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Pentobarbital and Thiopental Anesthetic Interactions
with Midazolam

Igor Kissin, M.D., Ph.D.,* John O. Mason lli, B.S.,T Edwin L. Bradley, Jr. Ph.D.%

The effects of midazolam-pentobarbital and midazolam-thiopen-
tal combinations on the righting reflex were studied in rats. Doses
that block the righting reflex for the agents given alone and for
their combinations were determined with a probit procedure and
compared with an isobolographic analysis. Interactions between
pentobarbital or thiopental and midazolam were found to be syner-
gistic (supra-additive). The degree of synergism was almost identi-
cal with both combinations. The ability of barbiturates to increase
the affinity of benzodiazepine receptors to midazolam may be the
underlying mechanism for the observed synergism. (Key words: An-
esthetics, intravenous: midazolam; pentobarbital; thiopental. Inter-
actions (drugs): barbiturates; benzodiazepines. Pharmacology: bar-
biturates; benzodiazepines.)

IT HAS BEEN SHOWN that barbiturates in pharmacologi-
cally relevant concentrations increase binding of benzo-
diazepines to the benzodiazepine receptor (enhanced
receptor affinity).!"* If barbiturates, along with their
own anesthetic action, also enhance benzodiazepine re-
ceptor affinity, then the combined administration of a
barbiturate and a benzodiazepine should result in a
synergism in relation to anesthesia (in other words, the
conjoint effect of a barbiturate and a benzodiazepine
should be more than the sum of the effects of two
agents acting separately).

The aim of the present study was to define the type of
interaction between pentobarbital or thiopental and
midazolam.

Methods and Materials

Experiments were performed on 190 male Sprague-
Dawley rats weighing 275-325 g. The righting reflex
test was regarded as positive (by a blinded observer) if
the rat failed to right itself (with all four feet on the
table) within 15 s after being placed on its side. Each
animal was given one predetermined dose of an agent
or a combination of agents. The following agents were
used: pentobarbital sodium (Elkins-Sinn), thiopental so-
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dium (Abbott), and midazolam hydrochloride (Roche).
The agents or their combinations were injected into the
saphenous vein over 30 s in a volume of 0.3 ml/100 g.
Times between injections of agents and the righting
reflex test were based on the times to peak effect for
these agents: 15 min for pentobarbital, 3 min for mida-
zolam, and 2 min for thiopental. With combined drug
administration, both drugs were injected so that syn-
chronization of the peak effect would occur.® For exam-
ple, with the pentobarbital-midazolam combination,
pentobarbital was injected 15 min and midazolam 3 min
before the end point determination. The peak times
were chosen after preliminary experiments in which
peak actions were determined by measuring the latency
of the righting reflex to the pressure on the tail (1
kg/0.25 cm?). All experiments were carried out be-
tween 8:00 AM and 12 Noon.

Three series of experiments were performed. Two of
them (table 1), series I (midazolam-pentobarbital) and
series II (midazolam-thiopental), were performed with
the use of isobolographic analysis.>*® Isobolographic
analysis is a technique that allows one to readily visual-
ize the nature of the interaction. An isobol isa line on a
dose-dose surface denoting all dose combinations which
elicit the same magnitude of response.”® In each of the
isobolographic series, the interaction between the
agents was determined in two steps:9 First, dose-effect
curves were obtained and EDsq values were calculated;
second, isobolographic analysis was performed to define
the type of drug interaction. With the first step, three
dose-effect curves (three subseries of experiments) were
determined in each series of experiments (table 1): two
with the components given alone (A and C subseries),
and the third subseries (B) with a combination of the
components. Five groups of five animals were used to
determine the dose-effect curve for a drug or a drug
combination in each subseries of experiments with
doses equally spread to give a range of doses that block
the righting reflex in none or all of the animals in a
group. On the basis of the results obtained in the ex-
periments where agents were given alone, the ratios of
their EDs, values were calculated to determine doses
for the combined subseries of experiments (table 1).

In the midazolam-pentobarbital series of experi-
ments, the midazolam dose range was from 3 mg-kg™!
to 13 mg - kg™" (A subseries), and the pentobarbital dose
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TABLE 1. Series of Experiments for Isobolographic Analysis

Number of Doses Weight Ratio
Series Subseries Groups Animals Agents (mg-kg™") of Doses
1 A 1 5 Midazolam 3 —
2 5 Midazolam 5 —
3 5 Midazolam 7 —_
4 5 Midazolam 10 —
5 5 Midazolam 13 —
B 1 5 Pentobarbital, midazolam 2.0 1:0.5
1.0
2 5 Pentobarbital, midazolam 2.5 1:0.5
1.2
3 5 Pentobarbital, midazolam 3.0 1:0.5
1.6
4 5 Pentobarbital, midazolam 4.0 1:0.5
2.0
5 5 Pentobarbital, midazolam 5.0 1:0.5
2.5
o 1 5 Pentobarbital 15.0 —
2 5 Pentobarbital 15.5 —
3 5 Pentobarbital 16.0 —
4 5 Pentobarbital 17.0 —
5 5 Pentobarbital 18.0 —_
1 A 1 5 Midazolam 3 —_
2 5 Midazolam 5 —_
3 5 Midazolam 7 —_
4 5 Midazolam 10 —
5 5 Midazolam 13 —_
B 1 5 Thiopental, midazolam 1.4 1:0.7
1.0
2 5 Thiopental, midazolam 1.8 1:0.7
1.3
3 5 Thiopental, midazolam 2.2 1:0.7
1.6
4 5 Thiopental, midazolam 2.8 1:0.7
2.0
5 5 Thiopental, midazolam 3.4 1:0.7
2.5
C 1 5 Thiopental 9 —
2 5 Thiopental 10 —_
3 5 Thiopental 11 —
4 5 Thiopental 12 —
5 5 Thiopental 14 —

range was from 15 mg-kg™' to 18 mg- kg™ (C sub-
series). In the B subseries of experiments, pentobarbital
and midazolam were administered as a combination
with the dose ratio of the two drugs always 1:0.5. Doses
were given over a range that blocked the righting reflex
in none or all of the animals in a group: the dose range
was from 1 mg-kg™' to 2.5 mg-kg™' for midazolam,
and 2 mg-kg™' to 5 mg- kg™' for pentobarbital.

In the midazolam-thiopental series, the midazolam
dose ranged from 3 mg-kg™' to 13 mg-kg™' (A sub-
series), and the thiopental dose ranged from 9 mg - kg™
to 14 mg-kg™' (C subseries). In the B subseries of ex-
periments, thiopental and midazolam were adminis-
tered as a combination with the dose ratio of the two

drugs approximately 1:0.7; the resulting dose ranges
were from 1 mg-kg™' to 2.5 mg-kg™' for midazolam
and from 1.4 mg-kg™' to 3.4 mg-kg™' for thiopental.
Determination of EDjyg values from the corresponding
dose-effect curves was based on the probit procedure.'®

Isobolographic analysis was performed at the EDso
level. EDso values from all three subseries of midazo-
lam-pentobarbital (or midazolam-thiopental) experi-
ments were plotted in a form of an isobologram (fig. 1).
Single-drug EDs, points were placed on the dose coor-
dinates of the isobologram (points A and C) and a com-
bined EDs point (B) in the dose-field. The deviation of
a combined EDg, point from an additive line (straight
line joining single-drug EDso points) was measured as
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F1G. 1. EDs isobologram for the interaction of midazolam and pen-
tobarbital as characterized by blockade of the righting reflex. EDsq
values generated by probit analysis indicate the dose level that pro-
vides the effect in 50% of the animals. Points shown are EDso values
for midazolam (M) and pentobarbital (P) given alone, and the EDso
value for the midazolam-pentobarbital (M-P) combination. The
dashed straight line connecting the single-drug EDyo points is an addi-
tive line. P value indicates the level of statistical significance for devia-
tion of the combined EDsq point from the additive line.

the length along a line running from the point in ques-
tion to the additive line perpendicularly to it. This dis-
tance was used to determine if a statistically significant
difference was present. The standard error of this dis-
tance was computed by the method of propagation of
error,§ and error estimates from a combined EDjgq
point, as well as single-drug EDsg points, were used. An
approximate ¢ test used to test the assumption of addi-
tivity was then obtained as the ratio of the measured
distance to its standard error.'!

An additional third series of experiments was also
performed to verify the results obtained with the isobo-
lographic technique. In the third series of experiments,
the thiopental-midazolam interaction was assessed with
the Poch-Holzmann technique modified for analysis of
quantal responses.'? With this technique, a midazolam
dose-response curve for loss of the righting reflex was
determined with and without the addition of a fixed
dose of thiopental. As a result, two subseries of experi-
ments were performed. One subseries consisted of four

§ Ku HH. Notes on the use of propagation of error formulas. | Res
Natl Bureau Stand 70:263-273, 1966
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groups of five animals with the following doses of mida-
zolam (mg - kg™'): 2, 5, 10, and 25. In another subseries,
four groups of five animals which received midazolam
followed by thiopental. The dose of thiopental was kept
constant at 10 mg - kg™ in all five groups of animals; the
doses of midazolam were as follows (mg-kg™'): 0.1,
0.05, 0.03, and 0.02. The dose of thiopental (10
mg - kg™") represented the EDy level on the thiopental
dose-response curve obtained in the second series of
experiments. The actual dose-response curve for the
midazolam-thiopental combination was determined and
compared with a theoretical additive dose-response
curve for this combination constructed on the basis of
the midazolam dose-response curve (see Results). The
comparison was made at the EDs level using a ¢ test.

Animal care standards in this study were in accor-
dance with federal and institutional policy and stan-
dards of the American Association for Accreditation of
Laboratory Animal Care as specified in the Guide for the
Care and Use of Laboratory Animals.V

Results

The midazolam-pentobarbital isobologram is pre-
sented in figure 1. The combined EDj;g point for block-
ade of the righting reflex deviates to the left of the
additive line (joining single-drug EDj, points) indicating
synergism (supra-additive interaction). Comparison of
the combined and single-drug EDso doses for the mida-
zolam-pentobarbital series is presented in table 2. In
combination the sum of the fractional doses was signifi-
cantly lower than a single drug fractional dose (0.39 vs.
1.00, P < 0.001). The ratio of a single drug dose to a
combined dose was 2.65.

The midazolam-thiopental isobologram for blockade
of the righting reflex is shown in figure 2, and the com-
bined and single-drug EDy, doses are shown in table 3.
The midazolam-thiopental interaction was also supra-
additive with almost the same degree of synergism as
for the midazolam-pentobarbital interaction.

The results of the drug interaction analysis with the
use of the Poch-Holzmann method is presented in fig-
ure 3. Curve A represents a dose-response curve for
midazolam administered alone. Curve B represents an
actual dose-response curve resulting from the combined
administration of different doses of midazolam with the
fixed dose of thiopental 10 mg-kg™*. For construction
of the curve B, the fixed dose of thiopental was ex-
pressed as a midazolam equivalent. Since 10 mg-kg™

1l Guide for the Care and Use of Laboratory Animals. Washington,
U. S. Government Printing Office, 1978: DHEW Publication No.
(NIH) 78-23
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TABLE 2. Midazolam-pentobarbital Anesthetic Interaction

Equi-efective Doses (EDy) of Mid pentobarbital C
Midazolam Component Pentobarbital Component
Fraction Dose in Fraction Dose in Sum of
Subseries of EDy mg-kg™! of EDyo mg - kg™ Fractional Doses Ratio*
A 1.00 7.9 0.00 0.0 1.00
(5.2, 21.9)
B 0.20 1.6 0.19 3.17 0.39 2.56
(1.2, 1.9) (24, 3.7) P < 0.001
C 0.00 0.0 1.00 16.4 1.00
(15.6, 17.0)

Confidence limits in parenthesis.
* Ratio of single-drug fractional dose to combined fractional dose.

of thiopental gave the same effect as 6 mg* kg™' of mi-
dazolam (see a dashed line “‘e” in figure 3), the midazo-
lam equivalent for 10 mg-kg™' of thiopental was set as
6 mg-kg™'. The 6 mg-kg™' equivalent was then added
to every dose of midazolam administered in the com-
bined experiments, and the curve B was plotted using
actual responses obtained in the experiments. Curve C
represents a theoretical additive dose-response curve
for the midazolam-thiopental combination, which was
constructed in the following way. The 6 mg kg™ mi-
dazolam equivalent (for 10 mg-kg™' of thiopental) was
added to the following doses of midazolam: 2, 5, 10,
and 256 mg-kg™! with the resulting combined doses of
8, 11,16,and 31 mg-kg™'. Then, the additive response
for every combined dose was derived from the midazo-
lam dose-response curve A (see a, b, ¢, and d in figure
3). These theoretical responses and combined doses
were used to construct the additive curve C. The com-
parison of the actual dose-response curve for the mida-
zolam-thiopental combination (curve B) with the theo-
retical additive dose-response curve for this combina-
tion (curve C) shows that the curve B is shifted to the
left from the curve C, indicating a significant (P < 0.02)
synergism between midazolam and thiopental.

Discussion

The isobolographic analysis used in the present study
demonstrated synergistic (supra-additive) midazolam-
pentobarbital and midazolam-thiopental interactions in
relation to the loss of the righting refiex. In the combi-
nation studies, less than one-fourth of the single drug
dose (for each of two agents) was needed to produce the
required effect. The degree of synergism obtained was
almost identical for both combinations with the ratios of
single drug fractional dose to combined fractional dose

The P value denotes the significance of the difference between com-
bined fractional dose and single-drug fractional doses.

of 2.56 for midazolam-pentobarbital, and 2.63 for mi-
dazolam-thiopental. Because loss of the righting reflex
is the classical index of hypnotic action,'® it is possible
that midazolam-pentobarbital (or midazolam-thiopen-
tal) interaction has a synergism for the hypnotic compo-
nent of anesthesia. The additional analysis of the mida-
zolam-thiopental interaction with the use of the Poch-
Holzmann method'? confirmed the isobolographic
evidence for the synergistic interaction between these
agents. Nonadditive interaction between intravenous
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F1G. 2. EDso isobologram for the interaction of midazolam (M) and
thiopental (T) as characterized by blockade of the righting reflex.
Points shown are EDjg values for midazolam and thiopental alone, and
the EDjq value for their combination.
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TABLE 3. Midazolam-thiopental Anesthetic Interaction
Equi-effective Doses (EDjyo) of Midazo!! hiopental G
Midazolam Component ‘Thiopental Component
Fraction Dose in Fraction Dose in Sum of
Subseries of EDyo mg kg™ of EDy mg kg™ Fractional Doses Ratio*
A 1.00 8.0 0.00 0.00 1.00
4.9, 20.1)
B 0.19 1.5 0.19 2.1 0.38 2.63
(0.9, 2.2) (1.3, 3.0) P < 0.001
C 0.00 0.0 1.00 11.0 1.00
(9.8, 12.5)

Confidence limits in parenthesis.

anesthetics probably should not be viewed as an unusual
phenomenon because, even with inhaled anesthetics
(which generally are additive), there are some synergis-
tic or even antagonistic combinations.'*

As far as the mechanism for the midazolam-barbitu-
rate synergism is concerned, several possibilities should
be considered. Because the benzodiazepine receptors
and barbiturate binding sites are different entities, the
benzodiazepine-barbiturate interaction may have a
functional nature (two different agents, acting at differ-
ent sites, affect the same physiologic function). On the
other hand, one hypothesis states that the benzodiaze-
pine receptor, the GABA receptor, and the barbiturate
binding sites are part of a supramolecular complex and
that binding of a drug to one of the sites of this complex
can allosterically modify the benzodiazepine receptor,
resulting in altered affinity for a benzodiazepine.'® The
observation that benzodiazepine binding is enhanced by
barbiturates supports such a hypothesis.!"* The supra-

* Ratio of single-drug fractional dose to combined fractional dose.

additive benzodiazepine-barbiturate interaction re-
garding the hypnotic effect may well be explained by an
increase in benzodiazepine binding by barbiturates. We
could not find any data on the effect of benzodiazepines
on the affinity of the barbiturate binding sites for barbi-
turates. It is conceivable that not only barbiturates po-
tentiate the hypnotic effect of benzodiazepine, but that
the reverse is also true: benzodiazepines potentiate the
hypnotic effect of barbiturates. Although pharmaco-
dynamic mechanisms seem to be the most likely cause
for the supra-additive benzodiazepine-barbiturate in-
teraction, pharmacokinetic factors cannot be excluded
from consideration. Analysis of the mechanisms respon-
sible for potentiation of the hypnotic effect of midazo-
lam by barbiturates requires further study.

In conclusion, the interaction between pentobarbital
or thiopental and midazolam in relation to blockade of
the righting reflex may be defined as supra-additive
(synergistic).

FIG. 3. Assessment of midazolam-thiopen-
tal hypnotic interaction with the use of the
Poch-Holzmann method. The vertical axis
represents the percentage of animals that
demonstrated the endpoint (probit scale).
The horizontal axis represents the dose of
midazolam (log scale). m = midazolam alone;
m + t = midazolam dose plus midazolam
equivalent of 10 mg-kg™ of thiopental (6
mg-kg™"). Thiopental 10 mg- kg™, the EDgy
levels, depicted as a dashed line e, A = mida-
zolam dose-response curve; B = actual dose-
response curve for the midazolam-thiopental
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combination; C = theoretical additive dose-
response curve for the midazolam-thiopental
combination. The horizontal line between the
curves B and C indicates a deviation from ad-
ditive interaction toward synergism. Explana-
tion in the text.

20z ludy 61 uo 3senb Aq ypd°G0000-000£0.861-Z¥S0000/9%9%L€/92/1/L9/spd-0j01E/ABOj0ISBUISBUE/LIOD" JIBYDISA|IS ZESE//:d)Y WOL papeojumoq



Anesthesiology
V 67, No 1, Jul 1987

References

. Leeb-Lundberg F, Snowman A, Olsen RW: Barbiturate receptors

are coupled to benzodiazepine receptors. Proc Natl Acad Sci

USA 77:7468-7474, 1980

. Skolnick P, Moncada V, Barker J, Paul S: Pentobarbital: Dual

action to increase brain benzodiazepine receptor affinity.

Science 211:1448-1450, 1981

. Asano T, Ogasawara N: Chloride-dependent stimulation of

GABA and benzodiazepine receptor binding by pentobarbital.

Brain Res 225:212-216, 1981

. Thyagarajan R, Ramanjaneyulu R, Tucku MK: Enhancement of
diazepam and y-aminobutyric acid binding by etomidate and
pentobarbital. ] Neurochem 41:578-583, 1983

. Loewe S: Isobols of dose-effect relations in the combination of
nikethamide and phenobarbital. J Pharmacol Exp Ther
115:6-15, 1955

. Loewe S, Aldous RA, Fox SR, Johnson DG, Perkins W: Isobols of
dose-effect relations in the combination of trimethadione and
pentylenetetrazole, ] Pharmacol Exp Ther 113:475-480,
1955

. De Jongh SE: Isobols, Quantitative Methods in Pharmacology.

10.
il

13.

15.

MIDAZOLAM-BARBITURATE INTERACTION 31

Edited by de Jonge H. New York, Interscience Publishers,
1961, pp 318-327

. Smith NT: Use of isobolograms in anesthesia. Anesth Analg

45:467-473, 1966

. Kissin 1, Kerr CR, Smith LR: Morphine-halothane interaction in

rats. ANESTHESIOLOGY 60:553-561, 1984
Finney DJ: Probit Analysis. London, University Press, 1952
Kendall MG, Stuart A: The Advanced Theory of Statistics, Vol 2,
3rd edition. New York, Hafner, 1973, pp 44-48

. Poch G, Holzmann S: Quantitative estimation of overadditive and

underadditive drug effects by means of theoretical additive
dose-response curve. ] Pharmacol Methods 4:1 79-188, 1980

Miller KW, Paton WDM, Smith EB, Smith RA: Physicochemical
approaches to the mode of action of general anesthetics. ANES-
THESIOLOGY 36:339-351, 1972

. Cullen DJ: Anesthetic depth and MAC, Anesthesia, 2nd edition.

Edited by Miller RD. New York, Churchill Livingstone, 1986,
p 566

Olsen RW, Stauber GB, King RC, Yang ], Dilber A: Structure and
function of the barbiturate-modulated benzodiazepine/
GABA receptor protein complex, GABAergic Transmission
and Anxiety. Edited by Biggio G, Costa E. New York, Raven
Press, 1986, pp 21-33

20z ludy 61 uo 3senb Aq ypd°G0000-000£0.861-Z¥S0000/9%9%L€/92/1/L9/spd-0j01E/ABOj0ISBUISBUE/LIOD" JIBYDISA|IS ZESE//:d)Y WOL papeojumoq



