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ABSTRACT

Objectives The abuse of benzodiazepines and Z-drugs
reduces the quality of life of millions of addicted people
worldwide. They cannot be discontinued abruptly due

to harmful withdrawal symptoms. Detoxification is
usually based on replacement of short/middle acting
benzodiazepines or Z-drugs by diazepam and tapering
the dose over time. In order to enhance patient
adherence to an individual withdrawal plan, suitable
diazepam dosage forms have to be available. Hard
capsules containing an exact and uniform dose could be
used for the relief of symptoms caused by altering the
plasma level and overcoming psychogenic stress from the
dose reduction.

Methods This work demonstrates that capsules with a
content of diazepam ranging from 2.125mg to 0.492 mg
(dose decreasing always by 15%) cannot be easily
prepared by standard mortar technology in a pharmacy.
To meet mass and content uniformity European
Pharmacopoeia criteria, capsules were prepared by
improved technology based on the preparation of binary
blends of calcium phosphate anhydrous and diazepam in
descending concentrations in a high-speed mixer (time
305) and densification of about 10% during filling of the
capsules.

Results All batches (n=20) prepared by improved
technology met the requirement for content uniformity
compared with only nine batches prepared by standard
mortar blender technology. Based on the process
capability index, none of the samples prepared by
standard technology fitted pharmacopeia limits at the
statistically acceptable level. On the other hand, all
batches prepared by improved technology exhibited
acceptable process capability index.

Conclusions We have shown that at least 99.73% of
batches prepared by our improved technology would
meet the pharmacopoeia limits for content uniformity
and are suitable for treatment of this type of addiction.

INTRODUCTION
Addiction to benzodiazepines (BZD) or Z-drugs
(ATC group NOSCF) is one of the most frequent
drug abuses. Before their addictiveness was known,
they replaced highly hazardous barbiturates' for the
treatment of conditions such as anxiety, generalised
anxiety, panic disorders, insomnia, alcohol addic-
tion and epilepsy seizure stages, particularly status
epilepticus.” The development of drug tolerance
during treatment also contributes to the addiction.
According to many physicians, addiction to these
drugs overcomes opiate addiction.” Chronic use

leads to heavy and somatic addiction which reduces
the quality of life, impairs social functioning and
mental health and reduces labour intensity.* They
are widely prescribed and used by millions of people
worldwide, afflicting up to a third of the current
population.’ In adolescents, the lifetime prevalence
of their use without prescription ranged from 2% to
15% in 24 EU member states in 2011.°

BZD and Z-drugs can rarely be discontinued
abruptly (cold turkey). Withdrawal symptoms
include restlessness, insomnia, tachycardia, tremor,
dysphoria, anger or aggression, paranoid ideas,
agoraphobia, panic attacks, deterioration of spatial
vision, memory and attention disorders and may
even result in death.”

The first step in detoxification is usually the
replacement of short or middle acting BZD or
Z-drugs by diazepam in the equivalent dose® and
the creation of a gradually decreasing withdrawal
schedule (tapering). The blood concentrations are
then more balanced and the nervous system can be
stabilised. Diazepam is then slowly eliminated even
when administered only once or twice a day.’

Adjuvant therapy is recommended during detox-
ification. To prevent epileptic seizures, carbamaze-
pine or valproate may be used.' It is also possible to
use suitable non-BZD anxiolytics (eg, buspirone)™
and sedative antidepressants (eg, trazodone or
mirtazapine) in sleep disorders.'’ '* Antipsychotics
(eg, cyamemazine) may sometimes be adminis-
tered.” For tachycardia adjustment, beta-blockers
are recommended (eg, propranolol).'*

For enhancing patient adherence to an individual
withdrawal plan, the availability of dosage forms
with an accurate dose of diazepam is essential. A
relatively exact dose of diazepam could be obtained
from an individually prepared or commercial solu-
tion. However, precise dosing by classic oral drops
is difficult and ambulant treatment depends on the
accuracy and self-control of the patient.” Further-
more, in the case of sometimes recommended
self-made suspensions from diazepam tablets, inad-
equate dosing may result in kinetic instability.'®
Even more controversial is the use of marketed oral
tablets; tablet breaking is not an effective method
for obtaining an exact dose. Halving and quartering
of tablets will not allow for adequate uniform dose
tapering (eg, by 10-25%). Moreover, the patient
is distressed by the visible reduction of the drug
dose."”

These disadvantages could be overcome by indi-
vidually prepared hard capsules containing the
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exact diazepam dose individually decreasing over time. Adjuvant
drugs can also be included in these capsules. The patient would
get professionally prepared medicine with good content unifor-
mity (UC) according to an individual tapering plan. Moreover,
he/she would not be additionally stressed by the obvious reduc-
tion in drug dose because identical looking capsules are adminis-
tered until complete withdrawal.

The aim of this study was to optimise manual filling of tapering
diazepam concentrations into hard capsules meeting the unifor-
mity of mass (UM) and UC criteria set by the European Phar-
macopoeia (Ph Eur). The experimental study was performed in
three phases. First, a suitable indifferent filler was selected based
on the results of mass uniformity of drug-free capsules. Second,
the appropriate mixing conditions (high-speed mixer) were
found according to the results of UC of the diazepam mixture.
Finally, hard capsules were filled with diazepam blend prepared
by a technique based on the results obtained in the previous
parts. Final capsules were tested for UM and UC and the results
were compared with hard capsules prepared in the pharmacy by
traditional mortar technology without any special mixer (mortar
blender) and under any special conditions. The verification was
performed using Cpk, the process capability index.

MATERIALS AND METHODS

Materials

Lactose monohydrate, milled (Pharmatose 200M, particle size
35um; DFE Pharma, Goch, Germany), spray-dried lactose
(Pharmatose DCL 11, particle size 59 um; DMW International
GmbH, Veghel, Netherlands) and calcium phosphate anhydrous
(Di-Cafos A60, particle size 61 um; Chemische Fabrik Buden-
heim, Budenheim, Germany) were used as indifferent fillers.
Diazepam (Dr Kulich Pharma, Hradec Krilové, Czech Republic)
was used as the active substance. All materials were of Ph Eur
quality. Drug-free fillers or their mixtures with diazepam were
filled into size 0 hard gelatine capsules (Dr Kulich Pharma).

Evaluation of flow properties of fillers

Fillers in amount of 100 g were evaluated according to Ph
Eur 8: flowability (Medipo, Brno, Czech Republic, diameter
of outflow opening 25.0+0.01 mm), bulk and tapped density,
Hausner ratio and Carr’s index (SVM 102, Erweka, Heusen-
stammen, Germany) and angle of repose (fixed glass funnel)
were measured.

Fillers in amount of 100% (100% means a volume in mL corre-
sponding to the declared internal volume of the hard gelatine
capsule multiplied by the number of capsules, 0.67 mL x 30 cps,
i.e. 20.1mL), 107.5% (21.6mL) and 110% or 115% (21.1 mL
or 23.1mL) were manually filled into 30 hard gelatine capsules
(manual 30 aperture capsule filling machine Heros, Olomouc,
Czech Republic). Each capsule was weighed and the average
value and relative standard deviation (RSD) were calculated.

Content uniformity (UC) of blends

The mixture (200g) of selected filler amount (110%/115%) and
diazepam (in amount corresponding to 2.125 mg per capsule)
was mixed (Tefal Kaleo 676210, France) for 30s, 60s and 180s.
Tefal Kaleo is a high-speed mixer with a bottom four-blade
impeller and a product bowl volume of 2L. The mixing speed
was 400 rpm. The samples (around 1g precisely weighted) were
taken from 10 different sites of powder mixture and the diaz-
epam content was determined. A YL 9100 Young Lin high-per-
formance liquid chromatography (HPLC) instrument with
quarternary pump, autosampler (100 uL loop volume) and DAD
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Figure 1

Sampling pattern.

detector set at 254 nm was used for analysis. A Venusil XBP C18
(3um; 4.6x150mm) column kept at a temperature of 35°C
was used. The mobile phase consisted of 0.02 mol/L phosphoric
acid-methanol-acetonitrile in a proportion of 30:35:35 (v/v)
with a flow rate of 1 mL/min.

A basic standard solution for the calibration curve of diaz-
epam in methanol-water (20:80, v/v) was prepared at a concen-
tration of 250 ug/mL. Calibration standards were prepared by
transferring corresponding amounts of indifferent filler to a
100 mL volumetric flask with the appropriate volume of basic
standard solution and filled with methanol-water mixture. After
10min of sonication, 2mL of the sample were transferred to
an Eppendorf tube and centrifuged for 5 min at 5000 rpm. 50 L
of supernatant was assessed by HPLC. A calibration curve was
produced with standards of the final concentrations set between
1 and 50 pg/mL.

Preparation and evaluation of capsules with diazepam

Based on previous results, 30 hard gelatine capsules (size 0)
were prepared at each level of diazepam content (2.125-
0.492 mg diazepam per capsule, regular 15% decrease through
10 dose levels) by improved technology (mixer blend, IT) as
follows. The selected filler in amount of filling 110%/115% was
mixed with diazepam in the Tefal Kaleo 676210 high-speed mixer
for 30s. Every sample was prepared twice (batches 1 and 2). All
capsules had an exactly defined position in the filling machine
(figure 1) and were analysed for UM and UC. The assay of diaz-
epam content was performed by the HPLC method described
above. The content of the capsule was transferred to a 100 mL
flask and filled up with a methanol:water (20:80, v/v) mixture.
After 10 min of sonication, 2 mL of the sample was centrifuged at
5000 rpm for 5 min. 50 pL of supernatant was assayed by HPLC.
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Table 1 Evaluation of flow properties of fillers, uniformity of mass of drug-free capsules
Amount of RSD (%) of UM
Filler F(s) A(°) Cl (%) HR BD (g/cm?) D (g/cm®) filling (%) | I
Pharmatose N/A N/A 28.57 1.40 0.50 0.70 100.0 1.40 1.7
200M 107.5 1.76 1.52
115.0 0.99 1.28
Pharmatose 36 30 13.33 1.15 0.65 0.75 100.0 4.65 2.41
DCL11 107.5 1.43 468
115 235 2.00
DiCafos 33 28 12.34 1.14 1.35 1.54 100.0 4.10 1.94
A60 107.5 1.43 2.84
110.0* 1.21 1.04

A, angle of repose; BD, bulk density; Cl, Carr's index; F, flowability; HR, Hausner ratio; N/A, not applicable; NS, normal saline; TD, tapped density; UM, mass uniformity; I and I,

batches.
*Lower amount of filling was used because of better flow properties of Dicafos.

In parallel, capsules with the same concentrations of diazepam
were prepared in a pharmacy using a mortar blender (pharmacy
technology, PT) as follows. Weighed diazepam was put into the
cylinder and the selected filler was added to obtain the required
volume of 20.1 mL. The non-homogenous mixture was placed in
the mortar, usually homogenised and filled on the same device
into 30 capsules (size 0).

UM and UC evaluation was performed according to Ph Eur
2.9.5 and 2.9.6, respectively. To evaluate the reproducibility
of these parameters the process capability index Cpk was
used, which statistically evaluates the capability of a process to
produce output (ie, capsule mass or diazepam content) within
specified limits. It can be expressed as:

. rUSL—g LSL—z
Cpk=min[=5£, =5=F]

where USL/LSL is the upper or lower specification limit, /i is
the estimated mean and & is the SD. It is clear that, by consid-
ering only the minimum value, Cpk evaluates the variation as
well as centring of the process. If the result is not less than 1.0,
at least 99.73% of batches produced by this process will pass the
applied limits.'®

RESULTS

Evaluation of flow properties of fillers and UM of drug-free
capsules

Table 1 shows the comparison of the flow properties of the fillers
used (Pharmatose 200M, Pharmatose DCL11 and Di-Cafos
A60). As expected, the results obtained confirmed that Di-Cafos
A60 had better flow properties. UM (n=30) of hard capsules
(size 0) with different amount of fillers (100%, 107.5% and
115%) was expressed by the RSD value.

Diazepam content

30sec 60 sec. 180 sec
20 19,90
224mg 2.00mg 1.54mg
——Pharmatose200M  (97.3-105.6)% (903-111.1)% (682-1435)%
= 222mg 2.16mg 204mg
~8-DiCafos A 60 (96.4-102.8)% (96.6-103.4)% (93.4-103.0)%

30 60 180
Time (sec)

Figure 2 Content uniformity of diazepam/filler blends at different mixing
times.

Content uniformity (UC) of blends

Figure 2 shows the range of diazepam content (n=10) and
respective RSD in mixtures containing either Pharmatose 200M
(in 115% amount) or Di-Cafos A60 (in 110% amount) and
the diazepam in an amount corresponding to 2.125mg per
capsule (size 0) during high-speed mixing at 30, 60 and 180s
time points.

Preparation and evaluation of capsules with diazepam
The average weight (=RSD, n=30) and average diazepam
content (*RSD, n=10samples according to the sampling
pattern) for hard capsules (filler Di-Cafos A60) with decreasing
diazepam content (2.125-0.492mg per capsule; regular 15%
decrease) together with the Cpk" determined for both phar-
macopoeia limits pursuant to articles 2.9.5 and 2.9.6 (ie, UM
—+7.5%and £15%, UC —*=15%and +25%) were found.
Average masses of capsules prepared by PT were in the
range 97.85-99.289%0 with RSD values between 1.07% and
6.26% while, for capsules prepared by IT, averages were in the
range 94.03-102.22% with RSDs between 1.00% and 3.10%.
Graphical expression of the individual values of UM in
the form of a correlation diagram is shown in figure 3 for all
prepared batches. Both the 85-115% limits (solid line) and the
92.5-107.5% limits (dotted line) are displayed. The limits are
derived from the average weight of samples in accordance with
Ph Eur 2.9.5. Capsules prepared by PT and those prepared by IT
(amount of filling 110%, time of mixing 30s) are compared.
The average content of capsules prepared by PT was in
the range 66.72-106.02% with RSDs between 9.30% and
23.99%and the average content of capsules prepared by IT
was in the range 89.48-106.17% with RSDs between 2.53%
and 8.37%. Graphical expression of individual values of UC in
the form of a correlation diagram is shown in figure 4. Limits
from 75% to 125% (solid line) and 85% to 115% (dotted line)
are shown. The limits are derived from the average diazepam
content in samples according to Ph Eur 2.9.6. Hard capsules
prepared by PT and by IT are compared.

DISCUSSION

The aim of this study was to optimise the manual filling of
different concentrations of diazepam into hard capsules so they
would meet UM and UC criteria set by Ph Eur. To pass UM, only
two out of 20 samples can deviate from the average mass by more
than 7.5% and not more than 15%. To pass the UC criteria, only
one of 10 samples can deviate from the average content by more
than 15% but less than 25%. If two or three samples fall outside
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Pharmacy technology
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Figure 3  Correlation diagrams of individual values of uniformity of mass comparing capsules filled by standard mortar technology and capsules prepared
by improved technology. LCL, lower control limit; UCL, upper control limit; AV, average weight.

the 15% deviation range, another 20 samples are tested. To pass,
only three out of 30 samples can deviate by more than 15%
but still less than 25%. The tapering diazepam concentration
(2.125-0.492 mg per capsule, 10 strengths, stepped down by
15%) could be used in the final phase of detoxification until
complete withdrawal. These very low doses of diazepam cannot
be precisely obtained by multiple breaking of commercially
available tablets.

Selection of suitable filler

From RSD values (table 1), it can be concluded that the UM of
drug-free capsules improved with increasing volume of filling
(surplus 10% or 15%) in the case of all tested fillers. This
can be explained by complete expelling of air from the filling
mixture resulting in more uniform filling of capsules, as proved
by the decrease in RSD.?” The lowest RSD values were found
with Pharmatose 200M (0.99% and 1.28%) and Di-Cafos A60
(1.21% and 1.049%) used in 15% and 10% surplus, respectively
whereas, for Pharmatose DC11, the RSD values were approxi-
mately two times higher. The flow properties of the fillers did
not influence the results of UM.

UC of blends

For determination of optimal mixing time, Pharmatose 200M
and Di-Cafos were selected due to the lowest RSD values for UM.
It is obvious (figure 2) that a mixing time of 30's was optimal for
homogeneity of both blends. RSD values, obtained after 30s of
mixing, slightly favoured Di-Cafos A60 over Pharmatose DC11
(RSD 2.249 and 2.70%, respectively). Moreover, a time-depen-
dent increase in RSD confirmed a strong over-blending phenom-
enon in the case of Pharmatose DC11. The diazepam content
in the samples reduced with the mixing time. The phenomenon
of mixing-induced reduction of drug content and its uniformity
in low strength blend has also been reported in the literature.?’
The best results for UC were obtained with Di-Cafos A60 and a
mixing time of 30 s, so these conditions were selected as optimal
for further experiments.

Evaluation of capsules with diazepam: UM

All batches of prepared capsules met the requirements set by
Ph Eur 2.9.5. The Cpk for the 92.5-107.5% limit found seven
samples of capsules prepared by PT (total Cpk range 0.40-2.43)
and three samples prepared by IT (total Cpk range 0.79-2.51)
to be unfit. On the other hand, for the 85-115%limit, all
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Figure 4 Correlation diagrams of individual values of content uniformity comparing capsules filled by standard mortar technology and capsules prepared
by improved technology. LCL, lower control limit; UCL, upper control limit; AV, average content.

samples except one prepared by PT were found to be accept-
able. Cpk values ranged between 0.80-4.86 (PT) and 1.59-5.02
(IT). Generally, IT samples exhibited Cpk values superior to PT
samples for both limits. This proves that using a filler in surplus
positively affected UM.

Figure 3 clearly shows that the IT samples always exhibited
significantly lower deviation of individual weights. For both
technologies, but more significantly for IT, the trend of lower
weights for capsules located laterally on the filling plate (indexed
1 and 6) was observed. On the other hand, higher weights were
typical for capsules situated in the medial positions (indexed 3
and 4). These results confirmed the presence of a typical human
error (ie, the tendency to overfill capsules in the middle of a plate
in comparison with capsules at the edges).

Evaluation of capsules with diazepam: UC

All samples from both batches prepared by IT fulfilled
the requirement according to Ph Eur 2.9.6 for UC
compared with only nine samples prepared by PT. Further-
more, based on calculated Cpk, none of the PT samples met
the Ph Eur 85-115%]limit (Cpk range 0.21-0.54) or even
the 75-125% limit (Cpk range 0.35-0.90). On the other hand,
all samples prepared by IT had acceptable Cpk values between

1.00 and 3.29 for a wider limit, proving that at least 99.73% of
batches prepared by such technology would not exceed it. Cpk
values for the 85-115%limit were between 0.60 and 1.97.
The second smallest Cpk (0.69; diazepam dose 0.801 mg and
0.681g per capsule) guarantees with high probability that no
more than three out of 10 samples would exceed this limit.
Only the smallest Cpk value (0.6; diazepam dose 0.579 mg
per capsule) cannot fulfil the requirement for this limit at a
statistically significant level. Generally, these low values were
found in batches with a low diazepam content where achieving
a good UC is usually very demanding.

As can be seen from figure 4, the IT samples always exhib-
ited significantly lower deviation in individual content. There is
no visible trend in the content of diazepam in capsules obtained
from medial (indexed 1 and 6) and lateral (indexed 3 and 4)
positions due to the fact that RSD values of UC were much
higher than those of UM.

CONCLUSION

This work shows that hard capsules with a low diaz-
epam content cannot be prepared in a pharmacy by standard
mortar blender technology. However, capsules meeting phar-
macopoeia criteria at a statistically significant level can be
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prepared by IT using a suitable filler, more intense blending,
optimal blending time and densification of the filling mate-
rial during filling. However, if this technology is to be
employed, the subsequent doses of diazepam in capsules
intended for withdrawal treatment cannot be reduced by
less than 15%, which is the lowest reduction achievable at a
statistically significant level.

What is already known on this subject

» The long-term use of benzodiazepines and Z2 hypnotics
causes a strong addiction and immediate withdrawal is not
safe.

» For its long half time, diazepam in gradually decreasing doses
is used as a substitute until full withdrawal

» Suitable dosage forms with a very low diazepam
concentration for enhancing patient adherence to
an individual withdrawal plan are not available.

What this study adds

» In the pharmacy it is possible to prepare hard capsules with
a wide range and accurate diazepam content covering long-
term detoxification.

» Using a suitable technology ensures the preparationof highly
homogeneous capsules with a precise diazepam content.
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