o l ,  housed  individual ly  for  the du ra t i on  of the  s tudy  in an 
which  may  have mild cent ra l  ne rvous  sys tem s t imu lan t  expe r imen t a l  cubicle.  Each m o n k e y  was f i t ted  wi th  a 
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stainless steel t ubu l a r  harness  [6] and c o n n e c t i n g  arm Fol lowing  the  c o m p l e t i o n  of the proca ine  dose series 
cons t ruc t ed  f rom a steel spring. Under  phencyc l id ine -  and the  second saline subs t i tu t ion ,  two of the m o n k e y s  
p e n t o b a r b i t a l  anes thes ia ,  the  an imals  were surgically pre- (B002  and  B4110)  were placed on a regimen of chronic  
pared wi th  indwel l ing  venous  ca the te r s  (0.8 m m  ID) of  p roca ine  and  saline subs t i t u t i on  dur ing which t ime they 
s i l iconized rubber .  The c a t h e t e r  exi ted  t h r o u g h  the  skin on were no t  r e tu rned  to the i r  baseline drug t cocaine and 
the back  and c o n n e c t e d  t h r o u g h  the  harness  and  arm to a code ine  respectively) .  Each m o n k e y  was given access to 
per is ta l t ic  in fus ion  p u m p  (Cole-Parmer  Masterf lex)  loca ted  saline (1.0 ml / i n j ec t i on )  or p roca ine  (3.0 mg /kg / in j ec t ion )  
outs ide  the  e x p e r i m e n t a l  cubicle,  on a l te rna te  days for  30 days. Subsequen t ly ,  in m o n k e y  

B002 a 3.0 mg /kg / in j ec t i on  dose of p roca ine  a l t e rna ted  
Apparatus with a 1.0 mg /kg / i n j ec t i on  dose for 18 add i t iona l  days and 

The 0.8 x 0.8 x 1 . 0 m  e x p e r i m e n t a l  cubicles  were then  access to the  3 . 0 m g / k g / i n j e c t i o n  close a l t e rna ted  with 
cons t ruc t ed  of  f iber  glass wi th  a clear plast ic  door.  The a 0.3 mg /kg / in j ec t i on  dose for 15 more  days. In the o the r  
door  a f fo rded  a view of o t h e r  similarly housed  m o n k e y s ,  m o n k e y  (B4110) ,  the  30 day sal ine-drug a l t e rna t ion  access 
The cages were sealed and  the air supply  was passed was fol lowed by 15 days of  a l t e rna te  access to 3.0 
t h rough  a 3-stage fi l ter  designed to reduce  pa r t i cu la te  mg /kg / in j ec t i on  and  0.1 mg /kg / in j ec t ion  procaine.  Follow- 
ma t t e r ,  odors  and  bac ter io logica l  c o n t a m i n a n t s ,  ing these e x t e n d e d  subs t i t u t i ons  in these two monkeys .  

Two response  levers (BRS PRL-001)  were m o u n t e d  they  were r e tu rned  to thei r  baseline m a i n t e n a n c e  drug for 
three  days and  then  again given a six day saline subsl i tu-  

40  cm apar t  and  30 cm above the  cage floor.  Three  s t imulus  
t ion. 

l ights were located  jus t  above  each lever. For  E x p e r i m e n t  1 Drugs. Cocaine hydroch lo r ide ,  code ine  p h o s p h a t e  and 
the  left  lever and  associated s t imulus  l ights were no t  used. p roca ine  h y d r o c h l o r i d e  were purchased  commerc ia l ly .  They 
All p r o g r a m m i n g  and  record ing  was accompl i shed  auto-  

were dissolved in dist i l led water  to p roduce  c o n c e n t r a t e d  
mat ical ly  with  solid s tate  e q u i p m e n t  loca ted  in an ad jacen t  solut ions .  These s tock  so lu t ions  were di lu ted with appropr i -  

room.  ate a m o u n t s  of physiological  saline to p roduce  an in jec t ion  
E X P E R I M E N T  1 vo lume of  1.0 ml / in jec t ion .  New solu t ions  were p repared  at 

least once  a week. The doses refer  to  the salts of each 

P R O C A I N E  S U B S T I T U T I O N  IN M O N K E Y S  M A I N T A I N E D  c o m p o u n d .  
ON C O C A I N E  O R  C O D E I N E  SELIT, ' -AI)MINISTRAT1ON 

Method Results 

Animals. Five rhesus  m o n k e y s  ca the te r i zed  as descr ibed The n u m b e r  of  in jec t ions  se l f -adminis tered  was recorded  
above were used. Each m o n k e y  had  a varied h i s to ry  of  use for four  successive 30 m i n u t e  segments  of  the  2 hou r  
in subs t i t u t i on  s tudies  ut i l iz ing the p resen t  p rocedure ,  expe r imen ta l  sessions. For  purposes  of data analysis only  
Three  of the  animals  were m a i n t a i n e d  on cocaine  re inforce-  the last three  days at  each test  dose of  p roca ine  or of saline 
m e n t  and two on code ine  r e in fo rcemen t .  The  codeine  were used. Figure 1 shows the mean  tota l  n u m b e r  of  
m o n k e y s  had  been used for s tudies  of  opia te  self- in jec t ions  per  2 hr  session for  saline and proca ine  subst i tu-  
admin i s t r a t ion .  All animals  were given ad lib access to  wate r  t ion in each of  the  five animals.  To the left  of each plot  is 
and were fed a b o u t  30 Purina Monkey  Chow biscui ts  a n d a  the  overall  mean  n u m b e r  of  in jec t ions  of  e i the r  cocaine 
v i tamin  s u p p l e m e n t  each day a b o u t  3 - 6  hr  a f te r  the (CA) or code ine  (CO) se l f -adminis tered  dur ing baseline. All 
expe r imen ta l  session, the an imals  averaged be tween  35 55 in jec t ions  of cocaine 

Procedure. The m o n k e y s  used in this  e x p e r i m e n t  had or code ine  per  session. 
been t ra ined  to r e spond  for  drug r e i n f o r c e m e n t  on a f ixed The values at  S , ,  S~, and S~ represen t  the results  of 
rat io  10 (FR 10) schedule  dur ing  daily 2 h o u r  e x p e r i m e n t a l  saline subs t i t u t i on  before  the  proca ine  dose series ( S , ) ,  
sessions. The session was signalled by the i l l umina t ion  of af ter  the  p roca ine  dose series ( S , )  and af ter  the e x t e n d e d  
the two  outs ide  lamps  of  the  three  s t imulus  l ight display, subs t i t u t i on  series (S~). The right  por t ion  of each plot  
During infus ions  these l ights were t u rned  of f  and the  cen te r  represen ts  the resul ts  of p roca ine  subs t i t u t i on  at various 
lamp was i l lumina ted .  The in fus ion  dura t ion  was 8 sec and uni t  doses. 
resul ted in the delivery of  1.0 ml. Responses  dur ing  the  In all five monkeys ,  the n u m b e r  of procaine  in ject ions  
infusion had  no  p r o g r a m m e d  consequence ,  se l f -adminis tered  was h igher  than the range of  saline cont ro l  

The subs t i t u t i on  p rocedure  was similar  to t h a t  descr ibed days at at  least one proca ine  dose. High response  rates for  
previously  [2 ,3 ] .  It cons is ted  of replacing the cocaine  or procaine  r e i n f o r c e m e n t  were no t  ob ta ined  in m o n k e y  B002 
codeine  so lu t ion  wi th  a single dose of p roca ine  so lu t ion  for  at any  dose, and in m o n k e y  B4108  at only one dose. In the 
six consecut ive  daily sessions. Be tween  each close subst i tu-  o the r  three  m o n k e y s  relat ively high rates of procaine  
t ion,  the an imals  were r e tu rned  to thei r  baseline drug for at se l f -adminis t ra t ion  were ob t a ined  at two or more  of the 
least 3 days. The th ree  cocaine m o n k e y s  were m a i n t a i n e d  uni t  doses tes ted.  The effects  of uni t  dose on response rate 
on 0.1 mg /kg / in j ec t ion  cocaine h y d r o c h l o r i d e  and the  two were fairly cons i s t en t  at doses of 0. I mg /kg / in j ec t ion  and 
codeine  m o n k e y s  were m a i n t a i n e d  on 0.4 m g / kg / i n j ec t i on  higher.  Except  for  m o n k e y  B002, a general t e n d e n c y  for 
code ine  phospha t e .  These doses were chosen  to p roduce  response  rates to  decrease wi th  increasing uni t  dose was 
roughly  comparab l e  basel ine rates  of responding .  Procaine  ob ta ined .  Monkeys  B4110  and B4108 who  were tes ted at 
h y d r o c h l o r i d e  at  doses ranging f rom 0.01 - 1 0 . 0  mg/kg /  uni t  doses lower  than  0.1 mg/kg/injection provide evidence 
in jec t ion  was tes ted.  General ly ,  middle  range doses were for  an inver ted  U-shapeddose -e f f ec l  curve, 
tested first and  t hen  larger a n d / o r  smaller  doses were tes ted  Figure 2 represen ts  the d i s t r ibu t ion  of r esponding  in 
depend ing  upon  the  results.  In addi t ion ,  saline (1.0 ml /  successive 30 rain segments  of the session. The mean  
in jec t ion)  was subs t i t u t ed  for  six sessions before  and af te r  percentage  of the to ta l  n u m b e r  of in ject ions  p ic tured  in 
the p roca ine  dose series. Fig. l which were se l f -adminis tered  in each segment  is 



P R O C A I N E  S E L F - A D M I N I S T R A T I O N  291 

5or i  .Booz ,4o m .B~,o8 SUCCESSIVE 5 0 -  MINUTE INTERVALS 

. . . . . . .  o I OOze L L L  . oo 
Z 20 I 801 i l  60 

Ow IC[ ~ 7 ~ , . . .  ~ •  60 i  / /  I,,,11 40 
CO o . . . . . . . . . . .  4o~ '~ 20 , , ,  ........... o L c  

",,--. 6o6° #B,,o, 
i 50 ~ B4106 . . . . . . .  

,o .  ~ . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  
03 I l~ ~ 800 CA # B4114 

o \ .  / , , ,  6o 
W 0 ~ * • 80 L 

cA s,s 2 o~ ,o 30 ,oo T T," ~ 20 

t , oo . . . . . . . . . . . . . . . .  Z r • z 8 #84108  
< 40 - ' ~ 60 
,,, ,o i L 

20 i ' ~ _ m  ~ 40 

IO co S{$2S3001003Ol o3 I0 3o IOO 20 
0 - _ _  _ _  i 1 ~  i i i  J , , i i , I i i i i i  , 

0 CA S I 03 I0 30 80 CO ~B4110 

PROCAINE (MG/KG/INJEOTION, 4o ~ 2 o  , ~ q ~ r ~ , q ~ , ,  

FIG. l. Mean number of injections per session as a function of unit o . . . . . . . . .  ' . . . . . . . .  
dose of procaine compared to saline and cocaine (CA) or codeine co s~ s 2 s 3 o.ol oo~ o~ o3 io ~o mo 
(CO) baseline in five monkeys. The points at CA and CO represent BASELINE SALINE PROCAINE (MG/KG/INJECTION) 
the mean number of injections of the baseline drug for each animal 
on the 3 days prior to each saline or procaine substitution ± 1 SD. FIG. 2. The distribution of injections in successive 30 rain segments 
The points at S, ,  S 2, $3 represent the results of saline substitution of tim 2 br sessions for the 5 monkeys in Eig. 1. The data were 
prior to the procaine dose series, after the procaine dose series and obtained from the same sessions used for Fig. I. 
after chronic procaine substitution respectively. The saline and 
procaine values represent the means of the last 3 days of tire six day ~ *B0o2 # B4106 ~B4114 8 4108 

substitution -+ the range for each animal. ,,, 140 

shown  for  each of the  animals.  For  the  baseline drugs, ~ ,zo 
cocaine  (CA) or code ine  (CO), a b o u t  40% of  the  in jec t ions  z T o i 

were se l f -admin is te red  in the  first 30 min  of the session. ~ ,oo 
¢ae) 

Roughly  20% occur red  in each of  the  succeeding three  30 ~ so 
min  segments .  A s o m e w h a t  grea ter  pe rcen tage  of code ine  ,,. 
i n j ec t i °ns  were se l f ' admin i s t e red  early in the sessi°n than  ~ i ~  !,3~a ~ 6 °  
was t rue of  cocaine.  During saline s ubs t i t u t i on  the dis t r ibu-  tu 
t ion  of  in jec t ions  was marked ly  d i f ferent .  Most  saline -" " 
in jec t ions  were se l f -adminis te red  in the  first ha l f -hour  of ~ 40 a 
the session, general ly  wi th  successively fewer  in each - 

Z 2 
subsequen t  ha l f -hour .  With proca ine  s ubs t i t u t i on  there  is a < 

ua 
dose -dependen t  shi f t  in the  d i s t r ibu t ion  of  in jec t ions  f rom a ~ , , 
saline p a t t e r n  towards  an increas ingly  even d i s t r ibu t ion  of  o o oz 3o oo~ oz 3.o o.o, o., ,o ,a.o 

responding.  DOSE PER INJECTION (MG/KG) 
Figure 3 p resen t s  p roca ine  in take  as a f u n c t i o n  of  dose 

for  each of  the  animals .  Tota l  drug in take  increased wi th  FIG. 3. Mean procaine intake per session as a l'unction of unit dose 
increasing un i t  dose reach ing  as h igh as over 100 mg/kg /  for 5 monkeys. The data were obtained from the same sessions used 
session in three  of  the  animals  tes ted  at 10.0 mg/kg /  for Fig. 1. Each point represents the mean of 3 sessions + the range. 
in ject ion.  Even at these  h igh in takes  there  were very li t t le,  
if any,  over t  signs of behaviora l  tox ic i ty .  The animals  did small. B4110  had  a high saline in jec t ion  rate fol lowing the  
no t  appear  s imilar  to m o n k e y s  receiving cocaine or a rnphe t -  per iod  of  subs t i t u t ing  various doses of procaine.  Both  
amines.  No hyperac t iv i ty ,  hype r r eac t iv i t y  or s t e r eo typed  m o n k e y s  were provided  in jec t ions  of saline and 3 mg/kg /  
behaviors  were seen. If any th ing ,  the animals  seemed in jec t ion  of  p roca ine  on a l t e rna te  days for  30 days. The 
seda ted  and less responsive to ex te rna l  s t imul i ,  al- results  in Monkey  B002 are shown at the  top  of  Fig. 4. The 
though  sys temat ic  obse rva t iona l  da ta  were no t  ob ta ined ,  n u m b e r  of  in jec t ions  of  3 mg /kg  proca ine  (closed circles) 

Figure 4 p resen t s  the  resul ts  of  the  p ro longed  proca ine  were cons i s ten t ly  h igher  t han  saline in jec t ions  (open  circles) 
and saline s u b s t i t u t i o n  in 2 of the  5 animals.  In BO02, the t h r o u g h o u t  the 30 day period.  Next  in B002, the 3 
subs t i t u t i on  of  4 of  5 p roca ine  doses had  p r o d u c e d  more  mg /kg / in j ec t i on  dose a l t e rna ted  daily wi th  1 mg/kg /  
in jec t ions  per  session t han  t ha t  o b t a i n e d  in each of 3 saline in jec t ion  t h r o u g h o u t  Session 48,  and then  t h rough  Session 
subs t i t u t i on  per iods;  however ,  these d i f fe rences  were qui te  63 a 0.3 mg/kg  dose a l t e rna ted  wi th  3 mg/kg / in j ec t ion .  
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40[ ~8002 .... . the pharmacological  propert ies of cocaine such as its local 
c~ 2ol. ~ ,'~A ~ "~ ' / '~¢~"%'*"~ ~ ¢ ~  '~ ' " "  anesthetic effects, one might have concluded that procaine 
~I \~e,e'-~.,/'~/~' k/~/'x~v~ ;/~' ~' ~.' • could maintain responding in cocaine baseline subjects due 
a0 o L ~ , , ,  b" ' ~ " % ' " ' ~  %'" '~ '" '4 'o~-% ' ' ' ' 4 ~ % ;  ' ' ~ ' ' ~ ,  to the condi t ioned  reinforcing propert ies  of those effects 
~> procaine shares in c o m m o n  with cocaine. The observation 

160~  # B 4 1 1 0  SALINE 

cr ' e3 . . . . .  ~,,, .............. ~ that procaine re inforcement  can result in high response 

T t i c~J ,,0 •• 0:'~ rates in codeine maintained animals, demonst ra tes  that a 

,2~, i it,ft !,,,11 *° '  cocaine self-administrat ion history is not  necessary for 
cr , I I procaine re inforcement .  
"~ .... i °t I ' ' i ' l l l  ~,, ,il'l'i A wide range of unit doses was not  studied in all the 

.... ,/~'1,1 ill I' I '1'1 ] animals, consequent ly  it is not  possible to state definitively 
i~, , the shape of  the overall dose-response curve. There is some 

,~  ~ I i ' I, suggestion from these data, however,  that response rate is 
j _  4 )  • ~,, ', , 

": :,c; ,~ '~ '4 ~ b ~ / V , , x A , . > , l  ~..~ j I an inverted U-shaped funct ion of  unit dose. Excluding 
i .. ' Monkey B002 from considerat ion since high response rates 

9 k  . . . . . . . . . . . . . . .  I ~ '0 % . . . .  2b* 'e '5 ' ' '%'~%E' ' '~ '*2 ' ' ' '5 'O ' ' '~T ' ' ' ( :  ' '  7' were not  reliably obtained in this monkey ,  the descending 
por t ion  of  the dose-response curve over the higher unit 

~,¢ ) <, doses ( 0 . 1 - 1 0 . 0  mg/kg/ in jec t ion)  is evident in the remain- 
ing four  animals, the only except ion  being monkey  B4108 

FIG. 4. Number of injections per session for 2 monkeys given at 0.3 mg/kg/ inject ion.  Under  l imited access condit ions 
extended procaine substitution. See text/'or details, similar to these, s t imulants [3,271, opioids [ 11,251, barbi- 

turates [8,29] and phencycl idine [2] all show response rate 
to be inversely related to unit dose over the upper range of Thus, procaine was self-administered in this monkey  above 
doses studied. With st imulants,  the adjus tment  in response saline inject ion rates after more than 60 days wi thout  being 
rate is roughly propor t ional  to the increase in unit dose returned to cocaine reinforced responding. However,  injec- 

tion rates were not  markedly altered by changing the resulting in relatively constant  drug intake [3, 8, 27] and 
blood levels [33] .  In this respect the results with procaine procaine inject ion dose. In Monkey B4110, indicated at the 

bo t tom of Fig. 4, the initial high saline inject ion rates more closely resemble the results w i thop io ids ,  barbiturates 
and phencycl idine [2, 8, 11, 25] ,  in that drug intake decreased during the 30 days of al ternat ing saline and 3 
increases markedly as a funct ion of dose per injection. Only mg/kg/ in jec t ion  dose of  procaine.  Subsequent ly ,  a 0.1 

mg/kg/ in jec t ion  dose of  procaine al ternated daily with 3 the two codeine baseline monkeys  were tested at unit doses 
mg/kg/injection through Session 45. As shown, this lower  less than 0.3 mg/kg/injection. In both these animals 
dose of  procaine markedly increased response rates. Again, response rate increased as a funct ion of unit dose over the 

lower range of doses tested (0.01 0.1 mg/kg/ in jec t ionk  significant rates of  responding were maintained by procaine 
over an ex tended  period of  substi tut ion,  in addit ion,  the Over the entire dose range, therefore,  response rate appears 
procaine reinforced response rates over this period are to be an inverted U-shaped funct ion of dose per in.iection. 

We also examined the within-session distr ibut ion of consistently higher than a subsequent  saline ext inc t ion  in 
these two animals after they had been restabilized on their  responses. The distr ibutions of cocaine and codeine injec- 
baseline d r u g ( S ,  in Fig. 1). tions are very similar to those reported by Downs and 

Woods [71 with cocaine injections being somewhat  more 
Discussion evenly spaced th roughout  the session than codeine injec- 

tions. The negatively accelerating pattern of saline injec- 
In at least three respects the results with procaine tions has also been seen in o ther  studies [3, 11, 24].  This 

subst i tut ion are similar to those obtained with a number  of within-session decrease in response rate during the session 
drugs of abuse studied using a similar subst i tut ion proce- with saline probably represents the ext inc t ion  of respond- 
dure, including opioids [11 ,25] ,  p sychomoto r  s t imulants  ing for an ineffective reinforcer.  With procaine there wasa  
[31, pentobarbi ta l  [7] and phencycl id ine  [2] .  Procaine dose-related shift in the distr ibution of responding from a 
maintains response rates higher than saline control .  There is negatively accelerating pat tern similar to saline to a more 
some evidence for an inverted U-shaped funct ion of  even distr ibution similar to cocaine and codeine.  In fact, at 
response rate to unit dose and a dose-related increase in in termedia te  doses, a constant  rate of self-administration 
intake with increasing unit dose. Lastly, procaine differs was seen in a number  of  the animals. Even Monkey B002, 
from saline and resembles o ther  drug reinforcers in the who never responded at high rates for procaine reinforce- 
distr ibut ion of  inject ions self-administered over the session, ment ,  showed a stable within-session response rate at high 

We obtained fairly high response rates (30 or more doses. The failure of  procaine reinforced responding to 
inject ions per session) at one or more unit doses or procaine extinguish within-sessions at higher unit doses represents 
in four  of the five animals. In the fif th monkey  (B002), further  evidence that it is serving as a reinforcer  in this 
a l though rates higher than saline were obtained,  they never exper imental  situation. 
exceeded 20 injections per session during the initial dose 
subst i tut ion.  A comparison of  the results for procaine 
subst i tut ion in cocaine baseline animals with those obtained EXPERIMENT 2 
in codeine baseline animals is l imited by the small number  

I N I T I A T I O N  O f  P R O C A I N E  S I~;L I :-A I)M IN I S T R A  T I O N  BY 
of animals and that not  all doses were tested in all the 

N A I V E  M O N K E Y S  G I V E N  U N L I M I T I ' ; I )  A ( ' C E S S  
monkeys .  It is clear, however,  that procaine can maintain 
responding in animals with histories of  both cocaine or Animals given relatively unrestr icted access to drug 
opioid self-administrat ion.  Since procaine possesses some of re inforcement  are well known to show markedly different  
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pat terns of  self-administrat ion dependen t  upon the class of  R e s u l t s  

drugs studied. In addit ion,  the behavioral  toxic i ty  associ- 
ated with self-administered doses can be de termined  under  Figure 5 presents the results obta ined during both  saline 
these condit ions.  Psychomoto r  s t imulants  studied under  access periods and the intervening access to 0.3 mg/kg/  
condi t ions  of  unl imi ted  access result  in a marked  behavioral  inject ion procaine.  During operant  level de te rmina t ion  for 
toxic i ty  occasionally result ing in death [13] .  When the saline re in fo rcement  (left panel) nei ther  animal exceeded 
animals survive, daily intake is highly variable [6, 13, 20] .  26 responses in a 23 hr period on ei ther lever. During the 
With unl imited access to opioids,  drug intake increases initial saline period both animals consumed their  entire 
progressively over days resulting in physical  dependence  food a l lo tment  of  250 g except  on Day 5. We have no 
deve lopment  [6, 30, 31] .  Very little overt behavioral  explanat ion for this decreased food intake on this day. 
toxic i ty  is associated with opioid  self-administrat ion.  Barbi- ~ sac~,~E h3 ~G/</rr~j PROC~E ~aL,~,F 
turates have been less extensively studied, however  in the ~--- 
case of  pentobarbi to l ,  the pat tern and consequences  of  200 ~ * ", ,o~ -% , ' , , ' ~  . . . . . .  " ...... 
unl imi ted  access appears to resemble the opioids,  resulting ~ ~ ,oo i ~ " ''~ ""1 "~ 
in fairly stable responding and physical dependence  devel . . . . . .  --- - ~  • ~ -  , 
opmen t  [6 ,32] .  Unl imi ted  access to ethanol ,  on the o ther  g: ~ ~o. ~ 
hand, results in episodic high intake with periods of  a few ~, ~ 2o- i ~ ~'~ ~, i 
days of abst inence which are accompanied  by withdrawal  z°~ , o - / " ~ l ~ , ¢ ~ d / " ,  
signs [6,281. - 4 . - - ~ ,  , k2~;_ --; . . . .  ~_.;~, ~ . . . .  ; . . . .  ? 

In the present study,  two naive monkeys  were studied ,600- f ' - , 8 o  

under  condi t ions  of  unl imi ted  access to procaine.  ~,-~'°°~-°°-~- MONKe" ill ~ ~ I Z  ,2CO- 3,36 i ~ ~  ~ I . . . .  -3601 ~mx~z- 

M e t h o d  ?., ~ - _ 
400- I 

A n i m a l s  a n d  a p p a r a t u s .  Two exper imenta l ly  naive rhesus g 
monkeys  weighing 5.8 and 7.0 kg were used. They were r°~? . . . .  ? . . . . . . . .  

5 I0 15 20 Z5  30  35  '40 45 5TO 
catheter ized and housed in self-administrat ion cubicles as 
described in the general procedure.  For  this exper iment ,  
both  levers and st imulus arrays were used. ~ ~ ~ o o ~ '  . . . . . . . . . .  \ ~ ~ , ~  /o~ 

P r o c e d u r e .  The animals were adapted to the harnesses ,oo~ I "~ ~_J 'k j V I 
and restraining arms prior  to surgery. The exper imenta l  ~-- ~. , ? , , ~ -  V ~ , 
procedure  was ini t iated after the animals had fully re- ~ 
covered f rom the ca theter iza t ion  surgery ( 5 - 6  days). ! ! ~ I 

Each daily exper imenta l  session lasted 23 hr from _ , . . ~ 
l l : 0 0 a . m ,  until  10 :00a .m ,  the fol lowing morning.  During , , - ,  - - .  . . . .  ; - - - -~ ,  . . . . .  ~, 

the session the two outer  s t imulus lights over each lever ~ MON~¥ ~ 
were i l luminated.  One lever was arbitrarily designated as ~ ~oo 5,,~ ~' ~' i ~,o - 
correct  and the o ther  incorrect .  Correct  lever responses o ,oo ' i/~ ~ '  
resulted in an 8 sec infusion during which the ou te r  ~ ~ ~' ,~o 
stimulus lights over that  lever were turned off  and the - J ? ~  . . . .  ,, . . . .  

\ 

center  light i l luminated.  Responses during the infusion had , ~ ,o ,~ ~o ~'~ ~'o ~; , ;  ,; ~o g 
no consequence.  Incorrect  responses resulted in a compara-  D~r 

ble 8 sec change in the st imulus lights over that lever, FIG. 5. Daily food intake, incorrect response rate and number of 
however  no infusion occurred.  Responses during the light injections (open and closed circles) and procaine intake (closed 
change had no consequences  and were not  recorded,  circles only) during 23 hr per day access to saline and 0.3 

Each of  the two animals was exposed to the fol lowing rag/ks/injection procaine in 2 monkeys. 
sequence of  condit ions:  During the first I0  days each 

correct  response resulted in 1.0 ml saline injections,  for the Both monkeys  init iated high rate responding for pro- 
next  30 days each correct  response resulted in 0.3 mg/kg caine re inforcement  during the 30 day access period. 
procaine hydrochlor ide  injections.  This was fo l lowed by an Monkey 3136 self-administered 684 inject ions on the first 
addit ional  10 days of  access to saline. Fol lowing the second day of access. Monkey 5114 did not  initiate high rate 
saline access period, the animals were again given access to responding until  the 8th day of access. Response rate for 
procaine,  this t ime at a unit dose of 3.0 mg/kg. One animal procaine re inforcement  varied widely f rom day to day. 
died during the four th  day of  high dose access. The o ther  Monkey 3136 consistent ly self-administered more procaine 
animal had cont inued access to 3.0 mg/kg/ in jec t ion  pro- than Monkey 5114. 

caine for 29 days, fo l lowed again by saline for 9 days. In both monkeys ,  the number  of  incorrect  responses 
Each day f rom 10:00 a.m. to 11:00 a.m. the animals '  increased somewhat  during the early period of init iat ion of 

cages were cleaned, the number  of  food biscuits remaining procaine self-administrat ion,  however,  during the last 
in the food trough and excreta  pan were counted  and the 1 0 - 1 5  days of  procaine access incorrect  responding fell to 
number  of  correct  and incorrect  responses for the preceding negligible levels. This indicates that  increases in lever 
23 hr were recorded.  At this t ime the animals were given a pressing were not  the result of  a generalized increase in 
vi tamin supplement  on a sugar cube and their  daily behavior caused by procaine adminis t ra t ion and is further  
a l locat ion of  250 g of  Purina Monkey Chow was placed in evidence that  the drug is acting as a primary reinforcer  
the food trough. They were given ad lib access to water,  under  these exper imenta l  condit ions.  
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In spite of  high levels of  procaine intake, of ten exceed- 30 MG/KG/~NJ PROCAJNE SALINE 
ing 200 mg/kg /day  especially in Monkey 3136, there was 
little if any overt  evidence of  toxici ty .  Both animals ~ ~ 300~ i3o0 

-- < I f 2OO appeared essentially normal  th roughout  the procaine access a: 
£3 L9 ~00 I 0 0  period with the fol lowing exceptions.  On Day 32, Monkey o - I __ 

3136 had a convulsive seizure after self-administering only 2 . . . . . .  
49 i n j ec t i ons in  the preceding 3 hr. T h e s e i z u r e l a s t e d o n l y  4oo-~1 L i izooI ~ 
about  1 min. Since this seizure did not  fo l low a period of  ~ MONKEY 5Pl4 I p, 2X 

part icularly high intake we ques t ioned the animal care o_ 30o I 900 m 
technicians in the holding facility where the m o n k e y  was ~ c~ , I 
kept  prior to this exper iment .  It was determined that  this z-° ~ 200 

I monkey  had a history of  unaccountable  seizures. A number  ~ ~ ~" 
W 

of instances were witnessed in which this animal spontane-  7- m0 I 300 
ously developed seizures, fell off  the perch and evidenced - ~ - ,....¢* ~ ~ i%.o.~ ] 
the clonic phase of  grand real convulsions.  The history of  . . . . .  i % . -~  J 
seizure activity makes the role of  procaine in the seizure 55 ~o 65 r o  r5 80 85 
seen on Day 3 2 difficult  to determine.  DAY 

The best documented  evidence for procaine effects  
during this phase of  the exper iment  is the decreased food FIG. 6. Daily food intake and number of injections (open and 
intake corresponding roughly to the period of high procaine closed circles) and procaine intake (closed circles only) during 23 hr 
intake in both animals (Fig. 5). The relat ionship between per day access to saline and 3.0 mg/kg/injection procaine in 1 
food intake and procaine self-administrat ion is part icularly monkey. 
evident  in Monkey 5114. On the 3 days during which this 

number  of days of eating very little the monkey  became animal self-administered the most  procaine,  food intake was 
very weak. This monkey  would reject regular monkey  chow 

negligible. In addit ion,  loose stools often accompanied  placed in his hand but would consume highly preferred 
these periods of  decreased food intake. 

food such as banana flavored chow. This supplementary  
Beginning on Day 41, access to procaine was terminated  food is not  included in the food intake in Fig. 6, but never 

and correct  lever responding resulted in saline infusions. 
amounted  to more than a few grams a day. 

Response rate decreased in both  animals as a consequence  On the second day of this procaine access period, during 
of saline subst i tut ion (Fig. 5, right panel). No overt  signs of which the monkey  self-administered over 1.2 g/kg, two 
withdrawal  were seen. Both animals failed to consume their convulsive episodes occurred.  They were terminated  with 
entire food a l l o t m e n t  on various days during the with- intravenous diazepam (1.0 mg/kg). No other  seizures were 
drawal period. This was part icularly true of Monkey 5114 
on Days 45 47. These periods of  decreased food intake seen th roughout  the remainder  of the exper iment .  Over the 

last 10 15 days of  this procaine access period, this monkey  
during saline subst i tut ion did not  occur  on the same days in developed severe tremors.  These t r emors  were most ly  
both animals and were not  accompanied  by any other  in tent ion  t remors  which were most  not iceable  when the 
behavioral or au tonomic  signs of withdrawal.  

Af te r  the 10 day saline subst i tut ion,  both  animals were monkey  reached for food biscuits or o ther  objects. The 
appearance of  these t remors  occurred s imultaneously with 

again given access to procaine at a 10-fold increase in dose the deve lopment  of  severe muscle weakness and while the 
per injection.  During the first 3 days of access to this dose 

monkey  was eating very little. It is difficult  to determine if 
Monkey 3136 self-administered 374, 100 and 121 injec- these neuromuscular  effects  were directly the result of 
tions respectively for daily intakes of  1122, 300 and 363 procaine toxic i ty  or  secondary to malnutr i t ion.  
mg/kg. This monkey  was found dead on the morning of  the After  29 days of  access to this higher dose of  procaine,  
fourth day of  access to this dose. Sixty infusions had been saline was again subst i tuted (Fig. 6, right panel). Response 
self-administered prior to death. Prior to this, Monkey 3136 rates decreased steadily and food intake returned rapidly to 
appeared normal  a l though food intake was again decreased, normal.  During this period the monkey ' s  t remors  disap- 
This is the monkey  with a history of a seizure disorder and peared and by the 10th day the animal was almost  fully 
it is t empt ing  to conclude that  this monkey  died f rom recovered. No behavioral  or au tonomic  signs of withdrawal  
convulsions, were seen. One mon th  after ~he exper iment  the monkey  

The number  of  inject ions self-administered at 3.0 appeared normal  and heal thy with no evidence for residual 
mg/kg/ in jec t ion  and the daily procaine and food intake for toxici ty.  
Monkey 5114 are presented in Fig. 6. Incorrect  lever 
responses cont inued to occur  inf requent ly  and therefore  are Discuss ion 
not  presented in this figure. The largest number  of  incorrect  
responses in any day was 37. On the first two days of access Procaine can clearly serve to reinforce lever pressing 
to 3.0 mg/kg/ in jec t ion  procaine,  this m o n k e y  self- behavior in naive rhesus monkeys  given unl imited access on 
administered 285 and 404 inject ions respectively. After  an FR 1 schedule. Responding occurred almost  exclusively 
this, the rate of  procaine self-administrat ion stabilized on the procaine reinforced lever indicating that the re- 
around 100 inject ions per session. This intake of  around sponse rate increases were specific to the procaine con- 
300 mg/kg /day  was consistently higher than what this t ingency and not  the result of  a general increase in 
animal self-administered during the first access period to behavioral activity which would be expected  to affect  
0.3 mg/kg/ in jec t ion  procaine. As a consequence  of  this responding on both levers equally. 
higher procaine intake, toxic i ty  was markedly  increased. The pat tern of  responding for a relatively low dose of 

Food  intake was suppressed almost  th roughout  this procaine (0.3 mg/kg/ in jec t ion)  was highly erratic from day 
second procaine access (Fig. 6, upper  panel). Af ter  a to day. In this respect the pat tern of procaine intake 
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resembles  the  p a t t e r n  of  p s y c h o m o t o r  s t imu lan t  [6, 13, drug abuse l iabi l i ty  [ 2 5 , 2 6 ] .  Procaine  appears  to  be an 
20] and  e t h a n o l  [6 ,28]  se l f -admin i s t r a t ion  when  s tud ied  e x c e p t i o n  to th is  cor re la t ion .  This  suggests t ha t  add i t iona l  
u n d e r  s imilar  c o n d i t i o n s  of  u n l i m i t e d  access. On the  o t h e r  research be carr ied ou t  to  assess the  reasons  for this  
hand ,  at a h igher  un i t  dose (3 .0  m g / k g / i n j e c t i o n )  the  discrepancy.  Some of  the  ques t ions  which  this  s tudy  raises 
p a t t e r n  of  in t ake  was more  stable,  inc lude  the  fol lowing:  

The severi ty  of the  tox ic i ty  a c c o m p a n y i n g  these self- (1)  Is p roca ine  devoid of  r e i n f o r c e m e n t  eff icacy in 
admin i s t e r ed  doses of  p roca ine  also seems to depend  u p o n  man?  Only the  general  r ecogn i t ion  t ha t  p roca ine  is subjec t  
the un i t  dose. A l t h o u g h  food  in take  was decreased at b o t h  to l i t t le  abuse bears upon  this  ques t ion .  Expe r imen t a l  
un i t  doses, it was more  marked ly  a f fec ted  at the h igher  s tudies  of  the  abuse po t en t i a l  of  p roca ine  in man  have no t  
dose. Convuls ions  occur red  in b o t h  animals ,  a l t hough  one been  carr ied out .  
of t h e m  had  a h i s to ry  of  a seizure disorder .  In the  o the r  (2) Is the  re in forc ing  eff icacy of  p roca ine  re la ted to its 
animal ,  convuls ions  only  occur red  dur ing  the  day of  h ighest  me tabo l i sm?  Procaine  is me t abo l i z ed  very rapidly  in man.  
p roca ine  in take .  O t h e r  signs of tox ic i ty  were only  observed This occurs  pr inc ipa l ly  in the b lood  by plasma esterases 
at the  h igh un i t  dose. I n t e n t i o n  t r em or s  and  muscle  (perhaps  chol ines te rase)  and one  of the  p r o d u c t s  of  
weakness  may  have been  secondary  to m a l n u t r i t i o n .  Con- proca ine  me tabo l i sm is d i e t h y l a m i n o e t h a n o l  [ 1 0 ] .  The 
vuls ions  are a c o m m o n l y  r epo r t ed  side ef fec t  of  h igh b lood  rapid hydro lys i s  of  p roca ine  results  in an ex t r eme ly  shor t  
levels of  local anes the t i c s  [ 21 ],  bu t  this  r ep resen t s  the  first du ra t ion  of  ac t ion ,  consequen t ly ,  ef fect ive  c o n c e n t r a t i o n s  
suggest ion we have been  able to  f ind of n e u r o m u s c u l a r  may  only  be reached  u n d e r  cond i t i ons  such as were present  
effects.  They  may  only  occur  wi th  ch ron ic  admin i s t r a t ion ,  in these  e x p e r i m e n t s  in which  repea ted  in jec t ions  (spaced as 

close as 8 sec apar t )  could  resul t  in accumula t ion .  Repea ted  
G E N E R A L  DISCUSSION small in jec t ions  would no t  be likely to occur  in a h u m a n  

use s i tua t ion .  An a l te rna t ive  possibi l i ty  is t ha t  the rein- 
I n t r avenous  p roca ine  can serve as a r e in fo rce r  u n d e r  forcing eff icacy of  p roca ine  lies in its me tabo l i t e  d ie thyl-  

cond i t i ons  of  b o t h  l imi ted  and un l imi t ed  access in b o t h  
a m i n o e t h a n o l  which  bears a m a r k e d  s t ruc tura l  s imilar i ty to  

drug expe r i enced  and  naive rhesus  monkeys .  This  is pe rhaps  the cent ra l  nervous  sys tem s t imu lan t  d i m e t h y l a m i n o -  
surpr is ing since it is general ly cons ide red  t ha t  p roca ine  is e thanol .  The convers ion  in to  an a lcohol  is t rue only  of the 
devoid of  r e in forc ing  eff icacy in man.  This  la t te r  conc lus ion  local anes the t i c s  wi th  an es tera t ic  l inkage (e.g. procaine ,  
is based pr inc ipa l ly  u p o n  the  fac t  t h a t  p roca ine  appears  to  

proparaca ine ,  t e t raca ine) ;  the  o thers  are pr incipal ly  
have l i t t le  abuse l iabi l i ty  in h u m a n s  despi te  fairly easy dea lky la ted  (e.g. l idocaine) ,  and have a longer du ra t ion  of 
access. There  is even reason  to believe t h a t  the drug using ac t ion  [ 1 0 ] .  Studies  compar ing  the  re inforc ing  eff icacy of  
subcu l tu re  has  had exper i ence  wi th  i n t r avenous  p roca ine  var ious local anes the t i c s  as well as s tudies  of  the i r  me tabo l i c  
since it is c o m m o n l y  mi s r ep re sen t ed  as cocaine  or mixed  
wi th  cocaine  sold in s t ree t  samples,  p roduc t s  would  help to answer  some of  these ques t ions .  

I n t r avenous  se l f -admin i s t r a t ion  s tudies  using m o n k e y s  ACKNOWLEDGEMENTS 
and rats  have shown  a good co r re l a t ion  be t w een  a drug 's  
abi l i ty to  act  as a r e in fo rce r  in an imals  and  its abuse  by The technical assistance of Thomas G. Aigncr and George W. 
humans .  This  co r re l a t ion  has  led to the  use of  self- King, lII are gratefully acknowledged. Thomas G. Aigner and John 

Carney made helpful comments on tile manuscript. 
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