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S U M M A R Y 

Much is known about the interaction of intravenous anesthetics and 
opioids at the therapeutic level, but less is known regarding their 
combined lethal effect, leaving some uncertainty regarding the 
window of safety for their clinical use. We set out to document the 
type of interaction between thiopental and fentanyl for both the 
hypnotic effect (loss of righting reflex) and lethal effect in mice. 
Hypnotic and lethal dose-response curves were constructed for 
thiopenthal alone and in combination with fentanyl (0.8 μg/kg, each 
based on five to seven subgroups of six to ten ICR mice. The dose of 
fentanyl was that needed to double the lag time to tail flick following a 
noxious stimulus (the equivalent of human analgesia). While fentanyl 
did not change the median effective hypnotic dose of thiopental (8.9 
mg/kg [95% confidence interval {CI} 8.0-9.9 mg/kg] alone versus 7.8 
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mg/kg [95% CI 6.7-8.7 mg/kg] in combinat ion) , it s ignif icantly 
reduced its med ian lethal dose f rom 71.8 mg/kg ( 9 5 % CI 68.3-74.8 
mg/kg) to 64.5 mg/kg ( 9 5 % CI 63.7-65.2 mg/kg) . Mos t remarkably , it 
increased the s lope of the curve f r o m 0.17 (95% CI 0 .10-0 .36) to 0.61 
( 9 5 % CI 0 .24-1.10) , virtually e l iminat ing the d i f fe rence be tween the 
non-lethal and lethal ranges. W e conc lude that the type of interaction 
be tween thiopental and fentanyl is s t ronger for the lethal e f fec t than 
for the hypnot ic effect . Th i s may b e c o m e relevant to clinical s i tuat ions 
in h u m a n s when higher doses of thiopental are used. 
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I N T R O D U C T I O N 

Combina t ions of in t ravenous (i.v.) opio ids are part and parcel of 
balanced anesthesia . Much is known about their interaction at the 
therapeut ic level but less is known regarding their combined ef fec t at 
the lethal level. In the current study we at tempted to documen t the 
type of interaction be tween two widely used and f requent ly combined 
drugs, thiopental and fentanyl , for both hypnot ic and lethal e f fec ts in 
non-vent i la ted mice. This documenta t ion was expected to del ineate 
the projected ' w i n d o w of safe ty ' for clinical use in humans . 

M A T E R I A L S A N D M E T H O D S 

Exper iments were per formed in ICR mice weighing 20-30 g. Their 
t reatment was in accord with the Guide for the Care and Use of 
Laboratory Animals , and the study was approved by the Animal Care 
and Use Commi t t ee of the Technion Faculty of Medic ine . The mice 
were a l lowed to escape into a dark tube, where they were secured by 
an adhesive band through which the tail was passed. Thiopenta l and 
fentanyl were injected into the tail vein af ter vasodi la t ing it under a 
4 0 - W lamp for 2 min. The inject ion vo lume was kept constant at 10 
ml /kg (0.2-0.3 ml) to avoid hemodynamic d i f ferences be tween groups. 
A dose- response curve for the loss of righting reflex 15 sec af ter 
inject ion of thiopental was calculated f rom eight dose g roups of eight 
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mice each (6, 7, 8, 10, 11, 12, 13, and 15 mg/kg) . Since s o m e mice 
were noted to lose the r ighting ref lex at these doses but to regain it 
earl ier than 15 sec, w e also constructed a curve for loss o f this re f lex 
at 8 sec, wi th doses of 6, 7, 8, 10, and 11 mg/kg . This was based on 
the assumpt ion that regaining the r ighting ref lex represented re-
dis t r ibut ion of thiopental . In all fur ther combina t ion studies, w e kept 
this dual evaluat ion at 8 and 15 sec. 

A dose- response curve of the analgesic ef fec t of fentanyl w a s 
calculated f r o m six dose groups of five mice each (0, 0.5, 0 .75, 1.0, 
1.25, and 1.5 ng/kg) . The test examined the lag t ime be tween d ipp ing 
the tail in a 55°C water bath and the tail-fl ick response. In a 
pre l iminary set of observat ions , we noted that some mice f l icked their 
tail immedia te ly upon sensing the water and not as a response to the 
excess ive temperature . Thereaf ter , tails were briefly d ipped into the 
water bath for precondi t ioning before the test itself. 

Dose- response curve for the lethal e f fec t of thiopental was based 
on five dose groups of eight mice each (50, 65, 70. 75, and 80 mg/kg) . 
Since dea ths of non-vent i la ted an imals undergo ing anes thes ia m a y 
result f r o m immedia te cardiac arrest or pro longed respiratory 
depress ion , we carried out a special methodologica l evaluat ion be fo re 
fur ther testing. In prel iminary exper iments we observed that m a n y 
mice that did not die immediate ly , i.e., within 0.5 to 5 min a f te r 
inject ion of thiopental , went through a phase of p ro found bradycard ia 
and bradypnea lasting up to 15 min. Af te r this, they recovered 
and regained normal activity. This suggested that, mos t probably , 
immedia te death occurred as a result of cardiac toxicity rather than of 
respiratory depress ion. Addit ional ly, mice that died wi thin the 
immedia t e period did not bleed f r o m the ven ipunc ture point , as 
opposed to mice that recovered, fur ther suppor t ing the possibi l i ty of 
cardiac standsti l l . In an at tempt to ver i fy the exact m e c h a n i s m leading 
to death , we took an e lect rocardiographic recording af ter inject ion of a 
lethal dose. Th i s revealed cont inuat ion of electrical complexes desp i te 
no palpable heartbeat through the chest wall . Thoraco tomy wi th in 
5 -10 sec af ter inject ion of a lethal dose revealed ventr icular s tandst i l l , 
despi te cont inuat ion of some atrial m o v e m e n t for about 1 minu te . 
Cumula t ive ly , these observa t ions suggested e lec t romechanica l d issoci-
ation. Our final val idation step used an echocard iographic approach . 
Mice were fo l lowed by an M - m o d e echocard iogram, us ing the 9 -5 
M H z probe (ATL, Bothell . WA) . It w a s clearly observed that cardiac 
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arrest occurred about 4 sec after injection of the lethal dose of 
thiopental, which was too early to be secondary to respiratory 
depression. 

In a second set of experiments, the dose-response curves of 
thiopental in combination with 0.8 μg/kg fentanyl (the dose which 
doubled the lag time of tail flick) were calculated for both loss of 
righting reflex and lethal effect. 

Probit and bootstrap analyses were used to calculate the median 
effective dose (ED ? o ) and median lethal dose ( L D 5 0 ) , to estimate the 
significance of the dose-response relationships, and to obtain the 95% 
confidence interval (CI) for the slope of the curves l \ l . The probit 
curves of thiopental alone and in combination with fentanyl were then 
compared to estimate the difference between their respective slopes. 

RESULTS 

The calculated ED50 of thiopental for loss of righting reflex was 
10.8 mg/kg (95% CI 10.0-11.8 mg/kg) and 8.9 mg/kg (95% CI 8.0-
9.9) for 15 and 8 sec, respectively. Both curves showed a significantly 
good fit to a straight line (r2 >0.8; ρ <0.04). The respective slopes 
were 0.44 (95% CI 0.31-0.87) and 0.55 (95% CI 0.33-1.30), which 
were not significantly different from each other (Fig. 1). 

The results of the tail-flick lag-time test to evaluate the analgesic 
effect of fentanyl are presented in Figure 2. The regression line was 
statistically significant (r = 0.62; ρ <0.001). The calculated dose that 
doubled the tail-flick lag time was 0.8 μg/kg (95% CI 0.43-1.20). 

ED50 of thiopental for the loss of righting reflex when combined 
with fentanyl 0.8 μg/kg was 10.0 mg/kg (95% CI 9.2-11.1 mg/kg) and 
7.8 mg/kg (95% CI 6.7-8.7 mg/kg) at 15 and 8 sec, respectively. The 
slopes were 0.40 (95% CI 0.25-0.65) and 0.46 (95% CI 0.28-0.99) 
(Fig. 3). There was no significant difference between the ED50S and 
slopes of the curves of thiopental alone and in combination with 
fentanyl. 

The calculated L D 5 0 of thiopental alone was 71.8 mg/kg (95% CI 
68.3-74.9 mg/kg), compared with 64.5 mg/kg (95% CI 63.7-65.2 
mg/kg) when combined with fentanyl 0.8 μg/kg, which was signifi-
cantly different. The respective slopes were 0.17 (95% CI 0.10-0.36) 
and 0.61 (95% CI 0.24-1.10), which were significantly different 
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Thiopental (mg/kg) 
Fig. 1: Dose-response curves of i.v.-administered thiopental for the loss of 

righting reflex in mice after 8 sec (solid circles) and 15 sec (open circles). 
Each symbol represents a group of eight animals. 

Fentanyl ^g/kg) 
Fig. 2: Dose-response curves of i.v.-administered fentanyl for tail-flick lag time in 

mice. Each symbol represents a group of eight animals. 
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Fig. 3: Dose-response curves of i.v.-administered thiopental in combination with 
i.v. fentanyl 0.8 μg/kg after 8 s (solid circles) and 15 s (open circles) for 
the loss of righting reflex in mice. Each symbol represents a group of 10 
animals. 
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Thiopental (mg/kg) 
Fig. 4: Dose-response curves of i.v.-administered thiopental (closed circles) or in 

combination with i.v. fentanyl 0.8 μg/kg (open triangles) for the lethal 
effect in mice. Each symbol represents a group of 10 animals. 
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(Fig. 4). SD of the slope for thiopental alone was 0.072 and for 
thiopental plus fentanyl 0.193. 

DISCUSSION 

Sedative-hypnotics and opioids are combined for premedication, 
induction, and maintenance of almost every anesthesia. Automated i.v. 
infusion devices that can support precise titration have popularized the 
use of these combinations in maintenance of anesthesia. Interaction 
between these two drugs, which share a common endpoint, can 
accumulate to be antagonistic, additive, or synergistic towards that 
point. It is generally assumed that whereas the therapeutic effect adds 
up to a known degree, the toxicity is proportional only to the fraction 
of each drug involved. This has been illustratively described as 
widening of the 'therapeutic window' between the effective dose and 
toxicity. The literature is rich in reports on studies that addressed the 
interaction at the therapeutic level, i.e., hypnosis and/or analgesia, in 
animals /2-4/ as well as in humans 151. Although certain drugs have 
been noted to combine in reducing the shared cardiovascular depres-
sive side effects, as in the case of fentanyl and thiopental /6-10/, too 
little has been done to evaluate in a systematic way the type of 
interaction when death (reflecting the ultimate toxicity) serves as the 
endpoint. To accomplish the latter, one should adopt a relevant animal 
model for delineation of the therapeutic window. In rodents, loss of 
righting reflex is taken as an equivalent of hypnosis /3/ and tail-flick 
latency as an estimator of analgesia 121. Thus, if a combination of two 
drugs interacts towards hypnosis in a certain pattern in both an animal 
model and humans, it can reasonably be assumed that the pattern of 
interaction at the toxic level is also relevant to humans. 

In the present study we found minor, non-significant changes in the 
ED50 of thiopental for the loss of righting reflex in mice following 
addition of an analgesic dose of fentanyl. The similarity of the slopes 
of these curves suggests that the pharmacodynamics of thiopental's 
hypnotic effect is not changed by the addition of fentanyl. In a 
remarkable contrast, the lethal dose-response curve of thiopental was 
considerably shifted to the left by the addition of the same dose of 
fentanyl (LD50 71.8 and 64.5 mg/kg, respectively). Moreover, the 
slope of the curve was significantly increased. This may indicate that 
at the lethal level the pharmacodynamic interaction between the two 
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drugs is material ly di f ferent f r o m that at the hypnot ic level. If this is 
expected to hold true for humans , then the therapeutic w i n d o w for the 
use of the combina t ion is nar rower than what has been assumed . 

Prev ious s tudies of the interaction between barbi turates and 
opio ids revealed a wide range of patterns. Barbi turates in sub-
anesthet ic doses antagonize the analgesic effect of opioids; this occurs 
only when small doses are used /3/. In contrast , fentanyl and thiopental 
have been found to be synergistic in b locking the r ighting ref lex in rats 
/3/, considered equivalent to hypnosis in humans , whereas interaction 
for the suppress ion of purposefu l m o v e m e n t response to noxious 
s t imulus has been found to be infra-addi t ive (relative antagonis t ic) 121. 
On still another level, thiopental does not prevent the bronchoconst r ic-
tion induced by fentanyl 151. Never theless , an increase in heart rate has 
been noted in patients anesthet ized with thiopental in combina t ion 
with fentanyl / l l / . These interactions, occurr ing most ly at the 
pha rmacodynamic level, have also been attributed to s o m e extent to 
pharmacokine t ic interactions. In this regard, therapeut ic concentra-
t ions of fentanyl displace thiopental f r o m albumin and increase its 
unbound fract ion by less than 5%. S o m e authors have found a cor-
relation be tween increased unbound fract ion of thiopental and 
shortened interval for induct ion of anesthesia and prolonged sleep 
/12/. 

Admit tedly , our exper imenta l model used non-vent i la ted animals , 
whereas in human patients venti lat ion can be supported mechanical ly . 
Never the less , our observat ion that death may occur due to cardiac 
arrest rather than to respiratory depress ion should be taken as a 
warn ing sign. Al though the LD50 of thiopental was moderate ly 
reduced by an analgesic dose of fentanyl, the s teepness of the resultant 
curve threatens to turn small h u m a n errors into major catastrophes. 
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