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a b s t r a c t

The aim of this study was the evaluation of critical process parameters (CPP) for inter-tablet coating
uniformity in an active pan coating process using nondestructive Terahertz Pulsed Imaging (TPI). Coating
uniformity was assessed by calculating the coefficient of variation (CV) of coating thickness measured by
TPI, and the CV of API content measured by high performance liquid chromatography (HPLC). A design of
experiments (DoE) was performed at pilot scale with drum load, drum speed, spray rate, run duration and
spray pressure as factors. Good agreement in the CV of both analytical techniques was shown. The DoE
models both revealed the same CPP: a low drum load, high drum speed, low spray rate and high run
duration were beneficial for coating uniformity. The spray pressure was only significant in one of the
DoE models. It was further shown that the negative impact of a high drum load on the CV cannot only
be compensated by high drum speed, but also be compensated by a low spray rate and long run duration.
It was demonstrated that TPI is a feasible tool for the measurement of inter-tablet coating uniformity and
for the evaluation of CPP in an active pan coating process.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, Terahertz Pulsed Imaging (TPI) has aroused
interest in the pharmaceutical sciences as a technique to nonde-
structively measure coating thickness distributions of both, exter-
nal and buried layers, over the entire tablet surface. Detailed
information on the measurement technique is given in [1,2].

Various applications of TPI have since been reported in the lit-
erature. For example, TPI was used as a tool to monitor the increase
in film thickness throughout a coating process [3–5] or to evaluate
the three-dimensional structure of solid drug dosage forms [6,1]
and to identify defects in coating layers [7].

Several studies also deal with the use of TPI to evaluate coating
uniformity, utilising the high spatial and axial resolution of the
technique. Coating uniformity can be subdivided into intra-tablet
uniformity, describing the uniformity of the film coating within a
single tablet, and inter-tablet uniformity, which corresponds to

the uniformity of the film coating between multiple tablets of a
batch. While several studies deal with the investigation of intra-
tablet uniformity using TPI [7–10], only [4] made a first approach
to use in-line terahertz measurements to evaluate inter-tablet
coating uniformity. Up to now, no literature is available that
has systematically evaluated the use of TPI in the analysis of
inter-tablet coating uniformity.

In the film coating unit operation, a high inter-tablet coating
uniformity is desired to maintain a constant product quality of
each individual dosage unit in the batch. Inter-tablet coating
uniformity is of particular importance in functional film coatings,
such as sustained-release coatings or active coatings, where the
drug release and API content, respectively, determine the effectiv-
ity of the drug product.

Drug dosage forms comprising an active coating need to meet
the requirements on uniformity of dosage units described in
major pharmacopoeias [11–13]. Herein, the API content of the final
product as well as the content uniformity within the batch is
assessed. An acceptance value (AV) is calculated to determine
whether both API content and content uniformity are within a
specified range:

AV ¼ M � X
�� ��þ ks ð1Þ
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Here, X is the arithmetic mean of the individual contents of the dos-
age units expressed as a percentage of label claim. M is a reference
value that varies depending on the actual X of the batch, k is the
acceptability constant and s is the sample standard deviation. The
acceptability constant k is defined by the number of investigated
dosage units (k = 2.4 for 10 dosage units, k = 2.0 for 30 dosage units).

The term M � X
�� �� accounts for the average amount of API that is

incorporated in the dosage form. If the API content is between 98.5
and 101.5 % of label claim, the term can be neglected and does not
contribute to the AV. In that case, only the second term, ks, affects
the AV. It accounts for the variability of API content among the dos-
age units in the batch – the inter-tablet uniformity.

In compliance with the pharmacopoeial regulation, an AV 615
has to be met. In the case that a mean content of 98:5% 6 X 6
101:5% is achieved, a relative standard deviation of 66.25% is
sufficient to meet the pharmacopoeial requirements on uniformity
of dosage units (for n = 10 dosage units, k = 2.4). If X exceeds these
limits, s needs to be lower to attain an AV 6 15.

It is evident that both, the accurate determination of the coating
endpoint and the achievement of a low standard deviation, are of
key importance to meet the required AV.

In the present study, the active coating process of a recently
developed dosage form – an active-coated push–pull osmotic sys-
tem – is investigated. Ref. [14] showed that the accurate API con-
tent at coating endpoint can be precisely determined and
controlled via in-line Raman measurements. To achieve a high
inter-tablet coating uniformity as the second premise for an
acceptable AV, the critical process parameters (CPP) in the active
coating process need to be identified and a parameter space needs
to be defined within which the requirements on coating uniformity
are met.

In the literature, several articles address the influence of process
parameters on inter-tablet coating uniformity and the mixing
behaviour of tablets in the coating drum. They determine inter-
tablet coating uniformity by (i) the weight variability of the coated
and uncoated tablets [15,16] or the individual coating weights [17],
(ii) the variability in tablet diameter or in layer thickness deter-
mined by NIR [18], and (iii) dyes or marker substances in the coat-
ing to quantify the amount of coating that is applied to the
individual tablets [19,20]. Other approaches to investigate inter-
tablet coating uniformity are based on computer simulations
[21–24]. Up to now, no literature is available that has evaluated
the use of TPI in the assessment of inter-tablet coating uniformity
and the related CPP in pan coating processes.

The aim of this work was the evaluation of critical process
parameters for inter-tablet uniformity in an active pan coating pro-
cess using Terahertz Pulsed Imaging. As a first step, the linear cor-
relation of layer thickness and CAN content at coating endpoint is
evaluated. A high correlation over a broad range of layer thickness
and API content was already reported by [5]. The coefficient of
variation (CV) of content and layer thickness obtained by HPLC –
as a well-established analytical tool – and TPI are then compared
for a number of batches. Subsequently, a design of experiments
is investigated by both, HPLC and TPI to evaluate whether TPI

can resolve the same CPP as HPLC does and to identify a parameter
range within which acceptably low CV can be achieved.

2. Materials and methods

2.1. Materials

Gastro-intestinal therapeutic systems (GITS, Bayer Pharma AG,
Berlin, Germany) were used as starting material in the active coat-
ing process. The tablets were made from a two-layer tablet core
surrounded by a semipermeable membrane consisting of cellulose
acetate and polyethylene glycol 3350. One half of the tablet core
contained the active pharmaceutical ingredient nifedipine (NIF).
Given its colour, this face of the tablet is referred to as the yellow
tablet face in the remainder of this work. An osmotic blend was
incorporated in the other half of the tablet core. Owing to its high
content in iron oxide, this face is referred to as the red tablet face. A
laser-drilled hole was positioned in the semipermeable membrane
on the centre of the yellow tablet face, to enable the release of NIF
from the dosage form by contact with water. Three different dose
strengths of the GITS were used in this study. The GITS with a drug
load of 20 mg NIF were 8.4 mm in diameter and 4.3 mm in height
with a mass of 217 mg per tablet. GITS with a drug load of 30 mg
NIF were 9.1 mm in diameter and 4.8 mm in height with a mass
of 280–283 mg per tablet and GITS with a drug load of 60 mg NIF
were 10.6 mm in diameter and 6.6 mm in height with a mass of
531 mg per tablet.

2.2. Pan coating

2.2.1. Preparation of the coating suspension
The aqueous coating suspension consisted of 40% (wt/wt)

candesartan cilexetil (CAN) as API and 60 % (wt/wt) polyvinyl
alcohol based polymer mixture (Opadry

�
, Colorcon, Dartford, UK)

at a total solid content of 29% (wt/wt). The API was dispersed in
water using either an Ultra-Turrax homogeniser (batches A and
B, TP18/10, Janke und Kunkel, Staufen, Germany) or a dissolver
stirrer (other batches). Subsequenty, Opadry

�
was added and the

suspension was stirred for at least 45 min until all polymer
particles had dissolved.

2.2.2. Coating trials in lab scale
Pan coating in lab scale (3 and 8 kg) was performed using

side-vented pan coaters (BFC5 and BFC5/10, L.B. Bohle, Ennigerloh,
Germany). The process conditions and theoretical API content at
process endpoint are listed in Table 1. In batches A and B the spray
rate was increased from 8 g/min to 12 g/min after 60 min process
time.

2.2.3. Design of experiments in pilot scale
Pan coating in pilot scale (38–43 kg) was performed using a

side-vented pan coater (BFC50, L.B. Bohle, Ennigerloh, Germany).
A 25�1 fractional factorial design of experiments (DoE) was per-
formed using GITS with a drug load of 30 mg NIF. Drum load

Table 1
Process parameters and API contents in the fixed-dose combination for the investigated lab scale batches of active-coated GITS at different scales.

Batch no. loa (kg) rpm (rpm) spr (g/min) dur (min) pres (bar) NIF load (mg/tablet) CAN load (mg/tablet)

A 3 18 8/12 340 0.8 20 32
B 3 18 8/12 348 0.8 20 32
C 8 15 25 396 1.1 20 32
D 8 15 21 180 1.0 60 32
E 40.1 11 123 80 1.5 30 8
F 40.1 11 126 150 1.5 30 16
G 44 11 78 140 1.5 60 16
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