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ABSTRACT

Starch and its derivatives are one of the signiϑicant excipients used in the phar-
maceutical formulations due to their multi-purpose functionalities. The pur-
pose of this study is two-fold: (1) Firstly, to propose a systematic approach in
understanding the material properties of a starch derivative (pregelatinised
starch/PGS) using analytical ‘toolbox’ as part of ‘alternative supplier sourc-
ing’, and secondly (2) To demonstrate the effect of PGS from different ven-
dors on the tablet disintegration using model formulations. Contextually, a
two-tier characterisation procedure is generally considered as a prerequisite
for establishing the sameness of the material obtained either from different
batches or from various vendors. Primarily, the sameness between typical
quality-control tests and compendial requirements are to be established. If
similar, then sameness between the functional characteristics is to be estab-
lished. In this context, the PGS from two vendors met the speciϑications, and
there were no differences for the test results in the certiϑicates of analysis.
However, when subjected to functionality assessment, the two lotswere found
to be distinctly different. The inϑluence of the functional property variations
was further exempliϑied from viscosity results of raw material. Furthermore,
this differencewas evenmore evidentwhen themodel formulationswere sub-
jected to disintegration testing. The similarity in compendial tests but signiϑi-
cant differences in functionality characteristics for the PGS of two vendors can
be unravelled by considering variations in particle size, crystallinity, starch
retrogradation and these changes are potentially attributed to the differences
in the gelatinisation procedures adopted by the vendors.
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INTRODUCTION

Alternate supplier evaluation for active pharma-
ceutical ingredients (APIs) and excipients is one
of the critical projects that are currently spon-
sored within many pharmaceutical companies (Sar-
avanan et al., 2019). The motivation behind “Alter-
nate Supplier Sourcing Projects or simply Alter-
nate Sourcing” are numerous, few of which are:
cost savings, the addition of more than one sup-
plier, streamlining or reduction in the number of
suppliers, overcoming supplier monopoly, quality
issues with current suppliers, business contingency
plans etc. (Moreton, 2019). ”Alternate sourcing” are
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activities wherein new product development is not
involved, however, involves the replacement of one
or more components of an existing formulation that
can be either API or excipients. APIs are the ingre-
dients that are intended to furnish pharmacological
actions. Whereas, excipients are added to pharma-
ceutical drug formulations to assist in the manufac-
turing, improve dosage form’s stability, bioavailabil-
ity, patient acceptability etc. (Kubbinga et al., 2014).
Excipients have been historically characterised as
non-functional constituents that have no impact on
the therapeutic activity of the medicine, and, in this
context, the substitutions are carried over (Kush-
ner, 2013). The primary assumption behind such
projects is ”excipients sameness” based on “Certiϑi-
cate of Analysis or CoA” (Bejarano et al., 2019).

However, time and again, there has been a body
of literature evidence indicating excipient func-
tional characteristics playing a critical role on man-
ufacturability, processability and product perfor-
mance (Ruban et al., 2018). There is now an
increased awareness about the role of excipients
and their inϑluence they exert on the developed for-
mulations (Abrantes et al., 2016). Although the
supplier change does not have a regulatory impact,
it does require experimental validation (Charoo,
2020). The route to identity, purity, etc. are
addressed and are provided as ’excipient speciϑica-
tions’ in the pharmacopoeias which are also pro-
vided as CoA by the vendors (Ramesh et al., 2019).
However, assessment for excipient function or func-
tionality speciϑications are not provided (Elder et al.,
2016). One reason could be that since the excipients
play a multitude of roles in the formulation, hence,
it is controversial to include the functional property
assessment in the monograph (Gamble et al., 2010).
Nevertheless, it is the necessity of the formulator
to understand the functional property requirement
as well as its assessment to provide products with
consistent quality. To overcome such undesirable
events, guideline documents (2015/C 95/02) have
been formalised to regulate supply chain of excip-
ients with the idea of ascertaining risk assessment
procedures, those, similar to APIs (Kader, 2016).

In most cases, the mono source accessibility of crit-
ical raw material is regarded as a signiϑicant ϑinan-
cial and quality risk (Jaberidoost et al., 2013). As
part of business contingency plans in meeting mar-
ket demands, a common strategy widely adopted
is “pharmaceutical alternate sourcing” and to have
more than one suppliers/vendor (Wöhl-Bruhn et al.,
2013). That said, to provide a successful exchange
of one excipient with others in the formulation, it
is often required for suppliers to markdown the
source of origin of excipients. Historically, excipi-

ents were obtained from minerals, plants, microor-
ganisms, chemical modiϑication of a natural com-
pound upon puriϑication, or purely chemical syn-
thesis etc., the ϑinal product variability either pre-
exists (natural sourcing) or is created during man-
ufacturing or may arise due to inadequate excipi-
ent functional speciϑications. These variabilities can
exist between suppliers (inter-variability) or within
suppliers’ batch (intra-variability) (Zhao and Augs-
burger, 2006). As per the law of variation, every-
thing varies as well as it is random; subsequently,
control of variability becomes difϑicult. It is impera-
tive to delineate the variability, causing compromise
on product quality from white noise.

As per ICH Q8 requirements (Srinivasan and
Iser, 2009), the quality compromising variability
should be described as critical. In such scenarios,
the following attributes are identiϑied as part of
the requirements which are (i) critical material
attributes (referring to quality compromised due
to input materials, CMAs), (ii) critical process
parameters (referring to quality compromised
due to manufacturing process, CPPs), (iii) critical
quality attributes (referring to quality compro-
mised due to output product, CQAs) (Simões et al.,
2020). To consistently deliver on the intended
product performance (CQAs) as well as avoiding
batch failures and product recalls, understanding
the impact of CMAs, as well as CPPs, are required.
The correlation of manufacturing process on ϑinal
product characteristics is well-understood and
well-documented. Interestingly, while developing
a robust formulation, a thorough consideration of
the variabilities associated with both raw material
and process should be performed as well as doc-
umented. In doing so, either of the two common
approaches is utilised (i) traditional approach:
involves tightening the speciϑications concerning
API, excipients and process, (ii) QbD approach:
expected variabilities from API as well as excip-
ients are incorporated and; appropriate process
end-point identiϑied (Simões et al., 2020). The
advantage concerning QbD approach is that, during
manufacturing, the complex interplay between API,
excipients, and process are controlled effectively,
while, the traditional approach might not address
the interactions (Yu et al., 2014).

Interestingly, FDA adopted the question-based
review (QbR) which requires the sponsors to
understand, integrate and implement the effect
of raw material variability to assure product
quality through optimal process design and
performance-based speciϑications (Srinivasan
and Iser, 2009). For this, a detailed understanding
of a substance’s chemical, structural, molecular,
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particulate, mechanical, and bulk properties are
to be explored and, will be a prerequisite to link
the material properties to CPPs and CQAs (Simões
et al., 2020). Various researchers have exten-
sively characterised the impact of the excipient
material property variations, lot-to-lot/batch-to-
batch variations, source-to-source variations for
microcrystalline cellulose (MCC) (Haware et al.,
2010), native and pregelatinised starch (Adedokun
and Itiola, 2010), lactose (Ticehurst et al., 1996),
sodium starch glycollate (SSG) (Shah and Augs-
burger, 2002), magnesium stearate (Zarmpi et al.,
2020), dicalcium phosphate (DCP) (Landín et al.,
1994), hydroxy propyl cellulose (HPC) (Alvarez-
Lorenzo et al., 1998), carbomer (Pérez-Marcos
et al., 1993), glyceryl monostearate (O’laughlin
et al., 1989), polyethene glycol (PEG) (Wöhl-Bruhn
et al., 2013), croscarmellose sodium (Zhao and
Augsburger, 2006), Xanthum gum (Thacker et al.,
2010), crospovidone (Shah and Augsburger, 2001)
etc., using various analytical methods in a way to
understand as well as control the variability on
the performance and manufacturability of dosage
forms.

The primary objective of this work is to have a
robust yet straightforward ’toolbox’ to identify the
critical material attributes of pregelatinised starch
(PGS) and its suitability to screen the incoming
raw materials. There are various types of starch
like waxy starch, high amylose containing, and high
amylopectin containing starches. These variations
can have a profound inϑluence on product perfor-
mance; that is, the high amylose starch is used as a
binderwhile high amylopectin provides disintegrat-
ing properties. Similarly, the pregelatinised starch
can undergo retrogradation which could poten-
tially inϑluence the properties. Analytical ‘toolbox’
employed to characterise PGS were X-Ray Powder
Diffraction (XRPD), Raman spectroscopy, polarised
light microscopy, laser diffraction, thermogravime-
try, viscosity measurements etc. A comprehensive
understanding of the functionality of pregelatinised
starch (PGS) would be essential. Based on the
understanding obtained from the solid state studies,
amodel API, and excipients alongwith PGS from two
vendors (labelled as Vendor 1 and Vendor 2) were
studied. Once the functional assessmentwas carried
out, model formulations were prepared and charac-
terised.

MATERIALS ANDMETHODS

Materials

Two different batches were formulated using model
API, excipients (hypromellose, microcrystalline

cellulose/MCC, pregelatinised starch/PGS, Sodium
Stearyl Fumarate) whose batch numbers and
vendor source were all kept constant. Moreover,
identical formulation procedures were followed
with one exception: pregelatinised starch (PGS)
sourced from two vendors. The PGS from two
different vendors were found to be similar con-
cerning the certiϑicate of analysis (CoA). However,
the disintegration of tablets was found to be much
dissimilar.

Figure 1: Comparison of the XRD patterns of
native starch, PGS from Vendor 1 and PGS from
Vendor 2

Figure 2: Properties of birefringence of Natural
Starch (left), PGS from Vendor 1 (middle), PGS
from Vendor 2 (right)

Figure 3: Comparison of the Raman Spectra of
Native Starch, Pregelatinized Starch from
Vendor 1 and Vendor 2

Powder X-Ray Diffraction (PXRD)
PXRD proϑiles of pregelatinised starch from two
sources were collected on Bruker powder X-ray
diffractometer (Model D8 ADVANCE); with theta-
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Table 1: Viscosity Measurements of Pregelatinized Starch (n=3, in Centipoise, cP)
Vendor 1 Vendor 2

Run 1 4.5 8.8
Run 2 4.7 9.5
Run 3 4.8 9.7
Average 4.7 9.3
SD 0.2 0.5
RSD 3% 5%

Figure 4: Particle Size Distribution,
Photomicrographs (as insert) and Three-tier
distribution summary for PG Starch granules
from two different vendors

Figure 5: TG curves for pregelatinized starch
from Vendor 1 and Vendor 2

Figure 6: Comparison of disintegration time of
formulations prepared using different
pregelatinized starch from two vendors (n=6,
Mean=±SD, error bars represent standard
deviation)

theta geometry, a Copper anode (Kα1, λ = 1.5406
Å) and LynxEyeTM detector. The X-ray tube was
operated at a voltage of 40 kV and a current of 40
mA. Each diffraction proϑile was collected in con-
tinuous mode and the scan range of 3◦ to 45◦ 2θ,
with a step size of 0.01◦ 2θ and with a time per
step of 0.1 sec. Top loading method was employed
for sample preparation using PMMA (Poly-methyl
methacrylate) sample holder (25 mm). The data
processing was performed using Bruker Eva soft-
ware. Parameters like sample grinding and rotation
of holder were studied to understand the preferred
orientation effects.

Particle Size Analyser (PSA)

Particle size distribution (volume-weighted) of PGS
was measured by laser light diffraction (Malvern
Mastersizer 2000, Malvern Instruments, Worcester-
shire, UK) using a dry sampling unit. Particle size
calculation involved Mie theory approximation, and
the following standard operating procedure (SOP)
was used which were as follows, refractive index:
1.52, vibration feed rate: 25%, measurement time:
7 s, dispersive air pressure: 4 bar. Particle size dis-
tribution is characterised by themassmedian diam-
eter (d0.5), i.e., the size in microns at which 50% of
the sample is smaller, and 50% is larger, and the vol-
ume mean diameter (D4,3). Values presented are
the average of at least three determinations.

Polarised Light Microscopy (PLM)

The polarised microscopic images of PGS were
recorded with a CCD camera attached to the Nikon
LV100 POL microscope and the data were analysed
using the in-built NIS elements software. Few mg
of samples were placed on a clean glass slide and
were examined using PLM under various magniϑi-
cations. To perform the birefringence experiments
and to detect very weak birefringence, the λ/4 com-
pensator is utilised. Optical, average particle size,
particle shape and sample agglomerative properties
of both the samples were compared.

Thermogravimetric Analyzer (TGA)

Thermal analysis was conducted using thermal
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gravimetric analysis (TGA) instrument (model:
851e/LF1100, Mettler-Toledo GmbH, Switzerland)
equipped with a robotic arm (model: TSO801RO)
for automated sampling. The TGA was conducted
on pregelatinised starch from two vendors (sample
weight was kept consistent ~10 mg). The total
weight of each sample (accurately weighed into
open 70 µL aluminium oxide crucibles using the
TGA microbalance) was 10 (± 1) mg. The powder
sample was heated from 25 to 200 ◦C at a heating
rate of 10 ◦C/min, under a nitrogen ϑlush (10 mL
per min). The instrument measured the change in
mass and recorded the temperature proϑile and was
calibrated using indium. Data were analysed using
Stare Base Software for Windows 7(Mettler-Toledo
GmbH, Switzerland)

Raman Spectroscopy

Raman spectra of PGS in triplicates for each sam-
ple were recorded with a Kaiser Raman RXN2 Ana-
lyzer (Kaiser Optical Systems, Inc., Ann Arbor, MI).
The excitation wavelength of 785 nm actuated at
200mW. Signalswere detected by a Charge-Coupled
Device (CCD) camera. Spectral acquisitions were
made by using the iC Raman software (Kaiser Opti-
cal Systems). Spectral acquisitions were obtained in
the range 100–1800 cm−1, at a resolution of 1 cm−1

and each run contained an average of 75 scans as
well as 10 s exposure time settings which resulted
in a 15 min-long acquisition proϑile. The recorded
Raman spectra were exported in .csv format and
were processed in MS-Excel 2010.

Viscosity Measurements

The viscosity of the pregelatinised starches from
two different vendors was studied over one hour.
The samples (~5 grams) were taken in a 500 ml
beaker towhich 270ml of distilledwaterwas added,
and the temperaturewas set at 25 ◦Cwhilst stirring.
The sampleswere added slowly for oneminute. Stir-
ringwas continued for twominutes, and the speedof
the stirrer was adjusted to prevent the formation of
vortex, agglomeration and incorporation of air. The
viscosity of the prepared suspensions was deter-
mined by using a Brookϑield viscometer (Model DV
III, BrookϑieldEngineeringLab, Stoughton,MA,USA)
at 100 rpm using a UL adapter and ULA spindle. Vis-
cosity measurements were made in triplicate and
were monitored regularly, and, the values were
recorded after 60 mins.

Model Formulation

API, hypromellose, microcrystalline cellulose,
pregelatinised starch were accurately weighed and
passed through a 40-mesh screen to get uniform
size particles andmixed in a blender for 15min. The

obtained blend was lubricated with sodium stearyl
fumarate, and mixing was continued for a further
5 min. The only change being the pregelatinised
starch procured from Vendor 1 (Model formulation-
1) and Vendor 2 (labelled as model formulation-2).
The resultant mixture was directly compressed
into tablets by using 9 mm round ϑlat-faced punch.
Compression force was kept constant for both the
formulations.

Disintegration Testing
As per the recommendations from the United States
Pharmacopeia (USP) compendial test (701), prod-
uct performance was assessed using disintegration
testing which states the use of disks to understand
the particle deaggregation as well as end-point
detection in water as the immersion ϑluid (Davani,
2017). Average values obtained by testing six
tablets disintegrationwere used to compare the per-
formance of the model formulations.

RESULTS AND DISCUSSION

Indeed, it is well-recognised that the composi-
tion and structure of the starch control its prop-
erties (Whistler et al., 2012). These inϑluencing
parameters can then be categorised into follow-
ing: structural-level, molecular-level, particle-level,
bulk-level as well as the impact of these parameters
on the performance of the material.

Excipient Variability Analysis at Structural-Level
using XRPD and PLM
The native starches possess two types of crys-
tallinity (i) A-type, predominantly found in cereal
starches (except high amylose variety), (ii) B-type,
abundant in root and tuber starches (Whistler et al.,
2012). The X-ray diffractograms of native corn
starch samples andpregelatinised samples fromtwo
vendors are shown in Figure 1. The native starch
samples displayed high-intensity peaks at Bragg’s
angle (2θ) about 15◦, 18◦, and 23◦ that is represen-
tative of typical A-type crystalline pattern indicat-
ing its semi-crystalline nature. XRPD patterns for
Vendor 1 displays peak at 2θ = 15◦, 17◦, 18◦ and
23◦ are visualised, suggesting that a certain degree
of ordering of native corn starch is retained. On
the other hand, XRPD patterns for Vendor 2 demon-
strates halo and a peak at low 2θ = 5◦. Based on
these results, it can be interpreted that Vendor 1
provides a partially crystalline pregelatinised starch
while Vendor 2 provides an amorphous grade of
pregelatinised starch.

As illustrated in Figure 2. upon examination of
native starch granules under a polarised lightmicro-
scope (PLM), a typical birefringence with precise
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Maltese crosses is visualised due to the hilum. Sim-
ilarly, when pregelatinised starch from Vendor 1 is
observed under PLM, majority of the granules were
aggregated, slightly swollen but displayed a degree
of birefringence, suggesting that the granules were
not entirely disrupted, however, maintained a cer-
tain degree of crystallinity. Nevertheless, no bire-
fringence can be observed in granules from Vendor
2, indicating that the ordered structure of starchwas
fully gelatinised and entirely disrupted (Liu et al.,
2017). Theoutcomeof PLMmeasurementswas con-
sistent with the result of X-rays, showing the vari-
ability in the crystallinity between two materials.

Excipient Variability Analysis atMolecular-Level
using Raman Spectroscopy

The gelatinisation process and its completion can
be followed using vibrational spectroscopy (NIR,
FTIR and Raman). The region between 450 to 500
cm−1 and 800 to 900 cm−1 is used to understand.
Changes in peak width could be correlated to alter-
ation in crystallinity/amorphicity (Mutungi et al.,
2012). Similarly, changes in peak intensity/position
are indicative of different proportions of amylose
or amylopectin, degree of crystallinity, starch ret-
rogradation among the investigated samples. The
peak at 480 cm−1 and 488 cm−1, as well as 868
cm−1 and 856 cm−1, are assigned to crystallinity
changes as well as to starch retrogradation, respec-
tively (Flores-Morales et al., 2012). The high inten-
sity of 488 cm−1 and 856 cm−1 indicates that Ven-
dor 2 is fully pregelatinised while the opposing
trend with Vendor 1 indicates the material has ret-
rograded and recrystallised. Reiterating, starch is
composed of alternating crystalline and amorphous
regionswhich is evidencedwith the illustrativemal-
tese cross in PLM images. Peak width was found
to be discriminative in the following chronologi-
cal order native starch<Vendor 1<Vendor 2 indicat-
ing the Vendor 2 samples are amorphous, Figure 3.
These results are in linewith XRD and PLM. The cor-
relation of starch granule size with the starch ret-
rogradation indicates a completely varied gelatini-
sation pattern for Vendor 2.

Excipient Variability Analysis at Particle-Level
using Laser Diffraction and Optical Microscopy

The pregelatinised starch particle sizes (inmicrons)
obtained from both the vendors using laser diffrac-
tion are presented, see Figure 4. Particle size dis-
tributions were unimodal, narrow, however Vendor
1 showed d10 = 22 µm, d50 = 54 µm and d90 =
110 µm that were smaller in comparison with Ven-
dor 2 which were d10 = 113 µm, d50 = 202 µm and
d90 = 337 µm, respectively. There is a ϑirm agree-
ment between the particle sizes that are observed

usingmicroscopy andwhich ismeasured using laser
diffraction.

ExcipientVariabilityAnalysis atBulk-Levelusing
TGA
Thermogravimetric analysis (TGA) offers detailed
information onmass transition, temperature ranges
typical of moisture/volatile release, and kinetic
information. Representative thermograms are
shown in Figure 5. The thermogram shows one
weight-loss event/extensive endotherm observed
between RT and ~140 ◦C, which is due to loss of
water. This is consistent with both vendors demon-
strating similarity in a loss on drying.

Excipient Variability and Correlation with
Performance-Viscosity Measurements
The impact of both starch retrogradation, as well as
particle size, was correlated to PGS performance by
measuring the viscosity build-up as a deterministic
parameter for 60 mins. That is, it is vital to under-
stand the rheological or ϑlow behaviour to com-
pare the binder/disintegrant efϑiciency of pregela-
tinised starch. Since PGS demonstrates shear thin-
ning behaviour where the viscosity decreases along
when the shear rate increases. Hence the shear rate
was kept constant for PGS obtained from both the
vendors.

The efϑiciency of PGS from both the vendors has
been evaluated as a function of the viscosity. The 2%
w/v aqueous dispersion maintained at a tempera-
ture of 25 ◦C for Vendor 1 and Vendor 2 had a viscos-
ity of 4.7± 0.2 cP and 9.3± 0.5 cP, respectively, for
details refer Table 1. That is, Vendor 2 demonstrated
higher viscosity than Vendor 1, which could retard
dissolution due to viscosity build-up (Zámostný
et al., 2012). Additionally, formulations were pre-
pared and subjected to disintegration testing.

Excipient Variability and Correlation with
Performance-Disintegration Testing
Two formulations were prepared to test the hypoth-
esis mentioned above using the same components
(API and excipients), with one exception, which is
PG starch from two different vendors. In one for-
mulation, PG starch from Vendor 1 (termed model
Formulation-1) was used while in the other formu-
lation Vendor 2 (termed model Formulation-2) was
employed. Since the API in the formulations is cate-
gorised as BCS class 3, the use of disintegration as
a surrogate test to dissolution is employed (Nick-
erson et al., 2018). Disintegration results for both
the model formulation tablets manufactured using
different PG starch values are provided in Figure 6.
Model formulation-1 was found to comply with the
in-house speciϑication, which is, disintegration time
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of <4.5 mins while the model formulation-2 show a
DT of ~15mins. Results indicate that the mean time
taken for the disintegration of model formulation-2
is higher in comparison with the other formulation.

Correlation of Physical Characterisation with
Performance Tests
Pregelatinized starch is a modiϑied corn starch
which exhibits high water holding capacity. Fur-
thermore, it is a versatile excipient that is pH-
independent disintegrant, diluent, stabiliser for
water-sensitive drugs etc. Physico-chemical char-
acterisation indicated that Vendor 1 contained
smaller particles, birefringence, crystallinity similar
to native starch. In contrast, Vendor 2 was found
to be more like an amorphous fully pregelatinised
starch. In order to correlate the material property,
two performance measurement tools like viscosity
test for PG starch and disintegration test for model
formulations were carried out. The viscosity of Ven-
dor 2 resembled the speciϑication of pregelatinised
material in line with the speciϑications, while for
Vendor 1, it was close to native starch.

Similarly, the disintegration test was evaluated for
a potential correlation. The disintegration time for
the model formulation-1 was within the speciϑica-
tion of <4.5 mins while for model formulation-2 it
was~15mins. The trends observedwith disintegra-
tion, mirror those observed with the physicochem-
ical measurements and viscosity measurements. It
has been well-recognised that full pregelatinization
makes the excipient soluble in cold water and the
PGSwould behave as a binderwhile itwould be inef-
fective as a disintegrant. Zamostny and Majerova
explained that the soluble portion of pregelatinised
starch would swell (related to the cold water solu-
bility of PG starch) and it could inhibit the caffeine
diffusivity (Zámostný et al., 2012). That is, the PG
starch from Vendor 2 displayed binding property,
whereas PG starch from Vendor 1 displayed disin-
tegrant property.

CONCLUSIONS

A primary objective of this studywas to evaluate the
functionality of pregelatinised starch from two dif-
ferent vendors as part of ‘Alternate Sourcing Strat-
egy”. Albeit the monograph provides tests of purity
and identiϑication, it does not provide any assur-
ance on the materials’ functional characteristics or
their inϑluence on the performance of the product.
Results of this study conϑirmed that the differences
in crystallinity, starch retrogradation, particle size
within the pharmacopoeial speciϑications could dis-
play signiϑicant differences in their inϑluence on PG
starch viscosity and tablet disintegration. More-

over, it is demonstrated that minimal variations in
the properties of the pregelatinised starch, which
is used as a disintegrant or binder in drug product
formulations, can signiϑicantly alter the release pro-
ϑile of active pharmaceutical ingredient. That is, a
thorough characterisationof thematerial properties
and its correlation to product performance is con-
sidered imperative. In conclusion, functional simi-
larity rather than pharmacopoeial similarity is con-
sidered as the key criterion for theprojects involving
”Alternate Sourcing Strategy”.

Acknowledgement
We are so much obliged to Sanoϑi and Dr Praveen
Khullar, Head of Global Development Centre, Sanoϑi
Synthelabo (India) Private Limited, Goa and Dy.
Head, Scientiϑic and Technical Services, for pro-
viding the facilities to carry out the work men-
tioned above. We also thank Dr A. Rose Venis,
Associate Professor, Department of Chemistry, St.
Joseph’s College (afϑiliated to Bharathidasan Univer-
sity), Trichirappalli for providing guidance and the
needful support.

Conৎlicts Of Interest
All authors declare that there are no conϑlicts of
interest for this study.

Funding Support
All authors declare that there is no funding support
for this study.

REFERENCES

Abrantes, C. G., Duarte, D., Reis, C. P. 2016. An
Overview of Pharmaceutical Excipients: Safe or
Not Safe? Journal of Pharmaceutical Sciences,
105(7):2019–2026.

Adedokun, M. O., Itiola, O. A. 2010. Material proper-
ties and compaction characteristics of natural and
pregelatinized forms of four starches. Carbohy-
drate Polymers, 79(4):818–824.

Alvarez-Lorenzo, C., Castro, E., Gómez-Amoza, J. L.,
Martínez-Pacheco, R., Souto, C., Concheiro, A.
1998. Intersupplier and interlot variability in
hydroxypropyl celluloses: implications for theo-
phylline release from matrix tablets. Pharmaceu-
tica Acta Helvetiae, 73(2):113–120.

Bejarano, A., Nadungodage, C. H., Wang, F., Catlin,
A. C., Hoag, S. W. 2019. Decision Support for Excip-
ient Risk Assessment in Pharmaceutical Manufac-
turing. AAPS PharmSciTech, 20(6):223.

Charoo, N. A. 2020. Critical Excipient Attributes Rel-
evant to Solid Dosage FormulationManufacturing.
Journal of Pharmaceutical Innovation, 15(1):163–
181.

© International Journal of Research in Pharmaceutical Sciences 147



Saravanan D et al., Int. J. Res. Pharm. Sci., 2021, 12(1), 141-149

Davani, B. 2017. Common Methods in Pharmaceu-
tical Analysis. Pharmaceutical Analysis for Small
Molecules, page 37.

Elder, D. P., Kuentz, M., Holm, R. 2016. Pharmaceuti-
cal excipients — quality, regulatory and biophar-
maceutical considerations. European Journal of
Pharmaceutical Sciences, 87:88–99.

Flores-Morales, A., Jiménez-Estrada, M., Mora-
Escobedo, R. 2012. Determination of the struc-
tural changes by FT-IR, Raman, and CP/MAS 13C
NMR spectroscopy on retrograded starch of maize
tortillas. Carbohydrate Polymers, 87(1):61–68.

Gamble, J. F., Chiu, W. S., Gray, V., Toale, H., Tobyn,
M., Wu, Y. 2010. An investigation into the
degree of variability in the solid-state properties
of common pharmaceutical excipients-anhydrous
lactose. Aaps Pharmscitech, 11(4):1552–1557.

Haware, R. V., Bauer-Brandl, A., Tho, I. 2010. Com-
parative evaluation of the powder and compres-
sion properties of various grades and brands of
microcrystalline cellulose by multivariate meth-
ods. Pharmaceutical Development and Technology,
15(4):394–404.

Jaberidoost, M., Nikfar, S., Abdollahiasl, A., Dinar-
vand, R. 2013. Pharmaceutical supply chain risks:
a systematic review. DARU Journal of Pharmaceu-
tical Sciences, 21(1):69–69.

Kader, M. 2016. Mitigating the Risks of Generic Drug
Product Development: An Application of Qual-
ity by Design (QbD) and Question based Review
(QbR) Approaches. Journal of Excipients and Food
Chemicals, 7(2):915–915.

Kubbinga, M., Moghani, L., Langguth, P. 2014. Novel
insights into excipient effects on the biopharma-
ceutics of APIs from different BCS classes: Lactose
in solid oral dosage forms. European Journal of
Pharmaceutical Sciences, 61:27–31.

Kushner, I. 2013. Utilizing quantitative certiϑicate
of analysis data to assess the amount of excipient
lot-to-lot variability sampled during drug product
development. Pharmaceutical Development and
Technology, 18(2):333–342.

Landín, M., Rowe, R. C., York, P. 1994. Particle size
effects on the dehydration of dicalcium phosphate
dihydrate powders. International Journal of Phar-
maceutics, 104(3):271–275.

Liu, Y., Chen, J., Luo, S., Li, C., Ye, J., Liu, C., Gilbert,
R. G. 2017. Physicochemical and structural proper-
ties of pregelatinized starchpreparedby improved
extrusion cooking technology. Carbohydrate Poly-
mers, 175:265–272.

Moreton, C. 2019. Excipients to the year 2025-and
beyond. Journal of Excipients and Food Chemicals,

10(2):29–40.
Mutungi, C., Passauer, L., Onyango, C., Jaros, D.,
Rohm, H. 2012. Debranched cassava starch crys-
tallinity determination by Raman spectroscopy:
Correlation of features in Raman spectra with
X-ray diffraction and 13C CP/MAS NMR spec-
troscopy. Carbohydrate Polymers, 87:598–606.

Nickerson, B., Kong, A., Gerst, P., Kao, S. 2018. Corre-
lation of dissolution and disintegration results for
an immediate-release tablet. Journal of Pharma-
ceutical and Biomedical Analysis, 150:333–340.

O’laughlin, R., Sachs, C., Brittain, H., Cohen, E. 1989.
Effects of variations in physicochemical properties
of glyceryl monostearate on the stability of an oil-
in. J Soc Cosmet Chem, 40:215–244.

Pérez-Marcos, B., Martínez-Pacheco, R., Gómez-
Amoza, J. L., Souto, C., Concheiro, A., Rowe, R. C.
1993. Interlot variability of carbomer 934. Inter-
national Journal of Pharmaceutics, 100(1-3):207–
212.

Ramesh, K. V., Yadav, H., Sarheed, O. 2019. Safety of
Pharmaceutical Excipients and Regulatory Issues.
Applied Clinical Research, Clinical Trials and Regu-
latory Affairs, 6(2):86–98.

Ruban, O., Pidpruzhnykov, Y., Kolisnyk, T. 2018.
Excipient risk assessment: possible approaches
to assessing the risk associated with excipient
function. Journal of Pharmaceutical Investigation,
48(4):421–429.

Saravanan, D., Muthudoss, P., Khullar, P., Rosevenis,
A. 2019. Vendor qualiϑication: Utilization of solid
state characterization “Toolbox” to assessmaterial
variability for active pharmaceutical ingredient. J
Appl Pharm Sci, 9(9):1–9.

Shah, U., Augsburger, L. 2001. Evaluation of
the Functional Equivalence of Crospovidone NF
from Different Sources. I. Physical Characteriza-
tion. Pharmaceutical Development andTechnology,
6(1):39–51.

Shah, U., Augsburger, L. 2002. Multiple Sources of
Sodium Starch Glycolate, NF: Evaluation of Func-
tional Equivalence and Development of Standard
Performance Tests. Pharmaceutical Development
and Technology, 7(3):345–359.

Simões, M. F., Silva, G., Pinto, A. C., Fonseca, M., Silva,
N. E., Pinto, R. M., Simões, S. 2020. Artiϑicial neural
networks applied to quality-by-design: From for-
mulation development to clinical outcome. Euro-
pean Journal of Pharmaceutics and Biopharmaceu-
tics, 152:282–295.

Srinivasan, A., Iser, R. 2009. FDA ofϑice of
generic drugs question-based review initiative: an
update-past, present, and next steps. Journal of

148 © International Journal of Research in Pharmaceutical Sciences



Saravanan D et al., Int. J. Res. Pharm. Sci., 2021, 12(1), 141-149

Validation Technology, 15(2):10–10.
Thacker, A., Fu, S., Boni, R. L., Block, L. H. 2010.
Inter- and Intra-Manufacturer Variability in Phar-
maceutical Grades and Lots of Xanthan Gum. AAPS
PharmSciTech, 11(4):1619–1626.

Ticehurst, M. D., York, P., Rowe, R. C., Dwivedi, S. K.
1996. Characterisation of the surface properties
of α-lactose monohydrate with inverse gas chro-
matography, used to detect batch variation. Inter-
national Journal of Pharmaceutics, 141(1-2):93–
99.

Whistler, R. L., Bemiller, J. N., Paschall, E. F. 2012.
Starch: chemistry and technology. Academic Press.

Wöhl-Bruhn, S., Bertz, A., Kuntsche, J., Menzel, H.,
Bunjes, H. 2013. Variations in polyethylene gly-
col brands and their inϑluence on the prepara-
tion process of hydrogel microspheres. European
Journal of Pharmaceutics and Biopharmaceutics,
85(3):1215–1218.

Yu, L. X., Amidon, G., Khan, M. A., Hoag, S. W., Polli,
J., Raju, G. K., Woodcock, J. 2014. Understanding
Pharmaceutical Quality by Design. The AAPS Jour-
nal, 16(4):771–783.

Zámostný, P., Petrů, J., Majerová, D. 2012. Effect of
Maize Starch Excipient Properties onDrugRelease
Rate. Procedia Engineering, 42:482–488.

Zarmpi, P., Flanagan, T., Meehan, E., Mann, J., Fotaki,
N. 2020. Impact of Magnesium Stearate Presence
and Variability on Drug Apparent Solubility Based
on Drug Physicochemical Properties. The AAPS
Journal, 22(4):75.

Zhao, N., Augsburger, L. L. 2006. The Inϑlu-
ence of Product Brand-to-Brand Variability on
Superdisintegrant Performance A Case Study with
Croscarmellose Sodium. Pharmaceutical Develop-
ment and Technology, 11(2):179–185.

© International Journal of Research in Pharmaceutical Sciences 149


	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions

