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bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm, 100
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M as a synthesis catalyst on the viscosity of CA-LBG. The aim of the tablet formulation
was to determine the effect of the application of CA-LBG as a disintegrating agent on
the physical quality of tablets. The CA-LBG was analyzed by fourier transform infrared
spectroscopy (FTIR), nuclear magnetic resonance (NMR), scanning electron
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viscosity. The tablet formulation used CA-LBG with a concentration variation of 0.5%;
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force occurs due to the character of CA-LBG which has low solubility and low viscosity.
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Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 1

Abstract

Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and
locust bean gum (LBG) using hydrochloric acid (HCl) and UV irradiation (254 nm, 100
minutes). The purpose of this study was to analyze the effect of HCI concentration 0.24 M as
a synthesis catalyst on the viscosity of CA-LBG. The aim of the tablet formulation was to
determine the effect of the application of CA-LBG as a disintegrating agent on the physical
quality of tablets. The CA-LBG was analyzed by fourier transform infrared spectroscopy
(FTIR), nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), degree of
esterification, degree of esterification, solubility, and viscosity. The tablet formulation used
CA-LBG with a concentration variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. The method of
making tablets by direct compression uses a spray dray lactose (SDL) as afiller with atablet
weight of 200 mg. Synthesis conditions using 0.24 M HCI to produce CA-LBG 9.48 cP. The
presence of CA-LBG as a disintegrating agent has variation effects to thickness, break force,
tensile strength, friability according to the concentration used. Theincreasein the concentration
of CA-LBG in tablets accelerated the disintegration of tablets without the influence of other
tablet parameters. The CA-LBG disintegration activity through repulsion between CA-LBG
deformation on the tablet when wetted with disintegration medium. The repulsion force occurs

due to the character of CA-LBG which has low solubility and low viscosity.

Keyword: CA-LBG, citric acid, locust bean gum, disintegrating agent, direct compression
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Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 2

1. Introduction

Natural polymers are a resource that can be used and developed as pharmaceutical
excipients. One of the natural polymersin pharmaceutical excipientsislocust bean gum (LBG)
which functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent,
gelling agent, etc. The LBG is a polymer that has the potential to be modified to produce new
materials as excipientsin tablet formulations (Dionisio and Grenha 2012; Dey et a. 2013; Das
et al. 2015; Sheskey, J. P., Cook, G. W., and Cable 2017). Locust bean gum isanatural polymer
that has the potential to be modified to produce new materials as excipients in tablet
formulations.

Citric Acid-Locust Bean Gum (CA-LBG) isamodified polymer synthesized from citric
acid (CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid
(HCl) as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds.
LBG consists of mannose and galactose monomer chains (4:1). The O atoms (C-6) of mannose
and galactose at LBG bind to the positive C atom of the carbonyl groups at CA. Positive C
atoms are created from the protonation of carbonyl groups under acidic conditions
(Chudzikowski 1971; Samavati et al. 2007; Tamaki et al. 2010; Dey et a. 2013; Hadinugroho
et al. 2017, 2019).

The HCI is a strong acid that is effective for creating acidic conditions (Colas 2005;
Bhattacharya et al. 2008). Variation of HCl concentration in the synthetic effect on the
character of CA-LBG. The concentration of HCI affects the rate of protonation of the carbonyl
group of CA to form apositive C atom. Increasing the concentration of HCI causes an increase
in the creation of positive C atoms. This condition increases CA binding to LBG. The
characteristics of CA-LBG are influenced by the concentration of CA bound to LBG

(Hadinugroho et al. 2019).
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Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 3

The low wavelengths of UV irradiation (200-400 nm) are a source of energy strong
enough to form chemical bonds (Tjandraatmadja et al. 1999; Santiago, E. V., Lopez, S. H. and
Romero 2006; Yeh et al. 2011). The UV irradiation for a certain duration determines the
formation of positive C atoms from the carbonyl group in CA with the O atoms (C-6) of
mannose and galactose at LBG. The results of previous studies reported that this esterification
produced a carbonyl ester group on CA-LBG which was not owned by LBG. In addition, the
study reported that CA-LBG has aviscosity of 7-11 cP (Hadinugroho et al. 2019).

The CA-LBG utilization as material synthesis products need to be studied further.
Pharmaceutical formulation is one area where CA-LBG can be used as an alternative to
pharmaceutical excipients. Previous studies have reported that CA-LBG has the potential as a
disintegrating agent for tablet dosage formulations (Hadinugroho et al. 2019).

The purpose of this study was to analyze the effect of HCl concentration 0.24 M as a
synthesis catalyst on the viscosity of CA-LBG. The aim of the tablet formulation was to
determine the effect of the application of CA-LBG as a disintegration agent on the physical
quality of tablets. The novelty of this study, the synthesis of CA-LBG uses a concentration of
HCI 0.24 M as the catalyst and UV irradiation time (100 minutes) as an energy source that
createsthe chemical bond. HCI concentrations of 0.18 M and 0.30 M were experimental control
concentrations to determine the success of the synthesis and characterization of CA-LBG. The
CA-LBG experiment as a disintegrating agent was further studied with various concentrations.
Sodium starch glycolate (SSG) and croscarmellose sodium (CS) were comparable
disintegrating agents to study the disintegration activity of CA-LBG. SSG and CS are tablet
disintegrating agents that are often used in tablet formulations because both ableto swell in the
disintegrating medium in afast time. The rounded shape with the smooth surface of the SSG
and the shape of the root with the corrugated surface of the CS can affect the tablet quality

(Markl and Zeitler 2017; Sheskey, J. P., Cook, G. W., and Cable 2017). The experiment was
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Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 4

conducted to determine the potential for the disintegration of CA-LBG in tablet formulations

as an aternative choice of disintegrating agent to be developed in the future.

2. Material and methods
2.1. Raw materials and chemicals

Materials needed in this study werelocust bean gum (Viscogum, Cargill, France), citric
acid monohydrate (Merck KgaA, Darmstadt, Germany), hydrochloric acid (Sigma-Aldrich,
GmbH, USA), acetone (Cawan Anugerah Chemika, Indonesia), sodium starch glycolate (JRS
Pharma, India), croscarmellose sodium (FMC Biopolymer, USA), spray dried lactose
(Foremost Farms, USA), diclofenac sodium (Dwilab Mandiri, Indonesia), sterilized water for

injection (Otsuka, Indonesia), and distilled water (Brataco Chemical, Indonesia).

2.2. Preparation of CA-LBG

The swollen LBG in aglass bowl (7.10 10° Molar LBG / 50 mL distilled water 55-60
°C) added CA (0.42 Molar) and HCI (0.18; 0.24; 0.30 Molar) (Table 1). The mixturewas stirred
for 10 minutes. The mixture was irradiated with UV 254 nm (100 minutes) (8-watt shortwave
CH-4132 Muttenz, Camag, Switzerland). The wet CA-LBG was precipitated with acetone and
washed with acetone-distilled water (1:1). The solid CA-LBG is dried at ambient temperature
(Hadinugroho et al. 2017).

Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG performed was fourier transform infrared spectroscopy (FTIR)
and nuclear magnetic resonance (NMR), scanning electron microscope (SEM), degree of

esterification, solubility, and viscosity.
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2.3. Fourier transform infrared spectroscopy
The structure and the functional group of CA-LBG were anayzed by Fourier transform
infrared spectroscopy (UATR Perkin Elmer Spectrum Version 10.4.3.) in the wavenumber

range of 4000-450 cmt spectra were recorded.

2.4. Nuclear magnetic resonance
The 'H and *C NMR of CA-LBG was analyzed by liquid state NMR spectroscopy
(JEOL RESONANCE ECZ 500R Japan). The CA-LBG (5-15 mg) was stirred for 45 minutes.

The filtrate was placed in the glass tube and spectra were recorded.

2.5. Scanning electron microscope
The surface morphology of CA-LBG was analyzed using SEM (JSM-6510LA, JEOL,
Japan). The CA-LBG was mounted on aholder, coated by platinum, and observed (distance 10

mm and voltagel0 kV).

2.6. Degree of esterification

The determination of the degree of esterification follows the experimental equation that
has been done previously (Hadinugroho et al. 2019). Acetone solution and acetone-distilled
water to precipitate and wash the acidic CA-LBG mass comes from unreacted HC| and CA.
The concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant
which had been standardized using oxalic acid. The dissolved acid concentration (mEQq) was
analyzed by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group

weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
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compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar). The degree of
esterification is determined by comparing the carboxylate group in the reacting CA (Molar)
and the carboxylate group at the initial CA (Molar) and calculated according to Equation 3
(Hadinugroho et al. 2019).

Dissolved CA (mEQ).

dissolved CA [mEq] = dissolved acid[mEq)] — dissolved HCl[meq] Equation 1
Weight CA reacting (gram)

W CAreacting = W initial CA — W dissolved CA Equation 2

Degree of esterification

__carboxylic group on the CA reacting [Molar]

. . . 0 0 M
Degree of esterification [%] = carboxylic group on the CA initial [Molar] x 100 % Equation 3

2.7. Solubility study

Solubility was determined by 0.5 g CA-LBG added 50 mL distilled water and alowed
to stand for 24 h (Wd). Then, the filtrate was separated from the swollen sample. The filtrate
was dried on awater bath at 70 ° C and reweighed (Wds) on a microbalance (Mettler Toledo
AL204, Switzerland). The solubility of the CA-LBG was analyzed according to Equation 4:
Solubility (%) = Wds/Wd x 100 Equation 4
where Wds and Wd are soluble weight and initial weight (dry weight respectively) (Gulrez et

a. 2011).

2.8. Viscosity
The CA-LBG viscosity test using a viscometer (Brookfield LVDV-l Prime,

Middleboro, MA, USA). The CA-LBG (3% w/v) was swelled in 300 mL of warm distilled
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water and left at ambient temperature. Spindle no. S61 was installed on Brookfield. Viscosity

was recorded when Brookfield was rotated at 100 rpm.

2.9. Preparation of tablets

Preparation of tablets begins with weighing the ingredients according to the formula
(Table 1). Preparation of tablets by direct compress was prepared by mixing homogeneous
SDL and CA-LBG/ SSG/ CSusing acubic mixer (2 minutes, 100 rpm) (Erweka). The physical
quality of tablet masswas evaluated for flowability and compressibility. The mass of the tablets
was compressed with aweight of 200 mg per tablet using a single punch machine (Jenn Chian
Machinery, Taiwan). The physical quality of the tablets was evaluated for thickness, weight,

break force, tensile strength, friability, and disintegration time.

2.10. Flowability
Tablet mass (100 g) was placed in a funnel hole on a flowability tester (Erweka,
Germany). When the funnel valve is opened, tablet mass flows. Flow time can be observed on

the flowability tester monitor.

2.11. Compressibility

Tablet mass was poured into a measuring tube (100 mL, angle = 40° ) whose weight
was known. The filled measuring tube is weighed, placed on a tapped density volumeter
apparatus (Erweka, Germany), and tapped (500 taps). Weight and volume of tablet mass
(before and after tapped) were recorded to determine the bulk density and the tapped density.
Tablet mass versus volume before tapped is bulk density. Granule weight/tablet mass versus

volume after tapped is the tapped density. The compressibility index is the difference between
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Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 8

tapped density and bulk density versus tapped density (Equation 5) (Michael E. Aulton and

Kevin M. G. Taylor 2017).

tapped density—bulk density

compressibility index (%) = x 100% Equation 5

tapped density

2.12. Weight and thickness
Tablet weight and thickness were determined using 20 randomly sel ected tablets. Each
tablet was weighed using an analytical weighing scale (Mettler Toledo, Switzerland) and

thickness was accurately measured using a thickness gauge (Mitutoyo 7301, Japan).

2.13. Break force and tensile strength

Tablet break force (BF) was determined using 6 randomly selected tablets (The United
States Pharmacopeial Convention 2018). The tablet is placed on the break force tester plate
(Schleuniger, Netherlands). The metal block moves towards the tablet and presses until the
tablet cracks/breaks. The tablet break force value is determined from the start of cracks/breaks,
indicated on the monitor.

The strength of the tablet against mechanical stressis determined specifically using the
tensile strength parameter according to the shape of the convex tablet. Tensile strength (ot) is

calculated following Equation 6 (Pitt et a. 1989; Shang et al. 2013).

10F
D2 (2.84(5)—0.126(;) +3.15(%)+0.001)

ot = Equation 6

F isthe break force, D is the diameter of the tablet, t is the tota thickness of the tablet, and W

is the thickness of the center of the tablet without convex.
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2.14. Friability

Tablet friability was determined using a randomly selected number of tablets with a
total tablet weight equal to 6500 mg (The United States Pharmacopeia Convention 2018). Each
tablet was dust-free and the total weight of all tablets was determined (WO0). All tablets were
put into a drum friability tester (Erweka, Germany) and rotated for 4 minutes (25 rpm). After
being removed from the drum, each tablet was dust-free and weighed again (W1). Thefriability
of the tablet is the difference in the total weight of the tablet before and after rotated compared

to the weight before rotated (Equation 7).

wo-wi
wo

friability (%) = 100% Equation 7
2.15. Disintegration time

Tablet disintegration time was determined using 6 tablets randomly selected from 18
previously randomly selected tablets (The United States Pharmacopeia Convention 2018).
Each tablet was inserted into each tube in the chamber disintegration tester apparatus (Erweka
Z3, Germany). The chamber is up-down in a ditilled water bath (37° C; 900 mL). The
disintegration time was determined from the longest time required for the tube net to be free of

tablet fragments.

2.16. Dissolution

The experiment was prepared using a tablet mass added with diclofenac sodium as a
model active ingredient. Each tablet contains 50 mg of diclofenac sodium to be compressed to
aweight of 250 mg (Uday Kumar and Babu 2014; Hammami et al. 2020). Dissolution using
phosphate buffer medium pH 6.8 (900 mL; 37 + 0.5° C; 50 rpm) for 60 minutes using the
paddie method (Electrolab TDT-08L, India) (Zupancic Bozi¢ et al. 1997; Bertocchi et al. 2005).

Therelease of ketoprofen was sampled and observed at 5, 15, 30, 45, and 60 minutes. Analysis
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of dissolved diclofenac sodium concentration using a UV -vis spectrophotometer (Hitachi U-

1900, Japan) at awavelength of 276 nm (Ghasemi et a. 2005; Gouda et al. 2013).

3. Result and discussion
3.1. Mechanism of the CA-LBG synthesis reaction

In the synthesis of CA-LBG, the acidity of HCI could be induced protonation of O
atoms from the carbonyl group of citric acid and created positive C atoms. The hydroxyl (OH)
group of C-6 at mannose and galactose atoms reacts with the protonated citric acid carbonyl
group to create a tetrahedral cation. Protonated OH (*OH>) oxygen groups with H2O loss to
form CA-LBG. UV irradiation is the energy source to create bonds between positive C atoms
from carboxylic groups and O atoms of C-6 at mannose and galactose (Hadinugroho et al.

2017, 2019). The schematic and details of the synthesis are shown in Figure 1 and Table 1.

3.2. Fourier transforminfrared spectroscopy

Theresults of the CA-LBG and LBG infrared analysis are shown in Figure 2 and Table
1. The stretch peaks appear at 3268.19 cmt; 3291.84 cm™: 3304.40 cm't; and 3337.34 cmt are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose. Sharp peaks appear
at 2920.60 cmt; 2923.35 cm?, 2923.56 cmY; and 2923.35 cmt are related to C-H bonds of CA
and LBG. In CA-LBG, the sharp peak comes from C-H symmetricaly of CA (Coates 2006).
The sharp peak of CA-LBG appeared at 1739.22 cm®; 1736.39 cm®; and 1735.85 cm™ are
related to the carbonyl ester group that was produced from the synthesis reaction. The carbonyl
ester group is created by the bond between the positive C atom of the protonated carbonyl
group in CA and the O atom of C-6 at mannose and galactose in LBG. In a previous study, the

OH group appeared around 3300 cmt. C-H appears around 2900 cm, and C=0 appears
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around 1750-1735 cmi(Hadinugroho et al. 2019). This shows the success of the synthesis and

continued by NMR confirmation.

3.3. Nuclear magnetic resonance

The NMR examination was carried out only in one of the experimental conditions
(batch B) due to the resulting CA-LBG will be used as a disintegrating agent in the tablet
dosage forms. NMR examination of the two other conditions has been confirmed in previous
studies (Hadinugroho et a. 2017, 2019).

The results of the CA-LBG NMR analysis are shown in Figure 3. In the 'H NMR
spectrum of CA, a pair of twin peaks at 6 = 3.088 ppm and 6 = 3.056 ppm, & = 2.906 and ppm,
& = 2.875 ppm shows the presence of CA at LBG. The peak is from C-H: (e) in CA. Sharp
peaks of 4.148-3.587 ppm from mannose and galactose in LBG. Previous studies reported that
a pair of CA twin peaks appear around 6 = 2.7-3.0 ppm. Sharp peaks from mannose and
galactose appear around 4.5-3.0 ppm (Hadinugroho et al. 2017, 2019).

In the 3C NMR spectrum of CA-LBG, peaks at § = 176.790 ppm and & = 173.459 ppm
arerelated to C = O (b,c) resulting from the synthesis reaction. The peak at & = 73.325 ppm is
related to the central C atom of CA (a). The peak at 6 = 43.349 ppm is related to C-Ho (d) of
CA. The peaks at 6 = 100.192 ppm, & = 100.000 ppm, & = 75.072 ppm and & = 71.453 ppm are
related to C-H and C-Hy at mannose. The peaks at 6 = 69,985 ppm, 6 = 61.260 ppm, & =61.010
ppm, 6 = 60.559 ppm are related to C-H and C-H> at mannose and galactose. Previous studies
reported that the C=O group appeared at 6 = 180-170 ppm, the central C atom appeared at 6 =
80-70 ppm, C-H and C-H2 appeared at 6 = 44-43 ppm (Jans and Kinne 1991; Doll et al. 2006;
Zhang et al. 2016; Hadinugroho et a. 2019). The peak absorption of mannose and galactose
appears at 6 = 105-60 ppm (Parvathy et al. 2005; Azero and Andrade 2006; Bhatia et al. 2013;

Gillet et al. 2014; Hadinugroho et al. 2019). This shows the success of the synthesis.
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3.4. Scanning el ectron microscopy

The SEM images of CA-LBG (Batch B) are shown in Figure 4. In magnification100x,
particles of CA-LBG appear in an irregular shape. In magnification 3500x, particles CA-LBG
have the surface morphology of CA-LBG appear coral-corrugated. Based on previous
experiments, LBG has a corrugated morphology and CA creates coral morphology
(Hadinugroho et a. 2019). The LBG particles have a shape coral- corrugated indicates

available interaction with CA with LBG and successful synthesis.

3.5. Degree of esterification

The degree of esterification of CA-LBG for all batches is shown in Table 1. The high
concentration of HCl under synthesis conditions increases the degree of esterification due to
the high amount of CA bound to LBG. The HCI increasesthe acidity of the synthesis conditions
to protonate the O atom from the carbonyl group and creates apositive C atom, thereby causing
CA to bind to LBG. The CA-LBG batch A to batch C shows the higher the degree of
esterification in proportion to the increase in the concentration of HCl because the protonation
of the O atom from the carbonyl group and the formation of a positive C atom is faster. This
condition accelerates creates bonds between positive C atoms from carboxylic groups and O

atoms of C-6 at mannose and galactose.

3.6. Solubility

The solubility of CA-LBG for each synthesis condition is shown in Table 1. The CA-
LBG of batch A to batch B presents the solubility decreasing in proportion to the increasing
degree of esterification. The more CA molecules bound to the LBG produce CA-LBG with

stable ester bonds. Bonds of positive C atoms from carboxylic groups and O atoms of C-6 at
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mannose and gal actose decrease the ability of CA-LBG to interact with distilled water. In this

condition, CA-LBG particles are difficult to wet so inhibit solubility in distilled water.

3.7. Viscosity

Theviscosity of CA-LBG for each batch isshown in Table 1. LBG has ahigh viscosity,
but the presence of excess CA can reduce the viscosity. The viscosity of CA-LBG from batch
A to batch B decreased in proportion to the increasing degree of esterification. The carbonyl
ester groups formed from the bonding of positive C atoms from carboxylate groups with O
atoms of C-6 in mannose and gal actose reduce the ability of CA-LBG to trap distilled water so

viscosity decreases.

3.8. Flowability

The results of the flowability study on all tablet mass formulas containing CA-LBG
showed that an increase in the concentration of CA-LBG increased the flow time of tablet mass
(Table 2) because influenced by theirregul ar shape of particles and the surface like cora inhibit
the flow of mass tablet (Figure 5). The CL-1 formula has the fastest flow time due to the
influence of the spherical shape of the SDL granules to dominate the flowability athough CA-
LBG is present in the tablet mass (Sheskey, J. P., Cook, G. W., and Cable 2017). The formula
containing SSG and CS showed an increase in concentration cause increased flow time tablet
mass. SSG particles are rounded and have a smooth surface, should be able to rate up the flow
time but SSG particles are aso hygroscopic, thus inhibiting the flow time of tablet mass
(Sheskey, J. P., Cook, G. W., and Cable 2017). The CS particles are rod-shaped with a
corrugated surface, which at high concentrations can inhibit the flow of tablets mass (Sheskey,

J. P., Cook, G. W., and Cable 2017). According to the flow time requirements, all tablet mass
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formulas containing a variety of disintegrating agents meet the requirements is 100 g tablet
mass can flow in less than 10 seconds (Szumilo et a. 2017).

The effect of the presence of various disintegrating agents on the tablet massis shown
in Figure 5, which is a plot between the concentration of the disintegrating agent and the flow
rate [g sY. In general, the tablet profile containing CA-LBG the most slope of flow rate
although the CA-LBG concentration was increasing. In addition, the decrease in flow rate of
tablet mass with ahigh concentration of CA-LBG is proportional to the flow rate of tablet mass
containing high concentrations of SSG and CS. This case is because the particle surface of CA-
LBG like coral can fill each other with a porosity of SDL surface (Sheskey, J. P., Cook, G. W.,
and Cable 2017). The sharp decrease in the profile of tablet mass containing CS at low
concentrations (CS-1) indicates that the flow rate is more influenced by the spherical shape of
the SDL granules so accelerate the flow, while at higher concentrations (CS-2) the root shape
and corrugated surfaces of the CS particles begin to inhibit the flow. The flow rate profile of
tablet mass containing SSG at low concentrations (SSG-1) is more slope than the tablet mass
containing CS at the same concentration (CS-1) because the hygroscopicity of SSG particles
inhibits the flow of tablet mass. The hygroscopic effect of SSG particles at higher
concentrations (SSG-2 to SSG-6) can be overcome by the rounded shape and smooth surface

of the SSG particles so that the decrease flow rate is more slope.

3.9. Compressibility

The tablet mass density evaluation results on all tablet mass formulas containing CA-
LBG or SSG showed that increasing the concentration of the disintegrating agent increased the
value of prapped-pouik (Table 2), dueto theinfluence of the shape and surface of the disintegrating
agent particles. The initial composition of the tablet mass was SDL granules arranged

randomly, the porosity between the SDL granuleswasfilled with disintegrating agent particles.
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The CA-LBG particles which have an irregular shape and a coral-like surface are
randomly arranged on the porosity between the SDL granules according to the shape and area
of the porosity between theinitial particles. The volume decrease during the tapping was caused
by the movement of SDL granules and CA-LBG particles. The CA-LBG particle corners fill
each other surface porosity between particles and SDL granule surface porosity. In the CL-1
and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated by the effect
of the density arrangement between SDL granules and the area of porosity that could
accommodate all CA-LBG particles. The volume decrease in the tapping of the formula with
the higher CA-LBG concentration causes the porosity between the SDL granules to be wider
because the CA-LBG particles surround the SDL granules tightly.

The rounded shape and smooth surface of the SSG particles give a tablet mass
arrangement with more regular porosity than the CA-LBG particles. The smooth surface of
SSG particles causes movement of SDL granules / SSG particles and decreases in volume
during tapping so that the porosity narrows and SSG particles fill the porosity of the SDL
granule surface. Formulas containing CS have a different value of ptapped-pouik from formulas
containing other disintegrating agents, namely the increasing the concentration of CS, the
lowering the value of ptapped-pbuik. The rod-shape and corrugated surface of the CS particles
envelop according to the SDL granule shape in layers and has a narrow porosity. The surface
of the CS particles decreases the ability of the particles to move and the volume decreases on
tapping because the surface corrugated of the CS particles will interlock with other CS
particles.

The results of the density evaluation are further confirmed by the compressibility
profile shown in Figure 6, where increasing the concentration of the disintegrating agent
increases the mass compressibility of tablets containing CA-LBG / SSG and decreases the mass

compressibility of tablets containing CS. The mass compressibility of tablets containing CA-
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LBG was dlightly lower than the mass of tablets containing SSG because the angles of CA-
LBG particles fill each other surface porosity between particles and SDL granule surface

porosity.

3.10. Weight and thickness

All tablet masses contain a variety of disintegrating agents and their concentration is
compressed into tablets and according to weight is around 200 mg (Table 2), which shows that
all tablet masses are able to flow freely from the hopper and fill the dies space in the tablet
compressing machine. This condition is in accordance with the results of the evaluation of
flowability and compressibility.

The variation in tablet thickness from the mass of tablets containing various
disintegrating agents is influenced by the arrangement, shape, and surface of the SDL granule
or the disintegrating agent particle so that when compression is applied produced deformation
of the granule/particle, bond interlocking, and narrowing the porosity between deformations.
Theirregular shape and coral-like surface of the CA-LBG particles provide an opportunity for
the particle cornersto fill each other with the SDL particle/granul e surface porosity so the tabl et
mass is compressed to produce a low-porosity tablet. The rounded shape and smooth surface
of the SSG particles produce tablets with a regular form of porosity. The root shape and
corrugated surface of the CS particles provide an opportunity to interlock between the particles
and the corrugated surface so the tablet mass is compressed to produce a low-porosity tablet.

The CL-1tablet isthicker even though the number of CA-LBG particlesislessthan the
CL-2 tablet becausethe CA-LBG particlestend to fill the porosity of the SDL granules surface.
In the CL-2 tablet, CA-LBG particles fill the surface porosity of SDL granules and porosity
between SDL granules. The number of SDL granules of CL-2 tablet mass reduces so that

produces a thinner tablet. The CL-3 and CL-4 tablets are thicker than the other CL tablets
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because the CA-LBG particles surround the SDL granules so that the volume is high and when
the tablet mass is compressed into thick tablets. The CL-4 tablet is thicker than the CL-3 tabl et
due to the increasing number of CA-LBG particles resulting in a wider area surrounding the
SDL granules. The number of CA-LBG particles in the CL-5 and CL-6 formula tablets is
increasing so the area of the CA-LBG particles surrounding the SDL granulesiswider, but the
porosity between the CA-LBG particlesis narrow so that the mass of the tabletsis compressed
to produce a thinner tablet. The CL-6 tablet is thicker than the CL-5 tablet because the CA-
LBG particle area surrounding the SDL granulesis wider.

The SSG-1 tablet is thicker than other SSG tablets because SSG particles fill the
porosity of the SDL granules surface so, with the highest number of granules, the tablet mass
is compressed to produce thick tablets. Tablet mass of SSG-2 and SSG-3 show the number of
SSG particlesisincreasing and the number of SDL granulesis decreasing. The SSG particles
in the SSG-2 tablet massfilled the surface porosity of the SDL granules and the dense porosity
of the SDL granules. The SSG-3 tablet mass shows the number of SDL granules was reduced
so the mass of the tablets was compressed to produce a thinner tablet. The tablet mass of SSG-
4 to SSG-6 contains more SSG particles and surrounds the decreasing SDL granules. The SSG-
5 tablet is thicker than the SSG-4 tablet because the SSG deformation area surrounding the
SDL deformation is wider. The SSG-6 tablet contained more SSG surrounding the SDL
deformation with the areaiswider. The SSG-6 tablet thicknessis similar to SSG-5 because the
number of SDL deformation in the tablet massis reduced.

The thickness of the CS-1 tablet was dominated by the effect filling of CS particles on
porosity SDL granules surface so when compressed the tablet mass experienced deformation
with porosity varying of shapesand areas. Thetablet of CS-2 to CS-4 contain more CS particles
and fewer SDL granules. The increasing number of CS particles formed the interlocking

deformation between the particles and enveloped the SDL granules so that produce thicker
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tablets with narrow porosity but in large numbers. The greater the number of CS particles, the
wider the enveloping and interlocking area of the CS particles, resulting in athicker tablet. The
thickness of the CS-5 and CS-6 formula tablets was dominated by the increase in the number
of CS particles. CS particlesin the CS-5 tablet mass forming long interlocking on surrounding
SDL granules. The tablet mass contains limited SDL granules so produce thin tablets when
compressed. The CS-6 tablet is thicker than the CS-5 tablet because the interlocking area

enveloping the SDL granule iswider.

3.11. Break force and tensile strength

Evaluation of tablet resistance to mechanical stress is measured by the BF value and
shown in Table 2. The resistance of the CL-1 tablet is influenced by the dominance of SDL
granulesinterlocking bonds when compressed to result in deformation with awide porosity so
that the tablets have alow resistance to mechanical stress. The BF value of the CL-2 tablet is
higher than CL-1tablet because the number of CA-LBG particles is more and fills the dense
porosity between SDL granules so when compressed the interlocking bonds are stronger and
the porosity is narrower. The CL-3 tablet shows the highest BF value than other CL tablets
because the deformation of CA-LBG particles around the SDL granule when compressed is
able to form interlocking bonds with narrow porosity so that the thick tablet and resistant to
mechanical stress. In addition, the corners of the CA-LBG particles fill the surface porosity
between the CA-LBG particles and the SDL granule surface porosity so strengthening the
interlocking bond. The CL-4 to CL-6 tablets have a smilar mechanism as the CL-3 formula
tablets, but the number of CA-LBG particlesisincreasing and SDL granules are decreasing so
that when compressed, produce tablets with a lot of narrow porosity and a decrease in tablet

resistance to mechanical stress. The tablet of CL-5 and CL-6 show similar BF values due to



O©CoO~NOOOUTA,WNPE

OO UIVIVIUUIUICNUVUVIUADNRNDRNDRNDRARARNARNDNWWWWWWWWWWRNRNNNNNNNNNRRPRPRRPRRERRRERPE
ORWNPRPOOONOTROMNROOONOURWNRPOOONOUIRWNRPOOO~NOURNWNROOONOURNWNERO

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 19

the CL-6 tablet, athough the interlocking bonds between particles are more dominant with the
number of narrow porosity increases.

The SSG particlesin the SSG-1tablet massfill the surface porosity of the SDL granules
S0 inducing the granules to be slightly moist and the interlocking bonds between the SDL
deformation are weaker. In addition, SDL granules after being compressed produce wide
porosity deformation. The resistance of the SSG-2 tablet is higher than the SSG-1 tablet
because the narrow porosity between the SDL granulesisfilled with SSG particles so that the
mass of the granules is compressed resulting in a narrower porosity deformation. The SSG-3
tablet shows the strongest resistance than other tablets because SSG particles surround SDL
granules when compressed able to form deformation interlocking bonds with narrow and
regular porosity so tablets are resistant to mechanical stress. SSG-4 to SSG-6 tablets have a
similar mechanism to SSG-3 tablets, but the number of SSG particles is increasing and SDL
granules are decreasing so the mass of SSG-5 and SSG 6 when compressed produces tablets
with more narrow porosity and decrease in the resistance of the tablet to mechanical stress. In
addition, the slightly hygroscopic character of SSG particles decreased the resistance of tablets
shown in the SSG-4 tabl et because the deformation interlocking bonds of SSG particles around
the SDL granules were weak.

The little number of CS particlesin the CS-1 tablet tends to fill the porosity of the SDL
granules. When compressed, the interlocking bond is dominated by SDL deformation with
wide porosity so the resistance of the tablets to mechanical stressisweak. The CS-2 tablet has
asimilar mechanism to the CS-1 tabl et but the porosity between the SDL granulesisfilled with
CS particles so produces a tablet with narrower porosity and is more resistant to mechanical
pressure. The CS-3 tablet has a similar mechanism to the CS-2 tablet but the number of CS
particlesis more so the CS particles form interlocking between particles and envelop the SDL

granules. When compressed, the enveloping CS particles form an interlocking bond



O©CoO~NOOOUTA,WNPE

OO UIVIVIUUIUICNUVUVIUADNRNDRNDRNDRARARNARNDNWWWWWWWWWWRNRNNNNNNNNNRRPRPRRPRRERRRERPE
ORWNPRPOOONOTROMNROOONOURWNRPOOONOUIRWNRPOOO~NOURNWNROOONOURNWNERO

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 20

deformation with a narrow and large porosity so the tablet surface resistance is weak. In the
CS-4 tablet, the interlocking CS particles to envelope the SDL granules and a wider area so
produce tablets with interlocking narrow porosity and strong surface to withstand mechanical
stress. The CS-5 and CS-6 tablets have a similar mechanism to the CS-4 tabl ets but the number
of CS particlesisincreasing and the SDL granules are decreasing. In CS-5 tablet, reduced SDL
granules have an impact on tablet resistance because SDL granules serve as a foundation to
withstand the mechanical stress exerted on the tablet surface. In CS-6 tablet, the foundation of
tablet resistance to mechanical stressis controlled more by the interlocking bonds between CS
particles after being compressed so that the tablets are stronger than the CS-5 tabl et.

The BF value was further confirmed by the tensile strength parameter to determine the
comparison between tablets contain disintegrating agent variation according to the
concentration in the experiment (Figure 7). The tensile strength profile of CA-LBG tablets is
similar to that of SSG tablets due to the influence of the particle shape of CA-LBG and SSG.
The irregular shape and coral surface of the CA-LBG particles produce tablets with strong
deformation interlocking bonds. The tensile strength intensity of CA-LBG tabletsis similar to
that of SSG tablets showing a deformation interlocking bond that can adjust the concentration
used in the tablets. In the experiment, the peak tensile strength of CA-LBG tablets and SSG
tablets was a concentration of 2% while CS tablets was a concentration of 4%. This
concentration is the optimum condition for forming tablets with the most stable interlocking

deformation bonds against mechanical stress.

3.12. Friability
Evaluation of tablet resistance to mechanica movement is measured by friability
parameters and is shown in Table 2. The friability of the CL-1 tablet isinfluenced by the low

BF value due to the interlocking bond of SDL deformation with wide porosity so that SDL
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deformation on the tablet surface releases particles when subjected to mechanical movement.
In addition, the CA-LBG particles on the tablet surface were aso released. The CL-2 tablet is
more friable than the CL-1 tablet although the BF value is higher because the number of CA-
LBG particles on the surface of the tablet is more so more particles are released when subject
to mechanical movement. The CL-3 to CL-6 tablets showed atendency to decreasein friability
although the BF value was lower because of a strong interlocking bond on the deformation of
granules and particles, so reducing the release of tablet surface particles when subjected to
mechanical movement. The CL-6 tablet ismorefriablethan the CL-5 tabl et because the number
of SDL deformation decreases so that the foundation to withstand mechanical movementsis
reduced.

The SSG-1 tablet isthe most friable than SSG other tabl ets because of thelow BF value
due to SDL deformation interlocking bonds with wide porosity so that the tablet surface
releases lactose and SSG particles when subjected to mechanical movement. The decrease in
the friability of the SSG-2 and SSG-3 tablets proportional to the higher BF value indicates a
strong interlocking bond from the deformation of granules and particles so resistant to
mechanical movement. The friability of the SSG-4 to SSG-6 tabl ets tends to decrease because
the strength of the interlocking bonding of SSG deformation is able to withstand mechanical
movements. The SSG-6 tablet is more friable than the SSG-5 tablet because the number of
SDL deformation is reduced so the foundation to withstand mechanical movementsis reduced.

The CS-1 tablet is the most friable than the other CS tablets because the SDL
deformation interlocking bond dominates with a wide porosity so the lactose and CS particles
on the surface are released when subject to mechanical movement. The friability of the CS-2
and CS-3 tabletsincreased proportionally to the BF values of thetwo tablet formulas decreased.
The more SSG deformation interlocking bonds, the stronger the tablet withstands mechanical

movements. The friability of the CS-4 to CS-6 tablets proportional to the BF value and tends
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to decrease. The CS deformation on the tablet surface has a strong interlocking bond to
withstand mechanical movements. The CS-6 tablet is more friable than the CS-5 tabl et because
of the reduced deformation of SDL as a foundation to resist mechanical movements.

The comparison of the effect of the presence of the disintegrating agent in each tablet
formulato friability according to the concentration in the experiment is shown in Figure 8. The
friability profile of the three CA-LBG tablets is similar but different at the peak of each
disintegrating agent (CA-LBG 1%; CS 2%; SSG 4%). These peaks indicate that the tablet
surface has bonds weakly of interlocking deformation and less stable to mechanical
movements. The friability value before the peak concentration was also influenced by the
release of particles from the SDL deformation, while after the peak concentration was
influenced by the quality of the interlocking bond of deformation particles on the tablet surface
so resistant to mechanical motion. CA-LBG tablets are more friable than other tablets due to
the influence of the coral surface on the particles which tend to be friable when the porosity is
not filled with other particles. The high friability profile of CA-LBG tablets appears at low
concentrations because the surface porosity of the CA-LBG particles is not filled due to the
limited number of CA-LBG particles. In addition, the irregularly shaped CA-LBG particles

causing the porosity of tablets were number and wide.

3.13. Disintegration time

The evaluation of tablet disintegration rates for all formulas with various disintegrating
agents and concentrations is shown in Table 2. The disintegration of tablets containing CA-
LBG showed a fast disintegration time proportional to the increasing concentration of CA-
LBG. The value of BF and friability do not affect the function of the CA-LBG to disintegrate
the tablet. The irregular particle shape and the corrugated surface of the CA-LBG particles

resulted in atablet with porosity for penetration of the disintegrating medium (Figure 4). The
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deformation porosity of CA-LBG formed on the tablet is proportional to the CA-LBG
concentration in the tablet formula. The porosity of alarge number on the tablet cause increases
the channel for penetration of the disintegrating medium so that the tablet is disintegrating. The
CA-LBG isan ester excipient that has low viscosity and low solubility in water (Table 1). This
characteristic causes a repulsive force between deformations of CA-LBG on tablets when wet
by disintegration medium. The repulsion force increases in proportion to the CA-LBG
concentration in the tablet formula. The repulsive force between the CA-LBG deformations
causes the tabl ets to disintegrate.

Tablets containing SSG showed that SSG concentration, BF value, and friability were
influenced the disintegration time. The speed of tablet disintegration timeis proportional to the
increasing SSG concentration shown in the SSG-1 to SSG-4 tablets. Deformation of SSG in
tablets attracts disintegration medium so SSG deformation swells and pushes deformation of
other granules and particles to move away from each other so that the tablet is disintegrating.
SSG-5 and SSG-6 tablets show the resistance of the tablets to pressure and mechanical
movements affect the speed of disintegration. Increased BF value and low tablet friability
caused long tablet disintegration time due to the strong interlocking bond between the
deformation of granule or particle, thus inhibiting tablet disintegration.

Tablets containing CS showed an increase in CS concentration causing the
disintegration time to rapidly. The resistance of tablets indicated by BF value and friability did
not affect the function of CS as atablet disintegrating agent. Tablets containing CS attracts the
disintegrating medium for penetration into the tabl et so that the CS deformation swell and push
deformation around. The more the CS deformation swell, the faster the tablet integrates.

The comparison of the ability of the disintegrating agent in each tablet formula
according to the concentration in the experiment is shown in Figure 9. The time profile for the

disintegration of CA-LBG tabletsis similar to that of CS tablets because the two disintegrating
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agents perform their function not influenced by the quality of other tablets so that the increase
in concentration is proportiona to the increase in disintegration speed. tablet. In contrast to
SSG tablets, the disintegration time is also influenced by the hardness and friability of the
tablets, thus inhibiting the disintegration process in tablets with SSG concentrations of 8% and
12%. The disintegration time profile of CA-LBG tabletsislonger than CS tabl ets because low
solubility of CA-LBG so that the wetting time of CA-LBG tablets is longer and inhibits

integration.

3.14. Dissolution

Experiments to study drug release from the dosage form were carried out using tablets
of 1%, 2%, and 4% concentrations of each disintegrating agent. The effect of the disintegrating
agent on the release of diclofenac sodium from the tablet is presented in Figure 10. The
dissolution profile of the tablets containing CA-LBG showed that the release of diclofenac
sodium from the tablets appeared to be different at 5 and 15 minutes. The higher the CA-LBG
concentration on the cause tablet more rapidly disintegrates and releases more diclofenac
sodium. All tablets with each concentration of CA-LBG meet the requirements for releasing
diclofenac sodium (Directorate General of Medicine and Food 1995).

Comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11). Tablets containing CA-
LBG showed a slower release of diclofenac sodium than tablets containing SSG and CS
because of the gradual release at 5 and 15 minutes. The low solubility of CA-LBG inhibits the
wetting of the tablets for disintegration thus inhibiting the solubility of diclofenac sodium in

the dissol ution medium.
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4. Conclusion

Synthesis conditions using 0.24 M HCI to produce CA-LBG 9.48 cP. Increasing the
concentration of HCI in the synthesis causes a decrease in the viscosity of CA-LBG due to an
increase in CA molecules bound to LBG. The presence of CA-LBG as a disintegrating agent
has variation effects to thickness, break force, tensile strength, friability according to the
concentration used. In addition, increasing the concentration of CA-LBG in the tablet mass
decreased the flow rate and increased the compressibility. The increase in the concentration of
CA-LBG intablets accelerated the disintegration of tablets without the influence of other tablet
parameters. The CA-LBG disintegration activity through repulsion between CA-LBG
deformation on the tablet when wetted with disintegration medium. The repulsion force occurs

due to the character of CA-LBG which has low solubility and low viscosity.
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Figure 1. CA-LBG production mechanism. Synthesis of CA-LBG was carried out by adding
0.42M CA to 7.10 x 10-6 M LBG which had swollen. The mixture was added with HCI (0.18-

0.42 M) and UV irradiated (100 minutes).
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Figure 2. FTIR spectrum of LBG and CA-LBG. LBG as a comparison is shown in black
gpectra. CA-LBG was synthesized using a 0.18 M HCI catalyst (Batch A) shown in green
gpectra. CA-LBG was synthesized using a 0.24 M HCI catalyst (Batch B) shown in blue
spectra. CA-LBG was synthesized using 0.30 M HCI catalyst (Batch C) shown in red spectra.
The carbonyl ester group (C=0) is a specific group that presents at CA-LBG and absent at

LBG.
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concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 8. The friability profile of the tablet contains a disintegrating agent. The concentration

of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 9. The disintegration time profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 10. The dissolution profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 2%.
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107  Figure 11. The dissolution profile of the tablet contains CA-LBG 1%; 2% and 4%.
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Table 1. Detail synthesis of CA-LBG using the concentration of HCI and irradiated with UV (254
nm,100 minutes). Vaue physical parameters of CA-LBG: the degree of esterification, carbonyl ester

wavelength, solubility, and viscosity.

Batch  LBG CA HCI Carbonyl Degree of Solubili Viscosity
s L ubility
Code 10 [Molar] [Molar] Ester Esterification %] [cP]
[Molar] [cm™] [%0]
A 7.10 0.42 0.18 1739.22 827+019 3663+1.14 11.20+0.10
B 7.10 0.42 0.24 1736.39 9.13+0.13 29.30+1.16 9.48+0.06
C 7.10 0.42 0.30 1735.85 9.69+0.23 2264+1.15 7.76+0.07




1 Table?2. Details of tablet formulations using disintegrating agents. Evaluate the physical quality of the tablet mass and the tablet.

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms

formula disintegrating agent . actual . break L disintegration
flow time Prapped-Phbulk thickness friability
code CA-LBG  SSG CS weight force time
[%] [%] (%] [sec.] [g.-mL7] [mg] [mm] [kp] (%] [min ]
CL-1 0.5 - - 40+£0.10 0.041+£0.00 201.0£0.25 439zx0.01 40+£0.06 0.76 £0.02 9.12 £ 0.34
CL-2 1 - - 42+0.06 0.041+£0.00 201.2+£047 438zx0.01 42+0.10 0.83zx0.01 8.54 £ 0.19
CL-3 2 - - 48+0.10 0.044+£0.01 201.2£0.12 440zx0.01 6.4+0.15 0.73+0.02 7.69 £ 0.25
CL-4 4 - - 52+0.15 0.053+0.01 201.1+£0.21 4.41+0.01 4.7 +£0.12 0.66 £ 0.01 6.43+£0.14
CL-5 8 - - 57+£0.06 0.059+0.01 2009+0.26 4.38+0.01 44+0.10 0.60%0.01 4,47 £0.18
CL-6 12 - - 6.4+0.15 0.061+£0.00 201.1+£0.36 4.39+0.01 4.4 +0.12 0.62 £ 0.01 3.21+£0.14
SSG-1 0.5 - 23+0.06 0.036+0.00 200.8+0.06 4.40+0.01 23+0.15 0.85+0.01 3.79+0.25
SSG-2 - 1 - 34+010 0.042+£0.00 201.1+0.44 4.38+0.01 3.0+£0.15 0.73+£0.02 3.49 £ 0.38
SSG-3 - 2 - 40+£0.06 0.047+£0.01 201.0£051 435x0.01 6.3+0.12 0.55+0.01 1.73+0.18
SSG-4 . 4 . 46+010 0.051+0.00 200.7+021 437+001 46+0.17 0.60+0.02  0.67 + 0.09
SSG-5 - 8 - 55+0.06 0.057+£0.00 201.1+£0.32 4.38+0.01 5.0+0.21 0.52 £ 0.02 255+ 0.19
SSG-6 - 12 - 6.2+0.10 0.063+0.00 200.7+0.15 4.38+0.01 49+0.12 0.54 £ 0.02 1.90 £ 0.35
CS-1 - - 0.5 3.1+£0.10 0.056+0.00 200.8+0.60 4.43+0.01 45+0.12 0.74 £ 0.02 4.37 £0.33
CS-2 - - 1 36+0.06 0.052+0.00 2008+0.35 446+0.01 47+0.10 0.57+0.02 3.47 £ 0.15
CS-3 - - 2 43+£0.06 0.050+£0.00 201.0£031 442x0.01 4.3+£0.17 0.69 £ 0.01 249 +£0.12
CS-4 - - 4 48+0.10 0.045+£0.00 201.1+£060 4.40zx0.01 6.9+0.12 0.62 £ 0.01 1.60+0.13
CS-5 - - 8 54+0.10 0.038+0.00 201.2+0.35 4.34+0.01 45+0.15 055%+0.01 0.89+0.20
CS-6 - - 12 57+0.06 0.038+£0.01 200.9+0.15 4.45+0.01 50+£0.15 0.56+0.01 0.53+£0.30
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1. Introduction

Natural polymers are a resource that can be used and developed as pharmaceutical
excipients. One of the natural polymersin pharmaceutical excipientsislocust bean gum (LBG)
which functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent,
gelling agent, etc. The LBG is a polymer that has the potential to be modified to produce new
materials as excipientsin tablet formulations (Dionisio and Grenha 2012; Dey et a. 2013; Das
et al. 2015; Sheskey, J. P., Cook, G. W., and Cable 2017). Locust bean gum isanatural polymer
that has the potential to be modified to produce new materials as excipients in tablet
formulations.

Citric Acid-Locust Bean Gum (CA-LBG) isamodified polymer synthesized from citric
acid (CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid
(HCl) as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds.
LBG consists of mannose and galactose monomer chains (4:1). The O atoms (C-6) of mannose
and galactose at LBG bind to the positive C atom of the carbonyl groups at CA. Positive C
atoms are created from the protonation of carbonyl groups under acidic conditions
(Chudzikowski 1971; Samavati et al. 2007; Tamaki et a. 2010; Dey et a. 2013; Hadinugroho
et al. 2017, 2019).

The HCI is a strong acid that is effective for creating acidic conditions (Colas 2005;
Bhattacharya et al. 2008). Variation of HCl concentration in the synthetic effect on the
character of CA-LBG. The concentration of HC| affects the rate of protonation of the carbonyl
group of CA to form apositive C atom. Increasing the concentration of HCI causes an increase
in the creation of positive C atoms. This condition increases CA binding to LBG. The
characteristics of CA-LBG are influenced by the concentration of CA bound to LBG

(Hadinugroho et al. 2019).
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The low wavelengths of UV irradiation (200-400 nm) are a source of energy strong
enough to form chemical bonds (Tjandraatmadja et al. 1999; Santiago, E. V., Lopez, S. H. and
Romero 2006; Yeh et al. 2011). The UV irradiation for a certain duration determines the
formation of positive C atoms from the carbonyl group in CA with the O atoms (C-6) of
mannose and galactose at LBG. The results of previous studies reported that this esterification
produced a carbonyl ester group on CA-LBG which was not owned by LBG. In addition, the
study reported that CA-LBG has aviscosity of 7-11 cP (Hadinugroho et al. 2019).

The CA-LBG utilization as material synthesis products need to be studied further.
Pharmaceutical formulation is one area where CA-LBG can be used as an alternative to
pharmaceutical excipients. Previous studies have reported that CA-LBG has the potential as a
disintegrating agent for tablet dosage formulations (Hadinugroho et al. 2019).

The purpose of this study was to analyze the effect of HCl concentration 0.24 M as a
synthesis catalyst on the viscosity of CA-LBG. The aim of the tablet formulation was to
determine the effect of the application of CA-LBG as a disintegration agent on the physical
quality of tablets. The novelty of this study, the synthesis of CA-LBG uses a concentration of
HCI 0.24 M as the catalyst and UV irradiation time (100 minutes) as an energy source that
createsthe chemical bond. HCI concentrations of 0.18 M and 0.30 M were experimental control
concentrations to determine the success of the synthesis and characterization of CA-LBG. The
CA-LBG experiment as a disintegrating agent was further studied with various concentrations.
Sodium starch glycolate (SSG) and croscarmellose sodium (CS) were comparable
disintegrating agents to study the disintegration activity of CA-LBG. SSG and CS are tablet
disintegrating agents that are often used in tablet formulations because both ableto swell in the
disintegrating medium in afast time. The rounded shape with the smooth surface of the SSG
and the shape of the root with the corrugated surface of the CS can affect the tablet quality

(Markl and Zeitler 2017; Sheskey, J. P., Cook, G. W., and Cable 2017). The experiment was
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conducted to determine the potential for the disintegration of CA-LBG in tablet formulations

as an aternative choice of disintegrating agent to be developed in the future.

2. Material and methods
2.1. Raw materials and chemicals

Materials needed in this study werelocust bean gum (Viscogum, Cargill, France), citric
acid monohydrate (Merck KgaA, Darmstadt, Germany), hydrochloric acid (Sigma-Aldrich,
GmbH, USA), acetone (Cawan Anugerah Chemika, Indonesia), sodium starch glycolate (JRS
Pharma, India), croscarmellose sodium (FMC Biopolymer, USA), spray dried lactose
(Foremost Farms, USA), diclofenac sodium (Dwilab Mandiri, Indonesia), sterilized water for

injection (Otsuka, Indonesia), and distilled water (Brataco Chemical, Indonesia).

2.2. Preparation of CA-LBG

The swollen LBG in aglass bowl (7.10 10° Molar LBG / 50 mL distilled water 55-60
°C) added CA (0.42 Molar) and HCI (0.18; 0.24; 0.30 Molar) (Table 1). The mixturewas tirred
for 10 minutes. The mixture was irradiated with UV 254 nm (100 minutes) (8-watt shortwave
CH-4132 Muttenz, Camag, Switzerland). The wet CA-LBG was precipitated with acetone and
washed with acetone-distilled water (1:1). The solid CA-LBG is dried at ambient temperature
(Hadinugroho et al. 2017).

Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG performed was fourier transform infrared spectroscopy (FTIR)
and nuclear magnetic resonance (NMR), scanning electron microscope (SEM), degree of

esterification, solubility, and viscosity.


Metinle İlgili Yorum Yap
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2.3. Fourier transform infrared spectroscopy
The structure and the functional group of CA-LBG were anayzed by Fourier transform
infrared spectroscopy (UATR Perkin Elmer Spectrum Version 10.4.3.) in the wavenumber

range of 4000-450 cmt spectra were recorded.

2.4. Nuclear magnetic resonance
The 'H and *C NMR of CA-LBG was analyzed by liquid state NMR spectroscopy
(JEOL RESONANCE ECZ 500R Japan). The CA-LBG (5-15 mg) was stirred for 45 minutes.

The filtrate was placed in the glass tube and spectra were recorded.

2.5. Scanning electron microscope
The surface morphology of CA-LBG was analyzed using SEM (JSM-6510LA, JEOL,
Japan). The CA-LBG was mounted on aholder, coated by platinum, and observed (distance 10

mm and voltagel0 kV).

2.6. Degree of esterification

The determination of the degree of esterification follows the experimental equation that
has been done previously (Hadinugroho et al. 2019). Acetone solution and acetone-distilled
water to precipitate and wash the acidic CA-LBG mass comes from unreacted HC| and CA.
The concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant
which had been standardized using oxalic acid. The dissolved acid concentration (mEQq) was
analyzed by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group

weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
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compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar). The degree of
esterification is determined by comparing the carboxylate group in the reacting CA (Molar)
and the carboxylate group at the initial CA (Molar) and calculated according to Equation 3
(Hadinugroho et al. 2019).

Dissolved CA (mEQ).

dissolved CA [mEq] = dissolved acid[mEq)] — dissolved HCl[meq] Equation 1
Weight CA reacting (gram)

W CAreacting = W initial CA — W dissolved CA Equation 2

Degree of esterification

__carboxylic group on the CA reacting [Molar]

. . . 0 0 M
Degree of esterification [%] = carboxylic group on the CA initial [Molar] x 100 % Equation 3

2.7. Solubility study

Solubility was determined by 0.5 g CA-LBG added 50 mL distilled water and alowed
to stand for 24 h (Wd). Then, the filtrate was separated from the swollen sample. The filtrate
was dried on awater bath at 70 ° C and reweighed (Wds) on a microbalance (Mettler Toledo
AL204, Switzerland). The solubility of the CA-LBG was analyzed according to Equation 4:
Solubility (%) = Wds/Wd x 100 Equation 4
where Wds and Wd are soluble weight and initial weight (dry weight respectively) (Gulrez et

a. 2011).

2.8. Viscosity
The CA-LBG viscosity test using a viscometer (Brookfield LVDV-l Prime,

Middleboro, MA, USA). The CA-LBG (3% w/v) was swelled in 300 mL of warm distilled
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water and left at ambient temperature. Spindle no. S61 was installed on Brookfield. Viscosity

was recorded when Brookfield was rotated at 100 rpm.

2.9. Preparation of tablets

Preparation of tablets begins with weighing the ingredients according to the formula
(Table 1). Preparation of tablets by direct compress was prepared by mixing homogeneous
SDL and CA-LBG/ SSG/ CSusing acubic mixer (2 minutes, 100 rpm) (Erweka). The physical
quality of tablet masswas evaluated for flowability and compressibility. The mass of the tablets
was compressed with aweight of 200 mg per tablet using a single punch machine (Jenn Chian
Machinery, Taiwan). The physical quality of the tablets was evaluated for thickness, weight,

break force, tensile strength, friability, and disintegration time.

2.10. Flowability
Tablet mass (100 g) was placed in a funnel hole on a flowability tester (Erweka,
Germany). When the funnel valve is opened, tablet mass flows. Flow time can be observed on

the flowability tester monitor.

2.11. Compressibility

Tablet mass was poured into a measuring tube (100 mL, angle = 40° ) whose weight
was known. The filled measuring tube is weighed, placed on a tapped density volumeter
apparatus (Erweka, Germany), and tapped (500 taps). Weight and volume of tablet mass
(before and after tapped) were recorded to determine the bulk density and the tapped density.
Tablet mass versus volume before tapped is bulk density. Granule weight/tablet mass versus

volume after tapped is the tapped density. The compressibility index is the difference between
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tapped density and bulk density versus tapped density (Equation 5) (Michael E. Aulton and

Kevin M. G. Taylor 2017).

tapped density—bulk density

compressibility index (%) = x 100% Equation 5

tapped density

2.12. Weight and thickness
Tablet weight and thickness were determined using 20 randomly sel ected tablets. Each
tablet was weighed using an analytical weighing scale (Mettler Toledo, Switzerland) and

thickness was accurately measured using a thickness gauge (Mitutoyo 7301, Japan).

2.13. Break force and tensile strength

Tablet break force (BF) was determined using 6 randomly selected tablets (The United
States Pharmacopeial Convention 2018). The tablet is placed on the break force tester plate
(Schleuniger, Netherlands). The metal block moves towards the tablet and presses until the
tablet cracks/breaks. The tablet break force value is determined from the start of cracks/breaks,
indicated on the monitor.

The strength of the tablet against mechanical stressis determined specifically using the
tensile strength parameter according to the shape of the convex tablet. Tensile strength (ot) is

calculated following Equation 6 (Pitt et a. 1989; Shang et al. 2013).

10F
D2 (2.84(5)—0.126(;) +3.15(%)+0.001)

ot = Equation 6

F isthe break force, D is the diameter of the tablet, t is the tota thickness of the tablet, and W

is the thickness of the center of the tablet without convex.
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2.14. Friability

Tablet friability was determined using a randomly selected number of tablets with a
total tablet weight equal to 6500 mg (The United States Pharmacopeia Convention 2018). Each
tablet was dust-free and the total weight of all tablets was determined (WO0). All tablets were
put into a drum friability tester (Erweka, Germany) and rotated for 4 minutes (25 rpm). After
being removed from the drum, each tablet was dust-free and weighed again (W1). Thefriability
of the tablet is the difference in the total weight of the tablet before and after rotated compared

to the weight before rotated (Equation 7).

wo-wi
wo

friability (%) = 100% Equation 7
2.15. Disintegration time

Tablet disintegration time was determined using 6 tablets randomly selected from 18
previously randomly selected tablets (The United States Pharmacopeia Convention 2018).
Each tablet was inserted into each tube in the chamber disintegration tester apparatus (Erweka
Z3, Germany). The chamber is up-down in a ditilled water bath (37° C; 900 mL). The
disintegration time was determined from the longest time required for the tube net to be free of

tablet fragments.

2.16. Dissolution

The experiment was prepared using a tablet mass added with diclofenac sodium as a
model active ingredient. Each tablet contains 50 mg of diclofenac sodium to be compressed to
aweight of 250 mg (Uday Kumar and Babu 2014; Hammami et al. 2020). Dissolution using
phosphate buffer medium pH 6.8 (900 mL; 37 + 0.5° C; 50 rpm) for 60 minutes using the
paddie method (Electrolab TDT-08L, India) (Zupancic Bozi¢ et al. 1997; Bertocchi et al. 2005).

Therelease of ketoprofen was sampled and observed at 5, 15, 30, 45, and 60 minutes. Analysis
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of dissolved diclofenac sodium concentration using a UV -vis spectrophotometer (Hitachi U-

1900, Japan) at awavelength of 276 nm (Ghasemi et a. 2005; Gouda et al. 2013).

3. Result and discussion
3.1. Mechanism of the CA-LBG synthesis reaction

In the synthesis of CA-LBG, the acidity of HCI could be induced protonation of O
atoms from the carbonyl group of citric acid and created positive C atoms. The hydroxyl (OH)
group of C-6 at mannose and galactose atoms reacts with the protonated citric acid carbonyl
group to create a tetrahedral cation. Protonated OH (*OH>) oxygen groups with H2O loss to
form CA-LBG. UV irradiation is the energy source to create bonds between positive C atoms
from carboxylic groups and O atoms of C-6 at mannose and galactose (Hadinugroho et al.

2017, 2019). The schematic and details of the synthesis are shown in Figure 1 and Table 1.

3.2. Fourier transforminfrared spectroscopy

Theresults of the CA-LBG and LBG infrared analysis are shown in Figure 2 and Table
1. The stretch peaks appear at 3268.19 cmt; 3291.84 cm™: 3304.40 cm't; and 3337.34 cmt are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose. Sharp peaks appear
at 2920.60 cmt; 2923.35 cm?, 2923.56 cmY; and 2923.35 cmt are related to C-H bonds of CA
and LBG. In CA-LBG, the sharp peak comes from C-H symmetricaly of CA (Coates 2006).
The sharp peak of CA-LBG appeared at 1739.22 cm®; 1736.39 cm®; and 1735.85 cm™ are
related to the carbonyl ester group that was produced from the synthesis reaction. The carbonyl
ester group is created by the bond between the positive C atom of the protonated carbonyl
group in CA and the O atom of C-6 at mannose and galactose in LBG. In a previous study, the

OH group appeared around 3300 cmt. C-H appears around 2900 cm, and C=0 appears


Metinle İlgili Yorum Yap
stretching


O©CoO~NOOOUTA,WNPE

OO UIVIVIUUIUICNUVUVIUADNRNDRNDRNDRARARNARNDNWWWWWWWWWWRNRNNNNNNNNNRRPRPRRPRRERRRERPE
ORWNPRPOOONOTROMNROOONOURWNRPOOONOUIRWNRPOOO~NOURNWNROOONOURNWNERO

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 11

around 1750-1735 cmi(Hadinugroho et al. 2019). This shows the success of the synthesis and

continued by NMR confirmation.

3.3. Nuclear magnetic resonance

The NMR examination was carried out only in one of the experimental conditions
(batch B) due to the resulting CA-LBG will be used as a disintegrating agent in the tablet
dosage forms. NMR examination of the two other conditions has been confirmed in previous
studies (Hadinugroho et a. 2017, 2019).

The results of the CA-LBG NMR analysis are shown in Figure 3. In the 'H NMR
spectrum of CA, a pair of twin peaks at 6 = 3.088 ppm and 6 = 3.056 ppm, & = 2.906 and ppm,
& = 2.875 ppm shows the presence of CA at LBG. The peak is from C-H: (e) in CA. Sharp
peaks of 4.148-3.587 ppm from mannose and galactose in LBG. Previous studies reported that
a pair of CA twin peaks appear around 6 = 2.7-3.0 ppm. Sharp peaks from mannose and
galactose appear around 4.5-3.0 ppm (Hadinugroho et al. 2017, 2019).

In the 3C NMR spectrum of CA-LBG, peaks at § = 176.790 ppm and & = 173.459 ppm
arerelated to C = O (b,c) resulting from the synthesis reaction. The peak at & = 73.325 ppm is
related to the central C atom of CA (a). The peak at 6 = 43.349 ppm is related to C-Ho (d) of
CA. The peaks at 6 = 100.192 ppm, & = 100.000 ppm, & = 75.072 ppm and & = 71.453 ppm are
related to C-H and C-Ha at mannose. The peaks at 6 = 69,985 ppm, & = 61.260 ppm, & =61.010
ppm, 6 = 60.559 ppm are related to C-H and C-H> at mannose and galactose. Previous studies
reported that the C=O group appeared at 6 = 180-170 ppm, the central C atom appeared at 6 =
80-70 ppm, C-H and C-H2 appeared at 6 = 44-43 ppm (Jans and Kinne 1991; Doll et al. 2006;
Zhang et al. 2016; Hadinugroho et a. 2019). The peak absorption of mannose and galactose
appears at 6 = 105-60 ppm (Parvathy et al. 2005; Azero and Andrade 2006; Bhatia et al. 2013;

Gillet et al. 2014; Hadinugroho et al. 2019). This shows the success of the synthesis.
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3.4. Scanning el ectron microscopy

The SEM images of CA-LBG (Batch B) are shown in Figure 4. In magnification100x,
particles of CA-LBG appear in an irregular shape. In magnification 3500x, particles CA-LBG
have the surface morphology of CA-LBG appear coral-corrugated. Based on previous
experiments, LBG has a corrugated morphology and CA creates coral morphology
(Hadinugroho et a. 2019). The LBG particles have a shape coral- corrugated indicates

available interaction with CA with LBG and successful synthesis.

3.5. Degree of esterification

The degree of esterification of CA-LBG for all batches is shown in Table 1. The high
concentration of HCl under synthesis conditions increases the degree of esterification due to
the high amount of CA bound to LBG. The HCI increasesthe acidity of the synthesis conditions
to protonate the O atom from the carbonyl group and creates apositive C atom, thereby causing
CA to bind to LBG. The CA-LBG batch A to batch C shows the higher the degree of
esterification in proportion to the increase in the concentration of HCl because the protonation
of the O atom from the carbonyl group and the formation of a positive C atom is faster. This
condition accelerates creates bonds between positive C atoms from carboxylic groups and O

atoms of C-6 at mannose and galactose.

3.6. Solubility

The solubility of CA-LBG for each synthesis condition is shown in Table 1. The CA-
LBG of batch A to batch B presents the solubility decreasing in proportion to the increasing
degree of esterification. The more CA molecules bound to the LBG produce CA-LBG with

stable ester bonds. Bonds of positive C atoms from carboxylic groups and O atoms of C-6 at
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mannose and gal actose decrease the ability of CA-LBG to interact with distilled water. In this

condition, CA-LBG particles are difficult to wet so inhibit solubility in distilled water.

3.7. Viscosity

Theviscosity of CA-LBG for each batch isshown in Table 1. LBG has ahigh viscosity,
but the presence of excess CA can reduce the viscosity. The viscosity of CA-LBG from batch
A to batch B decreased in proportion to the increasing degree of esterification. The carbonyl
ester groups formed from the bonding of positive C atoms from carboxylate groups with O
atoms of C-6 in mannose and gal actose reduce the ability of CA-LBG to trap distilled water so

viscosity decreases.

3.8. Flowability

The results of the flowability study on all tablet mass formulas containing CA-LBG
showed that an increase in the concentration of CA-LBG increased the flow time of tablet mass
(Table 2) because influenced by theirregul ar shape of particles and the surface like cora inhibit
the flow of mass tablet (Figure 5). The CL-1 formula has the fastest flow time due to the
influence of the spherical shape of the SDL granules to dominate the flowability athough CA-
LBG is present in the tablet mass (Sheskey, J. P., Cook, G. W., and Cable 2017). The formula
containing SSG and CS showed an increase in concentration cause increased flow time tablet
mass. SSG particles are rounded and have a smooth surface, should be able to rate up the flow
time but SSG particles are aso hygroscopic, thus inhibiting the flow time of tablet mass
(Sheskey, J. P., Cook, G. W., and Cable 2017). The CS particles are rod-shaped with a
corrugated surface, which at high concentrations can inhibit the flow of tablets mass (Sheskey,

J. P., Cook, G. W., and Cable 2017). According to the flow time requirements, all tablet mass
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formulas containing a variety of disintegrating agents meet the requirements is 100 g tablet
mass can flow in less than 10 seconds (Szumilo et a. 2017).

The effect of the presence of various disintegrating agents on the tablet massis shown
in Figure 5, which is a plot between the concentration of the disintegrating agent and the flow
rate [g sY. In general, the tablet profile containing CA-LBG the most slope of flow rate
although the CA-LBG concentration was increasing. In addition, the decrease in flow rate of
tablet mass with ahigh concentration of CA-LBG is proportional to the flow rate of tablet mass
containing high concentrations of SSG and CS. This case is because the particle surface of CA-
LBG like coral can fill each other with a porosity of SDL surface (Sheskey, J. P., Cook, G. W.,
and Cable 2017). The sharp decrease in the profile of tablet mass containing CS at low
concentrations (CS-1) indicates that the flow rate is more influenced by the spherical shape of
the SDL granules so accelerate the flow, while at higher concentrations (CS-2) the root shape
and corrugated surfaces of the CS particles begin to inhibit the flow. The flow rate profile of
tablet mass containing SSG at low concentrations (SSG-1) is more slope than the tablet mass
containing CS at the same concentration (CS-1) because the hygroscopicity of SSG particles
inhibits the flow of tablet mass. The hygroscopic effect of SSG particles at higher
concentrations (SSG-2 to SSG-6) can be overcome by the rounded shape and smooth surface

of the SSG particles so that the decrease flow rate is more slope.

3.9. Compressibility

The tablet mass density evaluation results on all tablet mass formulas containing CA-
LBG or SSG showed that increasing the concentration of the disintegrating agent increased the
value of prapped-pouik (Table 2), dueto theinfluence of the shape and surface of the disintegrating
agent particles. The initial composition of the tablet mass was SDL granules arranged

randomly, the porosity between the SDL granuleswasfilled with disintegrating agent particles.
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The CA-LBG particles which have an irregular shape and a coral-like surface are
randomly arranged on the porosity between the SDL granules according to the shape and area
of the porosity between theinitial particles. The volume decrease during the tapping was caused
by the movement of SDL granules and CA-LBG particles. The CA-LBG particle corners fill
each other surface porosity between particles and SDL granule surface porosity. In the CL-1
and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated by the effect
of the density arrangement between SDL granules and the area of porosity that could
accommodate all CA-LBG particles. The volume decrease in the tapping of the formula with
the higher CA-LBG concentration causes the porosity between the SDL granules to be wider
because the CA-LBG particles surround the SDL granules tightly.

The rounded shape and smooth surface of the SSG particles give a tablet mass
arrangement with more regular porosity than the CA-LBG particles. The smooth surface of
SSG particles causes movement of SDL granules / SSG particles and decreases in volume
during tapping so that the porosity narrows and SSG particles fill the porosity of the SDL
granule surface. Formulas containing CS have a different value of ptapped-pouik from formulas
containing other disintegrating agents, namely the increasing the concentration of CS, the
lowering the value of ptapped-pbuik. The rod-shape and corrugated surface of the CS particles
envelop according to the SDL granule shape in layers and has a narrow porosity. The surface
of the CS particles decreases the ability of the particles to move and the volume decreases on
tapping because the surface corrugated of the CS particles will interlock with other CS
particles.

The results of the density evaluation are further confirmed by the compressibility
profile shown in Figure 6, where increasing the concentration of the disintegrating agent
increases the mass compressibility of tablets containing CA-LBG / SSG and decreases the mass

compressibility of tablets containing CS. The mass compressibility of tablets containing CA-
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LBG was dlightly lower than the mass of tablets containing SSG because the angles of CA-
LBG particles fill each other surface porosity between particles and SDL granule surface

porosity.

3.10. Weight and thickness

All tablet masses contain a variety of disintegrating agents and their concentration is
compressed into tablets and according to weight is around 200 mg (Table 2), which shows that
all tablet masses are able to flow freely from the hopper and fill the dies space in the tablet
compressing machine. This condition is in accordance with the results of the evaluation of
flowability and compressibility.

The variation in tablet thickness from the mass of tablets containing various
disintegrating agents is influenced by the arrangement, shape, and surface of the SDL granule
or the disintegrating agent particle so that when compression is applied produced deformation
of the granule/particle, bond interlocking, and narrowing the porosity between deformations.
Theirregular shape and coral-like surface of the CA-LBG particles provide an opportunity for
the particle cornersto fill each other with the SDL particle/granul e surface porosity so the tabl et
mass is compressed to produce a low-porosity tablet. The rounded shape and smooth surface
of the SSG particles produce tablets with a regular form of porosity. The root shape and
corrugated surface of the CS particles provide an opportunity to interlock between the particles
and the corrugated surface so the tablet mass is compressed to produce a low-porosity tablet.

The CL-1tablet isthicker even though the number of CA-LBG particlesislessthan the
CL-2 tablet becausethe CA-LBG particlestend to fill the porosity of the SDL granules surface.
In the CL-2 tablet, CA-LBG particles fill the surface porosity of SDL granules and porosity
between SDL granules. The number of SDL granules of CL-2 tablet mass reduces so that

produces a thinner tablet. The CL-3 and CL-4 tablets are thicker than the other CL tablets
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because the CA-LBG particles surround the SDL granules so that the volume is high and when
the tablet mass is compressed into thick tablets. The CL-4 tablet is thicker than the CL-3 tabl et
due to the increasing number of CA-LBG particles resulting in a wider area surrounding the
SDL granules. The number of CA-LBG particles in the CL-5 and CL-6 formula tablets is
increasing so the area of the CA-LBG particles surrounding the SDL granulesiswider, but the
porosity between the CA-LBG particlesis narrow so that the mass of the tabletsis compressed
to produce a thinner tablet. The CL-6 tablet is thicker than the CL-5 tablet because the CA-
LBG particle area surrounding the SDL granulesis wider.

The SSG-1 tablet is thicker than other SSG tablets because SSG particles fill the
porosity of the SDL granules surface so, with the highest number of granules, the tablet mass
is compressed to produce thick tablets. Tablet mass of SSG-2 and SSG-3 show the number of
SSG particlesisincreasing and the number of SDL granulesis decreasing. The SSG particles
in the SSG-2 tablet massfilled the surface porosity of the SDL granules and the dense porosity
of the SDL granules. The SSG-3 tablet mass shows the number of SDL granules was reduced
so the mass of the tablets was compressed to produce a thinner tablet. The tablet mass of SSG-
4 to SSG-6 contains more SSG particles and surrounds the decreasing SDL granules. The SSG-
5 tablet is thicker than the SSG-4 tablet because the SSG deformation area surrounding the
SDL deformation is wider. The SSG-6 tablet contained more SSG surrounding the SDL
deformation with the areaiswider. The SSG-6 tablet thicknessis similar to SSG-5 because the
number of SDL deformation in the tablet massis reduced.

The thickness of the CS-1 tablet was dominated by the effect filling of CS particles on
porosity SDL granules surface so when compressed the tablet mass experienced deformation
with porosity varying of shapesand areas. Thetablet of CS-2 to CS-4 contain more CS particles
and fewer SDL granules. The increasing number of CS particles formed the interlocking

deformation between the particles and enveloped the SDL granules so that produce thicker
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tablets with narrow porosity but in large numbers. The greater the number of CS particles, the
wider the enveloping and interlocking area of the CS particles, resulting in athicker tablet. The
thickness of the CS-5 and CS-6 formula tablets was dominated by the increase in the number
of CS particles. CS particlesin the CS-5 tablet mass forming long interlocking on surrounding
SDL granules. The tablet mass contains limited SDL granules so produce thin tablets when
compressed. The CS-6 tablet is thicker than the CS-5 tablet because the interlocking area

enveloping the SDL granule iswider.

3.11. Break force and tensile strength

Evaluation of tablet resistance to mechanical stress is measured by the BF value and
shown in Table 2. The resistance of the CL-1 tablet is influenced by the dominance of SDL
granulesinterlocking bonds when compressed to result in deformation with awide porosity so
that the tablets have alow resistance to mechanical stress. The BF value of the CL-2 tablet is
higher than CL-1tablet because the number of CA-LBG particles is more and fills the dense
porosity between SDL granules so when compressed the interlocking bonds are stronger and
the porosity is narrower. The CL-3 tablet shows the highest BF value than other CL tablets
because the deformation of CA-LBG particles around the SDL granule when compressed is
able to form interlocking bonds with narrow porosity so that the thick tablet and resistant to
mechanical stress. In addition, the corners of the CA-LBG particles fill the surface porosity
between the CA-LBG particles and the SDL granule surface porosity so strengthening the
interlocking bond. The CL-4 to CL-6 tablets have a smilar mechanism as the CL-3 formula
tablets, but the number of CA-LBG particlesisincreasing and SDL granules are decreasing so
that when compressed, produce tablets with a lot of narrow porosity and a decrease in tablet

resistance to mechanical stress. The tablet of CL-5 and CL-6 show similar BF values due to
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the CL-6 tablet, athough the interlocking bonds between particles are more dominant with the
number of narrow porosity increases.

The SSG particlesin the SSG-1tablet massfill the surface porosity of the SDL granules
S0 inducing the granules to be slightly moist and the interlocking bonds between the SDL
deformation are weaker. In addition, SDL granules after being compressed produce wide
porosity deformation. The resistance of the SSG-2 tablet is higher than the SSG-1 tablet
because the narrow porosity between the SDL granulesisfilled with SSG particles so that the
mass of the granules is compressed resulting in a narrower porosity deformation. The SSG-3
tablet shows the strongest resistance than other tablets because SSG particles surround SDL
granules when compressed able to form deformation interlocking bonds with narrow and
regular porosity so tablets are resistant to mechanical stress. SSG-4 to SSG-6 tablets have a
similar mechanism to SSG-3 tablets, but the number of SSG particles is increasing and SDL
granules are decreasing so the mass of SSG-5 and SSG 6 when compressed produces tablets
with more narrow porosity and decrease in the resistance of the tablet to mechanical stress. In
addition, the slightly hygroscopic character of SSG particles decreased the resistance of tablets
shown in the SSG-4 tabl et because the deformation interlocking bonds of SSG particles around
the SDL granules were weak.

The little number of CS particlesin the CS-1 tablet tends to fill the porosity of the SDL
granules. When compressed, the interlocking bond is dominated by SDL deformation with
wide porosity so the resistance of the tablets to mechanical stressisweak. The CS-2 tablet has
asimilar mechanism to the CS-1 tabl et but the porosity between the SDL granulesisfilled with
CS particles so produces a tablet with narrower porosity and is more resistant to mechanical
pressure. The CS-3 tablet has a similar mechanism to the CS-2 tablet but the number of CS
particlesis more so the CS particles form interlocking between particles and envelop the SDL

granules. When compressed, the enveloping CS particles form an interlocking bond
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deformation with a narrow and large porosity so the tablet surface resistance is weak. In the
CS-4 tablet, the interlocking CS particles to envelope the SDL granules and a wider area so
produce tablets with interlocking narrow porosity and strong surface to withstand mechanical
stress. The CS-5 and CS-6 tablets have a similar mechanism to the CS-4 tabl ets but the number
of CS particlesisincreasing and the SDL granules are decreasing. In CS-5 tablet, reduced SDL
granules have an impact on tablet resistance because SDL granules serve as a foundation to
withstand the mechanical stress exerted on the tablet surface. In CS-6 tablet, the foundation of
tablet resistance to mechanical stressis controlled more by the interlocking bonds between CS
particles after being compressed so that the tablets are stronger than the CS-5 tabl et.

The BF value was further confirmed by the tensile strength parameter to determine the
comparison between tablets contain disintegrating agent variation according to the
concentration in the experiment (Figure 7). The tensile strength profile of CA-LBG tablets is
similar to that of SSG tablets due to the influence of the particle shape of CA-LBG and SSG.
The irregular shape and coral surface of the CA-LBG particles produce tablets with strong
deformation interlocking bonds. The tensile strength intensity of CA-LBG tabletsis similar to
that of SSG tablets showing a deformation interlocking bond that can adjust the concentration
used in the tablets. In the experiment, the peak tensile strength of CA-LBG tablets and SSG
tablets was a concentration of 2% while CS tablets was a concentration of 4%. This
concentration is the optimum condition for forming tablets with the most stable interlocking

deformation bonds against mechanical stress.

3.12. Friability
Evaluation of tablet resistance to mechanica movement is measured by friability
parameters and is shown in Table 2. The friability of the CL-1 tablet isinfluenced by the low

BF value due to the interlocking bond of SDL deformation with wide porosity so that SDL
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deformation on the tablet surface releases particles when subjected to mechanical movement.
In addition, the CA-LBG particles on the tablet surface were aso released. The CL-2 tablet is
more friable than the CL-1 tablet although the BF value is higher because the number of CA-
LBG particles on the surface of the tablet is more so more particles are released when subject
to mechanical movement. The CL-3 to CL-6 tablets showed atendency to decreasein friability
although the BF value was lower because of a strong interlocking bond on the deformation of
granules and particles, so reducing the release of tablet surface particles when subjected to
mechanical movement. The CL-6 tablet ismorefriablethan the CL-5 tabl et because the number
of SDL deformation decreases so that the foundation to withstand mechanical movementsis
reduced.

The SSG-1 tablet isthe most friable than SSG other tabl ets because of thelow BF value
due to SDL deformation interlocking bonds with wide porosity so that the tablet surface
releases lactose and SSG particles when subjected to mechanical movement. The decrease in
the friability of the SSG-2 and SSG-3 tablets proportional to the higher BF value indicates a
strong interlocking bond from the deformation of granules and particles so resistant to
mechanical movement. The friability of the SSG-4 to SSG-6 tabl ets tends to decrease because
the strength of the interlocking bonding of SSG deformation is able to withstand mechanical
movements. The SSG-6 tablet is more friable than the SSG-5 tablet because the number of
SDL deformation is reduced so the foundation to withstand mechanical movementsis reduced.

The CS-1 tablet is the most friable than the other CS tablets because the SDL
deformation interlocking bond dominates with a wide porosity so the lactose and CS particles
on the surface are released when subject to mechanical movement. The friability of the CS-2
and CS-3 tabletsincreased proportionally to the BF values of thetwo tablet formulas decreased.
The more SSG deformation interlocking bonds, the stronger the tablet withstands mechanical

movements. The friability of the CS-4 to CS-6 tablets proportional to the BF value and tends
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to decrease. The CS deformation on the tablet surface has a strong interlocking bond to
withstand mechanical movements. The CS-6 tablet is more friable than the CS-5 tabl et because
of the reduced deformation of SDL as a foundation to resist mechanical movements.

The comparison of the effect of the presence of the disintegrating agent in each tablet
formulato friability according to the concentration in the experiment is shown in Figure 8. The
friability profile of the three CA-LBG tablets is similar but different at the peak of each
disintegrating agent (CA-LBG 1%; CS 2%; SSG 4%). These peaks indicate that the tablet
surface has bonds weakly of interlocking deformation and less stable to mechanical
movements. The friability value before the peak concentration was also influenced by the
release of particles from the SDL deformation, while after the peak concentration was
influenced by the quality of the interlocking bond of deformation particles on the tablet surface
so resistant to mechanical motion. CA-LBG tablets are more friable than other tablets due to
the influence of the coral surface on the particles which tend to be friable when the porosity is
not filled with other particles. The high friability profile of CA-LBG tablets appears at low
concentrations because the surface porosity of the CA-LBG particles is not filled due to the
limited number of CA-LBG particles. In addition, the irregularly shaped CA-LBG particles

causing the porosity of tablets were number and wide.

3.13. Disintegration time

The evaluation of tablet disintegration rates for all formulas with various disintegrating
agents and concentrations is shown in Table 2. The disintegration of tablets containing CA-
LBG showed a fast disintegration time proportional to the increasing concentration of CA-
LBG. The value of BF and friability do not affect the function of the CA-LBG to disintegrate
the tablet. The irregular particle shape and the corrugated surface of the CA-LBG particles

resulted in atablet with porosity for penetration of the disintegrating medium (Figure 4). The
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deformation porosity of CA-LBG formed on the tablet is proportional to the CA-LBG
concentration in the tablet formula. The porosity of alarge number on the tablet cause increases
the channel for penetration of the disintegrating medium so that the tablet is disintegrating. The
CA-LBG isan ester excipient that has low viscosity and low solubility in water (Table 1). This
characteristic causes a repulsive force between deformations of CA-LBG on tablets when wet
by disintegration medium. The repulsion force increases in proportion to the CA-LBG
concentration in the tablet formula. The repulsive force between the CA-LBG deformations
causes the tabl ets to disintegrate.

Tablets containing SSG showed that SSG concentration, BF value, and friability were
influenced the disintegration time. The speed of tablet disintegration timeis proportional to the
increasing SSG concentration shown in the SSG-1 to SSG-4 tablets. Deformation of SSG in
tablets attracts disintegration medium so SSG deformation swells and pushes deformation of
other granules and particles to move away from each other so that the tablet is disintegrating.
SSG-5 and SSG-6 tablets show the resistance of the tablets to pressure and mechanical
movements affect the speed of disintegration. Increased BF value and low tablet friability
caused long tablet disintegration time due to the strong interlocking bond between the
deformation of granule or particle, thus inhibiting tablet disintegration.

Tablets containing CS showed an increase in CS concentration causing the
disintegration time to rapidly. The resistance of tablets indicated by BF value and friability did
not affect the function of CS as atablet disintegrating agent. Tablets containing CS attracts the
disintegrating medium for penetration into the tabl et so that the CS deformation swell and push
deformation around. The more the CS deformation swell, the faster the tablet integrates.

The comparison of the ability of the disintegrating agent in each tablet formula
according to the concentration in the experiment is shown in Figure 9. The time profile for the

disintegration of CA-LBG tabletsis similar to that of CS tablets because the two disintegrating
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agents perform their function not influenced by the quality of other tablets so that the increase
in concentration is proportiona to the increase in disintegration speed. tablet. In contrast to
SSG tablets, the disintegration time is also influenced by the hardness and friability of the
tablets, thus inhibiting the disintegration process in tablets with SSG concentrations of 8% and
12%. The disintegration time profile of CA-LBG tabletsislonger than CS tabl ets because low
solubility of CA-LBG so that the wetting time of CA-LBG tablets is longer and inhibits

integration.

3.14. Dissolution

Experiments to study drug release from the dosage form were carried out using tablets
of 1%, 2%, and 4% concentrations of each disintegrating agent. The effect of the disintegrating
agent on the release of diclofenac sodium from the tablet is presented in Figure 10. The
dissolution profile of the tablets containing CA-LBG showed that the release of diclofenac
sodium from the tablets appeared to be different at 5 and 15 minutes. The higher the CA-LBG
concentration on the cause tablet more rapidly disintegrates and releases more diclofenac
sodium. All tablets with each concentration of CA-LBG meet the requirements for releasing
diclofenac sodium (Directorate General of Medicine and Food 1995).

Comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11). Tablets containing CA-
LBG showed a slower release of diclofenac sodium than tablets containing SSG and CS
because of the gradual release at 5 and 15 minutes. The low solubility of CA-LBG inhibits the
wetting of the tablets for disintegration thus inhibiting the solubility of diclofenac sodium in

the dissol ution medium.
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4. Conclusion

Synthesis conditions using 0.24 M HCI to produce CA-LBG 9.48 cP. Increasing the
concentration of HCI in the synthesis causes a decrease in the viscosity of CA-LBG due to an
increase in CA molecules bound to LBG. The presence of CA-LBG as a disintegrating agent
has variation effects to thickness, break force, tensile strength, friability according to the
concentration used. In the formul ation process, increasing the concentration of CA-LBG in the
tablet mass decreased the flow rate and increased compressibility. The increase in the
concentration of CA-LBG in tablets accelerated the disintegration of tablets without the
influence of other tablet parameters. The CA-LBG disintegration activity through repulsion
between CA-LBG deformation on the tablet when wetted with disintegration medium. The
repulsion force occurs due to the character of CA-LBG which has low solubility and low

viscosity.
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Figure 1. CA-LBG production mechanism. Synthesis of CA-LBG was carried out by adding
0.42M CA to 7.10 x 10-6 M LBG which had swollen. The mixture was added with HCI (0.18-

0.42 M) and UV irradiated (100 minutes).
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Figure 2. FTIR spectrum of LBG and CA-LBG. LBG as a comparison is shown in black
gpectra. CA-LBG was synthesized using a 0.18 M HCI catalyst (Batch A) shown in green
gpectra. CA-LBG was synthesized using a 0.24 M HCI catalyst (Batch B) shown in blue
spectra. CA-LBG was synthesized using 0.30 M HCI catalyst (Batch C) shown in red spectra.
The carbonyl ester group (C=0) is a specific group that presents at CA-LBG and absent at

LBG.
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22
23 Figure 3. *H NMR and **C NMR spectrum of CA-LBG representative (Batch B). CA-LBG was synthesized using catalyst 0.24 M HCI. The

24 presence of CA at CA-LBG was shown in the peaksof a, b, ¢, d, and e.


Yapışkan Not
here the peak shape is double dublet, please share the J values.
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this peak shape is multiplet

Yapışkan Not
als share the integration values.

Yapışkan Not
I wouldnt suggest you write the carbons as certain like here. Untill you perform a 2D NMR analysis, it is better not to specify the peaks.
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Figure 4. SEM images of CA-LBG representative, synthesized using catalyst 0.24 M HCI (Batch B)
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Figure 5. The flow rate profile of the mass of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 6. The compressibility profile of the tablet mass contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 7. The tensile strength profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 8. The friability profile of the tablet contains a disintegrating agent. The concentration

of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 9. The disintegration time profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 10. The dissolution profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 2%.
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Table 1. Detail synthesis of CA-LBG using the concentration of HCI and irradiated with UV (254
nm,100 minutes). Vaue physical parameters of CA-LBG: the degree of esterification, carbonyl ester

wavelength, solubility, and viscosity.

Batch  LBG CA HCI Carbonyl Degree of Solubili Viscosity
s L ubility
Code 10 [Molar] [Molar] Ester Esterification %] [cP]
[Molar] [cm™] [%0]
A 7.10 0.42 0.18 1739.22 827+019 3663+1.14 11.20+0.10
B 7.10 0.42 0.24 1736.39 9.13+0.13 29.30+1.16 9.48+0.06
C 7.10 0.42 0.30 1735.85 9.69+0.23 2264+1.15 7.76+0.07




1 Table?2. Details of tablet formulations using disintegrating agents. Evaluate the physical quality of the tablet mass and the tablet.
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formula disintegrating agent . actual . break L disintegration
flow time Prapped-Phbulk thickness friability
code CA-LBG  SSG CS weight force time
[%] [%] (%] [sec.] [g.-mL7] [mg] [mm] [kp] (%] [min ]
CL-1 0.5 - - 40+£0.10 0.041+£0.00 201.0£0.25 439zx0.01 40+£0.06 0.76 £0.02 9.12 £ 0.34
CL-2 1 - - 42+0.06 0.041+£0.00 201.2+£047 438zx0.01 42+0.10 0.83zx0.01 8.54 £ 0.19
CL-3 2 - - 48+0.10 0.044+£0.01 201.2£0.12 440zx0.01 6.4+0.15 0.73+0.02 7.69 £ 0.25
CL-4 4 - - 52+0.15 0.053+0.01 201.1+£0.21 4.41+0.01 4.7 +£0.12 0.66 £ 0.01 6.43+£0.14
CL-5 8 - - 57+£0.06 0.059+0.01 2009+0.26 4.38+0.01 44+0.10 0.60%0.01 4,47 £0.18
CL-6 12 - - 6.4+0.15 0.061+£0.00 201.1+£0.36 4.39+0.01 4.4 +0.12 0.62 £ 0.01 3.21+£0.14
SSG-1 0.5 - 23+0.06 0.036+0.00 200.8+0.06 4.40+0.01 23+0.15 0.85+0.01 3.79+0.25
SSG-2 - 1 - 34+010 0.042+£0.00 201.1+0.44 4.38+0.01 3.0+£0.15 0.73+£0.02 3.49 £ 0.38
SSG-3 - 2 - 40+£0.06 0.047+£0.01 201.0£051 435x0.01 6.3+0.12 0.55+0.01 1.73+0.18
SSG-4 . 4 . 46+010 0.051+0.00 200.7+021 437+001 46+0.17 0.60+0.02  0.67 + 0.09
SSG-5 - 8 - 55+0.06 0.057+£0.00 201.1+£0.32 4.38+0.01 5.0+0.21 0.52 £ 0.02 255+ 0.19
SSG-6 - 12 - 6.2+0.10 0.063+0.00 200.7+0.15 4.38+0.01 49+0.12 0.54 £ 0.02 1.90 £ 0.35
CS-1 - - 0.5 3.1+£0.10 0.056+0.00 200.8+0.60 4.43+0.01 45+0.12 0.74 £ 0.02 4.37 £0.33
CS-2 - - 1 36+0.06 0.052+0.00 2008+0.35 446+0.01 47+0.10 0.57+0.02 3.47 £ 0.15
CS-3 - - 2 43+£0.06 0.050+£0.00 201.0£031 442x0.01 4.3+£0.17 0.69 £ 0.01 249 +£0.12
CS-4 - - 4 48+0.10 0.045+£0.00 201.1+£060 4.40zx0.01 6.9+0.12 0.62 £ 0.01 1.60+0.13
CS-5 - - 8 54+0.10 0.038+0.00 201.2+0.35 4.34+0.01 45+0.15 055%+0.01 0.89+0.20
CS-6 - - 12 57+0.06 0.038+£0.01 200.9+0.15 4.45+0.01 50+£0.15 0.56+0.01 0.53+£0.30
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Abstract: Purpose: Analyze the effect of HC | concentration 0.24 mol as a synthesis catalyst on
the viscosity of CA-LBG and determine the effect of the application of CA-LBG as a
disintegrating agent on the physical quality of tablets.

Methods: Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA)
and locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm,
100 minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy
(FTIR), nuclear magnetic resonance (NMR), scanning electron microscopy (SEM),
esterification efficiency, solubility, and viscosity. The tablet formulation used CA-LBG
with a concentration variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of
tablets by direct compression uses a spray dray lactose (SDL) as a filler with a tablet
weight of 200 mg.

Results: Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. The
presence of CA-LBG as a disintegrating agent has variation effects to thickness, break
force, tensile strength, friability according to the concentration used. In the formulation
process, increasing the concentration of CA-LBG in the tablet mass decreased the flow
rate and increased compressibility.

Conclusion: The increase in the concentration of CA-LBG in tablets accelerated the
disintegration of tablets without the influence of other tablet parameters. The CA-LBG
disintegration activity through repulsion between CA-LBG deformation on the tablet
when wetted with disintegration medium. The repulsion force occurs due to the
character of CA-LBG which has low solubility and low viscosity.
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contain author information)</b>
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Response to reviewer comments

Comment of reviewer 2

| have already included the necessary changes that needs to be done in the document file. Please
follow and compleate the requiriments and correct the paper accordingly. Thank you for your
efforts!

Comments of attached document:

1. The reviewer suggested "'put :** in each abstract chapter and removed the word excess of

""degree of esterification™
Response:

Thank you for the suggestions. We have added a ":" sign in each abstract chapter. We have also
removed the excess of the word "degree of esterification™ and replaced it with the word
"esterification efficiency”. Substitution of the term to meet the reviewer's suggestion on page 5,
line 115.

Original manuscript (page 1)

Purpose Analyze the effect of HCI concentration 0.24 M as a synthesis catalyst on the viscosity
of CA-LBG and determine the effect of the application of CA-LBG as a disintegrating agent on
the physical quality of tablets.

Methods Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and
locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm, 100
minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy (FTIR),
nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), degree of
esterification, degree of esterification, solubility, and viscosity. The tablet formulation used CA-
LBG with a concentration variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of tablets
by direct compression uses a spray dray lactose (SDL) as a filler with a tablet weight of 200
mg.

Results Synthesis conditions using 0.24 M HCI to produce CA-LBG 9.48 cP. The presence of
CA-LBG as a disintegrating agent has variation effects to thickness, break force, tensile
strength, friability according to the concentration used. In the formulation process, increasing
the concentration of CA-LBG in the tablet mass decreased the flow rate and increased
compressibility.

Conclusion The increase in the concentration of CA-LBG in tablets accelerated the
disintegration of tablets without the influence of other tablet parameters. The CA-LBG
disintegration activity through repulsion between CA-LBG deformation on the tablet when
wetted with disintegration medium. The repulsion force occurs due to the character of CA-LBG
which has low solubility and low viscosity.

Revised manuscript (page 1)

Purpose: Analyze the effect of HC | concentration 0.24 mol as a synthesis catalyst on the
viscosity of CA-LBG and determine the effect of the application of CA-LBG as a disintegrating
agent on the physical quality of tablets.

Methods: Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and
locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm, 100
minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy (FTIR),
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nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), esterification
efficiency, solubility, and viscosity. The tablet formulation used CA-LBG with a concentration
variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of tablets by direct compression
uses a spray dray lactose (SDL) as a filler with a tablet weight of 200 mg.

Results: Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. The presence
of CA-LBG as a disintegrating agent has variation effects to thickness, break force, tensile
strength, friability according to the concentration used. In the formulation process, increasing
the concentration of CA-LBG in the tablet mass decreased the flow rate and increased
compressibility.

Conclusion: The increase in the concentration of CA-LBG in tablets accelerated the
disintegration of tablets without the influence of other tablet parameters. The CA-LBG
disintegration activity through repulsion between CA-LBG deformation on the tablet when
wetted with disintegration medium. The repulsion force occurs due to the character of CA-LBG
which has low solubility and low viscosity.

2. Comment: ""This sentence is a repeat of the previous one, please delete here' (page 2, line
32).
Response:
Thank you for the suggestions. We have removed the sentence.

Original manuscript (page 2, line 32).

Natural polymers are a resource that can be used and developed as pharmaceutical excipients.
One of the natural polymers in pharmaceutical excipients is locust bean gum (LBG) which
functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent, gelling
agent, etc. The LBG is a polymer that has the potential to be modified to produce new materials
as excipients in tablet formulations (Dionisio and Grenha 2012; Dey et al. 2013; Das et al. 2015;
Sheskey, J. P., Cook, G. W., and Cable 2017). Locust bean gum is a natural polymer that has
the potential to be modified to produce new materials as excipients in tablet formulations.

Revised manuscript (page 2, line 31)

Natural polymers are a resource that can be used and developed as pharmaceutical excipients.
One of the natural polymers in pharmaceutical excipients is locust bean gum (LBG) which
functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent, gelling
agent, etc. The LBG is a polymer that has the potential to be modified to produce new materials
as excipients in tablet formulations [1-4].

3. Comment: "*Do consider removing this paragraph, as the ester synthesis mechanism is a
well known chemical reaction™ (page 2, line 39).
Response:
Thank you for the suggestions. We have removed the sentence.

Original manuscript (page 2, line 39)

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric acid
(CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid (HCI)
as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds. LBG
consists of mannose and galactose monomer chains (4:1). The O atoms (C-6) of mannose and
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galactose at LBG bind to the positive C atom of the carbonyl groups at CA. Positive C atoms
are created from the protonation of carbonyl groups under acidic conditions (Chudzikowski
1971; Samavati et al. 2007; Tamaki et al. 2010; Dey et al. 2013; Hadinugroho et al. 2017, 2019).

Revised manuscript (page 2, line 35)

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric acid
(CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid (HCI)
as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds. LBG
consists of mannose and galactose monomer chains (4:1). [2,5-9].

4. Comment: correct as ‘synthesis' (page 2, line 44).
Response:
Thank you for the suggestions. We have corrected the word.

Original manuscript (page 2, line 44)
Variation of HCI concentration in the synthetic effect on the character of CA-LBG.

Revised manuscript (page 2, line 37)
Variation of HCI concentration in the synthesis effect on the character of CA-LBG.

5. Comment (page 4, line 88):
Please correct the paragraph accordingly;
"The swollen LBG was placed in a glass bowl (7,10X10(-6) mol/50 ml concentration at a
temperature rate of 55-60 C) and CA (0.42 mol) was added with different concentrations
of HCI (0.18, 0.24 and 0.30 mol). The mixture was stirred for 10 mins and irradiated with
UV light for 100 mins (254 nm, 8-watt shortwave CH-4132 Muttenz, Camag, Switzerland).
The wet solid was precipitated with acetone and washed with acetone-distilled water (1:1,
v/v). The solid CA-LBG was dried at ambient temperature (Hadinugroho et al. 2017).
Response:
Thank you for the suggestions. We have corrected the paragraph accordingly following the
suggestions.

Original manuscript (page 4, line 88)

The swollen LBG in a glass bowl (7.10 10 Molar LBG / 50 mL distilled water 55-60 °C) added
CA (0.42 Molar) and HCI (0.18; 0.24; 0.30 Molar) (Table 1). The mixture was stirred for 10
minutes. The mixture was irradiated with UV 254 nm (100 minutes) (8-watt shortwave CH-
4132 Muttenz, Camag, Switzerland). The wet CA-LBG was precipitated with acetone and
washed with acetone-distilled water (1:1). The solid CA-LBG is dried at ambient temperature
(Hadinugroho et al. 2017).

Revised manuscript (page 4, line 79)

The swollen LBG was placed in a glass bowl (7.10 x10® mol/50 mL concentration at a
temperature rate of 55-60 °C) and CA (0.42 mol) was added with different concentrations of
HCI (0.18; 0.24; and 0.30 mol). The mixture was stirred for 10 minutes and irradiated with UV
light for 100 minutes (254 nm, 8-watt shortwave CH-4132 Muttenz, Camag, Switzerland). The
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wet solid was precipitated with acetone and washed with acetone-distilled water (1:1, v/v). The
solid CA-LBG was dried at ambient temperature [7].

6. Comment (page 4, line 94):
Please correct the paragraph accordingly;
"The characterization of CA-LBG was performed by using FTIR (fourier transform
infrared) and NMR (nyuclear magnetic resonance) spectroscopic techniques. SEM
(scanning electron microscope), degree of esterification, solubility and viscosity tests were
also carried out in order to elucidate the structure.
Response:
Thank you for the suggestions. We have corrected the paragraph accordingly following the
suggestions.

Original manuscript (page 4, line 94)
Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG performed was fourier transform infrared spectroscopy (FTIR) and
nuclear magnetic resonance (NMR), scanning electron microscope (SEM), degree of
esterification, solubility, and viscosity.

Revised manuscript (page 4, line 85)

Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG was performed by using FTIR (fourier transform infrared) and
NMR (nuclear magnetic resonance) spectroscopic techniques. SEM (scanning electron
microscope), esterification efficiency, solubility, and viscosity tests were also carried out in
order to elucidate the structure.

7. Comment: correct as ‘was’ (page 5, line 108).
Response:
Thank you for the suggestions. We have corrected the word.

Original manuscript (page 5, line 108)
The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra were recorded.

Revised manuscript (page 4, line 99)
The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra was recorded.

8. Comment (page 5, line 115):
“just a small suggestion, you can also give the synthetic yield of the compound, this is also
scientific and more easy in terms of experiemental procedure. But these calculations are
also fine”
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Response:

Thank you for the suggestions. We have added a description of the percentage of synthesis
results in the paragraph on page 5, line 116. In addition, we have also added values of the
percentage of yield in Table 1.

Original manuscript (page 5, line 115)

Degree of esterification

The determination of the degree of esterification follows the experimental equation that has
been done previously (Hadinugroho et al. 2019). Acetone solution and acetone-distilled water
to precipitate and wash the acidic CA-LBG mass comes from unreacted HCI and CA. The
concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant which
had been standardized using oxalic acid. The dissolved acid concentration (mEq) was analyzed
by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEQq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group
weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar).

Revised manuscript (page 5, line 105)
Esterification efficiency

The efficiency of the synthesis was evaluated through the yield percentage of CA-LBG to
the total raw material. The evaluation of esterified CA was determined by the degree of
esterification. The determination of the degree of esterification follows the experimental
equation that has been done previously [6]. Acetone solution and acetone-distilled water to
precipitate and wash the acidic CA-LBG mass comes from unreacted HCI and CA. The
concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant which
had been standardized using oxalic acid. The dissolved acid concentration (mEq) was analyzed
by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group
weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar).

Table 1. Detail synthesis of CA-LBG using the concentration of HCI and irradiated with UV
(254 nm,100 minutes). Value physical parameters of CA-LBG: vyield, the degree of
esterification, carbonyl ester wavelength, solubility, and viscosity.

Batch LBG CA HCI Carbonyl Yield Degree of Solubility Viscosity
Code 10® [mol] [mol] Ester [%0] Esterification [%0] [cP]
[mol] [cm] [%]
A 7.10 0.42 0.18 1739.22 26.62 +0.05 8.27£0.19 36.63+1.14 11.20+0.10
B 7.10 0.42 0.24 1736.39 27.13+£0.09 9.13+0.13 29.30£1.16 9.48 + 0.06

C 7.10 0.42 0.30 1735.85 27.66 £ 0.06 9.69 +0.23 22.64+1.15 7.76 + 0.07
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9. Comment: correct as 'stretching' (page 10, line 238).
Response:
Thank you for the suggestions. We have corrected the word.

Original manuscript (page 10, line 238)
The stretch peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™*; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

Revised manuscript (page 09, line 221)
The stretching peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

10. Comment (page 11, line 250):
“have you used any solvent? If so, please specify”
Response:
Thank you for the suggestions. We have added a description of the solvent used for the
preparation of the NMR assay.

Original manuscript (page 11, line 250)

The NMR examination was carried out only in one of the experimental conditions (batch B)
due to the resulting CA-LBG will be used as a disintegrating agent in the tablet dosage forms.
NMR examination of the two other conditions has been confirmed in previous studies
(Hadinugroho et al. 2017, 2019).

Revised manuscript (page 10, line 230)

The NMR examination was carried out only in one of the experimental conditions (batch B)
due to the resulting CA-LBG will be used as a disintegrating agent in the tablet dosage forms.
NMR examination of the two other conditions has been confirmed in previous studies [6,7].
NMR examination using CA-LBG dissolved in deuterium (D20) (H20).

11. Comment (page 11, line 256):
“please add the integration and splitting of the peaks. Are you certain all are twin? if so,
their names must be dublet. The peak shapes are named as singlet, dublet, tripleti quartet
and multiplet. Please give the related details.”
Response:
Thank you for the suggestions. We have added a description of peak integration and splitting.

Original manuscript (page 11, line 256)

The results of the CA-LBG NMR analysis are shown in Figure 3. In the *H NMR spectrum of
CA, a pair of twin peaks at & = 3.088 ppm and & = 3.056 ppm, 6 = 2.906 and ppm, & = 2.875
ppm shows the presence of CA at LBG. The peak is from C-Hz (e) in CA. Sharp peaks of
4.148-3.587 ppm from mannose and galactose in LBG. Previous studies reported that a pair of
CA twin peaks appear around 6 = 2.7-3.0 ppm. Sharp peaks from mannose and galactose
appear around 4.5-3.0 ppm (Hadinugroho et al. 2017, 2019).
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12.

13.

Revised manuscript (page 10, line 246)

The results of the CA-LBG NMR analysis are shown in Figure 3. The *H NMR spectrum of
CA showed two doublet peaks at 6 = 3.088 ppm and & = 3.056 ppm, 6 = 2.906 and ppm, 6 =
2.875 ppm shows the presence of CA at LBG. The peak is from C-H. in CA. The two doublet
peaks are protons from symmetric C on CA reacting on LBG. The position of one adjacent
proton due to bond rotation and causes the signal to split so that the peak appears splitting.
Multiplet peaks at 6 = 4.148-3.587 ppm from mannose and galactose in LBG. Previous studies
reported that two doublet peaks of CA around 6 = 2.7-3.0 ppm. Multiplet peaks from mannose
and galactose appear around 4.5-3.0 ppm [6,7].

Comment (page 11, line 262):

“We have corrected the paragraph by sharing only the number of peaks, ranging from
high to low energy fields. We also do not ascertain every carbon peak.”

Response:

Thank you for the suggestions. We have corrected the paragraph by sharing only the number
of peaks, ranging from high to low energy fields. We also do not ascertain every carbon peak.

Original manuscript (page 11, line 262)

In the C NMR spectrum of CA-LBG, peaks at § = 176.790 ppm and & = 173.459 ppm are
related to C = O (b,c) resulting from the synthesis reaction. The peak at 6 = 73.325 ppm is
related to the central C atom of CA (a). The peak at 6 = 43.349 ppm is related to C-H> (d) of
CA. The peaks at 6 = 100.192 ppm, 6 = 100.000 ppm, 6 = 75.072 ppm and 6 = 71.453 ppm are
related to C-H and C-H> at mannose. The peaks at 6 = 69,985 ppm, 6 =61.260 ppm, 6 =61.010
ppm, & = 60.559 ppm are related to C-H and C-H: at mannose and galactose. Previous studies
reported that the C=0O group appeared at 6 = 180-170 ppm, the central C atom appeared at 6 =
80-70 ppm, C-H and C-H: appeared at 6 = 44-43 ppm (Jans and Kinne 1991; Doll et al. 2006;
Zhang et al. 2016; Hadinugroho et al. 2019). The peak absorption of mannose and galactose
appears at 6 = 105-60 ppm (Parvathy et al. 2005; Azero and Andrade 2006; Bhatia et al. 2013;
Gillet et al. 2014; Hadinugroho et al. 2019). This shows the success of the synthesis.

Revised manuscript (page 10, line 246)

The peaks of the CA-LBG 3C NMR spectra from the high to low energy field were at & =
176.790 ppm; 6 = 173.459 ppm; 173.363 ppm; 171.069 ppm; & = 100.192 ppm; 6 = 100.000
ppm; & = 75.072 ppm; & = 73.325 ppm; 6 = 71.453 ppm; 71.338 ppm; & = 69.985 ppm; & =
61.260 ppm, 6 = 61.010 ppm, and 6 = 60.559; and & = 43.349. Previous studies reported that
the C=0 group appeared at & = 180-170 ppm, the central C atom appeared at 6 = 80-70 ppm,
C-H and C-H2 appeared at 6 = 44-43 ppm. [6,28-30]. The peak absorption of mannose and
galactose appears at 6 = 105-60 ppm [6,31-34]. This shows the success of the synthesis.

Comment (page 33, Figure 3):

“I wouldnt suggest you write the carbons as certain like here. Untill you perform a 2D
NMR analysis, it is better not to specify the peaks.”

“here the peak shape is double dublet, please share the J values.”
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Response:
Thank you for the suggestions. We have corrected Figure 3 and did not specify the peak. In

addition, we have also added the value of J and only shared the number of peaks of the multiplet
without specifying the peak.

Original (Figure 3) (page 33, Figure 3)
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Comment of reviewer 3:
“l have provided my decision to the editor.”

Response:
Thank you for the suggestions. Thanks for the comments. We really appreciate.
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Comment of reviewer 4:

1. Comment: “The following paper by the author should probably be cited in this
manuscript due to similarities in the coverage:
Hadinugroho, W., Martodihardjo, S., Fudholi, A., & Riyanto, S. (2019). Esterification of
citric acid with locust bean gum. Heliyon, 5(8), €02337.”
Response:
Thank you for the suggestions. We have included citations in this manuscript for the article:
Hadinugroho, W., Martodihardjo, S., Fudholi, A., & Riyanto, S. (2019). Esterification of citric
acid with locust bean sap. Heliyon, 5(8), €02337. In addition, we have also been listed on the
reference (number 6).

(Page 2, paragraph 2, line 35)

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric acid
(CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid (HCI)
as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds. LBG
consists of mannose and galactose monomer chains (4:1). [2,5-9]

(Page 2, paragraph 3, line 42)

The HCI is a strong acid that is effective for creating acidic conditions [10,11]. Variation of
HCI concentration in the synthesis effect on the character of CA-LBG. The concentration of
HCI affects the rate of protonation of the carbonyl group of CA to form a positive C atom.
Increasing the concentration of HCI causes an increase in the creation of positive C atoms. This
condition increases CA binding to LBG. The characteristics of CA-LBG are influenced by the
concentration of CA bound to LBG [6].

(Page 2, paragraph 4, line 47)

The low wavelengths of UV irradiation (200-400 nm) are a source of energy strong enough to
form chemical bonds [12-14]. The UV irradiation for a certain duration determines the
formation of positive C atoms from the carbonyl group in CA with the O atoms (C-6) of
mannose and galactose at LBG. The results of previous studies reported that this esterification
produced a carbonyl ester group on CA-LBG which was not owned by LBG. In addition, the
study reported that CA-LBG has a viscosity of 7-11 cP [6]

(Page 3, paragraph 5, line 51)

The CA-LBG utilization as material synthesis products needs to be studied further.
Pharmaceutical formulation is one area where CA-LBG can be used as an alternative to
pharmaceutical excipients. Previous studies have reported that CA-LBG has the potential as a
disintegrating agent for tablet dosage formulations [6].

(Page 5, line 120)

The degree of esterification is determined by comparing the carboxylate group in the reacting
CA (Molar) and the carboxylate group at the initial CA (Molar) and calculated according to
Equation 3 [6].
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(Page 9, line 216)

In the synthesis of CA-LBG, the acidity of HCI could be induced protonation of O atoms from
the carbonyl group of citric acid and created positive C atoms. The hydroxyl (OH) group of C-
6 at mannose and galactose atoms reacts with the protonated citric acid carbonyl group to create
a tetrahedral cation. Protonated OH (*OH>) oxygen groups with H20 loss to form CA-LBG. UV
irradiation is the energy source to create bonds between positive C atoms from carboxylic
groups and O atoms of C-6 at mannose and galactose [6,7].

(Page 10, line 230)

The sharp peak of CA-LBG appeared at 1739.22 cm™; 1736.39 cm™; and 1735.85 cm™ are
related to the carbonyl ester group that was produced from the synthesis reaction. The carbonyl
ester group is created by the bond between the positive C atom of the protonated carbonyl group
in CA and the O atom of C-6 at mannose and galactose in LBG. In a previous study, the OH
group appeared around 3300 cm™. C-H appears around 2900 cm™, and C=0 appears around
1750-1735 cm[6]

(Page 10, line 237)
NMR examination of the two other conditions has been confirmed in previous studies [6,7].

(Page 10, line 245)

Multiplet peaks at 6 = 4.148-3.587 ppm from mannose and galactose in LBG. Previous studies
reported that two doublet peaks of CA around 6 = 2.7-3.0 ppm. Multiplet peaks from mannose
and galactose appear around 4.5-3.0 ppm [6,7].

(Page 11, line 251 & 252)

Previous studies reported that the C=0 group appeared at 6 = 180-170 ppm, the central C atom
appeared at 6 = 80-70 ppm, C-H and C-H2 appeared at & = 44-43 ppm. [6,28-30]. The peak
absorption of mannose and galactose appears at & = 105-60 ppm [6,31-34]. This shows the
success of the synthesis.

(Page 11, line 258)
Based on previous experiments, LBG has a corrugated morphology and CA creates coral
morphology [6].

References

1. Das N, Triparthi N, Basu S, Bose C, Maitra S, Khurana S. Progress in the development of
gelling agents for improved culturability of microorganisms. Front Microbiol. 2015;6:1-7.

2. Dey P, Maiti S, Sa B. Novel etherified locust bean gum-alginate hydrogels for controlled
release of glipizide. J Biomater Sci Polym Ed. 2013;24:663-83.

3. Dionisio M, Grenha A. Locust bean gum: Exploring its potential for biopharmaceutical
applications. J Pharm Bioallied Sci. 2012;4:175-85.

4. Sheskey, Paul J Cook, Walter G Cable, Colin G. Handbook of Pharmaceutical Excipients
8th. London-Washington DC: Pharmaceutical Press and American Pharmacists Association;
2017.

5. Chudzikowski RJ. Guar gum and its applications. J Soc Cosmet Chem. 1971;22:43-60.

6. Hadinugroho W, Martodihardjo S, Fudholi A, Riyanto S. Esterification of citric acid with
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https://doi.org/10.1016/j.heliyon.2019.e02337

7. Hadinugroho W, Martodihardjo S, Fudholi A, Riyanto S. Study of a catalyst of citric acid
crosslinking on locust bean gum. J Chem Technol Metall. 2017;52:1086-91.

gum. Heliyon. Elsevier Ltd; 2019; 5: e02337.

2. Comment: “Correct the spelling of disintegrating agent on the x-axis in Figure 8, 9.”

Response:

Thank you for the suggestions. We have correct the spelling of disintegrating agent on the x-
axis in Figure 8, 9.

Original (Figure 8) (page 38)
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Original (Figure 9) (page 39)
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3. Comment:
“Some editing would improve the readability of the manuscript.For example, the meaning
of this sentence is not clear (p. 2, line 45): ""Variation of HCI concentration in the synthetic
effect on the character of CA-LBG.”
Response:
Thank you for the suggestions. We have tried to check and correct the words/sentences in this
manuscript electronically and discuss it with linguists. We look forward to suggestions if
something is still wrong or missed.

Original manuscript (Page 2, line 44)
Variation of HCI concentration in the synthetic effect on the character of CA-LBG.
Revised manuscript (Page 2, line 37)
Variation of HCI concentration in the synthesis effect on the character of CA-LBG.

Original manuscript (Page 3, line 57)

The CA-LBG utilization as material synthesis products need to be studied further.
Revised manuscript (Page 2, line 48)

The CA-LBG utilization as material synthesis products needs to be studied further.

Original manuscript (Page 5, line 108)

The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra were recorded.

Revised manuscript (Page 4, line 98)

The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra was recorded.

Original manuscript (Page 10, line 238)

The stretch peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

Revised manuscript (Page 9, line 221)

The stretching peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm®; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

Original manuscript (Page 11, line 247)

This shows the success of the synthesis and continued by NMR confirmation.

Revised manuscript (Page 10, line 237)

This indicates the success of the synthesis and CA-LBG was further confirmed by NMR.

Original manuscript (Page 12, line 277)

The LBG particles have a shape coral- corrugated indicates available interaction with CA with
LBG and successful synthesis.

Revised manuscript (Page 11, line 259)

The LBG particles have a shape coral-corrugated indicates the available interaction of CA with
LBG and shows successful synthesis.
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Original manuscript (Page 14, line 324)

In general, the tablet profile containing CA-LBG the most slope of flow rate although the CA-
LBG concentration was increasing.

Revised manuscript (Page 13, line 307)

In general, the tablet profile containing CA-LBG had the most slope of the flow rate although
the CA-LBG concentration was increasing.

Original manuscript (Page 15, line 351)

In the CL-1 and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated
by the effect of the density arrangement between SDL granules and the area of porosity that
could accommodate all CA-LBG particles.

Revised manuscript (Page 14, line 334)

In the CL-1 and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated
by the effect of the density and the area of porosity arrangement between SDL granules for
could accommodate all CA-LBG particles.

Original manuscript (Page 15, line 361)

The rod-shape and corrugated surface of the CS particles envelop according to the SDL granule
shape in layers and has a narrow porosity.

Revised manuscript (Page 14, line 344)

The rod-shaped and corrugated surface of the CS particles is enveloping according to the SDL
granule shape in layers and has a narrow porosity.

Original manuscript (Page 20, line 473)

In CS-5 tablet, reduced SDL granules have an impact on tablet resistance because SDL granules
serve as a foundation to withstand the mechanical stress exerted on the tablet surface.

Revised manuscript (Page 19, line 456)

In CS-5 tablets, reduced SDL granules have an impact on tablet resistance because SDL
granules serve as a foundation to withstand the mechanical stress exerted on the tablet surface.

Original manuscript (Page 20, line 475)

In CS-6 tablet, the foundation of tablet resistance to mechanical stress is controlled more by the
interlocking bonds between CS particles after being compressed so that the tablets are stronger
than the CS-5 tablet.

Revised manuscript (Page 19, line 458)

In CS-6 tablets, the foundation of tablet resistance to mechanical stress is controlled more by
the interlocking bonds between CS particles after being compressed so that the tablets are
stronger than the CS-5 tablet.

Original manuscript (Page 20, line 486)

In the experiment, the peak tensile strength of CA-LBG tablets and SSG tablets was a
concentration of 2% while CS tablets was a concentration of 4%.

Revised manuscript (Page 19, line 469)

In the experiment, the peak of tensile strength of CA-LBG tablets and SSG tablets was at a
concentration of 2%, while the peak of tensile strength CS tablets was at a concentration of 4%.
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Original manuscript (Page 21, line 518)

The friability of the CS-4 to CS-6 tablets proportional to the BF value and tends to decrease.
Revised manuscript (Page 21, line 501)

The friability of the CS-4 to CS-6 tablets is proportional to the BF value and tends to decrease.

Original manuscript (Page 24, line 586)

Comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11).

Revised manuscript (Page 23, line 569)

A comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11).

4. Comment: “CIC Pharmaceutical Sciences might be a better journal for this work.”
Response:
Thank you for the suggestions.



Title Page w/ ALL Author Contact Info.

OO NOOULL D WN -

UDDAMAEDADRDDAAEADDWWWWWWWWWWNNNNNNNNNNRRERPRREPRRRPLRPRR
CLOVNANUDBRWNRPROOLOIOOTUNBRWNROWLVLONOU D WNRPRPOWLOONOODUDAWNIERO

Surabaya, September 4", 2021

Dear Prof. Robert A Lodder
Editor
Journal of Pharmaceutical Innovation

Please find enclosed our revised manuscript entitled “Preparation of Citric Acid-Locust Bean
Gum (CA-LBG) for the disintegrating agent of tablet dosage forms”. This manuscript was
revised based on the suggestions of reviewers. We inform you that changes to the manuscript
based on suggestions from reviewers are written in blue ink. We also attach a list of responses
to the suggestions of reviewers.

Regardless of the decision that will publish/reject this manuscript. We are very grateful and
expect suggestions and corrections from reviewers and editors to improve this manuscript.

We thank you for your attention and cooperation.

Yours sincerely,

Dr. Wuryanto Hadinugroho

Department of Pharmacy Science and Industrial

Widya Mandala Surabaya Catholic University

Kalisari Selatan 1, Pakuwon City, Surabaya 60112, Indonesia
Email: wuryanto.hadinugroho@ymail.com

Tel. +62 31 3891264

Fax. + 62 31 3891267



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Preparation of Citric Acid-Locust Bean Gum (CA-LBG) for the

disintegrating agent of tablet dosage forms

Wuryanto Hadinugroho'?*, Suwaldi Martodihardjo?, Achmad Fudholi?, Sugeng Riyanto?

1 Department of Pharmaceutical, Faculty of Pharmacy, Widya Mandala Surabaya Catholic
University, Kalisari Selatan no. 1 Pakuwon City, Surabaya, Indonesia
2 Department of Pharmaceutical, Faculty of Pharmacy, Gadjah Mada University, Sekip Utara,

Yogyakarta, Indonesia

*Corresponding authors: e-mail address: wuryanto.hadinugroho@ymail.com; Tel.: +62 81 330

904 484, Fax: +62 31 990 052 88

Declarations

Author contribution statement

Wuryanto Hadinugroho: Conceived and designed the experiments; Performed the experiments;
Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data;
Wrote the paper.

Suwaldi Martodihardjo, Achmad Fudholi, Sugeng Riyanto: Conceived and designed the

experiments; Analyzed and interpreted the data.

Declarations of interest

The authors declare no conflict of interest.



73

74

75

76

77

78

79

80

81

Acknowledgement

The authors thank the research, technology, and higher education department,
Indonesia for support of this work by providing research grants (0299/E3/2016). The author
also thanks PT. Makmur Food (Indonesia) for supporting locust bean gum (viscogum); LPPT
Gadjah Mada University (Indonesia) for the SEM, DSC, NMR instrument support; Faculty of
Pharmacy, Gadjah Mada University (Indonesia) for support of pharmaceutical technology
facilities; Faculty of Pharmacy, Widya Mandala Catholic University Surabaya (Indonesia) for

pharmaceutical technology facilities and instruments.



Blinded Manuscript <b>(must NOT contain author

information)</b>
Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 1
1 Abstract
1
2
3 2 Purpose: Analyze the effect of HC | concentration 0.24 mol as a synthesis catalyst on the
4
2 3 viscosity of CA-LBG and determine the effect of the application of CA-LBG as a disintegrating
7 . .
g 4 agenton the physical quality of tablets.
9
10 5 Methods: Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and
11
g 6 locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm, 100
14
15 7 minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy (FTIR),
16
g 8 nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), esterification
19
20 9 efficiency, solubility, and viscosity. The tablet formulation used CA-LBG with a concentration
21
gg 10  variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of tablets by direct compression
24 : . .
o5 11  uses aspray dray lactose (SDL) as a filler with a tablet weight of 200 mg.
26
% 12 Results: Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. The presence
gg 13 of CA-LBG as a disintegrating agent has variation effects to thickness, break force, tensile
31
32 14  strength, friability according to the concentration used. In the formulation process, increasing
33
gg 15  the concentration of CA-LBG in the tablet mass decreased the flow rate and increased
36 - _-g=
37 16  compressibility.
38
jg 17 Conclusion: The increase in the concentration of CA-LBG in tablets accelerated the
41 _
42 18  disintegration of tablets without the influence of other tablet parameters. The CA-LBG
43
jg 19  disintegration activity through repulsion between CA-LBG deformation on the tablet when
jg 20  wetted with disintegration medium. The repulsion force occurs due to the character of CA-
48
49 21  LBG which has low solubility and low viscosity.
50
51
5y 22
53 - - - - - - - -
54 23 Keyword: CA-LBG, citric acid, locust bean gum, disintegrating agent, direct compression
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Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 2

Introduction

Natural polymers are a resource that can be used and developed as pharmaceutical
excipients. One of the natural polymers in pharmaceutical excipients is locust bean gum (LBG)
which functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent,
gelling agent, etc. The LBG is a polymer that has the potential to be modified to produce new
materials as excipients in tablet formulations [1-4].

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric
acid (CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid
(HCI) as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds.
LBG consists of mannose and galactose monomer chains (4:1). [2,5-9].

The HCI is a strong acid that is effective for creating acidic conditions [10,11].
Variation of HCI concentration in the synthesis effect on the character of CA-LBG. The
concentration of HCI affects the rate of protonation of the carbonyl group of CA to form a
positive C atom. Increasing the concentration of HCI causes an increase in the creation of
positive C atoms. This condition increases CA binding to LBG. The characteristics of CA-LBG
are influenced by the concentration of CA bound to LBG [6].

The low wavelengths of UV irradiation (200-400 nm) are a source of energy strong
enough to form chemical bonds [12-14]. The UV irradiation for a certain duration determines
the formation of positive C atoms from the carbonyl group in CA with the O atoms (C-6) of
mannose and galactose at LBG. The results of previous studies reported that this esterification
produced a carbonyl ester group on CA-LBG which was not owned by LBG. In addition, the
study reported that CA-LBG has a viscosity of 7-11 cP [6].

The CA-LBG utilization as material synthesis products needs to be studied further.

Pharmaceutical formulation is one area where CA-LBG can be used as an alternative to
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pharmaceutical excipients. Previous studies have reported that CA-LBG has the potential as a
disintegrating agent for tablet dosage formulations [6].

The purpose of this study was to analyze the effect of HCI concentration 0.24 M as a
synthesis catalyst on the viscosity of CA-LBG. The aim of the tablet formulation was to
determine the effect of the application of CA-LBG as a disintegration agent on the physical
quality of tablets. The novelty of this study, the synthesis of CA-LBG uses a concentration of
HCI 0.24 mol as the catalyst and UV irradiation time (100 minutes) as an energy source that
creates the chemical bond. HCI concentrations of 0.18 mol and 0.30 mol were experimental
control concentrations to determine the success of the synthesis and characterization of CA-
LBG. The CA-LBG experiment as a disintegrating agent was further studied with various
concentrations. Sodium starch glycolate (SSG) and croscarmellose sodium (CS) were
comparable disintegrating agents to study the disintegration activity of CA-LBG. SSG and CS
are tablet disintegrating agents that are often used in tablet formulations because both able to
swell in the disintegrating medium in a fast time. The rounded shape with the smooth surface
of the SSG and the shape of the root with the corrugated surface of the CS can affect the tablet
quality [4,15]. The experiment was conducted to determine the potential for the disintegration
of CA-LBG in tablet formulations as an alternative choice of disintegrating agent to be

developed in the future.

Material and methods

Raw materials and chemicals

Materials needed in this study were locust bean gum (Viscogum, Cargill, France), citric
acid monohydrate (Merck KgaA, Darmstadt, Germany), hydrochloric acid (Sigma-Aldrich,
GmbH, USA), acetone (Cawan Anugerah Chemika, Indonesia), sodium starch glycolate (JRS

Pharma, India), croscarmellose sodium (FMC Biopolymer, USA), spray dried lactose
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(Foremost Farms, USA), diclofenac sodium (Dwilab Mandiri, Indonesia), sterilized water for

injection (Otsuka, Indonesia), and distilled water (Brataco Chemical, Indonesia).

Preparation of CA-LBG

The swollen LBG was placed in a glass bowl (7.10 x10° mol/50 mL concentration at a
temperature rate of 55-60 °C) and CA (0.42 mol) was added with different concentrations of
HCI (0.18; 0.24; and 0.30 mol). The mixture was stirred for 10 minutes and irradiated with UV
light for 100 minutes (254 nm, 8-watt shortwave CH-4132 Muttenz, Camag, Switzerland). The
wet solid was precipitated with acetone and washed with acetone-distilled water (1:1, v/v). The
solid CA-LBG was dried at ambient temperature [7].

Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG was performed by using FTIR (fourier transform infrared) and
NMR (nuclear magnetic resonance) spectroscopic techniques. SEM (scanning electron
microscope), esterification efficiency, solubility, and viscosity tests were also carried out in

order to elucidate the structure.

Fourier transform infrared spectroscopy
The structure and the functional group of CA-LBG were analyzed by Fourier transform
infrared spectroscopy (UATR Perkin Elmer Spectrum Version 10.4.3.) in the wavenumber

range of 4000-450 cm™ spectra were recorded.

Nuclear magnetic resonance
The H and *C NMR of CA-LBG was analyzed by liquid state NMR spectroscopy
(JEOL RESONANCE ECZ 500R Japan). The CA-LBG (5-15 mg) was stirred for 45 minutes.

The filtrate was placed in the glass tube and spectra was recorded.
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Scanning electron microscope
The surface morphology of CA-LBG was analyzed using SEM (JSM-6510LA, JEOL,
Japan). The CA-LBG was mounted on a holder, coated by platinum, and observed (distance 10

mm and voltage10 kV).

Esterification efficiency

The efficiency of the synthesis was evaluated through the yield percentage of CA-LBG
to the total raw material. The evaluation of esterified CA was determined by the degree of
esterification. The determination of the degree of esterification follows the experimental
equation that has been done previously [6]. Acetone solution and acetone-distilled water to
precipitate and wash the acidic CA-LBG mass comes from unreacted HCI and CA. The
concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant
which had been standardized using oxalic acid. The dissolved acid concentration (mEq) was
analyzed by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group
weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar). The degree of
esterification is determined by comparing the carboxylate group in the reacting CA (Molar)
and the carboxylate group at the initial CA (Molar) and calculated according to Equation 3 [6].
Dissolved CA (mEq).

dissolved CA [mEq] = dissolved acid[mEq] — dissolved HCI[meq] Equation 1
Weight CA reacting (gram)

W CAreacting = W initial CA — W dissolved CA Equation 2
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Degree of esterification

s , carboxylic group on the CA reacting [Molar] :
Degree of esterification [%] = carboxylic group on the CA initial [Molar] x 100 % Equation 3

Solubility

Solubility was determined by 0.5 g CA-LBG added 50 mL distilled water and allowed
to stand for 24 h (Wd). Then, the filtrate was separated from the swollen sample. The filtrate
was dried on a water bath at 70 © C and reweighed (Wds) on a microbalance (Mettler Toledo
AL204, Switzerland). The solubility of the CA-LBG was analyzed according to Equation 4:
Solubility (%) = Wds/Wd x 100 Equation 4

where Wds and Wd are soluble weight and initial weight (dry weight respectively) [16].

Viscosity

The CA-LBG viscosity test using a viscometer (Brookfield LVDV-I Prime,
Middleboro, MA, USA). The CA-LBG (3% wi/v) was swelled in 300 mL of warm distilled
water and left at ambient temperature. Spindle no. S61 was installed on Brookfield. Viscosity

was recorded when Brookfield was rotated at 100 rpm.

Preparation of tablets

Preparation of tablets begins with weighing the ingredients according to the formula
(Table 1). Preparation of tablets by direct compress was prepared by mixing homogeneous
SDL and CA-LBG/SSG/ CS using a cubic mixer (2 minutes, 100 rpm) (Erweka). The physical
quality of tablet mass was evaluated for flowability and compressibility. The mass of the tablets
was compressed with a weight of 200 mg per tablet using a single punch machine (Jenn Chian
Machinery, Taiwan). The physical quality of the tablets was evaluated for thickness, weight,

break force, tensile strength, friability, and disintegration time.
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Flowability
Tablet mass (100 g) was placed in a funnel hole on a flowability tester (Erweka,
Germany). When the funnel valve is opened, tablet mass flows. Flow time can be observed on

the flowability tester monitor.

Compressibility

Tablet mass was poured into a measuring tube (100 mL, angle = 40° ) whose weight
was known. The filled measuring tube is weighed, placed on a tapped density volumeter
apparatus (Erweka, Germany), and tapped (500 taps). Weight and volume of tablet mass
(before and after tapped) were recorded to determine the bulk density and the tapped density.
Tablet mass versus volume before tapped is bulk density. Granule weight/tablet mass versus
volume after tapped is the tapped density. The compressibility index is the difference between

tapped density and bulk density versus tapped density (Equation 5) [17].

tapped density—bulk density
tapped density

compressibility index (%) = x 100% Equation 5

Weight and thickness
Tablet weight and thickness were determined using 20 randomly selected tablets. Each
tablet was weighed using an analytical weighing scale (Mettler Toledo, Switzerland) and

thickness was accurately measured using a thickness gauge (Mitutoyo 7301, Japan).

Break force and tensile strength

Tablet break force (BF) was determined using 6 randomly selected tablets [18]. The
tablet is placed on the break force tester plate (Schleuniger, Netherlands). The metal block
moves towards the tablet and presses until the tablet cracks/breaks. The tablet break force value

is determined from the start of cracks/breaks, indicated on the monitor.
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The strength of the tablet against mechanical stress is determined specifically using the
tensile strength parameter according to the shape of the convex tablet. Tensile strength (ot) is

calculated following Equation 6 [19,20].

_ 10F _
ot = D2 (2.84(5)—0.126(;) +3.15(% ) +0.001) Equation 6

F is the break force, D is the diameter of the tablet, t is the total thickness of the tablet, and W

is the thickness of the center of the tablet without convex.

Friability

Tablet friability was determined using a randomly selected number of tablets with a
total tablet weight equal to 6500 mg [18]. Each tablet was dust-free and the total weight of all
tablets was determined (WO0). All tablets were put into a drum friability tester (Erweka,
Germany) and rotated for 4 minutes (25 rpm). After being removed from the drum, each tablet
was dust-free and weighed again (W1). The friability of the tablet is the difference in the total
weight of the tablet before and after rotated compared to the weight before rotated (Equation

7).

wo-wi

friability (%) = o

100% Equation 7

Disintegration time

Tablet disintegration time was determined using 6 tablets randomly selected from 18
previously randomly selected tablets [18]. Each tablet was inserted into each tube in the
chamber disintegration tester apparatus (Erweka Z3, Germany). The chamber is up-down in a
distilled water bath (37° C; 900 mL). The disintegration time was determined from the longest

time required for the tube net to be free of tablet fragments.
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Dissolution

The experiment was prepared using a tablet mass added with diclofenac sodium as a
model active ingredient. Each tablet contains 50 mg of diclofenac sodium to be compressed to
a weight of 250 mg [21,22]. Dissolution using phosphate buffer medium pH 6.8 (900 mL; 37
+ 0.5 ° C; 50 rpm) for 60 minutes using the paddle method (Electrolab TDT-08L, India)
[23,24]. The release of ketoprofen was sampled and observed at 5, 15, 30, 45, and 60 minutes.
Analysis of dissolved diclofenac sodium concentration using a UV-vis spectrophotometer

(Hitachi U-1900, Japan) at a wavelength of 276 nm [25,26].

Result and discussion

Mechanism of the CA-LBG synthesis reaction

In the synthesis of CA-LBG, the acidity of HCI could be induced protonation of O
atoms from the carbonyl group of citric acid and created positive C atoms. The hydroxyl (OH)
group of C-6 at mannose and galactose atoms reacts with the protonated citric acid carbonyl
group to create a tetrahedral cation. Protonated OH (*OH>) oxygen groups with H2O loss to
form CA-LBG. UV irradiation is the energy source to create bonds between positive C atoms
from carboxylic groups and O atoms of C-6 at mannose and galactose [6,7]. The schematic and

details of the synthesis are shown in Figure 1 and Table 1.

Fourier transform infrared spectroscopy

The results of the CA-LBG and LBG infrared analysis are shown in Figure 2 and Table
1. The stretching peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™; and 3337.34 cm'?
are related to the hydroxyl (OH) groups of C atoms at mannose and galactose. Sharp peaks
appear at 2920.60 cm™*; 2923.35 cm™, 2923.56 cm™*; and 2923.35 cm™ are related to C-H bonds

of CA and LBG. In CA-LBG, the sharp peak comes from C-H symmetrically of CA [27]. The
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sharp peak of CA-LBG appeared at 1739.22 cm™; 1736.39 cm™; and 1735.85 cm™ are related
to the carbonyl ester group that was produced from the synthesis reaction. The carbonyl ester
group is created by the bond between the positive C atom of the protonated carbonyl group in
CA and the O atom of C-6 at mannose and galactose in LBG. In a previous study, the OH group
appeared around 3300 cm™. C-H appears around 2900 cm™, and C=0 appears around 1750-
1735 cm[6]. This indicates the success of the synthesis and CA-LBG was further confirmed

by NMR.

Nuclear magnetic resonance

The NMR examination was carried out only in one of the experimental conditions
(batch B) due to the resulting CA-LBG will be used as a disintegrating agent in the tablet
dosage forms. NMR examination of the two other conditions has been confirmed in previous
studies [6,7]. NMR examination using CA-LBG dissolved in deuterium (D20) (H20).

The results of the CA-LBG NMR analysis are shown in Figure 3. The 'H NMR
spectrum of CA showed two doublet peaks at 6 = 3.088 ppm and 6 = 3.056 ppm, 6 =2.906 and
ppm, 6 = 2.875 ppm shows the presence of CA at LBG. The peak is from C-Hz in CA. The
two doublet peaks are protons from symmetric C on CA reacting on LBG. The position of one
adjacent proton due to bond rotation and causes the signal to split so that the peak appears
splitting. Multiplet peaks at 6 = 4.148-3.587 ppm from mannose and galactose in LBG.
Previous studies reported that two doublet peaks of CA around 6 = 2.7-3.0 ppm. Multiplet
peaks from mannose and galactose appear around 4.5-3.0 ppm [6,7].

The peaks of the CA-LBG *C NMR spectra from the high to low energy field were at
0=176.790 ppm; & = 173.459 ppm; 173.363 ppm; 171.069 ppm; 6 =100.192 ppm; 6 = 100.000
ppm; 6 = 75.072 ppm; & = 73.325 ppm; 6 = 71.453 ppm; 71.338 ppm; 6 = 69.985 ppm; & =

61.260 ppm, 6 = 61.010 ppm, and & = 60.559; and 6 = 43.349. Previous studies reported that
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the C=0 group appeared at 6 = 180-170 ppm, the central C atom appeared at 6 = 80-70 ppm,
C-H and C-H2 appeared at 6 = 44-43 ppm. [6,28-30]. The peak absorption of mannose and

galactose appears at 6 = 105-60 ppm [6,31-34]. This shows the success of the synthesis.

1.2. Scanning electron microscopy

The SEM images of CA-LBG (Batch B) are shown in Figure 4. In magnification100x,
particles of CA-LBG appear in an irregular shape. In magnification 3500x, particles CA-LBG
have the surface morphology of CA-LBG appear coral-corrugated. Based on previous
experiments, LBG has a corrugated morphology and CA creates coral morphology [6]. The
LBG particles have a shape coral-corrugated indicates the available interaction of CA with

LBG and shows successful synthesis.

Esterification efficiency

The yield percentage and degree of esterification of CA-LBG for all batches are shown
in Table 1. The high concentration of HCI under synthesis conditions increases Yyield
percentage and degree of esterification due to the high amount of CA bound to LBG. The HCI
increases the acidity of the synthesis conditions to protonate the O atom from the carbonyl
group and creates a positive C atom, thereby causing CA to bind to LBG. The CA-LBG batch
A to batch C shows the higher the degree of esterification in proportion to the increase in the
concentration of HCI because the protonation of the O atom from the carbonyl group and the
formation of a positive C atom is faster. This condition accelerates creates bonds between

positive C atoms from carboxylic groups and O atoms of C-6 at mannose and galactose.
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Solubility

The solubility of CA-LBG for each synthesis condition is shown in Table 1. The CA-
LBG of batch A to batch B presents the solubility decreasing in proportion to the increasing
degree of esterification. The more CA molecules bound to the LBG produce CA-LBG with
stable ester bonds. Bonds of positive C atoms from carboxylic groups and O atoms of C-6 at
mannose and galactose decrease the ability of CA-LBG to interact with distilled water. In this

condition, CA-LBG particles are difficult to wet so inhibit solubility in distilled water.

Viscosity

The viscosity of CA-LBG for each batch is shown in Table 1. LBG has a high viscosity,
but the presence of excess CA can reduce the viscosity. The viscosity of CA-LBG from batch
A to batch C decreased in proportion to the increasing degree of esterification. The carbonyl
ester groups formed from the bonding of positive C atoms from carboxylate groups with O
atoms of C-6 in mannose and galactose reduce the ability of CA-LBG to trap distilled water so

viscosity decreases.

Flowability

The results of the flowability study on all tablet mass formulas containing CA-LBG
showed that an increase in the concentration of CA-LBG increased the flow time of tablet mass
(Table 2) because influenced by the irregular shape of particles and the surface like coral inhibit
the flow of mass tablet (Figure 5). The CL-1 formula has the fastest flow time due to the
influence of the spherical shape of the SDL granules to dominate the flowability although CA-
LBG is present in the tablet mass [4]. The formula containing SSG and CS showed an increase
in concentration cause increased flow time tablet mass. SSG particles are rounded and have a

smooth surface, should be able to rate up the flow time but SSG particles are also hygroscopic,
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thus inhibiting the flow time of tablet mass [4]. The CS particles are rod-shaped with a
corrugated surface, which at high concentrations can inhibit the flow of tablets mass [4].
According to the flow time requirements, all tablet mass formulas containing a variety of
disintegrating agents meet the requirements is 100 g tablet mass can flow in less than 10
seconds [35].

The effect of the presence of various disintegrating agents on the tablet mass is shown
in Figure 5, which is a plot between the concentration of the disintegrating agent and the flow
rate [g s™Y]. In general, the tablet profile containing CA-LBG had the most slope of the flow
rate although the CA-LBG concentration was increasing. In addition, the decrease in flow rate
of tablet mass with a high concentration of CA-LBG is proportional to the flow rate of tablet
mass containing high concentrations of SSG and CS. This case is because the particle surface
of CA-LBG like coral can fill each other with a porosity of SDL surface [4]. The sharp decrease
in the profile of tablet mass containing CS at low concentrations (CS-1) indicates that the flow
rate is more influenced by the spherical shape of the SDL granules so accelerate the flow, while
at higher concentrations (CS-2) the root shape and corrugated surfaces of the CS particles begin
to inhibit the flow. The flow rate profile of tablet mass containing SSG at low concentrations
(SSG-1) is more slope than the tablet mass containing CS at the same concentration (CS-1)
because the hygroscopicity of SSG particles inhibits the flow of tablet mass. The hygroscopic
effect of SSG particles at higher concentrations (SSG-2 to SSG-6) can be overcome by the
rounded shape and smooth surface of the SSG particles so that the decrease flow rate is more

slope.

Compressibility
The tablet mass density evaluation results on all tablet mass formulas containing CA-

LBG or SSG showed that increasing the concentration of the disintegrating agent increased the
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value of prapped-pbulk (Table 2), due to the influence of the shape and surface of the disintegrating
agent particles. The initial composition of the tablet mass was SDL granules arranged
randomly, the porosity between the SDL granules was filled with disintegrating agent particles.

The CA-LBG particles which have an irregular shape and a coral-like surface are
randomly arranged on the porosity between the SDL granules according to the shape and area
of the porosity between the initial particles. The volume decrease during the tapping was caused
by the movement of SDL granules and CA-LBG particles. The CA-LBG particle corners fill
each other surface porosity between particles and SDL granule surface porosity. In the CL-1
and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated by the effect
of the density and the area of porosity arrangement between SDL granules for could
accommodate all CA-LBG particles. The volume decrease in the tapping of the formula with
the higher CA-LBG concentration causes the porosity between the SDL granules to be wider
because the CA-LBG particles surround the SDL granules tightly.

The rounded shape and smooth surface of the SSG particles give a tablet mass
arrangement with more regular porosity than the CA-LBG particles. The smooth surface of
SSG particles causes movement of SDL granules / SSG particles and decreases in volume
during tapping so that the porosity narrows and SSG particles fill the porosity of the SDL
granule surface. Formulas containing CS have a different value of ptapped-pouik from formulas
containing other disintegrating agents, namely the increasing the concentration of CS, the
lowering the value of prapped-pouik. The rod-shaped and corrugated surface of the CS particles is
enveloping according to the SDL granule shape in layers and has a narrow porosity. The surface
of the CS particles decreases the ability of the particles to move and the volume decreases on
tapping because the surface corrugated of the CS particles will interlock with other CS

particles.
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The results of the density evaluation are further confirmed by the compressibility
profile shown in Figure 6, where increasing the concentration of the disintegrating agent
increases the mass compressibility of tablets containing CA-LBG / SSG and decreases the mass
compressibility of tablets containing CS. The mass compressibility of tablets containing CA-
LBG was slightly lower than the mass of tablets containing SSG because the angles of CA-
LBG particles fill each other surface porosity between particles and SDL granule surface

porosity.

Weight and thickness

All tablet masses contain a variety of disintegrating agents and their concentration is
compressed into tablets and according to weight is around 200 mg (Table 2), which shows that
all tablet masses are able to flow freely from the hopper and fill the dies space in the tablet
compressing machine. This condition is in accordance with the results of the evaluation of
flowability and compressibility.

The variation in tablet thickness from the mass of tablets containing various
disintegrating agents is influenced by the arrangement, shape, and surface of the SDL granule
or the disintegrating agent particle so that when compression is applied produced deformation
of the granule/particle, bond interlocking, and narrowing the porosity between deformations.
The irregular shape and coral-like surface of the CA-LBG particles provide an opportunity for
the particle corners to fill each other with the SDL particle/granule surface porosity so the tablet
mass is compressed to produce a low-porosity tablet. The rounded shape and smooth surface
of the SSG particles produce tablets with a regular form of porosity. The root shape and
corrugated surface of the CS particles provide an opportunity to interlock between the particles

and the corrugated surface so the tablet mass is compressed to produce a low-porosity tablet.
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The CL-1 tablet is thicker even though the number of CA-LBG particles is less than the
CL-2 tablet because the CA-LBG particles tend to fill the porosity of the SDL granules surface.
In the CL-2 tablet, CA-LBG particles fill the surface porosity of SDL granules and porosity
between SDL granules. The number of SDL granules of CL-2 tablet mass reduces so that
produces a thinner tablet. The CL-3 and CL-4 tablets are thicker than the other CL tablets
because the CA-LBG particles surround the SDL granules so that the volume is high and when
the tablet mass is compressed into thick tablets. The CL-4 tablet is thicker than the CL-3 tablet
due to the increasing number of CA-LBG particles resulting in a wider area surrounding the
SDL granules. The number of CA-LBG particles in the CL-5 and CL-6 formula tablets is
increasing so the area of the CA-LBG particles surrounding the SDL granules is wider, but the
porosity between the CA-LBG particles is narrow so that the mass of the tablets is compressed
to produce a thinner tablet. The CL-6 tablet is thicker than the CL-5 tablet because the CA-
LBG particle area surrounding the SDL granules is wider.

The SSG-1 tablet is thicker than other SSG tablets because SSG particles fill the
porosity of the SDL granules surface so, with the highest number of granules, the tablet mass
is compressed to produce thick tablets. Tablet mass of SSG-2 and SSG-3 show the number of
SSG particles is increasing and the number of SDL granules is decreasing. The SSG particles
in the SSG-2 tablet mass filled the surface porosity of the SDL granules and the dense porosity
of the SDL granules. The SSG-3 tablet mass shows the number of SDL granules was reduced
so the mass of the tablets was compressed to produce a thinner tablet. The tablet mass of SSG-
4 to SSG-6 contains more SSG particles and surrounds the decreasing SDL granules. The SSG-
5 tablet is thicker than the SSG-4 tablet because the SSG deformation area surrounding the
SDL deformation is wider. The SSG-6 tablet contained more SSG surrounding the SDL
deformation with the area is wider. The SSG-6 tablet thickness is similar to SSG-5 because the

number of SDL deformation in the tablet mass is reduced.
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The thickness of the CS-1 tablet was dominated by the effect filling of CS particles on
porosity SDL granules surface so when compressed the tablet mass experienced deformation
with porosity varying of shapes and areas. The tablet of CS-2 to CS-4 contain more CS particles
and fewer SDL granules. The increasing number of CS particles formed the interlocking
deformation between the particles and enveloped the SDL granules so that produce thicker
tablets with narrow porosity but in large numbers. The greater the number of CS particles, the
wider the enveloping and interlocking area of the CS particles, resulting in a thicker tablet. The
thickness of the CS-5 and CS-6 formula tablets was dominated by the increase in the number
of CS particles. CS particles in the CS-5 tablet mass forming long interlocking on surrounding
SDL granules. The tablet mass contains limited SDL granules so produce thin tablets when
compressed. The CS-6 tablet is thicker than the CS-5 tablet because the interlocking area

enveloping the SDL granule is wider.

Break force and tensile strength

Evaluation of tablet resistance to mechanical stress is measured by the BF value and
shown in Table 2. The resistance of the CL-1 tablet is influenced by the dominance of SDL
granules interlocking bonds when compressed to result in deformation with a wide porosity so
that the tablets have a low resistance to mechanical stress. The BF value of the CL-2 tablet is
higher than CL-1tablet because the number of CA-LBG particles is more and fills the dense
porosity between SDL granules so when compressed the interlocking bonds are stronger and
the porosity is narrower. The CL-3 tablet shows the highest BF value than other CL tablets
because the deformation of CA-LBG particles around the SDL granule when compressed is
able to form interlocking bonds with narrow porosity so that the thick tablet and resistant to
mechanical stress. In addition, the corners of the CA-LBG particles fill the surface porosity

between the CA-LBG particles and the SDL granule surface porosity so strengthening the
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interlocking bond. The CL-4 to CL-6 tablets have a similar mechanism as the CL-3 formula
tablets, but the number of CA-LBG particles is increasing and SDL granules are decreasing so
that when compressed, produce tablets with a lot of narrow porosity and a decrease in tablet
resistance to mechanical stress. The tablet of CL-5 and CL-6 show similar BF values due to
the CL-6 tablet, although the interlocking bonds between particles are more dominant with the
number of narrow porosity increases.

The SSG particles in the SSG-1 tablet mass fill the surface porosity of the SDL granules
so inducing the granules to be slightly moist and the interlocking bonds between the SDL
deformation are weaker. In addition, SDL granules after being compressed produce wide
porosity deformation. The resistance of the SSG-2 tablet is higher than the SSG-1 tablet
because the narrow porosity between the SDL granules is filled with SSG particles so that the
mass of the granules is compressed resulting in a narrower porosity deformation. The SSG-3
tablet shows the strongest resistance than other tablets because SSG particles surround SDL
granules when compressed able to form deformation interlocking bonds with narrow and
regular porosity so tablets are resistant to mechanical stress. SSG-4 to SSG-6 tablets have a
similar mechanism to SSG-3 tablets, but the number of SSG particles is increasing and SDL
granules are decreasing so the mass of SSG-5 and SSG 6 when compressed produces tablets
with more narrow porosity and decrease in the resistance of the tablet to mechanical stress. In
addition, the slightly hygroscopic character of SSG particles decreased the resistance of tablets
shown in the SSG-4 tablet because the deformation interlocking bonds of SSG particles around
the SDL granules were weak.

The little number of CS particles in the CS-1 tablet tends to fill the porosity of the SDL
granules. When compressed, the interlocking bond is dominated by SDL deformation with
wide porosity so the resistance of the tablets to mechanical stress is weak. The CS-2 tablet has

a similar mechanism to the CS-1 tablet but the porosity between the SDL granules is filled with
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CS particles so produces a tablet with narrower porosity and is more resistant to mechanical
pressure. The CS-3 tablet has a similar mechanism to the CS-2 tablet but the number of CS
particles is more so the CS particles form interlocking between particles and envelop the SDL
granules. When compressed, the enveloping CS particles form an interlocking bond
deformation with a narrow and large porosity so the tablet surface resistance is weak. In the
CS-4 tablet, the interlocking CS particles to envelope the SDL granules and a wider area so
produce tablets with interlocking narrow porosity and strong surface to withstand mechanical
stress. The CS-5 and CS-6 tablets have a similar mechanism to the CS-4 tablets but the number
of CS particles is increasing and the SDL granules are decreasing. In CS-5 tablets, reduced
SDL granules have an impact on tablet resistance because SDL granules serve as a foundation
to withstand the mechanical stress exerted on the tablet surface. In CS-6 tablets, the foundation
of tablet resistance to mechanical stress is controlled more by the interlocking bonds between
CS particles after being compressed so that the tablets are stronger than the CS-5 tablet.

The BF value was further confirmed by the tensile strength parameter to determine the
comparison between tablets contain disintegrating agent variation according to the
concentration in the experiment (Figure 7). The tensile strength profile of CA-LBG tablets is
similar to that of SSG tablets due to the influence of the particle shape of CA-LBG and SSG.
The irregular shape and coral surface of the CA-LBG particles produce tablets with strong
deformation interlocking bonds. The tensile strength intensity of CA-LBG tablets is similar to
that of SSG tablets showing a deformation interlocking bond that can adjust the concentration
used in the tablets. In the experiment, the peak of tensile strength of CA-LBG tablets and SSG
tablets was at a concentration of 2%, while the peak of tensile strength CS tablets was at a
concentration of 4%. This concentration is the optimum condition for forming tablets with the

most stable interlocking deformation bonds against mechanical stress.
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Friability

Evaluation of tablet resistance to mechanical movement is measured by friability
parameters and is shown in Table 2. The friability of the CL-1 tablet is influenced by the low
BF value due to the interlocking bond of SDL deformation with wide porosity so that SDL
deformation on the tablet surface releases particles when subjected to mechanical movement.
In addition, the CA-LBG particles on the tablet surface were also released. The CL-2 tablet is
more friable than the CL-1 tablet although the BF value is higher because the number of CA-
LBG particles on the surface of the tablet is more so more particles are released when subject
to mechanical movement. The CL-3 to CL-6 tablets showed a tendency to decrease in friability
although the BF value was lower because of a strong interlocking bond on the deformation of
granules and particles, so reducing the release of tablet surface particles when subjected to
mechanical movement. The CL-6 tablet is more friable than the CL-5 tablet because the number
of SDL deformation decreases so that the foundation to withstand mechanical movements is
reduced.

The SSG-1 tablet is the most friable than SSG other tablets because of the low BF value
due to SDL deformation interlocking bonds with wide porosity so that the tablet surface
releases lactose and SSG particles when subjected to mechanical movement. The decrease in
the friability of the SSG-2 and SSG-3 tablets proportional to the higher BF value indicates a
strong interlocking bond from the deformation of granules and particles so resistant to
mechanical movement. The friability of the SSG-4 to SSG-6 tablets tends to decrease because
the strength of the interlocking bonding of SSG deformation is able to withstand mechanical
movements. The SSG-6 tablet is more friable than the SSG-5 tablet because the number of
SDL deformation is reduced so the foundation to withstand mechanical movements is reduced.

The CS-1 tablet is the most friable than the other CS tablets because the SDL

deformation interlocking bond dominates with a wide porosity so the lactose and CS particles
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on the surface are released when subject to mechanical movement. The friability of the CS-2
and CS-3 tablets increased proportionally to the BF values of the two tablet formulas decreased.
The more SSG deformation interlocking bonds, the stronger the tablet withstands mechanical
movements. The friability of the CS-4 to CS-6 tablets is proportional to the BF value and tends
to decrease. The CS deformation on the tablet surface has a strong interlocking bond to
withstand mechanical movements. The CS-6 tablet is more friable than the CS-5 tablet because
of the reduced deformation of SDL as a foundation to resist mechanical movements.

The comparison of the effect of the presence of the disintegrating agent in each tablet
formula to friability according to the concentration in the experiment is shown in Figure 8. The
friability profile of the three CA-LBG tablets is similar but different at the peak of each
disintegrating agent (CA-LBG 1%; CS 2%; SSG 4%). These peaks indicate that the tablet
surface has bonds weakly of interlocking deformation and less stable to mechanical
movements. The friability value before the peak concentration was also influenced by the
release of particles from the SDL deformation, while after the peak concentration was
influenced by the quality of the interlocking bond of deformation particles on the tablet surface
so resistant to mechanical motion. CA-LBG tablets are more friable than other tablets due to
the influence of the coral surface on the particles which tend to be friable when the porosity is
not filled with other particles. The high friability profile of CA-LBG tablets appears at low
concentrations because the surface porosity of the CA-LBG particles is not filled due to the
limited number of CA-LBG particles. In addition, the irregularly shaped CA-LBG particles

causing the porosity of tablets were number and wide.

Disintegration time
The evaluation of tablet disintegration rates for all formulas with various disintegrating

agents and concentrations is shown in Table 2. The disintegration of tablets containing CA-
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LBG showed a fast disintegration time proportional to the increasing concentration of CA-
LBG. The value of BF and friability do not affect the function of the CA-LBG to disintegrate
the tablet. The irregular particle shape and the corrugated surface of the CA-LBG particles
resulted in a tablet with porosity for penetration of the disintegrating medium (Figure 4). The
deformation porosity of CA-LBG formed on the tablet is proportional to the CA-LBG
concentration in the tablet formula. The porosity of a large number on the tablet cause increases
the channel for penetration of the disintegrating medium so that the tablet is disintegrating. The
CA-LBG is an ester excipient that has low viscosity and low solubility in water (Table 1). This
characteristic causes a repulsive force between deformations of CA-LBG on tablets when wet
by disintegration medium. The repulsion force increases in proportion to the CA-LBG
concentration in the tablet formula. The repulsive force between the CA-LBG deformations
causes the tablets to disintegrate.

Tablets containing SSG showed that SSG concentration, BF value, and friability were
influenced the disintegration time. The speed of tablet disintegration time is proportional to the
increasing SSG concentration shown in the SSG-1 to SSG-4 tablets. Deformation of SSG in
tablets attracts disintegration medium so SSG deformation swells and pushes deformation of
other granules and particles to move away from each other so that the tablet is disintegrating.
SSG-5 and SSG-6 tablets show the resistance of the tablets to pressure and mechanical
movements affect the speed of disintegration. Increased BF value and low tablet friability
caused long tablet disintegration time due to the strong interlocking bond between the
deformation of granule or particle, thus inhibiting tablet disintegration.

Tablets containing CS showed an increase in CS concentration causing the
disintegration time to rapidly. The resistance of tablets indicated by BF value and friability did

not affect the function of CS as a tablet disintegrating agent. Tablets containing CS attracts the
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disintegrating medium for penetration into the tablet so that the CS deformation swell and push
deformation around. The more the CS deformation swell, the faster the tablet integrates.

The comparison of the ability of the disintegrating agent in each tablet formula
according to the concentration in the experiment is shown in Figure 9. The time profile for the
disintegration of CA-LBG tablets is similar to that of CS tablets because the two disintegrating
agents perform their function not influenced by the quality of other tablets so that the increase
in concentration is proportional to the increase in disintegration speed. tablet. In contrast to
SSG tablets, the disintegration time is also influenced by the hardness and friability of the
tablets, thus inhibiting the disintegration process in tablets with SSG concentrations of 8% and
12%. The disintegration time profile of CA-LBG tablets is longer than CS tablets because low
solubility of CA-LBG so that the wetting time of CA-LBG tablets is longer and inhibits

integration.

Dissolution

Experiments to study drug release from the dosage form were carried out using tablets
of 1%, 2%, and 4% concentrations of each disintegrating agent. The effect of the disintegrating
agent on the release of diclofenac sodium from the tablet is presented in Figure 10. The
dissolution profile of the tablets containing CA-LBG showed that the release of diclofenac
sodium from the tablets appeared to be different at 5 and 15 minutes. The higher the CA-LBG
concentration on the cause tablet more rapidly disintegrates and releases more diclofenac
sodium. All tablets with each concentration of CA-LBG meet the requirements for releasing
diclofenac sodium [36].

A comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11). Tablets containing CA-

LBG showed a slower release of diclofenac sodium than tablets containing SSG and CS
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because of the gradual release at 5 and 15 minutes. The low solubility of CA-LBG inhibits the
wetting of the tablets for disintegration thus inhibiting the solubility of diclofenac sodium in

the dissolution medium.

Conclusion

Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. Increasing the
concentration of HCI in the synthesis causes a decrease in the viscosity of CA-LBG due to an
increase in CA molecules bound to LBG. The presence of CA-LBG as a disintegrating agent
has variation effects to thickness, break force, tensile strength, friability according to the
concentration used. In the formulation process, increasing the concentration of CA-LBG in the
tablet mass decreased the flow rate and increased compressibility. The increase in the
concentration of CA-LBG in tablets accelerated the disintegration of tablets without the
influence of other tablet parameters. The CA-LBG disintegration activity through repulsion
between CA-LBG deformation on the tablet when wetted with disintegration medium. The
repulsion force occurs due to the character of CA-LBG which has low solubility and low

Viscosity.

References

1. Das N, Triparthi N, Basu S, Bose C, Maitra S, Khurana S. Progress in the development of
gelling agents for improved culturability of microorganisms. Front Microbiol. 2015;6:1-7.

2. Dey P, Maiti S, Sa B. Novel etherified locust bean gum-alginate hydrogels for controlled
release of glipizide. J Biomater Sci Polym Ed. 2013;24:663-83.

3. Dionisio M, Grenha A. Locust bean gum: Exploring its potential for biopharmaceutical
applications. J Pharm Bioallied Sci. 2012;4:175-85.

4. Sheskey, Paul J Cook, Walter G Cable, Colin G. Handbook of Pharmaceutical Excipients



OCoO~NOUITAWNE

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 25

8th. London-Washington DC: Pharmaceutical Press and American Pharmacists
Association; 2017.

5. Chudzikowski RJ. Guar gum and its applications. J Soc Cosmet Chem. 1971;22:43-60.

6. Hadinugroho W, Martodihardjo S, Fudholi A, Riyanto S. Esterification of citric acid with
locust bean gum. Heliyon. Elsevier Ltd; 2019; 5: e02337.
https://doi.org/10.1016/j.heliyon.2019.e02337

7. Hadinugroho W, Martodihardjo S, Fudholi A, Riyanto S. Study of a catalyst of citric acid
crosslinking on locust bean gum. J Chem Technol Metall. 2017;52:1086-91.

8. Samavati V, Razavi SH, Rezaei KA, Aminifar M. Intrinsic viscosity of locust bean gum and
sweeteners mixture in dilute solutions. Electron J Environ Agric Food Chem. 2007;6:1879—
89.

9. Tamaki Y, Teruya T, Tako M. The chemical structure of galactomannan isolated from seeds
of Delonix regia. Biosci Biotechnol Biochem. 2010;74:1110-2.

10. Bhattacharya A, Rawlins JW, Ray P. Polymer Grafting and Crosslinking. Polym. Grafting
Crosslink. Canada: A John Wiley & Sons, Inc, Publication; 2008.

11. Colas A. Cow Corning Silicones : Preparation Properties and Performance. Materials.
Midland; 2005.

12. Santiago, E. V., Lopez, S. H. A, Romero AR. Photochemical cross-linking study of
polymers containing diacetylene groups in their main chain and azobenzene compounds as
pendant groups. Superf y vacio. 2006;19:1-7.

13. Tjandraatmadja GF, Burn LS, Jollands MJ. The effects of ultraviolet radiation on
polycarbonate glazing. Proc 8th Int Conf Durab Build Constr Mater Vancouver, Canada.
1999;30:884-98.

14. Yeh CC, Chen CN, Li YT, Chang CW, Cheng MY, Chang HI. The effect of polymer

molecular weight and UV radiation on physical properties and bioactivities of PCL films.



OCoO~NOUITAWNE

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 26

15.

16.

17.

18.

19.

20.

21,

22,

23.

Cell Polym. 2011;30:261-76.

Markl D, Zeitler JA. A Review of Disintegration Mechanisms and Measurement
Techniques. Pharm Res. Pharmaceutical Research; 2017;34:890-917.

Gulrez SKH, Al-Assaf S, Phillips GO. Hydrogels: Methods of Preparation,
Characterisation and Applications. Prog Mol Environ Bioeng - From Anal Model to
Technol Appl. 2011.

Michael E. Aulton, Kevin M. G. Taylor. Aulton’s Pharmaceutics The Design and
Manufacture of Medicines. BMC Public Health. New York: Churchill Livingstone
Elsevier; 2017.

The United States Pharmacopeial Convention. Pharmacopeia 41-National Formulary 36.
41st ed. Rockville: Twinbrook Parkway; 2018.

Shang C, Sinka IC, Jayaraman B, Pan J. Break force and tensile strength relationships for
curved faced tablets subject to diametrical compression. Int J Pharm. Elsevier B.V.;
2013;442:57-64. http://dx.doi.org/10.1016/j.ijpharm.2012.09.005

Pitt KG, Newton JM, Richardson R, Stanley P. The Material Tensile Strength of Convex-
faced Aspirin Tablets. J Pharm Pharmacol. 1989;41:289-92.

Uday Kumar M, Babu K. Design and evaluation of fast dissolving tablets containing
diclofenac sodium using fenugreek gum as a natural superdisintegrant. Asian Pac J Trop
Biomed. Hainan Medical University; 2014;4:5329-34.
http://dx.doi.org/10.12980/APJTB.4.2014B672

Hammami MM, Hussein RF, Alswayeh R, Alvi SN. Eight enteric-coated 50 mg diclofenac
sodium tablet formulations marketed in Saudi Arabia: In vitro quality evaluation. BMC Res
Notes. BioMed Central; 2020;13:1-6. https://doi.org/10.1186/s13104-020-05270-4
Bertocchi P, Antoniella E, Valvo L, Alimonti S, Memoli A. Diclofenac sodium multisource

prolonged release tablets - A comparative study on the dissolution profiles. J Pharm



OCoO~NOUITAWNE

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 27

Biomed Anal. 2005:37:679-85.

24. Zupanci¢ Bozi¢ D, Vrecer F, Kozjek F. Optimization of diclofenac sodium dissolution from

25.

26.

27,

28.

29.

30.

31.

32.

sustained release formulations using an artificial neural network. Eur J Pharm Sci.
1997;5:163-9.

Ghasemi J, Niazi A, Ghobadi S. Simultaneous spectrophotometric determination of benzyl
alcohol and diclofenac in pharmaceutical formulations by chemometrics method. J Chinese
Chem Soc. 2005;52:1049-54.

Gouda AA, Kotb El-Sayed MI, Amin AS, El Sheikh R. Spectrophotometric and
spectrofluorometric methods for the determination of non-steroidal anti-inflammatory
drugs: A review. Arab J Chem. 2013;6:145-63.
http://dx.doi.org/10.1016/j.arabjc.2010.12.006
Coates J. Interpretation of Infrared Spectra, A Practical Approach. Encycl Anal Chem.
2006;10815-37.

Doll KM, Shogren RL, Willett JL, Swift G. Solvent-free polymerization of citric acid and
D-sorbitol. J Polym Sci Part A Polym Chem. 2006;44:4259-67.

Jans AWH, Kinne RKH. 13C NMR spectroscopy as a tool to investigate renal metabolism.

Kidney Int. 1991;39:430-7.

Zhang Y ling, Zhao C xia, Liu X dong, Li W, Wang J long, Hu Z guang. Application of
poly(aspartic acid-citric acid) copolymer compound inhibitor as an effective and
environmental agent against calcium phosphate in cooling water systems. J Appl Res
Technol. 2016;14:425-33.

Azero EG, Andrade CT. Characterisation of Prosopis juliflora seed gum and the effect of
its addition to k-carrageenan systems. J Braz Chem Soc. 2006;17:844-50.

Bhatia H, Gupta PK, Soni PL, Division C. Extraction , Purification and Characterization of

a Galactomannan From Prosopis Juliflora ( Sw .) Dc . Seed. Int J Sci Enviroment Technol.



OCoO~NOUITAWNE

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 28

2013;2:708-24.

33. Gillet S, Aguedo M, Blecker C, Jacquet N, Richel A. Use of 13C-NMR in structural
elucidation of polysaccharides: case of locust bean gum. Young Belgium Magn. Reson.
Sci. Liege: University of Liege; 2014,

34. Parvathy KS, Susheelamma NS, Tharanathan RN, Gaonkar AK. A simple non-aqueous
method for carboxymethylation of galactomannans. Carbohydr Polym. 2005;62:137-41.

35. Szumilo M, Belniak P, Swiader K, Holody E, Poleszak E. Assessment of physical
properties of granules with paracetamol and caffeine. Saudi Pharm J. King Saud University;
2017;25:900-5. http://dx.doi.org/10.1016/j.jsps.2017.02.009

36. Directorate General of Medicine and Food. Indonesian Pharmacopoeia 4th edition. Jakarta:

Ministry of Health Republic of Indonesia; 1995.



OCoO~NOUITAWNE

697

698

699

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms

Graphical Abstract

HO

§ HCID.18 M
HO H
m ;

o
MIPA oo | €
i ) "i-,k
1 + | HO' —=COOH :>
MOy i H'"f :
oH COOH
..oI;f ., .
3 CA &UVJJ)

HClo.24 M
°
: HCI0.30 M
H
LBG

29

HO

HO

I
Wi

applicat

viscosity

tablet

degree
of esterification

disintegration

solubllity

dissolution



Figure

N

10

11

12

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 30
g P
HO HO 2
e OH "o
E b § \ o
: HOV : HO"
HOQ ~ HOo - o
I o I 0
HO HO
0 e w
- . C

HO ;
OH
o
HO
o
HO -
OH

HO

IPJ/\
o
HOQ\ A
0)
e
y

H
COOH
Hi
UV radiation
HO! = COOH
: HCl
Hiv \
COOH
H H:0
CA

HO

HO

Q
00

|

O=0
oy
x

o]
oF
|
o
I
H=

'OH
HO

HO

E’_&.

@)
I

CH:
carbonyl

ester
HO

X

O

ToreeeeO 4
o

CA-LBG

Figure 1. CA-LBG production mechanism. Synthesis of CA-LBG was carried out by adding

0.42 M CAto 7.10 x 10-6 M LBG which had swollen. The mixture was added with HCI (0.18-

0.42 M) and UV irradiated (100 minutes).
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Figure 2. FTIR spectrum of LBG and CA-LBG. LBG as a comparison is shown in black
spectra. CA-LBG was synthesized using a 0.18 M HCI catalyst (Batch A) shown in green
spectra. CA-LBG was synthesized using a 0.24 M HCI catalyst (Batch B) shown in blue
spectra. CA-LBG was synthesized using 0.30 M HCI catalyst (Batch C) shown in red spectra.
The carbonyl ester group (C=0) is a specific group that presents at CA-LBG and absent at

LBG.
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23 Figure 3. *H NMR and *C NMR spectrum of CA-LBG representative (Batch B). CA-LBG was synthesized using catalyst 0.24 M HCI. The

24 presence of CA at CA-LBG was shown in the peaks of a, b, ¢, d, and e.
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Figure 5. The flow rate profile of the mass of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 6. The compressibility profile of the tablet mass contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 7. The tensile strength profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 8. The friability profile of the tablet contains a disintegrating agent. The concentration

of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 9. The disintegration time profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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Figure 10. The dissolution profile of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 2%.
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1 Table 1. Detail synthesis of CA-LBG using the concentration of HCI and irradiated with UV (254
2 nm,100 minutes). Value physical parameters of CA-LBG: yield, the degree of esterification, carbonyl
3 ester wavelength, solubility, and viscosity.
Batch LBG CA HCI Carbonyl Yield Degree of Solubility Viscosity
Code 10 [mol] [mol] Ester [%] Esterification [%6] [cP]
[mol] [em] [%]
A 7.10 0.42 0.18 173922  26.62+0.05  8.27 +0.19 36.63+1.14 11.20+0.10
B 7.10 0.42 0.24 173639  27.13+0.09  9.13+0.13 29.30+1.16  9.48+0.06
C 7.10 0.42 0.30 1735.85  27.66+0.06  9.69 +0.23 22.64+1.15 7.76 +0.07
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

19



1 Table 2. Details of tablet formulations using disintegrating agents. Evaluate the physical quality of the tablet mass and the tablet.

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms

42

formula disintegrating agent . actual . break L disintegration
flow time Prapped-Phbulk thickness friability
code CA-LBG  SSG CS weight force time
[%] [%] (%] [sec.] [g.-mL7] [mg] [mm] [kp] (%] [min ]
CL-1 0.5 - - 40+£0.10 0.041+£0.00 201.0£0.25 439zx0.01 4.0 £ 0.06 0.76 £ 0.02 9.12+£0.34
CL-2 1 - - 42+0.06 0.041+£0.00 201.2+£047 438zx0.01 4.2 +£0.10 0.83+£0.01 8.54 £ 0.19
CL-3 2 - - 48+0.10 0.044+£0.01 201.2+£0.12 4.40zx0.01 6.4+0.15 0.73 £0.02 7.69 £ 0.25
CL-4 4 - - 52+0.15 0.053+0.01 201.1+£0.21 4.41+0.01 4.7+0.12 0.66 £ 0.01 6.43+£0.14
CL-5 8 - - 57+£0.06 0.059+0.01 200.9+0.26 4.38+0.01 4.4 +0.10 0.60 £ 0.01 4.47 £0.18
CL-6 12 - - 6.4+0.15 0.061+£0.00 201.1+0.36 4.39+0.01 4.4+0.12 0.62 £ 0.01 3.21+£0.14
SSG-1 0.5 - 23+0.06 0.036+0.00 200.8+0.06 4.40+0.01 23+0.15 0.85+0.01 3.79+0.25
SSG-2 - 1 - 34+0.10 0.042+0.00 201.1+044 4.38x0.01 3.0+£0.15 0.73 £0.02 3.49 £ 0.38
SSG-3 - 2 - 40+£0.06 0.047+£0.01 201.0£051 435x0.01 6.3+0.12 0.55+0.01 1.73+0.18
SSG-4 . 4 . 46+0.10 0.051+0.00 200.7+0.21 437+0.01 4.6+0.17 0.60+0.02 0.67 +0.09
SSG-5 - 8 - 55+0.06 0.057+£0.00 201.1+0.32 4.38x0.01 50+0.21 0.52 £ 0.02 2.55+0.19
SSG-6 - 12 - 6.2+0.10 0.063+0.00 200.7+0.15 4.38+0.01 49+0.12 0.54 £ 0.02 1.90+0.35
CS-1 - - 0.5 3.1+0.10 0.056+0.00 200.8+0.60 4.43+0.01 45+0.12 0.74 £ 0.02 4.37 £0.33
CS-2 - - 1 3.6+0.06 0.052+0.00 200.8+0.35 4.46+0.01 4.7+£0.10 0.57+0.02 3.47 £0.15
CS-3 - - 2 43+£0.06 0.050+£0.00 201.0£0.31 4.42zx0.01 4.3+£0.17 0.69 £ 0.01 249 +£0.12
CS-4 - - 4 48+0.10 0.045+£0.00 201.1+£0.60 4.40zx0.01 6.9+0.12 0.62 £ 0.01 1.60x+0.13
CS-5 - - 8 54+0.10 0.038+0.00 201.2+0.35 4.34+0.01 45+0.15 0.55+0.01 0.89+0.20
CS-6 - - 12 57+0.06 0.038+£0.01 200.9+0.15 4.45x0.01 5.0+£0.15 0.56 £ 0.01 0.53+£0.30
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Abstract: Purpose: Analyze the effect of HC | concentration 0.24 mol as a synthesis catalyst on
the viscosity of CA-LBG and determine the effect of the application of CA-LBG as a
disintegrating agent on the physical quality of tablets.

Methods: Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA)
and locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm,
100 minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy
(FTIR), nuclear magnetic resonance (NMR), scanning electron microscopy (SEM),
esterification efficiency, solubility, and viscosity. The tablet formulation used CA-LBG
with a concentration variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of
tablets by direct compression uses a spray dray lactose (SDL) as a filler with a tablet
weight of 200 mg.

Results: Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. The
presence of CA-LBG as a disintegrating agent has variation effects to thickness, break
force, tensile strength, friability according to the concentration used. In the formulation
process, increasing the concentration of CA-LBG in the tablet mass decreased the flow
rate and increased compressibility.

Conclusion: The increase in the concentration of CA-LBG in tablets accelerated the
disintegration of tablets without the influence of other tablet parameters. The CA-LBG
disintegration activity through repulsion between CA-LBG deformation on the tablet
when wetted with disintegration medium. The repulsion force occurs due to the
character of CA-LBG which has low solubility and low viscosity.
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BLINDED Response to Reviewer Comments <b>(must NOT
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Response to reviewer comments

Comment of reviewer 2

| have already included the necessary changes that needs to be done in the document file. Please
follow and compleate the requiriments and correct the paper accordingly. Thank you for your
efforts!

Comments of attached document:

1. The reviewer suggested "'put :** in each abstract chapter and removed the word excess of

""degree of esterification™
Response:

Thank you for the suggestions. We have added a ":" sign in each abstract chapter. We have also
removed the excess of the word "degree of esterification™ and replaced it with the word
"esterification efficiency”. Substitution of the term to meet the reviewer's suggestion on page 5,
line 115.

Original manuscript (page 1)

Purpose Analyze the effect of HCI concentration 0.24 M as a synthesis catalyst on the viscosity
of CA-LBG and determine the effect of the application of CA-LBG as a disintegrating agent on
the physical quality of tablets.

Methods Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and
locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm, 100
minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy (FTIR),
nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), degree of
esterification, degree of esterification, solubility, and viscosity. The tablet formulation used CA-
LBG with a concentration variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of tablets
by direct compression uses a spray dray lactose (SDL) as a filler with a tablet weight of 200
mg.

Results Synthesis conditions using 0.24 M HCI to produce CA-LBG 9.48 cP. The presence of
CA-LBG as a disintegrating agent has variation effects to thickness, break force, tensile
strength, friability according to the concentration used. In the formulation process, increasing
the concentration of CA-LBG in the tablet mass decreased the flow rate and increased
compressibility.

Conclusion The increase in the concentration of CA-LBG in tablets accelerated the
disintegration of tablets without the influence of other tablet parameters. The CA-LBG
disintegration activity through repulsion between CA-LBG deformation on the tablet when
wetted with disintegration medium. The repulsion force occurs due to the character of CA-LBG
which has low solubility and low viscosity.

Revised manuscript (page 1)

Purpose: Analyze the effect of HC | concentration 0.24 mol as a synthesis catalyst on the
viscosity of CA-LBG and determine the effect of the application of CA-LBG as a disintegrating
agent on the physical quality of tablets.

Methods: Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and
locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm, 100
minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy (FTIR),
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nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), esterification
efficiency, solubility, and viscosity. The tablet formulation used CA-LBG with a concentration
variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of tablets by direct compression
uses a spray dray lactose (SDL) as a filler with a tablet weight of 200 mg.

Results: Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. The presence
of CA-LBG as a disintegrating agent has variation effects to thickness, break force, tensile
strength, friability according to the concentration used. In the formulation process, increasing
the concentration of CA-LBG in the tablet mass decreased the flow rate and increased
compressibility.

Conclusion: The increase in the concentration of CA-LBG in tablets accelerated the
disintegration of tablets without the influence of other tablet parameters. The CA-LBG
disintegration activity through repulsion between CA-LBG deformation on the tablet when
wetted with disintegration medium. The repulsion force occurs due to the character of CA-LBG
which has low solubility and low viscosity.

2. Comment: ""This sentence is a repeat of the previous one, please delete here' (page 2, line
32).
Response:
Thank you for the suggestions. We have removed the sentence.

Original manuscript (page 2, line 32).

Natural polymers are a resource that can be used and developed as pharmaceutical excipients.
One of the natural polymers in pharmaceutical excipients is locust bean gum (LBG) which
functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent, gelling
agent, etc. The LBG is a polymer that has the potential to be modified to produce new materials
as excipients in tablet formulations (Dionisio and Grenha 2012; Dey et al. 2013; Das et al. 2015;
Sheskey, J. P., Cook, G. W., and Cable 2017). Locust bean gum is a natural polymer that has
the potential to be modified to produce new materials as excipients in tablet formulations.

Revised manuscript (page 2, line 31)

Natural polymers are a resource that can be used and developed as pharmaceutical excipients.
One of the natural polymers in pharmaceutical excipients is locust bean gum (LBG) which
functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent, gelling
agent, etc. The LBG is a polymer that has the potential to be modified to produce new materials
as excipients in tablet formulations [1-4].

3. Comment: "*Do consider removing this paragraph, as the ester synthesis mechanism is a
well known chemical reaction™ (page 2, line 39).
Response:
Thank you for the suggestions. We have removed the sentence.

Original manuscript (page 2, line 39)

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric acid
(CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid (HCI)
as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds. LBG
consists of mannose and galactose monomer chains (4:1). The O atoms (C-6) of mannose and
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galactose at LBG bind to the positive C atom of the carbonyl groups at CA. Positive C atoms
are created from the protonation of carbonyl groups under acidic conditions (Chudzikowski
1971; Samavati et al. 2007; Tamaki et al. 2010; Dey et al. 2013; Hadinugroho et al. 2017, 2019).

Revised manuscript (page 2, line 35)

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric acid
(CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid (HCI)
as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds. LBG
consists of mannose and galactose monomer chains (4:1). [2,5-9].

4. Comment: correct as ‘synthesis' (page 2, line 44).
Response:
Thank you for the suggestions. We have corrected the word.

Original manuscript (page 2, line 44)
Variation of HCI concentration in the synthetic effect on the character of CA-LBG.

Revised manuscript (page 2, line 37)
Variation of HCI concentration in the synthesis effect on the character of CA-LBG.

5. Comment (page 4, line 88):
Please correct the paragraph accordingly;
"The swollen LBG was placed in a glass bowl (7,10X10(-6) mol/50 ml concentration at a
temperature rate of 55-60 C) and CA (0.42 mol) was added with different concentrations
of HCI (0.18, 0.24 and 0.30 mol). The mixture was stirred for 10 mins and irradiated with
UV light for 100 mins (254 nm, 8-watt shortwave CH-4132 Muttenz, Camag, Switzerland).
The wet solid was precipitated with acetone and washed with acetone-distilled water (1:1,
v/v). The solid CA-LBG was dried at ambient temperature (Hadinugroho et al. 2017).
Response:
Thank you for the suggestions. We have corrected the paragraph accordingly following the
suggestions.

Original manuscript (page 4, line 88)

The swollen LBG in a glass bowl (7.10 10 Molar LBG / 50 mL distilled water 55-60 °C) added
CA (0.42 Molar) and HCI (0.18; 0.24; 0.30 Molar) (Table 1). The mixture was stirred for 10
minutes. The mixture was irradiated with UV 254 nm (100 minutes) (8-watt shortwave CH-
4132 Muttenz, Camag, Switzerland). The wet CA-LBG was precipitated with acetone and
washed with acetone-distilled water (1:1). The solid CA-LBG is dried at ambient temperature
(Hadinugroho et al. 2017).

Revised manuscript (page 4, line 79)

The swollen LBG was placed in a glass bowl (7.10 x10® mol/50 mL concentration at a
temperature rate of 55-60 °C) and CA (0.42 mol) was added with different concentrations of
HCI (0.18; 0.24; and 0.30 mol). The mixture was stirred for 10 minutes and irradiated with UV
light for 100 minutes (254 nm, 8-watt shortwave CH-4132 Muttenz, Camag, Switzerland). The
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wet solid was precipitated with acetone and washed with acetone-distilled water (1:1, v/v). The
solid CA-LBG was dried at ambient temperature [7].

6. Comment (page 4, line 94):
Please correct the paragraph accordingly;
"The characterization of CA-LBG was performed by using FTIR (fourier transform
infrared) and NMR (nyuclear magnetic resonance) spectroscopic techniques. SEM
(scanning electron microscope), degree of esterification, solubility and viscosity tests were
also carried out in order to elucidate the structure.
Response:
Thank you for the suggestions. We have corrected the paragraph accordingly following the
suggestions.

Original manuscript (page 4, line 94)
Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG performed was fourier transform infrared spectroscopy (FTIR) and
nuclear magnetic resonance (NMR), scanning electron microscope (SEM), degree of
esterification, solubility, and viscosity.

Revised manuscript (page 4, line 85)

Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG was performed by using FTIR (fourier transform infrared) and
NMR (nuclear magnetic resonance) spectroscopic techniques. SEM (scanning electron
microscope), esterification efficiency, solubility, and viscosity tests were also carried out in
order to elucidate the structure.

7. Comment: correct as ‘was’ (page 5, line 108).
Response:
Thank you for the suggestions. We have corrected the word.

Original manuscript (page 5, line 108)
The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra were recorded.

Revised manuscript (page 4, line 99)
The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra was recorded.

8. Comment (page 5, line 115):
“just a small suggestion, you can also give the synthetic yield of the compound, this is also
scientific and more easy in terms of experiemental procedure. But these calculations are
also fine”
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Response:

Thank you for the suggestions. We have added a description of the percentage of synthesis
results in the paragraph on page 5, line 116. In addition, we have also added values of the
percentage of yield in Table 1.

Original manuscript (page 5, line 115)

Degree of esterification

The determination of the degree of esterification follows the experimental equation that has
been done previously (Hadinugroho et al. 2019). Acetone solution and acetone-distilled water
to precipitate and wash the acidic CA-LBG mass comes from unreacted HCI and CA. The
concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant which
had been standardized using oxalic acid. The dissolved acid concentration (mEq) was analyzed
by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEQq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group
weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar).

Revised manuscript (page 5, line 105)
Esterification efficiency

The efficiency of the synthesis was evaluated through the yield percentage of CA-LBG to
the total raw material. The evaluation of esterified CA was determined by the degree of
esterification. The determination of the degree of esterification follows the experimental
equation that has been done previously [6]. Acetone solution and acetone-distilled water to
precipitate and wash the acidic CA-LBG mass comes from unreacted HCI and CA. The
concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant which
had been standardized using oxalic acid. The dissolved acid concentration (mEq) was analyzed
by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group
weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar).

Table 1. Detail synthesis of CA-LBG using the concentration of HCI and irradiated with UV
(254 nm,100 minutes). Value physical parameters of CA-LBG: vyield, the degree of
esterification, carbonyl ester wavelength, solubility, and viscosity.

Batch LBG CA HCI Carbonyl Yield Degree of Solubility Viscosity
Code 10® [mol] [mol] Ester [%0] Esterification [%0] [cP]
[mol] [cm] [%]
A 7.10 0.42 0.18 1739.22 26.62 +0.05 8.27£0.19 36.63+1.14 11.20+0.10
B 7.10 0.42 0.24 1736.39 27.13+£0.09 9.13+0.13 29.30£1.16 9.48 + 0.06

C 7.10 0.42 0.30 1735.85 27.66 £ 0.06 9.69 +0.23 22.64+1.15 7.76 + 0.07
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9. Comment: correct as 'stretching' (page 10, line 238).
Response:
Thank you for the suggestions. We have corrected the word.

Original manuscript (page 10, line 238)
The stretch peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™*; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

Revised manuscript (page 09, line 221)
The stretching peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

10. Comment (page 11, line 250):
“have you used any solvent? If so, please specify”
Response:
Thank you for the suggestions. We have added a description of the solvent used for the
preparation of the NMR assay.

Original manuscript (page 11, line 250)

The NMR examination was carried out only in one of the experimental conditions (batch B)
due to the resulting CA-LBG will be used as a disintegrating agent in the tablet dosage forms.
NMR examination of the two other conditions has been confirmed in previous studies
(Hadinugroho et al. 2017, 2019).

Revised manuscript (page 10, line 230)

The NMR examination was carried out only in one of the experimental conditions (batch B)
due to the resulting CA-LBG will be used as a disintegrating agent in the tablet dosage forms.
NMR examination of the two other conditions has been confirmed in previous studies [6,7].
NMR examination using CA-LBG dissolved in deuterium (D20) (H20).

11. Comment (page 11, line 256):
“please add the integration and splitting of the peaks. Are you certain all are twin? if so,
their names must be dublet. The peak shapes are named as singlet, dublet, tripleti quartet
and multiplet. Please give the related details.”
Response:
Thank you for the suggestions. We have added a description of peak integration and splitting.

Original manuscript (page 11, line 256)

The results of the CA-LBG NMR analysis are shown in Figure 3. In the *H NMR spectrum of
CA, a pair of twin peaks at & = 3.088 ppm and & = 3.056 ppm, 6 = 2.906 and ppm, & = 2.875
ppm shows the presence of CA at LBG. The peak is from C-Hz (e) in CA. Sharp peaks of
4.148-3.587 ppm from mannose and galactose in LBG. Previous studies reported that a pair of
CA twin peaks appear around 6 = 2.7-3.0 ppm. Sharp peaks from mannose and galactose
appear around 4.5-3.0 ppm (Hadinugroho et al. 2017, 2019).
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12.

13.

Revised manuscript (page 10, line 246)

The results of the CA-LBG NMR analysis are shown in Figure 3. The *H NMR spectrum of
CA showed two doublet peaks at 6 = 3.088 ppm and & = 3.056 ppm, 6 = 2.906 and ppm, 6 =
2.875 ppm shows the presence of CA at LBG. The peak is from C-H. in CA. The two doublet
peaks are protons from symmetric C on CA reacting on LBG. The position of one adjacent
proton due to bond rotation and causes the signal to split so that the peak appears splitting.
Multiplet peaks at 6 = 4.148-3.587 ppm from mannose and galactose in LBG. Previous studies
reported that two doublet peaks of CA around 6 = 2.7-3.0 ppm. Multiplet peaks from mannose
and galactose appear around 4.5-3.0 ppm [6,7].

Comment (page 11, line 262):

“We have corrected the paragraph by sharing only the number of peaks, ranging from
high to low energy fields. We also do not ascertain every carbon peak.”

Response:

Thank you for the suggestions. We have corrected the paragraph by sharing only the number
of peaks, ranging from high to low energy fields. We also do not ascertain every carbon peak.

Original manuscript (page 11, line 262)

In the C NMR spectrum of CA-LBG, peaks at § = 176.790 ppm and & = 173.459 ppm are
related to C = O (b,c) resulting from the synthesis reaction. The peak at 6 = 73.325 ppm is
related to the central C atom of CA (a). The peak at 6 = 43.349 ppm is related to C-H> (d) of
CA. The peaks at 6 = 100.192 ppm, 6 = 100.000 ppm, 6 = 75.072 ppm and 6 = 71.453 ppm are
related to C-H and C-H> at mannose. The peaks at 6 = 69,985 ppm, 6 =61.260 ppm, 6 =61.010
ppm, & = 60.559 ppm are related to C-H and C-H: at mannose and galactose. Previous studies
reported that the C=0O group appeared at 6 = 180-170 ppm, the central C atom appeared at 6 =
80-70 ppm, C-H and C-H: appeared at 6 = 44-43 ppm (Jans and Kinne 1991; Doll et al. 2006;
Zhang et al. 2016; Hadinugroho et al. 2019). The peak absorption of mannose and galactose
appears at 6 = 105-60 ppm (Parvathy et al. 2005; Azero and Andrade 2006; Bhatia et al. 2013;
Gillet et al. 2014; Hadinugroho et al. 2019). This shows the success of the synthesis.

Revised manuscript (page 10, line 246)

The peaks of the CA-LBG 3C NMR spectra from the high to low energy field were at & =
176.790 ppm; 6 = 173.459 ppm; 173.363 ppm; 171.069 ppm; & = 100.192 ppm; 6 = 100.000
ppm; & = 75.072 ppm; & = 73.325 ppm; 6 = 71.453 ppm; 71.338 ppm; & = 69.985 ppm; & =
61.260 ppm, 6 = 61.010 ppm, and 6 = 60.559; and & = 43.349. Previous studies reported that
the C=0 group appeared at & = 180-170 ppm, the central C atom appeared at 6 = 80-70 ppm,
C-H and C-H2 appeared at 6 = 44-43 ppm. [6,28-30]. The peak absorption of mannose and
galactose appears at 6 = 105-60 ppm [6,31-34]. This shows the success of the synthesis.

Comment (page 33, Figure 3):

“I wouldnt suggest you write the carbons as certain like here. Untill you perform a 2D
NMR analysis, it is better not to specify the peaks.”

“here the peak shape is double dublet, please share the J values.”
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Response:
Thank you for the suggestions. We have corrected Figure 3 and did not specify the peak. In

addition, we have also added the value of J and only shared the number of peaks of the multiplet
without specifying the peak.

Original (Figure 3) (page 33, Figure 3)
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Revised (Figure 3) (page 32, Figure 3)
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Comment of reviewer 3:
“l have provided my decision to the editor.”

Response:
Thank you for the suggestions. Thanks for the comments. We really appreciate.
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Comment of reviewer 4:

1. Comment: “The following paper by the author should probably be cited in this
manuscript due to similarities in the coverage:
Hadinugroho, W., Martodihardjo, S., Fudholi, A., & Riyanto, S. (2019). Esterification of
citric acid with locust bean gum. Heliyon, 5(8), €02337.”
Response:
Thank you for the suggestions. We have included citations in this manuscript for the article:
Hadinugroho, W., Martodihardjo, S., Fudholi, A., & Riyanto, S. (2019). Esterification of citric
acid with locust bean sap. Heliyon, 5(8), €02337. In addition, we have also been listed on the
reference (number 6).

(Page 2, paragraph 2, line 35)

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric acid
(CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid (HCI)
as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds. LBG
consists of mannose and galactose monomer chains (4:1). [2,5-9]

(Page 2, paragraph 3, line 42)

The HCI is a strong acid that is effective for creating acidic conditions [10,11]. Variation of
HCI concentration in the synthesis effect on the character of CA-LBG. The concentration of
HCI affects the rate of protonation of the carbonyl group of CA to form a positive C atom.
Increasing the concentration of HCI causes an increase in the creation of positive C atoms. This
condition increases CA binding to LBG. The characteristics of CA-LBG are influenced by the
concentration of CA bound to LBG [6].

(Page 2, paragraph 4, line 47)

The low wavelengths of UV irradiation (200-400 nm) are a source of energy strong enough to
form chemical bonds [12-14]. The UV irradiation for a certain duration determines the
formation of positive C atoms from the carbonyl group in CA with the O atoms (C-6) of
mannose and galactose at LBG. The results of previous studies reported that this esterification
produced a carbonyl ester group on CA-LBG which was not owned by LBG. In addition, the
study reported that CA-LBG has a viscosity of 7-11 cP [6]

(Page 3, paragraph 5, line 51)

The CA-LBG utilization as material synthesis products needs to be studied further.
Pharmaceutical formulation is one area where CA-LBG can be used as an alternative to
pharmaceutical excipients. Previous studies have reported that CA-LBG has the potential as a
disintegrating agent for tablet dosage formulations [6].

(Page 5, line 120)

The degree of esterification is determined by comparing the carboxylate group in the reacting
CA (Molar) and the carboxylate group at the initial CA (Molar) and calculated according to
Equation 3 [6].
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(Page 9, line 216)

In the synthesis of CA-LBG, the acidity of HCI could be induced protonation of O atoms from
the carbonyl group of citric acid and created positive C atoms. The hydroxyl (OH) group of C-
6 at mannose and galactose atoms reacts with the protonated citric acid carbonyl group to create
a tetrahedral cation. Protonated OH (*OH>) oxygen groups with H20 loss to form CA-LBG. UV
irradiation is the energy source to create bonds between positive C atoms from carboxylic
groups and O atoms of C-6 at mannose and galactose [6,7].

(Page 10, line 230)

The sharp peak of CA-LBG appeared at 1739.22 cm™; 1736.39 cm™; and 1735.85 cm™ are
related to the carbonyl ester group that was produced from the synthesis reaction. The carbonyl
ester group is created by the bond between the positive C atom of the protonated carbonyl group
in CA and the O atom of C-6 at mannose and galactose in LBG. In a previous study, the OH
group appeared around 3300 cm™. C-H appears around 2900 cm™, and C=0 appears around
1750-1735 cm[6]

(Page 10, line 237)
NMR examination of the two other conditions has been confirmed in previous studies [6,7].

(Page 10, line 245)

Multiplet peaks at 6 = 4.148-3.587 ppm from mannose and galactose in LBG. Previous studies
reported that two doublet peaks of CA around 6 = 2.7-3.0 ppm. Multiplet peaks from mannose
and galactose appear around 4.5-3.0 ppm [6,7].

(Page 11, line 251 & 252)

Previous studies reported that the C=0 group appeared at 6 = 180-170 ppm, the central C atom
appeared at 6 = 80-70 ppm, C-H and C-H2 appeared at & = 44-43 ppm. [6,28-30]. The peak
absorption of mannose and galactose appears at & = 105-60 ppm [6,31-34]. This shows the
success of the synthesis.

(Page 11, line 258)
Based on previous experiments, LBG has a corrugated morphology and CA creates coral
morphology [6].
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2. Comment: “Correct the spelling of disintegrating agent on the x-axis in Figure 8, 9.”

Response:
Thank you for the suggestions. We have correct the spelling of disintegrating agent on the x-

axis in Figure 8, 9.

Original (Figure 8) (page 38)
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Revised (Figure 8) (page 37)
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Original (Figure 9) (page 39)

10

—&— CA-LBG —®— SS5G —v— CS

disintegration time [minute]
B

0 2 4 6 8 10 12

disintegranting agent [%]

Revised (Figure 9) (page 38)
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3. Comment:
“Some editing would improve the readability of the manuscript.For example, the meaning
of this sentence is not clear (p. 2, line 45): ""Variation of HCI concentration in the synthetic
effect on the character of CA-LBG.”
Response:
Thank you for the suggestions. We have tried to check and correct the words/sentences in this
manuscript electronically and discuss it with linguists. We look forward to suggestions if
something is still wrong or missed.

Original manuscript (Page 2, line 44)
Variation of HCI concentration in the synthetic effect on the character of CA-LBG.
Revised manuscript (Page 2, line 37)
Variation of HCI concentration in the synthesis effect on the character of CA-LBG.

Original manuscript (Page 3, line 57)

The CA-LBG utilization as material synthesis products need to be studied further.
Revised manuscript (Page 2, line 48)

The CA-LBG utilization as material synthesis products needs to be studied further.

Original manuscript (Page 5, line 108)

The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra were recorded.

Revised manuscript (Page 4, line 98)

The CA-LBG (5-15 mg) was stirred for 45 minutes. The filtrate was placed in the glass tube
and spectra was recorded.

Original manuscript (Page 10, line 238)

The stretch peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

Revised manuscript (Page 9, line 221)

The stretching peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm®; and 3337.34 cm™ are
related to the hydroxyl (OH) groups of C atoms at mannose and galactose.

Original manuscript (Page 11, line 247)

This shows the success of the synthesis and continued by NMR confirmation.

Revised manuscript (Page 10, line 237)

This indicates the success of the synthesis and CA-LBG was further confirmed by NMR.

Original manuscript (Page 12, line 277)

The LBG particles have a shape coral- corrugated indicates available interaction with CA with
LBG and successful synthesis.

Revised manuscript (Page 11, line 259)

The LBG particles have a shape coral-corrugated indicates the available interaction of CA with
LBG and shows successful synthesis.
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Original manuscript (Page 14, line 324)

In general, the tablet profile containing CA-LBG the most slope of flow rate although the CA-
LBG concentration was increasing.

Revised manuscript (Page 13, line 307)

In general, the tablet profile containing CA-LBG had the most slope of the flow rate although
the CA-LBG concentration was increasing.

Original manuscript (Page 15, line 351)

In the CL-1 and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated
by the effect of the density arrangement between SDL granules and the area of porosity that
could accommodate all CA-LBG particles.

Revised manuscript (Page 14, line 334)

In the CL-1 and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated
by the effect of the density and the area of porosity arrangement between SDL granules for
could accommodate all CA-LBG particles.

Original manuscript (Page 15, line 361)

The rod-shape and corrugated surface of the CS particles envelop according to the SDL granule
shape in layers and has a narrow porosity.

Revised manuscript (Page 14, line 344)

The rod-shaped and corrugated surface of the CS particles is enveloping according to the SDL
granule shape in layers and has a narrow porosity.

Original manuscript (Page 20, line 473)

In CS-5 tablet, reduced SDL granules have an impact on tablet resistance because SDL granules
serve as a foundation to withstand the mechanical stress exerted on the tablet surface.

Revised manuscript (Page 19, line 456)

In CS-5 tablets, reduced SDL granules have an impact on tablet resistance because SDL
granules serve as a foundation to withstand the mechanical stress exerted on the tablet surface.

Original manuscript (Page 20, line 475)

In CS-6 tablet, the foundation of tablet resistance to mechanical stress is controlled more by the
interlocking bonds between CS particles after being compressed so that the tablets are stronger
than the CS-5 tablet.

Revised manuscript (Page 19, line 458)

In CS-6 tablets, the foundation of tablet resistance to mechanical stress is controlled more by
the interlocking bonds between CS particles after being compressed so that the tablets are
stronger than the CS-5 tablet.

Original manuscript (Page 20, line 486)

In the experiment, the peak tensile strength of CA-LBG tablets and SSG tablets was a
concentration of 2% while CS tablets was a concentration of 4%.

Revised manuscript (Page 19, line 469)

In the experiment, the peak of tensile strength of CA-LBG tablets and SSG tablets was at a
concentration of 2%, while the peak of tensile strength CS tablets was at a concentration of 4%.
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Original manuscript (Page 21, line 518)

The friability of the CS-4 to CS-6 tablets proportional to the BF value and tends to decrease.
Revised manuscript (Page 21, line 501)

The friability of the CS-4 to CS-6 tablets is proportional to the BF value and tends to decrease.

Original manuscript (Page 24, line 586)

Comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11).

Revised manuscript (Page 23, line 569)

A comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11).

4. Comment: “CIC Pharmaceutical Sciences might be a better journal for this work.”
Response:
Thank you for the suggestions.
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Surabaya, September 28", 2021

Dear Prof. Stephen Scypinski
Editor
Journal of Pharmaceutical Innovation

Please find enclosed our revised manuscript entitled “Preparation of Citric Acid-Locust Bean Gum
(CA-LBG) for the disintegrating agent of tablet dosage forms”. This manuscript was revised based on
the suggestions of reviewers. We inform you that changes to the manuscript based on suggestions from
reviewers are written in blue ink. We also attach a list of responses to the suggestions of reviewers.

We would also like to inform you that on August 30", 2021, we have received the text of the decision
via email from Prof. Robert A Lodder by attaching comments from reviewers 2, 3, and 4. In addition,
we also accept documents in the View Attachments column. We submitted a revised manuscript and
review response by September 4™, 2021, as directed by the editor-in-chief.
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1 Abstract
1
2
3 2 Purpose: Analyze the effect of HC | concentration 0.24 mol as a synthesis catalyst on the
4
2 3 viscosity of CA-LBG and determine the effect of the application of CA-LBG as a disintegrating
7 . .
g 4 agenton the physical quality of tablets.
9
10 5 Methods: Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and
11
g 6 locust bean gum (LBG) using hydrochloric acid (HCI) and UV irradiation (254 nm, 100
14
15 7 minutes). The CA-LBG was analyzed by fourier transform infrared spectroscopy (FTIR),
16
g 8 nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), esterification
19
20 9 efficiency, solubility, and viscosity. The tablet formulation used CA-LBG with a concentration
21
gg 10  variation of 0.5%; 1%; 2%; 4%; 8%; and 12%. Preparation of tablets by direct compression
24 : . .
25 11  uses aspray dray lactose (SDL) as a filler with a tablet weight of 200 mg.
26
% 12 Results: Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. The presence
gg 13 of CA-LBG as a disintegrating agent has variation effects to thickness, break force, tensile
31
32 14  strength, friability according to the concentration used. In the formulation process, increasing
33
gg 15  the concentration of CA-LBG in the tablet mass decreased the flow rate and increased
36 - _-g=
37 16  compressibility.
38
jg 17 Conclusion: The increase in the concentration of CA-LBG in tablets accelerated the
41 _
42 18  disintegration of tablets without the influence of other tablet parameters. The CA-LBG
43
jg 19  disintegration activity through repulsion between CA-LBG deformation on the tablet when
jg 20  wetted with disintegration medium. The repulsion force occurs due to the character of CA-
48
49 21  LBG which has low solubility and low viscosity.
50
51
5y 22
53 - - - - - - - -
54 23 Keyword: CA-LBG, citric acid, locust bean gum, disintegrating agent, direct compression
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Introduction

Natural polymers are a resource that can be used and developed as pharmaceutical
excipients. One of the natural polymers in pharmaceutical excipients is locust bean gum (LBG)
which functions as the matrix, binder, disintegrating agent, thickening agent, suspending agent,
gelling agent, etc. The LBG is a polymer that has the potential to be modified to produce new
materials as excipients in tablet formulations [1-4].

Citric Acid-Locust Bean Gum (CA-LBG) is a modified polymer synthesized from citric
acid (CA) and locust bean gum (LBG). The synthesis was carried out using hydrochloric acid
(HCI) as a catalyst and ultraviolet (UV) irradiation as an energy source to form ester bonds.
LBG consists of mannose and galactose monomer chains (4:1). [2,5-9].

The HCI is a strong acid that is effective for creating acidic conditions [10,11].
Variation of HCI concentration in the synthesis effect on the character of CA-LBG. The
concentration of HCI affects the rate of protonation of the carbonyl group of CA to form a
positive C atom. Increasing the concentration of HCI causes an increase in the creation of
positive C atoms. This condition increases CA binding to LBG. The characteristics of CA-LBG
are influenced by the concentration of CA bound to LBG [6].

The low wavelengths of UV irradiation (200-400 nm) are a source of energy strong
enough to form chemical bonds [12-14]. The UV irradiation for a certain duration determines
the formation of positive C atoms from the carbonyl group in CA with the O atoms (C-6) of
mannose and galactose at LBG. The results of previous studies reported that this esterification
produced a carbonyl ester group on CA-LBG which was not owned by LBG. In addition, the
study reported that CA-LBG has a viscosity of 7-11 cP [6].

The CA-LBG utilization as material synthesis products needs to be studied further.

Pharmaceutical formulation is one area where CA-LBG can be used as an alternative to
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pharmaceutical excipients. Previous studies have reported that CA-LBG has the potential as a
disintegrating agent for tablet dosage formulations [6].

The purpose of this study was to analyze the effect of HCI concentration 0.24 M as a
synthesis catalyst on the viscosity of CA-LBG. The aim of the tablet formulation was to
determine the effect of the application of CA-LBG as a disintegration agent on the physical
quality of tablets. The novelty of this study, the synthesis of CA-LBG uses a concentration of
HCI 0.24 mol as the catalyst and UV irradiation time (100 minutes) as an energy source that
creates the chemical bond. HCI concentrations of 0.18 mol and 0.30 mol were experimental
control concentrations to determine the success of the synthesis and characterization of CA-
LBG. The CA-LBG experiment as a disintegrating agent was further studied with various
concentrations. Sodium starch glycolate (SSG) and croscarmellose sodium (CS) were
comparable disintegrating agents to study the disintegration activity of CA-LBG. SSG and CS
are tablet disintegrating agents that are often used in tablet formulations because both able to
swell in the disintegrating medium in a fast time. The rounded shape with the smooth surface
of the SSG and the shape of the root with the corrugated surface of the CS can affect the tablet
quality [4,15]. The experiment was conducted to determine the potential for the disintegration
of CA-LBG in tablet formulations as an alternative choice of disintegrating agent to be

developed in the future.

Material and methods

Raw materials and chemicals

Materials needed in this study were locust bean gum (Viscogum, Cargill, France), citric
acid monohydrate (Merck KgaA, Darmstadt, Germany), hydrochloric acid (Sigma-Aldrich,
GmbH, USA), acetone (Cawan Anugerah Chemika, Indonesia), sodium starch glycolate (JRS

Pharma, India), croscarmellose sodium (FMC Biopolymer, USA), spray dried lactose
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(Foremost Farms, USA), diclofenac sodium (Dwilab Mandiri, Indonesia), sterilized water for

injection (Otsuka, Indonesia), and distilled water (Brataco Chemical, Indonesia).

Preparation of CA-LBG

The swollen LBG was placed in a glass bowl (7.10 x10° mol/50 mL concentration at a
temperature rate of 55-60 °C) and CA (0.42 mol) was added with different concentrations of
HCI (0.18; 0.24; and 0.30 mol). The mixture was stirred for 10 minutes and irradiated with UV
light for 100 minutes (254 nm, 8-watt shortwave CH-4132 Muttenz, Camag, Switzerland). The
wet solid was precipitated with acetone and washed with acetone-distilled water (1:1, v/v). The
solid CA-LBG was dried at ambient temperature [7].

Chemical characterization was carried out to confirm the success of esterification. The
characterization of CA-LBG was performed by using FTIR (fourier transform infrared) and
NMR (nuclear magnetic resonance) spectroscopic techniques. SEM (scanning electron
microscope), esterification efficiency, solubility, and viscosity tests were also carried out in

order to elucidate the structure.

Fourier transform infrared spectroscopy
The structure and the functional group of CA-LBG were analyzed by Fourier transform
infrared spectroscopy (UATR Perkin Elmer Spectrum Version 10.4.3.) in the wavenumber

range of 4000-450 cm™ spectra were recorded.

Nuclear magnetic resonance
The H and *C NMR of CA-LBG was analyzed by liquid state NMR spectroscopy
(JEOL RESONANCE ECZ 500R Japan). The CA-LBG (5-15 mg) was stirred for 45 minutes.

The filtrate was placed in the glass tube and spectra was recorded.
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Scanning electron microscope
The surface morphology of CA-LBG was analyzed using SEM (JSM-6510LA, JEOL,
Japan). The CA-LBG was mounted on a holder, coated by platinum, and observed (distance 10

mm and voltage10 kV).

Esterification efficiency

The efficiency of the synthesis was evaluated through the yield percentage of CA-LBG
to the total raw material. The evaluation of esterified CA was determined by the degree of
esterification. The determination of the degree of esterification follows the experimental
equation that has been done previously [6]. Acetone solution and acetone-distilled water to
precipitate and wash the acidic CA-LBG mass comes from unreacted HCI and CA. The
concentrations of both were analyzed potentiometrically with NaOH (0.2 N) as the titrant
which had been standardized using oxalic acid. The dissolved acid concentration (mEq) was
analyzed by means of the titrant volume needed to reach the endpoint of neutralization and was
determined according to Equation 1. The dissolved CA (mEq) is converted (gram) (W CA
dissolved)] and the reacting CA is determined according to Equation 2. The carboxylate group
weight of the reacting CA (gram) is determined by the mass relative of the carboxylate group
compared to the mass relative of CA multiplied by the weight of the CA reacting. The
carboxylic group weight in reacting CA (gram) is converted to (Molar). The degree of
esterification is determined by comparing the carboxylate group in the reacting CA (Molar)
and the carboxylate group at the initial CA (Molar) and calculated according to Equation 3 [6].
Dissolved CA (mEq).

dissolved CA [mEq] = dissolved acid[mEq] — dissolved HCI[meq] Equation 1
Weight CA reacting (gram)

W CAreacting = W initial CA — W dissolved CA Equation 2
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Degree of esterification

s , carboxylic group on the CA reacting [Molar] :
Degree of esterification [%] = carboxylic group on the CA initial [Molar] x 100 % Equation 3

Solubility

Solubility was determined by 0.5 g CA-LBG added 50 mL distilled water and allowed
to stand for 24 h (Wd). Then, the filtrate was separated from the swollen sample. The filtrate
was dried on a water bath at 70 © C and reweighed (Wds) on a microbalance (Mettler Toledo
AL204, Switzerland). The solubility of the CA-LBG was analyzed according to Equation 4:
Solubility (%) = Wds/Wd x 100 Equation 4

where Wds and Wd are soluble weight and initial weight (dry weight respectively) [16].

Viscosity

The CA-LBG viscosity test using a viscometer (Brookfield LVDV-I Prime,
Middleboro, MA, USA). The CA-LBG (3% wi/v) was swelled in 300 mL of warm distilled
water and left at ambient temperature. Spindle no. S61 was installed on Brookfield. Viscosity

was recorded when Brookfield was rotated at 100 rpm.

Preparation of tablets

Preparation of tablets begins with weighing the ingredients according to the formula
(Table 1). Preparation of tablets by direct compress was prepared by mixing homogeneous
SDL and CA-LBG/SSG/ CS using a cubic mixer (2 minutes, 100 rpm) (Erweka). The physical
quality of tablet mass was evaluated for flowability and compressibility. The mass of the tablets
was compressed with a weight of 200 mg per tablet using a single punch machine (Jenn Chian
Machinery, Taiwan). The physical quality of the tablets was evaluated for thickness, weight,

break force, tensile strength, friability, and disintegration time.
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Flowability
Tablet mass (100 g) was placed in a funnel hole on a flowability tester (Erweka,
Germany). When the funnel valve is opened, tablet mass flows. Flow time can be observed on

the flowability tester monitor.

Compressibility

Tablet mass was poured into a measuring tube (100 mL, angle = 40° ) whose weight
was known. The filled measuring tube is weighed, placed on a tapped density volumeter
apparatus (Erweka, Germany), and tapped (500 taps). Weight and volume of tablet mass
(before and after tapped) were recorded to determine the bulk density and the tapped density.
Tablet mass versus volume before tapped is bulk density. Granule weight/tablet mass versus
volume after tapped is the tapped density. The compressibility index is the difference between

tapped density and bulk density versus tapped density (Equation 5) [17].

tapped density—bulk density
tapped density

compressibility index (%) = x 100% Equation 5

Weight and thickness
Tablet weight and thickness were determined using 20 randomly selected tablets. Each
tablet was weighed using an analytical weighing scale (Mettler Toledo, Switzerland) and

thickness was accurately measured using a thickness gauge (Mitutoyo 7301, Japan).

Break force and tensile strength

Tablet break force (BF) was determined using 6 randomly selected tablets [18]. The
tablet is placed on the break force tester plate (Schleuniger, Netherlands). The metal block
moves towards the tablet and presses until the tablet cracks/breaks. The tablet break force value

is determined from the start of cracks/breaks, indicated on the monitor.



©CO~NOOOTA~AWNPE

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 8

The strength of the tablet against mechanical stress is determined specifically using the
tensile strength parameter according to the shape of the convex tablet. Tensile strength (ot) is

calculated following Equation 6 [19,20].

_ 10F _
ot = D2 (2.84(5)—0.126(;) +3.15(% ) +0.001) Equation 6

F is the break force, D is the diameter of the tablet, t is the total thickness of the tablet, and W

is the thickness of the center of the tablet without convex.

Friability

Tablet friability was determined using a randomly selected number of tablets with a
total tablet weight equal to 6500 mg [18]. Each tablet was dust-free and the total weight of all
tablets was determined (WO0). All tablets were put into a drum friability tester (Erweka,
Germany) and rotated for 4 minutes (25 rpm). After being removed from the drum, each tablet
was dust-free and weighed again (W1). The friability of the tablet is the difference in the total
weight of the tablet before and after rotated compared to the weight before rotated (Equation

7).

wo-wi

friability (%) = o

100% Equation 7

Disintegration time

Tablet disintegration time was determined using 6 tablets randomly selected from 18
previously randomly selected tablets [18]. Each tablet was inserted into each tube in the
chamber disintegration tester apparatus (Erweka Z3, Germany). The chamber is up-down in a
distilled water bath (37° C; 900 mL). The disintegration time was determined from the longest

time required for the tube net to be free of tablet fragments.
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Dissolution

The experiment was prepared using a tablet mass added with diclofenac sodium as a
model active ingredient. Each tablet contains 50 mg of diclofenac sodium to be compressed to
a weight of 250 mg [21,22]. Dissolution using phosphate buffer medium pH 6.8 (900 mL; 37
+ 0.5 ° C; 50 rpm) for 60 minutes using the paddle method (Electrolab TDT-08L, India)
[23,24]. The release of ketoprofen was sampled and observed at 5, 15, 30, 45, and 60 minutes.
Analysis of dissolved diclofenac sodium concentration using a UV-vis spectrophotometer

(Hitachi U-1900, Japan) at a wavelength of 276 nm [25,26].

Result and discussion

Mechanism of the CA-LBG synthesis reaction

In the synthesis of CA-LBG, the acidity of HCI could be induced protonation of O
atoms from the carbonyl group of citric acid and created positive C atoms. The hydroxyl (OH)
group of C-6 at mannose and galactose atoms reacts with the protonated citric acid carbonyl
group to create a tetrahedral cation. Protonated OH (*OH>) oxygen groups with H2O loss to
form CA-LBG. UV irradiation is the energy source to create bonds between positive C atoms
from carboxylic groups and O atoms of C-6 at mannose and galactose [6,7]. The schematic and

details of the synthesis are shown in Figure 1 and Table 1.

Fourier transform infrared spectroscopy

The results of the CA-LBG and LBG infrared analysis are shown in Figure 2 and Table
1. The stretching peaks appear at 3268.19 cm™; 3291.84 cm™: 3304.40 cm™; and 3337.34 cm'?
are related to the hydroxyl (OH) groups of C atoms at mannose and galactose. Sharp peaks
appear at 2920.60 cm™*; 2923.35 cm™, 2923.56 cm™*; and 2923.35 cm™ are related to C-H bonds

of CA and LBG. In CA-LBG, the sharp peak comes from C-H symmetrically of CA [27]. The
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sharp peak of CA-LBG appeared at 1739.22 cm™; 1736.39 cm™; and 1735.85 cm™ are related
to the carbonyl ester group that was produced from the synthesis reaction. The carbonyl ester
group is created by the bond between the positive C atom of the protonated carbonyl group in
CA and the O atom of C-6 at mannose and galactose in LBG. In a previous study, the OH group
appeared around 3300 cm™. C-H appears around 2900 cm™, and C=0 appears around 1750-
1735 cm[6]. This indicates the success of the synthesis and CA-LBG was further confirmed

by NMR.

Nuclear magnetic resonance

The NMR examination was carried out only in one of the experimental conditions
(batch B) due to the resulting CA-LBG will be used as a disintegrating agent in the tablet
dosage forms. NMR examination of the two other conditions has been confirmed in previous
studies [6,7]. NMR examination using CA-LBG dissolved in deuterium (D20) (H20).

The results of the CA-LBG NMR analysis are shown in Figure 3. The 'H NMR
spectrum of CA showed two doublet peaks at 6 = 3.088 ppm and 6 = 3.056 ppm, 6 =2.906 and
ppm, 6 = 2.875 ppm shows the presence of CA at LBG. The peak is from C-Hz in CA. The
two doublet peaks are protons from symmetric C on CA reacting on LBG. The position of one
adjacent proton due to bond rotation and causes the signal to split so that the peak appears
splitting. Multiplet peaks at 6 = 4.148-3.587 ppm from mannose and galactose in LBG.
Previous studies reported that two doublet peaks of CA around 6 = 2.7-3.0 ppm. Multiplet
peaks from mannose and galactose appear around 4.5-3.0 ppm [6,7].

The peaks of the CA-LBG *C NMR spectra from the high to low energy field were at
0=176.790 ppm; & = 173.459 ppm; 173.363 ppm; 171.069 ppm; 6 =100.192 ppm; 6 = 100.000
ppm; 6 = 75.072 ppm; & = 73.325 ppm; 6 = 71.453 ppm; 71.338 ppm; 6 = 69.985 ppm; & =

61.260 ppm, 6 = 61.010 ppm, and & = 60.559; and 6 = 43.349. Previous studies reported that
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the C=0 group appeared at 6 = 180-170 ppm, the central C atom appeared at 6 = 80-70 ppm,
C-H and C-H2 appeared at 6 = 44-43 ppm. [6,28-30]. The peak absorption of mannose and

galactose appears at 6 = 105-60 ppm [6,31-34]. This shows the success of the synthesis.

1.2. Scanning electron microscopy

The SEM images of CA-LBG (Batch B) are shown in Figure 4. In magnification100x,
particles of CA-LBG appear in an irregular shape. In magnification 3500x, particles CA-LBG
have the surface morphology of CA-LBG appear coral-corrugated. Based on previous
experiments, LBG has a corrugated morphology and CA creates coral morphology [6]. The
LBG particles have a shape coral-corrugated indicates the available interaction of CA with

LBG and shows successful synthesis.

Esterification efficiency

The yield percentage and degree of esterification of CA-LBG for all batches are shown
in Table 1. The high concentration of HCI under synthesis conditions increases Yyield
percentage and degree of esterification due to the high amount of CA bound to LBG. The HCI
increases the acidity of the synthesis conditions to protonate the O atom from the carbonyl
group and creates a positive C atom, thereby causing CA to bind to LBG. The CA-LBG batch
A to batch C shows the higher the degree of esterification in proportion to the increase in the
concentration of HCI because the protonation of the O atom from the carbonyl group and the
formation of a positive C atom is faster. This condition accelerates creates bonds between

positive C atoms from carboxylic groups and O atoms of C-6 at mannose and galactose.
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Solubility

The solubility of CA-LBG for each synthesis condition is shown in Table 1. The CA-
LBG of batch A to batch B presents the solubility decreasing in proportion to the increasing
degree of esterification. The more CA molecules bound to the LBG produce CA-LBG with
stable ester bonds. Bonds of positive C atoms from carboxylic groups and O atoms of C-6 at
mannose and galactose decrease the ability of CA-LBG to interact with distilled water. In this

condition, CA-LBG particles are difficult to wet so inhibit solubility in distilled water.

Viscosity

The viscosity of CA-LBG for each batch is shown in Table 1. LBG has a high viscosity,
but the presence of excess CA can reduce the viscosity. The viscosity of CA-LBG from batch
A to batch C decreased in proportion to the increasing degree of esterification. The carbonyl
ester groups formed from the bonding of positive C atoms from carboxylate groups with O
atoms of C-6 in mannose and galactose reduce the ability of CA-LBG to trap distilled water so

viscosity decreases.

Flowability

The results of the flowability study on all tablet mass formulas containing CA-LBG
showed that an increase in the concentration of CA-LBG increased the flow time of tablet mass
(Table 2) because influenced by the irregular shape of particles and the surface like coral inhibit
the flow of mass tablet (Figure 5). The CL-1 formula has the fastest flow time due to the
influence of the spherical shape of the SDL granules to dominate the flowability although CA-
LBG is present in the tablet mass [4]. The formula containing SSG and CS showed an increase
in concentration cause increased flow time tablet mass. SSG particles are rounded and have a

smooth surface, should be able to rate up the flow time but SSG particles are also hygroscopic,
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thus inhibiting the flow time of tablet mass [4]. The CS particles are rod-shaped with a
corrugated surface, which at high concentrations can inhibit the flow of tablets mass [4].
According to the flow time requirements, all tablet mass formulas containing a variety of
disintegrating agents meet the requirements is 100 g tablet mass can flow in less than 10
seconds [35].

The effect of the presence of various disintegrating agents on the tablet mass is shown
in Figure 5, which is a plot between the concentration of the disintegrating agent and the flow
rate [g s™Y]. In general, the tablet profile containing CA-LBG had the most slope of the flow
rate although the CA-LBG concentration was increasing. In addition, the decrease in flow rate
of tablet mass with a high concentration of CA-LBG is proportional to the flow rate of tablet
mass containing high concentrations of SSG and CS. This case is because the particle surface
of CA-LBG like coral can fill each other with a porosity of SDL surface [4]. The sharp decrease
in the profile of tablet mass containing CS at low concentrations (CS-1) indicates that the flow
rate is more influenced by the spherical shape of the SDL granules so accelerate the flow, while
at higher concentrations (CS-2) the root shape and corrugated surfaces of the CS particles begin
to inhibit the flow. The flow rate profile of tablet mass containing SSG at low concentrations
(SSG-1) is more slope than the tablet mass containing CS at the same concentration (CS-1)
because the hygroscopicity of SSG particles inhibits the flow of tablet mass. The hygroscopic
effect of SSG particles at higher concentrations (SSG-2 to SSG-6) can be overcome by the
rounded shape and smooth surface of the SSG particles so that the decrease flow rate is more

slope.

Compressibility
The tablet mass density evaluation results on all tablet mass formulas containing CA-

LBG or SSG showed that increasing the concentration of the disintegrating agent increased the
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value of prapped-pbulk (Table 2), due to the influence of the shape and surface of the disintegrating
agent particles. The initial composition of the tablet mass was SDL granules arranged
randomly, the porosity between the SDL granules was filled with disintegrating agent particles.

The CA-LBG particles which have an irregular shape and a coral-like surface are
randomly arranged on the porosity between the SDL granules according to the shape and area
of the porosity between the initial particles. The volume decrease during the tapping was caused
by the movement of SDL granules and CA-LBG particles. The CA-LBG particle corners fill
each other surface porosity between particles and SDL granule surface porosity. In the CL-1
and CL-2 formulas, the porosity of the mass arrangement of tablets was dominated by the effect
of the density and the area of porosity arrangement between SDL granules for could
accommodate all CA-LBG particles. The volume decrease in the tapping of the formula with
the higher CA-LBG concentration causes the porosity between the SDL granules to be wider
because the CA-LBG particles surround the SDL granules tightly.

The rounded shape and smooth surface of the SSG particles give a tablet mass
arrangement with more regular porosity than the CA-LBG particles. The smooth surface of
SSG particles causes movement of SDL granules / SSG particles and decreases in volume
during tapping so that the porosity narrows and SSG particles fill the porosity of the SDL
granule surface. Formulas containing CS have a different value of ptapped-pouik from formulas
containing other disintegrating agents, namely the increasing the concentration of CS, the
lowering the value of prapped-pouik. The rod-shaped and corrugated surface of the CS particles is
enveloping according to the SDL granule shape in layers and has a narrow porosity. The surface
of the CS particles decreases the ability of the particles to move and the volume decreases on
tapping because the surface corrugated of the CS particles will interlock with other CS

particles.
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The results of the density evaluation are further confirmed by the compressibility
profile shown in Figure 6, where increasing the concentration of the disintegrating agent
increases the mass compressibility of tablets containing CA-LBG / SSG and decreases the mass
compressibility of tablets containing CS. The mass compressibility of tablets containing CA-
LBG was slightly lower than the mass of tablets containing SSG because the angles of CA-
LBG particles fill each other surface porosity between particles and SDL granule surface

porosity.

Weight and thickness

All tablet masses contain a variety of disintegrating agents and their concentration is
compressed into tablets and according to weight is around 200 mg (Table 2), which shows that
all tablet masses are able to flow freely from the hopper and fill the dies space in the tablet
compressing machine. This condition is in accordance with the results of the evaluation of
flowability and compressibility.

The variation in tablet thickness from the mass of tablets containing various
disintegrating agents is influenced by the arrangement, shape, and surface of the SDL granule
or the disintegrating agent particle so that when compression is applied produced deformation
of the granule/particle, bond interlocking, and narrowing the porosity between deformations.
The irregular shape and coral-like surface of the CA-LBG particles provide an opportunity for
the particle corners to fill each other with the SDL particle/granule surface porosity so the tablet
mass is compressed to produce a low-porosity tablet. The rounded shape and smooth surface
of the SSG particles produce tablets with a regular form of porosity. The root shape and
corrugated surface of the CS particles provide an opportunity to interlock between the particles

and the corrugated surface so the tablet mass is compressed to produce a low-porosity tablet.
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The CL-1 tablet is thicker even though the number of CA-LBG particles is less than the
CL-2 tablet because the CA-LBG particles tend to fill the porosity of the SDL granules surface.
In the CL-2 tablet, CA-LBG particles fill the surface porosity of SDL granules and porosity
between SDL granules. The number of SDL granules of CL-2 tablet mass reduces so that
produces a thinner tablet. The CL-3 and CL-4 tablets are thicker than the other CL tablets
because the CA-LBG particles surround the SDL granules so that the volume is high and when
the tablet mass is compressed into thick tablets. The CL-4 tablet is thicker than the CL-3 tablet
due to the increasing number of CA-LBG particles resulting in a wider area surrounding the
SDL granules. The number of CA-LBG particles in the CL-5 and CL-6 formula tablets is
increasing so the area of the CA-LBG particles surrounding the SDL granules is wider, but the
porosity between the CA-LBG particles is narrow so that the mass of the tablets is compressed
to produce a thinner tablet. The CL-6 tablet is thicker than the CL-5 tablet because the CA-
LBG particle area surrounding the SDL granules is wider.

The SSG-1 tablet is thicker than other SSG tablets because SSG particles fill the
porosity of the SDL granules surface so, with the highest number of granules, the tablet mass
is compressed to produce thick tablets. Tablet mass of SSG-2 and SSG-3 show the number of
SSG particles is increasing and the number of SDL granules is decreasing. The SSG particles
in the SSG-2 tablet mass filled the surface porosity of the SDL granules and the dense porosity
of the SDL granules. The SSG-3 tablet mass shows the number of SDL granules was reduced
so the mass of the tablets was compressed to produce a thinner tablet. The tablet mass of SSG-
4 to SSG-6 contains more SSG particles and surrounds the decreasing SDL granules. The SSG-
5 tablet is thicker than the SSG-4 tablet because the SSG deformation area surrounding the
SDL deformation is wider. The SSG-6 tablet contained more SSG surrounding the SDL
deformation with the area is wider. The SSG-6 tablet thickness is similar to SSG-5 because the

number of SDL deformation in the tablet mass is reduced.
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The thickness of the CS-1 tablet was dominated by the effect filling of CS particles on
porosity SDL granules surface so when compressed the tablet mass experienced deformation
with porosity varying of shapes and areas. The tablet of CS-2 to CS-4 contain more CS particles
and fewer SDL granules. The increasing number of CS particles formed the interlocking
deformation between the particles and enveloped the SDL granules so that produce thicker
tablets with narrow porosity but in large numbers. The greater the number of CS particles, the
wider the enveloping and interlocking area of the CS particles, resulting in a thicker tablet. The
thickness of the CS-5 and CS-6 formula tablets was dominated by the increase in the number
of CS particles. CS particles in the CS-5 tablet mass forming long interlocking on surrounding
SDL granules. The tablet mass contains limited SDL granules so produce thin tablets when
compressed. The CS-6 tablet is thicker than the CS-5 tablet because the interlocking area

enveloping the SDL granule is wider.

Break force and tensile strength

Evaluation of tablet resistance to mechanical stress is measured by the BF value and
shown in Table 2. The resistance of the CL-1 tablet is influenced by the dominance of SDL
granules interlocking bonds when compressed to result in deformation with a wide porosity so
that the tablets have a low resistance to mechanical stress. The BF value of the CL-2 tablet is
higher than CL-1tablet because the number of CA-LBG particles is more and fills the dense
porosity between SDL granules so when compressed the interlocking bonds are stronger and
the porosity is narrower. The CL-3 tablet shows the highest BF value than other CL tablets
because the deformation of CA-LBG particles around the SDL granule when compressed is
able to form interlocking bonds with narrow porosity so that the thick tablet and resistant to
mechanical stress. In addition, the corners of the CA-LBG particles fill the surface porosity

between the CA-LBG particles and the SDL granule surface porosity so strengthening the
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interlocking bond. The CL-4 to CL-6 tablets have a similar mechanism as the CL-3 formula
tablets, but the number of CA-LBG particles is increasing and SDL granules are decreasing so
that when compressed, produce tablets with a lot of narrow porosity and a decrease in tablet
resistance to mechanical stress. The tablet of CL-5 and CL-6 show similar BF values due to
the CL-6 tablet, although the interlocking bonds between particles are more dominant with the
number of narrow porosity increases.

The SSG particles in the SSG-1 tablet mass fill the surface porosity of the SDL granules
so inducing the granules to be slightly moist and the interlocking bonds between the SDL
deformation are weaker. In addition, SDL granules after being compressed produce wide
porosity deformation. The resistance of the SSG-2 tablet is higher than the SSG-1 tablet
because the narrow porosity between the SDL granules is filled with SSG particles so that the
mass of the granules is compressed resulting in a narrower porosity deformation. The SSG-3
tablet shows the strongest resistance than other tablets because SSG particles surround SDL
granules when compressed able to form deformation interlocking bonds with narrow and
regular porosity so tablets are resistant to mechanical stress. SSG-4 to SSG-6 tablets have a
similar mechanism to SSG-3 tablets, but the number of SSG particles is increasing and SDL
granules are decreasing so the mass of SSG-5 and SSG 6 when compressed produces tablets
with more narrow porosity and decrease in the resistance of the tablet to mechanical stress. In
addition, the slightly hygroscopic character of SSG particles decreased the resistance of tablets
shown in the SSG-4 tablet because the deformation interlocking bonds of SSG particles around
the SDL granules were weak.

The little number of CS particles in the CS-1 tablet tends to fill the porosity of the SDL
granules. When compressed, the interlocking bond is dominated by SDL deformation with
wide porosity so the resistance of the tablets to mechanical stress is weak. The CS-2 tablet has

a similar mechanism to the CS-1 tablet but the porosity between the SDL granules is filled with
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CS particles so produces a tablet with narrower porosity and is more resistant to mechanical
pressure. The CS-3 tablet has a similar mechanism to the CS-2 tablet but the number of CS
particles is more so the CS particles form interlocking between particles and envelop the SDL
granules. When compressed, the enveloping CS particles form an interlocking bond
deformation with a narrow and large porosity so the tablet surface resistance is weak. In the
CS-4 tablet, the interlocking CS particles to envelope the SDL granules and a wider area so
produce tablets with interlocking narrow porosity and strong surface to withstand mechanical
stress. The CS-5 and CS-6 tablets have a similar mechanism to the CS-4 tablets but the number
of CS particles is increasing and the SDL granules are decreasing. In CS-5 tablets, reduced
SDL granules have an impact on tablet resistance because SDL granules serve as a foundation
to withstand the mechanical stress exerted on the tablet surface. In CS-6 tablets, the foundation
of tablet resistance to mechanical stress is controlled more by the interlocking bonds between
CS particles after being compressed so that the tablets are stronger than the CS-5 tablet.

The BF value was further confirmed by the tensile strength parameter to determine the
comparison between tablets contain disintegrating agent variation according to the
concentration in the experiment (Figure 7). The tensile strength profile of CA-LBG tablets is
similar to that of SSG tablets due to the influence of the particle shape of CA-LBG and SSG.
The irregular shape and coral surface of the CA-LBG particles produce tablets with strong
deformation interlocking bonds. The tensile strength intensity of CA-LBG tablets is similar to
that of SSG tablets showing a deformation interlocking bond that can adjust the concentration
used in the tablets. In the experiment, the peak of tensile strength of CA-LBG tablets and SSG
tablets was at a concentration of 2%, while the peak of tensile strength CS tablets was at a
concentration of 4%. This concentration is the optimum condition for forming tablets with the

most stable interlocking deformation bonds against mechanical stress.
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Friability

Evaluation of tablet resistance to mechanical movement is measured by friability
parameters and is shown in Table 2. The friability of the CL-1 tablet is influenced by the low
BF value due to the interlocking bond of SDL deformation with wide porosity so that SDL
deformation on the tablet surface releases particles when subjected to mechanical movement.
In addition, the CA-LBG particles on the tablet surface were also released. The CL-2 tablet is
more friable than the CL-1 tablet although the BF value is higher because the number of CA-
LBG particles on the surface of the tablet is more so more particles are released when subject
to mechanical movement. The CL-3 to CL-6 tablets showed a tendency to decrease in friability
although the BF value was lower because of a strong interlocking bond on the deformation of
granules and particles, so reducing the release of tablet surface particles when subjected to
mechanical movement. The CL-6 tablet is more friable than the CL-5 tablet because the number
of SDL deformation decreases so that the foundation to withstand mechanical movements is
reduced.

The SSG-1 tablet is the most friable than SSG other tablets because of the low BF value
due to SDL deformation interlocking bonds with wide porosity so that the tablet surface
releases lactose and SSG particles when subjected to mechanical movement. The decrease in
the friability of the SSG-2 and SSG-3 tablets proportional to the higher BF value indicates a
strong interlocking bond from the deformation of granules and particles so resistant to
mechanical movement. The friability of the SSG-4 to SSG-6 tablets tends to decrease because
the strength of the interlocking bonding of SSG deformation is able to withstand mechanical
movements. The SSG-6 tablet is more friable than the SSG-5 tablet because the number of
SDL deformation is reduced so the foundation to withstand mechanical movements is reduced.

The CS-1 tablet is the most friable than the other CS tablets because the SDL

deformation interlocking bond dominates with a wide porosity so the lactose and CS particles
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on the surface are released when subject to mechanical movement. The friability of the CS-2
and CS-3 tablets increased proportionally to the BF values of the two tablet formulas decreased.
The more SSG deformation interlocking bonds, the stronger the tablet withstands mechanical
movements. The friability of the CS-4 to CS-6 tablets is proportional to the BF value and tends
to decrease. The CS deformation on the tablet surface has a strong interlocking bond to
withstand mechanical movements. The CS-6 tablet is more friable than the CS-5 tablet because
of the reduced deformation of SDL as a foundation to resist mechanical movements.

The comparison of the effect of the presence of the disintegrating agent in each tablet
formula to friability according to the concentration in the experiment is shown in Figure 8. The
friability profile of the three CA-LBG tablets is similar but different at the peak of each
disintegrating agent (CA-LBG 1%; CS 2%; SSG 4%). These peaks indicate that the tablet
surface has bonds weakly of interlocking deformation and less stable to mechanical
movements. The friability value before the peak concentration was also influenced by the
release of particles from the SDL deformation, while after the peak concentration was
influenced by the quality of the interlocking bond of deformation particles on the tablet surface
so resistant to mechanical motion. CA-LBG tablets are more friable than other tablets due to
the influence of the coral surface on the particles which tend to be friable when the porosity is
not filled with other particles. The high friability profile of CA-LBG tablets appears at low
concentrations because the surface porosity of the CA-LBG particles is not filled due to the
limited number of CA-LBG particles. In addition, the irregularly shaped CA-LBG particles

causing the porosity of tablets were number and wide.

Disintegration time
The evaluation of tablet disintegration rates for all formulas with various disintegrating

agents and concentrations is shown in Table 2. The disintegration of tablets containing CA-
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LBG showed a fast disintegration time proportional to the increasing concentration of CA-
LBG. The value of BF and friability do not affect the function of the CA-LBG to disintegrate
the tablet. The irregular particle shape and the corrugated surface of the CA-LBG particles
resulted in a tablet with porosity for penetration of the disintegrating medium (Figure 4). The
deformation porosity of CA-LBG formed on the tablet is proportional to the CA-LBG
concentration in the tablet formula. The porosity of a large number on the tablet cause increases
the channel for penetration of the disintegrating medium so that the tablet is disintegrating. The
CA-LBG is an ester excipient that has low viscosity and low solubility in water (Table 1). This
characteristic causes a repulsive force between deformations of CA-LBG on tablets when wet
by disintegration medium. The repulsion force increases in proportion to the CA-LBG
concentration in the tablet formula. The repulsive force between the CA-LBG deformations
causes the tablets to disintegrate.

Tablets containing SSG showed that SSG concentration, BF value, and friability were
influenced the disintegration time. The speed of tablet disintegration time is proportional to the
increasing SSG concentration shown in the SSG-1 to SSG-4 tablets. Deformation of SSG in
tablets attracts disintegration medium so SSG deformation swells and pushes deformation of
other granules and particles to move away from each other so that the tablet is disintegrating.
SSG-5 and SSG-6 tablets show the resistance of the tablets to pressure and mechanical
movements affect the speed of disintegration. Increased BF value and low tablet friability
caused long tablet disintegration time due to the strong interlocking bond between the
deformation of granule or particle, thus inhibiting tablet disintegration.

Tablets containing CS showed an increase in CS concentration causing the
disintegration time to rapidly. The resistance of tablets indicated by BF value and friability did

not affect the function of CS as a tablet disintegrating agent. Tablets containing CS attracts the



©CO~NOOOTA~AWNPE

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms 23

disintegrating medium for penetration into the tablet so that the CS deformation swell and push
deformation around. The more the CS deformation swell, the faster the tablet integrates.

The comparison of the ability of the disintegrating agent in each tablet formula
according to the concentration in the experiment is shown in Figure 9. The time profile for the
disintegration of CA-LBG tablets is similar to that of CS tablets because the two disintegrating
agents perform their function not influenced by the quality of other tablets so that the increase
in concentration is proportional to the increase in disintegration speed. tablet. In contrast to
SSG tablets, the disintegration time is also influenced by the hardness and friability of the
tablets, thus inhibiting the disintegration process in tablets with SSG concentrations of 8% and
12%. The disintegration time profile of CA-LBG tablets is longer than CS tablets because low
solubility of CA-LBG so that the wetting time of CA-LBG tablets is longer and inhibits

integration.

Dissolution

Experiments to study drug release from the dosage form were carried out using tablets
of 1%, 2%, and 4% concentrations of each disintegrating agent. The effect of the disintegrating
agent on the release of diclofenac sodium from the tablet is presented in Figure 10. The
dissolution profile of the tablets containing CA-LBG showed that the release of diclofenac
sodium from the tablets appeared to be different at 5 and 15 minutes. The higher the CA-LBG
concentration on the cause tablet more rapidly disintegrates and releases more diclofenac
sodium. All tablets with each concentration of CA-LBG meet the requirements for releasing
diclofenac sodium [36].

A comparison of the release profile of diclofenac sodium from tablets with each of the
disintegrating agents was shown in the dissolution profile (Figure 11). Tablets containing CA-

LBG showed a slower release of diclofenac sodium than tablets containing SSG and CS
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because of the gradual release at 5 and 15 minutes. The low solubility of CA-LBG inhibits the
wetting of the tablets for disintegration thus inhibiting the solubility of diclofenac sodium in

the dissolution medium.

Conclusion

Synthesis conditions using 0.24 mol HCI to produce CA-LBG 9.48 cP. Increasing the
concentration of HCI in the synthesis causes a decrease in the viscosity of CA-LBG due to an
increase in CA molecules bound to LBG. The presence of CA-LBG as a disintegrating agent
has variation effects to thickness, break force, tensile strength, friability according to the
concentration used. In the formulation process, increasing the concentration of CA-LBG in the
tablet mass decreased the flow rate and increased compressibility. The increase in the
concentration of CA-LBG in tablets accelerated the disintegration of tablets without the
influence of other tablet parameters. The CA-LBG disintegration activity through repulsion
between CA-LBG deformation on the tablet when wetted with disintegration medium. The
repulsion force occurs due to the character of CA-LBG which has low solubility and low

Viscosity.
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Figure 1. CA-LBG production mechanism. Synthesis of CA-LBG was carried out by adding

0.42 M CAto 7.10 x 10-6 M LBG which had swollen. The mixture was added with HCI (0.18-

0.42 M) and UV irradiated (100 minutes).
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Figure 2. FTIR spectrum of LBG and CA-LBG. LBG as a comparison is shown in black
spectra. CA-LBG was synthesized using a 0.18 M HCI catalyst (Batch A) shown in green
spectra. CA-LBG was synthesized using a 0.24 M HCI catalyst (Batch B) shown in blue
spectra. CA-LBG was synthesized using 0.30 M HCI catalyst (Batch C) shown in red spectra.
The carbonyl ester group (C=0) is a specific group that presents at CA-LBG and absent at

LBG.
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Figure 5. The flow rate profile of the mass of the tablet contains a disintegrating agent. The

concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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concentration of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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of each disintegrating agent 0.5%; 1%; 2%; 4%; 8%; and 12%.
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1 Table 1. Detail synthesis of CA-LBG using the concentration of HCI and irradiated with UV (254
2 nm,100 minutes). Value physical parameters of CA-LBG: yield, the degree of esterification, carbonyl
3 ester wavelength, solubility, and viscosity.
Batch LBG CA HCI Carbonyl Yield Degree of Solubility Viscosity
Code 10 [mol] [mol] Ester [%] Esterification [%6] [cP]
[mol] [em] [%]
A 7.10 0.42 0.18 173922  26.62+0.05  8.27 +0.19 36.63+1.14 11.20+0.10
B 7.10 0.42 0.24 173639  27.13+0.09  9.13+0.13 29.30+1.16  9.48+0.06
C 7.10 0.42 0.30 1735.85  27.66+0.06  9.69 +0.23 22.64+1.15 7.76 +0.07
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

19



1 Table 2. Details of tablet formulations using disintegrating agents. Evaluate the physical quality of the tablet mass and the tablet.

Preparation of CA-LBG for the disintegrating agent of tablet dosage forms
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formula disintegrating agent . actual . break L disintegration
flow time Prapped-Phbulk thickness friability
code CA-LBG  SSG CS weight force time
[%] [%] (%] [sec.] [g.-mL7] [mg] [mm] [kp] (%] [min ]
CL-1 0.5 - - 40+£0.10 0.041+£0.00 201.0£0.25 439zx0.01 4.0 £ 0.06 0.76 £ 0.02 9.12+£0.34
CL-2 1 - - 42+0.06 0.041+£0.00 201.2+£047 438zx0.01 4.2 +£0.10 0.83+£0.01 8.54 £ 0.19
CL-3 2 - - 48+0.10 0.044+£0.01 201.2+£0.12 4.40zx0.01 6.4+0.15 0.73 £0.02 7.69 £ 0.25
CL-4 4 - - 52+0.15 0.053+0.01 201.1+£0.21 4.41+0.01 4.7+0.12 0.66 £ 0.01 6.43+£0.14
CL-5 8 - - 57+£0.06 0.059+0.01 200.9+0.26 4.38+0.01 4.4 +0.10 0.60 £ 0.01 4.47 £0.18
CL-6 12 - - 6.4+0.15 0.061+£0.00 201.1+0.36 4.39+0.01 4.4+0.12 0.62 £ 0.01 3.21+£0.14
SSG-1 0.5 - 23+0.06 0.036+0.00 200.8+0.06 4.40+0.01 23+0.15 0.85+0.01 3.79+0.25
SSG-2 - 1 - 34+0.10 0.042+0.00 201.1+044 4.38x0.01 3.0+£0.15 0.73 £0.02 3.49 £ 0.38
SSG-3 - 2 - 40+£0.06 0.047+£0.01 201.0£051 435x0.01 6.3+0.12 0.55+0.01 1.73+0.18
SSG-4 . 4 . 46+0.10 0.051+0.00 200.7+0.21 437+0.01 4.6+0.17 0.60+0.02 0.67 +0.09
SSG-5 - 8 - 55+0.06 0.057+£0.00 201.1+0.32 4.38x0.01 50+0.21 0.52 £ 0.02 2.55+0.19
SSG-6 - 12 - 6.2+0.10 0.063+0.00 200.7+0.15 4.38+0.01 49+0.12 0.54 £ 0.02 1.90+0.35
CS-1 - - 0.5 3.1+0.10 0.056+0.00 200.8+0.60 4.43+0.01 45+0.12 0.74 £ 0.02 4.37 £0.33
CS-2 - - 1 3.6+0.06 0.052+0.00 200.8+0.35 4.46+0.01 4.7+£0.10 0.57+0.02 3.47 £0.15
CS-3 - - 2 43+£0.06 0.050+£0.00 201.0£0.31 4.42zx0.01 4.3+£0.17 0.69 £ 0.01 249 +£0.12
CS-4 - - 4 48+0.10 0.045+£0.00 201.1+£0.60 4.40zx0.01 6.9+0.12 0.62 £ 0.01 1.60x+0.13
CS-5 - - 8 54+0.10 0.038+0.00 201.2+0.35 4.34+0.01 45+0.15 0.55+0.01 0.89+0.20
CS-6 - - 12 57+0.06 0.038+£0.01 200.9+0.15 4.45x0.01 5.0+£0.15 0.56 £ 0.01 0.53+£0.30
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