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ABSTRACT

The study focused on the development of a solid dispersion system (SDs) consisting of atorvastatin (ATV);
berberine (BER); polymers: eudragit®L-100 (EDL) and polyvinyl pyrrolidone K 30 (PVP-K 30) to enhance
the solubility and dissolution of poorly water-soluble drug and inclusion of bioenhancer in combination. The
SDs were formulated using the conventional melting technique. The ATV, BER, PMs, and SDs were studied
for the initial level of interaction by Fourier transforms infrared spectroscopy (FTIR). Further, SDs with
satisfactory in-vitro dissolution were subjected to solid-state characterization by scanning electron
microscopy (SEM), differential scanning calorimetry (DSC), and X-ray crystallography (XRD). SDs-5
formula containing ATV: BER with EDL®L-100 (1:1:5), ATV: BER: PVP-K30 (1:1:5) showed the
satisfactory formation of the tertiary mixture and better dissolution as compared to other ratios, physical
mixing and pure form of drugs. The phase solubility studies revealed enhanced solubility with both polymers
but more found with PVP K 30 as compared to EDL®L-100, although both are hydrophilic polymers, the
ease of hydrogen bond formation of PVP K 30 builds more profound solubility. FTIR study showed the
absence of interaction. DSC and XRD studies indicated decreased crystallinity in SDs. SEM of SDs further
confirmed there were no observable drug particles on the surface. Based on the results, the in-vitro
dissolution of the ATV was improved with ease in the incorporation of berberine through the SDs method.
Hence, solid dispersion techniques can be effectively used for inclusion as well as for solubility
enhancement.
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INTRODUCTION:

Atorvastatin Calcium (ATV) is well known HMG-
Co-A reductase inhibitor; help to lower plasma
cholesterol level by interrupting endogenous
cholesterol synthesis hence, makes it the ideal
agent to treat all types of hyperlipidemia, and as a
first-line agent for treatment®. Also for primary
prevention of risk associated with myocardial
infarction and other cardiovascular diseases?.
Subsequently, poor aqueous solubility and low
bioavailability of 12 % contribute to severe first-
pass metabolism hence, Biopharmaceutical
Classification System (BCS) places ATV in class
Il drug®®.  Lipid-lowering efficacy of ATV
depends on doses, so higher doses have to be
given to achieve the therapeutic concentration,
which may direct dose-related side effects®.
Various strategies were used, that could improve
ATV  solubility  like  co-crystallization®,
nanoparticle formulation’, self-emulsifying drug
delivery system (SEDDS)?, and solid dispersion
9,10

Berberine is a dietary isoquinoline alkaloid that
occurs in the root and stem bark of Berberis,
Berberis aristata, and also in Argemone Mexicana
with Eschscholzia californica in traces'. It has
gained more research interest for its broad
spectrum of activity as an anti-inflammatory, free
radical scavenging, anti-diabetic, anticancer,
nephroprotective, neuroprotective, antiplatelet,
antibacterial, and antiobesity activity!>*. The low
water solubility of berberine in food and the
gastrointestinal tract limits the exploitation of its
health-promoting properties *

Poor oral bioavailability usually results from drug
metabolism, a substrate for p-gp, and poor
solubility, and thus, a major challenge for its
effectiveness as an oral dosage form'’. This
problem can be overcome by incorporating the
drug in a hydrophilic carrier®®. Solid dispersion is
most of the most promising approach for
increasing the drug dissolution rate and it can be
carried out by many methods?®. Also can be used
for taste masking purposes®. It is a molecular
mixture of poorly water-soluble drugs in
hydrophilic carriers where the polymer drives the
release profile?.

Eudragit®L100 (EDL) is an  anionic
copolymerization product of methacrylic acid and

methyl methyacrylate. The ratio of the free
Eur. Chem. Bull. 2023, 12(Special Issue 10), 2853 - 2867
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carboxyl group to the ester is 1:1 approximately in
a polymer. The increase in solubility of a polymer
depends on its concentration and the pH of the
system. Eudragit polymers have been extensively
evaluated for the release of various drugs and
found to be effective 222,

Polyvinyl pyrrolidone (PVP K-30) are non-ionic
polymer soluble in water and organic solvents and
is pH stable. It binds with hydrogen bonding with
the drug and also increases in viscosity further
inhibiting the formation of crystalline nuclei of the
drug thus making the drug in a more amorphous
state this property increases the solubility of a
drug in the presence of a polymer?.

The melting method used for the formulation of
solid dispersion was quite easy and solvent-free
method, however, this method commonly operates
at high temperatures (more than 100 °C) which
could suffer from the stability of the drug, this
issue can be resolved by using a control
temperature system like a hot plate where the
temperature could be assured and cost of the
solvent can be minimized®: 2.

The concomitant use of herbs affects the
pharmacokinetic properties of drugs. It may lead
to beneficial effects or therapeutic failure with
toxicities?”. The bioavailability enhancement of
poorly soluble drugs by co-administration with
bio-enhancers has drawn increased attention in the
research area?® 2° %0 Rather, the pre-treatment of
bio-enhancers can be incorporated into a single
system by improving the solubility of both
components, this makes it patient-friendly. So,
This study mainly focused on combining
bioenhancers from a natural source with a
synthetic source in a single composite
compartment with better functionality than the
individual drug, So that the dose-depending side
effect of statin therapy can be minimized,
frequency of dosing to avoid the possible
resistance, also to overcome the limitation of
berberine for desirable therapeutic effect with
improved solubility.

Therefore, the main goal of the current study was
to explore the feasibility and ease of formation of
solid dispersion of atorvastatin with the inclusion
of berberine, also study aimed to enhance the
solubility and dissolution rate of drugs by using
solid dispersion formulation via the conventional

melting method. However, there are limited
2854
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studies done in a combination of both. Only
studies with the pretreatment of berberine were
explored.

MATERIAL AND METHODS:

Materials:

Atorvastatin calcium was gifted by Hetero
Laboratories Private Limited, India. Berberine
was procured from Tokyo Chemical; Japan while
eudragit®L100 and PVP K-30 were provided as a
gift sample from Anshul Life Sciences Mumbai,
India. All the required chemicals were purchased
from Loba Chemie Pvt. Ltd Mumbai, India.
Throughout the study, double distilled water was
used and all other compounds were of analytical
grade quality only.

Methods
Solubility  and
optimization
Phase solubility and saturation solubility by
Higuchi and Connor's method were tried for
polymer  concentration  determinations  to
understand the effect of polymer concentration
and the amount of polymer required for enhancing
the solubility. Initially, an excess of ATV and
BER was separately placed in a screw-capped
glass vial with dissolution medium (10ml, pH 1.2
HCL) containing eudragit®L 100 and PVP K 30
with different concentrations in respective ratios
1:3, 1:4, 1:5 3L, After the concentration of polymer
which shows enhanced solubility was further
tested in PM and SDs. The same process was
applied to the physical mixture and prepared SDs.
Then the samples were shaken at 37+0.5 °C for 24
h in a rotary shaker (REMI 12 L). Samples were

Polymer  concentration
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filtered through a 0.45 pm Whatman filter paper
after 24 h. The filtrate was diluted and examined
spectrophotometrically (UV-visible
spectrophotometer, XE-3200 Lab India) at 247
nm for ATV and 348 nm for BER. The data were
correlated with the previously reported studies *.

Preparation of Solid Dispersion

The SDs of atorvastatin with the inclusion of
berberine comprising three distinct stoichiometric
weight ratios (1:1:3, 1:1:4, 1.1:5; w/w)
(atorvastatin: berberine: eudragit®L100 and PVP
K 30) were formulated by melting method as
reported with little modification®. Atorvastatin,
berberine, eudragit®L100, and PVP K-30 were
heated; the order was decided according to the
melting point of all the drugs and polymers with
vigorous stirring. The molten mass was then
solidified by keeping it at room temperature. The
congealed mass was pulverized and passed
through sieve number 30 meshes, packed in an
airtight container, and stored in a desiccator till
further testing. The prepared SDs with two
polymers were named accordingly, SDs L3, SDs
L4, SDs L5, and SDs K3, SDs K4, and SDs K5
respectively.

Preparation of Physical Mixture

Physical mixtures [PMs] with the same weight
ratio as SDs were prepared by mixing them in a
mortar and pestle to get a homogeneous mixture
and designated for eudragit®L100 and PVP K 30
as PM-L3, PM-L4, PM-L5, and PM-K3, PM-K4,
PM-K5. The physical mixtures were kept in a
screw-cap vial in a silica desiccator until they
were used

Drug: bioenhancer: carrier Ratio Physical mixture Melting method

1:1:3 PM- L3 SDsL3
Atorvastatin: Berberine: Eudragit®L 100 | 1:1:4 PM- L4 SDsL 4

1:1:5 PM -L5 SDsL5
Atorvastatin: Berberine: PVP K -30 1:1:3 PM- K3 SDsK 3

1:1:4 PM- K4 SDs K 4

1:1:5 PM -K5 SDs K 5

Table 1: Composition of the physical mixture and solid dispersion prepared by the melting method

*Name of the formulations

PM: Physical mixture prepared with atorvastatin, berberine, eudragit®L100, and PVP K 30 in a different

ratio of polymer.

SDs L and SDs K: Solid Dispersion of both drugs with eudragit®L100 and PVP K 30.

Eur. Chem. Bull. 2023, 12(Special Issue 10), 2853 - 2867
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Estimation of drug content

The ATV and BER content present in a prepared
SD formulation was calculated using the
previously described method 34, Shortly, ~20 mg
equivalent amount of SDs was put into a 100 ml
volumetric flask in 10 ml of methanol and diluted
with freshly prepared 90 ml of 1.2 pH HCI buffer
with proper mixing and then filtered by using 0.45
um membrane filtration. A specific amount was
taken from the above stock solution and further
diluted. Then by using a UV-visible
spectrophotometer (Lab India, Model- XE 3200),
the absorbance was measured at 247 nm and 348
nm (wavelength was selected based on UV
scanning and by plotting of calibration curve)
respectively against blank. All the values are
taken in triplicate and then calculated by using the

following equation.
Measured Content

Drug Content= x 100

Theoretical content

In-vitro dissolution studies

In vitro dissolution studies of pure ATV, BER,
PM, and prepared SDs were performed in 1.2 pH
HCI using USP type Il paddle dissolution
apparatus as per the reference available in the
literature. The temperature was maintained at 37
+0.50C at 50 rpm. Formulated SDs-L 5 and SDs-
K 5 were selected for the dissolution studies as per
the result obtained in polymer concentration
optimization where the ratio followed the highest
solubility as per Higuchi and Connor's method.
~20 mg of ATV, BER, PM, and formulated SDs
of ratio (1:1:5) were taken for the dissolution
study and mixed into 900 ml of dissolution
medium in the dissolution flask. At fixed time
points the 5 ml sample was withdrawn from the
medium and replaced with fresh medium to
maintain the sink condition. The sample was
filtered if necessary and analyzed
spectrophotometrically at a  predetermined
wavelength at 247 and 348 nm against the blank.
All the experiments were carried out in triplicate
and the mean value result was presented 5,

Fourier Transform Infrared Spectroscopy
(FTIR)

Bruker spectrometer (ALPHA, I1IE, FT-IR
SPECTROMETER) was used for the
measurement of FTIR spectra of pure ATV, BER,

Eur. Chem. Bull. 2023, 12(Special Issue 10), 2853 - 2867
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physical mixture [1:1:5], and selected solid
dispersion. The FT-IR connected software O/IR
8.0+, OPUS/IR, package version 8.0 was used to
investigate the compatibility of both drugs and
used polymers. The scan range for sample
investigation was between 4000-400 cm™ using a
spectra resolution of 4 cm. The earlier developed
process was followed for FTIR interpretation®’-,

Differential Scanning Calorimetry (DSC)

A Differential scanning calorimeter Mettler
Toledo with STARe Software (DB V 16.40) was
used for the DSC study with a previously
established method for the determination of
thermal properties of plain ATV, BER, and
polymers with prepared SDs. Briefly, 2 mg
weighed samples were placed in covered
aluminum pans and heated in a scanning oven
under nitrogen flow at a rate of 10 0C min-1 from
25 0C to 400 0C. 50 ml/ min 3940,

Powder X-ray (PXRD)

In this, samples of pure ATV, BER, PM, and
selected SDs formulations of both polymers were
analyzed using the PXRD instrument Rigaku
Miniflex benchtop X-ray diffractometer, 600 CU
K ALPHA. The ~50 mg of sample were placed
into the section and CuKa radiation was used to
irradiate the samples. The produced diffraction
pattern for each sample and prepared SDs were
studied at angle 26, with a range scale of 10 to 70.
The changes in the peak which represent the
crystallinity phase were noted and compared with
the reported study 142,

SEM Studies

Pure ATV, BER, their physical mixture, and
prepared SDs morphology were explored by
scanning electron microscopy (Carl Zeiss, Supra
55, Germany) The sample was fixed using mutual
conductive adhesive tape on aluminum stubs and
sputter-coated with a gold layer at 20 mA for the
30s in an ion sputter coater pressure of 8-10 pa
before the observation at an accelerating voltage
of 20 kv,

STATISTICAL ANALYSIS
To compare the obtained variation between the
test samples, the two-way ANOVA was used for

the statistical analysis using the Graph Pad Prism
2856
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software tool. The data is displayed as mean +
standard deviation. A p-value of 0.005 or less was
regarded as statistically significant.

RESULTS AND DISCUSSION:
Solubility and  Polymer
optimization

The preliminary solubility studies for optimization
of concentration and effect of polymer on the
solubility of pure ATV and BER were depicted in
Table 2, indicating that, the solubility of ATV and
BER was significantly affected by the
concentration of eudragit®L100 and PVP K-30. It
was observed that the concentration and nature of
the polymer was also an important criterion for
enhancing the solubility of drugs. When
eudragit®L 100 and PVP K-30 were used in

concentration
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of polymer increases the solubility at a certain
level which is further confirmed with dissolution
studies. The highest increase in solubility was
found with the 1:5 ratio of the polymer. The
physical mixture containing ATV, BER, and
polymers showed enhanced solubility as
compared to a plain drug, but less when compared
with the SDs as described in Table 2. Amongst the
two polymers, more solubility was observed with
PVP-K 30 which contributed to the hydrophilic
nature of the PVP K 30 molecule as it easily forms
the hydrogen bond with the molecule. The
reported concentration of eudragit®L100 and PVP
K-30 also suggested the significant involvement
of drug and polymer compatibility. Also, the
concentration of polymer may improve the
complication of its water-soluble nature.

different ratios, the increase in the

concentration

Drug: Carrier ratio Solubility (ug/ml) | Drug to Carrier ratio Solubility (ug/ml)
Pure ATV 29.45 +0.26 Pure BER 21.59 £ 0.45
ATV: eudragit®L100 (1:3) | 31.79 £ 0.31 BER: eudragit®L100 (1:3) | 22.76 + 0.31
ATV: eudragit®L100 (1:4) | 46.23 +0.05 BER: eudragit®L100 (1:4) | 40.71 +0.08
ATV:eudragit®L100 (1:5) | 54.22 + 019 BER: eudragit®L100 (1:5) | 51.50 +0.31
ATV : PVP K-30 (1:3) 35.96 + 0.16 BER: PVP K-30 (1:3) 23.33+0.49
ATV : PVP K-30 (1:4) 48.20+0.11 BER: PVP K-30 (1:4) 42.88 + 0.08
ATV : PVP K-30 (1:5) 57.44 +0.19 BER: PVP K-30 (1:5) 55.97 +0.22

Table 2: solubility data for initial concentration of polymer

Content Solubility (ug/ml) | Content Solubility (ug/ml)
PM-L (1:1:5) | 57.44 £0.19 PM-K (1:1:5) | 62.28 + 1.68
SDs-L 5 87.25+1.25 SDs-K-5 92.12+1.45

Table 3: solubility data for physical mixture and solid dispersion.

Drug Content analysis

The drug content of different physical mixtures
and solid dispersion were studied. The drug
contents of all the physical mixtures and solid
dispersions were found within the range of 86.07
+0.11.

In vitro dissolution study result

The rate-limiting step for the absorption of the
poorly soluble drug is the dissolution rate. Thus,
they showed dissolution-dependent
bioavailability. The dissolution study of all drug
samples, physical mixture, and solid dispersion
was performed in 1.2 pH HCL. Fig. 1 revealed
the comparative release performance of ATV and

Eur. Chem. Bull. 2023, 12(Special Issue 10), 2853 - 2867

BER from pure form, their physical mixture, and
both formulations. The pure ATV showed about
~29.45% berberine was about ~21.59 %, the
physical mixture with polymer eudragit®L100
was about ~58.44 % and the physical mixture with
PVP K-30 polymer was ~64.23 % whereas the
formulated SDs with both polymers showed
~88.52 % with eudragit®L100 and ~93.45 %
with PVP K- 30 polymer in first 60 minutes,
indicating that, improvement of dissolution may
be contributed to hydrophilic polymer PVP K30,
which can reduce the interfacial tension between
the drug and the releasing medium. Also, the
reduction in the particle size during the process of
solid dispersion formulation could be another

2857
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assisted mechanism for the improvement in
dissolution. The dissolution was found to be more
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in SDs as compared to physical mixtures and pure
drugs.

SDs- K
SDs L
PM- K
PM-L
Pure BER
Pure ATV

bttt

T T T T T T T
O 10 20 30 40 50 60 70

T
80

Time in mins

T T T 1
90100110120130140

Figure 1: A comparative In -vitro dissolution study of solid dispersion, their physical mixture, and pure
ATV and BER

FTIR analysis

Figure. 2 (A to D) shows the FT-IR spectrum of
pure ATV, BER, physical mixture, and prepared
SDs. It was used to ascertain the interaction of
drugs and polymer if any. The spectrum of pure
ATV (fig. 2A) exhibited characteristic peaks at
1660cm-1(C-O carboxylic acid stretching), 2930-
1 (C-H stretching), 3200-3500 cm-1 represent (O-
H stretching, due to intermolecular hydrogen
bond), 1400-1600-1 with three peaks (C-C
aromatic stretching),1215 cm-1 (C-F stretching),
834 cm-1para substitution of benzene cause ring
vibration. The spectrum of pure BER (Fig. 2B)
showed identified peaks at 1506 cm-1 (aromatic
C=C stretching), 3049 cm-1 (C-H stretching due

Y88 990 W2 W4 Wb We

R —
8852 —

BB —
3B —
L6 —

to aromatic nature), 1597 cm-1 (C=N stretching to
imine group), 1362 cm-1(C-H deformation to
aromatic). Comparing PM-L (fig.2 C) shows
retention of original peaks and the same is a
condition for PM-K (fig. 2D). While SD-L (Fig. 2
E) and SD-K (fig.2 F) showed O-H between 3200
and 3500 cm-1 and C=0O stretching at 1660 cm-
lin ATV spectrum was replaced by a broader
band in SDs, indicating possible hydrogen
bonding of drug and polymer and this could
prevent the drugs recrystallization and increase the
stability of SDs. Additionally, the spectrum
exhibits the retention of ATV, and BER peaks in
the lower frequency range, proving that ATV,
BER, and polymer do not interact with each other.

T T
3500 3000

Eur. Chem. Bull. 2023, 12(Special Issue 10), 2853 - 2867

2858



Solubility Enhancement Of Atorvastatin Solid Dispersion With The Inclusion Of Bioenhancer

Section A-Research paper

o
w i
S C >
=
= i
=
bz
= i
=
=1
= i
=
wn
o i
=
=
= i
=
T T == T T T
3500 3000 2500 2000 1500 1000
wWavenumber cm-1
| o 3
w2
o i
=S
=
= i
s
-
o i
=
1
= i
=
=1 N B
g g E2
, , , , . ,
3500 3000 2500 2000 1500 1000
wWavenumber cm-1
= IIBRUKER
ES
=
2 4
B
-
= J
=
~
3 J
.
= J
B
=
3 J
=
=2
5 J
=
=
= J
=
2 s = = 3 %528 S 3 soes
& E& & g & EEEE g g EEEE]
. . . . : .
3500 3000 2500 2000 1500 1000
Wavenumber cm-1
4 BRUKER
3 4 <D
H
s
3 —
3
H
o
= i
=
oo
= i
S
—
o3 —
=
o = 2 2=
&5 & =] B3
: : : : : :
3500 3000 2500 2000 1500 1000

Wavenumber cm-1

E) SDs-L-5

Eur. Chem. Bull. 2023, 12(Special Issue 10), 2853 - 2867

2859



Solubility Enhancement Of Atorvastatin Solid Dispersion With The Inclusion Of Bioenhancer

Section A-Research paper

P K E R

i l T
a‘f""

1

W4 WY WO W WE WY

BB~
%~
B0~

606 —

8B ~_

0y —
6619 ~—
634 —

T
3500

F) SDs- K-5

Figure 2: FT-IR Spectra of (A) Pure ATV (B) BER (C) PM by eudragit®L 100 (D) PM by PVP K -30
(E) SDs- with eudragit ®L 100 (F)SDs with PVP K -30

DSC
The DSC of ATV, BER, PM-L, PM-K, and SDs

are displayed in Fig. 3 (A-F). The thermograms of
ATV(fig.3 A) showed two endothermic peaks, a
broad peak at 800C-1200C is related to water loss,
followed by another endotherm recorded at 1550C
-1700C corresponding to the melting of
atorvastatin, the third peak 210-2500C may be
attributed to a degradation product of ATV.

While the thermograms of BER showed, at
100.10°C, 192.62°C, and 288.86°C, the melting

endothermic peak at 288.86°C. The DSC curve of
the PM L 5 and PM-K 5 showed a shifted peak on
lower transition energy which could easily
accommodate the drug entrapment with the help
of polymer. While no endothermic peak related to
pure ATV and pure BER was observed in SDs L-5
and SDs K -5, which revealed that, the dispersion
of drug molecules in the polymer solution
occurred. The thermal changes that occur in DSC
graphs confirm the formation of SDs, this was
again confirmed by XRD and SEM studies.

TATIN, 23.02 2021 1

Releas:

25
E!
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Figure. 3 DSC thermograms of (A) ATV, (B) BER, (C) PM-L (D) PM-K (E) SD-L 5 (F)SD-K 5

PXRD study exhibited sharp and intense diffraction peaks at 26
Powder X-ray diffraction could further values of 10.29, 10.55, 11.84, 12.19, 19.44 21.57,
verification of drug crystal conversion. The PXRD 22,59, 23.29, 23.68, 24.44, 28.98. The sharp
pattern was depicted in Fig. 4. The pure ATV characteristic peak at diffraction angles (20) of
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13.34, 16.65, 25.77, and 32.47 was observed with observed in SDs which might correspond to the
pure berberine indicating the presence of diffraction of polymer eudragit®L100 and PVP
crystallinity. All the peaks' intensity reduced in a K-30

physical mixture while only one major peak was
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Figure 4. X-RD (A) ATV, (B) BER, (C) PM-L (D) PM-K (E) SD-L 5 (F)SD-K 5

SEM

SEM images of pure ATV, pure BER, and
corresponding SDs of both polymers are shown in
Figure 5 (A-D). ATV demonstrated a rod-shaped
crystal lattice (Fig. 5(A)). The morphological
features for BER (Fig. 5(B)) were observed as

Eur. Chem. Bull. 2023, 12(Special Issue 10), 2853 - 2867

cuboidal shapes. The emergence of the new
morphological shape was observed in SDs (Fig. 5
(C) and (D)). The distortion of both shapes was
seen compared to the pure drug indicating the
efficient formation of the SDs System.
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D) SDs L 5 (EDL 100)

Figure 5. SEM of (A) ATV (B) BER (C) SDs K 5 (D) SDs L 5

CONCLUSION:

The present work can be used for the formulation
of tertiary solid dispersion which improves the
solubility of atorvastatin and berberine compared
to the physical mixture and the pure drugs. To
identify the physical state of the drug in SDs,
PXRD was adopted and it revealed the reduction
in crystallinity of the pure drugs. Furthermore, the
absence of shifts in the FTIR peaks of the solid
dispersion compared to the physical mixture
indicates a lack of significant interaction between
the drug and herb, components in the solid
dispersion. In conclusion, this study proves that it
is possible to increase the solubility of poorly
water-soluble by preparing it as a solid dispersion.
Further, it can be concluded that, based on
solubility and dissolution data, the expected
increase in bioavailability may be observed which
will be checked for pharmacokinetic and
pharmacodynamic studies of the formulation.
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