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Abstract

Cirrhosis can arise in consequence of an exogenous/ toxic, infectious, toxic/allergic, immunopathological/
autoimmune, or vascular process or an inborn error of metabolism. The commonest causes of cirrhosis in Germany
are alcoholic and non-alcoholic fatty liver disease and viral hepatitis (B or C). Among these causes, the most
common of all is alcoholic fatty liver disease, which caused 8619 deaths in Germany (8.9 deaths per 100 000
population) in 2009 and thus ranks among the country’s top 20 causes of death. Cirrhosis is rising in importance
as a public health problem: the number of deaths from cirrhosis per 100 000 population doubled from 5 in 1980
to 9.9 in 2005. Autopsy studies have revealed fatty liver disease in 70% of overweight persons and in 35% of
persons of normal weight. They have also revealed cirrhosis in 18.5% of overweight diabetics. 0.5% of the German
population are chronically infected with the hepatitis B virus, and 0.5% with the hepatitis C virus. The aim of this
study is to develop, characterize silymarin loaded Solid lipid nanoparticles for the treatment of psoriasis.

INTRODUCTION

Cirrhosis is the last stage found by various chronic liver diseases after years or decades of slightly slow
progression. There are, however, method to prevent cirrhosis, because the diseases that most showed it progress
slowly, and measures are available to prevent and treat them. Moreover, most cases of hepato - cellular carcinoma
(HCC) occur in a cirrhotic liver, so cirrhosis hampering is, in fact, also HCC prevention. The risk of developing
HCC depends on the underlying disease: It is low, for example, when the underlying disease is autoimmune
hepatitis (2.9% in 10 years) (1), and high when the underlying disease is chronic hepatitis B with a viral burden
greater than 107 copies/mL (19.8% in 13 years) [1]. Aside from chronic viral hepatitis, fatty liver disease due to
any of the very common underlying disorders (obesity, diabetes, alcohol abuse) commonly progresses to cirrhosis
and thus merits both specialized medical treatment and close follow-up by the primary-care physician. This article,
based on a selective review of the literature, deals with approaches to cirrhosis prevention that involve the proper
diagnostic work-up for early detection of chronic liver disease, followed by risk-adapted treatment [2]. Silymarin
showed low solubility and low permeability. It is an extract of Silybum marianum, or milk thistle, and its major
active compound is silybin, which has a remarkable biological effect. It is majorly used in different liver disorders,
particularly chronic liver diseases, cirrhosis, and hepatocellular carcinoma, because of its antioxidant, anti-
inflammatory and antifibrotic power [3]. Silymarin, an extract of the milk thistle (Silybum marianum), is a
mixture of flavonoids and polyphenols; Silibinin is its major bioactive constituent. Silymarin is a well-known
hepatoprotective drug which has been shown to have antioxidant, anti-inflammatory/immunomodulatory, and
antifibrotic properties in various in vitro and in vivo animal models. Its antioxidant activity is most likely to
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attenuate the pathologic effects initiated by oxidative stress in the liver, which influence pathways of
inflammation, necrosis, and fibrosis in chronic liver disease. Silymarin is therefore used to treat numerous liver
disorders characterized by degenerative necrosis and functional impairment. Silymarin, however, has a very poor
aqueous solubility, improper tissue distribution, and gastric degradation. Recent studies developed silymarin in
nanoscale were evaluated on paracetamol-induced and CCl4-induced hepatotoxicity. Those and others proved an
improvement in pharmacokinetics and bioavailability of silymarin and improvement in liver functions with no
attention given to the resolution of fibrosis [4]. However, silymarin coated gold nanoparticles promoted
extracellular matrix (ECM) degradation, hepatic stellate cells (HSCs) inactivation with strong enhancement of
hepatic regenerative capacity in CCl4-induced liver injury and cirrhosis.

MATERIALS AND METHODS

Silymarin was obtained as gift sample from Organic India Company, New Delhi, and sodium hydroxide from
Central Drug House (P) Ltd. New Delhi, Ethanol was purchased from Loba Chemie Pvt. Ltd., Mumbai and All
other reagents and chemicals used were of analytical grade.

PREFORMULATION STUDIES
Silymarin was evaluated for its organoleptic properties viz. nature, color, odour and taste.
Partition Coefficient
The partition coefficient of Silymarin was determined by shake flask method.10 mg of drug was placed in octanol
and water (1:1) in a separating funnel. The funnel was kept in a mechanical shaker for 24 h to attain equilibrium.
The aqueous layer was separated from octanol it was filtered through Whatman filter paper (0.45um) and dilution
were made for analyzing spectrophotometric analysis [5]
The formula for calculating log P is as follows:
LOg p= Concentrat.ion'in organic phase

Concentration in aqueous phase
Solubility study:
To determine the solubility of Silymarin in different solvent systems, the saturated solution of drug was obtained
by placing an excess amount of drug in various solvents at 25°C in a mechanical shaker for 72 h to attain the
equilibrium [6]. The samples were withdrawn and filtered with whatman filter paper (0.45um) and analyzed by
UV spectrophotometer [7, 8].

IDENTIFICATION OF DRUG

To confirm the identity of Silymarin procured before proceeding to its formulation in to Solid Lipid Nanoparticles
formulation system, UV spectroscopy and DSC were employed.

UV spectroscopy analysis:

The UV spectrum of Silymarin was obtained in ethanol and phosphate buffer saline (PBS 7.4) using Shimadzu
UV-1601 UV spectrophotometer (Shimadzu crop. Kyoto, Japan) Sample were scanned over a wavelength range
of (200-400mn) [5].

IR spectroscopy analysis:

Accurately weigh amount of KBr (0.3g) previously dried 250°C for 1 hour, cooled and powdered. Silymarin 1-2
mg was added in to it mixed and grinded to a uniform mixture. Small quantity of mixture was taken and
compressed in to a thin semi-transparent pellet by applying pressure. The IR spectrum of the pellet was recorded
using FT/IR-4100 IR Spectrometer (Bruker) [8].

Analytical methodology:

Analytical methodology using UV spectrometer was employed for the purpose of quantification of Silymarin at
various stages.

Preparation of calibration curve in ethanol

To prepare stock solution accurately weighed 10 mg of Silymarin was placed in 100 ml volumetric flask and
ethanol was added to dissolve the drug and make up the volume. From this stock solution of 100pg/ml serial
dilution were prepared in concentration range of 2-10ug/ml using the same solvent. The absorbance values at
284nm corresponding to each concentration were recorded. A graph plot between concentration (X-axis and (Y-
axis) was plotted.

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 7 | 2022 M




Annie Gupta,et.al : Development, Characterization and Validation of Silymarin Loaded Solid Lipid Nanoparticles for the Treatment of Liver
Cirrhosis

Preparation of calibration curve in Phosphate buffer saline (PBS) of pH 7.4

Calibration plot was constructed from 2-10ug/ml in PBS pH 7.4. To prepare stock solution accurately weighed
10 mg of Silymarin was placed in 100 ml volumetric flask and PBS 7.4 pH was added to dissolve the drug and
make up the volume. From this stock solution of 100ug/ml serial dilution were prepared in concentration range
of 2-10pg/ml using the same solvent. The absorbance values at 284nm corresponding to each concentration were
recorded. A graph between concentration (X-axis and (Y- axis) was plotted [7].

Differential scanning calorimetry analysis:

The DSC thermogram of Drug was obtained. Nitrogen gas flow was 60 ml per minute. Sample were weighed
about 1-2 mg, sealed in a aluminum pan of 40 pL capacity and equilibrated at 10°C, was subjected to the DSC
run over the temperature range of 10 to 100°C at a heating rate of 10°C. The temperature was calibrated using
pure drug sample with a melting point of 225.°C [9].

PRELIMINARY STUDIES

Selection of Lipid and Surfactant:

Solid Lipid was selected based on solubility of drug in lipid and surfactant was selected based on percentage
transmission.

Formulation development:

Optimization of formulation is very necessary to obtain a desirable product. Along with concentration of Lipid,
the method for formulation should also be optimized as it finally affects the formulation [10].

PREPARATION OF SOLID LIPID NANOPARTICLES

High Sheer Homogenization Method

Lipid Phase (100 mg stearic acid) was taken and 200 pl each oil, Peppermint oil, Eucalyptus and Lavender oils
were also taken in the same Beaker and required amount of drug was also added in to it.

Aqueous Phase Surfactant was used as stabilizer 1 ml Tween 80 and 1 ml Co-Surfactant Labrasol was used when
both the Phases prepared. Oil phase was added in to aqueous phase at homogenization speed 20000 rpm and
sonicate the SLN to get desire Nano Size [10, 11].

DESIGN OF EXPERIMENTAL RESULTS OF SILYMARIN LOADED SLN

NANOPARTICLES
Experimental design
In this study a 17 run, 3 factors, 3 level Box-Behnken design was employed to construct polynomial models for
the optimization of process because it requires few runs with 3or 4 variables. This design was suitable for the
investigating the quadratic response surface and for constricting second order polynomial using Design- Expert
Software, the design consisted of replicated center point and a set of point lying at the mid points of edge of the
multi-dimensional cube, which defined the region of interest used to evaluate the main effects, interaction effects,
and quadratic effects of formulation ingredients, and to optimize the formulation. The linear quadratic model
generated by the design [12].

Table: 1 Independent and dependent variables range lower to higher.

Factors Coded Levels

Independent variable Low (-1) Medium (0) high(+1)
X 1= Stearic Acid (mg) 30 500 1000
X2=Tween : Transcutol P (%) 1 25 3
X3=Sonication time (min}) 5000 12500
25000

Dependent variables Constraints

Y 1=Size (nm) (100-400)

Y 2= Polvdispersity Index (PDI) Minimum

Y 3= Entrapment Efficiency 100%
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Particle size, polydispersity Index (PDI)

Solid Lipid Nanoparticles were characterized by Zetasizer ® ( Nano ZS, Malvern Instrument, UK) with respect
to size, polydispersity index (PDI) and. The zeta sizer was equipped with a red laser of wavelength A0=633 nm
(He-Ne, 4.0 MW). Particle and polydispersity index (PDI) were analyzed by photon correlation spectroscopy
(PCS) Sample was diluted in MilliiQ- water to measure the size, polydispersity index ((PDI) [13].

Drug Encapsulation Efficiency (EE) and Loading Capacity (LC)

The fabricated Solid Lipid Nano particles was centrifuged in a cooling centrifuge at 15000 rpm at 4°C for 15 min.
The amount of Drug was calculated as the difference between the total amounts used to prepare the SLN and
amount present in supernatant. Freeze dried Solid Lipid Nanoparticles ware used for determining drug loading
capacity. SLN. (50 mg) were dissolved in distilled water by stirring for 24 h at 1000 rpm and ultrasonicated for
10 min at 60 magnitude and 0.8 cycles, this colloidal dispersion was filtered by 0.2um membrane filter. The drug

concentration was calculated by UV spectrophotometer by observing the absorbance at 288nm [14].
Total drug—Free drug

Entapment efficiency(EE) = x 100 .... Equation

Total amount of drug
Total drug—free drug

Loading Capacity (LC) = x100 ......... Equation

Nanoparticles weigh

CHARACTERIZATION OF OPTIMIZED NANOPARTICLES

Particle Size and Morphology

The particle size of selected SLN formulation were observed using Transmission Electron Microscopy (TEM)
Tecnai G2 S-twin, FEI, Netherland operating at 120 KV at the scale of 500nm which capable of point-to-point
resolution. For preparing TEM samples a small amount of NPs were dispersed in phosphate buffer of pH 6.8.
Samples dropped on to copper grids, dried at room temperature and examined. Images were captured and analyzed
using Keen View FM and Olympus Soft Imaging Viewer respectively with 5000 X magnification [11, 13].

IN VITRO DRUG RELEASE STUDIES OF SILYMARIN SOLID LIPID NANOPARTICLES

Dialysis membrane specification

The dialysis membrane used in the study was cellulose membrane (Sigma USA), tubing as such without treatment
is stored at room temperature. Its capacity was 60ml/feet; average flat width was 23mm. its molecular weight cut
of was 12000g/mol. Before the experiment the dialysis bag was treated as mentioned in the reference [9]

IN VITRO STUDIES

Dialysis bag technique

In vitro release of drug from dialysis membrane (Molecular weight cut-off 12000-14000 Da, sigma) was done in
PBS pH 7.4, 37+£2°C. 5ml of the Silymarin Loaded SLN and Silymarin Suspension to 5 ml was placed in dialysis
bag sealed at both the end and then placed in 900 ml PBS maintained over magnetic stirrer at 100 rpm. 3 ml of
sample was withdrawn at selected time interval and were replaced with fresh dissolution medium. Samples were
then analyzed spectrophotometrically after suitable dilution at 288nm. Cumulative amount of drug release was
calculated using equation [15, 16]

nc.(u%)xvlume of release medium(ml)x dilution factor

C
% Drug Release= ° x100 ... equation

intial amount oof drug taken ug

EX -VIVO PERMEATION STUDY

Wistar Rat skin was obtained from animal house. It was kept deep freeze -80°C and then fatty layer was remove
carefully. Rate skin was then stabilized in Franz diffusion cell (Logan instrument Corporation, NJ USA)
containing phosphate buffer pH 6.4 in both donor and accepter compartment. Phosphate buffer from both the side
was removed and then 3ml of SLN formulation and 3ml Silymarin suspended in PBS pH 6.4 as a controlled group
containing drug equivalent was placed in donor compartment of capacity 5 ml and acceptor compartment capacity
11ml was filled with phosphate buffer pH 6.4. Drug was permeating through an area of 0.785cm?2. The 1 ml of
samples from acceptor compartment was removed past appropriate time intervals and was replaced with equal
volume of phosphate buffer pH 6.4 media to maintain sink condition. Samples were analyzed at 288nm using UV
—visible spectrophotometer [17, 18].

Amount of drug permeated through wistar Rat skin 1calculated using following formula:

Amount of drug
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Conc.(u%)x dilution factorX Vol.of release meium (ml)

Permeated = ————————— ... equation
Permeation area( cm2)

RESULTS AND DISCUSSION

Physicochemical characterization of Silymarin drug.

Evaluation of Organoleptic properties

The organoleptic properties of Silymarin was studied and the results are shown in [Table 2]
Table 2. Organoleptic properties of Silymarin

S.No Parameters Inferences

1 Nature Crystalline

2 Color Brown powder
3 Odour Odorless

Partition coefficient
Partition coefficient of Silymarin was performed and it was found to be 1.45 and 1.72. (Reported 1.5) Which
shows that the drug is lipophilic in nature [Table 3].

Table 3. Partition coefficient.

Medium Partition coefficient (log P)
n- octanol : distilled water 1.75

n- octanol : PBS 7.4 1.92

Partition coefficient is >1 Hence the drug is lipophilic

Determination of Melting point
Melting point of Silymarin was found to be 225°C by capillary method. The melting point was found to be in
agreement with the previous reported data 228°C [19].
Solubility determination
The result of solubility is shown in table 4 indicating that the drug is freely soluble in ethanol and soluble in
phosphate buffer saline PH 7.4 [Table 4].

Table 4. Solubility studies of Silymarin in various solvents

Solvent system Descriptive Term
Water 35
Ethanol 154
Phosphate Buffer 7.7 pH | 43
Chloroform 57
180
160
= 140
B 120
:1 100
_E.
= BD
§ 60
=
@ oap
Methano Water Ethano Phosphate Chioroform
Buffer 7.7 pH
Solvents

Figure 1. Solubility graph

IDENTIFICATION OF DRUG
UV spectroscopy
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UV absorption spectra of stock solution (10pg/ml) were scanned for absorbance in the region of 400-200 nm
[Table 5]
Table 5. UV absorption maxima of Silymarin.

Maximum Wavelength (nm) Maximum wavelength
Solvent system (observed) (nm)
(reported)
Ethanol 288nm 287nm
PBS of pH 7.4 288nm 287nm
Table 6. Calibration curve data of Silymarin in Ethanol at 288 nm
S.No. Concentration pg/ml Absorbance pg/mi
1 2 0.416
2 4 0.476
3 6 0.561
4 8 0.613
5 10 0.702
0.8 0,702
0.7
0.6
E 0.5
= 0.4 v =10.0355x + 0.3409
B 03 R*=0.9942
et
0.2
0.1
0 2 4 6 B 10 12
Concentration pg/mil
Figure 2. Calibration of Silymarin in Ethanol
IR Spectroscopy

The FTIR spectrum showing percentage transmission (T %) versus wave number of Silymarin in figure. It shows
the main Peaks, indicated by the appearance of skeletal vibration in the fingerprint region, 1600 cm and 500 cm
[20]. Silymarin API showed same FTIR Spectra as reference compound this indicates that using API is pure and
authentic
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Figure 3. Scan of Sample Reference Compound
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Figure 4. Scan of Sample Silymarin
Differential Scanning Calorimetry Analysis
Differential Scanning Calorimetry Analysis (DSC) of the drug was done to determine its physical state. The
thermogram showed that Silymarin is crystalline substance with sharp endothermic peak at 225°C. It was found
in agreement with reported data (228°C) [21].

DsC
mw
32.00
2,004
o EI Silymarin
1.00 e
=, Plain (drug-free) Niosomes

f e | Silymarin loaded Niosomes

0.00
100.00 200.00
Temp (c)

Figure 5. Differential Scanning Calorimetry Analysis for Reference compound
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Figure 6. Differential Scanning Calorimetry Analysis for Reference compound
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FORMULATION DEVELOPMENT

Optimization of nanoparticles

In this study a 17 run, 3 factors, 3 level Box-Behnken design was employed. This design was suitable for the
investigating the quadratic response surface and for constricting second order polynomial using Design- Expert
Software, the design consisted of replicated center point and a set of point lying at the mid points of edge of the
multi-dimensional cube, which defined the region of interest used to evaluate the main effects, interaction effects,
and quadratic effects of formulation ingredients, and to optimize the formulation. The linear quadratic model
generated by the design [22,23]

Table 7. Independent and dependent variables range lower to higher.

Factors Coded Levels

Independent variable Low (-1) Medium (0) high(+1)

0 500 1000

N

X1= Stearic Acid (mg)

h

X2=Tween : Transcutol P (%) 1 2.5

X3=Sonication time (min) 5000 12500 25000

Dependent variables Constraints

Y1=Size (nm) (100-400)

Y 2= Polvdispersity Index (PDI) Minimum

Y 3= Entrapment Efficiency 100%

Particle Size analysis by Malvern Particle size Analyze
Particle size was found 124nm and Poly-dispersibility was found to be 0.452

System
Temperature (C): 250 Duration Used (s): 60
Count Rate (kcps): 505.5 Measurement Position (mm): 4.65
Cell Description: Disposable sizing cuvette Attenuator: 7
Results
Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 124.4 Peak 1: 202.2 854 92.58
Pdi: 0432 Peak 2: 39.48 146 10.69
Intercept: 0.890 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (Percent)

10000
Size (d.nm)

Record 2: C55 1|

Figure 7. Particle size distribution study
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Figure 8. Silymarin loaded SLN

Figure 9. Formulation Optimization by Box-Behnken Design
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Solid Lipid Nanoparticles were prepared according to the High Sheer Homogenization Method. To carry out the
optimization of Solid Lipid Nanoparticles, first various concentration of drug solubility in solid lipid was
performed. They were optimized for particle size, polydispersity Index (PDI) entrapment efficiency.

Statistical Analysis of Experimental Data by Design Expert Software

The results of experimental design were analyzed using Design-Expert software, which provided considerable
useful information and reaffirmed the utility of statistical design for conducting experiments. The selected
independent variables including Lipid, surfactant, and Homogenization speed significantly influenced the
observed responses for particle size polydispersity index (PDI) entrapment efficiency [24]. Which are presented
in Polynomial equations involving the main effect and interaction factors were determined based on estimation of
statistical parameters such as multiple correlation coefficient, adjusted multiple coefficient correlation, and
predicted residual sum of squares generated by Design-Expert Software. The statistical validation of the
polynomial equation was established by ANOVA provision available in the Software

Fitting of Data of the Statistical Models

The response observed for 15 formulations were simultaneously fitted to linear, second order, Quadratic and Cubic
models using Design-Expert Software. Among all, the best fit model suggested by Software was found to the
Quadratic model.
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Fit Summary

Response 1: Particle Size

| | Source | Sequential | Lack of Fit| Adjuited | Predi:‘ted |
o p-value p-value R R
. Linear 0.2545 0.0898 -0.1078
o 2FI 0.9790 -0.1618 -0.9007
Quadratic < 00001 0.9058 0.3405 Suggested
Cubic 1.0000 Aliased
ANOVA for Quadratic model
Response 1: Particle Size
Source | sum of f| Mean | value p-value
o Squares square
. Model | 13895.79 9 1543.98 15.09 0.0005 significant
| A-Stearic Acid 18.00| 1 18.00) 0.2109| 0.6600
| B-Tween 80 : Trancutol P 8911 1 89.11 1.04 0.3409
__ | C-Homogenization Speed IBRT7.96 1 3I667.96| 4293 0.0003
| AB 0.3025 1 0.3025 00035 0.9542
| AC 29.70| 1 29.70) 0.3480| 0.5738
_ | BC 163.84| 1 163.84 1.92| 0.2084
o AZ 2187.41 1 518741 60.78| 0.0001
o B* 1540.07 1) 1540.07 18.04| 0.0038
o c* 2241.92 1| 2241.92 26.27| 0.0014
__|Residual 29744 7 85.35
| Lack of Fit 59744 3 199.15
| Pure Error 0.0000, 4| 0.0000
Cor Total 14493.23| 16
Fit Summary
Response 2: PDI
‘ ‘ Source Sequential | Lack of Fit Adjuited Predizcted‘
p-value p-value R R
Linear 0.4758 -0.0226|  -0.6227
- 2FI 0.1665 0.1815 -1.1437
Quadratic 0.0030 0.8226  -0.2416 Suggested
Cubic 1.0000 Aliased
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Response 2: PDI

Cirrhosis

AMNOVA for Quadratic model

sSum of MAEan
Source | F-wvalue p—value|
- Squares Square
__ Model | 0.3051 9| 0.0339 9.25 00039  significant
| a-stearic acid 0.0514| 1| 0.0514 14.01| 0.0072
| B-Tween 80 : Trancutol P 0.0006 1| 00005 01576 0.7032
| C-Homogenization Speed O 000 1 O 00O 1.00 0.3307
| aB 0.0113| 1| 0.0113 3.09 0.1220
_ | mac 0.0745| 1| 0.0745 20,33 0.0028
| BC 0.0197 1| 0.0197 5.38| 0.0534
-5 0.0907| 1| 0.0907 24.73| 0.0016
| B 0.0121 1| oc.0121 3.29 0.1127
= 0.0394| 1| 0.0394 10.75| 0.0135
__ |Residual 0.0257| 7| 0.0037
| Lack of Fit 0.0257| 3| 0.0086
| Pwure Error 00000 4| 00000
| [Cor Total 0.2307 16
Fit Summary
Response 3: % EE
| Sequential | Lack of Fit| Adjusted | Predicted |
Source = =
p-value p-value R R
- Linear 0.0822 0.2515 -0, 1020
- 2FI 0.3645 02820 -0.5949
| Quadratic 00065 0.8043 -0.3699 Suggested
Cubic 1.0000 Aliased
ANOVA for Quadratic model
Response 3: %% EE
Sum of MMean
Source F-value | p-value
- Squares Square
_ |Model | 3935.28 g 437.26 2.21 0.0054 | significant
| A-Stearic Acid 125000 1 1250.00 23.74 0.0018
| B-Tween 80 : Trancutol P 3e4.50 1 36450 6.92 0.0338
| €-Homogenization Speed 7200 1 7200 1.37 0.2805
| AB 25,00 1 2500 04749 0.5129
| AC 625.00 1 625.00 11.87 0.0108
| BC 36.00 1 36.00 0.6839 (04355
. a2 1181.322 1, 1181.32 2244 00021
. B 286.58 1 286,58 544 00524
. C* £.58 1 £.58| 01250 0.7341
__ |Residual 368.50 T 52.64
| Lack of Fit 368.50 3 122.83
| Pure Error 00000 4 0.0000
Cor Total 4303.88| 16

Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 7 | 2022




Annie Gupta,et.al : Development, Characterization and Validation of Silymarin Loaded Solid Lipid Nanoparticles for the Treatment of Liver
Cirrhosis

3D Surface

30 Surface 3D Surface

Particle Size (nm)

PDI

i A Stearic Aad (mg)

¢ 2
lan B bow ! N B: Tiween 80: Trancutol P (%)

A Stearic Add (mg) 9 1%
Factor Coding: Actual
3D Surface
% EE (%)
Design Points:
@ Above Surface
(O Below Surface
22 [ °
X1=A 100
X2=8B 90
Actual Factor 80
C = 15000
70
60
=
]
ES

1000

620

B: Tween 80 : Trancutol P (2%) A: Stearic Acid (mg)

Figure 10. 3D Surface Diagram
QbD approach for optimization of Formulation
The first step in the QbD based optimization process is to establish Quality Target Product Profile (QTPP) of the
final formulation. QTPP defines the critical quality attributes (CQA) i.e., the attributes that critically defines the
quality standards of the final formulation [25]. Thus, after initial experimentation and literature search, the QTPP
of lignin microparticles was established as given in Table 8.

Table 8. Quality Target Product Profile of final formulation
Quality Attribute (Range of Acceptance) Reason for criticality

Particle size (um)

For sustained drug delivery system

PDI (<0.3)

To ensure uniformity of size.

Drug Loading (<25.0%)

Dose minimization and patient compliance.

Initial risk assessment

This involves identification and assessment of various parameters that affects the critical quality attributes of the
final formulation. These parameters involve both Critical Material Attributes (CMAS) and Critical Process
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Parameters (CPPs). Both CMAs and CPPs affect greatly to the quality of the formulation, initial risk assessment
of the intensity of their effect on the critical quality attributes is required to finalize the high risks parameters that
can greatly affect the quality of the final formulation [26]. So, from the literature search and initial experimentation
various CMAs and CPPs were identified and listed in table 9.

Table 9. Critical Material Attributes (CMAS) and Critical Process Parameters (CPPs)

Critical Material Attributes (CMAS) Critical Process Parameters (CPPs)
Silymarin concentration (mg/mL) Amount of dialysis medium (mL
Drug concentration (mg/mL) Dialysis time (h)

Table 10. Entrapment Efficiency& Drug Loading
% Entrapment Efficiency 81%
% Drug Loading 16%

Transmission Electron Microscopy Image

Particle size of SLN was found to be spherical and below 200 nm.
——— S00 U

Figure 11. Particle size analysis of nanoparticles

In- vitro drug release and kinetics
In different time interval drug release kinetics study of formulation NPsland Carmustine was performed in
phosphate buffer (pH 7.4). Release of Carmustine from nanoparticles showed biphasic type it might be initial
rapid release of Carmustine absorbed to the NPs, surface or weakly interacted with nanoparticles. This followed
by slower sustained and continuous release of Carmustine stored in the core of nanoparticles.
Drug release profile calculated the data via Zero order, First order, Higuchi, and Peppas Korsmeyer. Results show
that the drug release followed Peppas Korsemeyer, and related correlation coefficients were superior to other
kinetics [Table 13]

Table 11. In- Vitro drug release study (Silymarin Loaded SLN)
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. Cube root of
o Jsanr | Lot ams | Comc | ooom | eecom | Tgie | redme | Pl | Lot
remaming
025 050 | -060 | 0.11 127 2291 | 2291 136 77.09 426 1.89
0.50 0.71 030 | 017 144 2596 | 4887 141 74.04 420 187
1.00 1.00 000 | 024 165 2066 | 5561 147 70.34 413 185
2.00 141 030 | 028 175 3153 | 61.19 150 6847 4.09 184
4.00 2.00 060 | 033 195 3513 | 6667 153 6487 4.02 181
6.00 245 078 | 036 198 3559 | 7072 155 6441 401 181
8.00 283 090 | 037 201 3615 | 7174 136 63.83 4.00 181
24.00 4.90 138 | 040 2.09 37.67 | 73.82 1.58 62.33 3.96 1.79
Table 12. In- Vitro drug release study (Silymarin suspension)
. Cube root of
e | sonr | ot | ams | Come | vaom | socom| Togie | e | Pl | Lo
remaimming
0.25 050 | -060 | 0.11 127 2291 | 2291 136 77.09 426 189
0.50 071 | -030 | 017 144 2596 | 4887 141 74.04 420 187
1.00 100 | 000 | 027 173 3118 | 5713 149 68.82 410 184
2.00 141 | 030 | 029 178 3204 | 6322 151 67.96 408 183
4.00 200 | 060 | 038 204 3665 | 6869 156 63.35 3.99 1.80
6.00 245 | 078 | 047 229 4117 | 7782 161 58.83 3.89 177
8.00 283 | 080 | 057 2.57 46.29 | 8745 1.67 53.71 3.77 1.73
2400 490 | 138 | 065 280 5034 | 9663 1.70 49 66 3.68 1.70

Log% drug rema

Zero order

y =2.2605x + 52.415
R?=0.5892

0.00

10.00 20.00 30.00
Time hrs

First Order

y =-0.0074x + 1.8451

R?=0.7522

10.00
Time hrs

20.00
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Higuchi T ER

2.00
1.50
1.00
¢-2®.2832x + 1.4234

0:60-R*=0.9299
0.00 1.00

Log Time

y = £4.663x + 15.006
R? = 0.9948

Figure 12. Graphs for the kinetic models are given below.
Table 13. Various kinetic models for optimized formulation Silymarin loaded SLN.

Formulation Zero order | Firstorder Higuchi Peppas Bet fit
(R%) (R%) plot (R?) Korsemeyer (R?) | model
NPs1 0.5892 0.7522 0.9948 0.9299 ;'I'ci“"h'

The best fit model for the nanoparticles was found by Higuchi model showing that the drug released from the
particle’s diffusion mechanism.
Tablel4. Ex-Vivo Permeation study of Silymarin Loaded SLN

Silymarin Loaded SLN

S.NO | Time ABS Con.pg/ml Amt. of Drug | %oPermeability Flux pg/cm2/h
Permeated

0 0 0 0 0 0

1 0.25 0.18 6.02 2057.58 20.58 967.58

2 0.50 0.28 8.65 2957.26 29.57

3 1.00 0.48 13.77 4708.95 47.09

4 2.00 0.66 18.52 6331.08 63.31

5 4.00 0.74 20.83 7122.81 71.23

6 8.00 0.89 24.57 8400.36 84.00

Table 15. Ex-Vivo Permeation study of Silymarin Loaded SLN

Silymarin Suspension

S.No Time ABS Con.pg/ml Amt. of Drug | %Permeability Flux pg/cm2/h
Permeated
0 0 0 0 0

1 0.3 0.1 4.0 1364.8 13.6 610.8
2 0.5 0.2 6.8 2309.5 23.1
3 1.0 0.3 9.3 3173.2 317
4 2.0 0.3 9.8 3353.1 335
5 4.0 0.4 12.3 4217.7 42.2
6 8.0 0.6 15.7 5377.4 53.8

Table 16. Comparative Ex-Vivo Permeation study of Silymarin Loaded SLN and Silymarin Suspension
Time %Permeability Silymarin Loaded SLN %Permeability Silymarin Suspension
0.25 0.0 0.0
0.50 20.6 13.6
1.00 29.6 23.1
2.00 47.1 31.7
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4.00 63.3 33.5
8.00 71.2 42.2
0.25 84.04 53.74
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Figure 13. Comparative %Permeability Silymarin Loaded SLN and %Permeability Silymarin Suspension
The increased permeation of SLN formulation compared to Silymarin suspension is due to nano size of
formulation.

CONCLUSION

Liver cirrhosis is a life-threatening disease all over the world. It is mainly caused by different reasons like
infections, genetically, high alcohol consumption and non-alcoholic fatty liver. In this study, the main focus was
to develop and characterize silymarin loaded Solid lipid nanoparticles for the treatment of psoriasis. Silymarin is
an extract of Silybum marianum, or milk thistle, and its major active compound is silybin, which has a remarkable
biological effect. It is majorly used in different liver disorders, particularly chronic liver diseases, cirrhosis, and
hepatocellular carcinoma. Various analytical techniques viz. UV spectroscopy, DSC, FTIR etc were used to
characterize the drug and prepared formulations. Box-Behnken design was employed to optimize the study. In
vitro drug release study exhibited an enhanced drug release profile of solid lipid nanoparticles. Particle size
analysis revealed the particle size of less than 200 nm. An increased permeation of SLN formulation compared to
Silymarin suspension is due to nano size of formulation. Further in vivo and toxicity profile studies could be
performed to explore the benefits of nanotechnology technique in the treatment of liver cirrhosis, psoriasis and
other drug delivery systems.
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