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Abstract

Background and Objective There are some potential concerns about the currently marketed solid oral dosage forms of trama-
dol, including decreased adherence to immediate-release (IR) formulations due to the high number of doses taken each day
and the slow rise in the blood tramadol concentration after administration of sustained-release (SR) formulations, which may
not achieve a rapid analgesic effect. To overcome these potential concerns, a twice-daily double-layered tablet formulation
of tramadol comprising IR and SR layers was developed. This article reports studies that assessed its physicochemical and
pharmacokinetic properties.

Methods Dissolution tests of five bilayer tablet formulations (designated tablets A—E) and pharmacokinetic studies of tablets
A and B were conducted to investigate the appropriate ratio of the IR/SR layers in the double-layered tablet. Additionally,
pharmacokinetic studies of three finished dosage formulations (tablets C-E) were performed in healthy adult males to inves-
tigate the effect of food intake on drug absorption.

Results Adjusting the excipients and tramadol content in the IR and SR layers of tablets A—E altered their dissolution profiles
in a manner that could be predicted based on their compositions. The IR layer was released within 15 min, and the SR layer
was slowly released over 10 h. In the pharmacokinetic study, the time to maximum plasma concentration (f,,,,,) of tramadol
after administration of tablets A (IR:SR: 20:80 mg) and B (40:60 mg) was shorter than that of a commercially available SR
tablet, and the half-life (¢,,,) was longer than that of a commercially available IR tablet. For tablets C—E, administration after
food did not affect the area under the concentration-time curve (AUC) or maximum drug concentration (C,,,) of tramadol,
but the #,,,, was prolonged by about 1 h compared with administration in fasting conditions. The mean + standard deviation
tmax and ), for tablet D (IR:SR: 35:65 mg) in the fasting condition was 1.09 + 0.56 h and 7.82 + 0.85 h, respectively. The
respective values in the fed condition were 2.47 + 1.06 h and 7.12 + 0.85 h, respectively.

Conclusions To address the potential concerns regarding existing formulations of tramadol, a twice-daily, extended-release
bilayer formulation of tramadol consisting of an IR and SR layer was developed. Pharmacokinetic studies confirmed that
the plasma tramadol concentration increased quickly after administration and was maintained over a long period of time.

Extended author information available on the last page of the article

Published online: 08 December 2023 A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s13318-023-00865-1&domain=pdf

N. Ishitsubo et al.

By adjusting the composition of the excipients, trama-
dol formulations with various dissolution rates could be
prepared, and twice-daily bilayer tablets could be formu-
lated with 35% of tramadol in the immediate-release (IR)
portion and 65% in the sustained-release (SR) portion.

The area under the plasma tramadol concentration-time
curve (AUC) of the bilayer tablets was similar to that

of commercially available IR and SR formulations. The
maximum plasma tramadol concentration (C,,,,) was
lower than that of the IR formulation and higher than
that of the SR formulation. The time to the maximum
tramadol concentration (¢,,,,,) was earlier than that of the
SR formulation and similar to that of the IR formulation.
The half-life (¢,,,) was longer than that of the IR and SR
formulations.

Since the C,,,, and AUC were equivalent when admin-
istered in combination with food, there was no effect on
bioavailability.

1 Introduction

Tramadol hydrochloride [(1RS,2RS)-2-[(dimethylamino)
methyl]-1-(3-methoxyphenyl) cyclohexanol monohydrochlo-
ride] is a centrally acting analgesic that acts as a p-opioid
receptor agonist and inhibits serotonin and noradrenalin
reuptake [1-3]. Tramadol has been used as an analgesic in
patients with carcinoma-associated pain intractable to non-
opioid analgesics and for managing chronic pain [4, 5]. It
is now available in more than 100 countries, and it was first
approved in Japan as an injectable agent in 1978 [6].
Tramadol is available in a variety of formulations, includ-
ing capsule, tablet, liquid, injectable and suppository prep-
arations. In Japan, oral tramadol was first approved as an
immediate-release (IR) formulation (four times daily; QID)
in 2010 [7]. This was followed by the approval of a combi-
nation tablet with acetaminophen, another analgesic with
a different mechanism of action, in 2011 [8] and a once-
daily (QD) sustained-release (SR) formulation in 2015 [9].
IR formulations can provide an immediate onset of pain
relief, but frequent dosing (QID) may compromise adher-
ence, which may result in inadequate pain relief [10, 11].
The SR formulations, by comparison, may achieve greater
adherence and pain relief, but the slow uptake after admin-
istration precludes a rapid onset of the analgesic effect
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Fig. 1 Schematic representation of the double-layer sustained-release
tramadol tablet

[12-14]. Furthermore, it may take several days to reach a
stable steady state, in which time the analgesic effect may
be inadequate.

In clinical settings, the tramadol formulation prescribed
should be chosen after considering various factors, includ-
ing the patient’s condition, pain severity, history of drug
adherence, concomitant medications and lifestyle [4, 5].
Considering these factors and the properties of the avail-
able formulations, alternative formulations of tramadol that
provide optimal pharmacotherapy, including a rapid onset
of action combined with sustained analgesia, are desired.

The following characteristics were considered necessary
during development: (1) effective hemodynamic activity
with sustained plasma drug concentrations with twice-daily
(BID) oral administration; (2) the blood tramadol concentra-
tion should increase quickly after administration of each tab-
let with sustained levels between doses; (3) an appropriately
sized tablet that is easy to swallow; (4) good stability with
a formulation allowing effective quality control and manu-
facturability. Therefore, a novel SR formulation of tramadol
that combines SR and IR components in a bilayer tablet with
these properties was designed and developed (Fig. 1). It was
hypothesized that this double-layered tablet would function
as an eroding—dissolving SR formulation, in which the IR
layer would be immediately released upon administration,
and the remaining SR layer would gradually dissolve while
forming a gel. This article describes the development, phys-
icochemical characteristics and human pharmacokinetics of
this novel tramadol formulation.

2 Methods
2.1 Materials

Tramadol was manufactured by Cadila Healthcare Ltd.
(India) and milled and powdered for use. It was combined
with the following additives: lactose hydrate (LH; DFE
Pharma, The Netherlands; disintegration aid), microcrys-
talline cellulose (MCC; Asahi Kasei, Japan; binder) and
erythritol (Nikken Chemical, Japan; dissolution aid) as
excipients; croscarmellose sodium (CCMC-Na; DuPont,
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Table 1 Composition, size and weight of tablets A-E

Tablet E

Tablet C Tablet D

Tablet B

Tablet A

Characteristic

52.5

40 17.5 35

20

Tramadol content (mg)

Additives

IR layer

PCS, MCC, HPC-SL, MgSt, coloring agent

97.5

LH, PCS, MCC, HPC-SL, MgSt, coloring agent
HPC-H, CVP, CMC-Na, MgSt

325

CMC-Na, pullulan, erythritol, MgSt

80

65

60

Tramadol content (mg)

Additives

SR layer

HPC-H, CVP, CMC-Na, MgSt

HM, PEG6000

Coating layer additives

150

100

50

100

Total tramadol content (mg)

293 mg

315 mg 223 mg 263 mg

310 mg

Total weight (mg)

9.1x5.1

9.0x5.3 8.1x4.8 8.6 x4.9

9.0x5.2

Diameter X thickness (mm)

CCMC-Na croscarmellose sodium, CMC-Na carmellose sodium, CVP carboxyvinyl polymer, HM hypromellose, HPC-H hydroxypropyl cellulose-H, HPC-SL hydroxypropyl cellulose-SL, /R

immediate release, LH lactose hydrate, MCC microcrystalline cellulose, MgSt magnesium stearate, PCS partly pregelatinized starch, PEG6000 macrogol 6000, SR sustained release

USA) and partly pregelatinized starch (PCS; Asahi Kasei)
as disintegrators; pullulan (Hayashibara, Japan), hydroxy-
propyl cellulose-SL (HPC-SL; Nippon Soda, Japan), car-
boxyvinyl polymer (CVP; Lubrizol, USA), hydroxypropyl
cellulose-H (HPC-H; Nippon Soda) and carmellose sodium
(CMC-Na; Daicel Miraizu, Japan) as binders; magnesium
stearate (MgSt; Taihei Chemical Industrial, Japan) as a lubri-
cant; hypromellose (HM; Shin-Etsu Chemical, Japan) and
macrogol 6000 (PEG6000; macrogol 6000P, NOF Corp.,
Japan) as a plasticizer; and yellow and red ferric oxide (Kishi
Kasei, Japan) as coloring agents. Tramadol, MCC, CCMC-
Na, HPC-SL, HPC-H, pullulan, CMC-Na, MgSt, HM and
PEG6000 all conformed to the Japanese Pharmacopoeia
[15].

Reference tramadol products were BID SR tablets (ZSR;
Zydol® SR tablet 100 mg, Griinenthal, Germany) and QID
IR capsules (ZIR; Zydol® capsule 50 mg, Griinenthal) mar-
keted outside Japan, as well as the following tramadol for-
mulations marketed in Japan: 25 mg and 50 mg QID IR
tablets (IR25, Tramal® OD tablet 25 mg; IR50, Tramal®
OD tablet 50 mg, Nippon Shinyaku, Japan), QD SR tablets
(SR100; Onetram® QD tablet 100 mg, Nippon Shinyaku),
QID tramadol/acetaminophen combination tablet (tramadol/
acetaminophen tablet; Tramcet® 37.5 mg tramadol/325 mg
acetaminophen combination tablet, Janssen Pharmaceutical,
Japan) and bilayer SR tramadol tablets (TZ100; Tramadol
Sandoz® SR, tramadol sustained release tablet; Sandoz,
Australia).

2.2 Preparation of the Test Tablets

Tablets A—E were prepared by combining tramadol gran-
ules with varying compositions and excipients to adjust
the dissolution profiles. The composition, size and weight
of the test tablets are summarized in Table 1. The methods
and conditions used to prepare the tramadol granules are
described in the subsequent sections.

2.2.1 Preparation of Tramadol Granules for the IR and SR
Layers for Tablets A and B

To prepare the IR layer granules, tramadol and erythritol
were mixed. Then, a binder solution (containing pullulan
2% w/V) was sprayed in a fluidized bed granulator (Freund
Corp., Japan; inlet air temperature: 70 °C; exhaust air tem-
perature: 30 °C). The mixture was dried (exhaust air tem-
perature: 40 °C) and sieved through an 850-um mesh. The
sieved product was mixed with a disintegrator (CCMC-Na)
and a lubricant (MgSt). The resulting granules were used
as the IR layer.

To prepare the SR layer granules, tramadol, HPC-H and
CMC-Na were mixed and granulated by spraying purified
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water in the fluidized bed granulator (inlet air temperature:
70 °C; exhaust air temperature: 30 °C). The mixture was
then granulated and dried (exhaust air temperature: 40 °C).
After sieving the dried mixture through a 355-pm mesh,
the sieved product was mixed with CVP and a lubricant
(MgSt). The resulting granules were used as the SR layer.

Prototype tablets containing different matrices, as SR
formulations, were prepared by adjusting the ratios of
HPC-H, CVP and CMC-Na to alter the kinetics of trama-
dol release from the tablet formulations. These prototype
tablets are designated X, Y and Z.

2.2.2 Preparation of Tramadol Granules for the IR and SR
Layers in Tablets C, D and E

For tablets C, D and E (finished dosage formulations), trama-
dol granules exhibiting IR and SR properties were prepared.
For the IR layer granules, tramadol, PCS, MCC and LH were
mixed and granulated by spraying HPC-SL solution (3.5%
w/V) containing dye (yellow ferric oxide and/or red ferric
oxide) in the fluidized bed granulator (inlet air temperature:
60 °C; exhaust air temperature: 31—47 °C) and dried (exhaust
air temperature: 63 °C). The dried product was sieved
through a 991-pm mesh, and the sieved product was mixed
with the lubricant (MgSt) to yield the IR layer granules.

For the SR layer granules, tramadol, HPC-H and CMC-Na
were mixed and granulated by spraying purified water in the
fluidized bed granulator (inlet air temperature: 60 °C; exhaust
air temperature: 33—46 °C) and dried (inlet air temperature:
85 °C; exhaust air temperature: 55 °C). The dried product was
sieved through a 991-pm mesh, and the sieved product was
mixed with CVP and MgSt to yield the SR layer granules.

2.2.3 Preparation and Film-Coating of Double-Layered
Tablets

The SR granules and IR granules were added, in that order,
to a rotary press mold (Hata Tekkosho Co., Ltd., Japan) to
prepare double-layered tablets. The double-layered tablets
were then film-coated by spraying them with a coating solu-
tion (HM and PEG6000) under an air dryer (inlet air tem-
perature: 70 °C; exhaust air temperature: 25—48 °C) using
film coating apparatus from Powrex Corp. (Japan).

2.3 Dissolution Test

The dissolution of the test tablets and commercially available
formulations was determined according to the recommenda-
tions of the Japanese Pharmacopoeia [15]. For the dissolution
test using the “second fluid,” a single tablet was placed in
900 ml of a mixture of phosphate buffer solution (pH 6.8) and
water (1:1) (Kanto Chemical Co., Inc., Japan) and agitated
using a paddle at several rotation speeds (50, 100 or 200 rpm)
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or immersed in Mcllvaine buffer solution using a basket using
dissolution test apparatus from Toyama Sangyo Co., Ltd.
(Japan). For all tests, samples of the dissolution medium were
taken at the intervals specified in the corresponding figure
legends. The concentrations of tramadol were determined by
high-performance liquid chromatography (HPLC) using the
Alliance €2695 system (Nihon Waters, Japan) with an ultra-
violet detector (2489UV/Vis Detector, Nihon Waters) and a
TSK gel ODS-80TS QA column (4.6 mm inner diameter X
150 mm, 5 um; Tosoh Corp., Japan). The mobile phase con-
sisted of diluted trifluoroacetate (1:2000)/acetonitrile mixture
(3:1) (Kishida Chemical Co., Ltd., Japan) injected at a flow
rate of 1 ml/min. The column temperature was 40 °C. The
HPLC procedures were validated internally.

2.4 Pharmacokinetic Studies

2.4.1 Single-Dose Pharmacokinetic Study Using Tablets
A and B and Reference Products (ZSR and ZIR)

Twenty-six healthy adult, non-Japanese, white male volun-
teers aged 18-44 years old (inclusive) were enrolled and
allocated to 1 of 24 possible treatment sequences, compris-
ing a single 100 mg dose of two of four potential candidate
formulations of tramadol HCI and a single 100 mg dose of
one of the control formulations (ZIR or ZSR). A formal sam-
ple size calculation was not done. This study was conducted
at Inveresk Research (Edinburgh, UK) between January 11,
2003, and March 5, 2003.

We report data for two formulations (referred to as tablets
A and B in the present report) out of four candidate formula-
tions. The participants received the allocated drugs in a three-
period crossover design, with a 7-day washout period between
each dose: (1) one allocated test formulation (one tablet), (2)
ZSR (one tablet) or ZIR (two capsules) and (3) a second allo-
cated test formulation. All drugs were administered orally in
the morning in fasting conditions (> 9 h prior to study drug
administration) together with 200 ml water. Blood samples
(approximately 5 ml per sample) were obtained at the follow-
ing times: predose, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10,
12, 24 and 48 h postdose. Plasma samples were prepared and
stored at —80 °C until analysis. The plasma concentrations of
tramadol and the major active metabolite M1 (O-demethyl
tramadol) were determined by HPLC, as described in the sec-
tion Measurement of Plasma Drug Concentrations (heading
#2.5).

2.4.2 Effects of Food on Pharmacokinetics of Tablets C-E
Study

We investigated the effects of food on the bioavailability
and safety of three types of test tablets when administered
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as a single dose under fasting and fed conditions in multi-
ple studies. In each study, with a single study drug (tablets
C, D or E) per dose (50, 100 or 150 mg), 20 healthy adult
Japanese males aged 20—44 years old were assigned to two
groups (fasting-first and fed-first; 10 per group) in a two-
period crossover design with a washout period of > 7 days
between the doses in the first and second periods. A formal
sample size calculation was not done. This study was con-
ducted at SOUSEIKAI Hakata Clinic (Fukuoka, Japan) and
SOUSEIKAI Nishi Kumamoto Hospital (Kumamoto, Japan)
between May 23, 2019 and June 17, 2019.

In the fasting condition (> 10 h prior to study drug
administration; morning), one tablet (tablet C, D or E) was
orally administered together with 150 ml water. Blood sam-
ples (approximately 2 ml per sample) were collected at the
following times: predose, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 2.5,
3,4,5,6,9, 12,24 and 48 h postdose. Plasma samples were
prepared and stored at —80 °C until analysis.

The plasma tramadol and M1 concentrations were meas-
ured by liquid chromatography (LC) tandem mass-spectrom-
etry (MS/MS). In the fed condition, the subjects were given
breakfast in the morning and, up to 10 min later, were orally
administered one test tablet together with 150 ml water. The
remaining study procedures were identical to those in the
fasting condition. As a reference, the pharmacokinetics of
tablet D were compared with those of published data for
commercially available IR and SR formulations [7, 9].

2.4.3 Ethics

The pharmacokinetic studies were conducted by research
organizations (Inveresk Research, SOUSEIKAI Hakata
Clinic and SOUSEIKAI Nishi Kumamoto Hospital) under
contract with Nippon Zoki Pharmaceutical Co., Ltd. The
studies were approved by the ethical review committees at
the research organizations. All participants provided written
informed consent.

2.5 Measurement of Plasma Drug Concentrations

2.5.1 Plasma Concentrations of Tablets A and B
and Reference Products ZSR and ZIR

To prepare the sample solutions, 50 pl of the internal stand-
ard solution (O-ethyl tramadol; Nippon Zoki Pharmaceu-
tical Company Ltd., Japan) and 100 pl water were added
to 500 pl plasma. Next, 50 pl 25% ammonium hydroxide
(Sigma, USA) was added and briefly stirred, followed by
4 ml dichloromethane (Rathbum Chemicals Ltd., UK),
and mixed by inversion for 10 min. After centrifugation
(2500 rpm, 10 min), the supernatant was transferred to
another container; 4 ml dichloromethane was added to the
transferred supernatant, mixed by inversion for 10 min and

centrifuged, after which the supernatant was discarded. Two
dichloromethane layers were pooled together and allowed to
evaporate under a nitrogen stream at 40 °C. Then, 240 pl of
a mixture of water and methanol (7:3) (Rathbum Chemicals
Ltd.) was added and stirred for about 30 s for use as the
sample solution.

The HPLC system consisted of a fluorescence detector
(FP920, Jasco Corp., Japan), a pump (HP1050, Agilent,
USA), and an auto sampler (HP1050, Agilent). The HPLC
measurement was performed using a column (Develosil
ODS-HG, 4.6 mm inner diameter X 250 mm, 5 pm; Nomura
Chemical Co., Ltd., Japan). The mobile phase consisted of
0.05 mol/l of a sodium phosphate buffer solution (pH 2.5;
Sigma)/acetonitrile (Rathbum Chemicals Ltd.)/tetrahydro-
furan (Rathbum Chemicals Ltd.) mixture (85:11:4) at a flow
rate of 0.7-0.8 ml/min with a column temperature of 30 °C.
For the fluorescence detector, the excitation wavelength
was 270 nm and the fluorescence wavelength was 296 nm.
For the quantitative estimation, the peak area ratio of the
sample solution to the internal standard was calculated and
compared with the peak area ratio of the sample solution to
the standard solution. The HPLC procedures were validated
internally.

2.5.2 Plasma Concentrations of Tablets C, D and E

To prepare the sample solutions, 10 pl of the internal stand-
ard solution (mixture of tramadol-d6 and O-demethyl tram-
adol-d6; Clearsynth Labs Ltd., India) and 150 pl of ace-
tonitrile (Fujifilm Wako Pure Chemical Corp., Japan) were
added to 50 pl plasma and stirred. After centrifuging, 50 ul
of the supernatant was transferred to another container, and
100 pl of a 10 mmol/l formic acid ammonium solution con-
taining 0.1 vol% formic acid (Fujifilm Wako Pure Chemical
Corp.) and 50 ul of methanol (Fujifilm Wako Pure Chemi-
cal Corp.) were added, stirred thoroughly and used as the
sample solution.

HPLC was performed using the Shimadzu 30A system
(Shimadzu Corp., Japan) with an API4000 MS/MS (AB
Sciex, USA). The HPLC measurement was performed using
an Acquity UPLC BEH C18 column (2.1 mm inner diameter
X 50 mm, 1.7 um; Waters) under a gradient of mobile phases
A (10 mmol/l formic acid ammonium solution containing
0.1 vol% formic acid) and B (methanol) at a flow rate of
0.45 ml/min and a column temperature of 50 °C.

MS/MS measurements were performed in the positive
electrospray ionization mode to detect the precursor ions at
m/z 264.3 (tramadol), m/z 250.3 (M1), m/z 270.3 (tramadol-
d6) and m/z 256.3 (O-demethyl tramadol-d6), fragment ions
at m/z 58.1 (tramadol and M1) and m/z 64.1 (tramadol-d6
and O-demethyl tramadol-d6) and optimized values for the
setting values. For these ions, the declustering potentials
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were 41 V (tramadol and tramadol-d6), 37 V (M1) and
52 V (O-demethyl tramadol-d6), collision energies were
48 eV (tramadol and tramadol-d6), 39 eV (M1) and 42 eV
(O-demethyl tramadol-d6), collision cell exit potentials
were 11 V (tramadol and tramadol-d6) and 10 V (M1 and
O-demethyl tramadol-d6), collision-activated dissociation
gas pressure was 8 psi, curtain gas pressure was 40 psi, and
temperature was 600 °C. LC/MS/MS was performed using
an internally validated method.

For the quantitative estimation, the peak area ratio of the
sample solution to the internal standard substance was cal-
culated and compared with the peak area ratio of the sample
solution to the standard solution.

2.6 Determination of Pharmacokinetic Parameters

The following pharmacokinetic parameters for tramadol
and M1 were determined from non-compartmental models:
area under the concentration—time curve from 0 to time ¢
(trapezoidal method; AUC,,_,), AUC from time O to infinity
(AUC,_;,p), maximum concentration (C,,,,,; measured values),
time to the maximum concentration (z,,,,) and the half-life
(t,/2)- WinNonlin version 3.1 was used for the data obtained
in the single-dose study (see Single-Dose Pharmacokinetic
Study Using Tablets A and B and Reference Products (ZSR
and ZIR); heading #2.4.1), and version 8.1 was used for the
data obtained in the food-effect study (see Effects of Food
on Pharmacokinetics of Tablets C—E Study; heading #2.4.2).

For the single-dose study, analysis of variance (ANOVA)
techniques were used to compare the natural log-transformed
values for AUC ;. and C,,, of tramadol after administra-
tion of tablets A and B versus administration of ZSR and
ZIR and to determine the 90% confidence intervals (CI). For
the food-effect study, ANOVA was performed using natu-
ral log-transformed values for AUC_, C,,, and ¢, and for
untransformed 1, of tramadol. Differences in the mean
of the natural logarithm-transformed AUC,_, and C_,, of
tramadol were calculated between administration under fast-
ing and fed conditions in the food-effect study, and their 90%
ClIs were determined. Bioequivalence was assumed for mean
ratios within the range of 1log(0.80) to log(1.25). In both
studies, the natural log-transformed values were inverse-log-
transformed for reporting in this article.

Significance testing was not performed for any of the
pharmacokinetic parameters of M1.

2.7 Simulation of Tramadol Concentrations During
Multiple Dosing

Simulation of plasma tramadol concentrations during multi-
ple dosing was performed using the superimposition method
in WinNonlin software [16]. The simulations involved a sce-
nario where tablet D is administered BID for 5 days.
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Time (h)

—#— Formulation X (HPC-H:CVP:CMC-Na, 70:10:20)
—— Formulation Y (HPC-H:CVP:CMC-Na, 50:20:30)
—o— Formulation Z (HPC-H:CVP:CMC-Na, 73:22:5)
—O0— ZSR

Fig.2 In vitro dissolution profiles of various prototype tablet for-
mulations (designated X, Y and Z) using different ratios of HPC-H,
CVP and CMC-Na as the matrix base and of a reference formulation
(ZSR). Paddle speed: 50 rpm. Samples were collected at 0, 15 min,
30 min, 1 h, 2 h, 3 h,4 h, 6 hand 8 h. CMC-Na carmellose sodium,
CVP carboxyvinyl polymer, HPC-H hydroxypropyl cellulose-H, ZSR
Zydol® sustained-release tablet

3 Results
3.1 SR Layer

Cellulose, synthetic polymer and natural polymer bases,
which provide a hydrophilic matrix, can be used to prepare
eroding—dissolving SR formulations. Potential formulations
were screened in a trial-and-error approach to determine
optimal formulations based on the tablet’s properties, sta-
bility and dissolution profiles. Polymer-grade hydroxypropyl
cellulose (HPC-H) provided excellent formability as a base
and could be combined with CVP and CMC-Na to facilitate
water absorption and gel-forming capacity. Figure 2 shows
the tramadol dissolution profiles of three prototype tablets
(formulations X, Y and Z) relative to that of the reference
product ZSR. All prototype tablets showed erosion and dis-
solution, with dissolution profiles tending to shift upwards,
with a visually similar profile to that of ZSR, suggesting
comparable dissolution mechanisms. The release of trama-
dol could be adjusted by varying the proportions of the base
components, and formulation Z (HPC-H, CVP and CMC-Na
73:22:5) had a dissolution pattern closest to ZSR. Further-
more, adjusting the proportion of highly water-absorbable
CMC-Na prolonged drug release in formulation X (HPC-H,
CVP and CMC-Na 70:10:20) and formulation Y (HPC-H,
CVP and CMC-Na 50:20:30).
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Fig.3 Comparative in vitro dissolution profiles of tablets A and B
and two reference formulations in the Japanese Pharmacopoeia [15]
dissolution test (pH 6.8) with paddle stirring at 50 rpm (n = 3). Pad-
dle speed: 50 rpm. Samples were collected at 0, 15 min, 30 min, 1 h,
2h,3h,4h,6hand8h. ZIR Zydol® immediate-release tablet, ZSR
Zydol® sustained-release tablet

3.2 Ratio of the IR/SR Layers in the Combination
Tablet

We next adjusted the release rate of the IR and SR layers,
such that the dissolution profile of the IR layer was visually
similar to that of a marketed QID IR formulation (ZIR) and
the SR layer was comparable to that of a BID SR formula-
tion (ZSR) available in countries other than Japan. The ratio
of IR and SR layers was varied to achieve the desired for-
mulation properties. For this, formulation Z was used as the
SR layer and the optimum combination ratio was explored
by using tablets A and B, in which the ratio of the IR to SR
layers was 20:80 and 40:60, respectively. The composition,
size and mass of tablets A and B are shown in Table 1.
Figure 3 shows the dissolution profiles measured over 8 h
for tablets A and B as well as the reference products ZIR and
ZSR. Tablets A and B both displayed biphasic dissolution
profiles, characterized by a rapid initial increase followed by
a sustained release at a constant rate. The mean dissolution
of tablets A and B was 25% and 46%, respectively, at 15 min

Fig.4 Dissolution of the
double-layered tablet (tablet

C) in water. Photographs were
taken at the start of stirring (a),
after 4 min (the IR layer of the
tablet quickly disintegrated and
dissolved; b) and after 8 min
(the IR layer had disappeared,
and gelation of the SR layer was
initiated on the surface; ¢)

after the start of the test, indicating that the IR layer was
rapidly dissolved, and was followed by a pseudolinear con-
centration curve with 75% and 83% of the drug released by
8 h. The mean dissolution of ZIR was 98% at 15 min, which
indicated that almost the entire dose was released within
this period of time. The mean dissolution of ZSR was 13%
at 15 min, followed by the pseudolinear curve reaching a
dissolution of 91% at 8 h.

Figure 4 shows the dissolution and disintegration behav-
iors of tablet C in water. The IR layer began to disintegrate
within 4 min and was completely dissolved 8 min later. By
comparison, the remaining SR layer formed a gel from the
surface and gradually dissolved through erosion.

3.3 Pharmacokinetics of Tablets A and B
and Reference Products ZSR and ZIR

A single dose of tablet A or B (1 tablet) or the reference
products ZSR (1 tablet) or ZIR (2 capsules) were admin-
istered to 11-12 healthy adults in fasting conditions. Fig-
ure 5a shows the plasma tramadol concentrations measured
for 24 h postdose. The pharmacokinetic parameters are sum-
marized in Table 2. The plasma concentrations of tramadol
increased rapidly after administration of tablets A and B, and
the maximum plasma concentration was reached (i.e., f,,,,)
at 1.92 and 1.16 h postdose, respectively. After administra-
tion of ZSR, the plasma tramadol concentration increased at
a slower rate, and the ¢, was 3.29 h. For ZIR, the plasma
tramadol concentration increased rapidly with 7, of 1.00 h.
The AUC ;, for tablets A and B showed bioequivalence
to those of ZSR and ZIR, suggesting comparable bioavail-
ability. The C,,,, for tablets A and B was 38% and 52%,
respectively, of that of ZIR, indicating that tablets A and B
achieved lower peaks in tramadol concentrations and may
thus reduced the risk of adverse drug reactions associated
with high peak concentrations. The ¢,,, for tablets A and B
was 12.24 and 11.14 h, respectively. Table 3 and Fig. 5b
show the pharmacokinetic profile for M1 after administra-
tion of each formulation.
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a § 4507 ﬁ 3.4 Preparation of the Final Candidate Formulation
400
§ ;gg: .'\I Considering the pharmacokinetic properties of tablets A
8 2 250 and B, particularly the slightly greater C,,,, of tablet B
—§ Eo 200 - relative to that of ZSR, the appropriate combination ratio
§ =150 of the IR:SR layers was explored, and the ratio 35:65 was
= 1007 chosen to facilitate its manufacturability and quality con-
g 50 5 . . .
g 5 trol. Three alternative formulations were also prepared with
~ 0 T T T T T T T T T LI— . . . . . . .
0 2 4 6 10 12 14 16 18 20 22 24 slight modifications to the formulation in consideration of
Time (h) manufacturing suitability, quality control, dosage and iden-
tifiability (Table 1).
—O— Tablet A —@— TabletB
—r— 7SR —n— ZIR . . ..
b 140 - - 3.5 Dissolution Profiles of the Finished Dosage
Formulations (Tablets C-E) and Other Tramadol
120 . . .
Formulations Available in Japan
100
80

Plasma M1 concentration
(ng/ml)

Figure 6 shows the results of dissolution studies performed
as recommended by the Japanese Pharmacopoeia [15] (sec-
ond fluid for the dissolution test, paddle method, 50 rpm)
for the finished dosage formulations (tablets C—E) as well

—O— Tablet A
—— ZSR

Fig.5 Mean plasma tramadol (a) and tramadol metabolite M1 (b)
concentrations versus time profiles after a single oral dose of tab-
lets A and B or two reference products in healthy male volunteers
under fasting conditions. Values are means + standard deviation
(n = 11-12). IR immediate release, SR sustained release, ZIR Zydol®

IR tablet, ZSR Zydol® SR tablet

Table 2 Tramadol
pharmacokinetics after a single
oral dose of tablets A and B and
for two reference products under
fasting conditions

A\ Adis

— T T T . as four commercially available formulations (IR25, IR50,
10 12 14 16 18 20 22 24 SR100 and tramadol/acetaminophen combination tablet).

Time (h) The commercially available formulations all released nearly
—e— TabletB the entire dose within 15 min. The commercial SR100 tablet
—a— ZIR showed an almost linear SR profile with a mean dissolu-

tion of approximately 60% at 10 h. By contrast, tablets C, D
and E (IR layer: 35% and SR layer: 65%) displayed biphasic
dissolution profiles with an initial immediate release fol-
lowed by a slower release. The mean dissolution was 40%
at 15 min, indicating that the total amount of tramadol con-
tained in the IR layer was released quickly. Thereafter, the

Parameter Tablet A* Tablet B ZSR ZIR?
n 12 11 12 11
AUC s 2580 + 730 2557 + 673 2636 + 739 2466 + 581
(ng-h/ml)
90% CIP 10g(0.949)-log(1.122) log(0.882)-log(1.047) - -
90% CI° 1og(0.910)-log(1.082) log(0.849)-1og(1.006)
Cax (ng/ml) 146 + 34.1 201 +54.3 170 + 42.6 385 +90.4
90% CIP 10g(0.827)-log(1.041) log(1.073)-log(1.361) - -
90% CI° log(0.321)-10g(0.407) 1log(0.418)-log(0.530)
tax (D) 1.92 +£0.92 1.16 + 0.54 3.29 £ 0.99 1.00 + 0.30
t, (h) 12.24 +2.79 11.14 £ 1.72 9.42 +2.09 520+ 1.15

Values are means + standard deviation unless otherwise specified

“Thirteen and 12 patients received tablet A and ZIR, respectively. After completing the study, one subject
(#007) was recategorized as being a poor metabolizer, a protocol deviation, and was excluded from the
analyses shown here

PNinety percent confidence interval of the ratio of the geometric mean to ZSR
“Ninety percent confidence interval of the ratio of the geometric mean to ZIR

AUC, ;s area under the concentration—time curve from 0 to infinity, C,,,, maximum plasma concentration,

1, half-life, £,,,. time to the maximum plasma concentration, ZIR Zydol® capsule 50 mg, ZSR Zydol® SR
tablet 100 mg



Development, Physicochemical Characteristics and Pharmacokinetics of New IR/SR Bilayer Tramadol

Table 3 Tramadol metabolite

i Parameter Tablet A* Tablet B ZSR ZIR?

(M1) pharmacokinetics after

a single oral dose of tablets A n 120 11¢ 12b 114

and B and for two reference AUC, . ; (ng-h/ml) 946 + 288 907 + 216 866 + 282 742 + 231

products under fasting

conditions Cax (ng/ml) 339+6.73 41.1+11.8 389+ 124 72.4 225
fax (1) 5.13 +2.81 225+ 1.74 5.25 +2.67 1.30 £ 0.76
t (h) 15.48 £5.30 12.84 + 4.16 11.75 £ 4.52 7.02 +2.80

Values are means + standard deviation unless otherwise specified

“Thirteen and 12 patients received tablet A and ZIR, respectively. After completing the study, one subject
(#007) was recategorized as being a poor metabolizer, a protocol deviation, and was excluded from the

analyses shown here

®AUC, ,, and t,/, were calculated for 8 patients

°AUC,, ;s and ¢, were calculated for 8 patients

4AUC, ,, and t,,, were calculated for 10 patients

AUC,_;, area under the concentration—time curve from 0 to infinity, C,,,,, maximum plasma concentration,

t;,, half-life, 1,
tablet 100 mg

drug was released more gradually, with a mean dissolution
of 56% at 1 h, 75% at 4 h and 93% at 10 h, with a near-linear
release after 1 h (see tablets C, D and E in Fig. 6a). Despite
concern that the initial increase in the plasma tramadol
concentration following administration of tablet C would
exceed that of the IR25 tablet and tramadol/acetaminophen
combination tablet, the amount released within 15 min
was 22.9 mg for tablet C, 24.4 mg for the QD25 tablet and
37.9 mg for the tramadol/acetaminophen combination tab-
let, suggesting that the plasma tramadol concentration after
administration of tablet C is unlikely to exceed the concen-
tration achieved with the commercial tablets. Figure 6b com-
pares the dissolution of tablet D, the final formulation, with
that of a commercially available bilayer tablet (TZ100). As
illustrated in this figure, tramadol was released from tablet
D more quickly, by 15 min, and the dissolution was higher
for up to 4 h compared with TZ100.

To assess the resistance of the proposed formulation to
different types of physical stress in the gastrointestinal tract,
the dissolution test was repeated by changing the stirring
speed (50, 100 or 200 rpm), moisture (adding 1% polysorb-
ate 80), pH (1.2, 6.8, 7.5, water) and the test apparatus (bas-
ket or disintegration apparatus). Figure 7 shows the results
of these tests using tablet C. There were minimal differences
in the mean dissolution at 15 min, 2 h and 10 h in the test
conditions, which suggests that the proposed formulation
would be resilient to pH fluctuations or mechanical forces
in the gastrointestinal tract.

3.6 Effects of Food on the Pharmacokinetics
of the Finished Dosage Formulations (Tablets
C-E)

In this study, healthy adults were administered with a single
dose (1 tablet) of tablet C, D or E (20 adults per study) in

time to the maximum plasma concentration, ZIR Zydol® capsule 50 mg, ZSR Zydol® SR

fasting and fed conditions in a two-period crossover. Fig-
ure 8a shows the plasma tramadol concentrations measured
over a period of 48 h after administration using tablet D as
an example. Table 4 summarizes the pharmacokinetic data
for each tablet. For tablet D, the plasma tramadol concen-
tration increased rapidly after administration, and the maxi-
mum plasma concentration was reached at 1.09 h postdose
in fasting conditions and at 2.47 h in fed conditions. Similar
results were obtained for tablets C and E. The 90% CI for
the mean ratios of the natural logarithm-transformed AUC
o and C, .. after a single dose of tablets C, D and E under
fasting and fed conditions fell within the range of 1og(0.80)
to log(1.25), satisfying the criteria for bioequivalence and
indicating that AUC,_, and C,,,, would not be affected by
administration in fed or fasting conditions. However, ¢,
was delayed by approximately 1 h in fed conditions. The
corresponding data for the active metabolite, M1, are shown
in Table 5 and Fig. 8b (for tablet D as an example).

3.7 Simulated Pharmacokinetics During Multiple
Doses

Finally, the pharmacokinetics and plasma tramadol con-
centrations were simulated during multiple doses of tablet
D. As illustrated in Fig. 9, the plasma tramadol concentra-
tion reached a near steady state about 24 h postdose without
excessive accumulation. The estimated maximum (peak) and
minimum (trough) plasma concentrations at steady state were
approximately 300 ng/ml and 120 ng/ml, respectively. Sup-
porting this simulation, a pharmacokinetic study in which
100 mg tablets with equivalent dissolution properties to tablet
D were administered for 7 days (QD on days 1 and 7; BID on
days 2-5) in seven healthy adult males [17]. In that study, the
steady state was achieved about 24 h after the first dose [17,

A\ Adis
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Fig.6 a Dissolution profiles of the finished dosage formulations (tab-
lets C-E) and three commercially available products in the second
fluid (pH 6.8). b Dissolution profiles of tablet D and commercially
available bilayer sustained-release tramadol tablets (TZ100). Values
in (a) and (b) are means + standard deviation (n = 6). Paddle speed:
50 rpm. Samples were collected at 0, 5 min, 10 min, 15 min, 30 min,
1h,2h,4h,6h,8hand 10 h. IR25 Tramal® OD tablet 25 mg, IR50
Tramal® OD tablet 50 mg, SR100 Onetram® QD tablet 100 mg,
TZ100 Tramadol Sandoz® sustained-release 100 mg bilayer tablet

18]. The trough tramadol concentration was consistent with
the results of the simulation, as depicted in Fig. 9.

4 Discussion

This article described the development and pharma-
cokinetic properties of double-layer tablet formulations
of tramadol that combine an IR layer providing rapid
absorption and onset of the analgesic effect together with
a matrix-type SR layer providing a sustained analgesic
effect.
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Fig.7 Comparison of the amount of tramadol released from tab-
let C after 15 min, 2 h and 10 h in various test conditions. (1) Pad-
dle, 50 rpm, diluted Mcllvaine buffer solution (pH 7.5). (2) Paddle,
100 rpm, diluted Mcllvaine bufter solution (pH 7.5). (3) Paddle, 200
rpm, diluted Mcllvaine buffer solution (pH 7.5). (4) Paddle, 50 rpm,
diluted Mcllvaine buffer solution (pH 7.5) + 1% polysorbate 80. (5)
Paddle, 50 rpm, first fluid for dissolution test (pH 1.2). (6) Paddle,
50 rpm, second fluid for dissolution test (pH 6.8). (7) Paddle, 50 rpm,
water. (8) Basket, 200 rpm, diluted Mcllvaine buffer solution (pH
7.5). (9) Disintegration apparatus, diluted Mcllvaine buffer solution
(pH 7.5). Values are means + standard deviation (n = 6)
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Fig.8 Mean plasma tramadol (a) and tramadol metabolite M1 (b)
concentrations versus time profiles after a single oral dose of tablet
D to healthy male volunteers under fasting and fed conditions. Values
are means + standard deviation (n = 19)

In general, SR formulations release the drug gradually to
provide prolonged activity over a long period of time [13,
14]. However, the slow dissolution results in a slow increase
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in the plasma drug concentration, thus delaying the onset of
the clinical effect. Therefore, the goal was to develop an SR
formulation that combined the properties of an immediate
onset of analgesic effect with a sustained analgesic effect
from BID administration, with reference to the desired char-
acteristics described in the Introduction. Based on the results
of the physicochemical tests, a formulation comprising IR
and SR layers was developed in a tablet form.

To confirm that the physicochemical properties trans-
lated into the physiological setting, pharmacokinetic studies
were performed for the finished dosage formulations (tab-
lets C—E). When administered in combination with food, the
AUC,_, and C,,, of tablets C-E were equivalent to those
in fasting conditions, suggesting no impact on bioavailabil-
ity, but absorption was delayed by approximately 1 h. The
pharmacokinetic characteristics of the chosen formulation,
tablet D, were also compared with those of published data
for commercially marketed SR (SR100 tablets [9]) and IR

400
350
300
250 1
200
150 g
100
50
0 T T T T T T
0 20 40 60 80 100 120

Time (h)

Simulated plasma tramadol
concentration (ng/ml)

Simulated data
® Observed values in a multiple-dose study

Fig.9 Simulated plasma tramadol concentration during multiple oral
doses of tablet D under fasting conditions. The graph also shows the
trough values for tramadol concentrations obtained in a multiple-dose
study using 100 mg tramadol tablets with a dissolution profile equiva-
lent to tablet D [17, 18]

Table 4 Tramadol pharmacokinetics after a single oral dose of tablets C—E under fasting and fed conditions

Parameter Tablet C Tablet D Tablet E
Fasting Fed Fasting Fed Fasting Fed

n 20 20 19 19 18 18

AUC, (ng-h/ml) 1222 + 335 1256 + 375 2510 + 906 2565 + 862 3988 + 955 4179 + 1140
90% CI* 10g(0.988)-log(1.053) 10g(0.980)-log(1.073) log(1.000)-log(1.085)
P-value 0.295 0.355 0.097

Cpax (ng/ml) 108.9 +24.4 109.6 £22.6 219.8 £45.6 201.5+389 3350+57.2 353.6 + 71.5
90% CI* 10g(0.949)-log(1.081) 10g(0.857)-10g(0.981) 10g(0.960)-log(1.145)
P-value® 0.746 0.039 0.360

toax (D) 1.26 + 0.66 2.08 + 0.94 1.09 + 0.56 247 +1.06 1.33 +1.09 2.08 + 1.45
P-value® 0.008 <0.001 0.092

t,, (h) 8.71 £ 1.29 8.32+1.30 7.82 +0.85 7.12 £ 0.85 7.72 £ 1.09 7.12 +1.29
P-value® 0.307 0.005 0.010

Values are means + standard deviation unless otherwise specified

#For comparison between administration in fasting and fed conditions

AUC,_, area under the concentration—time curve from O to time ¢, CI confidence interval, C,,,. maximum plasma concentration, ¢,,, half-life, ¢,

time to the maximum plasma concentration

Table 5 Tramadol metabolite

max

i Parameter Tablet C Tablet D Tablet E

(M1) pharmacokinetics after a

single oral dose of tablets C-E Fasting Fed Fasting Fed Fasting Fed

under fasting and fed conditions
n 207 20 19 19 18 18
AUC,, (ng-h/ml) 419 + 87 404 + 85 809 + 237 809 + 259 1320 £ 255 1297 +283
Cpax (ng/ml) 269+108 232+79 513+189 4444156 756+184 69.2+163
tax (1) 205+2.02 285+138 195+195 3.79+169 238+145 288+ 1.55
t (h) 11,6 +£1.72 11.0+£274 9.63+132 920+1.83 893+141 854+147

Values are means + standard deviation unless otherwise specified

1)), was calculated in 19 patients

AUC,_, area under the concentration—time curve from O to time ¢, CI confidence interval, C,,,, maximum

plasma concentration, t;,, half-life, ¢,

max

time to the maximum plasma concentration

A\ Adis
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Table 6 Comparison of
tramadol pharmacokinetics

Parameter

Tablet D x 1

IR50 capsule x 2 [7] SR100 tablet x 1 [9]

after a single oral dose of n 19 6 10
tablet D and two commercially ;e 0 2550 + 935 2682 + 1182 2640 + 1020
available products containing in
100 mg tramadol under fasting Cinax (ng/ml) 219.8 £45.6 342+ 73 123 +39
conditions ax (1) 1.09 + 0.56 1.5+0.8 9.5+238

1,y (h) 7.82 + 0.85 531+ 1.57 6.44 + 1.07

Values are means + standard deviation unless otherwise specified

AUC, ;s area under the concentration—time curve from 0 to infinity, C,

'ma AXximum plasma concentration,

IR immediate release, SR sustained release, ¢, half-life, 7, time to the maximum plasma concentration

(IR50 capsule [7]) formulations (Table 6). The ¢, was
numerically similar to that of the IR50 capsule X 2, and the
t,» was approximately 1-2 h longer than that reported for the
SR100 tablets and IR50 capsule X 2. These findings suggest
that the IR and SR components of the bilayer tablets mimic
those of formulations containing either IR or SR tramadol.

Because the pharmacokinetic studies involved a single
dose, the pharmacokinetics of tramadol during multiple
oral doses of tablet D over 5 days under fasting conditions
were simulated. This analysis indicated that the plasma
tramadol concentrations would reach near steady state at
approximately 24 h postdose without excessive accumu-
lation. From a clinical perspective, this suggests that the
plasma tramadol concentration would reach a clinically
relevant level within 1 day of twice-daily administration.

Prior studies have compared the bioequivalence and
pharmacokinetics of IR and SR formulations of tramadol,
including Contramid® OAD, which also comprises IR and
SR layers, as dry-coated tablets that are intended for once-
daily administration [19].

A double-layered, extended-release tramadol tablet with
IR and SR portions, similar to the developed formulation,
is marketed in several countries, including Switzerland,
Australia, the UK and South Korea. That formulation is
produced with a white IR layer and a green SR layer and
is intended for twice-daily administration. The Australian
package insert [20] for that formulation reported a C,,,,, of
142 ng/ml and a 1, of 4.9 h. In the pharmacokinetic stud-
ies of tablet D (100 mg tablet), the final formulation, the
Coax Was 219.8 ng/ml and the 7., was 1.09 h (Table 4). In
the dissolution tests (Fig. 6b), tramadol was released more
quickly from tablet D, by 15 min, and the dissolution rate
was higher for up to 4 h thereafter, compared with TZ100.
Overall, these findings suggest that the ratio of tramadol
in the IR/SR layers was optimal, based on appropriate
selection of the excipients, allowing the final formula-
tion to achieve the desired characteristics described in the
Introduction.

Some physicians may also prefer twice-daily administra-
tion. In an online survey of 408 physicians conducted in Feb-
ruary 2018 in Japan that was sponsored by the manufacturer,
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63% of the physicians reported that they preferred twice-
daily administration of tramadol tablets (unpublished data).
Although the reason for this preference was not explored,
administration BID may facilitate dose adjustments to
achieve the desired clinical effect and could reduce the pos-
sibility of emergent pain due to missing one dose.

As part of the clinical development of this SR formulation
of tramadol, two phase III, randomized placebo-controlled
treatment-withdrawal studies were conducted in Japanese
patients with chronic pain associated with knee osteoarthritis
[18] or postherpetic neuralgia [21]. In both studies, tramadol
was superior to placebo in terms of the time from randomi-
zation to an inadequate analgesic effect and the proportion
of patients experiencing inadequate analgesic effects.

Thus, to the best of our knowledge, this is the only twice-
daily formulation of tramadol bilayer tablets comprising IR
and SR portions for which the efficacy has been assessed in
double-blind controlled trials [18, 21].

The most frequent adverse events in both studies were
constipation, nausea, somnolence and dizziness, which are
common in studies of tramadol. Nevertheless, the frequen-
cies of adverse events in both studies were numerically
similar to or lower than those reported in prior studies of
tramadol in Japanese patients. At the end of the study or
upon treatment withdrawal, patients in both studies com-
pleted questionnaires and reported few or no signs of drug
dependence in terms of irritability/restlessness, sleepless-
ness, nausea/vomiting/trembling/sweating, desire to take the
medication, convulsions and dizziness/hallucinations.

The proposed formulation of tramadol was subsequently
approved in Japan in September 2020 for the indication of
chronic pain, and an additional indication for cancer pain
was approved in May 2022 [21].

4.1 Limitations

We also mention some limitations of this study. First, the
tests described here do not cover all of the preclinical tests
performed. Second, the pharmacokinetic tests do not con-
firm that the rapid absorption translates into a rapid onset of
analgesia; additional pharmacodynamic tests are required to
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confirm the rapid onset of analgesia after administration. The
pharmacokinetic study of tablets A and B relative to mar-
keted formulations was performed in white males, whereas
the pharmacokinetic study of tablets C—E was performed
in Japanese males. Therefore, results may not be directly
transferable because of possible genetic differences between
Japanese and non-Japanese individuals. However, these data
were used to evaluate formulations under development, and
the final marketed formulation was tested in Japanese indi-
viduals. Finally, the simulation study was performed to pre-
dict the pharmacokinetics during 5 days of multiple doses,
and different results may be obtained in real clinical studies.
Nevertheless, the results of published phase III studies con-
firm that the chosen tramadol formulation exerts analgesic
effects in patients with various forms of pain, extending the
findings of these pharmacokinetic studies.

4.2 Conclusion

In conclusion, this SR formulation of tramadol comprises
two layers with differing dissolution profiles, with 35%
in the IR layer and 65% in the SR layer. The IR layer dis-
solves quickly with a rapid increase in the plasma tramadol
concentrations. The SR layer forms a gel matrix that slows
its dissolution and absorption to maintain plasma concen-
trations at clinically relevant levels for a longer time after
administration.
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