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Dexmedetomidine and hydroxyzine synergistically potentiate
the hypnotic activity of propofol in mice
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Abstract

Purpose Investigation into the characteristics of anes-

thetic interactions may provide clues to anesthesia mech-

anisms. Dexmedetomidine, an a2-adrenergic receptor

agonist, has become a popular sedative in intensive care,

and hydroxyzine, a histamine receptor antagonist, is well

known as a tranquilizing premedication for anesthesia.

However, no experimental or pharmacological evaluation

has been reported concerning their combination with pro-

pofol. Thus, we studied their combined effect with a hyp-

notic dose of propofol in ddY mice.

Methods Male adult mice were intravenously adminis-

tered either dexmedetomidine (30 lg/kg) or hydroxyzine

(5 mg/kg) with propofol (3.75–10 mg/kg) to induce hyp-

nosis, defined as a loss of the righting reflex (LRR). Other

mice were intravenously administered propofol, dex-

medetomidine (300 lg/kg), or hydroxyzine (50 mg/kg)

alone, and subsequent behavioral changes were observed.

The 50% effective dose (ED50) for LRR was calculated,

and the duration of LRR was determined.

Results The hypnotic dose of propofol was 9.95 ± 1.04

mg/kg (ED50 ± SEM) without combination. Dexmede-

tomidine and hydroxyzine reduced the ED50 of propofol to

5.32 ± 0.57 and 5.63 ± 0.57 mg/kg, respectively. Coad-

ministration of dexmedetomidine significantly extended

LRR duration compared with propofol alone, whereas

hydroxyzine significantly shortened LRR duration. A

maximal dose of dexmedetomidine or hydroxyzine alone

did not induce hypnosis.

Conclusions Dexmedetomidine and hydroxyzine dem-

onstrated no hypnotic action alone; however, their coad-

ministration potentiated the hypnotic activity of propofol.

Although reduction in the dose of propofol was similar,

only dexmedetomidine prolonged the duration of hypnosis.

Keywords Dexmedetomidine � Hydroxyzine � Propofol �
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Introduction

Many kinds of anesthetics show synergistic potentiation

when two or more drugs are administered in combination
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[1]. A synergistic interaction occurs with a combination of

drugs when each agent acts at a different site or receptor to

induce the anesthetic effect [2, 3]. Thus, the identification

of interactions as additive or synergistic can be quite

important in understanding the properties of drugs. Some

anesthesiologists prefer to coadminister more than one

drug to achieve an adequate state of hypnosis or immobility

[3, 4]. One reason for coadministration may be the poten-

tial for decreasing the adverse effects of a drug, which is

usually injected at a larger dose when used alone [4, 5];

however, insight as to the interaction characteristics is

sometimes inadequate in practitioners.

Recently, Hendrickx et al. [1] extensively reviewed

anesthetic interactions using the definitions developed in

two former investigations [6, 7]. The new definition of

synergy in terms of the sum of the normalized doses

could be used to evaluate the interaction of drugs showing

a ceiling effect [1]. Thus, comparative studies of almost

all anesthetics, including intravenous and inhalational

compounds [7], could be discussed. Although that review

[1] may further our understanding of anesthetic interactions,

a few uncertainties remain as exceptions or unsolved

cases.

Dexmedetomidine is a relatively new intravenous

anesthetic and one of the major sedatives used in

intensive care [8] and in ambulatory and pediatric

anesthesia [9]. Dexmedetomidine promotes a moderate

hypnotic state, and continuous administration of this

agent may be preferable for sedating patients in intensive

care units [8]. The mechanism of dexmedetomidine-

induced hypnosis includes inhibitory regulation of his-

tamine release in the brain cortex [10], and the sedative

state achieved with dexmedetomidine is a sleeplike

hypnosis rather than true anesthesia. If the mechanism of

this hypnotic action is different from that of other

anesthetics, such as propofol, the combination would be

expected to be synergistic.

Hydroxyzine is an anti-histaminergic drug, and drows-

iness is a well-known side effect [11]. Thus, administration

of hydroxyzine to a surgical patient immediately before

entering the operating room has been popular as a pre-

medication [12–14]. A series of clinical investigations

studied the characteristics of hypnosis at the induction

of anesthesia in patients premedicated with hydroxyzine

[15–18]; however, the effect of hydroxyzine on the results

was scarcely addressed.

Both dexmedetomidine and hydroxyzine are sedative

agents that show weak anesthetic potency. However, the

precise interactive effects on the popular intravenous

anesthetic propofol were unknown. In this study, we

evaluated the effect of coadministering dexmedetomidine

or hydroxyzine on the hypnotic dose and duration of pro-

pofol action in ddY mice.

Methods

After obtaining approval from the Animal Ethics Com-

mittee of Hamamatsu University School of Medicine (H18-

28-22-01), we studied 180 adult male ddY mice (age,

7–8 weeks; weight, 28–38 g; SLC, Hamamatsu, Japan).

The animals were maintained on a 12-h:12-h light–dark

cycle and fed ad libitum before the experiments. All

experiments were conducted between 10 a.m. and 4 p.m.

Mice were examined at least twice and had a recovery

period of more than 7 days, independent of completing the

drug manipulations. After 6 animals were injected, the next

regimen was examined.

The mice were immobilized in a transparent animal

holder to facilitate insertion of a 24-g IV plastic cannula

(SurFlo; Terumo, Tokyo, Japan) into the tail vein. After

confirming venous cannulation, another injection needle

connected to a microsyringe was inserted into the cannula,

and the prepared material was administered in 7–8 s. If the

injection was irregular and extended, the data were omitted

from the analysis. Mice were individually evaluated for

hypnosis on a flat bed. The criterion for hypnosis was loss

of the righting reflex, occurring\10 s after the start of the

injection [19]. When hypnosis was confirmed, the mice

were gently tilted into a lateral decubitus position, and a

spontaneous righting position was defined as the end of

hypnosis. The time from the start of injection to recovery

of positioning was defined as the hypnotic duration.

Propofol (Diprivan; AstraZeneca, Osaka, Japan) was

diluted with 10% soybean oil (Intralipid; Otsuka Pharma-

ceutical, Tokyo, Japan). Dexmedetomidine (Precedex;

Maruishi Pharmaceutical, Osaka, Japan and Farmos Group,

Turku, Finland) and hydroxyzine (Atarax P; Pfizer Japan,

Tokyo, Japan) were dissolved or diluted with physiological

saline. All solutions were mixed with the same volume of

diluent and administered intravenously. Injection volume

was set at 300 ll/30 g body weight. We tested the dose in

preliminary experiments and determined the dosage that

reduced the effective dose of propofol to about half of that

in the control group. The investigated doses of each drug

are shown in Table 1.

In the other three other groups of mice, the same volume

of physiological saline as a control group and a tenfold-

larger dose of dexmedetomidine (300 lg/kg) or hydroxy-

zine (50 mg/kg) was administered. The supplemental larger

dosages were tested to explore a maximal dose for deter-

mining a ceiling effect (Table 2). Loss of the righting reflex

was examined, and behavioral changes were observed using

a home-cage activity test until 2 h after the injection.

Locomotor activity was determined as the total count of

crossing two separate lines in the cage during 30 min. These

results were compared with those of the group administered

a maximal dose of propofol (15 mg/kg).
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To calculate the 50% effective dose (ED50) for loss of

the righting reflex, the standard error of the mean (SEM) of

the ED50, and the 95% confidence interval (CI), we

determined the number of animals that lost the righting

reflex from the total which received a particular pharma-

cological treatment and correlated the result with the

probability of being under hypnosis using a nonlinear least-

squares logistic regression. An analysis of variance

(ANOVA) was used to compare the ED50 and hypnotic

duration among groups, and the Newman–Keuls post hoc

multiple-comparison test was used when the ANOVA

showed a statistically significant difference (P \ 0.05).

The results of the dose of propofol required for each group

are presented as the ED50, SEM, and 95% CI. Hypnotic

duration is reported as the mean and SE. All calculations

were performed using a statistical software package (NCSS

2000; Number Cruncher Statistical Systems, Kaysville,

UT, USA).

Results

The percentage of responders with each treatment is

shown in Table 1 and Fig. 1. The ED50 ± SEM (95% CI)

for propofol was 9.95 ± 1.04 (6.01–16.5) mg/kg.

Simultaneous administration of dexmedetomidine (30 lg/

kg) decreased the ED50 to 5.32 ± 0.57 (3.47–8.14) mg/kg.

Hydroxyzine (5 mg/kg) also reduced the ED50 of propofol

to 5.63 ± 0.57 (3.78–8.40) mg/kg (Fig. 2).

The 15 mg/kg propofol injection induced hypnosis in all

animals for 88.2 ± 17.6 s. When dexmedetomidine was

administered with propofol, the dose of propofol to achieve

hypnosis in all mice was reduced, to 7.5 mg/kg, and the

hypnotic duration was significantly prolonged, to

161.2 ± 28.5 s. Coadministering hydroxyzine with

7.5 mg/kg propofol induced hypnosis in all mice and sig-

nificantly shortened the hypnotic duration to 47.3 ± 5.8 s

(Fig. 3). The combination with 10 mg/kg propofol

achieved hypnosis of 234.3 ± 98.1 s with dexmedetomi-

dine and of 64.0 ± 31.5 s with hydroxyzine (Fig. 4).

Administering a maximal dose of dexmedetomidine

(300 lg/kg up to 3 mg/kg) did not induce hypnosis, and no

loss of righting reflex was observed throughout the

experiment (Table 2). However, at a dose of 300 lg/kg,

five of six animals showed no locomotor activity (0 count/

30 min) 2 h after dexmedetomidine administration. Other

animals were completely sedated and no locomotor activity

was observed during the observation period. A maximal

dose of hydroxyzine (50 mg/kg) failed to achieve hypnosis

in any animal, and the mice showed no apparent behavioral

Table 1 The percent ratios of

responders in each treatment

Ratios of responders to total

number of animals (n = 6) are

expressed as percentage (%)

Dose of propofol (mg/kg)

3.75 5 7.5 10 12.5 15

Propofol alone 0 17 50 67 100

Combination of propofol and

dexmedetomidine (30 lg/kg)

0 50 100 100

Hydroxyzine (5 mg/kg) 0 33 100 100

Table 2 Results of larger-dose

administration of

dexmedetomidine and

hydroxyzine

Drugs Dose n Loss of righting reflex Prognosis

(lg/kg)

Dexmedetomidine (i.v.) 300 6 No All mice were sedated, but

never lost righting reflex

1,000 6 No Same as above

2,000 6 No Same as above

3,000 6 No Same as above

Dexmedetomidine (s.c.) 300 4 No Same as above

1,000 4 No Same as above

3,000 4 No Same as above

(mg/kg)

Hydroxyzine (i.v.) 50 6 No No significant behavioral change was

observed; however, one mouse

was dead after a brief convulsion

100 4 No All mice were dead after

a brief convulsion

200 4 No Same as above

424 J Anesth (2012) 26:422–428

123



change (4.5 ± 2.8 counts/30 min) during the observation

period compared with the activity of the control group mice

(5.2 ± 2.4 counts/30 min). Administration of larger dose

of hydroxyzine killed the animals after a brief and

immediate convulsion. Administering 15 mg/kg propofol

induced hypnosis in all animals, and after recovery from

anesthesia, locomotor activities were the same as those of

the control group (4.2 ± 3.1 and 5.2 ± 2.4 counts/30 min,

respectively).

Discussion

Intravenous administration of a maximal dose of dex-

medetomidine and hydroxyzine alone did not induce hyp-

nosis in ddY mice. However, following the definition of

interaction by Hendrickx et al. [1], the extrapolated max-

imal normalized dose was calculated as 0.63 (30/

300 ± 5.32/9.95) for dexmedetomidine and propofol and

0.67 (5/50 ± 5.63/9.95) for hydroxyzine and propofol,

respectively. Both values were smaller than 0.9, and the

synergistic interaction in achieving hypnosis was con-

firmed [1].

Traditionally, preparing an isobologram has been a

major and powerful tool for investigating drug interactions,

defining additive or synergistic effects [20, 21]. The his-

torical basis for predicting the effect of a combination is

based on the concept of dose equivalence; that is, an

equally effective dose (A) of one drug will add to the dose

(B) of the other drug in the combination situation. For

drugs with a constant relative potency, this leads to linear

additive isobole curves of constant effect (line of additiv-

ity), whereas a varying potency ratio produces nonlinear

additive isoboles. Determining the additive isobole is a

necessary procedure for assessing both synergistic and

antagonistic interactions of a combination. However, a

practical limitation of using an isobologram is that each

drug tested should alone completely achieve the endpoint:

here, hypnosis. If one of the drugs in the combination fails

Fig. 1 Percent response of each group (n = 6)

Fig. 2 Duration of loss of righting reflex (mean ± SD). All animals

(n = 6) of each group lost the reflex. *P \ 0.05 between groups

Fig. 3 Duration of loss of righting reflex (mean ± SD). All animals

(n = 6) of each group lost the reflex. *P \ 0.05 between groups

Fig. 4 Duration of loss of righting reflex (mean ± SD) when the

coadministration dose of propofol was set at 10 mg/kg. All animals

(n = 6) of each group lost the reflex. *P \ 0.05 between groups
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to induce hypnosis, determining an interaction with an is-

obologram is impossible. The type of interaction depends

on the endpoint examined. In the current investigation, we

administered an extremely larger dose of dexmedetomidine

and hydroxyzine; however, no anesthetic effect determined

as a loss of righting reflex was observed (Table 2). Thus,

another analytical technique should be required. A com-

parison using the sum of ‘‘normalized dose’’ provides

theoretical evidence for an interaction of the combination

of drugs, one of which shows a ceiling effect [1, 7]. In

practical settings, limiting the conclusion that a ceiling

effect implies synergy to those cases in which a 10%

reduction is observed at clinically relevant doses seems

reasonable [1].

Generally, a synergistic interaction indicates multiple

sites of action [1, 6]. Two or more different sites may be

involved in synergism. Propofol is a well-known allosteric

regulator of the GABAA receptor [1, 5]; however, the

specific areas in the central nervous system for inducing

hypnosis have not been determined. Dexmedetomidine is

reported to induce hypnosis through activation of norad-

renergic neurons at the locus coeruleus and of GABAA

ergic neurons in the ventral lateral preoptic hypothalamus

[8, 10, 22]. Finally, dexmedetomidine inhibits tubero-

mammillary nucleus firing and induces a sedative response.

Hydroxyzine is an H1 histamine receptor blocker. Hista-

minergic neurons are located primarily in the tubero-

mammillary nucleus, from where they project widely to

several areas of the central nervous system [23]. Recently,

Luo and Leung [24] reported a role of the tuberomamm-

illary nucleus histaminergic neurons in modulating isoflu-

rane anesthesia and that the neural circuits for isoflurane-

induced hypnosis may differ from those of GABA-medi-

ated anesthetics. Thus, a possibility exists that both dex-

medetomidine and hydroxyzine promote sedative effects

independent of the propofol-related GABAergic pathway

in the central nervous system. If that is the case, the

interaction of the drugs might be expected to be synergis-

tic. The current study included no molecular approach,

such as in vitro electrophysiological experiments, to

examine action at a single receptor; however, the syner-

gism of the drugs may be comprehensive. Further study is

required to identify the mechanism through specific

receptors at certain locations in the brain.

Although the pharmacokinetics and pharmacodynamics

of recent agents, including propofol [25], are appropriate

for new regimens, they may be limited for attaining ideal

anesthesia, such as rapid induction and quick recovery

[26]. Remifentanil [27, 28] and remimazolam (CNS 7056)

[29, 30] have been recently developed for anesthesiology,

and both drugs are quickly degraded by a nonspecific

esterase with rapid hydrolysis. However, many popular

anesthetic agents follow conventional pharmacokinetics,

depending primarily on hepatic metabolism and clearance

[25]. Thus, managing anesthesia with a single drug is

complex, and a combination of drugs may provide pref-

erable solutions in clinical settings [4, 7]. When the hyp-

notic activities of each drug are synergistic without

clearance interference, titration of dosing for each agent

may result in a faster reduction to a basal level in the blood

and the effector site [4]. Thus, a combination of drugs

showing a synergistic interaction may shorten the recovery

time from an identical endpoint achieved by a combination

of drugs with an additive interaction.

In the current investigation, dexmedetomidine and

hydroxyzine showed synergistic effects on the hypnotic

activity of propofol. Neither drug could induce hypnosis

alone, as with narcotics [1]. Dexmedetomidine reduced the

required dose of propofol [31, 32]. Although the pharma-

cological characteristics have not been evaluated and we

determined the effect of only one dose of each drug, the

results demonstrated a synergistic effect [1]. Moreover,

coadministering hydroxyzine not only resulted in a reduc-

tion of the propofol dose required for hypnosis but also

shortened the hypnotic duration, meaning a more rapid

recovery from general anesthesia. This property is appro-

priate for practical settings [26], but the exact mechanism,

including the quick clearance of hydroxyzine or increased

clearance of propofol, were not evaluated. We suggest that

reducing the propofol dose may have also impacted the

results.

Hydroxyzine has been a popular premedication sedative

for inducing general anesthesia [12–14]. A recent double-

blind randomized trial [33, 34] demonstrated that the

administration of clonidine, a classic a2-adrenergic recep-

tor agonist, was superior for reducing the propofol

requirement during anesthesia and the hemodynamic

responses against invasive stimuli compared with

hydroxyzine. The interaction of clonidine and propofol was

classified as additive [1, 35]. Oral clonidine premedication

reduced the waking concentration of propofol [35], and

clonidine may prolong the recovery time [36]. In the cur-

rent investigation, a maximal dose of dexmedetomidine

(300 lg/kg) reduced locomotor activity; thus, the enhanced

hypnotic activity of dexmedetomidine may continue after

anesthesia using propofol. Another fascinating explanation

is that hydroxyzine might enhance only the induction of

anesthesia using propofol without any interference against

emergence. Kelz et al. [37] demonstrated the concept that

emergence depends on recruitment and stabilization of

wake-active regions of brain. There would be a specific

neural group essential for prompt emergence from general

anesthesia independent from induction of anesthesia.

We previously investigated the effect on cardiac output

of a hypnotic dose of propofol at the induction of anes-

thesia [15]. All participants in the study were administered
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hydroxyzine as a premedication to induce anesthesia.

Although the evaluation of independent parameters was not

affected by coadministering hydroxyzine, the absolute

hypnotic dose of propofol was smaller than the dose

without premedication. The results of particular investi-

gations [16–18] require further analysis.

Our study had several limitations. First, pharmacoki-

netic and pharmacodynamic interactions were not evalu-

ated [25]. The combination of drugs may have induced

changes in cardiovascular parameters, and the underlying

circulatory depression could have modified the pharmaco-

logical properties of the agents [15, 38]. However, any

decrease in cardiac output and any induced hypotension

should be followed by a delay in the drug’s activity,

including exposure to and disappearance of the drug effect

equally [39, 40]. Thus, the findings of the present investi-

gation would be generally acceptable [19, 41]. Second, we

mentioned the development of practical regimens for

clinical settings; however, the results of animal experi-

ments should be distinguished from clinical investigations.

Further studies are required, including studies on the safety

of multi-agent administration [1, 7].

In summary, coadministration of dexmedetomidine and

hydroxyzine significantly reduced the hypnotic dose of

propofol, and, particularly, hydroxyzine shortened the

hypnotic duration. This combination has the potential to

accomplish rapid induction and quick recovery from gen-

eral anesthesia.
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