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The excipient industry has been associated with the food
industry. The food excipients industry products have helped in
maintaining high safety practices. The emphasis on purity,
regulation, safety, and standards of excipients has led to the
formation of an international sector. The International
Pharmaceutical Excipients Council (IPEC), which is a triplicate
council, has presentations from Europe, the United States, and
Japan to synchronize standard requirements concerning purity
and functional testing. A new multifunctional co-processed
excipient is presented in this study. The aim is to develop and
improve tableting performance and produce cost-effective tablet
dosage forms. For this study, three compendia excipients were
selected as traditionally most frequently used excipients filler
/carriers, combined with different proportions, which might lead
to the formulation of a new product having better properties
compared to the simple physical mixing of the component.
Macrolose were prepared with varying percentages of the three
excipients (microcrystalline cellulose, lactose monohydrate, and
sodium starch glycolate) to evaluate the effect of the optimized
new co-processed excipient on the stability and physical
properties of the final granulation mixture and the manufactured
tablets.
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Introduction

between each other [1].
inactive substances is preferable which can be

An excipient of

) SAmI|

Dosage forms of pharmaceutical substances
contain pharmacologically active compounds
and excipient additives to support the
formulation and manufacturing for patient
The dosage
specification, particularly regarding stability
and bioavailability, depends on the choice of
excipients, their
interactions with the active compound and

administration. final form

concentrations, and
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used as a carrier for the medication’s active
ingredients. Moreover, excipients can be used
to facilitate the manufacturing process [2]. The
Pharmaceutical
Council (IPEC) has defined excipients as
“inactive vehicle medium substance that serve

International Excipients

for a drug or other active substance which is
safe and intentionally formulated with the
system of drug delivery”. Excipients, for
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example, can (a) aid in drug delivery

processing during the manufacturing process;
(b) support, protect, and stability-enhancing,
bio-availability and also acceptable by the
patient; (c) Product identification assisting;
and (e) Further attributed enhancement of
effectiveness, safety, or drug delivery of the
shelf life and during use [3]. The excipients
industry is an extension of the food industry
[4,5]. Excipients recently been
considered ingredients.
pharmaceutical scientists, with time, consider
that excipients are not They
frequently show a significant impact on the
manufacturing process in aspects of safety,
quality, and efficacy of the drug substances of
the dosage form. The performance variability
of excipients shows an impact on the batch-to-
batch within a single manufacturing process
and manufacturers and also between several
batches of different manufacturers arises an
understood as a key determinant of dosage
form performance [6]. The medicine dosage
form, regardless of the composition or mode of
use, should comply with the following
requirements that underpin safety, efficacy,
and quality; (a) contain an accurate dose; (b)
be taken or administered conveniently; (c) the
drug may in a form for absorption or other
delivery way to the target; (d) remain same
quality during shelf-life and period of usage;
and (e) manufacturing process does not
compromise performance and is reproducible
and economically acceptable [7]. Tablet
manufacturing was changed by two
introductions, the direct-compression process
with high-speed machining. Both of these
developments

have
inactive

inactive.

increase demand for the
excipient’s functionality in terms of flow and
compression properties. Solid handling
engineering of individual excipients and
combinations excipients using co-processing
by several kinds of particle modifications need
to provide an attractive tool for the
development of high-functionality excipients
with modern tablet
processes [8]. Most

which are fit
manufacturing
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formulations contain a higher content of
excipients compared to the active ingredient
as a consequence the excipients may play a
major role in controlling the formulation’s
functionality and processability [9]. The ideal
method of tablet manufacturing is the
compression process [10]. A comprehensive
study in this work addressed an issue of
excipients with their interaction with active
ingredients in pharmaceutical
which is not been well reported in the
literature previously.

industries

Experimental
Hypothesis and objectives

The main objective of this work is a new
excipient development
excipient co-processing and a novel excipient.
A full study of the physical properties of newly
prepared excipients in the aspect of
formulation, stability, particle size, and mixing
efficiency to lead to
manufacturing process.

associated with

reduction of the

Development of new excipient

The development of new excipients does not
show much activity as observed over the
recent years, not even a single excipient
material was introduced to the market [11].
The main reason is attributed to the high cost
discovery and
development. An increasing number of new
drug moieties with varying physicochemical
and stability properties led to growing
pressure on formulators to find new excipients

involved in excipients

that can achieve well-desired functionalities
[12]. A new excipients mixture through co-
processing of two or more existing excipients
is coming into the market without undergoing
the rigorous safety testing of completely new
chemicals. This method is interesting due to
the products being modified physically in
several ways without altering the chemical
[13]. The
intensively explored for the direct preparation

structure co-processing  is
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of compressible adjuvants due to its cost-
effectiveness and can be prepared in-house
upon the functionality requirement. The
present work is focused on the properties of
the co-processed compressible adjuvants
which are available in the market [14]. The
present usage of term “direct compression” is
used to refer to the process by which tablets
are compressed directly from powder blends
of active ingredients and suitable excipients.
No pre-treatment for powder blends using wet
or dry granulation is involved [15]. Co-
processing is attractive because the products
are physically modified especially without
altering the chemical structure. A fixed and
homogenous component for the formulation
can be achieved by embedding them within the
fine powder. Segregation is diminished due to
the adhesion of the actives on the porous
particles making the process validation and in-
process control easy and reliable [16]. A co-
processed excipient is a mixture containing
more than one excipient and not prepared by
simple physical mixing. These materials are

formulated with co-grinding, co-
crystallization, co-precipitation, spray drying,
and common solvent evaporation. The

physical properties namely size, shape, and
density of particles, may differ from one
excipient to another resulting in segregation
and non-uniformity [17]. Solid oral dosage
forms, namely tablets and capsules, are the
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most common form of drug product of
pharmaceutical manufacture [18]. Tablets and
capsules contain the API and excipients. The
excipients play several roles including fillers,
binders, disintegrates, glidants, and lubricants
[19]. The tablet formulation involves several
components, each of which is present to
facilitate the manufacture or to control the
biological performance of the dosage form
[20].

Method

The materials used in this study were divided
into two types, the active pharmaceutical
ingredient (APIs) which is a part of the
pharmaceutical dosage form that produces the
intended effects, and the inactive ingredients
(excipients) which are any component of the
pharmaceutical medication other than the
active ingredient.

Active pharmaceutical ingredient

The active substances in the study were
selected so that their concentrations vary in
dosage form, from low concentrations that do
not exceed 5%, such as bisoprolol, to high
exceeding 70%,
ciprofloxacin. The active ingredient for the
formulation is listed in Table 1.

concentrations such as

TABLE 1 Active ingredients used in trials

material specification
Meloxicam USP
Atenolol BP
Norfloxacin USP
Levocetirizine IH
Sildenafil Citrate IH
Folic Acid BP
Ranitidine HCL USP
Atorvastatin Calcium USP
Bisoprolol fumarate USP
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The adjuvants were selected from among the
available, inexpensive and multi-use materials
in the pharmaceutical industry. These
materials are either used in the formula of co-
processed excipient, or the preparation of the

TABLE 2 Inactive used ingredients and solvents

A.F. AI-Mesbahi et al.

new excipient but not used in the formula
where the use of purified water and ethanol, or
used to add the step of compression in case of
low flowability of some high concentrated
dosage forms (e.g., magnesium stearate as a
lubricant), The inactive ingredients for this
formulation is presented in Table 2.

Material Specification Manufacturer Origin
Microcrystalline Cellulose 102 Eur, BP, JP, and NF FMC Ireland
Lactose Monohydrate USP DFE Pharma Netherland
Maize Starch USP and BP Colorcon Germany
Povidone K30 USP Zhongbao Chemicals China
Sodium Starch Glycolate Eur-NF-JP JRS Pharma Germany
Croscarmellose Sodium Eur-NF-JP JRS Pharma Germany
Magnesium Stearate Eur, BP, JP, NF, and Merck Germany

FCC
Ethanol BP Sudanese distillation =~ Sudan
Purified water BP Azal Pharma Sudan

Method
excipients

of preparation of co-processed

For each preparation run, the following wet
granulation steps The
weighing: each material was weighed in a clean
polyethylene bag using a calibrated digital
balance. Mixing: Each material was added to a
clean Polyethylene bag and the powder
mixture was mixed manually for 5 minutes.
Wet massing: The powder mixture was putin a

were followed:

stainless steel drum and the granulation liquid
(purified water or ethanol) was added
gradually and was stirred by using a glass rod
till distinct granules were formed and the fine
powder disappeared. Granulation: The wet
mass was granulated by using a sieve size of 2
mm, and batch was passed through the sieve.

drying

The formulation prepared using purified
water was dried for 24 hours at 50 °C using a
conventional oven as a dryer, whereas the
formulation prepared by using ethanol 96%
was dried for 8 hours at 50°C using a
conventional oven as a dryer. Sizing: The
granulation was sized to the required size by
using the suitable sieve; all dried granules
were passed through sieve No. 25 (0.71 mm).

Preparation of co-processed excipients

The preparation of co-processed excipients
was according to the formulations listed in
Table 3. A different macro close concentration
was prepared and presented in Table 4.
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TABLE 3 Different macrolose preparations
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No. B# No. Material used Weight in grams  Remarks
Microcrystalline cellulose 102 90 90%
1. CL-1 Lactose monohydrate 10 10%
Purified water gs
Microcrystalline cellulose 102 70 70%
2. CL-2 Lactose monohydrate 30 30%
Purified water gs
Microcrystalline cellulose 102 50 50%
3. CL-3 Lactose monohydrate 50 50%
Purified water gs
Microcrystalline cellulose 102 30 30%
4, CL-4 Lactose monohydrate 70 70%
Purified water gs
Microcrystalline cellulose 102 10 10%
5. CL-5 Lactose monohydrate 90 90%
Purified water qs
Microcrystalline cellulose 102 12.5 25%
6. CL-6 Lactose monohydrate 375 75%
Purified water gs
Microcrystalline cellulose 102 13.75 27.5%
7. CL-7 Lactose monohydrate 36.24 72.5%
Purified water qs
Microcrystalline cellulose 102 15 30%
8. CL-8 Lactose monohydrate 35 70%
Purified water gs
Microcrystalline cellulose 102 16.25 32.5%
9. CL-9 Lactose monohydrate 33.75 67.5%
Purified water qs
Microcrystalline cellulose 102 17.5 35%
10. CL-10  Lactose monohydrate 32.5 65%
Purified water gs
TABLE 4 Different macrolose preparations with disintegrate
No. B# No. Materials used Weight in grams Remarks
Microcrystalline cellulose 102 12.5 25%
Lactose monohydrate 35.5 71%
1. CL-11  Sodium starch glycolate 2 4%
Purified water Qs
Microcrystalline cellulose 102 25 50%
Lactose monohydrate 23 46%
2. CL-12  Sodium starch glycolate 2 4%
Purified water Qs
Microcrystalline cellulose 102 25 50%
3. Lactose monohydrate 23 46%
CL-13  Sodium starch glycolate 2 4%
Ethanol 96% Qs
Microcrystalline cellulose 102 25 50%
Lactose monohydrate 23 46%
4. CL-14  croscarmellose sodium 2 4%
Purified water Qs
Microcrystalline cellulose 102 25 50%
5. CL-15  Lactose monohydrate 23 46%
Sodium starch glycolate 2 4%
Purified water Qs
Microcrystalline cellulose 102 125 50%
6. CL-16  Lactose monohydrate 115 46%
Sodium starch glycolate 10 4%

Purified water

Qs
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Evaluation of the co-processed excipients

Evaluation of co-processed excipient was
according to the following standard methods,
compressibility; followability by
Hausner ratio and compressibility index;
granule size; and moisture content, as
depicted Figure 2.

namely

Tablet preparation using the co-processed
excipient

Direct compression method was used as per
the steps of, weighing: Each material was
weighed in a clean polyethylene bag alone
using a digitally calibrated balance, Mixing:
The materials were added to a clean
Polyethylene bag and the powder mixture was
mixed manually for 5 minutes, Compression:
The formulation was compressed using the

A.F. AI-Mesbahi et al.

specified punch, weight and hardness were
controlled as the required specification.

Tablets prepared from different macrolose
preparations

Batches (150 tablets /batch) of meloxicam 15
mg tablets were prepared with different
combinations of macrolose, CL-1 to CL-16 and
0.5% of magnesium stearate as lubricant. The
only variable in the batches was the type of
macrolose.

Active substances formulated with macrolose

Macrolose co-processed excipient was
compressed alone as a placebo and with
different drug substances with different
strengths and physicochemical proportions,

as summrized in Table 5.

TABLE 5 Active substances formulated with macrolose

No. Drug Substance = Materials used in Unit Batch formula % Tablet shape
the formula formula gms/batch
Mg/tablet
1. Folic acid BP 5.5 0.825 7.25 mm
Folic acid 5 mg Macrolose CL 12 143.5 21.525 95.67%  round
Mag-sterate 1 0.15 0.667%
Atenolol 100 10 25% 11 mm round
2. Atenolol 100 mg  Macrolose Cl-16 298 29.8 74.5%
Mag-sterate 2 0.2 5%
Raritedine Hcl 167.4 16.7 55.7% 9.7 mm round
3. Raritedine 150 Macrolose Cl-16 131.5 13.15 43.7%
mg Mag-sterate 1.5 0.15 0.5%
Atorvastatine 219 4.38 12.1% 8.6 mm round
4. Atorvastatine 20  Macrolose Cl-16 157.2 31.44 87.4%
mg Mag-sterate 0.9 0.18 0.5%
Sildenafil citrate 70.3 7.03 29.5% Diamond
5. Sildenafil 5 mg Macrolose Cl-16 178.45 17.845 70% Shape
Mag-sterate 1.25 0.125 0.35%
Bisoprolol 10 2 5.9% Heart Shape
6. Bisoprolol 10 mg  fumarate 159.15 31.83 93.6%
Macrolose Cl-16 085 0.17 0.5%
Mag-sterate
Norfloxacin 400 40 57.14%  Caplet
7. Norfloxacin 400  Macrolose Cl-16 196.5 29.65 42.36%  shape
mg Mag-sterate 0.35 0.35 0.5%
Levocetrizine 5 1 4.17% 7.25 round
8. Levocetrizine 5 Macrolose Cl-16 114.4 22.8 95.33%
mg Mag-sterate 0.0 0.18 0.5%
9 Meloxicam 15 mg  Meloxicam 15 2.25 7.5 8.6 mm round
Macrolose CL-16 184 27.6 92%
Magnesium 1 0.15 0.5%
Stearate
10 Placebo Macrolose CL-16 200 20 100 8.6 mm round
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Evaluation of tablets

To evaluate the functionality of the co-
processed excipient, tablets were formulated
from the active material and co-processed
excipient. Randomly selected tablets were
subjected to physical tests such as weight
variation, hardness test, friability test,
disintegration test, and thickness test
according to USP 2010 [21,22].
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Method for evaluation of macrolose

The macrolose powder was taken and
specified visually to describe the powder. The
moisture content of each batch was tested. The
powder of each batch was prepared for
compression with Meloxicam as per the
formula in Table 4. The parameter of
Meloxicam 15 mg was prepared and the

specification of the formula is listed in Table 6.

TABLE 6 Formulation of meloxicam 15 mg prepared with macrolose

No. Material Wt/Unit /mg  Total Wt/ 150 Tabs/g Remarks
1 Meloxicam 15 2.25 7.5%

2 Macrolose 184 27.6 92%

3 Magnesium Stearate 1 0.15 0.5%
Total 200 30

The compressed tablets were tested to
evaluate macrolose with the tests of weight

variation, hardness test, friability,

disintegration and thickness of the tablet, as
provided in Table 7.

TABLE 7 Meloxicam tablets prepared with macrolose

Batch No. Mean Weight/mg  Hardness /Kp Disintegration /min  Friability /%
CL-1 199.3 10.6-12.1 13:55 0.1
CL-2 203.6 9.5-13.9 20:30 0.081
CL-3 201.7 9.0-9.8 6:41 0.085
CL-4 199 7.3-8.0 3:50 0.13
CL-5 203.4 6.2-7.5 5:15 0.44
CL-6 202.8 5.9-9 7:15 0.23
CL-7 196.9 5.8-8.4 8:00 0.16
CL-8 203.1 6.2-8.8 7:43 0.18
CL-9 202.2 8.0-8.6 8:10 0.10
CL-10 198.7 6.1-8.3 8:15 0.28
CL-11 200.5 4.2-5.7 3:43 0.343
CL-12 203.6 6.3-9.0 2:51 0.175
CL-13 205.3 7.9-8.5 1:36 0.226
CL-14 201.8 7.1-8.9 4:30 0.3
CL-15 197.5 6.8-8.4 3:30 0.17

CL-16-11 200.2 7.4-9.2 2:44 0.199

CL-16-111 202.2 7.6-10.4 2:51 0.20

CL-16-1V 200.8 7.1-10.8 2:40 0.15
Specifications 200mg+7.5% NLT 3 Kp NMT 15 min NMT1%

Stability conditions and packaging

An accelerated stability study was carried out
at a temperature of 40+2 °C and Relative
Humidity of 75%+5%. The samples were
tested for 6 months. The real-time stability
study was carried out ata temperature 302 °C
and Relative Humidity of 65%z* 5%. The
samples were tested at the 3¢ and 6t month of

stability. The samples were packed primarily
in transparent polyethylene bags. The
secondary packs were white, high-density
polyethylene (HDPE) plastic containers, of
microlose density, as displayed in Figure 1.
The physical test involving several basic
parameters was conducted and the result is
listed in Table 8.
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TABLE 8 Physical tests of macrolose B# CL-16- 11, II], and IV

Test CL-16-II CL-16-I1I CL-16-1V
Weight(W) of sample 50g 50g 50g
Bulk volume (Vo) 129 mL 133 mL 134 mL
Tapped volume (Vt) 107 mL 111 mL 110 mL
Bulk Density (Dv) 0.388 g/mL 0.376 g/mL 0.373 g/mL
Tap Density (D) 0.467 g/mL 0.450 g/mL 0.455 g/mL
Compressibility Index% (1) 17.05 16.54 1791
Hausner ratio 1.206 1.198 1.22
Moisture content 5.7% 5.71% 5.6%
0.5
0.4
0.3 :
M Bulk Density
0.2 .
i Tap Density
0.1
0
CL-16-1l CL-16-111 CL-16-IV

FIGURE 1 Macrolose density

Particle size analysis of macrolose indicated in Table 9 and Figure 3. Particle size

distribution is presented in Figure 4.

Macrolose CL-16 particle sizes were

determined using sieves in deferment mesh, as

TABLE 9 Particle size analysis of macrolose CL-16

Sieve No. Particle size Mid-Point Weight/ g % Cumulative %
25 0.710-1.00 mm 0.855 mm 0.20 0.4 100.00
35 0.500-0.710 mm 0.605 mm 11.87 23.74 99.6
60 0.250-0.500 mm 0.375 mm 1891 37.82 75.86
120 0.125-0.250 mm 0.1875 mm 11.13 22.26 38.04
200 0.0630.125 mm 0.094 mm 5.11 10.22 15.78
Pass through 0.00-0.063 mm 0.0315 mm 2.78 5.56 5.56
#200
Total 50.00 100% 100%
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CL-16-11 CL-16-111 CL-16-1V
FIGURE 2 Compressibility index % (I) and Hausner ratio of macrolose
120
=)
5 100 *
S 8o
E 60 /
E 40
g . /
S /
0
(0] 0.0315 0.094 0.1875 0.375 0.605 0.855
Med point

FIGURE 3 Particle size analysis of macrolose CL-16-11 cumulative frequency

40 ~
35 A
30 A
25 A
20 A
15 -
10 -

Frequency %

0.00-0.063 mm 0.063 -

0.125mm

0.125 -
0.250mm

Particle Size

0.250 -
0.500mm

0.500 -
0.710mm

0.710-1.00mm

FIGURE 4 Distribution of particle diameters of macrolose CL-16-IIF

Macrolose was a combination of Lactose
monohydrate and Microcrystalline Cellulose
(MCC). To ensure good mixing and better
control the method of
preparation granulation. The
combination of MCC and lactose gave a good
formulation as DC filler for tablet compression,

of particle size,

was wet

so meloxicam tablets were compressed by
using Macrolose batches CL-1 to CL-5 and
passed the appearance, hardness and friability
tests, as presented in Table 3. Tablets were
physically evaluated and Cl-4 was taken as the
best formulation. CL-4 was further optimized
(CL- 6 - CL-10). All formulations showed
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variation in disintegration time. When 4%
sodium starch glycolate was added (CL-11) the
resultant tablets were lower in hardness and
more friable, Table 4. A new formulation was
prepared by taking CL-3 as a base formula and
4% sodium starch glycolate was added (CL-
12). The tablets produced complied with the
compendia specifications. Based on the above
experiments, CL-12 was taken as the best-
optimized co-processed excipient. A large
batch of the same formulation was prepared
(CL-16-1) from which, eight different active
pharmaceutical ingredients of different
strengths were prepared by the DC method.
The produced tablets showed a very high
dilution potential of the new excipient
macrolose (57%), as indicated in Table 5. The
evaluation of different tablets prepared was by
BP2011 and USP 2010 requirements. For the
stability study, all the QC parameters were
within the limits from zero time up to 6 months
of accelerated and real-time stability studies.

Conclusion

To sum up, the new co-processed excipient,
macrolose, has successfully met most of the
study's objectives and has demonstrated
superiority over existing excipients. The active
pharmaceutical ingredients used in Tables 4
and 5 ranged from 5 mg to 400 mg, which
the high dilution potential of
macrolose which reached 57%, while the best
dilution factor of DC materials is 25%. The QC
results
processed excipient macrolose is useful DC
multifunctional filler for producing cost-
effective, safe and effective pharmaceutical
products.

showed

demonstrated that the new co-

Recommendation

* Macrolose should undergo further advanced
studies, including a full stability study,
compressibility tests, and all physical tests
with various active ingredients. In addition,
large-scale batches should be prepared to

A.F. Al-Mesbahi et al.

assess its production feasibility for multiple
types of drugs.

e Commercial production of macrolose for
producing cost-effective drug products is
recommended.

e Further studies is suggested on macrolose
with different particle sizes and moisture
content are recommended.

Acknowledgements

The authors express their gratitude for the
University of Al-Ameed.

Funding
Self-support.
Authors’ Contributions

All authors are equally contributed in
preparing this article.

Institutional Review Board Statement
Not applicable.

Informed Consent

Not applicable

Data Availability

Data available on reasonable request
Conflicts of Interest

All authors declare that there is no conflicts of
interest in this article.

Orcid:

Ali Thoulfikar A. Imeer:
https://orcid.org/0000-0003-0842-1072
Abdulkareem Mohammed:
https://orcid.org/0000-0001-9133-2884
Abdul Amir H. Kadhum:
https://orcid.org/0000-0003-4074-9123
Ahmed A. Al-Amiery:
https://orcid.org/0000-0003-1033-4904


https://orcid.org/0000-0003-0842-1072
https://orcid.org/0000-0001-9133-2884
https://orcid.org/0000-0003-4074-9123
https://orcid.org/0000-0003-1033-4904

Evaluation of multifunctional co-processed ...

References

[1] R.C. Rowe, P. Sheskey, M. Quinn, Handbook
of pharmaceutical excipients, Libros Digitales-
Pharmaceutical Press, 2009. [Google Scholar],
[Publisher]

[2] A. Katdare, M. Chaubal, eds. Excipient
development for pharmaceutical,
biotechnology, and drug delivery systems, CRC
Press, 2006. [Google Scholar], [Publisher]

[3] R. Capen, D. Christopher, P. Forenzo, C.
Ireland, O. Liu, S. Lyapustina, ]J. O'Neill, N.
Patterson, M. Quinlan, D. Sandell, ]. Schwenke,
W. Stroup, T. Tougas, On the shelf life of
pharmaceutical products, AAPS PharmSciTech,
2012, 13, 911-918. |[Crossref], [Google
Scholar], [Publisher]

[4] S.K. Nachaegari, A.K. Bansal, Coprocessed
excipients for solid dosage
forms, Pharmaceutical Technology
(2003), 2004, 28, 52-64. [Google Scholar],
[Publisher]

[5] L. Salim, A.K. Olowosulu, A. Abdulsamad,
M.S. Gwarzo, G.M. Khalid, N.T. Ahmad, F.E.
Eichie, F.S. Kurfi, Application of SeDeM expert
system in the development of novel directly
compressible co-processed excipients via co-
processing, Future Journal of Pharmaceutical
Sciences, 2021, 7, 1-12. [Google Scholar],
[Publisher]

[6] M.C. Gohel, P.D. Jogani, A review of co-
processed directly compressible excipients,
Journal of Pharmacy & Pharmaceutical
Sciences, 2005, 8, 76-93. [Google Scholar],
[Publisher]

[7] P.D. Chaudhari, A.A. Phatak, U. Desai, A
review: co processed excipients-an alternative

to novel chemical entities, International
Journal of Pharmaceutical, Chemical and
Biological Sciences, 2012, 1, 1480-1498.

[Google Scholar], [Publisher]
[8] B. Soujanya, G.P. Priya, T.E.G.K. Murthy, Co-
processing of excipients: A review on excipient

development for improved tabletting
performance, Research Journal of
Pharmaceutical Dosage Forms and

Journal of Medieinal - Page |1299
d Pha tical

mdriarmacentical - ) JELIN

Technology, 2015, 7, 149-155. [Google

Scholar], [Publisher]

[9] ]. Van Merwe, , ]. Steenekamp, D. Steyn, J.
Hamman, The role of functional excipients in
solid oral dosage forms to overcome poor drug
dissolution and
bioavailability, Pharmaceutics, 2020, 12, 393.
[Crossref], [Google Scholar], [Publisher]

[10] S.L Chauhan, S.V. Nathwani, M.M.
Soniwala, ].R. Chavda, Development and
characterization of multifunctional directly
compressible co-processed excipient by spray
drying method, Aaps Pharmscitech, 2017, 18,
1293-1301. [Google Scholar], [Publisher]

[11] S. Shanmugam, Granulation techniques
and technologies: recent
progresses, Biolmpacts: BI, 2015, 5, 55.
[Crossref], [Google Scholar], [Publisher]

[12] A. Main, B.A. Bhairav, R.B. Saudager, Co
Processed Excipients for Tabletting, Research
Journal of Pharmacy and Technology, 2017, 10,
2427-2432. [Google Scholar], [Publisher]

[13] L.V. Allen Jr, Dosage form design and
development, Clinical therapeutics, 2008, 30,

2102-2111.[Crossref],  [Google  Scholar],
[Publisher]
[14] R. Masareddy, A. Kokate, V. Shah,

Development of orodispersible tizanidine HCI
tablets using spray dried coprocessed exipient
bases, Indian Journal of Pharmaceutical
Sciences, 2011, 73, 392. [Crossref], [Google
Scholar], [Publisher]
[15] B. Dhakal, J.K. Thakur, R.K. Mahato, L
Rawat, D.C. Rabin, R.R. Chhetri, K.P. Shah, A.
Adhikari, J. Pandey, Formulation of ebastine
fast-disintegrating tablet using coprocessed
superdisintegrants and evaluation of quality
The Scientific World
[Crossref], [Google

control parameters,
Journal, 2022, 2022.
Scholar], [Publisher]
[16] N. Kanojia, L. Kaur, M. Nagpal, R. Bala,
Modified excipients in novel drug delivery:
Need of the day, Journal of Pharmaceutical
Technology, Research and Management, 2013,
1, 81-107. [Crossref], [Google Scholar],
[Publisher]


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D%09Raymond+C+Rowe.+Handbook+of+Pharmaceutical+Excipient-+Pharmaceutical+Press%2C+6th+edition.+2009.+&btnG=
http://repositorio.ub.edu.ar/handle/123456789/5143
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D%09Ashok+Katdare%2C+Excipient+development+for+pharmaceutical+biotechnology%2C+Informa+Healthcare%2C+CRC+Press%2C+%282006%29.+&btnG=
https://books.google.com/books?hl=en&lr=&id=_QVIS81xti8C&oi=fnd&pg=PP1&dq=%5B2%5D%09Ashok+Katdare,+Excipient+development+for+pharmaceutical+biotechnology,+Informa+Healthcare,+CRC+Press,+(2006).+&ots=Je4GOmbGgI&sig=AI5AyzrLlSc6o5XfM9RL81yp-QE#v=onepage&q=%5B2%5D%09Ashok%20Katdare%2C%20Excipient%20development%20for%20pharmaceutical%20biotechnology%2C%20Informa%20Healthcare%2C%20CRC%20Press%2C%20(2006).&f=false
doi:10.1208/s12249-012-9815-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+the+shelf+life+of+pharmaceutical+products&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+the+shelf+life+of+pharmaceutical+products&btnG=
https://link.springer.com/article/10.1208/s12249-012-9815-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D%09Satish+K.+Nachaegari+and+Arvind+K.+Bansal.+Coprocessed+Excipients+for+Solid+Dosage+Forms.+Pharmaceutical+Technology%2C+2004%3B+28%281%29%3A+52-64.+&btnG=
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=15695623
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D%09Ilyasu+Salim%2C+Adeniji+Kehinde+Olowosulu+%2C+Abdulrahman+Abdulsamad+%2C+Mahmud+Sani+Gwarzo+%2C+Garba+Mohammed+Khalid+%2C+Naimatu+Tijjani+Ahmad+%2C+Florence+Egbomonjiade+Eichie+and+Fatima+Shuaibu+Kurfi.+Application+of+SeDeM+Expert+System+in+the+development+of+novel+directly+compressible+co-processed+excipients+via+co-processing.+Future+Journal+of+Pharmaceutical+Sciences.+2021%3B7%3A135%3A+7-12.+&btnG=
https://link.springer.com/article/10.1186/s43094-021-00253-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D%09Gohel+M.+C.+A+review+of+co-processed+directly+compressible+excipients.+J+Pharm+Pharmaceut+Sic.+2005%3B8%281%29%3A76-93.++&btnG=
https://sites.ualberta.ca/~csps/JPPS8(1)/P.Jogani/excipients.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D%09Chaudhari%2C+AA.+Phatak+and+Ujwala+Desai.+A+Review%3A+Coprocessed+Excipients-An+Alternative+to+Novel+Chemical+Entities.+International+Journal+of+Pharmaceutical+and+Chemical+Science.+2012%3B+1%284%29%3A1824-1842.+&btnG=
https://www.researchgate.net/profile/Ujwala-Desai/publication/279901727_A_review_Coprocessed_excipients/links/60f513a49541032c6d4db4ee/A-review-Coprocessed-excipients.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D%09Minakshi+Marwaha%2C+Deepak+Sandhu.+Co-processing+of+Excipients%3A+A+Review+on+Excipient+Development+for+Improved+Tabletting+Performance.+IJA+Pharma.+2010%3B+2%283%29%3A+41-47.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D%09Minakshi+Marwaha%2C+Deepak+Sandhu.+Co-processing+of+Excipients%3A+A+Review+on+Excipient+Development+for+Improved+Tabletting+Performance.+IJA+Pharma.+2010%3B+2%283%29%3A+41-47.+&btnG=
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpdft&volume=7&issue=2&article=010
https://doi.org/10.3390/pharmaceutics12050393
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D%09Jannes+van+der+Merwe%2C+Jan+Steenekamp%2C+Dewald+Steyn%2C+and+Josias+Hamman.The+Role+of+Functional+Excipients+in+Solid+Oral+Dosage+Forms+to+Overcome+Poor+Drug+Dissolution+and+Bioavailability.+Pharmaceutics.+2020%3B+12%285%29%3A+393.+doi%3A+10.3390%2Fpharmaceutics12050393.+&btnG=
https://www.mdpi.com/1999-4923/12/5/393
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D%0921.%09Sohil+I+Chauhan%2C+Sandeep+V+Nathwani+%2C+Moinuddin+M+Soniwala+%2C+Jayant+R+Chavda.++Development+and+Characterization+of+Multifunctional+Directly+Compressible+Co-processed+Excipient+by+Spray+Drying+Method.+Pharm.Sci.Tech.++2017%3B18%284%29%3A1293-1301.+DOI%3A+10.1208%2Fs12249-016-0598-8.+&btnG=
https://link.springer.com/article/10.1208/s12249-016-0598-8
https://doi.org/10.15171/bi.2015.04
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D%09Srinivasan+Shanmugam.+Granulation+techniques+and+technologies%3A+recent+progresses.+Bioimpacts.+2015%3B+5%281%29%3A+55%E2%80%9363%2C+doi%3A+10.15171%2Fbi.2015.04&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4401168/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D%09Amol+Main%2C+B.+A.+Bhairav%2C+R.+B.+Saudager.+Co+Processed+Excipients+for+Tabletting%3A+Review+Article.+Research+J.+Pharm.+and+Tech.+2017%3B+10%287%29%3A+2427-2432.+doi%3A+10.5958%2F0974-360X.2017.00429.2&btnG=
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=10&issue=7&article=081
https://doi.org/10.1016/j.clinthera.2008.11.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D%09Loyd+V+Allen+Jr.++Dosage+form+design+and+development.+Clin+Ther.+2008%3B30%2811%29%3A2102-11.+doi%3A+10.1016%2Fj.clinthera.2008.11.015.+&btnG=
https://www.sciencedirect.com/science/article/pii/S0149291808004098
https://doi.org/10.4103/0250-474X.95616Corpus%20ID:%207674440
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D%09Masareddy+R.%2C+Kokate+A.%2C+Shah+V.+Development+of+Orodispersible+Tizanidine+HCl+Tablets+Using+Spray+Dried+Coprocessed+Exipient+Bases.+Indian+Journal+of+Pharmaceutical+Sciences.+2011.+doi%3A10.4103%2F0250-474X.95616Corpus+ID%3A+7674440.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D%09Masareddy+R.%2C+Kokate+A.%2C+Shah+V.+Development+of+Orodispersible+Tizanidine+HCl+Tablets+Using+Spray+Dried+Coprocessed+Exipient+Bases.+Indian+Journal+of+Pharmaceutical+Sciences.+2011.+doi%3A10.4103%2F0250-474X.95616Corpus+ID%3A+7674440.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3374554/
https://doi.org/10.1155/2022/9618344
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D%09Bhawana+Dhakal%2C+Jaybir+Kumar+Thakur%2C+Reema+Kumari+Mahato%2C+Ishwori+Rawat%2C+et+al.+Formulation+of+Ebastine+Fast-Disintegrating+Tablet+Using+Coprocessed+Superdisintegrants+and+Evaluation+of+Quality+Control+Parameters.+Scientific+World+Journal.+2022%3B9618344.+doi%3A+10.1155%2F2022%2F9618344&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D%09Bhawana+Dhakal%2C+Jaybir+Kumar+Thakur%2C+Reema+Kumari+Mahato%2C+Ishwori+Rawat%2C+et+al.+Formulation+of+Ebastine+Fast-Disintegrating+Tablet+Using+Coprocessed+Superdisintegrants+and+Evaluation+of+Quality+Control+Parameters.+Scientific+World+Journal.+2022%3B9618344.+doi%3A+10.1155%2F2022%2F9618344&btnG=
https://www.hindawi.com/journals/tswj/2022/9618344/
10.15415/jptrm.2013.11006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D%09Neha+Kanojia%2C+Loveleen+Kaur%2C+Manju+Nagpal+and+Rajni+Bala.+Modified+Excipients+in+Novel+Drug+Delivery%3A+Need+of+the+Day.+Journal+of+Pharmaceutical+Technology%2C+Research+and+Management.+2013%3B+1%3A++81%E2%80%93107+doi%3A+10.15415%2Fjptrm.2013.11006.+&btnG=
https://jptrm.chitkara.edu.in/wp-content/uploads/2023/01/92-Article-Text-176-1-10-20190617.pdf

Page |1300 - Journal of Medicinal
d Pha tical

S8 SAVI g e

[17] T. Deng, L.M. Sousa, V. Garg, M.S.A.

Bradley, Segregation of formulated powders in
direct compression process andevaluations by
small bench-scale testers, International Journal
of Pharmaceutics, 2023, 647, 123544.
[Crossref], [Google Scholar], [Publisher]

[18] M. Janczura, S. Sip, ]. Cielecka-Piontek, The
development of innovative dosage forms of the

fixed-dose combination of active
pharmaceutical ingredients,
Pharmaceutics, 2022, 14, 834. [Crossref],

[Google Scholar], [Publisher]

[19] C. Challener, Development of coprocessed
excipients, Pharmaceutical Technology, 2022,
46, 24-26. [Google Scholar], [Publisher]

[20] S. Saha, A.F. Shahiwala, Multifunctional
coprocessed excipients for improved tabletting
performance, Expert Opinion on Drug
Delivery, 2009, 6, 197-208. [Crossref], [Google
Scholar], [Publisher]

[21]A.O. Shittu, A.R. Oyi, A.B. Isah, M. Ibrahim,
Design and evaluation of a 3-component

A.F. Al-Mesbahi et al.

composite excipient ‘microcrystarcellac’as a
filler-binder for direct compression tabletting
and its utilisation in the formulation of
paracetamol and ascorbic acid tablets, Global
Journal of Medical Research, 2012, 12, 41-59.
[Google Scholar], [Publisher]

[22] D.Q. Masheta, S.K. Alazzawi, A.A. Bash,
Comparative quality control study of widely
used brands of paracetamol tablets in Irag,
Maaen Journal for Medical Sciences, 2022, 1, 7.
[Crossref], [Google Scholar], [Publisher]

How to cite this article: Abdullah Fadel Al-
Mesbahi, Hassan Thulfikar, Ali Thoulfikar A.
Imeer, Abdulkareem Mohammed, Abdul
Amir H. Kadhum, Ahmed A. Al-Amiery,
Evaluation of multifunctional co-processed
excipient improvement of tableting
performance. Journal of Medicinal and
Pharmaceutical Chemistry Research, 2024,
6(9), 1289-1300. Link:
https://jmpcr.samipubco.com/article_1936
03.html

Copyright © 2024 by SPC (Sami Publishing Company) + is an open access article distributed

under the Creative Commons

(https://creativecommons.org/licenses/by/4.0/),

Attribution

License(CC
which  permits

BY) license
unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


https://doi.org/10.1016/j.ijpharm.2023.123544.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D%09Sumit+Saha+%26+Aliasgar+F+Shahiwala.+Multifunctional+coprocessed+excipients+for+improved+tabletting+performance.+Expert+Opin+Drug+Deliv.+2009%3B+6%282%29%3A197-208.+doi%3A+10.1517%2F17425240802708978.+&btnG=
https://www.tandfonline.com/doi/abs/10.1517/17425240802708978
https://doi.org/10.3390/pharmaceutics14040834
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D%09Magdalena+Janczura%2C+Szymon+Sip%2C+Judyta+Cielecka-Piontek.+The+Development+of+Innovative+Dosage+Forms+of+the+Fixed-Dose+Combination+of+Active+Pharmaceutical+Ingredients.+Pharmaceutics.+2022%3B+14%284%29%3A+834.+https%3A%2F%2Fdoi.org%2F10.3390%2Fpharmaceutics14040834&btnG=
https://www.mdpi.com/1999-4923/14/4/834
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D%09Cynthia+A.+Challener.+Development+of+Coprocessed+Excipients%2C+Pharmaceutical+Technology.+Pharmaceutical+Technology.+2022%3B+46%286%29%3A+24%E2%80%9326.+&btnG=
https://www.pharmtech.com/view/development-of-coprocessed-excipients
https://doi.org/10.1517/17425240802708978
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D%09Sumit+Saha+%26+Aliasgar+F+Shahiwala.+Multifunctional+coprocessed+excipients+for+improved+tabletting+performance.+Expert+Opin+Drug+Deliv.+2009%3B+6%282%29%3A197-208.+doi%3A+10.1517%2F17425240802708978.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D%09Sumit+Saha+%26+Aliasgar+F+Shahiwala.+Multifunctional+coprocessed+excipients+for+improved+tabletting+performance.+Expert+Opin+Drug+Deliv.+2009%3B+6%282%29%3A197-208.+doi%3A+10.1517%2F17425240802708978.+&btnG=
https://www.tandfonline.com/doi/abs/10.1517/17425240802708978
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D%09Shittu%2C+A.O.%2C+Oyl%2C+A.R+Isah%2C+A.B%2C+Ibrahim%2C+M.A.+Formulation+and+Evaluation+of+A+2-Components+Composite+Excipients+%E2%80%9CMicricrystalac%E2%80%9D+as+a+Filler-Binder+for+Direct+Compression.+International+Journal+of+Scientific+%26+Technology+Research.+2012%3B1%283%29%3A+5-26.+&btnG=
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=a977a98aa6ee9110f39a4e7d9283c9f3be1e1c5f
https://doi.org/10.55810/2789-9128.1009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D%09Dhafir+Q.+Masheta%2C+Shafq+K.+Al-azzawi%2C+et+al.+Comparative+quality+control+study+of+widely+used+brands+of+paracetamol+tablets+in+Iraq.++Maaen+Journal+for+Medical+Sciences.+2022%3B+1%281%29+Article+7.+https%3A%2F%2Fdoi.org%2F10.55810%2F2789-9128.1009.+&btnG=
https://majms.alkafeel.edu.iq/journal/vol1/iss1/7/
https://jmpcr.samipubco.com/article_193603.html
https://jmpcr.samipubco.com/article_193603.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

