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ORIGINAL ARTICLE

Formulation and Development of Aqueous Film
Coating for Moisture Protection of Hygroscopic
Herniaria glabra L. Tablets

© Hakim EL MABROUKI*, ® Irina Evgenievna KAUKHOVA

Saint-Petersburg State Chemical Pharmaceutical University, Department of Industrial Technology of Drugs, Saint-Petersburg, Russia

ABSTRACT

Objectives: The present study aims to develop a moisture-protective coating solution and use it to film coat hygroscopic Herniaria glabra L. tablets.
Materials and Methods: Five coating formulations were developed and applied on H. glabra core tablets in a fluidized-bed coating. The film-coated
tablets were evaluated by appearance, percentage of moisture gain, disintegration time, and percent of drug release. Physicochemical properties
and stability during storage of the best obtained coated tablets were studied.

Results: The results of this study showed that the film coating F5 containing 25% hydroxypropyl methyl cellulose (HPMC), 20% shellac, 10%
polyethylene glycol (PEG) 1500, 29.6% PEG 4000, 5% tween 80, 10% titanium dioxide, and 0.4% acid red 2 offered good protection for coated tablets
against moisture. Coated tablets showed physical and dissolution stability during storage.

Conclusion: A combination of hydrophilic polymer HPMC and hydrophobic polymer shellac is suitable for balancing moisture-protective properties
and attaining the fast release of drugs. This study could make it worthwhile to develop a pharmaceutical moisture barrier film coating system for

immediate release tablets. However, more studies will be needed to evaluate the moisture-resistant film further.
Key words: HPMC, shellac, moisture protection, coating, Herniaria glabra tablets

INTRODUCTION

Tablets are the most popular dosage form of the drugs in use
today. However, tablets may contain moisture-sensitive active
pharmaceutical ingredients (APIs). The stability of APl in tablets
during their shelf life is necessary to ensure its effectiveness.
Thus, absorbing moisture can cause hydrolysis and oxidation,
which conduct to the degradation of the active substances
and consequently decrease in therapeutic efficiency of the
medicine! Therefore, the most suitable is to protect the core
tablets with a moisture protective film that could efficiently
prevent water vapor from attaining the cores and hence prevent
the hydrolytic degradation of API.??

Moisture protective films are used for protection from moisture
and improve physical appearance, mechanical resistance, and
masking unpleasant odors and tastes.*

A perfect coating film should exhibit various qualities to attain
the function of the moisture barrier. Thus, the coating film

should be uniform and smooth and guarantee the stability of
the drug during the shelf life. Such a coating film should also
possess an adequate thickness and low permeability to water
vapor.®

The use of the coating film with water-soluble polymers has
seen great success in recent years due to the drawbacks of
organic solvents (toxicity, pollution, and explosion hazards)
utilized in water-insoluble polymers.®” Therefore, water-soluble
polymers, including hydroxypropyl methyl cellulose (HPMO),
hydroxyethyl cellulose, and polyvinyl alcohol, are widely used
in moisture barrier coating.®

A coating film formed with entero-soluble polymers, such as
shellac polymer, could efficiently provide moisture protection
and enteric functionalities due to their insolubility at acidic and
neutral pH.”™® Shellac polymer can be used in coating film to
achieve enteric applications, immediate-release properties,
taste masking, and seal coating.
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Different methods have been developed to test the moisture
uptake of drugs. The most common method is to measure the
weight increase of the dosages at various constant temperature
and humidity conditions. Therefore, both uncoated and coated
pharmaceutical dosages are investigated for their moisture
uptake at these various humidity conditions created by a
saturated salt.

Tablets containing Herniaria glabra L. extract, potassium citrate,
and sodium citrate were developed in a laboratory to study their
diuretic and antilithiasic effect®* However, studies have shown
that obtained tablets are moisture sensitives. Thus, absorbing
moisture can cause degradation of the active substances and
consequently reduce their therapeutic efficacy.

The objective of this study was to develop moisture barrier
films based on HPMC and shellac polymers, to film coat
hygroscopic H. glabra core tablets, and evaluate the moisture
barrier properties of the films at different humidity conditions.
Drug release of the coated tablets was investigated. In addition,
the stability of the coated tablets during storage was also
evaluated.

MATERIALS AND METHODS

Chemicals and reagents

H. glabra was supplied by herbs Morocco (Rabat, Morocco);
potassium citrate, sodium citrate, schellac, lactose monohydrate,
calcium stearate, tween 80, and titanium dioxide were provided
by Merck (Darmstadt, Germany); HPMC 6FC was obtained from
Dow Chemical Company (Midland, MI, USA); polyethylene glycol
(PEG) 1500 and PEG 4000 was provided by Stepan Company
(Northfield, USA), while stearic acid was received from Tianjin
Damao Chemical Reagent Factory (Tianjin, China); acid red 2
was supplied by Spectrum Chemical (New Brunswick, USA).

Preparation of film-coated Herniaria glabra tablets

Preparation of saponin-rich extract of Herniaria glabra

H. glabra herb was initially defatted with petroleum ether in the
Soxhlet apparatus and then extracted with ethanol 70% for 7
days by maceration* The obtained extract was purified from
ballast and accompanying substances using the selective liquid-
liquid extraction method with organic solvents (cyclohexane,
chloroform, and ethyl acetate) and then precipitated in cold
acetone, obtaining purified saponin-rich extract. The obtained
extract was dried at 60°C.

Preparation of core tablet

The core tablet contains 50 mg saponin-rich extract H. glabra,
100 mg potassium citrate, 100 mg sodium citrate, 245 mg lactose,
and 5 mg calcium stearate was obtained by wet granulation
method. All the ingredients were weighed correctly and sieved
through a 20 mesh sieve. Saponin-rich extract H. glabra,
potassium citrate, and sodium citrate as drug substances and
lactose monohydrate as a diluent was loaded into a Laboratory
High Shear Mixer Granulator (STE Techpharm, Spain) and
mixed for 5 min!® The powder blend was granulated using
purified water as granulating fluid. Purified water was sprayed

onto the powders with 3 g/min and 0.11 MPa spray air pressure.
During the spraying, the impeller speed was 600 rpm. The wet
granules were air-dried in the Lab Fluid Bed Dryer (STREA-1,
Aeromatic Fielder, Switzerland) at an inlet temperature of 60°C
for 10 min!” The dried granules were milled through an 850 um
sieve and lubricated for 5 min with calcium stearate, and stored
for compression into tablets. The tablets were compressed with
a single punch machine (Korsch EKO, Germany). The average
weight of the tablets was 500.0 mg.

Preparation of film-coating suspensions

Five coating formulations were developed using HPMC and
shellac as film-forming agents, stearic acid, PEG 1500 and 4000
as plasticizers, tween 80 as the surfactant, titanium dioxide as
a pigment, and acid red 2 as colorant; detailed compositions
were shown in the Tables 1 and 2.

Formulation F1 contained 8% shellac, 0.6% stearic acid, 6%
PEG 4000, 0.4% tween 80, 1.5% Ti0O,, 0.05% acid red 2 dye, 10%
ammonia 25% and 73.45% distilled water. Polymeric shellac
solution was obtained by dissolving 40 g shellac polymer in a
mixture of 200 mL water and 50 g 25% ammoniated aqueous
solution under stirring and heating at a temperature between
50-60°C.® The obtained polymer shellac solution was cooled
to room temperature. 30 g PEG 4000, 2.0 g tween 80, and
3.0 g stearic acid were added progressively and mixed to the
polymeric shellac solution until evenly dispersed. Titanium
dioxide (7.5 g) was dispersed in 100 mL purified water using
a magnetic stirrer for 2 hours in a separate container. The
obtained shellac mixture was thoroughly mixed with titanium
dioxide suspension, 0.25 g acid red 2 dye, and remaining
water under stirring for 60 minutes to obtain a homogenized
distribution.

Formulation F2 contained 7.5% shellac, 7.5% PEG 4000, 0.5%
tween 80, 1.5% TiO,, 0.05% acid red 2 dye, 10% ammonia 25%
and 72.95% distilled water. Formulation F2 (not containing
stearic acid) was prepared in the same way as F1.

Formulation F3 contained 6% HPMC, 6% PEG 4000, 0.3%
tween 80, 1% TiO,, 0.05% acid red 2 dye and 86.65% distilled
water. Polymeric HPMC solution was obtained by dissolving
30.0 g HPMC polymer in 300.0 mL purified water with magnetic
stirring at 80°C for 60 minutes. The obtained polymeric HPMC
solution was cooled to room temperature (RT) and mixed with
30.0 g PEG 4000 and 1.5 g tween 80. In a separate container, 5.0
g titanium dioxide was dispersed in 100 mL purified water using
a magnetic stirrer for 2 hours. The obtained HPMC mixture was
mixed with titanium dioxide suspension, 0.25 g acid red 2 dye,
and remaining water under stirring for 60 minutes to obtain a
homogenized distribution.

Formulation F4 contained 2.4% shellac, 3% HPMC, 2.8% PEG
4000, 1% PEG 1500, 0.6% tween 80, 1.2% TiO,, 0.05% acid red
2 dye, 4% ammonia 25% and 84.95% distilled water. Polymeric
shellac solution (12.0 g shellac prepared in the same way as F1)
was mixed with 14.0 g PEG 4000, 5.0 g PEG 1500, and 3.0 g
tween 80 to obtain a homogenized shellac mixture. Polymeric
HPMC solution (15.0 g HPMC prepared similarly to F3) was
mixed with the shellac mixture, titanium dioxide suspension
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(6.0 g TiO,), 0.25 g acid red 2 dye, and remaining water under
stirring for 60 minutes in order to obtain a homogenized
distribution.

Formulation 5 contained 2.4% shellac, 3% HPMC, 3.6% PEG
4000, 1.2% PEG 1500, 0.6% tween 80, 1.2% TiO,, 0.05% acid
red 2 dye, 4% ammonia 25% and 83.95% distilled water.
Formulation F5 was prepared in the same way as F4.

The coating solutions were filtered through sieve number 140,
equivalent to 160 ym (ASTM E-11, Cole Parmer, USA), and
stored in an airtight container.

Preparation of free films

Free films were prepared by casting polymer solution onto glass
petri dishes and placed in an oven at 50°C for 24 h. Dried films
were removed and cut carefully into strips with an average
thickness of 200-300 um, a width of 10 mm, and a length of
50 mm. The free film was kept in a desiccator with 50% RH

Table 1. Composition of coating solutions (w/w%)

Component F1 F2 F3 F4 F5
Shellac 8.0 7.5 - 2.4 2.4
Stearic acid 0.6 -2 - - -
HPMC® 6FC - - 6.0 3.0 30
PEG® 4000 6.0 75 6.0 2.8 3.6
PEG 1500 - - - 1.0 1.2
Tween 80 0.4 05 0.3 0.6 0.6
Tio, 1.5 15 1.0 1.2 1.2
Acid red 2 0.05 005 0.05 0.05 0.05
Ammonia 25% 10.0 100 - 4.0 4.0
Distilled water 7345 7295 86.65 8495 8395

*None, "HPMC: Hydroxypropyl methyl cellulose, “PEG: Polyethylene glycol

at RT until mechanical analyses were performed. Mechanical
properties of the films, including tensile strength and elongation
at break, were evaluated by a texture analyzer (TA-XT plus, UK)
using a 50 N load cell and crosshead speed of 5 mm/min.

Coating process

The coating of the tablets was carried out in a fluid bed coater
(Strea-1 Aeromatic Fielder, Switzerland) and the coating
parameters were as follows: Batch size 500.0 g, inlet air
temperature 60°C, outlet air temperature 45°C, airflow 90
m3/h, atomizing air pressure 2.0 bar, spray rate 3 g/min, drying
temperature 50°C and drying time 15 min. The tablets were
coated until a weight gain of 6% w/w. The coating solution was
stirred continuously during the overcoating process.

Evaluation of tablets core and coated tablets

The thickness, friability, hardness, and disintegration time of
the core tablets and coated tablets were studied according to
the methods described in the Russian Pharmacopoeia 14.°
The thickness was determined with a micrometer (moore and
right 1965B, UK), the friability was determined with a friabilator
(Erweka TA 100, Germany), the hardness was measured
using a hardness tester (Erweka TBH 125, Germany) and the
disintegration time was studied in distilled water (disintegration
medium) at 37 + 0.5°C using disintegration tester (Erweka ZT
120, Germany).

Dissolution test of tablets

The dissolution test was performed using the Russian
Pharmacopeia 14 paddle method.?° Drug release was measured
in Erweka dissolution tester (DT 720, Germany) using distilled
water as the dissolution medium, maintained at 37 + 0.5°C and
agitated at 50 rpm (n= 6). The samples were withdrawn at 5, 10,
15, 20, 30, 45, and 60 min.

Drug release of saponins was determined spectrophotometrically
based on the method of Hiai et al.?’ To 0.5 mL of sample and

Table 2. Compositions of film-coating (%)

Component F1 (%) F2 (%) F3 (%) F4 (%) F5 (%)
Shellac 48.3 44.0 -2 217 20.0
Stearic acid 37 - - - -
HPMCP 6FC - - 45.0 271 25.0
PEG*© 4000 36.3 44.0 45.0 253 29.6
PEG 1500 - - - 9. 10.0
Tween 80 2.4 29 2.2 55 5.0
Tio, 9.0 8.8 7.4 10.9 10.0
Acid red 2 03 0.3 0.4 0.4 0.4
Ammonia 25% *d * * * *
Distilled water * * * * *

Total 100.0% 100.0% 100.0% 100.0% 100.0%

*None, ®"HPMC: Hydroxypropyl methyl cellulose, “PEG: Polyethylene glycol, “Distilled water and ammonia 25% are volatile components, which do not remain in the

film coating
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standard (escin), 0.5 mL of 8% vanillin solution. Then 5.0 mL of
72% sulfuric acid were added and mixed well in an ice water
bath. The mixture was warmed in a bath at 60°C for 10 min,
then cooled in water at the ambient temperature for 5 min. The
absorbance of the standard and samples was measured at 560
nm using a ultraviolet 1240 spectrophotometer from Shimadzu,
Japan.

Preparation of reagents: 8% (w/v) vanillin solution: 800 mg
of vanillin was dissolved in 10 mL of 99.5% ethanol. Prepared
freshly for each determination.

72% (v/v) sulfuric acid: To 28 mL of deionized water, 72 mL of
sulfuric acid was added.

Drug release of citrates was determined using the non-
aqueous acid-base titrimetry method described in European
Pharmacopeia 8.22 20 mL of sample was evaporated gently on
a hot plate until dryness, then dissolved in 20 mL of anhydrous
acetic acid, heating to about 50°C. It allowed cooling. 0.25 mL
of naphtholbenzein solution as an indicator was added, and the
solution was titrated with 0.1 N perchloric acid until a green
color was obtained.

Preparation of reagents: Preparation of anhydrous acetic acid:
104 mL of acetic anhydride poured into glacial acetic acid in
small portions with stirring. The acid container was left to
stand for about a day.

Preparation of 0.1 N titrated perchloric acid solution in
anhydrous acetic acid: Approximately 8.5 mL of 72% perchloric
acid was dissolved in 100 mL of anhydrous acetic acid, about
30 mL of acetic anhydride was added in small portions with
constant cooling of the solution to bind water. The bottle was
closed with a cork and left for a day in a dark place, then the
volume of the solution was brought to 1 liter.

Moisture uptake of tablets

Moisture uptake of the tablets was determined by placing
the tablets in desiccators of 25°C/75% RH, saturated sodium
chloride solution, and 25°C/91% RH, saturated potassium
nitrate solution.?® Weight gain was measured at predetermined
time points.

Stability test of coated tablets

The samples of coated tablets were blister packed in aluminum
using the packing machine DP-210 (Wenzhou T&D Packaging
Machinery Factory, China). Stability studies were realized
according to ICH guidelines.? Tests were conducted under RT

and accelerated stability conditions. The samples designed for
RT were kept at 30 + 2°C and 65 + 5% relative humidity, while
the accelerated stability samples were kept at 40 + 2°C and 75
+ 5% RH in a humidity chamber (Binder KBF 115, Germany).
The RT samples were tested at O, 3, 6, 9, and 12 months. The
accelerated stability samples were tested at O, 1, 2, 3, and 6
months. The coated tablets were tested for their physical
appearance, hardness, friability, disintegration, and dissolution
during storage.

Ethics committee approval
In this study, ethics committee approval is not required.

Statistical analysis
In this study, statistical data was not used.

RESULTS AND DISCUSSION

It has been shown that coatings affect the physicochemical
properties of the tablet to varying degrees and these changes
are suggestive of the effect of the coating materials.®% The
moisture uptake behavior of coated tablets exposed to different
relative humidity conditions can be utilized to measure the
ability of a film coating to protect the core tablet against
moisture.?” Thus, core tablets of H. glabra were coated using
the prepared coating solutions (Tables 1, 2). The results of the
tested parameters are presented in Table 3 and Figures 1-3.

For formulations F1 and F2

Tablets coated with formulation F1 (TCF1) showed an excellent
physical appearance with a smooth surface. The coated tablets
exhibited the best moisture protection compared to other coated
tablets (moisture gain of 5.1% at 75% RH and 6.4 at 90% RH).
Coated tablets’ disintegration time was increased compared to
core tablets (from 3 min in core tablets to 25 min in coated
tablets). The dissolution profile of TCF1 showed a decrease in
drug release (80.2% of saponins and 84.4% of citrates).

TCF2 also showed an excellent physical appearance and
good moisture protection. Removing stearic acid from F2 has
slightly decreased disintegration time (22 min) and increased
dissolution of coated tablets (82.3% of saponins and 87.2% of
citrates).

Free shellac films F1 and F2 presented lower tensile strength
and higher elongation (Figure 1.

Interestingly, shellac-coated tablets showed the lowest moisture
uptake at 75% and 90% relative humidity (Figure 2). However,

Table 3. Physicochemical properties of uncoated and coated Herniaria glabra tablets

Formulation Disintegration (min) Saponin release (%) Citrate release (%) Physical appearance
Tablet cores 31 941+1.2 96.0 £ 1.3 -

CTF1 25+1 80.2+15 84.4+0.5 Smooth shiny surface
CTF2 22 +1 823+0.7 87.2+1.2 Smooth shiny surface
CTF3 7T+1 90.2 +1.2 932+ 09 Signs of cracking
CTF4 151 86.1+0.9 893+ 11 Signs of cracking
CTF5 151 88.0+ 16 90.6 + 0.8 Smooth shiny surface
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Figure 2. Percent moisture (weight) gain of coated tablets at 25°/75% RH
and at 25°/90% RH

shellac coating led to a long disintegration time and reduced
the resulting drug release rate considerably. Therefore, it is
convincing to suggest that these findings can be attributed to
shellac’s poor water solubility and the hydrophobic character of
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Figure 3. Drug release of H. glabra-coated tablets with different coating
solutions (F1, F2, F3, F4, and F5)

the stearic acid (in F1), which have led to the form of a coating
film with low permeability.28-°

For formulation F3

TCF3 showed the shortest disintegration time (7 min) and
exhibited the best drug release (90.2% of saponins and 93.1%
of citrates) in comparison to other coated tablets. However,
coated tablets manifested high moisture uptake (moisture gain
of 8.4% at 75% RH and 10.5% at 90% RH) and showed signs of
cracking.

Therefore, the tablets coated with HPMC film showed higher
moisture uptake than tablets coated with shellac film, indicating
that HPMC has a lower potential for moisture protection than
shellac. This is a result of the hydrophilic nature of the HPMC
film. Then, the HPMC polymer, a hydrocolloid, absorbs water
molecules due to hydrogen bonding with water molecules and
itself. As a result, when the film is exposed to water/moisture,
it tends to allow a water vapor permeability.®
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For formulations F4 and F5

TCF4 showed lower water uptake rates than HPMC-coated
tablets (moisture gain 5.6% at 75% RH and 7.3% at 90% RH).
The disintegration time of TCF4 was reduced (15 min) in
comparison to HPMC-coated tablets. The dissolution profile of
TCF4 showed an increase in drug release (86.1% of saponins
and 89.3% of citrates) in comparison to HPMC-coated tablets.
However, TCF4 has shown signs of cracking attributed to a lack
of plasticizer concentration in film.

Increasing concentrations of plasticizers, 1.2% PEG 1500 and
3.6% PEG 4000 in coating solution F5 (10% PEG 1500 and
29.6% PEG 4000 in film coating F5), have disappeared and well-
coated tablets (TCF5) with smooth surfaces were obtained.
Increasing the number of plasticizers has also led to a decrease
in tensile strength and increased percent elongation (Figure 1).
TCF5 showed a low moisture uptake. Thus, the weight gain was
decreased from 16.1% of core tablets to 5.7% of TCF5 at 75%
RH and from 18.2% of core tablets to 7.5% of TCF5 at 90% RH.

In the shellac-HPMC composite film, shellac is a hydrophobic
component that repels water molecules from forming a bond

Table 4. Physicochemical properties of uncoated and film-
coating Herniaria glabra tablets CTF5

Uncoated CTF5
Average weight of tablet (mg) 500.0 £ 1.7 530.0 £ 0.8
Diameter (mm) 1.0+ 0.4 11.5+05
Thickness (mm) 311 +£012 335+ 014
Hardness (n) 121+£0.8 12.4 + 0.7
Friability (%) 0.15 012
Disintegration time (min) 31 151
Saponin content (%) 941+1.2 88.0+16
Citrate content (%) 96.0 +1.3 90.6 + 0.8

due to its hydrophobicity and hence reduces the permeability of
water vapor through the composite film.323

TCF5 showed a satisfactory disintegration time within 15 min,
and drugrelease achieved 88% of saponins and 90.6% of citrates
which complied with the Russian dissolution requirements.

Therefore, the combination of 3% HPMC and 2.4% shellac in
coating solution (25% HPMC and 29.6% shellac in film coating)
has led to good protection for coated tablets against moisture
and provided satisfactory dissolution.

According to these findings, the formulation F5 showed the
most satisfactory results and was selected as an optimized
formulation after comparative evaluation.

The properties of uncoated and coatedtablets canbe seenin Table
4. TCF5 showed a slight increase in hardness and a decrease
in friability. The tablets’ weight variation also decreased, which
is indicative of the excellent coating uniformity provided by the
fluid bed process. The disintegration time was increased from
3 min (core) to 15 min. From the results, uncoated and coated
tablets showed suitable characteristics which complied with
the Russian Pharmacopoeia 14.

Stability studies
CTF5 was stored in a stability chamber with controlled
temperature and humidity to study their stability. Thus,
physicochemical properties were studied. The results are
shown in Table 5.

Long-term and accelerated stability studies showed no major
change in physical characteristics, hardness, friability, and
disintegration of coated tablets. Drug release was within acceptable
limits and complied with the Russian dissolution requirements.
Thus, CTF5 was stable under stability testing conditions.

CONCLUSION

Hydrophilic polymer HPMC and hydrophobic polymer shellac
are suitable for balancing moisture-protective properties and

Table 5. Stability testing of Herniaria glabra coated tablets at room temperature and under accelerated conditions

. Physical . . Saponin .
Period characteristics (pink Hardness Friability (%) D|§|ntegrat|on release (%) Citrate
(month) (n) (min) release (%)
tablet)

0 Appropriate 124 +0.8 010+ 012 15+1 88.0+16 90.6 + 0.8
CTF5 3 Appropriate 124 +0.6 010+x0M 15+1 88.0 + 1.0 90.6 +1.2
at room 6 Appropriate 123+ 0.4 0.11+0.09 151 879 £ 11 905+ 13
temperature

9 Appropriate 122+ 0.3 013 +0.08 15+1 87.8 £ 1.5 90.3+0.9

12 Appropriate 122+ 09 014+ 0.4 151 87.6+09 90.1 £ 11

0 Appropriate 124+ 0.8 010+ 0.12 151 88.0 £ 1.6 90.6 + 0.8
CTF5 1 Appropriate 123+ 0.5 011+ 013 151 879 +£1.2 90.4 + 1.4
under 2 Appropriate 12307 012+0.07 151 87815 90.2 +12
accelerated
conditions 3 Appropriate 122+ 0.6 012 +0.12 151 87.6 +1.4 90.1+0.8

6 Appropriate 121£09 0.14 £ 0.15 15+1 873+0.7 899 +15
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attaining fast-release drugs. The results of this study showed
that formulation of film coating containing 25% HPMC and 20%
shellac as film-forming agent, 10% PEG 1500 and 29.6% PEG
4000 as plasticizers, 5% tween 80 as a surfactant, 10% titanium
dioxide as pigment and 0.4% acid red 2 as colorant offered
good protection for coated H. glabra tablets against moisture.
Moreover, coated tablets showed physical and dissolution
stability during storage. This study could make it worthwhile to
develop a pharmaceutical moisture barrier film coating system
for immediate release tablets. However, more studies will be
needed to evaluate the moisture-resistant film further.
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