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Abstract

This work explores the first use of UV imaging in liquisolid systems. The aim of this study was
to simultaneously measure a model drug propranolol hydrochloride (PPN) release and compact
swelling behaviour from liquisolid systems using sesamum radiatum gum by exploiting the
visible and UV imaging capabilities of the novel surface dissolution instrument (SDI2).
Liquisolid compacts were successfully prepared using polysorbate 80 as the liquid solvent.
The influence of either colloidal silica or veegum (magnesium aluminium silicate) was also
evaluated in the liquisolid sesamum gum compacts. Solid-state characterization using
differential scanning calorimetry (DSC) and X-ray powder diffraction (XRPD) showed a
decrease in the crystallinity of the model cationic drug. Visible and UV imaging was
successfully used to detect differences between the conventional or physical mixture
formulations containing veegum or colloidal silica and the liquisolid preparations as well as
differences between their swelling behaviour. The use of this imaging technique provides

added insights into the drug release behaviour of formulations.

Keywords: Liquisolid; UV imaging; Propranolol; Veegum; Sesamum

Abbreviations: API, active pharmaceutical ingredients; MAS, magnesium aluminium silicate;
PPN, Propranolol hydrochloride; SDI, surface dissolution imaging; IDR, Intrinsic dissolution

rate; DSC, differential scanning calorimetry; XRPD, X-ray powder diffraction
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Graphical abstract
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1. Introduction

Liquisolid dosage forms are an innovative way of sustaining the release of water-soluble drugs
and increasing the release rate of water-insoluble drugs. Adding the liquid phase to a dry blend
of excipients allows for the production of a good flowing and compactable powder to formulate
the liquid-solid tablets (Spireas, Wang, & Grover, 1999). Liquisolid formulations have been
utilised to restrict the release of high solubility drugs such as propranolol hydrochloride (PPN),
diltiazem hydrochloride and raloxifene hydrochloride (Kaialy et al., 2016; Javadzadeh,
Musaalrezaei, & Nokhodchi, 2008; Komala, Janga, Jukanti, Bandari, & Vijayagopal, 2015).
Other groups have utilised liquisolid formulations in the delivery of poorly soluble drugs

including candesartan, progesterone, carbamazepine and valsartan (Chella, Shastri, &
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Tadikonda, 2012; Jadhav, Irny, & Patil, 2017; Javadzadeh, Jafari-Navimipour, & Nokhodchi,

2007; Sayyad, Tulsankar, & Kolap, 2013).

There is a lot of focus on naturally occurring polymers as matrix formers for oral controlled
release applications. Modified release formulations offer a steady release of drug into
circulation. Several authors have also investigated the complex interactions between swelling,
erosion and diffusion kinetics for drug release for these natural polymers (Nokhodchi et al.,
2015; Nokhodchi and Asare-Addo, 2014; Nokhodchi, Raja, Patel, & Asare-Addo, 2012;
Crowley et al., 2004; Naggar et al., 1992; Bonferoni et al., 1993; Sujja-areevath et al., 1996;
Talukdar et al., 1996; Khullar et al., 1998; Kaialy et al., 2013; Nep et al., 2015, 2017; Siahi-
Shadbad et al., 2011; Peppas and Sahlin, 1989; Lee and Kim, 1991; Colombo et al., 1995;
Reynolds et al., 1998). These renewable sources of natural polymers have greater advantages
over their synthetic and semisynthetic counterparts in the developing world (Nep et al., 2016a).
Here, the authors focus on a polysaccharide that has been extracted and characterised in our
lab (Sesamum radiatum) and reported (Nep et al., 2016a). Sesamum gum is a very abundant
natural polymer extracted from the leaves of Sesamum radiatum and has been reported for
having the potential for retarding drug release from matrix systems as well as having the ability
to withstand hydroalcoholic media effects (Ngwuluka, Nep, Ochekpe, Odumosu, &
Olorunfemi, 2014; Nep et al., 2016; 2018). It has also been used to improve the dissolution
behaviour of ibuprofen and as a binder (Shaboun et al., 2018; Allagh et al., 2005). This work
explores the use of sesamum gum in liquisolid tablet formulations. The authors also investigate
the use of veegum in liquisolid application. Veegum also known as magnesium aluminium
silicate (MAS) is a clay mineral that has been used as a carrier for active pharmaceutical
ingredients (API) in modulating their drug release (Aguzzi, Cerezo, Viseras, & Caramella,

2007; Adebisi et al., 2015; Trivedi et al., 2018) due to its inherent ability to form complexes
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with cationic drugs (Totea et al., 2019a, 2019b; Pongjanyakul et al., 2005, 2007, 2009, 2011;

Khlibsuwan et al., 2017, 2018).

UV dissolution imaging has begun to establish its versatility within the field of pharmaceutics.
The primary use of the technique is to obtain intrinsic dissolution rates (IDR) of pharmaceutical
ingredients (Boetker et al., 2013; Ward et al., 2017; Ostergaard 2018; Long et al., 2019). There
has also been other applications with this technique including visualising insulin from lipid
implants (Jensen et al., 2016), drug release from an in-situ forming implant (Sun et al., 2018),
imaging piroxicam supersaturation, precipitation and dissolution (Sun et al., 2018a) and drug
release from biodegradable microwells (Nielsen et al., 2015). This imaging technique has
however begun to diversify into an analytical tool for the monitoring of a variety of dissolution
events, helped in part through advancements in the technology in the form of the SDI2™
instrument manufactured by Pion Inc. This model has an added functionality to monitor whole
dosage forms alongside the more traditional IDR measurements. This has allowed for capsules
containing salts and solid dispersions to be imaged in real time (Asare-Addo et al., 2018; Asare-
Addo et al., 2019). More recently, the technique was used to monitor the gel growth of
hypromellose compacts in real time with a high level of accuracy (Ward et al., 2019). The SDI2
also has the capability of monitoring a sample with two wavelengths simultaneously. This
feature is employed in the current work in the form of a 280 nm wavelength (for drug release)
and 520 nm (monitoring tablet integrity). This study therefore aimed for the first time at
simultaneously measuring drug release as well as compact integrity in liquisolid compacts from

sesamum gum and veegum.

2. Materials and Methods

2.1. Materials
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Propranolol hydrochloride (PPN) was purchased from Fischer Scientific, UK. Veegum F was
a kind gift from Lake Chemicals and Minerals, UK. Polysorbate 80 was purchased from Fluka,
UK. Colloidal silica was from Sigma -Aldrich. Sesamum gum was extracted from Sesamum
radiatum leaves in-house. Potassium phosphate monobasic, sodium hydroxide and
hydrochloric acid were purchased from Fischer Scientific, UK. Potassium Chloride was

purchased from Sigma Aldrich, UK.

2.2. Extraction of Sesamum Gum

The extraction of sesamum gum was conducted as reported in Nep et al., 2016. In brief, 1000
g of leaves of the sesamum radiatum were macerated for 30 min at ~22 °C (in 7.5 L of distilled
water containing 0.1 %w/v sodium metabisulphite). The filtered mucilage was then precipitated

with 96 % ethanol, filtered again and oven dried at 50 °C for 24 h.

2.3. Preparation of formulation blends, powder flow assessment and tableting

For the liquisolid formulation, it is necessary to select an appropriate solvent to disperse the
PPN in. 4 solvents were tested; Propylene Glycol, PEG 400, Glycerin and Polysorbate 80
(Javadzadeh et al., 2008). Polysorbate 80 was chosen due to PPN’s low solubility in it

(Javadzadeh et al., 2008).

To explore the use of imaging in liquisolid systems in comparison to its conventional
counterparts, four formulations as in Table 1 were prepared. For the conventional tablets
(physical mixture, F2 and F3), all the required excipients and APl were mixed and blended
using a Turbula™ mixer (Willy. A Bachofen, Switzerland) for 10 min before tabletting. For
the liquisolid formulations (F1 and F4), 2 g of the PPN was dispersed in 2 g polysorbate 80
using a pestle and mortar for 2 min. Depending on the formulation, a dry powder blend of the

sesamum gum, colloidal silica or veegum (prepared using a Turbula™ mixer (Willy. A
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Bachofen, Switzerland) for 10 min) was then added to the PPN in small amounts (~500 mg)

under continuous stirring until a homogenous blend was achieved.

The flow properties of all the formulations were determined using a 10 mL glass cylinder with
10 mL worth of powder from each of the formulations. The weight of the powder formulation
was noted each time and then the glass cylinder tapped to allow the particles of powder to
consolidate. After 50 taps, the final volume was recorded. Carr’s consolidation index was

determined using Equation 1.

1-Bulk Density

Carr's Index = 100 x ( .
Tapped Density

) Equation 1

For the tablet manufacture, round cylindrical tablets with a diameter of 10 mm and target
weights of 285 mg (conventional of physical mixture) or 400 mg (liquisolid compacts) were
compacted using a manual single punch hydraulic press at 2500 psi in a 10 mm punch and die

(Model MTCM-1, Globe Pharma, US) at 2500 psi.

2.4. Tablet friability and hardness testing

Friability testing was carried out on 10 tablets for each formulation using a Pharmatest
Friability tester. The tablets were firstly dusted gently using a brush in order to remove any
powder debris and then weighed. The tablets were then dusted again after being subjected to
25 rpm for 4 min, dusted off and re-weighed to measure any loss in weight. Friability (%) was

determined using Equation 2.

(Initial weight of 10 tablets (g)—weight of 10 tablets after 100 spins (g)
Initial weight of 10 tablets (g)

) X 100 = Friability of tablets (%)  Equation 2
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Tablets from each formulation were allowed at least 24 h recovery time before being subjected
to the Pharmatest hardness tester to determine breaking force. The point at which the tablet

fractured was recorded in Newtons (N).
2.5. Solid state characterisation
2.5.1. Differential scanning calorimetry (DSC)

Approximately 3.5 mg of each formulation was placed in a standard aluminium pan (40 pL)
with a vented lid. This was then crimped and heated from 30 to 300 °C at a scanning rate of 10
°C/min with nitrogen gas as the purge gas (DSC1 Mettler-Toledo, Switzerland). The enthalpy,
onset temperatures and melting points of the starting materials and the various formulation

were analysed using the software provided by Mettler-Toledo, Switzerland.
2.5.2. X-ray powder diffraction (XRPD)

The XRPD patterns of each formulation as well as their starting materials were scanned in
Bragg—Brentano geometry, over a scattering (Bragg, 20) angle range from 5 to 45°, in 0.02°
steps at 1.5°min! using a D2 Phaser diffractometer (Bruker AXS GmbH, Karlsruhe,
Germany) (Laity et al., 2015). Microsoft Excel was used to analyze the collected XRPD

patterns.
2.6. UV imaging and dissolution of whole dosage form
2.6.1 Calibration of the SDI12 system

This work tested a novel method of utilising the SDI2 system (Pion Inc. USA) in performing
the UV calibration of the PPN by utilizing the systems own whole dosage cell. This allowed
for the imaging of PPN from the conventional and liquisolid compacts. Two stock solutions

were prepared to a concentration of 1 mg/mL and labelled A and B using pH 6.8 phosphate
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buffer. Standards were prepared from both stocks with a concentration ranging from 100

pg/mL to 1 pg/mL.

Next, the whole dosage cell (absent of glass beads) was inserted into the SDI2. Using the data
collection software supplied, a method was devised to record each standard at the selected
wavelength of 280 nm for 10 min with a 5 min gap to allow for change of standard. The system
was blanked with pH 6.8 phosphate buffer and each standard was tested in increasing order
starting with 1 pg/mL. Figure 1a highlights how the measurement of absorbance from the
images was taken from the SDI2 system. The recorded data was further analysed using the
supplied analysis software and the calibration curve plotted using Microsoft Excel to allow the
determination of the extinction coefficient (Figure 1b). Figure 1c depicts the absorbance images
produced from the varying PPN concentration used for the calibration curve (R? value =

0.9872).
2.6.2 UV Imaging and Dissolution

A schematic of how the formulations were tested and analysed utilising the whole dosage flow
cell is indicated in Figure 2. Figure 2 also displays how the dosage form is placed inside the
whole dose cell, the direction of media (pH 6.8 phosphate buffer) flow and the measurement
zone adopted for PPN evaluation. Conventional or liquisolid compacts were mounted using a
stainless-steel wire holder and placed within the sample cell (Figure 2). The whole dosage cell
with glass beads loaded (to help reduce turbulence) was inserted and connected to the fluid
lines. The experiment was conducted using pH 6.8 phosphate buffer at a flow rate of 8.2
mL/min at 37 °C. The release of PPN was imaged over 120 min at various time points at a
wavelength of 280 nm. Drug release profiles and cumulative percentage release profiles were
determined from the absorbance data from the SDI2 system using the calibration curve

equation generated from Figure 1b and the equations 3 and 4 described:
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Concentration X 68 mL
1000

a) mass (mg) = Equation 3

mass
dose

b) Release (%) = ( ) X 100 Equation 4

The concentration was measured in pg/mL as per the calibration curve. Cumulative amount
was calculated as the sum total at each subsequent time point. It is important to note that the
volume of 68 mL is the manufacturer stated volume of the whole dosage cell, therefore this
was used to calculate the amount of drug released from the liquisolid compacts. The dose of
propranolol hydrochloride in all the manufactured compacts was 114 mg. Tablet growth
measurements were also taken using the 520 nm LED. Growth measurements are expressed as

a percentage of the starting size of the tablet.
3. RESULTS AND DISCUSSION
3.1. Solid-state analysis of starting materials and formulations

The sesamum gum was successfully extracted and characterised. The gums characterisation
has been extensively reported elsewhere (Nep et al., 2016, 2016a, 2018). In brief, sesamum is
an amorphous polymer (Figure 3a). PPN displays distinctive characteristic peaks at 2theta
angles of; 12.51°, 16.73°, 17.19°, 19.76°, 23.22°, 25.08° and 27.47° (indicated by red stars on
Figure 3a) (Bartolomei, Bertocchi, Ramusino, Santucci, & Valvo, 1999). XRPD showed the
colloidal silica to also be amorphous. The XRPD pattern for the veegum showed that the
majority of the reflections are quite broad which is consistent with small or distorted crystallites

(Figure 3a) (Laity et al., 2015).

DSC highlighted PPN to have a sharp endothermic peak with an onset of 163.1 °C, a melt at
165.8 °C (indicated by the red arrow) and an enthalpy of 271.8 mJ. The melt was consistent
with data reported by Javadzadeh et al. 2008. The colloidal silica was shown to be amorphous

in the DSC thermographs (Figure 3b). The thermal behaviour of sesamum has been reported

10
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by Nep et al. 2018. The authors observed minor weight loss of ~ 11.5 % between 50 -140 °C
using TGA analysis and DSC. This was attributed to the loss of water (adsorbed and structural
water) or desorption of moisture from the polysaccharide structure (Nep 2018; Vendruscolo et
al., 2009; Igbal et al., 2011). The other event on the sesamum DSC trace is attributed to the
polysaccharide decomposition (Zohuriaan and Shokrolahi 2004; Varma et al., 1997) between
251 and 302.3 °C. This phenomenon was confirmed using TGA analysis as a final weight loss
of ~ 54.6 % by Nep et al. 2018 with the thermal scission of carboxylate or carboxylic acid
groups resulting in the evolution of C0O. from the corresponding carbohydrate backbone being

a probable mechanism for the observations.

Figure 3c highlights that the characteristic peaks of PPN was present in all formulations
(conventional and liquisolid). Interestingly, no significant differences in the diffraction pattern
was noticed between the liquisolid formulations and their physical mixtures although F1
seemed to be the most crystalline. The DSC results (Figure 3d) showed that all formulations
tested displayed the endothermic peak for PPN (F1: onset temperature of 160 °C, melt peak of
164.7 °C and enthalpy of 72.9 mJ, F2: onset temperature of 160.7 °C, melt peak of 163.5 °C
and enthalpy of 16.93 mJ, F3: onset temperature of 160.6 °C, melt peak of 163.9 °C and
enthalpy of 22.46 mJ and F4: onset temperature of 157.3 °C, melt peak of 163.2 °C and
enthalpy of 37.3 mJ). The significant decrease in enthalpy of melt corresponds to the decrease

in crystallinity as also observed in Figure 3c.

3.2. Tablet Characterization

The conventional and liquisolid formulations tested displayed a Carr’s consolidation index of
27 to 32 indicating poor flowability. Both the physical mixtures (F2 and F3) displayed greater

tablet hardness (207.90 + 5.88 and 248.10 + 20.59 N respectively) than the liquisolid

11
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formulations F1 and F4 (15.98 = 1.96 and 8.14 + 1.96 N respectively). This is attributed to the
introduction of the liquid vehicle polysorbate 80 into the liquisolid compacts. It was also noted
that the presence of veegum in place of the colloidal silica inferred further hardness to the
conventional compacts. Laity et al., 2015 reported veegum to make hard compacts.
Interestingly, the formulations containing colloidal silica (F1 and F2) had friability values of
0.5 % whereas the formulations containing veegum did not have any friability issues. Figure 4
provides a visual assessment of how the formulations looked post tabletting. It appeared that
the physical or conventional compact (F2 and F3) experienced a large amount of mottling,
indicated by the red arrows. This could be due in part to the differing particle sizes of the
colloidal silica, PPN present and sesamum gum present. This may have also caused segregation
issues. The liquisolid compact were however very uniform looking due to their preparation

method.
3.3. Dissolution Study

UV imaging systems are known to have limited linear ranges. This was experienced during the
calibration of the whole dose system in determining the release of PPN from the produced
compacts. The calibration curve allowed for measurements of up to 1100 mAU. Some of the
images from Figure 5 therefore indicates a limitation of the instrumentation as there was a
saturation of the detector with PPN (up to 2000 mAU for the snapshot UV images taken). This
implies further differences between the formulations may therefore be minimised. The
saturation of the detector up to the 30 min time point can be attributed the drug coming off the
surfaces of the compact before initial gel formation to control drug release. This can also be
viewed as the initial burst release that can be experienced by hydrophilic matrices formulated
with very soluble drugs (Javadzadeh et al., 2008). It is also important to note that the r? value
obtained for the calibration was 0.9872 which suggests a deviation from linearity for the SDI

instrument. This suggests that there might be a degree of error with quantitative analysis. The
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SDI2 dissolution imaging system was used to perform all dissolution studies in this work.
Figure 5 a-b, displays the images recorded for the formulations containing colloidal silica. The
images appears to show qualitatively that initially, the physical mixture (F2) released a greater
amount of the drug between 1 and 30 min when compared to its liquisolid formulation
counterpart (F1). The deviation in linearity makes it difficult to view the data in a quantitative
way (Figure 6a) however, a comparison of the cumulative release profile (Figure 6b) using the
obtained calibration curve indicates that at 60 min, F2 released an average of approximately
468 pg/mL compared to an average of 361 pg/mL from the F1 compacts. This result is
supported by work completed by Javadzadeh et al., 2007 where the authors utilised polysorbate
in liquisolid formulations to delay the dissolution rate from tablet matrices. It is important to
however note that overlap of some of the standard deviations suggests that these may be similar.
The images also displayed a greater level of hydration and swelling in the liquisolid
formulation (F1) indicated by the greater tablet size (normalised and plotted in Figure 6c¢). This
may well have contributed to the lower drug release from the liquisolid compacts as the
diffusion length for the drug diffusion would have increased as a result. The ability of UV
imaging to visualise hydration and drug release simultaneously gives a unique insight in to the

dissolution process when compared to conventional non-imaging dissolution systems.

Figure 7 displays the images recorded from the formulations containing veegum. From the
images it appears that both the physical mixture (F3) and the liquisolid formulation (F4) do not
seem distinctly different although F3 seems to have slightly more intense absorbance than F4.
This was further supported by the profiles displayed in Figure 6a. Both the dissolution profiles
are very similar suggesting that the concentration of veegum used here was not as effective as
the colloidal silica at the same concentration (F1 and F2). Another interesting observation from

the images in Figure 6b was that after normalising tablet growth, the physical or conventional
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formulation compact F3 hydrated to a greater size during dissolution than its liquisolid compact

F4 (Figure 6c).

4. Conclusion

The presented work successfully formulated liquisolid dosage forms using a sesamum gum.
This work demonstrated that dissolution imaging can be used effectively in determining drug
release from liquisolid systems and providing a crucial visual aid to the formulator. This work
also explored the incorporation of the clay composite veegum into formulation of liquisolid
systems. Veegum was successfully incorporated into the liquisolid tablet as a substitute for the
colloidal silica at the ratio tested. UV imaging therefore presents a platform that can provide

insights into various dosage forms.
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Tables

Table 1. Formulation components for the conventional and liquisolid compacts.

Formulation Propranolol Sesamum Polysorbate Colloidal Veegum
code hydrochloride (g) Gum(g) 80 (Q) Silica (Q) (9)

F1 2 2.727 2 0.273 -

F2 2 2.727 - 0.273 -

F3 2 2.727 - - 0.273
F4 2 2.727 2 - 0.273
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Figure captions

Figure 1. A schematic representation of the analysis of the calibration standards using the
SDI2 whole dosage cell (a), calibration curve for propranolol hydrochloride using the SDI2
(b), associated UV images from the calibration curves (c). Wavelength used for UV analysis
was 280 nm.

Figure 2. A schematic representation of the analysis of a tablet dosage form in the SDI2
whole dosage cell showing measurement zones, direction of media flow and compact
orientation.

Figure 3. XRPD analysis of (a) propranolol hydrochloride, colloidal silica, sesamum gum and
veegum, (b) DSC thermograms of propranolol hydrochloride, colloidal silica, sesamum gum
and veegum, (c) XRPD of propranolol hydrochloride in comparison to conventional and
liquisolid formulations (F1-F4), (d) DSC of propranolol hydrochloride in comparison to
conventional and liquisolid formulations (F1-F4).

Figure 4. Photographs of formulations (F1-F4) post tabletting indicating some differences in
tablet appearance as a result of its preparation method.

Figure 5. UV images (up to 120 min) obtained from the surface dissolution imaging
instrument for a) formulation 1 (F1-liquisolid), b) formulation 2 (F2-convential or physical
mixture). Wavelength used for UV analysis was 280 nm.

Figure 6. Drug release from formulations (F1-4) from the surface dissolution instrument
(SDI2) (a), cumulative drug release formulations (F1-F4) from the SDI instrument (b), tablet
growth profiles for formulations (F1-4) measured using the bespoke software from the SDI2
instrument (c).

Figure 7. UV images (up to 120 min) obtained from the surface dissolution imaging
instrument for a) formulation 3 (F3-convential or physical mixture), b) formulation 4 (F4-
liquisolid). Wavelength used for UV analysis was 280 nm.
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