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Abstract

Background: Ketamine and its active metabolite, norketamine,
have analgesic actions. A liquid formulation of ketamine has been
prepared in some hospital pharmacies. The pharmacokinetic param-
eters of ketamine and norketamine after oral administration have
not yet been reported. The objective of this study was to evaluate
the pharmacokinetics of oral liquid ketamine in healthy volunteers.

Methods: A liquid formulation of ketamine (1%) was administered
to six healthy volunteers at a single oral dose of 5 mL. Venous blood
samples (10 mL each) were collected before the administration, and
at 0.25, 0.5, 0.75, 1, 1.5, 2, 6, 12 hours after the administration of
ketamine. The blood pressure and pulse were measured, and the
subjective symptoms were also checked for. The serum concentra-
tions of ketamine and norketamine were measured by the HPLC
method.

Results: The Cmax, Tmax and AUC_ , of ketamine/norketamine
were 29.9 + 5.3/250.2 £ 28.7 ng/mL, 1.1 + 0.2/1.6 = 0.2 h, and
79.0 £ 24.0/1193.1 + 159.6 ngehr/mL, respectively. All of the six
subjects reported feeling drunk temporarily around the Tmax of
ketamine, and two of the six subjects complained of feeling sleepy
around the Tmax of ketamine and norketamine. Furthermore, a sig-
nificant increase of the mean systolic blood pressure was also noted
at 1 and 1.5 hours after administration of ketamine.

Conclusions: Norketamine may contribute to the analgesic effect

Manuscript accepted for publication July 25, 2013

*Pharmacy Practice and Sciences, Department of Clinical Pharmacy,
Center for Clinical Pharmacy and Sciences, School of Pharmacy,
Kitasato University, 5-9-1 Shirokane, Minato-ku, Tokyo, 108-8641,
Japan

bDepartment of Anaesthesia, National Institute of Cancer Hospital East,
6-5-1 Kashiwanoha, Kashiwa-shi, Chiba, 277-8577, Japan

“Department of Urology, Kitasato University Kitasato Institute Hospital,
5-9-1 Shirokane, Minato-ku, Tokyo, 108-8642, Japan

dCorresponding author: Rie Kubota, 5-9-1 Shirokane, Minato-ku, Tokyo,
108-8641, Japan. Email: kubotar@pharm.kitasato-u.ac.jp

doi: http://dx.doi.org/10.4021/jcs196¢

after oral administration of ketamine. Thus, the liquid formulation
of ketamine may be a useful formulation for obtaining effective
analgesia.
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Introduction

Ketamine is a dissociative anesthetic with analgesic and
anesthetic properties. It is known to exert analgesic effects
when administered at half its anesthetic dose, and been
shown to be effective against neuropathic pain. At low doses,
ketamine is a non-competitive NMDA receptor antagonist
with analgesic effect [1, 2]. It has been suggested that ket-
amine and its active metabolite, norketamine, have analge-
sic properties. However, the pharmacokinetics of ketamine
and norketamine have not yet been investigated following
administration of ketamine by various routes for obtaining
an analgesic effect [3-6].

Ketamine has been administered by the IV and IM routes
for obtaining analgesia, as well in the tablet, capsule, liquid,
suppository or nasal spray forms in hospital pharmacy set-
tings [7-10]. There is no commercially available formulation
of ketamine except for injection. Especially, a liquid formu-
lation is prepared in some hospital pharmacies. However, the
pharmacokinetic parameters of ketamine and norketamine
after oral administration have not yet been reported [11-15].
In addition, the effects and safety of liquid formulations of
ketamine have not been investigated well, and the optimal
dosage of ketamine for obtaining an analgesic effect is not
yet known.

In the present study, we investigated the pharmacokinet-
ics of oral liquid ketamine in healthy volunteers.

Materials and Methods

This study was performed with the approval of the Kitasato
Institute Hospital research committee, in compliance with
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Figure 1. Concentration-time plots for ketamine and norketamine after oral administration of 50 mg ket-

amine to healthy volunteers (n = 6)

the ethical principles laid out in the Declaration of Helsinki
and all subjects signed a consent form for participation in
the study.

Preparation of ketamine

A liquid formulation containing 10 mg per mL of ketamine
was prepared, with the following formula: ketamine (Keta-
lar 50 mg/mL, Daiichi-Sankyo, Tokyo, Japan), simple syrup,
and purified water (1:2:1); green apple flavor was then added
because ketamine has a bitter taste.

Patients and drug administration

The subjects were six healthy volunteers (three male, three
female), who had provided informed consent for participa-
tion in this study. The exclusion criteria were: presence of
severe cardiovascular disease, hypertension, renal dysfunc-
tion or known hypersensitivity to ketamine.

All the subjects were administered 5 mL of the oral lig-
uid formulation of ketamine (1%) after a meal. Venous blood
samples (10 mL each) were collected before administration,
and at 0.25, 0.5, 0.75, 1, 1.5, 2, 6, 12 hours after the admin-
istration of ketamine.

Blood pressure and pulse were measured at each sam-
pling point, and subjective symptoms, including sleepiness
and nausea, were also checked for. Some laboratory param-
eters, including serum AST, ALT, LDH, BUN and Cr were
measured before and after the study.

Analysis of ketamine and norketamine
Ketamine and norketamine were measured by the HPLC

method described by Sebastien [16], 1 mL of serum was al-
kalinized with 350 pL of 0.2 mol/L boric acid buffer (pH
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13) and extracted into 5 mL dichloromethane:ethyl acetate
(80:20 v/v%). After evaporation, the organic phase was
added to 500 pL of dichloromethane:ethyl acetate (80:20
v/v%) and back-extracted into 2 mL of 2 mol/L HCI. The
HCI phase was evaporated and the residue reconstituted in
200 pL of the mobile phase. The HPLC column used was Pu-
rospherSTR RP-18 endcapped (MERCK). The mobile phase
consisted of acetonitrile and 0.03 mol/L K,HPO, (27:73 v/v
pH 6.8). The flow rate was 1.5 mL/min. The detection wave-
length was 210 nm.

Pharmacokinetic analysis

The serum concentration profiles of ketamine and norket-
amine were fitted using a nonlinear least-squares program,
PSAG-CP (Asumedica, Osaka, Japan), and the parameters
measured were the area under the concentration-time curve
(AUC), the maximum concentration (Cmax), the time to
reach Cmax (Tmax), T1/2, Cltot/F, and Vdss.

Results

The subjects were three male and three female healthy vol-
unteers, ranging in age from 24.5 + 1.6 years and having a
body weight of 61.5 £ 11.0 kg. The serum concentration-
time profiles for ketamine and norketamine measured over a
period of 12 hours after administration of the liquid formula-
tion of ketamine is shown in Figure 1. Ketamine and norket-
amine were detected in the serum starting at 0.25 hours after
administration of ketamine. The Cmax, Tmax and AUC_,
of ketamine and norketamine were 29.9 + 5.3/250.2 + 28.7
ng/mL, 1.1 +0.2/1.6 £0.2 h, and 79.0 + 24.0/1193.1 £ 159.6
ngehr/mL, respectively. The values of the other pahrmacoki-
netic parameters of ketamine and norketamine are shown in
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Table 1. Pharmacokinetic Parameters of Ketamine and Norketamine

Parameter Ketamine Norketamine
Cmax (ng/mL) 299+53 250.2 +28.7
Tmax (hr) 1.1+£0.2 1.6+0.2
AUC, _, (ng-hr/mL) 79.0 +24.0 1193.1 £159.6
T,, (hr) 1.1+0.5 53+1.1
Cltot/F (L/hr) 2,096.5+1,139.7 404 +7.5
Vdss/F (L) 2,340.9+891.9 226.9 £33.5

Cmax: maximum serum concentration; Tmax: time to reach Cmax; AUC

010+ @rea under

the serum concentration-time curve from baseline to 12 hours; T1/2: half-life; Cltot/F: total
clearance; Vdss: volume of distribution at steady-state.

Table 1.

The side effects after administration of ketamine until 12
hours are shown in Table 2. All of the six subjects felt drunk
temporarily around the Tmax of ketamine, two of the six
complained of feeling sleepy around the Tmax of ketamine
and norketamine, and only one complained of slight nausea.
In addition, a significant increase of the mean systolic blood
pressure was observed at 1 and 1.5 hours after administra-
tion of ketamine. No changes of the renal or liver function
parameters were observed after the drug administration as
compared to the values recorded before the administration.
No severe side effects were noted in any of the subjects.

Discussion

In the present study, the pharmacokinetics and safety of a

liquid formulation of ketamine administered at a single oral

dose of 50 mg were determined in six healthy volunteers.
Persistent noxious stimuli activate the NMDA receptor,

which is one of the excitatory amino acid receptors, in the
posterior horn of the spinal cord, and lead to chronic pain as
the nociceptive threshold decreases. Ketamine and its active
metabolite, norketamine, are NMDA receptor antagonists
with analgesic activities. Low doses of ketamine have been
used effectively against neuropathic pain in cases where opi-
oids are not effective. When ketamine is used as an adjuvant
analgesic with opioids, it has been shown that less than 50
ng/mL of ketamine exerts effective analgesia without any ad-
verse effects [7, 11, 13, 17].

Ketamine is metabolized by various cytochrome 450
isoforms in the liver and its main metabolite, norketamine,
is formed through N-demethylation. Norketamine is only
one-third to one-fifth as potent as ketamine in regard to the
anesthetic effect. Although the relationship was not evident
between the concentration of norketamine and the analgesic
effect following administration, it may also have analgesic
effects.

Yanagihara et al [18] have suggested that the highest
Cmax of ketamine was obtained after administration as a

Table 2. Adverse Reactions of Ketamine Observed Until 12 hours After Administration

Time (hours) 0 0.25 0.5 0.75 1 1.5 2 6 12

nausea 0 0 0 0 1 1 1 0 0

sleepy 0 0 1 2 2 1 1 0 0

Feeling drunk 0 1 5 6 5 3 1 0 0
n=6.
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