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KATO, S , Y WAKASA AND T YANAGITA Relattonshtp between mtmmum retnforctng doses and tnjectton speed tn 
cocatne and pentobarbttal self-admtntstratton tn crab-eatmg monkeys PHARMACOL BIOCHEM BEHAV 28(3) 407-410, 
1987--The relationship between minimum reinforcing doses and mject~on speed was mvestagated by using 2 levels of 
speeds tn experiments on self-admlmstrat~on of cocaine or pentobarb~tal m 2 crab-eating monkeys each The experiments 
were conducted under a fixed ratio (FR) 1 schedule w~th 30-man time-out after each drug ~njectlon, wherein the drugs and 
sahne were made avadable for alternate 5-day periods The mlmmum re~nforc~ng doses at each anject~on speed were 
determined by the t~trat~on procedure ~n which the presence or absence of relnforong effect at a particular drug dose was 
judged based on comparison of the self-admlmstration rate at that dose w~th the rate m the preceding sahne period The 
results showed that the mtnlmum reinforcing doses of cocaine and pentobarb~tal tended to be h~gher tn reverse proportion 
to the mject~on speed of the drugs 

Cocaine Pentobarb~tal M~mmum re~nforcmg dose Injection speed Crab-eating monkey 

IT as believed by some that the subjectave effects of depend- 
ence producing drugs such as op~o~ds and stamulants are 
much stronger when the drugs are injected intravenously 
than by any other route In self-administration experiments 
using animals these drugs are known to be self-administered 
at very h~gh rates when injected ~ntravenously, whde self- 
administration rates are generally low when anjected 
lntragastrlcally From th~s it may be speculated that the de- 
velopment of pharmacological action related to the re~nforc- 
mg effect is weak by the intragastnc route because the rise in 
blood concentrations of drugs is slow In rhesus monkeys, 
the self-adm~ntstraaon rate of ~ntravenous cocaine at the 
same dose was reported to show a tendency to decrease 
when injection time was lengthened [2]. In th~s experiment, 
change in the minimum reinforcing dose was not investigated 
as a functton of the length of injection, but instead, attention 
was focused on the influence of injection speed on the re~n- 
forcing effect of cocaine by varying the length of ln.lectaon 
time of the same unit dose of cocmne. The present authors 
have shown that the rmnimum reinforcing and discriminative 
doses of cocmne [4] and mcotine (to be published) are very 
close m monkeys and that the reinforcing effect of a drug as 
derived from the drug's subjective effects In the present 
study, the influence of injection speed on the rmmmum rein- 
forcing doses of cocaine and pentobarb~tal were investigated 

1Requests for repnnts should be addressed to Sh~n Kato, Dept 
Japan 

m crab-eating monkeys. Cocaine and pentobarb~tal were 
selected from among the stimulants and depressants, re- 
spectively, because they are known to be relatively short 
acting and th~s feature of the drugs was though to conform 
with requirements of the experiment. 

METHOD 

Ammals 

Four adult crab-eating monkeys (Macaca trus. body 
weaght 3.6-5 0 kg) were used an the present study. The mon- 
keys were housed ~n andawdual cages and quarantined for 3 
months They were then moved to open-fronted and~v~dual 
cages (85 cm width, 100 cm height, 95 cm depth) for self- 
admmistrataon experiments, where they were restrained by a 
free-jointed metal arm and metal harness, and conditioned 
for 1 month or longer before initiation of the experiment. The 
2 crab-eating monkeys used an the intravenous self- 
adm~nistraaon experiment w~th pentobarbital had been used 
m drug discrimination experiments on CNS stimulants such 
as cocaine, but the other monkeys were experimentally 
naive. Rooms were a~r-cond~t~oned at 25--+2°C and 60___20% 
humidity, and the lighting was on from 7:00 a m .  to 12"00 
midnight or 1:00 a.m 
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FIG 1 T~tratmn of the mm~mum reanforclng doses of cocmne m a 
crab-eaUng monkey under the FRI schedule wath 30-m~n tame-out 
and 2 levels of anjectton speed Thack horizontal hnes indicate the 
reinforcing effect was posmve In the above graphs sohd hnes and 
dotted lanes md~cate data on cocaine and sahne respectively 
*p<0 05, Low, 1 ml/23 sec/4 kg, H~gh, 1 ml/5.8 sec/4 kg 
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FIG 2 T~tratlon of the m~mmum reinforcing doses of cocaane an a 
crab-eating monkey under the FR1 schedule wath 30-ram tame-out 
and 2 levels of ~njectaon speed For further explanation, cf F~g. 1 

Food and Water 

Monkeys were fed 120 g/day sohd-type monkey chow 
(Oriental Co or N~hon Clea) w~th added wtamin C (30 
mg/100 g). Tap water was available ad hb from a fountmn 
nozzle activated at pressure by the tongue. 

Drug Preparatton 

Cocaine HCI (cocmne) and pentobarb~tal Na (pentobarb~- 
tal) as used in th~s study were d~ssolved In physiological 
sahne to the necessary concentrations To the pentobarbltal 
solutions was added Na2COz at 1/s the amount of pentobarb~- 
tal to prevent crystahzaUon out by the rap~d change ~n pH 
when the solution entered the blood The doses of the drugs 
were changed by adjusting the concentration of the drug 
solution 

Procedure 

The catheter which had been intravenously ~mplanted 
was connected wa tubing passing through the restrmmng arm 
to a lever-acUvated, automatic ~njector located outside the 
cage that allowed a predetermined umt dose of a drug or 
sahne (~nfus~on volume: 0 25 mi~kg, mfuston speed 1 ml/23 
see) to be automatically infused through the catheter when 
the monkey pressed a lever sw~tch ~n the cage [3] Two mon- 
keys each were mmally trmned to self-administer cocaine at 
a umt dose of 125 ~g/kg and pentobarbital at 1000/~g/kg 
under a fixed ration (FR) 1 schedule. The schedule was 
changed to a FR1 schedule with 30-ram t~me-out after each 
drug tn.lecuon ~n order to avoid the cumulative effects of the 
drugs. After the monkeys showed frequent and stable self- 
admtmstration under the FR1 schedule with 30-min time- 
out, saline was substituted for the drugs. The drugs and 
saline were thereafter made available alternately for periods 

of 5 days at a time After a clear d~fference between the 
self-adm~mstraUon rates for sahne and for the drugs had been 
observed by th~s procedure, titration was conducted as fol- 
lows under the same schedule to determine the minimum 
re~nforc~ng doses of the drugs. Whenever the average self- 
adm~mstrat~on rate per day in a 5-day period of a drug at 
some umt dose was s~gmficantly h~gher than the rate in the 
preceding 5-day sahne period, that particular unit dose of the 
drug was assumed to have a re~nforc~ng effect, and the umt 
dose was decreased for the next 5-day drug period. L~ke- 
w~se, whenever the self-adm~nlstraUon rate of each drug at a 
certain umt dose was not s~gnificantly h~gher than the rate in 
the preceding saline period, th~s dose was assumed to have 
no re~nforc~ng effect and the umt dose was then ~ncreased in 
the next drug peraod The self-administration data dunng the 
first day m each session were excluded from the calculations 
of the average dmly self-adm~mstration rates because the 
self-adm~mstratlon frequency on any first day ~s often sus- 
ceptible to strong ~nfluence by the cond~tton of the preceding 
period. As a staustlcal method, Student's t-test (two-taded, 
p<0.05) was used to evaluate for s~gnificant differences be- 
tween self-adm~mstrat~on rates ~n saline and drug periods. 

After the m~nimum re~nforcmg doses were ~nvesugated at 
the ~njectmn speed of 1 ml/23 sec/4 kg (low speed) Next, the 
m.lectmn speed was changed to 1 ml15 8 sec/4 kg (high speed) 
by changing the injectors. After the minimum reinforcing 
doses were invesUgated at these two speeds, the injection 
speed was returned to the low speed and the mm~mum rein- 
forcing doses of the drugs were reinvestigated. Although ex- 
periments with the injection speed of 4 rag/92 sec/4 kg were 
conducted immediately after the initial experiments at the 
low speed, the data are omitted from th~s report, because the 
~nject~on speed ~s thought to be substantially the same as the 
low speed. 

Control of the automatic ~njector as well as recording of 
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FIG 3 Tttration of the mlmmum reinforcing doses of pentobarbttal 
m a crab-eating monkey under the FRI schedule with 30-mm time- 
out and 2 levels of m.lection speed In the above graphs sohd lines 
and dotted lines mdtcate data on pentobarbital and sahne respec- 
ttvely For further explanaUon, cf Fig I 
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FIG 4 Titration of the minimum reinforcing doses of pentobarbltal 
in a crab-eating monkey under the FR1 scedule with 30-min ttme-out 
and 2 levels of injection speed In the above graphs sohd lines and 
dotted lines indicate data on pentobarbltal and saline respectively 
For further explanation, cf Fig, 1 

the number of self-admimstratlons was handled by a m~cro- 
computer system (SAS-80) specifically developed for the 
purpose at the present institute 

R E S U L T S  

In 1 out of 2 monkeys used in the experiments on cocaine 
(No. 58), a reinforcing effect at the low speed was observed 
at 31 /zg/kghnj and as low as 16/zg/kghnj. With the high- 
speed injection, the reinforcing effect of cocaine was ob- 
served at 12 /zg/kg/inj but not at 8 /xg/kghnj. In the final 
experaments again at the low speed, re~nforcmg effect was 
observed at no lower than 16/xg/kg/mj (Fig 1) 

In the other monkey which was used tn the experiments 
on cocaine (No. 63), the reinforcing effect stopped being 
observable when the unit dose was decreased to 31/~g/kg/lnj 
at the low speed but it was again observed when the unit 
dose was increased to 63/zg/kg/lnj The mlmmum reinforcing 
dose at the high speed was 31/.~g/kghnj. In the final experi- 
ment at the low speed, the minimum reinforcing dose was 31 
/~g/kghnj (Fig 2) 

In 1 out of 2 monkeys used in the experiments on pen- 
tobarbltal (No. 21), reinforcing effect was observed at as low 
as 500/~kg/mj at the low speed. The minimum re~nforcmg 
dose of pentobarbital at the high injection speed in th~s mon- 
key was 313/~g/kg/inj. In final experiment at the low speed, 
reinforcing effect of the drug was observed at as low as 625 
~g/kghnj (Fig. 3) 

In the other monkey used in the experiments on pen- 
tobarb]tal (No. 47), the minimum reinforcing dose of the drug 
was 375/~g/kg/inj at the low speed. At the high speed, rein- 
forcing effect was observed at as low as 313/~g/kg/inj In the 
final experiment at the low speed, the minimum reinforcing 
dose was 375/~g/kghnj (Fig. 4). 

D I S C U S S I O N  

Rhesus monkeys have been the most widely used species 
m self-admimstratlon experiments in monkeys, and much 
background data on self-admimstratlon experiments has 
been obtained in this species However, crab-eating mon- 
keys were used ~n the present study because the ~nterna- 
tional supply of rhesus monkeys had become hmited at the 
beg~nmng of this study. The minimum reinforcing doses of 
cocmne at the low injection speed ~n crab-eating mon- 
keys in the present study were found to be almost the same 
as those in rhesus monkeys at a slmdar injechon speed [6,7]. 
It is also known that the mlmmum d~scnmmaUve doses of 
cocmne are close to each other m both species [1,4]. Accord- 
lngly, the sens~tivity to the CNS action of cocaine is thought 
to be similar between crab-eatmg and rhesus monkeys 

In the lmtlal experiments at the low speed, the m~nimum 
reinforcing doses of cocmne were 16 and 63/zg/kghnj in each 
monkey At the high speed the m~mmum reinforcing doses of 
cocaine decreased to 12 and 31 /~g/kg/lnj, respectively. Al- 
though the difference between 12 and 16/~g/kg/mj in Monkey 
No. 58 may not seem so significant, increase m average 
self-administration rate of the drug at 16/zg/kghnj at the high 
speed compared to the rate at the low speed supports the 
wew that the reinforcing effect is strengthened when injec- 
tion speed is rinsed. The experiments at the low speed were 
repeated after completing the experiments at the lugh speed, 
to control both the influence of experiment order and the 
change ~n senmtiwty to cocaine and pentobarbital accom- 
panying repeated intake of the drugs. The minimum reinforc- 
ing doses of cocaine at the low speed were the same in the 
lnmal and final experiments in Monkey No 58, but in Mon- 
key No. 63 the minimum reinforcing dose in the final exper- 
iment was lower than m the lnitml experiment at the low 
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speed and the same as the minimum reinforcing dose at the 
high speed These results may suggest that the decrease of 
the mlmmum reinforcing doses at the high speed ~s not at- 
tributable to the injection speed However, the average self- 
admmlstratlon rates of cocaine at 31 /zg/kghnj were much 
higher at the high speed than at the low speed in the final 
experiment in Monkey No 63. Accordmgly it can be as- 
sumed that the reinforcing effect of cocaine becomes 
stronger as the injection speed is increased. The minimum 
re~nforclng doses of pentobarbital were 375 and 500 txg/kg/lnj 
in each monkey at the low speed. The m~mmum reinforcing 
doses in the monkeys were decreased to 313 ~g/kghnj at the 
high speed In the final experiments at the low speed, some 
increase of the minimum reinforcing doses was observed, 
which may indicate that tolerance to the action of pentobar- 
b~tal had developed. However, the minimum reinforcing 
doses were lowest m the experiments at the high speed 
which were conducted after the lmtml slow-speed experi- 
ment Accordingly, the degree of influence due to tolerance 
development was not thought to exceed the influence of the 
injection speed, even consldenng that tolerance to the action 
of pentobarbltal had developed 

In the present study, the FRI schedule with 30-mln 
time-out was used in order to avoid the cumulative effects of 
the drugs. The duration of the effects of cocaine is known to 
be very short. For example, the effect of intravenous cocaine 
at 0.1 mg/kg has been suggested to be diminished within 
10-20 mln after administration in drug discrimination exper- 

lments in rhesus monkeys [1] The duration of the effects of 
pentobarb~tal at the doses used m the present study are also 
thought to be relatively short, so that the cumulative effects 
of the drug may be almost negligible. 

For the evaluation of slgnrficant differences between 
self-administration rates in sahne and drug periods, Stu- 
dent 's t-test was used as a statistical method Theoretically, 
it may be mappropnate to apply the t-test to such dependent 
numbers which can influence each other. However, some 
clrtenon was necessary to judge promptly whether the rein- 
forcing effect was positive or not dunng the course of the 
titration for mlmmum re~nforclng doses, so the convement 
t-test was chosen arbitrarily in these experiments. 

The titration procedure used m the present study may 
seem unsystematic compared with usual procedures In 
psychophyslcs [5] However, it was thought reasonable to 
conclude from above results and d~scuss~on that the 
m~mmum re~nforclng doses of cocaine and pentobarbltal 
tend to become higher m inverse proportion to the injection 
speed of the drugs In a past study [2], ~t was suggested that 
reinforcement efficacy of cocaine at particular doses be- 
comes weaker when the ~nfus~on duration of the drug be- 
comes longer, i e ,  when the ~nject~on speed becomes 
slower. Thus, for the development of re~nforclng effect of the 
drugs, it was thought necessary that the drugs enter into 
blood stream at doses h~gher than a certmn threshold level 
and at equal to or faster than a certain criterion of speed 
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