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1. INTRODUCTION

products during manufacturing and storage.™?

Tablets are among the most convenient and preferred oral dosage forms because of their many advantages,
including ease of administration, high patient compliance, and cost-effectiveness. Among the multiple steps in
pharmaceutical manufacturing of tablets, coating is a critical process that is often used for functional and aesthetic
reasons. Among three types of tablet-coating processes (sugar coating, film coating, and press coating), film
coating is the most widely used approach to solve various issues encountered during manufacturing, transport,
storage, and clinical use of drug products. For example, tablets containing active pharmaceutical ingredients (APIs)
sensitive to light, oxidation, or moisture can be protected by film coating, leading to increased stability of drug

In addition, film coating can control the drug release
patterns of tablets in terms of site, rate, and time. Film
coating is also applicable to mask taste and improve
patient compliance. Accordingly, tablet film coating is
widely used to achieve various pharmaceutical and
therapeutic goals. Conventional solvent-based film
coating involves deposition of a thin polymer film on the
surface of the tablet core, typically using a spray method.
The coating solution or suspension contains polymers
and other ingredients such as pigments and plasticizers,
which is sprayed onto a rotating tablet bed inside a pan.
The drying process is accomplished by passing hot air
through the tablet bed andpermits removal of the solvent
to leave a thin film on the surface of each tablet core.**!

Film formation depends on the physicochemical
properties of polymers Plasticizers are also used to
reduce the glass transition temperature (Tg) and increase
flexibility to avoid cracking and subsequent peel-off of
polymer films. Many coating techniques have been
developed for solvent-based or solvent free processes to
improve the efficiency of the coating process. However,
each method has its own advantages and disadvantages
and may require continuous technical refinement. Tablet
film coating is a technology-driven process, and the

advancements in coating technology,
analytical techniques, and coating materials.

equipment,
[5,6,7]

In film coating processes, the intra- and inter-batch
coating uniformity of tablets is critical to ensure the
quality of the final product. This is especially important
for active film coating with an active pharmaceutical
ingredient in the coating layer. Modeling approaches are
also actively pursued to predict the influence of
operation parameters on the quality of final products and
optimize the process variables of tablet film coating. The
concerted efforts of experiments and computational
modeling can save time and cost to optimize the tablet
coating process. This review covers a brief overview of
tablet film coating technology and modeling approaches,
with a focus on recent advancements in pharmaceutical
applications.#91%

Film Coating Methods

Organic solvent-based film coating: Although the use of
organic solvent is not preferred, film coating with
hydrophobic or lipophilic polymers requires the use of
organic solvents due to the low aqueous solubility of
coating materials.*?
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The highly hydrophobic polymers are beneficial as
moisture-protective coating polymers as they can reduce
the water vapor permeability of the final film by
preventing the movement of water molecules.** In
addition, coating process using organic solvents can also
reduce drug degradation by hydrolysis. Therefore,
organic solvent-based coating is useful for moisture
sensitive drugs. The rate of evaporation of the solvent is
crucial for the quality of final product and many
variables including temperature, atmospheric pressure,
and air movement should be adjusted to optimize the
evaporation rate.'>'*! Despite of pharmaceutical needs,
organic solvent-based coating has many critical
limitations because of potential toxicity of residual
solvents, flammability, and environmental safety
issues. 18!

Even with a proper ventilation facility, it is difficult to
completely remove organic solvent vapors from the
coating room, increasing the risk of toxicity and
explosion. Environmental and regulatory issues can
increase the production costs. Aqueous film coating:
Aqgueous coating is a widely used film coating method in
current pharmaceutical practice. It has many advantages
over organic solvent-based coatings in terms of operator
safety, environmental pollution, and risk of
explosion. %%

Despite these benefits over organic solvent-based coating
methods, aqueous coating also possesses certain
drawbacks including energy- and time-consuming water
evaporation process, longer processing time, validation
of coating to control microbial presence, and potential
activity loss of certain drugs caused by water or high
coating temperature.?*?? In addition, preparation of an
aqueous coating solution with water-insoluble polymers
requires the addition of a suitable suspending agent or
plasticizer for a homogeneous coating solution.?*24

Although aqueous film coating has some limitations, it can
avoid the safety issues associated with organic solvent-
based coating, and thus it is still widely used in the
pharmaceutical industry. There are continuous efforts to
reduce the processing time and improve productivity by
process automation, process validation, and development
of more efficient equipment, such as side-vented
perforated coating pans and fluidized bed equipment.
Solvent-free coating: The use of solvents and heat
exposure in the coating process can increase product
instability, processing cost, and risk of environmental
and safety hazards. Therefore, solvent-free coating
methods have been actively pursued to overcome the
drawbacks of solvent-based coating.!>%!

Solvent-free coating can reduce the process time and cost
by avoiding expensive and time-consuming processes of
solvent disposal. Furthermore, since it does not require
drying in most cases, solvent-free coating is applicable to
heat-sensitive drugs. Solvent-free coating includes
various technologies such as compression coating, dry

powder coating, electrostatic spray powder.”” coating,

and photocuring coating. Recently, injection molding

coating and hot melt coating have also been proPosed as
. . 28]

dry coating processes that do not require solvent.

In the injection molding coating process, the upper and
lower surfaces of tablets are coated in two steps using a
vertical injection molding unit. It is important to choose
the right polymer because quality varies depending on
workplace humidity and polymer properties. As high
temperature (over 80°C) is used for coating, it is
important to examine the surface conditions of coated
tablets after cooling.[*

Hot-melt coating is also a dry coating method in which a
lipid excipient is heated for melting and then sprayed
onto the surface of tablets to form a coherent coating
layer. This method has advantages including a short
process time and no chemical interactions between the
tablet ingredients and the inert coating materials.
However, the high process temperatures depending on
the melting point of coating materials may affect the
stability of the tablet ingredients. Like injection mold
coating, many variables may occur depending on
excipient characteristics.%%

Spray congealing or spray cooling is also a melting-based
method that transforms a melt into spherical solid
particles. This method has advantages including the
absence of solvent, low cost, applicability to hygroscopic
and water-sensitive substances, and the ability to obtain
spherical free-flowing microparticles for tableting or
capsule filling without the need of other downstream
processes.¥! Spray congealing technology includes three
steps (feed, atomization, and solidification stages). The
first step involves the preparation of the fluid consisting
of the molten carrier and drugs."

As drugs may be dissolved or dispersed into the molten
carrier, it is important to keep the fluid homogeneous for
a uniform drug loading. During the atomization step, the
molten fluid stream breaks up into small droplets that are
quickly solidified upon cooling to produce the solid
microparticles. In this process, viscosity is a critical
factor deciding the viability of spray congealing and the
size of produced microparticles. In general, spray
congealing is not suitable for highly viscous molten
mixtures that may clog the feed tube or atomizer.*>=®!

Although solvent-free coating may overcome some
issues associated with solvent-based coating, the
requirements for specific coating conditions, equipment,
and coating materials limit wide application of solvent-
free coating in the pharmaceutical industry. Process
Parameters and Factors Affecting Film Coating Quality
In the conventional solvent-based pan coating process,
tablets are filled into the coater that is generally operated
in batch mode and the batch size is determined by the
mass of tablets from the compression unit operation.
During the process operation, the rotating pan allows
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tablets to circulate along the coater walls.F"*

When tablets pass the spray zone, the droplets of coating
solution are deposited on the surface of tablets to form a
coating film. At each cycle, tablets pass the spray zone
with different orientation and thus the surfaces of tablets
facing to the spray gun are frequently changed, leading
to the entire surface coating of tablets. After drying by a
combination of hot airflow supplied from the upper
region of the coater and conduction from the heated tablet
bed, the obtained film must be smooth and uniform. 4%

However, the complexity of the coating process often
leads to the coating defects including bridging, cracking,
and orange-peel roughness. These defects are mainly
because process parameters are not satisfactory.
Therefore, optimization of coating formulations
(compositions), process variables, and equipment
parameters are critical to obtain the uniform and smooth
coating layer."44

Some of process parameters and factors affecting film
coating quality are discussed below. Spray air flow rate:
An important step in the coating process is spraying the
coating solution. High-pressure  atomization air
disintegrates the coating solution into droplets that are
pushed through the spray nozzle. If spraying only with
atomization air, coating solution droplets may move
directly into a narrow area of the tablet surface, which
may cause problems with coating uniformity.*344

Therefore, both atomization and pattern air must act
simultaneously to spray droplets homogeneously and
widely. The ratio between atomization air and pattern air
is an important parameter for coating efficiency.
Atomization air and pattern air ratios closer to 1:1
correlate to smaller mean droplet size and better coating
efficiency.[*!

Along with the spray air, another important parameter
that affects the coating process is spray rate. As spray rate
increases, droplet size increases and droplet velocity
decreases. Spray rate affects coating quality not only as
an individual parameter but also as a composite
parameter with atomization air and pattern air./*®

Because mean droplet size does not change significantly
when the ratio of atomization air and spray rate is fixed,
the atomization air/spray rate ratio is one of the most
important parameters that affect droplet size and coating
quality. In addition, droplet size determined by spray rate
and atomization air is an important factor that determines
the drying capacity in the coating process. Inlet air/Outlet
air: Sprayed droplets of coating solution are transferred
to the tablet surface and dried to form a coating film. Heat
energy must be supplied to dry the coating pan via heated
inlet air flow. The relative humidity of supplied inlet air
can have a significant impact on the related humidity of
the coating pan and outlet air, which in turn affects
drying efficiency.""4?!

In cases of over-drying due to excessive inlet air supply,
the coating droplet may be dried before it adheres to the
tablet surface. This may generate a large number of
polymer particles, resulting in a rough surface of the
coated tablet. Conversely, if sufficient inlet air is not
supplied for drying, twinning and tablet agglomeration
may occur due to the viscosity of droplets on the wet
tablet surface Outlet air (exhausted air) temperature can
indirectly indicate the temperature of the coating pan or
tablet during the coating process. Generally, tablet
temperature inside the coating pan is ~2-3°C lower than
the outlet air temperature. Outlet air temperature should
be changed according to the characteristics of the solvent
or spray rate. Inlet and outlet air temperature can be
controlled according to the coating machine brand.[*%%

Droplet size is highly affected by characteristics of the
coating solution and process conditions. It also has a high
correlation with coating efficiency. As the ratio of
atomization air to pattern air approaches 1:1, droplet size
becomes smaller and coating efficiency improves. In
general, when droplet size decreases, a homogenous film
layer is formed on the surface of tablets. Conversely, if
the size of the droplet in contact with the tablet surface is
too large, tablet surface roughness may increase. Droplet
size is highly dependent on process conditions (spray air
flow rate, spray rate, gun-to-bed distance, viscosity, etc.)
and requires careful control.**2

Pharmaceutical Application of Film Coating
e Modified Drug Release

e Delayed Drug release

e Sustained Drug release
e  Active film coating

e Improved Drug stability
TRAMADOL

Tramadol is a non-scheduled synthetic centrally acting
opioid. It displays a dual action of being a p-receptor
agonist and weak inhibiter of norepinephrine and
serotonin neuronal reuptake, which augments the
efficacy of inhibitory spinal pathways. Tramadol is a
racemic mixture of two enantiomers, with one
enantiomer blocking norepinephrine reuptake and the
other blocking serotonin reuptake.®™® The effect of
tramadol upon receptor reuptake contributes significantly

to its analgesic properties. Its p-receptor agonist
properties occur primarily through its primary
metabolite, o-desmethyltramadol.*? However,

individuals with diminished capacity to metabolize
tramadol still experience analgesia,® and only
approximately one third of analgesia from tramadol is
reversible with the opioid receptor antagonist naxolone
in healthy volunteers.>

Preparations of tramadol are available for oral, rectal,
intravenous, intramuscular, and subcutaneous
administration. After oral administration, peak plasma
concentration is achieved within 2 hours. However,
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elimination is also rapid, with tramadol displaying a short
elimination half-life of 5 to 6 hours.”™ The consequent
four-times-a-day dosing of tramadol limits its
convenience of administration in the therapy of chronic
pain. A sustained-released preparation of tramadol
(tramadol ER) is now available utilizing a
semipermeable  membrane  (Smartcoat;  Biovail
Corporation) that allows for the slow osmotic diffusion
of the active ingredient in a pH-independent manner.
Bioavailability of tramadol ER 200 mg is equivalent to
tramadol immediate release 50 mg taken every 6
hours. !

Tramadol is an atypical synthetic analgesic which has
tremendous use in acute pain, dental pain, labor pain,
chronic pain, cancer pain mostly due to its dual
mechanism of action. Tramadol can interact with other
drugs that share the same metabolic pathway and utilizes
same enzymes, thus use of tramadol should be carefully
monitored in the patients to avoid its misuse and
associated adverse effects. However, tramadol has many
side effects and thus the tramadol should be chosen
carefully to treat the patients outlining the risk to benefits
ratio and the patients must be monitored carefully for any
possible side effects.®"®!

To avoid adverse effects newer drugs are needed and we
propose tramadol-based derivatives for future and this
review will give better insights to design them with
lesser side effects and potent therapeutic activity with
minimum side effects.[>%%%

4. Mechanism of action (MOA)

Tramadol shows very good analgesic activity by its
action on central nervous system. The racemic mixture of
(+) dextro and (-) levo enantiomer of tramadol has
synergistic analgesic effect. It acts by various pathways
such as a weak MOR agonist or as a serotonin and
norepinephrine reuptake inhibitors for the nociception. O-
desmethyl tramadol metabolite (M1) of tramadol also
shows analgesic action by acting as weak MOR agonist.
The (+) enantiomer of tramadol acts as a MOR agonist
and by inhibition of the reuptake of serotonin, whereas (-
) enantiomer inhibits noradrenalin reuptake Opioid
receptors are G-protein coupled receptor and are of four
types. The most commonly used opioids analgesic act on
p opioid receptor. The (+) Dextro enantiomer of
Tramadol showed Mu (p) opioid receptor agonistic
activity and enhance the activation of central
dopamine.[®%6263

1. IMPACT OF POST COATING THERMAL
TREATMENT ON THE QUALITY AND DRUG
RELEASE OF FILM COATED TABLET
(TRAMADOL)

1. Investigation of the Drug Release and Surface
Morphological Properties of Film-Coated Pellets, and
Physical, Thermal and Mechanical Properties of Free
Films as a Function of VVarious Curing Conditions
The purpose of the present investigation was to elucidate

the influence of curing on different physical properties of
Eudragit® NE and RS coating systems. Increased curing
times resulted in decreased drug release rates from
Eudragit® NE-coated beads. However, an increase in
drug release rates was noticed at longer curing times and
higher temperatures for the Eudragit® RS coating
system. The surface morphological changes of the film-
coated beads revealed that there were no visible
macroscopic changes as a result of curing. The absence
of any ibuprofen melting peak in the DSC thermograms
of cured NE and RS coated beads confirmed that there
was no surface crystallization of ibuprofen. These results
indicated that the increase in drug release rates from RS
coated pellets, when subjected to long curing times,
resulted from loss of plasticizer. Free films of Eudragit®
NE exhibited an increase in tensile strength with
increased curing times, whereas Eudragit® RS free films
showed a decrease in tensile strength beyond 4 h of
curing at 70 and 90 °C. The film thicknesses and weights
of free films of Eudragit® RS prepared with triethyl
citrate plasticizer were found to change more dramatically
with curing than did free films of Eudragit® RS prepared
with ibuprofen as the plasticizer. An increase in pore
volume was also observed with increased curing times
for Eudragit® RS free films. Such changes with curing
were shown to be due to the loss of plasticizer molecules,
leading to the formation of molecular-scale voids and
channels.

2. Effect of thermal curing of the ethyl cellulose film
on the rapidity

Coated pellets controlling drug release are a very popular
dosage form which is widely used in medical practice. At
present the coatings of water-insoluble polymers formed
from aqueous dispersions are preferred. However, film
formation from an aqueous polymeric dispersion is
different from that from their organic solutions. A stable
film on the pellets surface is produced by coalesces of
discrete latex particles at an optimum temperature. The
present experimental paper studied the changes of
diclofenac sodium dissolution profiles from coated
pellets, when their coatings from an aqueous polymeric
dispersion of ethyl cellulose were cured for different time
periods (1-72 hours) and a temperature of 60 degrees C.
Drug release rate was decreasing with the increasing time
of the layer curing up to 24 hours. At this time the
dissolution curve was similar to a strait line. When the
curing time further increased, the drug release was again
faster. All prepared samples (with or without seal coat,
cured for a period of 24 hour or uncured) were filled into
hard gelatine capsules and stored in blisters in three
different stability boxes (25 degrees C/60% RH, 30
degrees C/65% RH, 40 degrees C/75% RH) for 6 or 12
months. The best drug dissolution profile and stability
were observed for the pellets with the seal coat and ethyl
cellulose coating cured for 24 hours.'*®

3. Characterization of the film formation of the dry
coating process
As the film formation of the dry coating process differs
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completely from conventional coating methods it is of
certain interest to define a parameter like the minimum
film formation temperature (MFT) used for aqueous
dispersion-based processes in order to describe an
efficient film formation. Film formation occurs mainly
during the curing step following the coating phase.
Therefore, the film formation of the dry coating process
was analyzed with regard to the two process parameters
influencing film formation, namely curing temperature
and time. Theophylline pellets were coated using the
enteric polymer HPMCAS and TEC/Myvacet as
plasticizer composition. The polymer and the plasticizer
were applied to the pellets simultaneously, except for the
beginning of the coating step when the plasticizer has
been sprayed 30 s before powder feeding was started.
The coated pellets were cured for five different time
periods at eight different temperatures. Drug release was
determined in 0.1 N HCI. Their surface and cross-
sectional morphologies were examined by scanning
electron microscopy. The glass transition temperature of
the obtained films as well as of the polymer plasticizer
mixture obtained by casting a film using an organic
solution of the coating components was determined by
thermomechanical analysis. At higher curing temperature
and/or extended curing time an enhancement of acid
resistance is observed. The glass transition temperature of
the coating mixture was determined to be 51.7+/-3.3
degrees C. It is close to the temperature needed for film
formation. Enteric resistant pellets are obtained after
curing for 0.75 h at 55 degrees C. However, enteric
resistance was achieved as well slightly below the glass
transition temperature at 45 degrees C applying long
curing periods of at least 12 h. This may be caused by the
plasticizer gradient along the coat which is caused by
spraying the plasticizer 30 s before starting powder
feeding. This results in a higher plasticizer concentration
of the inner layers of the coat relatively to the outer ones.
Due to this film formation starts at the inner layers even
below the glass transition temperature. As the plasticizer
diffuses to the outer layers during curing according to the
plasticizer gradient, film formation proceeds.*®

4. Influence of curing on the adhesive and
thermomechanical properties of an applied acrylic
polymer

The objective of the current study was to investigate the
relationship between polymer adhesion and post-coating
thermal treatment. A novel adhesion technique was used
to quantify the adhesive properties of applied acrylic
films. Differential scanning calorimetry was used to
determine the glass transition temperature of the applied
polymer. Post-coating thermal treatment, or curing, was
found to significantly influence the adhesive and
thermomechanical properties of the applied film coating.
Adhesion of triethyl citrate-plasticized films to tablets
increased during storage at elevated temperatures,
equilibrating within four hours. The glass transition
temperature of the applied triethyl citrate-plasticized
coatings also increased during curing. Equilibration of
polymer properties was found to be dependent on the

hydrophobicity of the plasticizer incorporated into the
coating formulation, with longer curing times required
for films containing the hydrophobic plasticizer tributyl
citrate. The curing temperature was shown to influence
polymer properties, with stronger film-tablet adhesion
and higher glass transition temperatures resulting when
the coated tablets were stored at higher temperatures.
Substrate hydrophobicity was also found to influence the
curing process, suggesting that the mechanisms involved
in film formation and polymer-substrate adhesion may
contribute to the internal stresses within the film.")

5. Effect of thermal gelation on dissolution from
coated tablets

Tablets with a methylcellulose coating were found to
exhibit lower dissolution profiles than those coated with
a hydroxypropyl methylcellulose coating at 37 degrees,
and the cause was investigated. The differences are
attributed to thermal gelation of the methylcellulose at
temperatures near 37 degrees, which creates a barrier to
the dissolution process and essentially changes the
dissolution mechanism. This mechanism is substantiated
by the fact that at temperatures below the gel point and at
increased agitation, the effect disappears. The retarded
dissolution effect is not peculiar to the drug involved.®

6. Effect of heat on characteristics of chitosan film
coated

The effect of heat on the characteristics of chitosan film
coated on theophylline tablets was studied. Chitosan of
high viscosity grade with molecular weight in the range
of 800,000-1,000,000, 80-85% degree of deacetylation
was used as a film former by dissolving in 1% v/v acetic
acid solution. The coated tablets had been cured at 40,
60, and 100 degrees C for 6, 12, and 24 hr. The
morphology of the film at the edge and surface of coated
tablets was investigated using scanning electron
microscopy. Film cracking was increased and clearly
observed in the coated tablets cured at 100 degrees C for
24 hr. As a result, more water could be absorbed into the
tablets, followed by faster disintegration and faster drug
release. The evidence of partial conversion of
chitosonium acetate to chitin in the 13C nuclear
magnetic resonance (NMR) spectra of chitosan films
cured at 40, 60, and 100 degrees C was observed, but it
had no effect on drug release behavior. Theophylline
tablets coated with chitosan films gave sustained release
behavior in various media, i.e., distilled water, 0.1 N
hydrochloric acid, pH 4.5 acetate buffer, and pH 6.8
phosphate buffer. In addition, the film coating
temperature at 55-60 degrees C and curing process at 40
and 60 degrees C had no effect on the drug release from
theophylline tablets coated with chitosan polymer.
Finally, it might be concluded that both the physical and
chemical properties of chitosan films were affected by
heat.[%!

7. Curing of aqueous polymeric film coatings:
Importance of the coating level and type of plasticizer
The aim of this study was to better understand the effects
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of the curing conditions on the resulting drug release
patterns from pellets coated with aqueous polymer
dispersions. Diltiazem HCI was used as model drug,
ethylcellulose as polymer, triethyl citrate (TEC), dibutyl
sebacate (DBS), and distilled acetylated monoglycerides
(Myvacet) as plasticizers. Interestingly, the effects of the
curing conditions strongly depended on the coating level
and the type of plasticizer: in the case of TEC, the drug
release rate monotonically decreased with increasing
harshness of the curing conditions (time, temperature,
and relative humidity), irrespective of the coating level.
In contrast, in the case of DBS and Myvacet, this type of
relationship was only observed at low coating levels
(5%). At intermediate coating levels (around 7.5%), the
curing conditions had virtually no effect on drug release.
At high coating levels (10%), the release rate initially
increased and then decreased with increasing
harshness of the curing conditions. This more complex
behavior might be attributable to the superposition of
two competing phenomena: improved film formation and
drug migration into the polymeric membrane.
Furthermore, it could be shown that the type of
plasticizer had a major effect on drug release in not fully
coalesced and equilibrated film coatings, whereas the
release profiles were similar for all plasticizers in the case
of completely formed and equilibrated film coatings.
Importantly, the latter systems were stable for long term
even during storage under stress conditions.[""!

8. Modulation of Tramadol Release from a
Hydrophobic Matrix: Implications of Formulations
and Processing Variables

In the present investigation, hydrogenated cottonseed oil
(HCSO) was evaluated as a sustained release matrix for a
freely soluble drug, tramadol. Hydrophobic matrix tablets
of tramadol was evaluated by compression of physical
mixture of drug and wax, dispersion of drug in HCSO by
hot fusion or solubilisation techniques. The method of
preparation of tablet had a significant effect on drug
release with higher release observed from direct
compression matrices and slower release from matrix
prepared by dispersion (hot-fused matrices). Influence of
addition of hydroxypropylmethyl cellulose, sodium
carboxymethyl cellulose, polyethylene glycol 4000 and
surfactants like sodium lauryl sulphate and polysorbate 20
to HCSO matrix on drug release was investigated. The
added excipients exhibited a propensity to enhance drug
release from the HCSO matrix. NaCMC was effective at
a lower ratio (<10% w/w) and when incorporated at
higher level made HCSO matrix to erode and
disintegrate in a short period.[™

9. Hot-Melt Extrusion: from Theory to Application
in Pharmaceutical Formulation
Hot-melt extrusion (HME) is a promising technology for
the production of new chemical entities in the
developmental pipeline and for improving products
already on the market. In drug discovery and
development, industry estimates that more than 50% of
active pharmaceutical ingredients currently used belong

to the biopharmaceutical classification system Il (BCS
class 1), which are characterized as poorly water-soluble
compounds and result in formulations with low
bioavailability. Therefore, there is a critical need for the
pharmaceutical industry to develop formulations that will
enhance the solubility and ultimately the bioavailability
of these compounds. HME technology also offers an
opportunity to earn intellectual property, which is
evident from an increasing number of patents and
publications that have included it as a novel
pharmaceutical formulation technology over the past
decades. This review had a threefold objective. First, it
sought to provide an overview of HME principles and
present detailed engineered extrusion equipment designs.
Second, it included a number of published reports on the
application of HME techniques that covered the fields of
solid dispersions, microencapsulation, taste masking,
targeted drug delivery systems, sustained release, films,
nanotechnology, floating drug delivery systems,
implants, and continuous manufacturing using the wet
granulation process. Lastly, this review discussed the
importance of using the quality by design approach in
drug development, evaluated the process analytical
technology used in pharmaceutical HME monitoring and
control, discussed techniques used in HME, and
emphasized the potential for monitoring and controlling
hot-melt technology.['?

10. Strategies to improve the stability of amorphous
solid dispersions in view of the hot melt extrusion
(HME) method

Oral administration of drugs is preferred over other
routes for several reasons: it is non-invasive, easy to
administer, and easy to store. However, drug formulation
for oral administration is often hindered by the drug’s
poor solubility, which limits its bioavailability and
reduces its commercial value. As a solution, amorphous
solid dispersion (ASD) was introduced as a drug
formulation method that improves drug solubility by
changing the molecular structure of the drugs from
crystalline to amorphous. The hot melt extrusion (HME)
method is emerging in the pharmaceutical industry as an
alternative to manufacture ASD. However, despite
solving solubility issues, ASD also exposes the drug to a
high risk of crystallisation, either during processing or
storage. Formulating a successful oral administration
drug using ASD requires optimisation of the formulation,
polymers, and HME manufacturing processes applied.
This review presents some important considerations in
ASD formulation, including strategies to improve the
stability of the final product using HME to allow more
new drugs to be formulated using this method.["!

11. Quality-by-design in hot melt extrusion based
amorphous  solid  dispersions:  An industrial
perspective on product development

An industrially feasible approach to overcome the
solubility and bioavailability limitations of poorly
soluble active pharmaceutical ingredients is the
development of amorphous solid dispersions (ASDs)
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using hot-melt extrusion (HME) technique. The
application of Quality by Design (QbD) had a profound
impact on the development of HME-based ASDs. The
formulation and process optimization of ASDs
manufactured via HME techniques require an
understanding of critical quality attributes, critical
material attributes, critical process parameters, risk
assessment tools, and experimental designs. The
knowledge gained from each of these QbD elements
helps ensure the consistency of product quality. The
selection and implementation of appropriate Design of
Experiments (DoE) methodology to screen and optimize
the formulation and process variables remain a major
challenge. This review provides a comprehensive
overview on QbD concepts in HME-based ASDs with an
emphasis on DoE methodologies. Further, the
information provided in this review can assist researchers
in selecting a suitable design with optimal experimental
conditions. Specifically, this review has focused on the
prediction of drug-polymer miscibility, the elements and
sequence of QbD, and various screening and optimization
designs, to provide insights into the formulation and
process variables that are encountered routinely in the
production of HME-based ASDs.[""

2. CONCLUSION

Post-coating thermal treatment, also known as curing,
plays an important role in determining the quality,
stability, mechanical properties, and drug release
characteristics of film-coated tablets. The literature
reviewed indicates that curing temperature and duration,
polymer type, plasticizer composition, and coating
thickness significantly influence film formation, adhesion,
porosity, and dissolution behavior. Appropriate thermal
treatment can improve polymer coalescence, enhance
film integrity, and provide more consistent drug release.
However, excessive temperature or prolonged curing
may cause plasticizer loss, film cracking, changes in
polymer properties, and undesirable variations in drug
release.

In the case of tramadol tablets, controlling drug release is
particularly important for achieving the intended
therapeutic effect and maintaining consistent product
performance. Although the reviewed studies provide
useful insights into the effects of thermal treatment on
different pharmaceutical coating systems and the release
of tramadol from hydrophobic matrices, direct evidence
specifically evaluating post-coating thermal treatment in
film-coated tramadol tablets remains limited in the
reviewed literature. Therefore, further experimental
studies are required to establish the optimum curing
temperature and duration for tramadol film-coated
tablets. Such studies should include dissolution testing,
surface morphology analysis, thermal characterization,
mechanical strength evaluation, and stability studies.
Overall, careful optimization of post-coating thermal
treatment can contribute to improved film-coated tablet

3. REFERENCE

1. B.L. Kidd, R.M. Langford, T. Wodehouse Arthritis
and pain. Current approaches in the treatment of
arthritic pain Arthritis Res. Ther., 2007; 9: 1-7. View
in ScopusGoogle Scholar

2. P. Dayer, J. Desmeules, L. Collart Pharmacology of
tramadol Drugs, 1997; 53: 18-24 View at
publisherCrossrefView in ScopusGoogle Scholar

3. L. Bravo, J.A. Mico, E. Berrocoso Discovery and
development of tramadol for the treatment of pain
Expert Opin. Drug Discov., 2017; 12: 1281-1291.
View at publisherCrossrefView in ScopusGoogle
Scholar

4. M.A. Martinez, S. Ballesteros, E. Almarza, J. Garijo
Death in a legal poppy field in Spain Forensic Sci.
Int., 2016; 265: 34-40. View PDFView articleView
in ScopusGoogle Scholar

5. M. Karbakhsh, Z.N. Salehian Acute opiate overdose
in Tehran: the forgotten role of opium Addict.
Behav., 2007; 32: 1835-1842. View PDFView
articleView in ScopusGoogle Scholar

6. E.R. Zaaijer, J. Bruijel, P. Blanken, V. Hendriks,
M.W.J. Koeter, M.J. Kreek Personality as a risk
factor for illicit opioid use and a protective factor for
illicit opioid dependence Drug Alcohol Depend.,
2014; 145: 101-105. View PDFView articleView in
ScopusGoogle Scholar

7. L. Rosen, K. Katzman Afghanistan: Drug
Trafficking and the 2014 Transition Washington
Congressional Research Service, 2014; R43540.pdf
http://goodtimesweb.org/overseas-war/2014/ Google
Scholar

8. M. Threlkeld, T. Parran, C. Adelman, S. Grey
Tramadol versus buprenorphine for the management
of acute heroin withdrawal: a retrospective cohort
controlled study Am. J. Addict., 2006; 15: 186-191.
View in ScopusGoogle Scholar

9. E. Patterson Tramadol Facts, History, and Statistics

(2018)  [Accessed 26™May, 2017](Available

from:) http://drugabuse.com/library/tramadol-

history-and-statistics/ Google Scholar

WHO Update Review Report on Tramadol. 36th

ECDD (2014) Agenda item 6.1.

11. L.P. Kenzie, R.J. Donald, T. Margaret Abuse
potential and pharmacological comparison of
tramadol and morphine Drug Alcohol Depend.,
1991, 27: 7-17 Google Scholar

12. H.H. Hennies, E. Friderichs, J. Schneider
Receptor  binding, analgesic and antitussive
potency of tramadol and other selected opioids
Arzneim. Forsch. J. Drug Res., 1988; 38: 877-880.
View in ScopusGoogle Scholar

13. R.B. Raffa Composition Comprising a Tramadol

Material and Acetaminophen and Its Use

W01993004675A1 (1993) Google Scholar

R.B. Miller, S.T. Leslie, S.T.A. Malkowska, K.J.

Smith, W. Wimmer, H. Winkler, U. Hahn, D.A. Prater

Controlled Release Tramadol US6254887B1 (1993)

10.

14.

quality, reliable drug release, and consistent Google Scholar
pharmaceutical product performance. 15. H. Buschmann, W. Winter, I. Graudums, P. Jansen
www.wipls.org | Vol 12, Issue 11, 2026. | ISO 9001:2015 Certified Journal | 126



https://www.scopus.com/inward/record.url?eid=2-s2.0-35349027940&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-35349027940&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-35349027940&partnerID=10&rel=R3.0.0
https://doi.org/10.2165/00003495-199700532-00006
https://doi.org/10.2165/00003495-199700532-00006
https://doi.org/10.2165/00003495-199700532-00006
https://doi.org/10.2165/00003495-199700532-00006
https://www.scopus.com/inward/record.url?eid=2-s2.0-0031003065&partnerID=10&rel=R3.0.0
https://doi.org/10.1080/17460441.2017.1377697
https://doi.org/10.1080/17460441.2017.1377697
https://doi.org/10.1080/17460441.2017.1377697
https://doi.org/10.1080/17460441.2017.1377697
https://doi.org/10.1080/17460441.2017.1377697
https://scholar.google.com/scholar_lookup?title=Discovery%20and%20development%20of%20tramadol%20for%20the%20treatment%20of%20pain&publication_year=2017&author=L.%20Bravo&author=J.A.%20Mico&author=E.%20Berrocoso
https://www.sciencedirect.com/science/article/pii/S0379073815005034/pdfft?md5=e3be8d80a4291b3e907bf10d3f7d3855&pid=1-s2.0-S0379073815005034-main.pdf
https://www.sciencedirect.com/science/article/pii/S0379073815005034/pdfft?md5=e3be8d80a4291b3e907bf10d3f7d3855&pid=1-s2.0-S0379073815005034-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84957110044&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84957110044&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84957110044&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Death%20in%20a%20legal%20poppy%20field%20in%20Spain&publication_year=2016&author=M.A.%20Mart%C3%ADnez&author=S.%20Ballesteros&author=E.%20Almarza&author=J.%20Garijo
https://www.sciencedirect.com/science/article/pii/S0306460306003947/pdfft?md5=264f421d438f2aee5153065ae198eb6b&pid=1-s2.0-S0306460306003947-main.pdf
https://www.sciencedirect.com/science/article/pii/S0306460306003947/pdfft?md5=264f421d438f2aee5153065ae198eb6b&pid=1-s2.0-S0306460306003947-main.pdf
https://www.sciencedirect.com/science/article/pii/S0306460306003947/pdfft?md5=264f421d438f2aee5153065ae198eb6b&pid=1-s2.0-S0306460306003947-main.pdf
https://www.sciencedirect.com/science/article/pii/S0306460306003947/pdfft?md5=264f421d438f2aee5153065ae198eb6b&pid=1-s2.0-S0306460306003947-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-34447107401&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Acute%20opiate%20overdose%20in%20Tehran%3A%20the%20forgotten%20role%20of%20opium&publication_year=2007&author=M.%20Karbakhsh&author=Z.N.%20Salehian
https://www.sciencedirect.com/science/article/pii/S0376871614018456/pdfft?md5=7bdc53705176c25819dec24f8b45df58&pid=1-s2.0-S0376871614018456-main.pdf
https://www.sciencedirect.com/science/article/pii/S0376871614018456/pdfft?md5=7bdc53705176c25819dec24f8b45df58&pid=1-s2.0-S0376871614018456-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84921892795&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84921892795&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84921892795&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Personality%20as%20a%20risk%20factor%20for%20illicit%20opioid%20use%20and%20a%20protective%20factor%20for%20illicit%20opioid%20dependence&publication_year=2014&author=E.R.%20Zaaijer&author=J.%20Bruijel&author=P.%20Blanken&author=V.%20Hendriks&author=M.W.J.%20Koeter&author=M.J.%20Kreek
http://goodtimesweb.org/overseas-war/2014/
http://goodtimesweb.org/overseas-war/2014/
https://scholar.google.com/scholar_lookup?title=Afghanistan%3A%20Drug%20Trafficking%20and%20the%202014%20Transition%20Washington&publication_year=2014&author=L.%20Rosen&author=K.%20Katzman
https://scholar.google.com/scholar_lookup?title=Afghanistan%3A%20Drug%20Trafficking%20and%20the%202014%20Transition%20Washington&publication_year=2014&author=L.%20Rosen&author=K.%20Katzman
https://www.scopus.com/inward/record.url?eid=2-s2.0-33645778568&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-33645778568&partnerID=10&rel=R3.0.0
http://drugabuse.com/library/tramadol-history-and-statistics/
http://drugabuse.com/library/tramadol-history-and-statistics/
http://drugabuse.com/library/tramadol-history-and-statistics/
https://scholar.google.com/scholar_lookup?title=Tramadol%20Facts%2C%20History%2C%20and%20Statistics&publication_year=2018&author=E.%20Patterson
https://scholar.google.com/scholar_lookup?title=Abuse%20potential%20and%20pharmacological%20comparison%20of%20tramadol%20and%20morphine&publication_year=1991&author=L.P.%20Kenzie&author=R.J.%20Donald&author=T.%20Margaret
https://www.scopus.com/inward/record.url?eid=2-s2.0-0023720412&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0023720412&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Composition%20Comprising%20a%20Tramadol%20Material%20and%20Acetaminophen%20and%20Its%20Use&publication_year=1993&author=R.B.%20Raffa
https://scholar.google.com/scholar_lookup?title=Controlled%20Release%20Tramadol&publication_year=1993&author=R.B.%20Miller&author=S.T.%20Leslie&author=S.T.A.%20Malkowska&author=K.J.%20Smith&author=W.%20Wimmer&author=H.%20Winkler&author=U.%20Hahn&author=D.A.%20Prater

Parthasarathi et al.

World Journal of Pharmaceutical and Life Sciences

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Method of Separating the Racemate of Tramadol.
US5723668A deceased (1996) Google Scholar

N. Archer, S. Cairns, M. Mitchell, H. Ogden
Purification of Tramadol WO1999036390A1 (1999)
Google Scholar

H. Buschmann, B.Y. Kogel, E. Friderichs, D.

Kaulartz O-substituted 6-methyl-tramadol
Derivatives WO02002026694A1 (2000) Google
Scholar

D. Bar-Or Use of Tramadol for Delaying Ejaculation
EP1397126B9 (2001)Google Scholar

C. Senanayake, T. Jerussi, P. Grover, Q. Fang, C.
Mark Tramadol Analogs and Uses Thereof
US20030171440A1 (2001) Google Scholar

E.T. Jarvi, N.A. Grayson, R.E. Halvachs Synthesis
and Purification of (r*,r*)-2-[(dimethylamino)
Methyl]-1-(3-methoxyphenyl) Cyclohexanol
Hydrochloride US6399829B1 (2002) Google
Scholar

H. Schickaneder, A. Nikolopoulos Tramadol, Salts
Thereof and Process for Their Preparation
US6469213B1 (2002) Google Scholar

R.B. Miller, S.T. Leslie, S.T.A. Malkowska, K.J.
Smith, W. Wimmer, H. Winkler, U. Hahn, D.A.
Prater Controlled Release Tramadol US6254887B1
(2001) Google Scholar

A. Nikolopoulos, H. Schickaneder Pure Cis-
tramadol Hydrochloride Production EP0996613B1
(2002) Google Scholar

S.A. Ansari, A.L. Kulkarni, B. Ravikumar Process
for Preparing Tramadol Hydrochloride and/or
Tramadol Monohydrate EP1346978A1 (2003)
Google Scholar

S.A. Ansari, A.K. Kulkarni, B. Ravikumar Process
for Preparing Tramadol Hydrochloride and/or
Tramadol Momohydrate W02003078380A2 (2003)
Google Scholar

H.H. Buschmann, A. Torrens-Jover, J. Mas-Prio, J.
Benet-Buchholz, L.S. Carandell, B.J. Carles Cerén

A Crystalline Form of (R,R)-tramadol-(S)-
naproxene Salt EP2022778A1 (2007) Google
Scholar

H. Momberger, D. Kuhn, M. Raber, W. Schmid
Tramadol Multiple Unit Formulation US6436438B1
(1996) Google Scholar

M. Finkam, B. Akteries Process for the Preparation
of  2-{(dimethylamino)  Methyl]-1-(3-Methoxy-
phenyl) Cyclohexanol US7030276B2 (2002) Google
Scholar

A. Kumar, S.Y. Dike, S.R. Soudagar, C.H. Shah,
S.M. Burudkar, P. Gautam, B.N. Thankachen, A.
Saxena, M. Saravanan, G.P. Pathak, V. Pal, R.
Karde, J. Gehlot Tramadol Recovery Process
US7470816B2 (2008) Google Scholar

D. Bachmann, R. Eivaskhani, C. Braun, R. Spycher,
B. Strong A Controlled Release Tablet Containing
Topiramate, Tramadol Hydrochloride and Xanthan
Gum 245583 (2011) Google Scholar

V. Lenaerts, L.P. Ouadji-Nijki, J. Bacon, R.
Ouzérourou, S. Gervais, M. Rahmouni, D. Smith

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Sustained-release Tramadol Formulations With 24-
hour Efficacy US20070003618A1 (2011) Google
Scholar

W.M. De, A. BOUMENDIJEL, S.G. TAIWE
Extraction of Tramadol From Nauclealatifolia Smith
W02014154747A1 (2014) Google Scholar

S. Shankar, R.P. Vasudeo Process for Isolation of
Active Tramadol Hydrochlorid 263257 (2014)
Google Scholar

M.B. Chaudhari, J.S. Wadhwani
Hydrochloride and Paracetamol Orally
Disintegrating Composition and Process for
Preparing the Same WO02015044952A3 (2016)
Google Scholar

B. Kallen, M. Reis Use of tramadol in early
pregnhancy and congenital malformation risk Reprod.
Toxicol., 2015; 58: 246-251. View PDFView
articleView in ScopusGoogle Scholar

S. Grond, A. Sablotzki Clinical pharmacology of
tramadol Clin. Pharmacol., 2004; 43: 879-923.
CrossrefView in ScopusGoogle Scholar

A. Boumendjel, G.S. Taiwe, E.N. Bum, T. Chabrol,
C. Beney, V. Sinniger, R. Haudecoeur, L. Marcourt,
S. Challal, E.F. Queiroz, F. Souard, M.L. Borgne, T.
Lomberget, A. Depaulis, C. Lavaud, R. Robins, J.L.
Wolfender, B. Bonaz, M.D. Waard Occurrence of
the synthetic analgesic tramadol in an african
medicinal plant Angew. Chem. Int. Ed., 2013; 52:
11780-11784. CrossrefView in  ScopusGoogle
Scholar

S. Kusari, J. Tatsimo, S. Ziihlke, F.M. Talontsi, S.F.
Kouam, M. Spiteller Tramadol-a true natural
product Angew. Chem. Int. Ed., 2014; 53: 12059-
12272 Google Scholar

F. Lecerf-Schmidt, R. Haudecoeur, B. Peres, M.M.
Ferreira Queiroz, L. Marcourt, S. Challal, E. Ferreira
Queiroz, G. Sotoing Taiwe, T. Lomberget, M. Le
Borgne, J.-L. Wolfender, M. De Waard, R.J.
Robinsg, A. Boumendjel Biomimetic synthesis of
tramadol Chem. Commun. (Cambridge, U. K.).,
2015; 51: 14451-14453. View articleView in
ScopusGoogle Scholar

E.T. Jarvi, N.A. Grayson, R.E. Halvachs Synthesis
and Purification of (r*r*)-2-[(dimethylamino)
Methyl]-1-(3-methoxyphenyl) Cyclohexanol
Hydrochloride US6399829 B1 (2002) Google
Scholar

C. Alvarado, A. Guzman, E. Diaz, R. Patino
Synthesis of tramadol and analogous J. Mex. Chem.
Soc., 2005; 49(4): 324-332 Google Scholar

E. Poupon, B. Nay Biomimetic Organic Synthesis
(first edition), Wiley-VCH Verlag GmbH & Co,
Weinheim, Germany (2011) Google Scholar

L.J. Scott, C.M. Perry Tramadol: a review of its use
in perioperative pain Drugs, 2000; 60(1): 139-176.
CrossrefView in ScopusGoogle Scholar

S. Ide, M. Minami, K. Ishihara, G.R. Uhl, I. Sora, K.
lkeda Mu opioid receptor-dependent and
independent components in effects of tramadol
Neuropharmacology, 2006; 51: 651-658. View

Tramadol

www.wijpls.org |

Vol 12, Issue 11, 2026. |

ISO 9001:2015 Certified Journal | 127



https://scholar.google.com/scholar_lookup?title=Method%20of%20Separating%20the%20Racemate%20of%20Tramadol.%20US5723668A&publication_year=1996&author=H.%20Buschmann&author=W.%20Winter&author=I.%20Graudums&author=P.%20Jansen
https://scholar.google.com/scholar_lookup?title=Purification%20of%20Tramadol&publication_year=1999&author=N.%20Archer&author=S.%20Cairns&author=M.%20Mitchell&author=H.%20Ogden
https://scholar.google.com/scholar_lookup?title=O-substituted%206-methyl-tramadol%20Derivatives&publication_year=2000&author=H.%20Buschmann&author=B.Y.%20K%C3%B6gel&author=E.%20Friderichs&author=D.%20Kaulartz
https://scholar.google.com/scholar_lookup?title=O-substituted%206-methyl-tramadol%20Derivatives&publication_year=2000&author=H.%20Buschmann&author=B.Y.%20K%C3%B6gel&author=E.%20Friderichs&author=D.%20Kaulartz
https://scholar.google.com/scholar_lookup?title=Use%20of%20Tramadol%20for%20Delaying%20Ejaculation&publication_year=2001&author=D.%20Bar-Or
https://scholar.google.com/scholar_lookup?title=Tramadol%20Analogs%20and%20Uses%20Thereof&publication_year=2001&author=C.%20Senanayake&author=T.%20Jerussi&author=P.%20Grover&author=Q.%20Fang&author=C.%20Mark
https://scholar.google.com/scholar_lookup?title=Synthesis%20and%20Purification%20of%20-2-%20Methyl-1-%20Cyclohexanol%20Hydrochloride&publication_year=2002&author=E.T.%20Jarvi&author=N.A.%20Grayson&author=R.E.%20Halvachs
https://scholar.google.com/scholar_lookup?title=Synthesis%20and%20Purification%20of%20-2-%20Methyl-1-%20Cyclohexanol%20Hydrochloride&publication_year=2002&author=E.T.%20Jarvi&author=N.A.%20Grayson&author=R.E.%20Halvachs
https://scholar.google.com/scholar_lookup?title=Tramadol%2C%20Salts%20Thereof%20and%20Process%20for%20Their%20Preparation&publication_year=2002&author=H.%20Schickaneder&author=A.%20Nikolopoulos
https://scholar.google.com/scholar_lookup?title=Controlled%20Release%20Tramadol&publication_year=2001&author=R.B.%20Miller&author=S.T.%20Leslie&author=S.T.A.%20Malkowska&author=K.J.%20Smith&author=W.%20Wimmer&author=H.%20Winkler&author=U.%20Hahn&author=D.A.%20Prater
https://scholar.google.com/scholar_lookup?title=Pure%20Cis-tramadol%20Hydrochloride%20Production&publication_year=2002&author=A.%20Nikolopoulos&author=H.%20Schickaneder
https://scholar.google.com/scholar_lookup?title=Process%20for%20Preparing%20Tramadol%20Hydrochloride%20andor%20Tramadol%20Monohydrate&publication_year=2003&author=S.A.%20Ansari&author=A.L.%20Kulkarni&author=B.%20Ravikumar
https://scholar.google.com/scholar_lookup?title=Process%20for%20Preparing%20Tramadol%20Hydrochloride%20andor%20Tramadol%20Momohydrate&publication_year=2003&author=S.A.%20Ansari&author=A.K.%20Kulkarni&author=B.%20Ravikumar
https://scholar.google.com/scholar_lookup?title=A%20Crystalline%20Form%20of%20-tramadol--naproxene%20Salt&publication_year=2007&author=H.H.%20Buschmann&author=A.%20Torrens-Jover&author=J.%20Mas-Prio&author=J.%20Benet-Buchholz&author=L.S.%20Carandell&author=B.J.%20Carles%20Cer%C3%B3n
https://scholar.google.com/scholar_lookup?title=A%20Crystalline%20Form%20of%20-tramadol--naproxene%20Salt&publication_year=2007&author=H.H.%20Buschmann&author=A.%20Torrens-Jover&author=J.%20Mas-Prio&author=J.%20Benet-Buchholz&author=L.S.%20Carandell&author=B.J.%20Carles%20Cer%C3%B3n
https://scholar.google.com/scholar_lookup?title=Tramadol%20Multiple%20Unit%20Formulation&publication_year=1996&author=H.%20Momberger&author=D.%20Kuhn&author=M.%20Raber&author=W.%20Schmid
https://scholar.google.com/scholar_lookup?title=Process%20for%20the%20Preparation%20of%202-%20Methyl-1-%20Cyclohexanol&publication_year=2002&author=M.%20Finkam&author=B.%20Akteries
https://scholar.google.com/scholar_lookup?title=Process%20for%20the%20Preparation%20of%202-%20Methyl-1-%20Cyclohexanol&publication_year=2002&author=M.%20Finkam&author=B.%20Akteries
https://scholar.google.com/scholar_lookup?title=Tramadol%20Recovery%20Process&publication_year=2008&author=A.%20Kumar&author=S.Y.%20Dike&author=S.R.%20Soudagar&author=C.H.%20Shah&author=S.M.%20Burudkar&author=P.%20Gautam&author=B.N.%20Thankachen&author=A.%20Saxena&author=M.%20Saravanan&author=G.P.%20Pathak&author=V.%20Pal&author=R.%20Karde&author=J.%20Gehlot
https://scholar.google.com/scholar_lookup?title=A%20Controlled%20Release%20Tablet%20Containing%20Topiramate%2C%20Tramadol%20Hydrochloride%20and%20Xanthan%20Gum&publication_year=2011&author=D.%20Bachmann&author=R.%20Eivaskhani&author=C.%20Braun&author=R.%20Spycher&author=B.%20Strong
https://scholar.google.com/scholar_lookup?title=A%20Controlled%20Release%20Tablet%20Containing%20Topiramate%2C%20Tramadol%20Hydrochloride%20and%20Xanthan%20Gum&publication_year=2011&author=D.%20Bachmann&author=R.%20Eivaskhani&author=C.%20Braun&author=R.%20Spycher&author=B.%20Strong
https://scholar.google.com/scholar_lookup?title=Sustained-release%20Tramadol%20Formulations%20With%2024-hour%20Efficacy&publication_year=2011&author=V.%20Lenaerts&author=L.P.%20Ouadji-Nijki&author=J.%20Bacon&author=R.%20Ouz%C3%A9rourou&author=S.%20Gervais&author=M.%20Rahmouni&author=D.%20Smith
https://scholar.google.com/scholar_lookup?title=Sustained-release%20Tramadol%20Formulations%20With%2024-hour%20Efficacy&publication_year=2011&author=V.%20Lenaerts&author=L.P.%20Ouadji-Nijki&author=J.%20Bacon&author=R.%20Ouz%C3%A9rourou&author=S.%20Gervais&author=M.%20Rahmouni&author=D.%20Smith
https://scholar.google.com/scholar_lookup?title=Extraction%20of%20Tramadol%20From%20Nauclealatifolia%20Smith&publication_year=2014&author=W.M.%20De&author=A.%20BOUMENDJEL&author=S.G.%20TAIWE
https://scholar.google.com/scholar_lookup?title=Process%20for%20Isolation%20of%20Active%20Tramadol%20Hydrochloride&publication_year=2014&author=S.%20Shankar&author=R.P.%20Vasudeo
https://scholar.google.com/scholar_lookup?title=Tramadol%20Hydrochloride%20and%20Paracetamol%20Orally%20Disintegrating%20Composition%20and%20Process%20for%20Preparing%20the%20Same&publication_year=2016&author=M.B.%20Chaudhari&author=J.S.%20Wadhwani
https://www.sciencedirect.com/science/article/pii/S0890623815300320/pdfft?md5=92f365eb69ba87da12dc2328b7991a87&pid=1-s2.0-S0890623815300320-main.pdf
https://www.sciencedirect.com/science/article/pii/S0890623815300320/pdfft?md5=92f365eb69ba87da12dc2328b7991a87&pid=1-s2.0-S0890623815300320-main.pdf
https://www.sciencedirect.com/science/article/pii/S0890623815300320/pdfft?md5=92f365eb69ba87da12dc2328b7991a87&pid=1-s2.0-S0890623815300320-main.pdf
https://www.sciencedirect.com/science/article/pii/S0890623815300320/pdfft?md5=92f365eb69ba87da12dc2328b7991a87&pid=1-s2.0-S0890623815300320-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-84946724086&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Use%20of%20tramadol%20in%20early%20pregnancy%20and%20congenital%20malformation%20risk&publication_year=2015&author=B.%20Kallen&author=M.%20Reis
https://doi.org/10.2165/00003088-200443130-00004
https://doi.org/10.2165/00003088-200443130-00004
https://scholar.google.com/scholar_lookup?title=Clinical%20pharmacology%20of%20tramadol&publication_year=2004&author=S.%20Grond&author=A.%20Sablotzki
https://doi.org/10.1002/anie.201305697
https://doi.org/10.1002/anie.201305697
https://scholar.google.com/scholar_lookup?title=Occurrence%20of%20the%20synthetic%20analgesic%20tramadol%20in%20an%20african%20medicinal%20plant&publication_year=2013&author=A.%20Boumendjel&author=G.S.%20Taiwe&author=E.N.%20Bum&author=T.%20Chabrol&author=C.%20Beney&author=V.%20Sinniger&author=R.%20Haudecoeur&author=L.%20Marcourt&author=S.%20Challal&author=E.F.%20Queiroz&author=F.%20Souard&author=M.L.%20Borgne&author=T.%20Lomberget&author=A.%20Depaulis&author=C.%20Lavaud&author=R.%20Robins&author=J.L.%20Wolfender&author=B.%20Bonaz&author=M.D.%20Waard
https://scholar.google.com/scholar_lookup?title=Occurrence%20of%20the%20synthetic%20analgesic%20tramadol%20in%20an%20african%20medicinal%20plant&publication_year=2013&author=A.%20Boumendjel&author=G.S.%20Taiwe&author=E.N.%20Bum&author=T.%20Chabrol&author=C.%20Beney&author=V.%20Sinniger&author=R.%20Haudecoeur&author=L.%20Marcourt&author=S.%20Challal&author=E.F.%20Queiroz&author=F.%20Souard&author=M.L.%20Borgne&author=T.%20Lomberget&author=A.%20Depaulis&author=C.%20Lavaud&author=R.%20Robins&author=J.L.%20Wolfender&author=B.%20Bonaz&author=M.D.%20Waard
https://scholar.google.com/scholar_lookup?title=Tramadol-a%20true%20natural%20product&publication_year=2014&author=S.%20Kusari&author=J.%20Tatsimo&author=S.%20Z%C3%BChlke&author=F.M.%20Talontsi&author=S.F.%20Kouam&author=M.%20Spiteller
https://www.sciencedirect.com/science/article/pii/S1359734515001330
https://www.sciencedirect.com/science/article/pii/S1359734515001330
https://www.scopus.com/inward/record.url?eid=2-s2.0-84941686611&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-84941686611&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Synthesis%20and%20Purification%20of%20-2-%20Methyl-1-%20Cyclohexanol%20Hydrochloride&publication_year=2002&author=E.T.%20Jarvi&author=N.A.%20Grayson&author=R.E.%20Halvachs
https://scholar.google.com/scholar_lookup?title=Synthesis%20and%20Purification%20of%20-2-%20Methyl-1-%20Cyclohexanol%20Hydrochloride&publication_year=2002&author=E.T.%20Jarvi&author=N.A.%20Grayson&author=R.E.%20Halvachs
https://scholar.google.com/scholar_lookup?title=Synthesis%20of%20tramadol%20and%20analogous&publication_year=2005&author=C.%20Alvarado&author=A.%20Guzman&author=E.%20Diaz&author=R.%20Patino
https://scholar.google.com/scholar_lookup?title=Biomimetic%20Organic%20Synthesis&publication_year=2011&author=E.%20Poupon&author=B.%20Nay
https://doi.org/10.2165/00003495-200060010-00008
https://doi.org/10.2165/00003495-200060010-00008
https://scholar.google.com/scholar_lookup?title=Tramadol%3A%20a%20review%20of%20its%20use%20in%20perioperative%20pain&publication_year=2000&author=L.J.%20Scott&author=C.M.%20Perry
https://www.sciencedirect.com/science/article/pii/S002839080600133X/pdfft?md5=a10b602ecee81f0bf4df345ba0836142&pid=1-s2.0-S002839080600133X-main.pdf

Parthasarathi et al.

World Journal of Pharmaceutical and Life Sciences

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

PDFView articleView in ScopusGoogle Scholar

K. Minami, Y. Uezono, Y. Ueta Pharmacological
aspects of the effects of tramadol on G-protein
coupled receptors J. Pharmacol. Sci., 2007; 103:
253-260 View PDFView articleView in
ScopusGoogle Scholar

Q. Shen, Y. Qian, X.J. Xu, W. Li, J.G. Liu, W. Fu
Design, synthesis and biological evaluation of N-
phenylalkyl-substituted tramadol derivatives as
novel p opioid receptor ligands Acta Pharmacol.

Sin., 2015; 36: 887-894 CrossrefView in
ScopusGoogle Scholar
W.D. Paar, P. Frankus, H.J. Dengler The

metabolism of tramadol by human liver microsomes
Clin. Investig.,, 1992; 70: 708-710 View in
ScopusGoogle Scholar

P.A. Black, S.K. Cox, M. Macek, A. Tieber, R.E.
Junge Pharmacokinetics of tramadol hydrochloride
and its metabolite O-desmethyltramadol in peafowl
(Pavocristatus) J. Zoo Wildl. Med., 2010; 4: 671-
676 CrossrefView in ScopusGoogle Scholar

T. Matthiesen, T. Wohrmann, T.P. Coogan, H.
Uragg The experimental toxicology of tramadol: an
overview Toxicol. Lett., 1998; 95: 63-71 View
PDFView articleView in ScopusGoogle Scholar

S. Grond, A. Sablotzki Clinical pharmacology of
tramadol Clin. Pharmacokinet., 2004; 43: 879-923
CrossrefView in ScopusGoogle Scholar

W.F. Kean, S. Bouchard, G.E. Roderich Women with
pain due to osteoarthritis: the efficacy and safety of a
once-daily formulation of tramadol Pain Med., 2009;
10: 1001-1011 CrossrefView in ScopusGoogle
Scholar

M.S. Cepeda, F. Camargo, C. Zea, L. Valencia
Tramadol for osteoarthritis: a systematic review and
meta-analysis The J. Rheum., 2007; 34: 543-555.
View in ScopusGoogle Scholar

A. Sunshine New clinical experience with tramadol
Drugs, 1994; 47: 8-18 CrossrefView in Scopus
Google Scholar

A. Malik, R. Kaul, V. Kaul Clinical effectiveness of
three analgesic formulations on post-operative
endodontic pain: a Pilot study Int. J. Therap. Appl.,
2015; 25: 7-11 CrossrefView in ScopusGoogle
Scholar

W. Leppert, J. Luczak The role of tramadol in cancer
pain treatment-a review Support. Care Cancer, 2005;
13: 5-17 CrossrefView in ScopusGoogle Scholar
World Health Organization WHO’s Pain Ladder for
Adults World Health Organization, Geneva (2014)
Accessed September 17, 2013(Available from:)
http://www.who.int/cancer/palliative/painladder/en/
Google Scholar

G. Stefan, S. Armin Clinical pharmacology of
tramadol Clin. Pharmacol., 2004; 43: 879-923
Google Scholar

S. Grond, D. Zech, J. Lynch Tramadol: a weak
opioid for relief of cancer pain Pain Clin., 1992; 5:
241-247 View in ScopusGoogle Scholar

L. Wojciech Tramadol as an analgesic for mild to

60.

61.

62.

63.

64.

65.

66.

70.

71,

moderate cancer pain Pharmacol. Rep., 2009; 61:
978-992 Google Scholar

A.B.D.l. Abdikarim, B. Bilgen An evidence-based
review of pain management in acute myocardial
infarction J. Cardiol. Clini. Res., 2016; 4: 1067.
Google Scholar

A. Sunshine New clinical experience with tramadol
Drugs, 1994; 47: 8-18 CrossrefView in
ScopusGoogle Scholar

M.Z. Yilmaz, C. Torun, B.B. Sarihasan, E. Kelsaka,
E. Koksal, N. Tas, E. Kuruoglu Comparison of the
analgesic effects of paracetamol and tramadol in
lumbar disc surgery Turkish J. Med. Sci., 2015; 45:
438-442 CrossrefView in ScopusGoogle Scholar

A. Ebrahim, B. Nadia, A.M. Parviz, H. Majd, M.A.
Ropani Prophylactic effect of oral clonidine and
tramadol in postoperative shivering in lower
abdominal surgery Open J. Anesthes, 2016; 6: 137-
147 Google Scholar

Investigation of the Drug Release and Surface
Morphological Properties of Film-Coated Pellets,
and Physical, Thermal and Mechanical Properties of
Free Films as a Function of Various Curing
Conditions

Effect of thermal curing of the ethyl cellulose film
on the rapidity of release of diclofenac sodium from

pellets] [Article in Czech]E Gryczova 1™
Rabiskova, V Tomasek, A Prokopova, L Cepakova

Characterization of the film formation of the dry
1

coating process Caroline Désirée Kablitz *, Nora
Anne Urbanetz Affiliations Expand
PMID: 17451928
DOI: 10.1016/j.ejpb.2007.02.023
. Influence of curing on the adhesive and

thermomechanical properties of an applied acrylic
polymer L AFelton*, M L Baca Affiliations Expand
PMID: 11247275

DOI: 10.1081/pdt-100000013

. Effect of thermal gelation on dissolution from coated

tablets J B Schwartz, T P Alvino
PMID: 1271258
DOI: 10.1002/jps.2600650423

. Effect of heat on characteristics of chitosan film

coated on theophylline tablets Jurairat Nunthanid *,
Suchada Wanchana, Pornsak Sriamornsak, Sontaya
Limmatavapirat, Manee Luangtana-anan, Satit
Puttipipatkhachorn Affiliations Expand

PMID: 12378961

DOI: 10.1081/ddc-120006424

Curing of aqueous polymeric film coatings:
Importance of the coating level and type of
plasticizer Q W Yang ', M P Flament, F
Siepmann, V Busignies, B Leclerc, C Herry, P
Tchoreloff, J Siepmann Affiliations Expand

PMID: 19895886

DOI: 10.1016/j.ejpb.2009.10.007

Modulation of Tramadol Release from a
Hydrophobic Matrix: Implications of Formulations
and Processing Variables B S Sudha !, B K Sridhar

www.wijpls.org |

Vol 12, Issue 11, 2026. |

ISO 9001:2015 Certified Journal |

128



https://www.sciencedirect.com/science/article/pii/S002839080600133X/pdfft?md5=a10b602ecee81f0bf4df345ba0836142&pid=1-s2.0-S002839080600133X-main.pdf
https://www.sciencedirect.com/science/article/pii/S002839080600133X/pdfft?md5=a10b602ecee81f0bf4df345ba0836142&pid=1-s2.0-S002839080600133X-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-33747047219&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-33747047219&partnerID=10&rel=R3.0.0
https://www.sciencedirect.com/science/article/pii/S1347861319343026/pdf?md5=a182862bcce61e46043e73ef076a6796&pid=1-s2.0-S1347861319343026-main.pdf
https://www.sciencedirect.com/science/article/pii/S1347861319343026/pdf?md5=a182862bcce61e46043e73ef076a6796&pid=1-s2.0-S1347861319343026-main.pdf
https://www.sciencedirect.com/science/article/pii/S1347861319343026
https://www.sciencedirect.com/science/article/pii/S1347861319343026
https://www.sciencedirect.com/science/article/pii/S1347861319343026
https://www.sciencedirect.com/science/article/pii/S1347861319343026
https://doi.org/10.1038/aps.2014.171
https://doi.org/10.1038/aps.2014.171
https://doi.org/10.1038/aps.2014.171
https://doi.org/10.1038/aps.2014.171
https://scholar.google.com/scholar_lookup?title=Design%2C%20synthesis%20and%20biological%20evaluation%20of%20N-phenylalkyl-substituted%20tramadol%20derivatives%20as%20novel%20%20opioid%20receptor%20ligands&publication_year=2015&author=Q.%20Shen&author=Y.%20Qian&author=X.J.%20Xu&author=W.%20Li&author=J.G.%20Liu&author=W.%20Fu
https://www.scopus.com/inward/record.url?eid=2-s2.0-0026649268&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0026649268&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0026649268&partnerID=10&rel=R3.0.0
https://doi.org/10.1638/2010-0054.1
https://doi.org/10.1638/2010-0054.1
https://scholar.google.com/scholar_lookup?title=Pharmacokinetics%20of%20tramadol%20hydrochloride%20and%20its%20metabolite%20O-desmethyltramadol%20in%20peafowl%20&publication_year=2010&author=P.A.%20Black&author=S.K.%20Cox&author=M.%20Macek&author=A.%20Tieber&author=R.E.%20Junge
https://www.sciencedirect.com/science/article/pii/S037842749800023X/pdfft?md5=20bf3c896cf4436c8f23c5bbeabbbc9e&pid=1-s2.0-S037842749800023X-main.pdf
https://www.sciencedirect.com/science/article/pii/S037842749800023X/pdfft?md5=20bf3c896cf4436c8f23c5bbeabbbc9e&pid=1-s2.0-S037842749800023X-main.pdf
https://www.sciencedirect.com/science/article/pii/S037842749800023X/pdfft?md5=20bf3c896cf4436c8f23c5bbeabbbc9e&pid=1-s2.0-S037842749800023X-main.pdf
https://www.sciencedirect.com/science/article/pii/S037842749800023X/pdfft?md5=20bf3c896cf4436c8f23c5bbeabbbc9e&pid=1-s2.0-S037842749800023X-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-0032584041&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0032584041&partnerID=10&rel=R3.0.0
https://doi.org/10.2165/00003088-200443130-00004
https://doi.org/10.2165/00003088-200443130-00004
https://scholar.google.com/scholar_lookup?title=Clinical%20pharmacology%20of%20tramadol&publication_year=2004&author=S.%20Grond&author=A.%20Sablotzki
https://doi.org/10.1111/j.1526-4637.2009.00677.x
https://doi.org/10.1111/j.1526-4637.2009.00677.x
https://scholar.google.com/scholar_lookup?title=Women%20with%20pain%20due%20to%20osteoarthritis%3A%20the%20efficacy%20and%20safety%20of%20a%20once-daily%20formulation%20of%20tramadol&publication_year=2009&author=W.F.%20Kean&author=S.%20Bouchard&author=G.E.%20Roderich
https://scholar.google.com/scholar_lookup?title=Women%20with%20pain%20due%20to%20osteoarthritis%3A%20the%20efficacy%20and%20safety%20of%20a%20once-daily%20formulation%20of%20tramadol&publication_year=2009&author=W.F.%20Kean&author=S.%20Bouchard&author=G.E.%20Roderich
https://www.scopus.com/inward/record.url?eid=2-s2.0-33847679650&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-33847679650&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Tramadol%20for%20osteoarthritis%3A%20a%20systematic%20review%20and%20meta-analysis&publication_year=2007&author=M.S.%20Cepeda&author=F.%20Camargo&author=C.%20Zea&author=L.%20Valencia
https://doi.org/10.2165/00003495-199400471-00004
https://doi.org/10.2165/00003495-199400471-00004
https://scholar.google.com/scholar_lookup?title=New%20clinical%20experience%20with%20tramadol&publication_year=1994&author=A.%20Sunshine
https://scholar.google.com/scholar_lookup?title=New%20clinical%20experience%20with%20tramadol&publication_year=1994&author=A.%20Sunshine
https://doi.org/10.1167/15.11.7
https://doi.org/10.1167/15.11.7
https://scholar.google.com/scholar_lookup?title=Clinical%20effectiveness%20of%20three%20analgesic%20formulations%20on%20post-operative%20endodontic%20pain%3A%20a%20Pilot%20study&publication_year=2015&author=A.%20Malik&author=R.%20Kaul&author=V.%20Kaul
https://scholar.google.com/scholar_lookup?title=Clinical%20effectiveness%20of%20three%20analgesic%20formulations%20on%20post-operative%20endodontic%20pain%3A%20a%20Pilot%20study&publication_year=2015&author=A.%20Malik&author=R.%20Kaul&author=V.%20Kaul
https://doi.org/10.1007/s00520-004-0720-4
https://doi.org/10.1007/s00520-004-0720-4
https://scholar.google.com/scholar_lookup?title=The%20role%20of%20tramadol%20in%20cancer%20pain%20treatment-a%20review&publication_year=2005&author=W.%20Leppert&author=J.%20Luczak
http://www.who.int/cancer/palliative/painladder/en/
https://scholar.google.com/scholar_lookup?title=WHOs%20Pain%20Ladder%20for%20Adults&publication_year=2014&author=World%20Health%20Organization
https://scholar.google.com/scholar_lookup?title=Clinical%20pharmacology%20of%20tramadol&publication_year=2004&author=G.%20Stefan&author=S.%20Armin
https://www.scopus.com/inward/record.url?eid=2-s2.0-0027081678&partnerID=10&rel=R3.0.0
https://www.scopus.com/inward/record.url?eid=2-s2.0-0027081678&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Tramadol%20as%20an%20analgesic%20for%20mild%20to%20moderate%20cancer%20pain&publication_year=2009&author=L.%20Wojciech
https://scholar.google.com/scholar_lookup?title=An%20evidence-based%20review%20of%20pain%20management%20in%20acute%20myocardial%20infarction&publication_year=2016&author=A.B.D.I.%20Abdikarim&author=B.%20Bilgen
https://doi.org/10.2165/00003495-199400471-00004
https://doi.org/10.2165/00003495-199400471-00004
https://doi.org/10.2165/00003495-199400471-00004
https://doi.org/10.2165/00003495-199400471-00004
https://doi.org/10.3906/sag-1401-168
https://doi.org/10.3906/sag-1401-168
https://scholar.google.com/scholar_lookup?title=Comparison%20of%20the%20analgesic%20effects%20of%20paracetamol%20and%20tramadol%20in%20lumbar%20disc%20surgery&publication_year=2015&author=M.Z.%20Yilmaz&author=C.%20Torun&author=B.B.%20Sarihasan&author=E.%20Kelsaka&author=E.%20Koksal&author=N.%20Tas&author=E.%20Kuruoglu
https://scholar.google.com/scholar_lookup?title=Prophylactic%20effect%20of%20oral%20clonidine%20and%20tramadol%20in%20postoperative%20shivering%20in%20lower%20abdominal%20surgery&publication_year=2016&author=A.%20Ebrahim&author=B.%20Nadia&author=A.M.%20Parviz&author=H.%20Majd&author=M.A.%20Ropani
https://pubmed.ncbi.nlm.nih.gov/?term=Gryczov%C3%A1+E&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Gryczov%C3%A1+E&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Rabiskov%C3%A1+M&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Rabiskov%C3%A1+M&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Tom%C3%A1sek+V&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Tom%C3%A1sek+V&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Prokopov%C3%A1+A&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Cep%C3%A1kov%C3%A1+L&cauthor_id=18064805
https://pubmed.ncbi.nlm.nih.gov/?term=Kablitz+CD&cauthor_id=17451928
https://pubmed.ncbi.nlm.nih.gov/17451928/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Urbanetz+NA&cauthor_id=17451928
https://pubmed.ncbi.nlm.nih.gov/?term=Urbanetz+NA&cauthor_id=17451928
https://doi.org/10.1016/j.ejpb.2007.02.023
https://pubmed.ncbi.nlm.nih.gov/?term=Felton+LA&cauthor_id=11247275
https://pubmed.ncbi.nlm.nih.gov/11247275/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Baca+ML&cauthor_id=11247275
https://doi.org/10.1081/pdt-100000013
https://pubmed.ncbi.nlm.nih.gov/?term=Schwartz+JB&cauthor_id=1271258
https://pubmed.ncbi.nlm.nih.gov/?term=Alvino+TP&cauthor_id=1271258
https://doi.org/10.1002/jps.2600650423
https://pubmed.ncbi.nlm.nih.gov/?term=Nunthanid+J&cauthor_id=12378961
https://pubmed.ncbi.nlm.nih.gov/12378961/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Wanchana+S&cauthor_id=12378961
https://pubmed.ncbi.nlm.nih.gov/?term=Sriamornsak+P&cauthor_id=12378961
https://pubmed.ncbi.nlm.nih.gov/?term=Limmatavapirat+S&cauthor_id=12378961
https://pubmed.ncbi.nlm.nih.gov/?term=Limmatavapirat+S&cauthor_id=12378961
https://pubmed.ncbi.nlm.nih.gov/?term=Luangtana-anan+M&cauthor_id=12378961
https://pubmed.ncbi.nlm.nih.gov/?term=Puttipipatkhachorn+S&cauthor_id=12378961
https://pubmed.ncbi.nlm.nih.gov/?term=Puttipipatkhachorn+S&cauthor_id=12378961
https://doi.org/10.1081/ddc-120006424
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+QW&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/19895886/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Flament+MP&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Siepmann+F&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Siepmann+F&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Busignies+V&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Leclerc+B&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Herry+C&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Tchoreloff+P&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Tchoreloff+P&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Siepmann+J&cauthor_id=19895886
https://pubmed.ncbi.nlm.nih.gov/?term=Siepmann+J&cauthor_id=19895886
https://doi.org/10.1016/j.ejpb.2009.10.007
https://pubmed.ncbi.nlm.nih.gov/?term=%22Sudha%20BS%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Sridhar%20BK%22%5bAuthor%5d

Parthasarathi et al.

World Journal of Pharmaceutical and Life Sciences

! ASrinatha
Author information
Acrticle notes

Copyright and License information
PMC2850494 PMID: 20300896

PMCID:

72. Hot-Melt Extrusion: from Theory to Application in
Pharmaceutical Formulation

e Review Article

e  Theme: Pharmaceutical Thermal Processing

e Published: 10 July 2015

e Volume 17, pages 20-42 (2016)

73. Strategies to improve the stability of amorphous solid
dispersions in view of the hot melt extrusion (HME)
method Khater AL-Japairai®, Samah Hamed
Almurisi®, Syed Mahmood®, Thiagarajan
Madheswaran °, Bappaditya Chatterjee’, Prasanthi
Sri®, Nadiatul Azra Binti Ahmad Mazlan®, Turki Al
Hagbani ¢, Fawaz Alheibshy ®f

74. Quality-by-design in hot melt extrusion based
amorphous  solid  dispersions:  An industrial
perspective on product development Arun Butreddy 2,
Suresh Bandari?, Michael A. Repka?®

www.wipls.org | Vol 12, Issue 11, 2026. | ISO 9001:2015 Certified Journal 129



https://pubmed.ncbi.nlm.nih.gov/?term=%22Srinatha%20A%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/20300896/

