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RESEARCH ARTICLE

Functionalization of carbopol with NVP for designing antibiotic drug
loaded hydrogel dressings for better wound management

Baljit Singh*

Abstract:

Abhishek Dhiman

In the present work an attempt has been made to design the antibiotic drug loaded carbopol-

poly(NVP) based hydrogel wound dressings for better wound care. The polymer films were characterized by
SEM-EDX, AFM, FTIR, *CNMR, TGA/DTA/DTG, DSC, and swelling studies. Besides drug release, various
biomedical properties (viz. blood compatibility, mucoadhesion, oxygen permeability, water vapour transmis-
sion rate, microbial penetration, tensile strength, bursting strength, resilience, stress relaxation, and folding
endurance) have also been studied. The polymer films have been observed to be biocompatible, permeable
to oxygen and water vapour and have absorbed simulated wound fluid 11.37£0.31g/g of polymer film. The
drug release profile followed the Case-II diffusion mechanism and release profile best fitted in Hixson-Crowell’s
kinetic models. Mechanical properties results showed that the polymer film had 0.654-0.12 Nmm~2 tensile
strength, 119.384+14.26% elongationand 25.49+£0.72% resilience.

Keywords:

1 Introduction

The concept of wound treatment always focuses on
reducing the risk caused by wound itself, minimizing
potential environmental complications and enhancing
proper regeneration and reestablishment of the wounded
skin tissue.!!! Infected skin that is left untreated may de-
lay healing and even lead to death."-?Recently, a wide
range of wound dressings are available in market, but hy-
drogel is a material of choice for designing dressings for
better wound management.Hydrogel dressings are more
successful in clinical results as compared to the conven-
tional wound dressings. Hydrogel wound dressings con-
taining antibiotic drugs have been used against wound
infections.®'In order to maximise the effectiveness of
antibiotics for longer periods, slow and sustained re-
lease of antibiotics is very important. These drug loaded
hydrogel dressings have been found to be instrumental
in achieving successful and long lasting healing effects
from antibiotic loaded wound dressings.*!

Hydrogels are three-dimensional, hydrophilic, poly-
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drug delivery, 1-Vinyl-2-pyrollidone, hydrogel, wound dressing

meric networks capable of absorbing large amounts of
biological fluids. These are closely related to the natural
living tissue, more than any other class of synthetic bio-
materials due to their high water content, porosity and
soft consistency.”! They can be made from a wide range
of biocompatible materials. They can provide moist
healing environment, and slow drug delivery at wound
site.[] Hydrogels are capable of promoting the autolytic
debridement of necrotic tissues and are usually more ef-
ficient at drying wounds with few exudates.”! A great
advantage of hydrogel dressings is that they are usu-
ally applied and removed without interfering with the
wound bed. In addition, these dressings are flexible, non-
antigenic, and permeable to water, oxygen and metabo-
lites.!®!

In view of the above, it is reasonable to assume that
a antibiotic drug (moxifloxacin) loaded hydrogel dress-
ings composed of carbopol-poly(NVP) would provide
the slow release of antibiotic drug locally in a con-
trolled manner besideproviding moistwound for improv-
ing wound healing. Poly(NVP) is a water solublehy-
drophilic biocompatiblepolymer.!-1°! Its hydrogel films
have been applied as local dressings.!!"! These hydro-
gel dressings can act as a barrier against bacterial pen-
etration.['” It is one of the most frequently used mate-
rial in biomedical applications due to their biocompat-
ibility with living tissues and extremely low cytotoxic-
ity.!!34lInclusion of poly(NVP) in the composite hydro-
gels can improve swelling and other biomedical proper-
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ties.!”>131 On the other hand, carbopol is a hydrophilic,

non-toxic, biocompatible, bioadhesive and non-irritant
polymer.!'® 1711t has been used in drug delivery systems
for buccal, transdermal,'®! ocular, rectal, vaginal,['"’
nasal®”’ and wound dressing applications.!!

2 Experimental

2.1 Materials used

1-Vinyl-2-pyrollidone (NVP) [MerckSpecialities Pvt.
Ltd. Mumbai-India], carbopol (CP) [Loba Chemie
Pvt. Ltd., Mumbai-India], N,N-methylenebisacrylamide
(NN-MBA) [Acros organics, New Jersey-USA], am-
monium persulphate (APS) [Qualigens Fine Chemicals,
Mumbai-India], glycerol, [S.D. Fine Chemical Ltd.,
Mumbiai, India], and moxifloxacin HCI [Lifestar Pharma
Pvt. Ltd.], New Delhi, India] were used as received.

2.2 Synthesis of CP-cl-poly(NVP) polymers

Synthesis of the polymers was carried out by chemi-
cally induced free radical copolymerization method us-
ing APS as initiator and NN-MBA as cross-linker. Poly-
mer reaction was carried out with solution of definite
concentration of CP [2.0% (w/v)], taken in beaker. This
solution was prepared by stirring at 100 rpm for defi-
nite time after 12 hours hydration. To this homogenous
content, solutions of a definite concentration of [NVP] =
28.15x102 mol/L, [NN-MBA] = 8.10x 10 mol/L, glyc-
erol = 0.27 mol/L and [APS] = 5.48x10% mol/L were
added, and the reaction mixture was again stirred. The
reaction content was stirred for total 12 hours at 25°C.
The reaction mixture was then transferred to the petri
dish which was placed in hot air oven maintained at
55 °C to get the cross-linked polymer. The polymer films
were formed by solution casting method. The cross-
linked polymer formed was washed with distilled wa-
ter and ethanol to remove the soluble fractions left in
the polymer. Then it was dried in an oven maintained
at 40°C till constant weight was obtained. This cross-
linked polymer was named as CP-cl-poly(NVP) poly-
mer.

2.3 Characterization

The polymers were characterized by scanning elec-
tronmicrography (SEMs), energy dispersion X-ray anal-
ysis (EDX), atomic force microscopy (AFM), Fourier
transform infrared (FTIR) spectroscopy, '*C nuclear
magnetic resonance (NMR) spectroscopy, X-ray diffrac-
tion study (XRD), thermo gravimetric analysis (TGA),
differential scanning calorimetry (DSC) and swelling
studies. SEM-EDX analysis was done on FEI Quanta

200 F (The Netherlands). AFM (NTEGRA, NT-MDT,
Russia) of polymer film was done in 5 m? areas, in semi-
contact mode. FTIR of polymer was recorded on Perkin
Elmer-Spectrum RX-I (USA). The solid state *C NMR
of polymer was carried out using JEOL RESONANCE
ECX 400 solid state NMR spectrometer operating at a
magnetic field of 9.3 T and at a frequency of 100 MHz
for carbons. X-ray diffractogram were obtained using a
Bruker D8 Advance diffractometer (USA), operating at
40 kV with Cu-K radiation.TGA of polymer was done
using EXSTAR TG/DTA 6300 thermal analyzer (Japan),
at a scan rate of 10 °C/min. DSC thermogram of poly-
mer was recorded with NETZSCH DSC 204 (USA) in
temperature range 25-500 °C at a scan rate of 10 °C/min.

2.4 Swelling Studies

Swelling studies of the polymers were carried out
in different mediums for 24 hours, by gravimetric
method.*?!

2.5 Drug release studies

Initially the drug loading into hydrogels was carried
out by the swelling equilibrium method.!*”! Release pro-
file of moxifloxacin HCI from drug loaded polymer sam-
ples was carried out in simulated wound fluid (SWF) and
release was determined from the standard curve made on
Cary 100 Bio, Varian, UV visible spectrophotometer at
A maz (288nm). Drug release mechanism was evaluated
by using power law expression given by Ritger and Pep-
pas.[?>24 Different kinetic models (i.e. zero order, first
order, Higuchi square root law, Korsmeyer-Peppas and
Hixson-Crowell cube root model) were applied to drug
release profileto determine the best fit model for the re-
lease of drug from the drug loaded polymers.?>2¢]

2.6 Blood compatibility

As a preliminary investigation, the in vitro biocompat-
ibility was determined on the basis of thrombogenicity
and hemolysis assessment. Thrombogenicity of CP-cl/-
poly(NVP) polymer was carried out using a gravimetric
method.!””! The positive and negative control was taken
as glass beaker with absence of sample and glass beaker
with absence of sample and blood respectively.[*s! The
thrombose percentage is calculated as follow:

. Mass of test sample - Mass of negative control
Thrombogenicity (% ) =

Mass of positive control - Mass of negative control

(eY)

The haemoglobin released by haemolysis was mea-
sured by the optical densities (OD) of the supernatants
at 540 nm using a UV-visible spectrophotometer. The
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percentage of haemolyis (%) was calculated as follows:

. OD of sample - OD of negative control
Haemolysis (% ) = — - x 100
OD of positive control - OD of negative control
(@)

2.7 Mucoadhesion studies

Mucoadhesive property of the polymer was investi-
gated by using texture analyzer (TA-XT, Stable Micro
Systems, UK) equipped with a 5 kg load cell and a mu-
coadhesive holder. The maximum force required to sep-
arate the probe from the goat mucosa (i.e. maximum de-
tachment force, F,,,,,) and distance travelled by film be-
fore detachment could be directly recorded in the instru-
ment.

2.8 Oxygen permeability

Permeability of synthesized polymer towards O has
been evaluated by using Winkler’s method.!*”! The test
flasks were placed in an open environment for 24 h.l*!
The collected water samples were then analyzed for dis-
solved oxygen according to Winkler’s method.[>”’

2.9 Water vapour transmission rate

WVTR of polymer film was determined gravimetri-
cally using desiccant method.*’! All the vials were
then placed in desiccator, containing saturated solution
of NaCl at 37 °C (Relative humidity ~75%).*!! These
vials were weighed after every 24 hours up to eight days
and WVTR (g/m?/day) was calculated using following
equation.3!

3)

WVTR = (A“’> « 2

At A

In this equation (Aw/At) is the slope of the plot ‘w’ vs
‘t’, where ‘w’ is the weight gain (g) along the specified
time period, ‘t’ (h) and A is the effective transfer area
(m?).

2.10 Microbial penetration

In the present study, microbial penetration test was
performed for polymer film to check their capacity, to
prevent secondary infection. The polymeric film (thick-
ness = 1 mm) was placed on top of the test tubes
(test area: 1.3+0.03 cm?) containing 5ml of sterile nu-
trient broth (2.5% w/v) (Merck Specilities Pvt. Ltd.
Mumbai-India) and was sealed to test microbial penetra-
tion through them. Before test, polymeric films, nutrient
broth and glass test tubes were sterilized in autoclave at
121°C, 151 bs pressure for 20 minutes. The negative

control was the closed test tube with an airtight cap pre-
venting any kind of microbial penetration, while the pos-
itive control was the open test tube having no barrier for
microbes. The test tubes were placed in an open environ-
ment and observed for 30 days period. Permeability for
micro-organisms was evaluated by observing microbial
growth (in term of turbidity) in test tubes. Any visual
turbidity of the nutrient broth was considered as sign of
microbial contamination.

2.11 Mechanical properties

In order to access the mechanical strength of the poly-
mer film, some important mechanical tests such as, ten-
sile strength, burst strength, resilience, relaxation, and
folding endurance have been performed.

2.11.1 Tensile Strength

Tensile strength of polymeric film was studied using
texture analyzer (TA-XT, Stable Micro Systems, UK)
equipped with 50 kg load cell.

2.11.2 Bursting strength

Bursting strength of polymeric film was studied us-
ing texture analyzer (TA-XT, Stable Micro Systems, UK)
equipped with 50 kg load cell. The force (N) and dis-
tance (mm) at break point were recorded.

2.11.3 Resilience

Resilience is measurement of how well a sample re-
covers from deformation. Resilience of polymeric film
was studied using texture analyzer (TA-XT, Stable Micro
Systems, UK) equipped with 50 kg load cell. Resilience
was calculated by using following equation.

Resilience (% ) = % x 100 @)
1
where Aj is the work returned by the sample as com-
pressive strain is removed (known as recoverable work)
andA1 is work required for compression.
2.11.4 Stress relaxation test
Stress relaxation of polymeric film was studied using
texture analyzer (TA-XT, Stable Micro Systems, UK)
equipped with 50 kg load cell. Stress relaxation was
evaluated in terms of retained force (%) which was cal-
culated by the following equation.

. Relaxed force
Retained force (%) = - x 100
Force at targate distance
Q)

2.11.5 Folding endurance

The flexibility of the film was accessed from the de-
termination of the folding endurance of film. During
folding endurance test, polymer film of thickness 1 mm,
length 30 mm and breath 30 mm was repeatedly folded
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and de-folded at the same place until it breaks. The num-
ber of repeated folding and de-folding at the same place
without breaking or cracking gives the value of folding
endurance.!*?)

3 Result and discussion

3.1 Characterization

A photograph of CP-cl-poly(NVP) polymer film was
showed transparent nature of the wound dressing (Fig-
ure 1(a)) which helps in monitoring of the wound
healing progress wound exudates accumulation with-
out removal of wound dressing.l**! Generally transpar-
ent wound dressings are preferred for partial-thickness
wounds with moderate exudation. SEM image ofCP-
cl-poly(NVP)polymer film is given in Figure 1(b). This
image showed less degree of heterogeneity in the poly-
mer surface which indicating the high degree of misci-
bility of polymeric contents. Further, the average sur-
face roughness (S,) was 14.26 nm and root mean square
roughness (S;) was 18.59 nm from the AFM image of
CP-cl-poly(NVP) polymer film (Figure 1(c)). Recently,
AFM has been implemented as a surface characteriza-
tion technique in biomaterial research and it is very help-
ful for the determination and verification of morpholog-
ical features of polymer film. AFM particularly per-
mits non-destructive imaging of surfaces on a molecu-
lar scale.!**! Being more hydrophilic poly(NVP) is more
miscible in CP and it increases surface hydrophilicity of
the crosslinked polymer. A more hydrophilic surface and
high water content in the hydrogel leads to less surface
roughness.[*>! It has also been reported that grafting of
NVP on polymers can make the surface smoother.>%37]
In another research Kennedy and co-workers (2009) have
reported that polymer grafted with NVP give smooth sur-
face in comparison to acrylic acid grafted polymers.

Results of EDX analysis of CP and CP-cl/-poly(NVP)
polymers indicating the incorporation of poly(NVP)
in the crosslinked polymer in the form of additional
peak of nitrogen which is correlated to the presence of
poly(NVP) and cross linker NNMBA in the polymer film
(Figure 2).

FTIR spectra of CP and CP-c/-poly(NVP) polymer are
presented in Figure 3. In case of CP, a broad band at
3116.4 cm™! (due to O-H stretching), a band at 2961.4
cm~! (due to C-H stretching), a sharp intense band at
1714.1 cm™? (due to C=O stretching), at 1454.4 cm~!
(due to C-H bending ), at 1413.5 cm~! (due to O-H in
plane bending), and at 1247.4 (due to C-O stretching)
have been observed. Beside, absorption band at 1171.4
cm™! due to C-O-C stretching was observed which has
proved ethereal crosslonking in CP. Some less intense

Figure 1. (a) Photograph, (b) SEM image, and (c) AFM image
of CP-cl-poly(N'VP) polymer film
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Figure 2. Elemental analysis results of (a) CP and (b) CP-cl-
poly(NVP) polymer

bands at 1114.6 and 1048.6 cm ™! (due to O-H deforma-
tions), along with a sharp band at 801.5 cm™*! due to =C-
H out of plane bending vibrations have been observed.
This band at 801.5 cm™! is characteristic of CP 940,
which appears due to the presence of crosslinker (allyl
ether of pentaerythrol) in carpool 940.1°%% In case of
CP-cl-poly(NVP) polymera broad band around 3432.33
cm~! (due to O-H), a band at 2926.37 cm™! (due to
C-H stretching), at 1737.32 cm~! (C=O stretching of
CP), at 1636.36 cm™! (C=O stretching of polyNVP), at
1457.37 cm™! (ring CH, wagging, ring C-N stretching
of polyNVP), at 1162.36 (C-O-C stretching in CP and
ring CHj twist of polyNVP). Some less intense bands at
1113.37 and 1051.36 cm™! (due to O-H deformations)
have been observed.!**!!

13C NMR spectra of CP and CP-cl-poly(NVP) poly-
mer are presented in Figure 4. In case of CPan intense
splitted peak at 183.49, 179.90 ppm [due to carbon of-
carbonyl groups] and another intense but broad peak
at 42.57 ppm [due to methylene (-CH,-CH-) and me-
thine (-CH,-C'H-) groups of acrylic chains] has been ob-
served.*®#?] The signal due to methylene and methine
carbons overlapped to give a single broad peak at 42.57
ppm. In case of CP-cl-poly(NVP) polymer, the chemical
shift peak at 178.44 ppm [due to carbonyl (C=0) car-

1
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FTIR spectra of CVP hydrogels
(b)

Figure 3.

polymer

FTIR spectra of (a) CP and (b) CP-cl-poly(NVP)

bons of poly(NVP) and CP] was observed. Broad peak
along with some adjacent smaller peaks was observed,
due to different environments of carbonyl carbon in the
major constituents. Some peaks at 43.43 ppm [due to CP
main chain carbons (-C'H-), vinylic carbons (-CH-N<)
and ring carbons (-CH;-N) of poly (NVP)]. This peak
represents the polymerization of N-vinyl 2-pyrrolidone
to poly (N-vinyl 2-pyrrolidone). The absence of charac-
teristic peak of NVP around 6=94.0 and 129.0 ppm for
sp? hybridized carbon atoms (CH,=CH-) indicate the in-
volvement of double bond in grafting and cross-linking
during polymerization reaction. Chemical shift peaks
at 31.97 ppm [due to ring carbons of NVP (O=C-CH,-
CHs;-) and18.90 ppm [due to ring carbons of NVP -CHs-
CH,-CH,)] were also observed.[?®434 Besides, sharp
peaks at 73.50 ppm and 63.94 ppm can be attributed to
formation of some new cross links during polymerization
reaction.
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Figure 4. '*CNMR spectra of (a) CP and (b) CP-cl-poly(NVP)
polymer

XRD spectra of CP and CP-cl-poly(NVP) polymer are
presented in Figure 5. In case of CP there is no crys-
talline region in its X-ray diffractogram, indicating com-
pletely amorphous nature of CP.[*! XRD spectra of CP-
cl-poly(NVP) polymer also showed no crystalline region
in its polymer sample. Process of cross-linking and graft-
ing may have hindered formation of any regular pattern
in polymeric samples.

TGA, DTA and DTG of CP and CP-c/-poly(NVP)
polymer are presented in Figure 6. In each case weight
loss due to entrapped moisture has been ignored and
initial decomposition temperature (IDT) has been taken
as the temperature where actual degradation of mate-
rial started. In case of CP, initial 7.59% weight loss
occurred up to 100°C, which indicates that CP has
7.59% bounded water. Kanis and co-workers (2000)
have observed about 5% weight loss upto 150 °C due
to bounded water. Ignoring the initial weight loss due to
free and bounded water, two stages decomposition was

Intensity (&)

(@)

ety (4.3

Figure 5. XRD of (a) CP and (b) CP-cl-poly(NVP) polymer

observed in CP. In the present case, first stage started
at 198.99°C (residue left = 88.78%) and second stage
started at 396.86 °C (residue left = 31.92%). IDT and
final decomposition temperature (FDT) have been ob-
served 199°C and 462°C (residue left = 5.29%) re-
spectively. Early degradation after 199 °C can be at-
tributed to the formation of formation of cyclic struc-
tures (anhydrides) associated with loss of water loss of
water. Final decomposition of CP after 396.86 °C on-
wards occuredat a very high rate, due to decarboxylation,
formation of unsaturated structures, depolymerisation
of the residual polymer and and complete degradation
of polymer forming gaseous products.***8In case of
CP-cl-poly(NVP)initial 4.30% weight loss occurred upto
100 °C, which indicates that CP-cl-poly (NVP) poly-
mer has 4.30% bounded water. Three stage decomposi-
tion observed in the case of crosslinked polymer. In the
present case, first stage started at 152.95 °C (residue left
= 91.25%), second stage started at 315.64°C (residue
left = 71.29%) and third stage started at 439.24°C
(residue left = 26.17%). IDT and FDT have been ob-
served 157 °C and 527 °C (residue left = 0.05%) respec-
tively.

TGA curves show that thermal degradation of cross-
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Figure 6. TGA/DTA/DTG curves of (a) CP and (b) CP-cl-
poly(NVP) polymer

linked hydrogel was slow in comparison to CP, indi-
cating more interactions in cross-linked polymer. 50%
weight loss occurred at 325 °C and 390 °C for CP and
CP-cl-poly(NVP) polymer respectively, indicating that
crosslinked polymeric filmsto be more thermally stable
than CP. Thermal degradation of the hydrogels was slow
and gradual in comparison to CP, as no sudden weight
loss has been observed. Increase in thermal stability of
cross-linked hydrogels can be attributed to crosslinking
and grafting reactions.'*”) Besides the strong interaction
between carboxyl of CP and carbonyl group of polyNVP
may be one factor for enhanced thermal stability.>!
DTG analysis was studied as a function of rate of
weight loss (pg/min) with increase in temperature. In
case of CP, two peaks at 251°C (590 pg/min) and
424°C (2810 pg/min) have been observed. In case
of CP-cl-poly(NVP) polymer three stage degradation
has been observed, where first stage is associated with
very slow degradation rate with a peak at 190°C (211
pg/min), second stage degradation showed DTG peak
at 400°C (870 pg/min), third peak at 493°C (1030
pg/min). Results of DTG support the TGA, as relatively

slow degradation rate was observed in cross-linked poly-
mer matrices in comparison to CP. It is important to men-
tion here that temperature at which maximum degrada-
tion rate was observed shifted from 424 °C to 493°C
on going from CP to cross-linked polymer. The results
of thermal degradation thus confirm the conclusion that
cross linking and grafting has occurred which has im-
proved thermal stability of CP-cl-poly(NVP) polymer in
comparison to CP.

DSC curves of CP and CP-cl-poly(NVP) polymer are
presented in Figure 7. In case of CP two endothermic
peaks, at 61.0 and 228.7 °C, were observed, with a heat
of fusion 122.6 and 248.7 J/g respectively. The initial en-
dotherm can be due to the evaporation of unbound water
in the polymer and the latter can be attributed to the loss
of water due to formation of anhydrides in CP.’!! Glass
transition temperature (T,) for CP has been observed in
the temperature range 128.5-135.1°C (ACp = 0.574 J/g
K). Goémez-Carracedo et al. (2004) have reported that
various grades of CPs show T in the range 130-140°C.
CP-cl-poly(NVP) polymer showed quite different DSC
thermo gram in comparison to CP. Two endothermic
peaks have been observed at 89.3 °C and 221.9°C. The
first endotherm with a heat of fusion 89.74 J/g, can be at-
tributed to the evaporation of unbound water in the cross-
linked polymer and second endotherm (108.6 J/g) can be
due to anhydride formation in the polymer.>?!

3.2 Swelling studies

The swelling polymers was determined in simu-
lated wound fluid (pH = 8), phosphate buffer saline
and pH 2.2 buffer to evaluate the effect of nature
of swelling medium on network structure of hydro-
gels (Table 1). Swelling was observed more in SWF
(1137.354+31.21%) as compared to swelling in pH 2.2
buffer (287.491+23.47%) and PBS (1100.04+12.25%).
pH sensitivity of the hydrogel can be attributed to the
presence of CP in the polymer matrix and in alka-
line solution, partially ionization of carboxylic groups
develop internal ion osmotic pressure due to electro-
static repulsion and swelling of hydrogels.®*! On the
other hand, at lower pH solution, the hydrogen-bonding
interactions leading to generation of additional physi-
cal crosslinking. So, the electrostatic repulsion due to
COO- groups is restricted, and the polymeric network
tends to shrink.®*The swelling of polymers was ob-
served less in 0.9% NaCl solution (355.04+£5.88%) as
compared to distilled water (1198.78+34.30%).Increase
in salt concentration shielded the electrostatic repulsion
between charged groups, causing decrease of hydrogel
swelling.*! Swelling of hydrogels increased with in-
crease in temperature of swelling medium. At higher
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Figure 7. DSC curves of (a) CP and (b) CP-cl-poly(NVP) poly-
mer

temperature the chain mobility increases which facil-
itates the network expansion and leads to increase in
swelling of hydrogel®>(Table 1).

Overall, these hydrogel wound dressing showed high
wound fluid absorption capacity and one gram of hy-
drogel film has taken 11.3740.31 g of simulated wound
fluid. Moist wound bed has been widely accepted as the
most ideal environment for effective wound healing.[>®
The accumulation of wound exudates often causes mac-
eration and bacterial overgrowth in the wound site.

Table 1. Results of swelling for CP-cl-poly(NVP) hydrogels

Sr. No. Parameter Swelling after 24 hrs (%)
Effect of swelling medium
pH 2.2 buffer

287.49+23.47

1.

2. Phosphate buffered saline (pH 7.4) 1100.04£12.25
3. Simulated wound fluid (pH 8.0) 1137.35+31.21
4, Distilled water 1198.78+34.30
S. 0.9% Sodium chloride solution 355.04+5.88

Effect of temperature

27°C 1127.93+52.65
37°C 1198.78+34.30
47°C 1264.31+£54.51

3.3 Drug release profile

Release profile of moxifloxacin from drug loaded
CP-cl-poly(NVP) hydrogels was evaluated in simulated
wound fluid (SWF) and results are shown in Figure 8 and
Table 2. The release profile of entrapped drug showed
slow and sustained release in SWF. No significant burst
release was observed and considerable amount of drug
release was observed after every half an hour, which can
help in maintaining constant drug concentration at the
wound site for a long time. The high surface area and
porous structure of the hydrogels enabled the drugs to
diffuse into the aqueous medium. Penetration of solvent
led to formation of micro-cavities which cause the drug
migration into solvent.’’! Diffusion exponent and var-
ious diffusion coefficients for the release of drug from
the drug loaded polymers have been calculated and re-
sults have been presented in Table 2. The release of
moxifloxacin from hydrogels occurred through Case-II
diffusion mechanism. Case II diffusion mechanism oc-
curs when rate of diffusion is very rapid as compared
to the rate of relaxation of polymeric chains (relaxation
controlled transport).The values of initial and late time
diffusion coefficients were found comparable. The in
vitro drug release data from CP-c/-poly(NVP) hydrogels
in different releasing mediums were evaluated kineti-
cally using various important mathematical models like
zero order, first order, Higuchi, KorsmeyerPeppas, and
Hixson-Crowell models. When the respective R? were
compared, it was found that it followed best by Hixson-
Crowell’s model with highest values of regression coef-
ficient. Hixson-Crowell’s model applies to such pharma-
ceutical dosages, where the dissolution occurs in planes
that are parallel to the drug surface if the dosage dimen-
sions diminish proportionally, in such a manner that the
initial geometrical form keeps constant all the time.[>®!

3.4 Blood compatibility

Hemolysis, defined as the release of hemoglobin into
plasma due to damage of erythrocytes membranes, is
directly related to blood compatibility of material. Di-
rect contact hemolytic assay is considered to be reliable
method for measuring blood biocompatibility of bioma-
terials. Results of hemolysis test for CP-cl-poly(NVP)
polymer have shown (3.9740.72)% haemolysis classi-
fying it as non-haemolytic material. These hydrogels
can be regarded as safe for wound applications. Li et
al. have reported increase in blood compatibility on
grafting with NVP.5) Moreover, Blood compatibility of
these crosslinked polymer can be attributed to its con-
stituting materials poly(NVP) and CP, which are highly
hydrophilic and biocompatible in nature.!'*"! These re-
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Figure 8. Release profile of moxifloxacin hydrochloride from
drug loaded CP-c/-poly(NVP) hydrogels, in simulated wound fluid
at37°C

sults revealed the hemocompatibility of hydrogel dress-
ings, which indicates material will not alter the integrity
of the blood during in-vivo application.During thrombo-
genicity test, weight of the clot formed with hydrogels
was slightly less (0.31£0.02 g) in comparison to blood
without hydrogels (0.34£0.05 g). These results indicate
that 91.39+7.44% thrombogenicity was observed in the
presence of CP-cl-poly(NVP) polymer, classifying the
material as non-thrombogenic (Table 3).

3.5 Mucoadhesion studies

The results of mucoadhesion studies for CP-cl-
poly(N'VP) polymer are presented in Table 3. Maximum
detachment force (F,,.) required for detachment of hy-
drogels from mucosal surface was 79.98£8.16 mN. Bi-
adhesive properties in the present case can be attributed
to synergistic mucoadhesive effect of poly(NVP) and CP.
CP and poly (NVP) are known to improve mucoadhesive
properties of the biomaterials.[°:%?! Carboxylic groups
of CP are capable of forming strong hydrogen bonds
with oligosaccharide chains present in mucins leading
to adhesion.[®”) Mucoadhesion is desirable for a topical
wound dressing as it will help the dressing to retain its
position with less chances of dislocation from the wound
site. Mucoadhesive polymers are widely explored for de-
veloping novel drug delivery systems. The close contact
between a delivery system and the absorbing cell layer
will improve both efficiency and effectiveness of the mu-
coadhesive system. Interaction of a polymeric system
with these mucus glycoproteins is the major reason for
the mucoadhesion phenomenon. Inter-penetration and
inter-diffusion of polymeric chains with the mucus lin-
ing is one among the important steps in determining the
bioadhesive interactions. Specific non-covalent interac-
tions between the functional groups in the polymers and

Table 2. Results of diffusion exponent ‘n’, gel characteristic
constant ‘k’, various diffusion coefficients, and correlation coeffi-
cients of different models for release profile of moxifloxacin hy-
drochloride from drug loaded CP-cl-poly(NVP) hydrogels, in sim-
ulated wound fluid at 37 °C

Diffusion exponent ‘n’ 1.013
Gel characteristic constant ‘k’x10° 0.233
Correlation coefficient (R%) 0.985

Initial D;x10° 7.73
Average D,x10° 2.41
Late Time D;x10° 5.4

Diffusion coefficients (cmz/min):

Zero Order Model: R’ 0.977
ko x10% (min™) 0.23
First Order Model: R’ 0.99
k;x10 (min™) 0.533
Higuchian Model: R’ 0.997
ky x10% (min™"?) 6.28
Korsmeyer-Peppas Model: R’ 0.985
kipx 10%(min™) 0.233
Hixson—Crowell’s Model: R’ 0.999

kye x10% (min™?)  0.132

the mucus glycoproteins further reinforce these interac-
tions.[6*!

3.6 Oxygen permeability

The results of oxygen permeability are presented
in Table 3. In the present case, the airtight flask
(negative control) and opened flask (positive control)
had dissolved oxygen values of 4.95+0.07 mg/L. and
7.440.0 mg/L, respectively, whereas flasks covered CP-
cl-poly(NVP)polymer film had dissolved oxygen val-
ues of 6.43+0.05 mg/L. The results show that CP-cl-
poly(NVP) polymer film has shown considerable per-
meability to oxygen. Similar results have been reported
in literature.' These results can be attributed to hy-
drophilicity of hydrogel films as observed in swelling
studies. Hydrophilicity of the material results in water
plasticization effect that will lead to polymer chain relax-
ation, increase in pore size and hence improved gaseous
permeability.[%%! Gaseous permeability especially for
oxygen is a crucial factor for proper wound healing. On
one side oxygen is necessary for regeneration of dam-
aged tissue, while on the other side wound hypoxia leads
to impaired wound healing. All result suggested that suf-
ficient oxygen was able to penetrate through the poly-
meric network of crosslinked films. Oxygen availabil-
ity is suitable for tissue homoeostasis, energy produc-
tion, cell membrane maintenance, mitochondrial func-
tion, and cellular repair.[f"‘]
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Table 3. Results of biomedical properties of of CP-cl-poly(NVP) hydrogels

Thrombogenicity Weight of blood clot (g) Thrombose (%) Inference
0.31+0.02 91.39+7.44 Non-thrombogenic

Haemolysis OD at Ay = 540 nm Haemolytic Index (%) Inference
0.23+0.03 3.97+0.72 Non-haemolytic

Mucoadhesion®
Tensile strengthh

Burst strength®

Maximum detachment force F,,, (mN)

79.98+8.16
Breaking force (N)
13.19+2.41

Dimension of film (sz)
3x3

Work of adhesion, W 4 (mN.mm)

32.40+4.34

Tensile strength (N.mm’z)
0.65+0.12

Bursting strength (N)
8.25+0.31

Detachment distance (mm)
5.19+0.55

Elongation at break (%)
119.38+14.26

Distance at burst (mm)
15.30£1.65

Resilience’ Dimension of film (sz) Force at target distance (g) Resilience (%)
3x3 154.70+29.89 25.49+0.72
Relaxation® Force at target distance (N) Relaxed force (N) Retained force (%)
0.54+0.09 0.23+0.02 43.56+2.69
O, permeability Thickness of polymer(mm) O, in test flask (mg/L) Inference
1.0 6.43+0.05 Permeable
Water vapour Thickness of polymer (mm) WVTR (g/m’/day) Inference
permeability 1.0 400.00+13.90 Permeable
Microbial penetration ~ Time (days) Positive control (turbidity) Polymeric films and negative control (turbidity)
1 No No
2 Light No
14 Clear No
30 Complete No

* (Contact time = 60 s, Return distance =15.0 mm, Applied force = 0.10 N, Trigger force = 0.029 N, Test speed = 0.10 mmy/s, Pre test speed = 0.50 mm/s, Post test

speed = 0.10 mmy/s)

" (Trigger force = 0.029N, Test speed = 2.00 mm/s, Pre test speed = 0.20 mm/s, Post test speed = 10 mm/s)

¢( Distance = 15.0 mm, Trigger force = 0.049 N, Test speed = 1.0 mm/s, Pre test speed = 2.0 mmy/s, Post test speed = 10 mm/s)
4 ( Distance = 2.0 mm, Trigger force = 0.049 N, Test speed = 0.5 mmys, Pre test speed = 1.0 mm/s, Post test speed = 0.5 mmy/s)
¢ ( Distance = 2.0 mm, Trigger force = 0.049 N, Test speed = 0.5 mmy/s, Pre test speed = 1.0 mm/s, Post test speed = 10 mm/s)

3.7 Water vapour transmission rate

Parallel to oxygen permeability, evaluation of water
vapour transmittance through the films is also necessary.
WVTR for CP-cl-poly(NVP) films was 400.00+13.90
g/m?/day, and for open vial it was 4192.384+106.29
g/m?/day. However in case of sealed vial no water vapor
transmittance was observed indicating CP-cl-poly(NVP)
films were permeable to water vapors, but to a very less
extent in comparison to open vial. Excess evaporation
from the wound leads to wound dehydration and com-
plete sealing leads to collection of wound exudates, both
results in delayed wound healing. Intermediate WVTR
for CP-cl-poly(NVP) hydrogels will help to maintain
moist wound healing environment without collection of
wound exudates.

3.8 Microbial penetration

Microbial penetration test was carried out for a month
period and it was found that no microbial contamination
occurred in open environment in case of nutrient broth
sealed with CP-cl-poly(N'VP) hydrogel films, while high
turbidity in the open test tube was observed as a result of
microbial contamination (Table 3). This test highlights
that these hydrogel films could be considered as a good

barrier against the microbes to prevent any secondary in-
fection during wound healing. Similar results have been
reported in literature."® The goal of wound therapy is to
keep the wound microorganism content as low as possi-
ble in order to prevent infection and accordingly to stim-
ulate the repair process. The hydrogel has the potential
to mimic the extracellular matrix, which may lead to the
tissue regeneration necessary for wound healing. In de-
signing a matrix which promotes wound healing, it is
important to provide an adequate antimicrobial protec-
tion. Hydrogel dressings are considered as a good bar-
rier against microbes and this is important, especially for
protecting the wound from further infection and acceler-
ating the healing of the wound."®

3.9 Mechanical Properties

The results of mechanical properties (viz. tensile
strength, burst strength, resilience, stress relaxation and
folding endurance) of the CP-cl-poly(NVP) polymer film
are given in Table 3. The polymers showed tensile
strength (0.6540.12 Nmm~?) and elongation at break
(119.38+£14.26%). Tensile strength represented to the
maximum tension that a material can withstand without
tearing, while elongation at break was used to evaluate
the malleability of materials. A crosslinked network im-
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parts greater tensile strength and a more malleability to
the hydrogels.’] The considerable tensile strength are
the results of long polymeric chains and interpenetrating
network present in the polymeric film. Results of burst
strength test revealed that 8.2540.31 N force was re-
quired to burst the polymer film with a ball probe (P/5s)
and distance at burst (15.304-1.65 mm) was shown by the
polymer, indicating high mechanical strength. In stress
relaxation test, when a constant strain (2 mm) was ap-
plied for 30 second (F,,4,=0.541+0.09 N) on 1 mm thick
polymeric films, 0.234+0.02 N force was relaxed/retained
by the polymer.

So, stress relaxation test shows 43.564+2.69% force
was retained by the polymer sample indicting viscoelas-
tic behaviour of the polymer film. The folding endurance
was determined by repeatedly folding one film at the
same place till it broke or folded up to 300 times man-
ually, which was considered satisfactory to reveal good
film properties. These polymer films did not show any
cracks even after folding for more than 300 times. Fold-
ing Endurance test results reveal that these hydrogels
were flexible and suitable for wound dressing applica-
tions. High flexibility can be attributed to high hy-
drophilicity of the hydrogels and glycerol, the biocom-
patible plasticizer.! Resilience is evaluated from of
work returned by the sample when it is strained upto a
distance (2 mm in present case). 25.4940.72% resilience
of the polymers was observed, indicating slight elastic
character of the polymer film. Resilience and elongation
values are measure for elasticity of a material, and in the
present case the polymer film has shown high values for
elongation and was resilient upto an extent, displaying
elastic nature of the material.l%! Hence, the mechanical
parameters obtained for the CP-c/-poly(NVP) polymer
film indicate that it meets the requirements for a poten-
tial wound dressing material. Compromised mechanical
properties of hydrogels often limit the scope of their ap-
plications.

4 Conclusion

From the forgone discussion it can be concluded that
modification of CP with poly(NVP) was successfully
carried out by free radical polymerization. The poly-
mer was obtained in the form of a transparent flexible
film. SEM and AFM studies demonstrate small degree
of heterogeneity of the surface of the polymer film. The
hydrogels showed high simulated wound fluid absorp-
tion and hydrogel dressings were found non-hemolytic,
non-thrombogenic, oxygen permeable and water vapour
permeable. In addition these hydrogels were transpar-
ent which will allow monitoring wound healing progress.

Moxifloxacin released was observed in controlled man-
ner from drug loaded hydrogels. Drug release from
hydrogels occurred through Case-II diffusion mecha-
nism and best fitted in Hixson-Crowell’s model. Since
the polymers were transparent, real time monitoring of
wound healing is possible. These polymer films dis-
played high mechanical strength and flexibility. Over-
all the preliminary investigation suggested that CP-cl-
poly(NVP) hydrogel films can act as potential candidate
for wound dressing applications.
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The preparation of Garcinia Glycosides solid dispersion and intestinal
absorption by rat in situ single pass intestinal perfusion

Shengnan Li! Jingchao Ji' Yinghui Chen! Ye Chen'” Ju Liu' Yang Wang' Hongsheng Liu?

Abstract:

Garcinia Glycosides is a candidate drug obtained by structural modification of Gambogic Acid

(GA), which was acquired through High Throughput Screening(HTS). As Garcinia Glycosides is an effective
but insoluble anti-tumor drug, the aim of this study was to obtain a solid dispersion form Garcinia Glycosides
by using solvent-melt method so that improve the solubility and dissolution rate. The solid dispersion was
characterized by High Performance Liquid Chromatography (HPLC), infrared spectroscopy and evaluated the
intestinal absorption of the drug by rat in situ single pass intestinal perfusion. The results showed the increase
of solubility, dissolution velocity and absorption compared to other forms. This indicated that solid dispersion
could greatly improve the relative bioavailability of Garcinia Glycosides in vivo.

Keywords:
method

1 Introduction

Garcinia Glycosides is synthesized by structural mod-
ification of gambogic acid, which is a natural product
found in gamboges. As a highly effective and low tox-
icity anticancer drug, the effect of anti-tumor is accom-
plished through different mechanisms, including induc-
tion of cell cycle arrest and cell apoptosis, inhibition of
telomerase and topoisomerase activity, inversion of mul-
tidrug resistance and so on.!'! Animal experimental stud-
ies show that the half-life is 2.2 h following oral admin-
istration, the metabolic rate is rapid, multiple continuous
administration is not conducive to clinical treatment of
patients, while produces lots of toxicity.*3]

Drug release is a crucial and limiting step for oral
drug bioavailability, particularly for drugs with low gas-
trointestinal solubility and high permeability.*! Given
Garcinia Glycosides’s poor solubility in water and short
half-life, Garcinia Glycosides is prepared into solid dis-
persion to increase the solubility and the dissolution rate
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of the drug, thereby increasing the relative bioavailabil-
ity, so that solid dispersion can not only retain the imme-
diate release of onset, but also extend the delivery time,
while reduce the toxic and side effects.

The term solid dispersion (SD) is used to describe a
solid system in which the drug is dispersed in a biolog-
ically innocuous hydrophilic carrier. These systems are
generally centered on the conversion of a candidate phar-
maceutical carrier mix from liquid to solid state.’! The
solid dispersion technology has been used extensively
to enhance the solubility, dissolution and bioavailabil-
ity of poorly water soluble drugs by water soluble car-
riers.[®! As we known, solid dispersion preparations us-
ing hydrosoluble carriers lead to significantly enhanced
dissolution rates of poorly water-soluble drugs.”' So
in the present study, we choose water-soluble carrier ma-
terial Polyethylene Glycol for Garcinia Glycosides solid
dispersion, based on drug release and production many
other aspects adventages of SD. Then we established
HPLC to examine the basic properties of Garcinia Gly-
cosides, to determine the drug release and the content.
And studied the kinetic characteristic of Garcinia Gly-
cosides solid dispersion in the rats in vivo intestinal ab-
sorption through single-pass perfusion technology. The
paper provided biopharmaceutical basis for the research
of Garcinia Glycosides.

Intestinal absorption characteristics of drugs are very
important for oral drug delivery system. In situ perfusion
experiment is under the condition of not cutting animal
blood vessels and nerves, the drugs will be transported
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in blood after penetrating the intestinal epithelial cells
to avoid the effect of gastric emptying and digestive tract
inherent movement and other factors on the experimental
results. The drug concentration of the circulating fluid
in absorbing parts is so low that sink conditions can be
formed, and can be excluded liver first-pass effect.[!*-1?]

2 Materials and methods

2.1 Materials

Garcinia Glycosides (Lot#: 0404901) was made by
School of pharmacy, Liaoning Unversity. (Shenyang,
China). Hydroxy propyl methyl cellulose (HPMC)
and ethyl cellulose(RT-N-10) were obtained from Ruitai
Chemical Group Co., Ltd. (Shandong, China). Lauryl
sodium sulfate was purchased from Sinopharm Chemical
Reagent Co., Ltd (Beijing, China). Methanol of HPLC
grade was provided from Yuwang Chemical Co. (Shan-
dong, China). Polyethylene Glycol (4000,6000) of Chi-
nese Pharmacopoeia grade was purchased from Shang-
hai Chineway Pharmaceutical Tech.Co., Ltd. (Shanghai,
China). All other chemicals and solvents used were of
AR grade.

2.2 Preparation of Solid Dispersion

As a result of solvent-melt method using less solvent,
simple process, requiring short time and remaining less
residue, the solid dispersion was prepared by solvent-
melt method.

2.2.1 Effect of carrier species on drug dissolution

Prepared different solid dispersions with different
molecular weights PEG as carrier material, investigated
the effects of glycosides in the case of the solid disper-
sion of drug dissolution. Determined drug-carrier mass
ratio of 1:8, prepared different solid dispersions with
PEG4000, PEG6000 and PEG4000-EG6000(1:1w/w) as
carrier material separately. Then the cumulative release
percentage of the three batches solid dispersions were
measured, and drawed the release curve in Figure 1.
2.2.2 Effect of drug / carrier ratio on drug dissolu-

tion

PEG4000-PEG6000 (3:10, w/w) was used as the
carrier material to prepare the solid dispersion as the
drug/carrier ratio was 1:8, 1:13 and 1:18 separately. The
cumulative release percentage of these three batches of
solid dispersion was determined, and the release curve
was plotted in Figure 2.

2.2.3 Effect of solvent ratio on drug dissolution

Respectively of Garcinia glycosides dissolved in anhy-
drous ethanol as the proportion was 1:10, 1:20 and 1:30,
(w/V), fixed drug/carrier ratio was 1:8, water bath tem-

perature of 80 °C, stirring time was 2h of the preparation
of solid dispersion. Observed the effects of both ratio of
drug dissolution. The cumulative release percentage of
these three batches of solid dispersion was determined,
and the release curve was plotted in Figure 3.
2.2.4 Effect of agitation time on drug dissolution
Mixing makes the carrier materials with the molten
state of the drug fully exposed, so that the solid disper-
sion can be uniformly and stably. The ratio of the fixed
drug/carrier was 1:8, the stirring time was 0.5h, 1h, 2h
and 3h respectively. Prepared solid dispersion respec-
tively, and the cumulative release percentage of these
four batches of solid dispersion is determined, and the
release curve chart was drawn in Figure 4.
2.2.5 Effect of bath temperature on drug dissolution
The melting point of PEG4000 and PEG6000 were
about 60 °C, to ensure the carrier’s completely molten
and organic solvent volatilization, stirring time was 2h,
fixed drug/carrier ratio was 1:8, with anhydrous ethanol
(1:10, w/v) as solvent, respectively in 60°C, 70°C,
80°C and 90 °C water bath temperature of four batches
of solid dispersions were obtained, and the cumulative
release percentage of these four batches of solid disper-
sion was determined, and the drug release curve was
plotted in Figure 5.
2.2.6 Effect of cooling rate on drug dissolution
Fixed drug /carrier ratio 1:8, anhydrous ethanol (1:10,
w/v) as solvent, stirring time was 2h, the water bath tem-
perature of 80°C. The two batches of solid dispersion
were prepared, and a batch of the method of rapid cool-
ing was used, while the other group was cooled at room
temperature. The cumulative release percentage of these
two batches of solid dispersion was determined, and the
drug release curve was plotted in Figure 6.
2.2.7 The process of preparation
Weighed medicament and carrier in a 1:8 propor-
tion, while the relative proportions of the carrier mate-
rial PEG4000:PEG6000 was 3:10. Garcinia Glycosides
was dissolved in bit anhydrous ethanol (1:10, w/v) with
heat, then placed the carrier material in 80 °C water bath
heated to molten state, added Garcinia Glycosides so-
lution into the carrier material until completely melted.
The mixing time was 2h under mechanical agitation and
evaporated the solvent, the resultant rapidly poured onto
-20°C steel plates and severely stirred to make it cool.

2.3 Characterization of Garcinia Glycosides
solid dispersion

2.3.1 High-Performance Liquid Chromatography
The exact content of the compounds was determined

using Waters 1525 Brnary HPLC Pump, and a Wa-

ters 2487 Dual A\ Absorbance Detector (Waters, Amer-
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ica). A CI18 reversed-phase chromatographic column
(150mm3.9 mm; 5Sm particle size) was used. The col-
umn was kept at 30 °C throughout the elution process,
which used a mobile phase consisting of 5% Phospho-
ric acid solution and Methanol at a total flow rate of 1.0
mL/min and the detection wavelength set to 360 nm; in-
jection volume: 20uL.

The method was fully validated for specificity, lower
limit of quantification (LLOQ), accuracy, precision and
linearity Control samples were assessed by the procedure
as described above to evaluate specificity of the method.
2.3.2 Phase identification of the preparation

There are plenty of dispersion states of drugs in
solid dispersion, like the molecular state, no fixed pat-
terns, colloidal microcrystalline or micronized state, efc.
Therefore, identification of drug dispersion state is pri-
mary to analysis solid dispersion. The experiment used
infrared spectroscopy to identify the present state in
Garcinia Glycosides of solid dispersion.

2.3.3 Evaluation of solubility

The SD of Garcinia Glycosides were dispersed in a
distilled water solution, 0.5% Sodium dodecyl sulfate;
maintained horizontally with agitation at a temperature
of 3740.5 °C. Sampling Sml per predetermined time in-
terval, and promptly supplemented with an equal volume
of fresh medium. After this stage, the samples were first
filtered with qualitative paper filters and subsequently
passed through a filter with 0.45 mm pores. The quan-
tity of Garcinia Glycosides dissolved was determined by
spectrometry. Substituting the corresponding standard
curve equation to calculate the concentration, obtained
the drug cumulative release percentage Q:

CxVxD
1 -~ =
Q(100%) W x F x 1000

where the drug cumulative release percentage Q is de-
termined by C, the concentration of the dissolution liquid
g/ml; V, the volume of the dissolution medium ml; D, di-
lution ratio; W, the weight of solids; F, the percentage of
the drug in the formulation. Then, plot a graph show-
ing the dissolution calculated by time as X-axis and drug
cumulative release percentage as Y-axis.

x 100%

2.4 Evaluation of intestinal absorption

Adopt in situ single-pass perfusion method to evalu-
ate the SD of Garcinia Glycosides in intestinal absorp-
tion. This experiment was conducted using male adult
rats and the animals were deprived of solid food for 12
hours (Free access to water) before the start of the ex-
periment. Then intraperitoneal injection of 10% chlo-
ral hydrate(3.4 ml/kg), fixed and maintained them body
temperature. A midline abdominal incision was made

and the small intestine was exposed. The intestine was
rinsed by physiological saline at 37 °C until the washing
appeared clear and ligated after cannulated into intestine.
Then kept it thermal insulated under infrared lamps.

After that, cannulated to the constant flow pump,
Garcinia Glycosides solution of 100ml at 37 °C was per-
fused as 1ml/min flow rate for 2 hours. Sampling 1ml
to 10ml volumetric flasks at times 0, 10, 30, 60, 90
and 120 minutes and immediately filtered through mem-
branes with 0.45 mm pores. The perfusate was diluted
to 10 ml and was detected by HPLC. The volume of the
dissolution medium was maintained constant by the ad-
dition of 1ml of Garcinia Glycosides solution. Then took
gambogic acide 0.5% CMC-Na suspension as a control,
operated the same method.(Table 1, Table 2)

Table 1. Gambogic acid reference substance

Time Area Conceniration Percent Absorpiion
(min) (Miaovolt * s (mgml) (%)
1] 137389 0.005279 0.00
10 137310 0005276 0.0568
30 132432 0005084 3.646
60 112486 0.004322 18.13
90 96982 0.003726 2942
120 Q0137 0.003463 34.40

Table 2. Garcinia Glycosides SD

Time Area Conceniration Percent Absorption
(minj) {Microvolt * x) (mg/miy (%)
0 175119 0.0132 0.00
10 165800 00125 5383
30 91945 0.006932 4747
6l) 73561 0.00569%6 56.85
90 63131 (L0047 64 63.95
120 42420 0.003198 75T
3 Results

3.1 Effect of carrier species on drug dissolu-
tion

The figure showed the type of carriers was a significant
factor. Drug release rate increased with the increase of
polyethylene glycol (PEG) molecular weight. Its order
was PEG6000>PEG4000-PEG6000>PEG4000. How-
ever, the solid dispersion prepared by PEG6000 was used
as the carrier to make the preparation process difficult.
Therefore, PEG4000-PEG6000 was used and adjusted
the proportion of the PEG6000. Determined PEG4000-
PEG6000 (3:10, w/w) as the carrier.
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Figure 1. The release curve of different carrier types of

the Garcinia Glycosides solid dispersion and the carriers were
PEG4000, PEG4000-6000 and PEG6000 respectively

3.2 Effect of drug /carrier ratio on drug dis-
solution

By the graph, the proportion of the drug carriers could
be increased, but the effect was small. Considering the
amount of solid dispersion containing the amount of the
solid dispersion, the initial determination of the drug /
carrier ratio was 1:8.

100 - —a— 118
= =112
% 30 L ——1f
H;; 60
% 40 |
? 20t
E O 1 1 1 ]

0 15 30 45 60

t'min

Figure 2. The release curve of the proportion of different carrier
of the solid dispersion and the ratio of drug and carrier were 1:8,
1:13and 1:18 respectively

3.3 Effect of solvent ratio on drug dissolution

The figure showed the dissolution rate of the solid dis-
persions increased with the increase of absolute ethanol
ratio, but the difference was not obvious. In the case of
the full dissolution of the drug, the proportion of the sol-
vent was not the main factor affecting the drug dissolu-
tion. So determination of solvent ratio of drug / ethanol
(1:10, w/v).

3.4 Effect of agitation time on drug dissolu-
tion

As shown in Figure 4, the time of stirring had a great
influence on the drug dissolution. However the increase
of the mixing time after 2h had little effect on the drug
dissolution. Therefore, in order to ensure the uniform
and stable dispersion of solid dispersion and the organic
solvent, the stirring time should be 2h.

o —*—1:30
= —5 120
Zs0 | ——1:10
60 |
240 -
g20 |
Q'o‘ ] 1 1 1 |

0 15 30 45 60

tmin

Figure 3. The release curve of the solid dispersion of the pro-
portion of the different solvents and the solvent ratio of drug and
ethanol were 1:10, 1:20 and 1:30 respectively
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Figure 4. The release curve of the solid dispersion of different
stirring time and the stirring time were 0.5 h, 1 h and 2 h respec-
tively

3.5 Effect of bath temperature on drug disso-
lution

The diagram showed with the increase of the water
bath temperature, the drug dissolution rate increased, but
after temperature more than 80 °C, drug dissolution rate
decreased. Probably because of the high temperature ac-
celerated solvent evaporation speed, so the solvent evap-
orate uneven, bring about shell encapsulated drug, the
drug release rate decreased. So the bath temperature was
80°C.

100
90
80

60
50
40 +
30 |
20
10 -
D 1 1 1 1]

i} 15 30 45 60

Release Degree Percentage %)

Figure 5. The release curve of Garcinia glycosides solid disper-
sions in different water bath temperature and the bath temperature
were 70 °C, 80 °C and 90 °C respectively
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3.6 Effect of cooling rate on drug dissolution

It was found that the cooling rate had a great effect on
the dissolution of the drug, which may be due to the dis-
solution of the solid dispersion, which was caused crys-
tallization by the slow cooling of the drug. In this experi-
ment, the solid dispersion was prepared by rapid cooling
method.

100 - —+— Rapid cooling

90 + —=— Room temperature
80 -
0 F
60 -
50
40
30 -
20
10 F

Release Degree Percentage( %)

t'min

Figure 6. The release curve of the solid dispersion with differ-
ent cooling methods and the cooling methods were rapid cooling
and cooling with room temperature

3.7 Phase identification of the solid disper-
sion

If Garcinia Glycosides existed in complex molecular,
forming hydrogen bond, the absorption peak of some
drugs and carriers disappeared or displaced between
2800-3200. IR spectra shown in Figure 7 did not show
the absorption peak change, so the solid dispersion may
not be in the form of complex molecule, it may exist in
microcrystallines or nano-particles.

pid cooling
WIm tempera.ture

Figure 7. The infrared spectroscopy of the THS SD and physi-
cal mixtures of PEG4000 and PEG6000 with THS

3.8 Evaluation of solubility

The result showed that the release rate of the sample
reached the standard and the release rate was good.

3.9 Evaluation of intestinal absorption

The Figure 9 showed the intestinal absorbability of
Garcinia Glycosides SD apparently higher than gam-

100 —— 141012
—— 141017 nme

—4— 141023

60 |-

Release degree (%)

0 15 30 43 60

tmin

Figure 8. The drug release curves of 3 batches solid dispersion

bogic acid. Probably due to the Garcinia Glycosides
made into solid dispersion, the drug highly dispersed
in the carriers as microcrystalline or amorphous, so that
greatly improved the dissolution and absorption of the
drug.

800 - —#— Sanple

3;. 70.0 —+ Reference substance
%n 60.0

g 500

= 400

2 300

200

2 100

0.0 4

Figure 9. The intestinal absorption of solid dispersion and ref-
erence substance

4 Discussion

The properties of the solid dispersion carrier directly
affect the properties of the solid dispersion, so the car-
rier should have the following conditions: physiologi-
cal inertia, no carcinogenic, no toxic, no opposite effect
with drug treatment purposes; no chemical reaction with
the drug, do not affect the chemical stability of the main
drug; can get the best dispersion state; get the source
easily and cheap price, efc.. PEG is a crystalline poly-
mer with stable properties and heat resistance, which can
be compatible with many drugs, and the melting point is
low (60°C). Also solid dispersion can be crushed and
stored easily. Therefore, PEG polymer was used as the
carrier material.

In the present study, the characterization results indi-
cated that Garcinia Glycosides was prepared into solid
dispersions with the carrier of PEG. The dissolution rate
of the drug was not determined by the change of the
molecular weight of PEG, instead depended on the drug
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specific. With the increase of the PEG molecular weight,
the dissolution rate increased slightly; with the increase
of the proportion of the carrier, the dissolution rate was
significantly improved. PEG6000 was used alone as the
carrier, which makes the preparation process complex
and difficult. So the experiment selects PEG4000 and
PEG6000 as the joint carrier.

In this paper, the method of single-pass perfusion was
used in the study of intestinal absorption. Compared with
the circulation method, the experimental conditions of
this method were close to the intestinal circumstances
after the drug delivery, so that avoided the measurement
error caused by the high flow rate of the Injury of intesti-
nal mucous membrane.

5 Conclusions

Oral drug delivery is the simplest and commonest way
of administering drugs. Actually, most drugs are poorly
water soluble drugs, not well absorbed after oral admin-
istration.['¥! So Garcinia Glycosides was prepared into
solid dispersion. By improving the drug release profile of
these drugs, it is possible to enhance their bioavailability
and reduce side effects.!'* 5] This series of results show
that SD is a useful strategy for increasing the bioavail-
ability of Garcinia Glycosides and have conducive to in-
testinal absorption.The single-pass intestinal perfusion
studies in rats also confirmed that Garcinia Glycosides
solid dispersion displayed a good absorption in intesti-
nal.
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Binding studies of trans-resveratrol with superoxide dismutase (SOD1):
Docking assessment and Thermoanalysis
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Abstract: The binding pursuits of trans-resveratrol (t-RSV), an amazing health supplement are investi-
gated with an antioxidant enzyme, superoxide dismutase (SOD1). The aim of the study is to dock t-RSV on
the adrenaline binding site on SODI1 in order to explore its potential to act as a safety net against amyotrophic
lateral sclerosis (ALS), a fatal neurodegenerative disorder that affects motor neurons. In silico GLIDE docking
methodology and in vitro microcalorimetry technique is utilized for the investigation of binding parameters of
t-RSV with SOD1. The study provides useful and distinct information about the amino acids involved in the
interactions at molecular level along with the nature of forces involved in binding of t-RSV with SOD1. The
docking analysis using the scoring functions of Schrodinger’s Glide package depicts that GLU100, PRO2S,
LYS23, TRP32 residues of the peptide backbone on SOD1 interact with phenolic groups of t-RSV. The informa-
tion on thermodynamic parameters, i.e. binding constant (Kj), free energy (AG) and enthalpy (AH) generated
through calorimetric titrations suggests that the reaction between t-RSV and SOD1 is spontaneous and exother-
mic. Both the studies are found to be in close agreement with each other based as far as the magnitude of binding

constant (K, = 9.9 x 10%) is concerned.

Keywords:
energy

1 Introduction

Trans-resveratrol ~ (3,5,4’-trihydroxy-trans-stilbene),
widely regarded as a powerful dietary supplement with
a multitude of health benefits, slows down the ageing
process and helps keeping the body’s cells, inside and
out, looking young and healthy.!!! It is already reported
that various species treated with resveratrol has shown
lifespan extensions.>3!  This nutraceutical helps in
preventing age-related diseases such as atherosclerosis,
cancer, Parkinson’s disease, and Alzheimer’s disease. It
mainly exerts its action due to its intrinsic antioxidant
property that attenuates oxidative damage to biological
systems.!*®! It works against ageing by protecting the
body cells from free radicals generated during normal
metabolism and damage caused by oxidative stress.
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trans-Resveratrol, superoxide dismutase, docking, microcalorimetry, binding constant, free

Trans-resveratrol (t-RSV) either directly scavenges reac-
tive oxygen species (ROS) or modulates the expression
and activity of antioxidant enzymes such as superoxide
dismutase (SOD).”!

OH

Figure 1. Molecular structure of trans-resveratrol

SOD acts as one of the essential biomarkers of age-
ing,['%12] the parameters that change qualitatively or
quantitatively during ageing or age related diseases.!'’)
These are regarded as potential key targets for study-
ing anti-ageing effect of the drug molecules. Thus one
of the ways to contribute towards quest of youth is to
study the interaction of these intrinsic key targets with
drug molecules having anti-ageing potential. The met-

alloenzyme, SOD plays a pivotal role in metabolism of
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deleterious ROS and free radicals. It removes superoxide
02~ radical, repairs cells and reduces the damage done
to them by superoxide and oxygen free radicals. SOD
catalyzes the reduction of superoxide anions to hydro-
gen peroxide (Figure 1). It also promotes the activity of
nitric oxide (NO) by scavenging the superoxide anions
and thus prevents the conversion (inactivation) of NO to
peroxynitrite.!'#!
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Figure 2. Catalytic cycle of SOD-1 (‘ping-pong’ mechanism)

The x-ray crystal structure (Figure 2) of the oxidized
form of Cu, Zn-SOD from bovine erythrocytes shows
a protein consisting of two identical subunits (a dimer
composed of 2 chains (A and F)) held together almost
entirely by hydrophobic interactions.!!!

Intervention to stabilize SOD1 dimer and inhibit ag-
gregation is regarded as a potential therapeutic strat-
egy in control of ageing. This approach can be suc-
cessfully applied in treatment of major age-related dis-
orders characterized primarily by selective neurodegen-
eration of the motor neurons leading to muscle atrophy
and paralysis (fatal human neuropathy).!'®! Tt is well es-
tablished that binding of adrenaline with SOD1 dimer
maintains its integrity by circumventing the dimer ag-
gregation and thus controls amyotrophic lateral sclero-
sis (ALS).['"] Literature reports show that amyotrophic
lateral sclerosis (ALS) is one of the rapidly progressive
ageing disorders in which mutations in the gene encod-
ing Cu/Zn SOD1 decrease protein stability. This further
promotes misfolding or aggregation leading to toxicity
due to oxidative damage stemming from aberrant SOD1
redox chemistry. However, this malfunctioning of su-
peroxide dismutase (SOD1) can be prevented by binding
SOD1 with ligands at the site where adrenaline is bound.
The drugs or ligands binding at this site are found to be
mainly useful in treatment of ALS by acting as SOD1
stabilizers as proposed in literature.!'’?! This binding
site is different from well studied hydrophobic cavity
created by Val7-Gly147-Vall48 in the dimerization re-
gion and active site on SOD1.123:24]

Many group of workers have successfully investi-

gated the interactions between SOD1 and some impor-
tant molecules.!'32-281 However, the binding aspects of
SOD1 with t-RSV, an innovative anti-ageing molecule,
have not yet been taken into consideration. With this
background in mind, it was envisaged to study the bind-
ing of t-RSV with SOD1 at a key region identified in
chain A of SOD1(Figure 2) with the aim to stabilize
SOD1 dimer which is useful for treatment of ALS. In
this manuscript, it is tried to explore the interaction
of t-RSV with SOD through in silico docking and in
vitro microcalorimetry technique. The molecular dock-
ing provides useful information on the binding mode and
microcalorimetry is a direct tool to generate the ther-
modynamic data pertaining to binding of t-RSV with
SOD1.1%%-31

2 Materials and Methods

2.1 Datasets

The crystal structure of SOD1(PDB entry code 4A7U)
was downloaded from the RSCB Protein Data Bank
(http://www.rscb.org), and ligand structures (SDF 3D
format) were obtained from the PubChem database
(http://pubchem.ncbi.nlm.nih.gov).

2.2 Chemicals

Trans-resveratrol (99% purity) and Superoxide dis-
mutase (SOD) (bovine) were procured from Alfa Aesar
(Thermo Fisher Scientific). They were properly stored at
cool and dry place as per their recommendations.

Phosphate buffer (pH= 7.4, 0.1 M): It was prepared as
per IP’ 1996 recommendations.

2.3 In silico binding study using molecular
docking methodology

A robust, high- speed and accurate computational
strategy was employed to predict binding mode of a t-
RSV on SODI1. The Schodinger’s GLIDE (grid-based
ligand docking with energetics)*>~*%! docking method-
ology, supported by Maestro 10.5 was used to locate the
appropriate binding orientations and ligand conforma-
tions with respect to SOD1.

The study involves the preparation of SOD1 (4A7U)
structure. It was done by cleaning up the X ray structure
using the protein preparation wizard in the Schrodinger
software graphical user interface Maestro. This was at-
tained by adding protons, fixing bond orders, optimizing
protonation states and hydrogen bond networks and per-
forming a minimization under restraints. Here chain A
of SOD dimer was retained and chain F was deleted for
further simplification of structure. This was followed by

Journal of Pharmaceutical and Biopharmaceutical Research (©) 2019 by Syncsci Publishing. All rights reserved.


http://pubchem.ncbi.nlm.nih.gov

Janhvi Dureja, et al./ Binding studies of trans-resveratrol with superoxide dismutase (SOD1) 23

the generation of energy grid using the GLIDE protocol
previously described.?>3¢! A grid representing the prop-
erties of SOD 1(4A7U) PDB structure, i.e. electrostatic
potential generated on each grid points, van der Waals
forces etc was generated from the prepared structure.
Further the ligand (t-RSV) was also prepared using Lig-
prep from the Schrdinger suite. All possible protomers
(protonation states) and ionization states were enumer-
ated generating various potential tautomers which are
themselves minimized. The prepared ligand was then
screened using the grid that was previously generated.
During this step, the ligand poses generated pass through
a series of hierarchical filters that evaluate the ligand’s in-
teraction with the protein (SOD). The ligand orientations
(poses) were assigned scores, related to the intermolec-
ular interaction energy, and ranked relatively. The best
10 poses and corresponding scores were evaluated using
Glide in Standard precision mode (Glide SP) of Glide al-
gorithm. The protocol of Prime/MM-GBSA module of
Schrdinger software 2016 was applied on the minimum
energy conformation state of ligand bound protein com-
plex obtained from the Glide SP to estimate the binding
free energy (AGy;nq). Energy minimization for the com-
plex using OPLS3 force field within Macro Model was
performed. The results of Glide docking were incorpo-
rated in the project table as a pose viewer file which was
further explored for various types of bonding and non-
bonding interactions. The theoretical calculations were
done as follows:

GScore = 0.05 vdW +0.15 Coul+ Lipo+ Hyong +
Metal + Rewards + RotB + Site

vdW- Van der Waals energy

Coul- Coulomb energy

Lipo- lipophilic term

Hyona- hydrogen- bonding term

Metal- Metal-binding term

Rewards- term including rewards and penalties for
buried polar groups, hydrophobic enclosure, efc.

RotB- penalty for freezing rotatable bonds Site- Polar
interactions in binding site.

2.4 In vitro binding study using micro
calorimetry

Calorimetric titrations were performed on Micro reac-
tion calorimeter-p4RCSYS-001 (Thermal Hazard Tech-
nology, UK) in isothermal mode at 25°C. The stock so-
Iutions of SOD (3uM) and trans-resveratrol (150 uM)
were prepared in phosphate buffer, pH= 7.4. The tem-
perature difference between the sample cell (1.5 ml ca-
pacity) containing SOD1 and reference cell (1.5 ml ca-
pacity) containing buffer was measured as heat change
signal. The titration was done by adding equal volumes

of (10 aliquots of 25 ul) t-RSV solution taken in 2501
syringe to the sample and reference cells. Prior to start
of titration, all solutions were degassed properly and the
system was properly calibrated to get a stable base line.
The dilution effect and machine effects were nullified by
running the control experiments. It was achieved by first
titrating the t-RSV taken in the syringe with phosphate
buffer taken in sample cell and then titrating the buffer
taken in syringe and SOD in the sample cell. The con-
tents of the sample cell were stirred throughout the ex-
periment at 200 rpm to ensure thorough mixing.

3 Results

3.1 Molecular docking analysis using site
marker adrenaline

The t-RSV was made to dock at adrenaline (site
marker) binding site in chain A of SOD 1(figure 1). This
particular site was chosen in the study as discussed ear-
lier! based on the established hypothesis of stabilization
of SOD1 dimer by adrenaline as a means of preventing
ALS, an age-related disorder.

The GlideScore values of the 10 best energy mini-
mized docked ligand poses were used for qualitative as-
sessment of the binding of t-RSV to SOD1. Visual in-
spection of those in silico poses clearly demonstrates the
existence of both hydrogen bonding and hydrophobic in-
teractions. It is quite apparent from the docking obser-
vations that the phenolic functional groups present in t-
RSV facilitates hydrogen bonding interactions with the
carboxyl functional groups of glutamic acid and proline
residues of the peptide backbone present in the selected
cavity of SOD1 ie. 3-O-H (t-RSV)--- O-C=0 (GLU
100) and 5-O-H (t-RSV)---O=C (PRO 28). Besides this
one of the phenolic group of t-RSV forms hydrogen
bond with amino group of lysine residue at the consid-
ered site i.e. (LYS 23) N-H---O-H (5) (t-RSV). Figure 2
also displays the hydrophobic interaction in form of pi-pi
stacking between phenyl rings of t-RSV and tryptophan
residue present in the cavity on SODI i.e. 4’ Hydrox-
yphenyl ring---TRP 32. Furthermore the relevant amino
acid residues lying within within 2 A° around the docked
t-RSV are also portrayed. The docking results are repre-
sented in Figure 2 and Table 1.

The minimum energy conformation state of ligand
bound protein complex with least GlideScore was fur-
ther considered out of ten generated binding poses. The
hydrogen bonding and hydrophobic interactions between
ligands and SOD1 were observed using pose viewer file.

The binding free energy (AGy;,q) Was calculated us-
ing Prime-MM-GBSA module of Maestro 10.5 as fol-
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lows (Equation 1) and was found out to be -40.05.

AGbind = Gcomple:c - (Gprotein + Gligand) (1)

The binding constant (K;) for SOD- t-RSV interac-
tions was calculated by using the following equation
(Equation 2) and was found out to be 9.9 x 10 kJmol 1.

AG = —2.303RTlogK, 2)

Resveratrol-SOD

Figure 4. The Docking results. (a) represents best docked poses
depicting relevant amino acid residues at SOD binding site within
2 A° around the docked ligand (t-RSV); (al) represents type of in-
teraction (hydrogen bonds and stacking) between t-RSV and SOD.

3.2 Thermodynamics of t-RSV- SOD 1 inter-
action using microcalorimetry

This ultrasensitive technique analyses the thermal pa-
rameters associated with binding process of t-RSV with
SOD 1. The hydrogen bonds and van der Waals forces
are the major driving forces behind these binding events.

At each injection of ligand into the sample having 1:1
stochiometry, an equilibrium of free and bound ligand is
established, and heat is released (exothermic) as a bind-
ing event. At the end of the titration, all the binding sites

in the sample are occupied and heat evolved become neg-
ligible.

Interaction of t-RSV and SOD1 at equilibrium is rep-
resented as:

SOD + t— RSV < SOD : t— RSV  (3)

The enthalpy of binding per mole of drug (AH°) can
be calculated using the molar concentration of SOD1-t-
RSV complex (c) in solution at equilibrium and exper-
imentally observed enthalpy of interaction (AH,,), by
using Equation 4.

AH.,,=AH’xc 4)

Equilibrium constant for Equation 3 is calculated as

c

K = 5

@=0 (=0 ©)

where ‘c’ is the concentration of SOD—t-RSV com-

plex; a and b corresponds to the concentrations of reac-
tants, i.e., SOD and t-RSV, respectively.

|4~ /(&7 = 4ab)|

c= 5 (6)

whereAza%—b—i—%

[A ~ A= 4ab)]
2

The data assessment was executed with an assumption
of one-site binding model. The binding constant (K;)!!!
and AH were calculated using a self-consistent iterative
nonlinear least-square regression program to minimize
the values of (AH,,,- AH,.,;).

Binding parameters such as enthalpy of binding (AH)
and binding constant (K;) were calculated (Table 2) and
binding isotherm was thus generated from the computer
program prepared by us as discussed under experimental
section (Figure 3). Since temperature!!! is held constant
throughout, the free energy (AG) of the binding reaction
is determined following the Equation 2 and entropy is
determined as follows:

AH., = AH° x (N

AG= AH — TAS (8)

4 Discussion and Conclusions

Molecular docking glives us an insight of the pre-
ferred orientation and interaction paradigm of the drug
molecule to the macromolecule. Microcalorimetry is
an explicit technique to elucidate the thermodynamics
of binding of a ligand to macromolecules. Both these
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Table 1. Molecular docking parameters of t-RSV with SOD 1 using adrenaline as site

Docking Score

Type of interaction

Corresponding Bond length (A°)

(1)30-H---0-C=0 (GLU 100)

(ii) 50-H-—-O=C (PRO 28)
-5.966

(iii) (LYS 23)N-H---O-H (5)

1.79
1.63
1.97

(iv) 4'Hydroxyphenyl ring---TRP 32 (pi-pi stacking) -

10 -
20 -
30 -
40 -
50 -

S T T T T T T T T T T

o 05 1 15 2 25

Heat evolved
(kJ/ mole of njectant)

Wiclar Eatio (resveratral/200)

Figure 5. Binding isotherm of trans-resveratrol with SOD ob-
tained from calorimetric measurements

methodologies work complementary to each other defin-
ing the binding criteria of t-RSV with SOD1 in the
present study. Both the above mentioned results were
found to complement each other with respect to binding
affinity data as compiled in Table 2. The small varia-
tions in computational and experimental values may be
attributed to the fact that docking was based upon the
static and fixed X-ray crystal structure of protein where
significant protein structural freedom is not allowed to
acquire different conformations upon ligand binding.

Unlikely, the calorimetric results are based upon full
freedom in the structural flexibility of the protein in
phosphate buffer (pH 7.4).°7381 Thus, structural rear-
rangements observed in the SOD that occurred upon lig-
and binding in solution, may be the plausible cause of
this difference.

The negative values of free energy (AG) and enthalpy
(AH) support that the binding of t-RSV to SOD is spon-
taneous and exothermic. The fairly good value of bind-
ing constant indicates good stability of t-RSV-SOD 1
complex. Thus binding strategy of t-RSV to SODI1
further supports the hypothesis of stabilization of SOD
dimer and thus acts as an effective measure to prevent
the occurrence of ALS.

Table 2. Binding parameters of t-RSV with SOD 1 obtained
from docking analysis and calorimetric titrations

Calorimeteric titrations
(in vitro study)

Docking analysis

Binding parameter (in silico study)

Ky (M) 9.9x10* 7.3x 10*
AH (kJmol ™) - -47.8
AG(kImol ™) -40.05 -39.17
AS(kJmol 'K - 0.29

It has been concluded that the virtual and experimen-
tal aspects are working hand in glove with each other
to figure out the binding events between the nutraceuti-
cal, t-RSV and the natural antioxidant, SOD1. The dock-
ing analysis and calorimetric results were found to com-
plement each other in the present study. The significant
magnitude of binding constant summarized in Table 2 re-
vealed the strong binding affinity of t-RSV with ageing
biomarker, SOD1. The present study is a beneficial step
towards exploring the potential of ligands in stabiliza-
tion of the antioxidant enzyme, SOD1 leading to control
of the neurodegenerative disorders such as ALS. This in-
formation about the binding affinity and the interactions
involved during complex formation of SOD1 with t-RSV
would embolden future studies to postulate the various
mechanisms of ageing and its control at molecular and
cellular level. The knowledge generated from this study
would be a favorable underpinning in the promising field
of anti-ageing therapy and proteomics.
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Spectroscopic study on the mechanism of meloxicam and a-amylase

Xu Cheng! Baosheng Liu!” Hongcai Zhang!

Abstract: In order to explore the mechanism of action of meloxicam and a-amylase. The interaction
between the rheumatoid arthritis drug meloxicam and a-amylase was studied by fluorescence spectroscopy,
synchronous fluorescence spectroscopy and molecular docking under the experimental conditions of pH=6.80.
The results showed that meloxicam was able to effectively quench the endogenous fluorescence of a-amylase
in a static quenching form a 1:1 complex and change the conformation of a-amylase. Thermodynamic results
indicated that the main type of meloxicam and c-amylase system was hydrophobic interaction. Molecular dock-
ing indicated that the binding system had hydrogen bonds in addition to hydrophobic interaction and meloxicam
was surrounded by the active amino acid residues Trp13 and Trp263 of a-amylase, which changed the microen-
vironment of amino acid residues at the active center of a-amylase. By establishing the binding model, it can
be seen that the protein binding rate W(B) of meloxicam to -amylase was 2.76%-41.79% under the experimental
conditions. The results showed that the binding of meloxicam to -amylase had an effect on the number of free
-amylase. The drug binding rate W(Q) of the system was 2.76%-1.67%, which indicated that the combination

of a-amylase and meloxicam would not affect the efficacy of meloxicam.

Keywords:

1 Introduction

Non-steroidal anti-inflammatory drugs can relieve
pain and edema to play a role in the treatment of in-
flammation, however, patients taking non-steroidal anti-
inflammatory drugs often cause gastritis, gastric ul-
cer, kidney and liver damage and other adverse symp-
toms!" . Meloxicam (MEL) is one of the non-steroidal
anti-inflammatory drugs'?) whose molecular structure is
shown in Figure 1. the toxic and side effects of MEL are
much less than those of some other non-steroidal anti-
inflammatory drugs (such as dotaline, ibuprofen, efc.).
therefore. The adverse effect of MEL on gastrointestinal
function was much smaller’® . This drug is widely used
in daily life and it is a very common drug for the treat-
ment of rheumatoid arthritis. in addition to the treatment
of inflammatory diseases, MEL also has a good effect on
relieving physical pain in patients!*! .
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Figure 1. Chemical structure of MEL

a-Amylase (AMS) belongs to a famous group of en-
zymes, which hydrolyze starch molecules to give diverse
products including dextrin and progressively smaller
polymers composed of glucose units®® . They can be
found in the body of microorganisms, plants and all of
the higher body organisms that use carbohydrates in their
metabolism process. Thus, the amylases can be derived
from several sources, including plants, animals and mi-
croorganisms; microbial enzymes generally meet indus-
trial demands. Today a large number of microbial amy-
lases are available commercially and they have almost
completely replaced chemical hydrolysis of starch in
starch processing industry!® . Over the past few decades,
considerable research has been under- taken with the ex-
tracellular AMS being produced by a wide variety of mi-
croorganisms!’! .

In recent years, fluorescence spectroscopy has become
an important means to study the mechanism of ligand-
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protein system. So far, R. Omidyan'® has studied the
interaction between AMS and cetyltrimethylammonium
bromide by spectroscopy, and He Qiang!®! has studied
the interaction between AMS and tannic acid, a hypo-
glycemic drug, by spectroscopy. There are many reports
on the interaction between small molecular drugs and
AMS by spectroscopy. Most of the studies only focus on
the binding mechanism of ligands and AMS. However,
there are relatively few studies on the binding of AMS
to drug molecules by spectroscopy, and then infer the ef-
fect of MEL on the efficacy and properties of AMS. In
this paper, a series of experimental data were obtained by
fluorescence experiments and molecular docking, which
revealed the binding mechanism of the system and pre-
dicted the drug efficacy and enzyme properties of MEL
combined with AMS in human body. The qualitative ef-
fect provides a useful reference for the rapid prediction
of the interaction between drugs and proteins in vivo.

2 Experimental

2.1 Apparatus

RF-5301PC fluorometer (Shimadzu, Japan); UV-3600
UV-vis spectrophotometer (Shimadzu, Japan); SYC-
15psuper constant temperature water bath (Nanjing
Sanli Electronic equipment Factory); SZ-93 automatic
double Pure Water Distiller (Shanghai Yarong biochem-
ical instrument Factory).

2.2 Materials

AMS (purity grade inferior 99%, Sigma), reserve so-
lution (1.0x10~° mol/L); MEL (CAS#,71125-28-7), re-
serve solution(4.0x 10~* mol/L), phosphate buffer solu-
tion of pH=6.80 was prepared. The water used in the
experiment was secondary quartz distilled water, and the
above storage solution was kept away from light at 277
K. The fluorescence signal measured in the experiment

was corrected by the “internal filter effect” Equation 1
.[10]

(Aczt+Acm)/2 (1)

Fco’r: obs X €

Where F.,,. and F,,, are the corrected and observed
fluorescence signals, respectively, and A., and A.,,, are
the absorbance values of MEL-AMS system at excita-
tion and emission wavelengths, respectively. The fluo-
rescence signal used in this article was corrected.

2.3 Experiment procedure

2.3.1 Fluorescence experiment

At 298 K, 310 K and 318 K, 1.0 mL phosphate buffer
solution, 2.0 mLL. AMS solution and different volume of
MEL solution were added to the 10.0 mL colorimetric

tube at constant volume and constant temperature of 30
min. The slit width was 5 nm, A, and the scanning flu-
orescence spectra were 280, 295 nm, respectively. When
AMX=15 nm or 60 nm, scanning synchronous fluores-
cence spectroscopy.
2.3.2 UV-Vis measurements

At 298 K, 1.0 mL phosphate buffer solution, 2.0 mL
AMS solution and different volume MEL solution was
added to the 10.0 mL colorimetric tube at constant vol-
ume and constant temperature of 30 min. The ab-
sorbance of the system was determined by using the cor-
responding concentration of MEL solution as the blank
reference, and the UV absorption spectrum of the system
was drawn.
2.3.3 Molecular docking

The crystal structure (PDB ID: 1BLI of AMS comes
from the protein database (Protein Data Bank). The
ChemDraw Pro 14.0 and ChemBio 3D Ultra 14.0 are
used to draw the MEL structure, and the energy min-
imization of the three-dimensional structure is carried
out. AutoDock 4.2.6 was used to study the molecular
docking of MEL and AMS, and genetic algorithm was
used to calculate the binding conformation of MEL and
AMS!H

3 Results and discussion

3.1 Fluorescence quenching mechanism
studies of MEL-AMS system

The fluorescence effect of protein is produced by the
chromophore of Trp, Tyr and Phe residues. The Trp
and Tyr residues in protein are excited together at 280
nm wavelength, while at 295 nm wavelength, only Trp
residue is excited'?! . Figure 2 showed the fluorescence
spectra of the interaction between MEL and AMS (at
Aez=295 nm, the fluorescence spectra of MEL and AMS
are similar, but the fluorescence intensity is low). Fig-
ure 2 showed that the fluorescence peak of AMS at 343
nm quenched and the emission peak shifts blue with the
increase of MEL concentration, indicating that the MEL-
AMS system interacted and formed a stable complex.[!*!

The Stern-Volmer!'*! equation was shown below,
through which the quenching constant K., and the
quenching rate constant kq: can be calculated by using
the fluorescence signal data obtained from the experi-
ment:

Fo/F =1+ kyro[L] = 1+ Kgy[L] )

Where F and F represent the fluorescence signals in
the absence and presence of quencher, respectively. 7
is the average lifetime of fluorescence without quencher,
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Figure 2. Fluorescence emission spectra of MEL-AMS

system (T=310 K, \.,=280 nm), Can5=2.0x107° mol/L, a-i
Curr=0,02,05,1.0,1.5,2.0,3.0,4.0,5.0)x 105 mol/L

which is about 1078 s. K,, is the Stern-Volmer quench-
ing constant. k, is the bimolecular quenching constant,
and [L] is the concentration of meloxicam. The results
were shown in Table 1. The results showed that the
kq values at different temperatures are larger than the
maximum diffusion collision quenching constant of 2 X
10'° L/mol-s!"! for biomolecules by various quenching
agents. at the same time, it can be seen from the data in
Table 1 that with the increase of temperature, k, of MEL-
AMS system and K,,’s. The results showed that the
quenching mode of MEL-AMS system is static quench-
ing.

For static quenching, the Equation 3!'®! is generally
used to calculate the binding constant K, and the number
of binding sites n:

F—F
Ig 2

[B,] represents the concentration of AMS, and the re-
sults were shown in Table 1. From Table 1, n =~ 1
at the experimental temperature indicates that there is
only one high affinity binding site!'”) for MEL to bind
to AMS, that is, MEL forms a 1:1 complex with AMS.
The binding constant K, of MEL to AMS decreased with
the increased of temperature, which further proved that
the fluorescence quenching type of MEL-AMS system
was static quenching. Figure 3 showed the participation
of Tyr residues and Trp residues of AMS in MEL-AMS
system. The results showed that when ., =280 nm and
Aez=295 nm, the quenching curve of MEL-AMS system
was separated. This indicated that both Tyr residues and
Trp residues in AMS participated in the reaction. How-
ever, the slope of the quenching curve of MEL-AMS sys-
tem at \.,=295 nm was obviously smaller than that of

) :nnga—i-nlg{[L] —-n

the binding system at \.,=280 nm, which indicated that
the fluorescence quenching degree of AMS was stronger
at \.,=280 nm.

1.00
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Figure 3. Relative fluorescence curves of the interaction be-
tween MEL and AMS (T = 310 K); CAJ\/[S=2.0><10_6 mol/L,
Cumer=(0.2,05,1.0,1.5,2.0,3.0,4.0,5.0)x 10 5 mol/L

3.2 Type of interaction force of MEL-AMS
system

The thermodynamic parameters of MEL-AMS system
are calculated according to van’t Hoff equation!'®! | and
the calculated results were shown in Table 2.

RInK = AS — AH/T 4)
AG = —RTInK = AH — TAS )

Where R is a gas constant (AH and AS with a value
of about 8.314), MEL and AMS could be calculated by a
linear relationship between the natural logarithm (InK,)
of the binding constant and the reciprocal (1/T) of the
temperature. The results were shown in Table 2. It could
be seen from Table 2 that AG<0 indicated that the bind-
ing reaction between MEL and AMS was spontaneous,
and AH<O indicated that the formation of MEL-AMS
complex was exothermic. The arrangement of water
molecules creates a more random configuration around
drugs and proteins in a more orderly manner. Therefore,
AS > 01is usually used as evidence of hydrophobic inter-
action between drug molecules and protein molecules!!”!

Based on this, the hydrophobic interaction between
MEL and AMS could be judged.

Ross and Subramanian'®®! believed that when AH~
0, AS>0, there was electrostatic attraction between
drug molecules and biomolecules, but now some reports
thought that when AH<0, AS>0 could directly judge
that the main type of force between the binding systems
is electrostatic interaction!?!! . In order to further verify
whether the main force between MEL and AMS is elec-
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Table 1. Quenching reactive parameters of MEL-AMS system at different temperatures

Aex K, k,
— T/K) r K, (L/mol) n 7

(nm) (L/mol-s) (L/mol)

298 1.70x10* 1.70x10" 0.9932 1.81x10* 1.03 0.9922

- 310 1.38x10" 1.38x10" 0.9939 1.46x10* 0.96 0.9969

318 1.13x10* 1.13x10" 0.9957 1.17x10* 0.98 0.9956

298 1.36x10° 1.36x10" 0.9938 1.43x10* 1.06 0.9942

A ex-295 310 1.12x10* 1.12x10" 0.9965 1.08x10" 0.99 0.9969

318 0.91x10* 0.91x10" 0.9974 0.88x10* 1.02 0.9915

Note: r; is the linear relative coefficient of FO/F~[L];

r, is the linear relative coefficient of 1g[(FO-F)/]~Ig{[L]-n[Bt](FO-F)/F0}

trostatic force, the effect of ionic strength on MEL-AMS
interaction is discussed in this paper.

Fix the concentration of MEL and AMS, add different
concentrations of NaCl, to F/F to map Cy,¢y, the re-
sults were shown in Figure 4. The experimental results
showed that when the concentration of NaCl increased,
the ratio of F/F, did not change significantly. The re-
sults showed that the binding of MEL to AMS was not
affected by ionic strength, that was, the electrostatic in-
teraction of MEL-AMS system was not obvious. If the
electrostatic interaction played a leading role in the bind-
ing of protein to ligands, with the concentration of salt in
the system. With the increased of the interaction inten-
sity between protein and ligand, the interaction intensity
between protein and ligand decreased gradually!??! . This
also indicated that when AH<0, AS>0 could not di-
rectly judge the main force between MEL-AMS system
was electrostatic force.

3.3 Conformation studies of MEL-AMS sys-
tem

3.3.1 Synchronous fluorescence studies of MEL-
AMS system

By measuring the shift of the maximum emission
wavelength of the synchronous fluorescence spectrum
of the binding system, the environmental information of
amino acid residues near the fluorescent luminescence

Table 2. The thermodynamic parameters of MEL-AMS at dif-
ferent temperatures

System 7/(K) K, /(L/mol) AH/(kJ/mol) AS/(J/mol-K) AG /(kJ/mol)

298 1.81x10° 24.49 -24.29
“ 310 1.46x10° 24.74 -24.66
280nm 318  1.17x10* -16.99 24.45 2477
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Figure 4. Fluorescence intensity of MEL-AMS system as a

function of NaCl concentration (7=298 K); Caarg=2.0x10"°
mol/L, Crrer= 2.0x10"°mol/L, Cnaa= (0, 0.1, 0.2, 0.5, 1.0,
1.5, 2.0,2.5,3.0) x 10~ 'mol/L

group can be explored®? . As shown in Figure 5, when

AMX=60 nm and A\ =15 nm, the intensity of the fluo-
rescence signal of the AMS tended to decrease, and the
fluorescence peaks of both the Trp residue and the Tyr
residue shifted very slightly, this means that the binding
of MEL to AMS changes the microenvironment of amino
acid residues in small molecular proteins such as AMS,
reducing its hydrophobicity. The extension of peptide
chain increased®*! and Tyr and Trp residues were in-
volved in the binding reaction. This result was consistent
with conclusion 3.1.

3.3.2 UV-vis absorption spectra studies of MEL-
AMS system
UV-vis absorption spectra can be used to explore the

structural changes of proteins and to study the formation
of protein-ligand complexes!?! . Figure 6 was an ab-
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Figure 5. Synchronous fluorescence spectra of MEL-

AMS system (7=310 K). (A) AX=60 nm; (B) AA=15nm;
Cams=2.0x10"% mol/L, a-i Curr=(0, 0.2, 0.5, 1.0, 1.5, 2.0,
3.0, 4.0, 5.0)x 10~ 5mol/L

sorption spectrum of the MEL-AMS system. from the
figure, it could be seen that AMS has two absorption
peaks, and its strong absorption peak near 208 nm re-
flected the frame conformation of the protein. The weak
absorption peak at about 280 nm was due to aromatic
amino acids (Trp, Tyr and Phe)®! . With the increased
of MEL concentration, Figure 6 showed that the inten-
sity of the absorption peak at 208nm decreased with the
blue shifted, and the absorption peak at 280nm also de-
creased slightly. This result indicated that the interac-
tion between MEL and AMS led to the formation of new
complexes, and the AMS molecule tends to fold, the hy-
drophobicity of AMS microenvironment was enhanced.

3.4 Molecular docking

Molecular docking plays an important role in explor-
ing the interaction between ligands and receptors. In or-
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Figure 6. Fluorescence intensity of MEL-AMS system as a

function of NaCl concentration (Absorption spectra of MEL-AMS
system (T=298 K); C arrs=2.0x107% mol/L, a-e Cps .= (0, 0.2,
0.5, 1.0, 2.0)x 10~ 5mol/L

der to further determine the binding position of MEL-
AMS system and the effect of MEL binding to AMS on
ligands and receptors. In this paper, the binding model
of MEL and AMS was established by molecular docking
method. By this method, the type of force and the lowest
binding energy of MEL and AMS binding system could
be obtained. Figure 7(A) showed the optimal binding
position after MEL binds to AMS, the Asp328 residue
forms two hydrogen bonds with MEL with bond lengths
of 2.138 A and 2.144 A respectively, and the His253
residue formed a hydrogen bond with MEL. The bond
length is 1.791 A, which showed that the hydrogen bond
played an important role in the binding of MEL to AMS.
Figure 7(B) showed a plurality of hydrophobic amino
acid residues such as Ala232, Tyr262, Trpl3, Trp263,
Leul96, Leu335 and Val233 around MEL, further in-
dicated that there was hydrophobic force in the bind-
ing process between MEL and AMS. The amino acid
residues such as Tyr262, Trpl3 and Trp263 were rela-
tively close to the binding position of MEL and AMS,
which led to the binding could effectively quench the
endogenous fluorescence of AMS, which was consistent
with the conclusion of fluorescence quenching experi-
ment. Trp13 and Trp263 were the key residues of the cat-
alytic active center of AMS[?”! , The results of molecular
docking also showed that the binding of MEL and AMS
could change the microenvironment of the catalytic ac-
tive center of AMS. In other words, the binding of the
system might affect the catalytic activity of AMS.

The binding energy obtained from molecular dock-
ing for MEL and AMS interaction was -25.89 kJ/mol.
Whereas, the free energy change calculated from fluo-
rescence quenching results was -24.66 kJ/mol at 310 K.
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Figure 7.

Theoretical Modeling of the Interaction between
MEL and AMS; (A) MEL located within the hydrophobic pocket
in AMS; (B) Detailed illustration of the amino acid residues lining
the binding site in the MEL and AMS cavity

This difference may be due to exclusion of the solvent
in docking simulations or rigidity of the receptor other
than Trp and Tyr residues'?®! . The energy data obtained
by docking the molecules were listed in Table 3. From
Table 3, it could be also seen that the electrostatic en-
ergy was very much lower than the sum of van der Waals
energy, hydrogen bonding energy and desolvation free
energy in the binding process of MEL with AMS, in-
dicating that the main interaction mode between MEL
and AMS was not electrostatic binding mode.Combined
with the data of fluorescence experiments and the results
of theoretical modeling, it could be seen that hydropho-
bic interaction and hydrogen bond were the main forces
driving the combination of MEL molecules with AMS
molecules, which led to the static quenching of AMS.

3.5 MEL-AMS system binding rate

The study of protein binding rate and drug binding
rate of drug-protein system is helpful to further study
the interaction between drug molecules and protein
molecules, so that drug molecules can bind to some pro-
teins in human body. After action, a simple prediction
can be made of the efficacy of the drug, the properties
and effects of the protein itself, and the effects on the
physiological function of the human body. According
to the fluorescence experiment of K,, the drug binding

Table 3. Docking energy of MEL-AMS system (unit: kJ/mol)

Protein PDBID AG, AE AE, AE ;

1BLI -25.89 -29.65 -28.81 -0.84

AG, is the binding energy in the binding process.

AE, denotes intermolecular interaction energy, which is a sum of van der
Waals energy, hydrogen bonding energy, desolvation free energy and
electrostatic energy.

AE, is the sum of van der Waals energy, hydrogen bonding energy and
desolvation free energy.

AE; is the electrostatic energy.

rate and protein binding rate of MEL to AMS can be
calculated. When n=1, the binding rate (W) formula of

MEL-AMS system was as follows!*”! .
Drug binding rate:

W(Q) = % x 100%

_K(Q+B)+1- VKIQ-BP+2K.Q+B)+1 .00
- 2KaQ (60)

Protein binding rate:

W (B) = % x 100%

_K(@+B)+1- VKEQ-B) +2K.(Q+B) +1 0
2K, B :
14

Wherein Q represents the total concentration of MEL
and B represents the total concentration of AMS. At
the three temperatures of 298K, 310K and 318K, the
drug binding rate W(Q) of MEL and AMS calculated
according to formulas (6) and (7) was 3.38%-1.88%
(298K), 2.76%-1.67% (310K), 2.24%-1.46% (318K),
protein binding rate W(B) was 3.38%-47.03% (298K),
2.76%-41.79% (310K), 2.24%736.57% (318K). At three
temperatures, the drug binding rate and protein bind-
ing rate of MEL to AMS decreased with the increase
of temperature, and the content of free drugs and pro-
teins increased with the increase of temperature, which
indicated that the stability of the binding system de-
creased with the increase of temperature. The results
were consistent with the experimental results of fluores-
cence quenching.

The ratios of W(Q) and W(B) to drug concentration
and protein concentration were plotted, respectively, as
shown in Figure 8. It could be seen from Figure 8 that the
W(Q) value decreased with the increased of temperature,
while the W(B) value was large and increased. Taking
310K data close to human body temperature as an ex-
ample: The W(Q) of MEL and AMS was 2.76%-1.67%,
which indicated that the interaction between MEL and
AMS had little effect on the efficacy of MEL as the
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amount of MEL added increases. The W(B) of MEL and
AMS was 2.76%-41.79%, which indicated that the pro-
tein binding rate varies greatly with the increase of MEL
addition. Combined with the results of 3.4, MEL might
have an effect on the activity of AMS, which was not
conducive to the digestion and absorption of starchy sub-
stances. Therefore, the intake of drugs should be strictly
controlled when taking MEL, so as to reduce the adverse
effects of drugs on the digestive system.
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Figure 8. The binding rate of MEL to protein in different tem-
perature and the binding rate of AMS to drug (Ae;=280 nm)

4 Conclusion

In this paper, the interaction between MEL and AMS
was studied by spectroscopic and theoretical modeling
under simulated physiological conditions. The binding
rate model of MEL and AMS was established. the inter-
action between MEL and AMS was used to treat drugs.
The effects of AMS on the digestive function of starches
were simply predicted. It provides a new idea to study
the effect of the interaction between protein molecules
and small drug molecules on the properties of proteins
and the efficacy of drugs. The binding rate of ligand-
protein system is studied by spectroscopy. Compared
with other methods such as equilibrium dialysis, there
will be some errors in the binding constant and the num-
ber of binding sites, but these commonly used binding
rates are studied. The experimental equipment of the
method is expensive, the experimental period is long and
the concentration range of the experimental drug is nar-
row. However, the method of studying the binding rate
by spectroscopy is simple, rapid and suitable for a wide
range of applications, so this method is preferable.
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The SeDeM Expert System was first known as a galenic pre-formulation system, which was

based on the experimental research and quantitative determination of powdered substances. And the mathe-
matical formula provided by the SeDeM Expert System has plays an important role in the study of powder
properties. The system can be used not only to evaluate the powder direct compression (DC) of excipients and
active pharmaceutical ingredients (API’s), but also to predict the possible formulations, so it can reduce un-
necessary research and trials, and shorten the time of development. In this paper, the research development and
application of SeDeM Expert System in DC was summarized, and the results showed that with a few exceptions,
the system was skilled in predicting acceptable tablet formulations. Finally, the new application prospect of the
system is presented, including the application of the Internet traffic and content management (iTCM) database

and the new co-processed excipients.

Keywords:
processed

1 Introduction

Because of its simple process, convenience for the pa-
tient, accurate dose administration, and better stability
than other dosage forms, tablet has become the most
prevalent oral dosage forms in clinics. The primary man-
ufacturing techniques of tablet are dry-granulation, wet-
granulation and direct compression (DC) of dry powders.
Over the past few decades, wet-granulation was widely
used in pharmaceutical industry because of that the prod-
ucts of wet granulation have many advantages, such as
beautiful appearance, good fluidity, strong wear resis-
tance and good compression formability, even though
it takes a long time and have high cost. Due to the
emergence of various new excipients, the production of
tablets is now changing to DC and high-speed produc-
tion,!'! and compared with traditional wet-granulation
process, DC can effectively avoid the granulation pro-
cess, reduce the order of production, shorten the period
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of production and increase the rate of bioavailability.

There is no doubt that in the solid tablet manufactur-
ing, DC is the best ones. However, DC is not applicable
to all of the material tableting. Since DC is a process
that does not pass through the granulation and the pow-
der is directly mixed, it is possible to have a material
that is not suitable for tableting, or the mixing is not uni-
form, which will seriously hinder the process of DC,?!
and what’s more, it will make it difficult for the tablets
to be produced. All of these are the basic reasons why
DC is not widely used. In order for DC to be used more
widely, the SeDeM Expert System was proposed in 2005
by Suiié Negre, et al.’!

SeDeM Expert System known as “Sediment delivery
model”, it’s an innovative tool developed by the Univer-
sity of Barcelona to characterize the powder, and it has
been widely used in many preparation experiments and
has proved to be powerful. The final result of the system
is presented by SeDeM diagram. The dimension, com-
pressibility, flow ability/powder flow, lubricity/stability,
lubricity/dosage dose and so on, provided by SeDeM dia-
gram, can be used to characterize the physical properties
of the powder, including pressure, and the like.'* Ac-
cording to the SeDeM diagram, it can intuitively indi-
cate whether a substance is suitable for DC, and through
the formula provided by SeDeM Expert System, it can
get the minimum number of excipients needed for API’s.
SeDeM Expert System can be combined with prescrip-
tion design effectively, which is of practical significance
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to reduce the cost of drug development and improve the
final quality of the product.

As the summary of SeDeM Expert System in 2005
to 2019, most of them have reviewed the principle of
SeDeM Diagram and SeDeM-ODT, but few have re-
viewed the research progress and application of SeDeM
or SeDeM-ODT Expert System. In this paper, the re-
search mainly development of SeDeM Expert System
and its application in DC was summarized, and the new
application prospect of SeDeM Expert System was pre-
sented, including the application of new co-processed
excipients.

2 Development of SeDeM Expert System

The SeDeM Expert System was first proposed in
2005,5! and it is mainly used to characterize the prop-
erties of powders to help pre-preparation determine the
appropriate production process and whether it is suit-
able for direct pressing.””! From the relevant literature,
we can see that before 2012, SeDeM Expert System did
not get much attention. However, with the maturation of
DC technology, SeDeM Expert System has been widely
used since 2012. With the development of SeDeM Ex-
pert System, it plays a more and more important role in
the study of different powder properties and the design
of direct tablet formulation. At the same time, improv-
ing and increasing the indicators of the system, make the
results be more accurate and applicable.

2.1 Initial SeDeM Expert System

2.1.1 The main parameters

The initial SeDeM Expert System is mainly used to
evaluate the direct compression properties of powders,
and its main parameters are mostly related to the prop-
erties of powders. The system is consists of 5 primary
indexes, and they are considered as the following:

e Dimension

e Compressibility

e Flow ability/Powder flow

o Lubricity/Stability

e Lubricity/Dosage

At the same time, the above 5 primary indexes are
composed of 12 second-level indicators. Referring to the
study of the European Pharmacopoeia and the research
of Sufié Negre, et al., the 12 second-level indicators were
studied, and the results of these powder tests were treated
with the equation shown in Table 1.1 The results in Ta-
ble 1 are standardized in accordance with the calculation
method in Table 2, and the resulting data are used to draw
the radar map (SeDeM Diagram), as shown in Figure 1.
The SeDeM Diagram intuitively shows the 12 second-

level indicators of the powder, and combines the calcula-
tion formula to determine whether the powder is suitable
for DC. The 12 second-level indicators are considered as
the following:

e Bulk density (Da)

e Tapped density (Dc)

e Carr index (IC)

o Inter-particle porosity (Ie)

e Cohesion index (Icd)

e Angle of repose (o)

e Hausner ratio (IH)

e Powder flow (t)

e Loss on drying (% HR)

e Hygroscopicity (%H)

e Homogeneity index (I6)

e Particle size (%Pf)

Icd

t”

Figure 1. SeDeM Diagram

2.1.2 Powder compressibility evaluation

Based on the radius values of 12 second-level indica-
tors of powder physical fingerprint spectrum in SeDeM
Expert System, the parameter index (index of parame-
ter, IP), parameter contour index (index of parametric
profile, IPP) and the good compressibility index (the in-
dex of good compressibility, IGC), can be constructed
respectively. It is used to judge the compressibility of
powder and to speculate whether it is suitable for direct
pressing of powder. The number of physical exponents
defined as radius > 5 is a percentage of the total num-
ber of physical indexes in the physical fingerprint spec-
trum, and the acceptable range is IP > 0.5. The param-
eter contour index is defined as the average of the radius
values of all physical indexes, and the acceptable range
is IPP > 5.The calculation method of good compress-
ibility index: IGC = IPP X f, and the acceptable range
is IGC > 5. For 12 second-level indicators f value =
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Table 1. Parameter and equation used by SeDeM Expert System

Incidence factor Parameter Symbol Unit Equation

Particles < 50 pm %Pf % Experimental
Lubricity / Dosage

Homogeneity index 10 - 10=Fm/100+AFmn

Compressibility Da g/mL Da=P/Va
Dimension

Tapped Density Dc g/mL Dc=P/Vc

Hausner Ratio IH - IH=Dc/Da
Flowability / Powder flow Angle of Repose o ° tance = h/r

Powder Flow t" S Experimental

Interparticle porosity Ie - Ie = Dc —Da/Dc*Da
Compressibility Carr Index 1C % IC = (D¢ —Da/Dc)100

Cohesion Index Icd N Experimental

Loss on Drying %HR % Experimental
Lubricity/Stability

Hygroscopicity %H % Experimental

Table 2. Limit values accepted for the SeDeM Diagram parameters and conversion factor to convert each parameter into radius values

Incidence factor Parameter Unit Limit value (v) Factor applied to v

%Pf % 50~0 10—(v/5)
Lubricity/Dosage

10 - 0~0.02 500v

Da gml-1 0~1 10v
Dimension

Dc gmL-1 0~1 10v

H - 3~1 (30-10v)/2
Flowability/Powder flow a ° 50~0 10—(v/5)

t" s 20~0 10—(v/2)

Ie - 0~1.2 10v/1.2
Compressibility IC % 0~50 v/5

Ied N 0~200 v/20

%HR % 10~0 10—v
Lubricity/Stability

%H % 20~0 10—(v/2)
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0.952.

The more the number of physical indexes in the phys-
ical fingerprint spectrum is, the larger the polygon area
is, and the greater the reliability factor f is.

2.1.3 Powder compressibility correction

When the compactness of powder is poor (IGC<5),
the 5 primary indexes (piling, homogeneity, fluidity,
compressibility and stability) can be corrected by adding
appropriate kinds and proportion of excipients. To make
it meet the requirements of compressibility. The correc-
tion method is to calculate simultaneously the minimum
amount of excipients needed to meet the minimum ra-
dius value of each index of the API. The formula is as
follows:

RE -R
RE — RP

CP indicates the percentage of adjuvants used for cor-
rection, RE denotes the mean radius of physical indexes
of auxiliary materials for correction, R represents the ex-
pected physical index radius (5 is the minimum expected
correction), RP represents the average radius of the phys-
ical index of the Chinese herbal extract powder to be cor-
rected.

If the compressibility index of the API powder IGC
is less than 5, it is optional to mix it with an excipient
with a good quality attribute (first-order index average >
5), According to Equation 1, the amount of correction
excipients needed to be added in theory can be obtained
by calculation of re and RP which are expected to reach
to R=5 and are calculated with radius value.

CP =100 — x 100 (1)

2.2 Optimization of the parameters

2.2.1 Optimization of IH

It can be seen from the formula in Table 1 that Da =
P/Va, Dc = P/Vc, and IH = Dc/Da, so we can prove that
IH = Va/Vc¢ (Where V a, initial volume and V¢, final vol-
ume). In general, the compacted powder (V) is lower
than bulk volume (V,). However, due to some factors
such as the interaction between particles affecting the
spatial distribution of particles, the V. value may also
be higher than V.

By using SeDeM Expert System, 22 kinds of excipi-
ents were experimentally studied. Ans the results show
that the limit range of IH of these excipients is 1.1 to
2.46. Considering the possibility of appearing outside
the range of the interval and making the calculation eas-
ier, the interval of IH is adjusted to 1 to 3, and an excep-
tion value less than 1 shall be treated as a non-current or
almost non-current product with a radius of 0, as shown
in Table 3.1%

Table 3. Parameter and equation used by SeDeM radius

Values and . . Limit Conversion
. Function or incidence Parameter ..
conversions values to radii (r)
Current Flowability/powder flow Flowability 3-0 0-10
Flowability/powder flow Flowability 3-1 0-10
Proposed
Flowability/powder flow Flowability <1 0

2.2.2 Optimization of %9HR

%HR is get by doing experiments, and in order to
make the standardization conversion more convenient,
some researchers characterized 22 kinds of excipients
by SeDeM Expert System and simplified them by two
methods. The first is to convert it by different calcula-
tion methods, and the second is to divide the range of
%HR according to the experimental results. By compar-
ison, the second method is better. According to the ex-
perimental results, the relative humidity parameters are
divided into three regions. Humidity less than 1% in-
dicates that the powder is very dry and easy to produce
static electricity to hinder the flow of the powder. Hu-
midity above 3% indicates that the powder is too wet,
which easily leads to agglomeration and makes the flu-
idity worse, and also makes it stick to the punching plate
and the template. Therefore, 1% to 3% is the best range
for%HR.
2.2.3 Optimization of the Icd

In the established SeDeM Expert System (Table 1), Icd
is the only parameter to measure the cohesion of pow-
der.!®'The general method of Icd measurement is to use
eccentric press to make 5 elliptical convex pieces of 1
gram (g) with a 19X 10 mm punch format with an eccen-
tric press.l”l The average hardness of these 5 tablets is
the final value of Icd.® From this, we can see that the
Icd value is related to hardness.””’ When the final plate
weight is fixed at 1 (£0.05) g, the size and thickness of
the tablet are the main variables. The main factors affect-
ing these two variables are the physical properties of the
powder, such as elastic recovery and bulk density.

Because the physical properties of the powder are dif-
ferent and the bulk density of the different powder is dif-
ferent, there will be a big deviation in the calculation
of the Icd with the final slice weight of 1 g. To make
the results more accurate, Nofrerias, et al.!'9) performed
SeDeM characterization experiments on several differ-
ent powders. The Icd is used as the unique variable (the
variable experiment of varying the weight of the sheet at
different levels is carried out to obtain different Icd val-
ues). Compared with the final set of SeDeM Diagrams,
they proposed a new Icd determination method. Accord-
ing to different volume densities, different tablet weights
are required, for example, high density excipients require

Journal of Pharmaceutical and Biopharmaceutical Research (©) 2019 by Syncsci Publishing. All rights reserved.



40 Journal of Pharmaceutical and Biopharmaceutical Research, April 2019, Vol. 1, No. 1

the production of heavier tablets. Otherwise, the produc-
tion of lighter tablets is required.

2.3 SeDeM-ODT with a new factor: Disgre-
gability

Because of the widespread use of tablets, in order to
make the study of pre-formulation more convenient and
rapid, the SeDeM Expert System has been further devel-
oped. In 2012, Aguilar-Diaz, et al''l aimed at ODT
drugs based on five factors of the SeDeM system. A new
factor is added and the concept of SeDeM-ODT is pro-
posed for the first time.

The SeDeM-ODT methodology is composed of 6 pri-
mary indexes, which come from 15 second-level indi-
cators. Based on the SeDeM method, it adds an inci-
dence factor index and 2 tests or parameters. The new
primary indexe is Disgregability, and it is affected by Ef-
fervescence (DE), Disintegration Time with disc (DCD)
and Disintegration Time without disc (DSD). The newly
added indicators and calculation formulas are shown in
Table 4, and the newly added acceptable range of physi-
cal quality indicators and standardized conversion meth-
ods are shown in Table 5. And the radar image of powder
characterization is shown in Figure 2. And in the end, the
calculation method of Powder compressibility evaluation
and Powder compressibility correction is the same as that
of SeDeM.

Table 4. SeDeM-ODT characterizing powder index and calcu-
lating formula

Incids . .
neidence Parameter Symbol Unit Equation
factor
Effervescence DE minutes Experimental
Disintegration . .
DCD minutes Experimental

Disgregability Time with disc
Disintegration . .
DSD minutes Experimental

Time without disc

Table 5. Acceptable range of physical quality indicators and
standardized conversion

Incidence Limit value Factor applied

factor Parameter Unit ) g

DE minutes 0~5 10v

Disgregability DCD minutes 0~3 10v
DSD minutes 0~3 10v

2.4 Specific surface area and true density

The SeDeM Expert System depends on the powder
properties of the materials, and the results of the mate-

%PF

Figure 2. SeDeM ODT Diagram

rials with different powder properties are different. In
order to make the SeDeM results more accurate, some
experts proposed a new parameter value.['?! In addition
to the 12 secondary indicators that have been proposed,
Zhang, et al.'"* have proposed two properties: specific
surface area and true density. The specific surface area
and true density are one of the basic properties of the
powder, which has an important effect on the experimen-
tal results, such as absorbance. With the addition of two
new parameters, the SeDeM Diagram forms a 14-sided
polygon, and its accepted reliability (reliability factor =
0.967) is also improved (shown in Figure 3).

%PF

Figure 3. New SeDeM ODT Diagram

3 The application of Expert System

At present, the SeDeM Expert System is mainly used
in the research of the DC performance of APIs and ex-
cipients, Pre-formulation study and proportion of APIs
and auxiliary materials in prescription.
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3.1 Evaluation of the suitability of a material
for DC

In the study of preparation, the powder properties of
APIs and excipients are very important. Different man-
ufacturers, different batches, different types, and differ-
ent chemical groups of APIs or excipients have different
powder properties. So, it is necessary to conduct a com-
prehensive study of their powder properties.

3.1.1 Research on different batches of material

SeDeM Expert System can be used to prove the ac-
ceptability of the straight pressure properties of the mate-
rials and to characterize the physical properties of the re-
lated powders. Three batches of glucosamine salt FO130
(an API material) were characterized by SeDeM Expert
System in order to study the consistency of powder prop-
erties of different batches of glucosamine salt F0130.['4!
The results show that although the API is not suitable for
DC, the materials of different batches have good repro-
ducibility, which shows that the reproducibility of differ-
ent batches of API is good.

3.1.2 Research on different chemical groups of ma-
terial

Aguilar-Diaz, et al. use the new SeDeM Expert Sys-
tem to analyze the suitability of 43 excipients for DC
with separation properties from eight chemical families.
Characteristics of the chemical family of the excipients
and the analyzed Analysis by chemical family of the
value obtained for the 5 SeDeM factors are shown in Ta-
ble 6 and Table 7.1
3.1.3 Research on different types of material

The physical properties of different materials are dif-
ferent, and the SeDeM Diagram can show the difference
intuitively. The SeDeM Expert System has practical sig-
nificance in studying the straightness and the improve-
ment of the straightness of different materials. Suiié Ne-
gre, et al. performed SeDeM Expert System characteri-
zation tests on an API (Glucosamine salt API FO357) and
6 diluents (such as Avicel PH 101 and Kleptose), respec-
tively. The results showed that the API had poor straight-
ness.!'%) However, when a small quantity (29.09%) of the
excipient Plasdone S630 is added, it can be compressed
directly. This experiment shows for the first time that Se-
DeM Expert System can not only prove the straightness
of the material, but also correct the API with a certain
dose and kind of excipient. Recently Wan et al corrected
the DC properties of rhodiola extract with a certain dose
and variety of excipients.!!”!

Different materials have different properties of DC. In
order to know more intuitively the range of direct pres-
sure of all kinds of materials, Su-Negre et al have char-
acterized 51 kinds of DC excipients through the sSe-

DeM Expert System.!'8! The maximum and optimum
values of DC diluents, as well as the parameters, func-
tions and mathematical limits of the direct compressibil-
ity level are determined, and their properties are sorted
out to form the periodic table of classification of excipi-
ents (shown in Figure 481,

3.2 Determination of the amount of excipient
in formulation development

In many cases, a single drug or excipient can’t be
pressed directly, so it is necessary to mix the powder
with a certain amount of excipient to improve the poor
properties of the single drug. Combined with the mod-
ified equation provided by SeDeM Expert System, we
can calculate the minimum amount of excipient which
can make up for the deficiency of API’s directness. Ne-
gre et al used SeDeM to characterize an API and 5 kinds
of excipients (Avicel ph102, avicel 2000 and others), and
finally selected the best excipient. However, the modi-
fied equations of SeDeM Expert System are not all valid.
Schooltz, et al.'”! have studied the ability of SeDeM
Expert System to predict the combination of API and ex-
cipient concentration according to equation 12. How-
ever, considering the fragility of tablets, some of the
APIs cannot be pressed directly. At present, SeDeM Ex-
pert System is mainly tested on binary powder system.
The research of multicomponent powder system is still
in progress, and the research method of SeDeM Expert
System is also under further study.

3.3 Application of SeDeM Expert System in
pre-formulation

With the emergence of the first SeDeM Expert System
related literature in 2005, the influence of SeDeM Ex-
pert System has grown rapidly. Before 2012, the SeDeM
system is not particularly mature, so the application liter-
ature is less, mostly the research on its related properties.
After 2012, the application of SeDeM Expert System has
been growing rapidly.

3.3.1 Pre-formulation study of convention Oral
tablets

Oral tablet is the most common dosage form, and DC
is the most convenient table pressing technology. With
the development of SeDeM Expert System and the mat-
uration of DC, Many researchers have studied the pre-
formulation of oral tablets directly pressed by SeDeM
Expert System. SeDeM Expert System can avoid unnec-
essary experimental formulations and shorten the prepa-
ration time for the development of oral tablets suitable
for DC.

In 2012, inderbir singh and pradeep kumar used the
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Table 6. Characteristics of the chemical family of the excipients analysed

Chemical family

%Commonly used

Solubility

Humidity

Mechanism of disintegration

Slightly soluble in 5% w/v sodium

hydroxide solution; practically

Microcrystalline cellulose 5%—-15% insoluble in water, dilute acids, and Typically less than 5% w/w  Swelling

most organic solvents

Soluble in alkali hydroxides,

producing viscous solutions; very
Alginic acid 1%-5% slightly soluble or practically 7.01% Swelling

insoluble in ethanol (95%) and other

organic solvents

. . . Commercially available

Starch 3%—-15% Practically ! nsoluble in cold ethanol grades of corﬁ starch Swelling Deformation

(95%) and in cold water .

usually contain 10-14%

Sparingly soluble in ethanol (95%);

Practically insoluble in water. Ata Rapid and extensive swelling
Sodium starch glycolate 2%—8% concentration of 2% w/v sodium Not more than 10.0% . .. .

. . with minimal gelling

starch glycolate disperses in cold

water

Practically insoluble in acetone,

ethanol (95%), ether, and toluene. Typically contains less than Wicking due to fibrous
Sodium starch glycolate 0.5%—-5% Easily dispersed in water at all 10% water structure, swelling with

temperatures. Forming clear, colloidal minimal gelling

solutions

Practically insoluble in water and Maximum moisture Water wicking, swelling and
Crospovidone 2%—-5% sorption is approximately possibly some deformation

most common organic solvents

60%

recovery

Calcium silicate

Magnesium aluminium silicate

Practically insoluble in alcohols,
water and organic solvents

Practically insoluble in alcohols,
water, and organic solvents

1% Swelling but it is used as
° synergic with other excipient
Swelling but it is used as

0/ 0,
6.0%-9.98% synergic with other excipient

SeDeM Expert System to study the pre-formulation of
cefuroxime axetil and paracetamol.l*”! The results show
that SeDeM Expert System can directly show the rele-
vant data of the DC performance of axetil and parac-
etamol. In 2013, Aguilar-Diaz, et al. used the Se-
DeM Expert System to study ibuprofen prescriptions
and obtained 8 prescriptions, which proved the refer-
ence value of sedem prescription research on ODT.*!! In
2016, Campiez, et al.?*! used the SeDeM Expert System
to study the DC ability of carbamazepine. The results
showed that carbamazepine had proper direct compres-
sion ability.

Here are some related studies combined with SeDeM-
ODT: In 2017, Dasankoppa, et al.'**! used SeDeM-ODT
Expert System to characterize excipients and developed
rosuvastatin calcium dispersible tablets. And in the same
year, SIPOS, et al.®*! used SeDeM and SeDeM-ODT
Expert System to study ibuprofen ODT tablets in chil-
dren. And Campifiez, et al.'*! used the SeDeM Expert

System to test the prescription design of polyurethane,
and found that this biodegradable polymer had good flu-
idity and could be used in direct pressing tablets. Unnec-
essary excipient screening is reduced.

3.3.2 Pre-formulation study of sustained-release
and controlled release preparations

The sustained-release preparation is a kind of prepara-
tion which can continuously release the drug for a long
period of time. The release of the drug is mainly a first
order rate process. Controlled release preparation is a
preparation in which a drug can be automatically re-
leased at a predetermined rate within a predetermined
period of time, so that the blood drug concentration is
kept within the effective concentration range for a long
time. Drug release is mainly at zero or near zero within
a predetermined period of time.

In 2014, Sauri, et al.*! studied the DC formula
of captopril skeleton tablets by SeDeM Expert System,
and obtained good results. In 2016, Ofori-Kwakye, et
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Table 7. Analysis by chemical family of the value obtained for the 5 SeDeM factors

Chemical family Dimension Compressi-bility Flowability/powder flow Flowability/powder flow Lubricity/dosage
Microcrystalline cellulose - - +++ o+ o+
Alginic acid -+ +++ ++ - o+
Starch A -+ -+ b IS
Sodium starch glycolate A + o+ -+t et
Sodium carboxymethylcellulose - - ++ +++ FREEENE
Crospovidone/copovidone D -+ -+ +++ o ©
Calcium silicate/magnesium aluminium silicate - -+ ++ Hhtt IS

al.?"! developed and evaluated two kinds of natural gela-
tine sustained-release matrix tablets, and they used Se-
DeM Expert System for the two different water-soluble
drugs. Results from the study have shown that light
grade cashew gum powder can be used for DC of tablets.
And in 2018, Tadwee, et al. used SeDeM Expert System
to develop losartan potassium sustained-release tablets.
The results showed that losartan API was not suitable
for direct compression.

3.3.3 Pre-formulation study of other style tablets

The SeDeM Expert System is used not only in the
pre-prescription research of oral solid preparations and
sustained-release or controlled release preparations, but
also in other formulations, such as effervescent tablets,
and it is found that the SeDeM Expert System is not
only suitable for pre-formulation research of western
medicine, it is also applicable to the pre-formulation
study of traditional Chinese medicine.

In 2014, Khan, ef al.?®! studied the development of
effervescent tablets with SeDeM Expert System, and ex-
plained the applicability of SeDeM Expert System to ef-
fervescent tablets. In 2015, Khan, et al./®! used Se-
DeM Expert System to predict the effects of taste mask-
ing on the disintegrating behavior, mechanical strength
and rheological properties of highly water-soluble drugs.
And In the same year, Campiez, et al.®” studied the
DC of a new biodegradable polythiourea controlled re-
lease matrix polymer using SeDeM Expert System. The
results show that the new synthesized polythiourea has
sufficient rheological properties. Borges, et al.*!! used
SeDeM Expert System to characterizing the active sub-
stance and polyvinyilpyrrolidone eliminating metastable
forms in an oral lyophilizate, and the use of SeDeM Di-
agram provided valuable data regarding the stability be-
havior of CTZ in its solid form.

The following is a study of traditional Chinese
medicine and pellets: In 2016, Zhang, et al.'**! used Se-
DeM Expert System to characterize the extract powder

of traditional Chinese medicine. The results showed that
the establishment of physical fingerprint spectrum of ex-
tract powder of traditional Chinese medicine was helpful
to the application of QbD in the research and production
of traditional Chinese medicine preparation. In 2017,
Hamman, et al. developed pellets of different sizes based
on SeDeM Expert System, and the study have shown
that the SeDeM EDS was successfully applied to pel-
lets of different sizes ranging from 0.5 mm to 2.5 mm
to identify potential inadequacies for compression into
MUPS tablets,and the incidence factor that was iden-
tified as a potential shortcoming for compression into
MUPS tablets of all the pellet sizes was compressibil-
ity.® And in the second year, Hamman, ef al. devel-
oped pellets containing different active drug components
based on SeDeM Expert System, and the results of this
study showed that the SeDeM EDS was successfully ap-
plied to pellets containing different active pharmaceuti-
cal ingredients for prediction of formulations for prepa-
ration of MUPS tablets with acceptable properties.**!

4 New perspectives

With the improvement of SeDeM Expert System, the
data of SeDeM expert system is more and more accurate,
and the scope of SeDeM expert system is more extensive.

4.1 The internet traffic and content manage-
ment (iTCM) database

Since the SeDeM Expert System was put forward, Re-
searchers have used it to characterize a variety of APIs
and excipients, and a lot of relevant data have been
obtained. The related data of powder properties were
summarized and the iTCM database was obtained. The
iTCM database is the largest and the solely one at present
based on the SeDeM Expert System, and it laid the foun-
dation of the knowledge space under the framework of
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Figure 4. Periodic table of excipients for direct compression

pharmaceutical Quality by design (QbD), and could ide-
ally continue to be perfected.!*!

Except for the 12 basic parameters, there are still other
indexes to be developed. As an important disease preven-
tion and control product, the drug efficacy is the most im-
portant evaluation standard, and the performance of pow-
der is one of the important factors affecting the bioavail-
ability and efficacy of the drug. The properties of the
powder include the mixture uniformity, fluidity of the
powder and Disintegration, etc.

e The more uniform the mixture, the more uniform
the bioavailability, the more stable the curative effect is
and the more stable the treatment is. The factors that
affect the uniformity of mixing are: particle size, Particle
size difference and density difference, Electrostatics and
surface energy, etc.

o The fluidity of powder is the key factor in the devel-
opment of solid preparation.

e Disintegration is the most important condition for
drug dissolution and therapeutic effect, and the premise
of disintegration is that pharmaceutical preparation must

be wetted by aqueous solution. And the disintegration
of solid preparations is affected by the following factors:
porosity, Compression process, Wettability.

4.2 Design of co-processed excipient

Co-processing excipient is a new type of excipient
which is different from ordinary single excipient, it is ob-
tained by two or more kinds of excipients through a cer-
tain processing procedure.[**! Because there is no chem-
ical reaction in the process, the new co-processing ac-
cessory does not have to carry out strict safety tests.[?”!
Compared with the general physical direct mixture, the
co-processing excipient is a kind of functional material
with better physical properties, and its various physi-
cal indexes are better than the single material or ordi-
nary mixture, which greatly improves the cost effective-
ness. At present, excipient co-processing technology
mainly includes melting granulation, spray drying and
so on.1*% 31 However, the use of co-processing excipient
is limited by its fixed proportion, and the fixed propor-
tion of excipient is not the best proportion in preprepara-

Journal of Pharmaceutical and Biopharmaceutical Research (©) 2019 by Syncsci Publishing. All rights reserved.



Mingxian Gu, et al. SeDeM Expert System: A review and new perspectives 45

tion.[0!

The SeDeM Expert System provides an intuitive spec-
trum of powder properties. The excipients were charac-
terized by SeDeM Expert System, and the defects of the
excipients, such as poor fluidity, were studied accord-
ing to the characterization atlas. The related treatment
schemes, such as airflow crushing, were designed, and
then the processed excipients were re-characterized by
SeDeM Expert System. Study the changes after process-
ing. For the design of co-processing excipients, the com-
plementary excipients can be selected as co-processed
excipients according to SeDeM Diagram. After process-
ing and mixing, the co-processing excipients can be char-
acterized by SeDeM Expert System and verified by di-
rect pressure experiments. Combined with SeDeM to
design co-processing accessories can reduce unneces-
sary work and time. According to the SeDeM Expert
System, several kinds of co-processed excipients are de-
signed, and the database of co-processing excipients is
established so as to select the proportion of excipients
needed by different prescriptions.

5 Conclusions

With the wide use of DC technology in pharmaceutical
industry, it is important to use a more convenient method
to analyze API and excipients and their mixtures which
can be compressed directly. Through the summary and
analysis above, SeDeM Expert System can be used to
analyze and correct the direct compressibility of various
kinds of drug powder, and it can be used in the study
of different formulations, which can directly reflect the
properties of powder science.

At present, the API and excipients of different batches
or different kinds, different manufacturers, different
chemical family excipients have been characterized by
SeDeM Expert System, and the differences of powder
properties between them have been analyzed. However,
the SeDeM system is not particularly complete. With
the continuous emergence of problems encountered in
the experiment, the SeDeM Expert System should be im-
proved accordingly.
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