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Abstract: Pharmaceutical film coating is considered a key part in the production of solid
pharmaceutical dosage forms since it gives superior organoleptic properties products. In
addition, it can improve the physical and chemical stability of dosage forms, and modify the
release characteristics of the drug. Several troubleshooting problems such as twinning
mottling, chipping, etc., may arise during or after or even during the shelf life of the film
coated dosage forms. These troubleshooting problems may be due to tablet core faults,
coating formulation faults and/or coating process faults. These problems must be overcome
to avoid unnecessary product problems. Film coating as well as other parts of the pharma-
ceutical technology is subjecting to continuous innovation. The innovation may be at
different levels including pharmaceutical excipients, processes, software, guidelines and
equipment. In fact, of particular note is the growing interest in process analytical technology,
quality by design, continuous coating processing and the inclusion of new ready for use
coating formulations. In this review, we tried to explore and discuss the status of pharma-
ceutical film coating, the challenges that face this manufacturing process and the latest
technological advances in this important manufacturing process.

Keywords: film coating, troubleshooting, advances, functional

Introduction
Oral solid dosage forms are considered the most convenient dosage forms (DFs)
available in the pharmacy. Their production was introduced over centuries ago.
These DF have several advantages including their relatively easygoing and con-
venient manufacture, coupled with high patient compliance." Tablets, the most
relevant member of this class, have been improved in the last decades by introdu-
cing techniques such as tablet coating, double compression, and osmotic systems to
achieve controlled and targeted release. Several techniques are available to achieve
coating.” The most common techniques are sugar coating film coating, microen-
capsulation, and compression coating.®> Sugarcoating is a conventional old method
used to coat FDs. In fact, it involves several individual applications of various
coating formulations such as sealing of the tablet core (using a thin layer of film
coat), sub-coating, smoothing, colouring, polishing, and printing. These steps result
in tablet weight gain of about 50 to100% which is considered time-consuming,
increases the final coast of the manufactured DF, and negatively impacts its
swallowing.*

Compression coating, also known as press coating or dry coating, has been devel-
oped to produce tablets containing incompatible drugs and to develop modified-release
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products. It involves the compaction of the dry coating
excipients around tablet cores that have been produced on
the same machine. It requires the use of special tableting
machines which means further capital investment by the
industry. Therefore, it is
a complex method and has not been commonly adopted as

pharmaceutical considered
a method to coat tablets. Accordingly, it is usually exploited
when the drug is heat and water sensitive since it eliminates
the use of organic or aqueous solvents. Recently compression
coating has been found useful to develop and produce novel
drug-delivery applications such as controlled release DFs.’
Film coating (FC) is considered the most popular and
versatile method. FC is a modern and widely spread process
for coating oral solid DFs in the pharmaceutical and food
industries. The process of FC involves the spraying of a thin,
but uniform polymer-based formulations onto the surface of
solid DFs including tablets, capsules, pellets or granules. It
can be classified into two specific classes; nonfunctional FC
which is used to change tablet appearance, organoleptic
properties, swallowing properties, and to protect tablets
from the negative effect of the environment such as humid-
ity, oxidation, and light effects. On the other hand, functional
FC can be used to modify or delay drug release as well as the
aforementioned benefits in the non-functional coating.
Microencapsulation is a modified form of FC. In fact, the
only difference relay in the size of the particles to be coated
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and the methods by which the coating is achieved. This
rapidly expanding process is based on either mechanical or
physicochemical methods or techniques. The mechanical
techniques include air-suspension, multi-orifice centrifugal,
and modified spray-drying techniques, while the physico-
chemical methods involve coacervation-phase separation,
which needs that the drug to be coated is dispersed in
a suitable solution of the polymer®’ (Figure 1).

In this extensive review, we sought to explore the
status of pharmaceutical C, the challenges that face this
manufacturing process, and the latest technological
advances in this process.

Classification of Film Coating
FC can be classified based on its intend use in the func-
tional and non-functional coating.

Non-Functional FC

FC, along with the tablet shape and size, plays a key role in
improving patient compliance since it impacts the final appear-
ance and organoleptic properties of the produced tablets which
are considered essential aspects of the brand image.* '’
Moreover, FC plays a very important role in helping elderly
patients suffering from dysphagia since swallowing can be
facilitated by the presence of a film coat on the DF.'' The

US FDA has reported that the presence of a FC can either
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Figure | Different FC techniques and processes (A) Conventional FC pan, (B) Fluid bed FC, (C) Phases of FC, (D) Phases of microencapsulation.
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increase or assist tablet mobility compared with a non-coated
tablet of the same shape and size.'*> In addition, many APIs
have a disagreeable bitter taste, which represents a serious
challenge during the development of oral liquid products,
particularly for pediatric patients. However, this inconveni-
ence can be overcome by a simple FC of the conventional oral
slid DFs. The polymer coat creates a physical barrier between
the taste buds and the API, which minimizes the opportunity
for the solubilized drug to interact with these buds. However,
for chewable tablets, more sophisticated FC approaches may
be required, which can include coating the API crystals with
the design intent to retard dissolution in the oral cavity without
altering the desired dissolution pattern in the gastrointestinal
tract (GIT) to avoid any negative effect on drug bioavailability.
For example, the API can be coated with suitable polymers or
copolymer to form nano or microcapsules, which can be used

to form chewable taste-masked granules (Table 1)."*7'®

Functional FC
As we mentioned earlier in this review, functional FC is
mainly used to add a new added value to the produced

products. These values may include one or more functions

Table | Some of the Most Used Components in Functional and
Non-Functional FC

Function Material Name

Functional Film- Cellulose Acetate Phthalate

Forming Polymer Hydroxy Propyl Methyl Cellulose Phthalate
Cellulose Acetate Trimellate

Ethyl Cellulose

Methacrylic Acid Copolymer

Shellac

Non-Functional Film Hydroxy Propyl Methyl Cellulose

Forming Polymer Hydroxy Propyl Cellulose

Polyvinyl Pyrrolidone

Polyvinyl Alcohol

High Molecular Weight Polyethylene

Glycol

Solvent or Vehicle Water, Ethanol, Methylene Chloride

Plasticizers Propylene Glycol, Polyethylene Glycols,
Diethyl Phthalate, Fractionated Coconut
Qil, Castor Oil

Colourants Water-soluble Dyes (FD&C Yellow 5)

Water-insoluble (FD & C Yellow 5 Lake)
Inorganic Pigments (Iron Oxide Titanium
Dioxide) Natural Colourants (Beta

Carotene)

such as improving the stability of the product and modify-
ing its release pattern to produce drug targeting products.

Product Stabilization

Product stability is considered one of the most important goals in
pharmaceutical developments. Accordingly, a scrutinized effort
should be carried out to achieve stable products for the longest
time. This includes using suitable pack design, desiccants, and
specialized moisture protective FC polymers (Table 1)."

This step is particularly appropriate to protect the bulk
product before its packaging or during transit if the packa-
ging is performed at a remote facility. In addition, it may
help the product to withstand the moisture environments
after opening the bottle especially when the product is to
be repackaged in dose administration aids.***'

Recently, Burke et al reported that using moisture protection
barriers may stabilize a water-sensitive API. Also, the use of such
barriers could decrease potential negative interaction with another
API in a fixed-dose combination tablet.? Evidently, FC proce-
dures based on aqueous formulation can still show serious pro-
These
challenges and problems could be fixed involving organic solvents

blems and threats toward moisture-sensitive APIs.

in the coating formulation. Nonetheless, the manufacturing process
must be conducted in an explosion-proof premises and equipment.
In addition, the final coated dosage SF must comply with ICH
Q3C (R6) guidelines regarding current residual solvent.”* 2>
Alternatively, a dry FC technique may be applied to avoid
the dissipation of organic solvents in the environment.*®
Regarding photo-stabilization of photosensitive API, the
use of an opacifying agent, such as titanium dioxide, in the
coating formulation would enhance the capacity of the FC to
protect the drug from light degradation effect, especially,
when the film possesses a contrast ratio values higher than
98%. This could be achieved when the film thickness of the
coat is close to 150um and using a coating suspension con-
taining about 30% TiO,.>” Another study was conducted by
Mukharya et al to assess the effect of FC on the photo-
stability of highly photo-sensitive antihypertensive products.
In this study, the percentage level of FC was optimized by
directly exposing core tablets to three levels of FC, 1% w/w,
2% wi/w, and 3% w/w. According to the outcome of this
study, 2% w/w FC level was found to be appropriate to
protect the API in the core tablets after being exposed to

a light source as per Option-2 of ICH Q1B 2%

Modified Release Coating Functionalization
Modifying drug release is a common practice in DF design
which can be accomplished using FC. Two types of
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modified release DFs are described by the USP, those that
are enteric-coated and those that are extended-release.
Delayed-release products which often designed to prevent
drug release in the upper part of the GIT. FDs is designed
to produce this type of DF are commonly named enteric
coatings.®® On the other hand, FCs that are designed to
prolong drug release over a long period or to reduce the
drug regimen are commonly named sustained- or
extended-release FCs.*'

Delayed-Release FC

Delayed or enteric-coated DFs are often achieved using
pH-sensitive polymeric coats capable to delay the release
of certain APISs, either to protect the drug against the acidic
environment in the stomach (ie proton pump inhibitors) or
to protect the stomach against the irritant effect of the drug
due to its chronic use as non-steroidal anti-inflammatory
drugs like diclofenac sodium.** Usually, polymers used
to achieve enteric release bear carboxylic moieties on their
main chain making them insoluble at pH less than 5 (Table
1). These acid-resistant polymers have been commonly
used to forbidden drug release at pH 1.2. On the other
hand, they show a significant increase of solubility at a pH
higher than 5.5, thereby bypassing the stomach and releas-
ing the drug in the small intestine.*>*® Another type of
delayed-release product is used to achieve colon-specific
drug delivery. For example, 5-aminosalicylic used to treat
irritable bowel disease, has unwanted side effects along
with the GIT. This can be achieved by coating the tablets
or pellets using polymers soluble at pH higher than 7.
Certain brand products use two pH dependant layers,
with the first one soluble at pH higher than 5.5 which
releases part of the API in the small intestine, while
the second layer dissolves at pH higher than 7 in the
colon. This design could be realized involving either film
coating or by preparing two different film-coated granules
as was reported by Howden et.al.’’*® The designed for-
mulation was composed of two proton pump inhibitor
granules with the first ingredient released within two
hours after dose administration providing day-time therapy
for gastroesophageal reflux disease (GORD); while
the second ingredient released within 6 hours after dose
administration and addressed overnight GORD. Based on
the variability of GIT pH recognized within the general
population (especially with colonic-pH), the efficiency of
colon-specific drug delivery systems involving pH alone
has been extensively discussed.** Accordingly, many alter-
native approaches have been suggested. Resistant starch or

high-amylose maize starch can be mixed with anionic
copolymers based on methacrylic acid and methyl metha-
crylate to promote reproducible colonic-release. This tech-
nique depends both on colonic-pH and selective microbial
degeneration of the starch in the colon.*® Despite of diet-
ary conditions, this technique exhibited persistent release
at the ileocecal junction or within the colon** A FC
approach employing an outer film of methacrylic acid
and methyl methacrylate copolymers and an inner alkaline
buffered film was also reported. This approach ensures that
the inner alkaline film promotes the dissolution of the
polymer which permits targeted release at the ileocecal

junction. ¥4

Controlled Release FC

Sustained-release oral DFs were developed to decrease the
number of dosage regimens, especially when the drug
blood
a prolonged period. In addition, it also has been used for
those APIs that need to be given in high doses, but at the
same time a conventional immediate release is likely to

requires a reasonable constant level over

cause undesirable ulceration. This can be accomplished by
different techniques such as increasing the particle size of
the drug, enclosing the drug in a suitable matrix, complex
formations between the API and ion-exchange resins, and
coating the API or the DF that contain the APL.* The API
dose in a multi-particulate (MP) delivery system is dis-
persed across the whole GIT. Accordingly, this represents
an advantage over the single unit coating since failure of
a few units will be significantly less dangerous than the
failure of a single-unit tablet or capsule which may cause
dose dumping. For this purpose, MPs, nonpareil approach
is available. The nonpareil sugar particles which are
coated with a FC that contain the AP and then various
functional and non-functional film seal coats are applied
over the particle to achieve the desired release pattern
including; MR release profiles, enteric and/or targeted
release, and/or pulsatile release. A recent review sum-
marised the different MP approaches, eg, swelling/ruptur-
ing, dissolution and/or erosion, and modification of the
intrinsic permeability of the FC.** Many different poly-
mers have been evaluated to coat MP systems; some of
these include starch acetate,*® ethyl cellulose’’ and
Eudragit RS, RL, andS*. In addition, the impact of the
type of FC technique (aqueous or organic) on the perfor-
mance of the polymer and the release profile of the resul-
tant product was also investigated by Lecomete et al The
outcome of this study revealed that FC technique
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significantly affects the film microstructure and, thus, the
release mechanism and profile from pellets coated with
polymer blends.*” Another way to control drug delivery
and achieving prolonged action is accomplished by the use
of a pulsatile delivery system. This control is usually
achieved by the layering of nonpareil cores with an active
layer, a swelling layer comprising binders, disintegrant and
an insoluble, water-permeable polymeric FC.>%%’

Dose Dumping

Usually, the majority of modified-release DFs contain higher
levels of API than the corresponding immediate-release pro-
duct. Accordingly, any defect in the FC may cause its rupture
causing an instant release of the API with the risk of dose
dumping. This troubleshoot is most concerning for APIs with
narrow therapeutic indexes. Moreover, dose dumping has
also been registered in the concomitant consumption of alco-
hol. The FDA ordered the withdrawal of hydromorphone,
a once-daily modified-release product, as a result of alcohol-
induced dose dumping.*” The presence of alcohol may
increase the solubility of certain polymers such as Eudragit,
which may affect their ability to retard the drug release which
may result in dose dumping. On the other hand, the presence
of alcohol may retard the swelling of the tablet matrix based
on polymers such as hydroxypropyl methylcellulose, and this
results in retard of the release-controlling pattern.’'~
Accordingly, in vitro dissolution testing using hydro-
alcoholic media for both modified- and delayed-release pro-
ducts is becoming a regulatory requirement.>> Dissolution
testing using hydroalcoholic media was conducted on three
mesalazine enteric-release/extended-release products to
assess any potential dose dumping. Unfortunately, the pre-
sence of alcohol negatively affected the integrity of the
enteric FC during the acid stage of the dissolution test caus-
ing much earlier release of the drug than intended resulting in
negating the release of the drug in the distal part of the small
intestine and colon segments.’*>>> Nowadays, many
patients have prescribed proton pump inhibitors, which are
enteric-coated products. These drugs cause an increase in the
gastric pH to values greater than 4.0 for more than 10 hours,
which may significantly affect the integrity of the enteric FC,

causing degradation of the drug due to its acid sensitivity.”*>’

FC Troubleshooting

As well as sugar coating, problems may arise during or
following FC process. A comprehensive review of common
troubleshooting experienced with FC products has been
reported by Porter et.al. Moreover, many manufacturers of

coating materials report the most common troubleshooting
that may face FC and how formulators can overcome
them.”® % These troubleshoot may be caused by tablet core
problems, coating process faults, and/or coating formulation
faults. Accordingly, a full understanding of the properties of
the various excipients used to produce the cores and to
formulate the FC, how these excipients interact with each
other and other formulation and manufacturing processes
may help the formulator to avoid many of these trouble-
shoots. Therefore, tablets being FC should first pass the
required test to withstand the harsh conditions of the coating
processes. For example, it would be very difficult to coat
tablets which are friable or not sufficiently hard or have
a tendency to cap or laminate. In addition, FCs are not as
thick as sugar and compression coats. Therefore, unlike sugar
and compression coats, FCs have the minor capability to
cover or hide visible defects that may arise during tablet
compression. Therefore, producing tablets with ideal proper-
ties, before starting the coating process is considered an
essential step to achieving high quality final products, since
successive recovery or reworking of tablets may be difficult
after a FC has been completed. Another example is mottling,
or uneven colour distribution, which may occur due to
uneven uniformity of colour in the coating. This troubleshoot
is usually caused by the use of soluble dyes in aqueous FC.
This would encourage colour migration, either by the evolu-
tion of residual solvent in the film or by migration of the
plasticizer in which the colorant may be soluble.
Accordingly, using water-insoluble colours such as pigments
or lakes would hinder the incidence of mottling considerably
(Table 1). Moreover, mottling could occur due to inappropri-
ate dispersion of the pigments in the coating solution; there-
fore, effective mixing and homogenization of all components
would be able to overcome this inconvenience (Table 2).

Recent Advances in Pharmaceutical
Coating

Continuous innovation in pharmaceutical processes and equip-
ment allows for continuous innovation in pharmaceutical
technology including pharmaceutical coating. The industry
now requires technology for coating not only core tablets
and pellets, but also other delivery systems such as catheters,
ingestible imaging instruments, stents, joint plates etc.
Accordingly, with the appearance of such technologies, FC
will continue to flourish hand-in-hand. However, such tech-
nologies require complicated coating techniques to keep
patient safety at the vanguard. In fact, drugs are required to
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Table 2 Summary of the Various Coating Defects, Their Causes, and Their Remedies

Edge Erosion

chipped especially on the edges of the

High core friability. ***

Defect Definition Cause Remedy

Blistering It occurs when film elasticity or High temperatures during the drying or | Use moderate temperature during drying
adhesive properties are compromised | at the end of the coating process. ** stages.
and the film detaches from the tablet
core.

Chipping and The film becomes dented and I. The sharp edges on tablets. *** |. Change the tablet shape/design.

Investigate core improvement.

tablet 3. A decrease in the rotation speed of | 3. Fix the rotation speed of the coating
the coating pan during the coating pan.
process**. Increase the spray rate.
Spray rate too low. ** 5. Adjust the proportion of plasticizer in
5. A poor polymer or coating formula- the coating solution or select a polymer
tion (ie incorrect amount of plastici- with a higher molecular weight.
zer). * 6. Increase suspension solids concentration
6. Suspension solids concentration too (if possible).
low. *
Cratering It is a volcanic crater that appears on | |. Insufficient drying time to seal the | Optimize the efficiency and time of the
the tablet which in turn results in the film. ** drying step.
exposure of the tablet’s surface. 2. A high volume of the coating solution
is applied. **
Picking and It may occur when part of the film I. Spray rate too high and a drying air | |. Increase the airflow rate and tempera-
sticking sticks to the coating pan or each volume too low. ** ture. Also, decrease the rate of the
other’s causing detachment of coat 2. Poor film adhesion. * spraying coating liquid.
pieces from the core. I. Poor adhesion to the core. *** 2. Select a high adhesion film coating (ie
low solids film coating formulation).
3. Use high adhesion core excipients.
Pitting It is a distortion of the core of the It may occur if the tablet core becomes | Optimize the temperature of the inlet air
tablet without any visible sign of hotter than the melting point of the such that the temperature of the tablet
cracking of the film coat. materials used in its formulation. **¥¥* core does not exceed the melting point of
the and use additive or excipients with
higher melting points.
Blooming It is the dulling of the tablet colour It occurs due to the use of too much Decrease the amount and increase the
after a long period of storage at plasticizer or the use of a low molecular | molecular weight of the plasticizer in the
a high temperature weight plasticizer. * coating formulation.
Blushing It is the haziness or the appearance of | |. Precipitation of the particles of the | |. Decrease the drying temperature.
white specks in the film. polymer in the film, due to excessive | 2. Do not use sorbitol with cellulosic poly-
heat during coating. ** mers such as hydroxypropyl cellulose,
2. Gelation of the polymer caused by hydroxy methylcellulose, methylcellu-
certain combinations with other exci- lose, and cellulose ethers.
pients. *
Mottling or Variation in the colour of tablets I. Poor tablet shape. *** |. Optimise the shape of cores.
Tablet to within a batch. 2. Suspension solids concentration is too | 2. Decrease the concentration of solids in
Tablet Colour high. ** the suspension.
Variation 3. To poor mixing, uneven spray patterns | 3. Aim for even geometric mixing.
of the machinery. *
(Continued)
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Table 2 (Continued).

Defect Definition Cause Remedy
Orange Peel The tablet has a rough surface, rather | I. It may occur due to a core tablet | |I. Improve tablet core: reduce hygroscopic
Roughness than a glossy texture which looks like erosion. *¥¥ ingredients, reduce friability, choose
an “Orange Peel”. 2. It may also occur due to a too high better core shape.
spray pressure combined with a fast | 2. Optimize the spraying pressure and rate.
spray rate, which results in an uneven | 3. Select an optimized film coating.
coating of the tablet.**
3. Poor film coating formulation, (eg low
film mechanical strength, poor adhe-
sion to core, poorly plasticized. *
Cracking It is the splitting of the film coat I. The core and coating have different | I. Reduce mineral type fillers in the core
(Splitting) especially on the crown area or splits thermal expansion properties. ¥ formulation.
around the edges. 2. Lack of relaxation time between tablet | 2. Extend time between tableting and coating.
compression and coating. *** 3. Optimize the amount of plasticizer.
3. Poorly plasticized film coating. ** 4. Avoid high tablet bed temperatures Use
4. Expansion of core due to heating. * lower molecular weight polymers or
polymeric blends. Also, adjust the plas-
ticiser type and concentration.
Twinning I. Inappropriate tablet shape (flat sur- | I. Choose a tablet design that eliminates

faces). ***

flat surfaces.

2. Pan speed too low. ** 2. Increase pan speed.

3. Atomization air pressure too low. ** | 3. Increase atomization air pressure.

4. Spray rate too high 4. Decrease spray rate

5. Spray guns too close to the bed. ** 5. Increase gun-to-bed distance.

6. Insufficient drying. ** 6. Increase drying (through higher inlet tem-

perature or higher inlet airflow rate).
Logo Bridging | It is the disappearance of the tablet I. Low adhesion core ingredients. ¥** I. Use high adhesion core materials.

logo or bridging of monograms 2. Poor logo design. *** 2. Use logo design optimized for film coating.
present on the surface of the tablet | 3. Spray rate too high. ** 3. Decrease the spray rate.
core. 4. Product temperature too low. ** 4. Increase product temperature.

5. Atomization air pressure too low. ** | 5. Increase atomization air pressure.

6. Poorly plasticized film coating a low | 6. Optimize adhesiveness and plasticization

adhesion film coating. *

of the film coating.

Notes: * coating formulation faults, ** process and equipment faults, *** Tablet core faults.

be released at very specific intervals and at very specific sites
in the GIT. Accordingly, these requirements push the FC
industry toward advanced and novel innovations. This implies
pharmaceutical industries to continuously be engaged in pro-
cess and product improvement and does not limit only to sugar
and FC but have also varied into other excipients.
Unfortunately, an internal conservatism shown by many phar-
maceutical industries towards accepting significant changes in
excipients, equipment and processing technologies. Therefore,
the intended trend looks to be evolutionary rather that revolu-
tionary. In fact, of particular note is the growing interest in
process analytical technology (PAT) which tends to bring
several analytical procedures out of the laboratory and closer

to the production process with which they may be linked.
Therefore, introducing, an in-line control function, specific
analytical techniques that can be used to enhance the quality
of the final coated products is considered an important inno-
vatory step in this field. For example, near infra-red techniques
which can be used to analyse coated product in a manner that,
the in process quality tests such as; moisture contents, drug
contents, amounts of the applied film coating, and even, to
some extent, drug release profile can be predicted before the
end of the coating process and before the product is being
discharged from the coating pan. This would greatly positively
impact the quality and the final cost of the produced coated

brand.®%2

Drug Design, Development and Therapy 2020:14

submit your manuscript

4619

Dove


http://www.dovepress.com
http://www.dovepress.com

Zaid

Dove

Another new trend that is having a significant impact
on pharmaceutical FC is the implementation of quality by
design (QbD). This would be a huge step to assess the
initial formulation and process risks and to shift these risks
from red (high) to yellow (low) level. Recently, QbD
approaches to optimize polymeric FC has been published.
These approaches were of great help to minimize the risk
of unwanted defects that might result in the rapture of the
film in the unwanted position of the GIT.*"®® For exam-
ple, three critical formulation and processing parameters,
ie plasticizer concentration, polymer ratios and tablet
weight gain, coat weight, were statistically assessed to
optimize the FC to deliver the desired and predictable
release profile.** Similarly, three comparable parameters,
ie, working temperature, coat weight plasticizer, and con-
centration, were assessed to align the API release profiles

with model predictions.®

Another major change that
showed a significant impact on pharmaceutical FC is the
so-called continuous pharmaceutical coating processes or
technology. In the beginning, continuous FC processes
were mainly considered as a useful tool to produce large-
volume pharmaceutical products. However, in the last
decade, the focus has begun to shift toward more common

pharmaceutical products, and, in particular, their relevance

Data aquisition ||

Core product

Inlet \
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to in-line continuous pharmaceutical production, where
raw ingredients are fed in at one end, and final packaged
products come out at the other end. Exactly, such in-line
unceasing processes, not only simplify the application of
PAT and QbD
a significant cost reduction in the manufacturing process

initiatives but also may result in

and accordingly in the final product.®*®® This process
showed many advantages such as a significant increase
in the output, significant reduction of the residence time
of the process, from several hours to about 15 minutes,
where the product is usually exposed to harsh conditions
and accordingly better product stability, and finally signif-
icant improvement of the uniformity of distribution of FC
liquid.*%%° Recently, most FC processes comprise the
application of a sprayed liquid coating formulation where
solidification of the coating is obtained by drying, and the
subsequent distribution of coating formulation is facili-
tated by keeping constant mixing of tablets being coated.
In general, the concept of continuous FC process is based
on the use of a stretched side-vented coating pan, where
core tablets are fed at one end, passed by a whole bank of
pray guns, and emerged fully coated from the other end
(Figure 2). However, this FC process is typically
employed in a big pharmaceutical industry where huge
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size production batches are usually produced. Nowadays,
due to the increasing interest in complete inline manufac-
turing processes, where the productivity rate of the coating
process requires to be compared to the output of a single
tablet press, small volume output continuous FC processes
for small pharmaceutical industries are now available.
Recently, Zhu et al have developed a novel method of
applying powder coatings using electrostatic charges.”® This
process involves sequential spraying of a liquid plasticizer
to the tablets being coated. After that, the powder of the
remaining coating materials is applied and then completing
the formation of the coating using a heat-curing phase.
Another work about electrostatic dry powder FC technique
was reported by Qiao et al Two immediate release coating
liquids were successfully applied using this process.
A liquid plasticizer was sprayed onto the surface of the
tablet cores to improve the conductivity of these cores. In
fact, this would result in enhancement of the deposition of
the sprayed particles, reduction of the electrical resistivity,
and reduction of the glass transition temperature of the
coating polymer in the coating pan. After that, the liquid
plasticizer was successfully applied. Then, spraying charged
coating particles using an electrostatic charging gun to
enhance the uniform deposition on the tablet surface was
carried out. This enhanced the coalescence of the coating
particles into a thin film by processing it at an acceptable
curing temperature. The authors claimed that that the opti-
mized dry powder coating process produced FC tablets with
good coating uniformity, smooth surface, and release pro-
files that are comparable to that of the tablet cores. The data
also suggest that this novel electrostatic dry powder FC
technique may be used as an alternative approach to aqu-
eous- or solvent-based FC process for solid DFs.”" In addi-
tion, this technique showed successful results among
a range of existing pharmaceutical coating materials, and
has been applied for both immediate-release and modified-
release FC. Recently 3D printing is gaining important inter-
est in pharmaceutical technology since it addressed several
novel challenges including combinations of several APIs in
one DF, on request production at the point of need, perso-
nalization of drug release patterns as well as patient-specific
solutions. Accordingly, 3D printing may become a novel
and promising road to develop and produce drug products,
capable to support specific therapies, and improve patient
compliance, safety, and efficacy. In 2020, Elini et al, tried to
partially coat tablets with a glyceride, namely Precirol ATO
5 using a semi-solids 3D printer as an approach for tuning
the release of two APIs, a hydrophilic and lipophilic drug,

Melevodopa and Acyclovir respectively. The percentage of
the tablet surface coated, the number of coating layers the
coated sides of the tablet as well as other manufacturing
parameters where adjusted to achieve the desired release
profile for both APIs.”* Vacuum film coating follows
a novel procedure since it offers explicitly designed pans
and offers some aspects of the fluid-bed coating. Precisely,
a water jacket is used to keep a constant temperature. In
addition, it could be sealed to achieve the desired vacuum
level. The core tablets are placed in the sealed pan and
nitrogen is used to displace the air in the pan before attain-
ing the desired vacuum state. The heated pan is used to dry
and vacuum is used to remove the evaporated liquids. The
absence of high-velocity heated air causes an improvement
in the efficiency of the process. In addition, there is an
energy-saving when compared with the conventional phar-
maceutical FC process.”

Conclusion

FC is commonly used in the fields of pharmaceutical, med-
ical devices and food industries. In the pharmaceutical field,
especially oral solid DFs, FC is used to address several
universal challenges such as poor palatability, dysphagia,
and brand image using non-functional FC. Stability of
water sensitive APIs can usually be improved by an appro-
priate selection of a film coat with decreased moisture per-
meability, while photosensitive drugs can be protected by
selecting film coat formulation with opacifying agents.
Functional filming can be achieved by pH-sensitive film
coats which are often used to delay or modify drug release
to facilitate improved patient outcomes. However, the high
pH variability observed in certain patient populations may be
aggravated by co-administration of certain drugs such as
PPIs that increase gastric pH to higher than 4.0, which may
compromise the clinical efficacy and safety of these func-
tional film coats. This can be overcome by modifying the
permeability of these film coats using additives such as
alkalizing agents, super disintegrants, or even microbial sen-
sitive excipients. Moreover, this review highlighted the most
common coating problems, their causes, and possible solu-
tions that may face the pharmaceutical manufacturer. In
addition, the recent advances that may improve FC technol-
ogy were also discussed.
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