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HALPERIN, J M , J CANON AND L C IORIO Pret hint al evaluatum of behavu, ral defic tts following hypnottc drug 
treatment PHARMACOL BIOCHEM BEHAV 24(4) 875-878, 1986 --Most hypnotic medications result m performance 
decrements, or "'hangover effects," the mormng after bedtime ingestion However, the seventy of hangover effects w~th 
new compounds is difficult to predtct prior to chmcal trials Th~s paper describes a prechmcal procedure that ~s predictive 
of human hangover effects following bedtime mgestton of hypnotic medication Four cebus monkeys were shaped to 
dtscnm~nate between two levers such that raptd responses following the cue hght maximized the probabd~ty of reinforce- 
ment Subsequently, performance was evaluated one hr 0mmedlate condition) and 83/4 hr (delayed condition) after the 
adm~mstratlon of flurazepam, tnazolam, pentobarb~tal and placebo All drugs caused dose-dependent performance decre- 
ments m both condmons. S~gmficantly htgher doses of tnazolam were requtred to ~mpa~r performance dunng the delayed 
condition as compared to the tmmedmte condition, but no such d~fferences occurred with e~ther flurazepam or pentobarb~- 
tal These findings parallel human data which mdtcate that sleep-inducing doses of flurazepam and many barbiturates, but 
nol tnazolam, cause performance decrements the mormng after bedtime mgest~on 

Hypnotics Sleep Flurazepam Tnazolam Pentobarb~tal Monkeys Hangover Performance 

THE prechntcal evaluatton of drugs for hypnottc potenttal 
has been canned out successfully usmg a variety of different 
techniques rangtng from stmple behavtoral assessments in 
rodents [I, 3, 8] to more sophtst~cated methods utihzmg pol- 
ygraph recordtngs and antmal models of insomina [4,5]. 
However, sleep-lnducmg efficacy ~s only one of several nec- 
essary requtrements for a useful hypnottc drug Recently, 
much attentton has focused on human performance decre- 
ments, or "hangover effects," followmg bedtime admtnts- 
tratton of these medtcattons Th~s paper describes a prechnt- 
cal procedure destgned to predtct the magmtude of human 
performance decrements on the day followtng night-ttme m- 
gestton of sleep-tnducmg drugs 

After an extenstve review of the hterature, Johnson and 
Chermck [6] concluded that at some doses all hypnottc 
medtcattons produce performance decrements following 
ntght-t~me ingestion, and that although long-acting drugs 
generally caused greater decrements in performance, half- 
hfe data were not conststent Roth, Krammer and Lutz [7] 
exammed human performance on several psychomotor and 
cogntt~ve tasks following the admtntstrat~on of chntcal doses 
of three hypnottc drugs, flurazepam, trtazolam and secobar- 
bttal They found that all three drugs resulted ~n stgntficant 
~mpatrment relatwe to placebo when the subjects were 
awakened m the mtddle of the ntght (3 5 hours after drug 

tngestton). However, tn the mornmg (10 hours post- 
tngestton) only those who recetved 30 mg of flurazepam were 
s~gmficantly tmpatred as compared to placebo. 

It would be extremely advantageous to be able to predict 
the extent of performance decrements following bedtime m- 
gestton of hypnottc medications prior to chnical trials, tn 
order to develop a drug that would be both effective and 
hangover-free However, the only reference to such a task ~s 
that of Gogerty [2], who reported that cebus monkey per- 
formance on a DRL schedule was dtsrupted nme hours after 
sleep-mducmg doses of flurazepam, but not methaqualone 

Based on polygraphtc data reported by Gogerty [2], the 
cebus monkey (Cebus appella) Is the spectes of chotce for 
developmg a prechntcal screening procedure for evaluattng 
hypnottc medtcat~ons Not only do they have a diurnal sleep 
cycle whtch ts stmtlar to humans, but the data mdicate that 
they respond to hypnottc medicatton tn a manner stmtlar to 
man wtth respect to both potency and duratton of action. 

Thts paper describes an operant procedure, using cebus 
monkeys, that ytelds data whtch is highly predictive of hyp- 
nottc hangover effects m man. The task evaluates both 
dec~ston-makmg and reactton time m the subjects. Three d~f- 
ferent hypnottcs were tested one hour after drug admtn|stra- 
tton, to assess tmmedtate drug effects, and 83/4 hours post- 
admmistratton, to evaluate delayed effects 
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T A B L E  1 

PERCENTAGE OF CORRECT RESPONSES AT EACH TIME 
DURATION FOR 4 MONKEYS DURING VEHICLE DAYS 

T~me Mean r~ 
Durataon* Correct SD 

0 25 0 92 2 3 
0 50 44 49 24 6 
I 0 81 01 14 4 
2 0 89 41 10 5 
4 0 91 62 10 6 

*In seconds 

T A B L E  2 

MINIMAL EFFECTIVE DOSE Img/kg. POI FOR CEBUS MONKEYS 
"rREATED WITH HYPNOTICS UNDER IMMEDIATE (I)TESTING AND 

DELAYED (DI CONDITIONS 

Sodmm 
Flurazepam Tr~azolam* Pentobarb~tal 

Ccbus 
No 1 D I D 1 D 

27 2 5 2 5 0 0125 (I 05 5 0 10 0 
37 2 5 2 5 0025 (105 75  5 (I 
47 0 625 2 5 0 0125 0 I 5 0 20 0 + 

197 2 5 1 25 0 0125 (1 I 5 0 12 5 

Mean 2 03 2 19 0 016 0 075 5 63 I I 88 

*MED fi~r 1 and D cond,tJons d~ffer s~gmficantly, pmred t-test. 
t(31=10 27, p < 0  01 

e'FhJs number ~s hkely to be spuriously h*gh since 10 mg/kg was 
~nadvertantly never tested in th~s condition 

T A B L E  3 
RL50°S " PRODUCED BY THE MED FOR 3 HYPNOTICS DURING IMMEDIATE (i) 

AND DELAYED (D) TESTING IN 4 MONKEYS 

Sodium 
Flura- Trm- Pento- 

Vehicle zepam zolam barbital 

Cebus 95% conf 
No Mean hm~ts I D I D I D 

27 069  0 6 6 - 0 7 2  I 12 080  073 091 081 077 
37 0 54 0 48-0 61 0 90 2 (W) 0 92 0 82 0 90 0 74 
47 0 52 0 47-0 57 0 64 0 66 0 60 0 80 0 60 I 46 

197 0 60 0 46-0 74 3 00 0 94 0 86 0 82 0 78 0 79 

*In seconds 

T A B L E  4 

IMPAIRMENT RATIO (IR)* FOR CEBUS MONKEYS TREATED WITH 
FLURAZEPAM, TRIAZOLAM AND SODIUM PENTOBARBITALt 

Sodaum 
Cebus Flura- Trta- pentobar- 

No zepam zolam bltal 

27 10 4 0  2 0  
37 I 0 2 0 0 67 
47 4 0 8 0 4 02 

197 0 5  8 0  25  

Mean I 63 5 50 2 29 

*IR = MED Delayed/MED Immediate 
,~F(2,6)=8 49, p < 0  05 
-1:May be spuriously high. see footnote Jn Table 2 
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METHOD 

Subjects 

The subjects were four adult, male, cebus monkeys 
(Cebus appella) ranging m weight from 2.6 to 3 9 kg 
Throughout the experament each monkey was housed indt- 
vidually under a 16-hr light, 8-hr dark, light-dark cycle 
Purina Monkey Chow was avadable ad lib However, access 
to water was restricted to i/~ hour per day. 

Proc edure 

The monkeys were shaped to &scnmmate between two 
adjacent levers mounted on the wall of their chamber. De- 
pression of the lever over which a cue light was illuminated 
was reinforced w~th 0 5 ml unsweetened orange juice that 
was delivered by a hqmd dipper mounted on the same wall of 
the chamber as the levers. Responses following the offset of 
the cue light, which remained illuminated for either 0.25, 0 5, 
1 0, 2 0 or 4.0 sec, were not reinforced. 

WttMn each test session, which lasted approximately 90 
min, the Iocahzat~on of the cue light and the duration of 
illumination were randomly distributed over 250 trials such 
that there were 50 trials per t~me-durat~on, with 25 of them 
correct on each lever. Each trial was preceded by a 0.5 sec 
warning tone 5 sec prior to the onset of the cue hght A trial 
was terminated at the offset of the cue light or followmg the 
monkeys' first response, whichever came first. There was a 
20-sec intertnal interval. 

The percent of correct responses was determined for each 
cue hght illummat~on t~me-duration The reaction latency 
(RLS0). defined as that duration at which each monkey re- 
sponded correctly 50% of the time, was calculated using 
linear interpolation. Trials that were not responded to cor- 
rectly were divided into discrimination and omission errors. 
Omission errors resulted from either a lack of response or a 
response after the offset of the cue hght Discrimination er- 
rors occurred when the incorrect lever was depressed while 
the cue light was stdl illuminated 

Two separate paradigms using th,s operant procedure 
were utilized to test immediate and delayed drug effects To 
test immediate drug effects, monkeys received e~ther drug or 
vehicle one hour prior to the test session, which was con- 
ducted during the hghts-on part of the hght-dark cycle 

To test delayed effects, drug or vehicle was admimstered 
30 min prior to the onset of the dark period The operant test 
session began 83/4 hours later, which was 15 min after the 
onset of the light period Although EEG was not recorded 
dunng the dark period, both behavioral observations and 
EEG data from other laboratories [2] suggest that the dark 
period is the normal sleeping time for cebus monkeys Thus, 
th~s paradigm was designed to be analogous to hypnotic in- 
take 30 mm prior to bedtime, and behavioral testing 15 mm 
after awakening the following mormng 

Three hypnotics were evaluated using both of these 
paradigms, flurazepam, so&um pentobarbital and tnazolam 
All drugs were suspended tn a 0.4% methyicellulose solution 
and admimstered orally at a volume of 2 ml/kg The dose 
range varied somewhat for each ammal and condition de- 
pending upon individual differences in sensitivity. However, 
each monkey received between 3 and 5 logarithmically 
spaced doses of each drug The overall range of doses for 
each drug were flurazepam. 0 625-20 mg/kg, so&urn pen- 
tobarbital. 5-40 mg/kg, and tnazolam, 0 0125-0 2 mg/kg 

Monkeys were tested daily in the operant paradigm. Each 

drug day was preceded by a vehicle day. Following drug 
days the monkeys received neither drug nor vehicle untd 
their level of responding returned to pre-drug levels 

The RL50 was determined for all test sessions that were 
preceded by either vehicle or drug injection. The mimmal 
effective dose (MED), defined as the lowest dose of each 
drug that increased the RL50 beyond the 95% confidence 
limits of the vehicle days, was determined separately for 
each monkey during immediate and delayed conditions. An 
impairment ratio (IR), defined as the MED for the delayed 
test divided by the MED for the immediate test ( IR=MED 
Delayed/MED lmme&ate) was determined for each drug in 
each monkey. The IR for the three hypnoucs were then 
compared using a repeated measures one-way analysts of 
variance 

RESULTS 

Vehicle treated monkeys responded correctly more than 
90% of the t~me at the longest cue hght duration (4 sec) and 
almost never at the shortest duration (0.25 see), with the 
percentage of correct responses varying as a function of the 
duration of the hght (see Table 1). Those trials that were not 
responded to correctly were comprised almost entirely of 
omission errors. Less than 5% of the non-reinforced trials 
contained discrimination errors. There was no mgmficant 
&fference (p>0.10) on vehicle days between the RLS0's for 
the immediate and delayed paradigms The mean (S .E)  
RLS0's were 0 58 (0 13) sec and 0.60 (0 09) sec, respectively. 

All three drugs caused dose-dependent increases in the 
RLS0 during both the immediate and delayed conditions. 
However, as shown m Table 2, only tnazolam was s~gmfi- 
cantly (p<0 05) more potent one hour after drug administra- 
tion as compared to 83/4 hours later There were no s~gmfi- 
cant differences (p>0 10) between the. minimal effective 
doses of flurazepam or sodium pentobarbital required to 
cause behavioral disruption m the ~mmediate and delayed 
paradigms Table 3 shows the RLS0's produced by the MED 
of each drug along with the RLS0 and 95% confidence limits 
which were derived from vehicle data. 

As shown in Table 4, there was a slgmficant difference in 
IR between the drugs, F(2,6)=8 49, p < 0 0 5 .  Post hoc 
analyses in&cated that the IR was stgmficantly (.o<0.05) 
higher for tnazolam as compared to either flurazepam or 
sodium pentobarbltal The dose of tnazolam reqmred to s~g- 
nlficantly increase the RLS0 on the delayed test was more 
than five times that required to raise the RL50 upon im- 
mediate testing (IR=5 5), whereas only mtmmal ~ncreases In 
the doses of flurazepam and sodium pentobarb~tal above the 
MED for the ~mmediate test resulted in performance decre- 
ments 83/4 hours later 

DISCUSSION 

The data indicate that this operant procedure in cebus 
monkeys may be useful for predicting behavioral deficits 
associated with hypnotic drugs prior to climcal trials. It 
yields results that are both dose-dependent and highly pre- 
dictive of human potency 

As in man, performance decrements occur dunng the 
immediate testing condition at lowest doses for triazolam, 
with the barbiturate requlnng the highest dose. Also, as tn 
humans, the data indicate the greatest severity of delayed 
impmrment with flurazepam, with mimmal effects following 
tnazolam Of the three compounds tested, only trtazolam 
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r e q m r e d  s~gmficantly h~gher doses  to cause  p e r f o r m a n c e  de- 
c r e m e n t s  8V.~ hr  pos t -d rug  as c o m p a r e d  to 1 hr  pos t -d rug  
Thts  suggests ,  as one  would  expec t  based  upon  the  phar-  
macokmet~cs  o f  these  c o m p o u n d s ,  tha t  f lu razepam and  pen-  
tobarb~tal  have  a longer  dura t ion  of  ac t ion  w~th regard  to 
behav to ra l  d i s rup t ion  than  t n a z o l a m ,  and are  the re fore  more  
hke ly  to resul t  ~n p e r f o r m a n c e  d e c r e m e n t  or  h a n g o v e r  on the 
day af te r  bed t ime  drug adm~mstrat~on 

The  ~mpatrment  rat io  for t n a z o l a m  was s |gmficant ly  
h~gher than  that  o f  e~ther f lu razepam or  pentobarb~tal  
W h e r e a s  doses  g rea t e r  than  five t~mes the minimal  ef fec t ive  

dose  of  t rmzolam were  r eqmred  to cause  de layed  de f io t s .  
d o u b h n g  the  dose  of  pentobarb~ta l ,  and only  a two thirds  
~ncrease ~n the  dose  o f f l u r a z e p a m  resul ted  ~n s~gmficant per- 
f o rmance  d e c r e m e n t s  d u n n g  de layed  tes t ing  

We have  desc r ibed  and  eva lua ted  an  operan t  p rocedure  
tha t  can  be useful for  eva lua t ing  behav iora l  stde effects  fol- 
lowing the  use of  hypno t t c  d rugs  Fu r the r  eva lua t ion  of  th~s 
t e c h m q u e  may ~nd~cate tha t  tt can also be useful for predict-  
ing behav iora l  s~de-effect po t enha l  of  o ther ,  non -hypno t i c  
drugs  
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