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ABSTRACT

Aim: The objective of this work was to enhance the anti-inflammatory properties of silymarin by developing and refining
an Orodispersible tablet formulation loaded with nanoparticles.

Objective: This study report focuses on the formulation creation and optimization of an orodispersible tablet containing
silymarin for its anti-inflammatory properties.

Background: By improving solubility and absorption, drug delivery methods utilizing nanoparticles can aid in overcoming
these constraints. Orodispersible pills dissolve and disintegrate quickly in the mouth without the need for water, resulting in
a quicker start of action.

Method: Direct compression was then used to incorporate these nanoparticles into orodispersible tablets that contained
superdisintegrants and sweeteners. The tablet formulation was systematically optimized using a box-behnken design based
on responses such as friability, hardness, wetting time, and disintegration time.

Result: Formulation F3, which has 5% of crospovidone as a superdisintegrant, exhibited maximum drug release, or 98.5%,
after 15 minutes. The anti-inflammatory potential was assessed in rats with paw edema caused by carrageenan. After three
hours, the 400 mg/kg dose showed a significant 48% inhibition; after three hours, the impact rose to 52%.

Conclusion: Overall, the creation of orodispersible silymarin nanoparticle tablets holds out hope for enhancing silymarin's
anti-inflammatory properties through the complementary use of fast-dissolving tablet and nanoencapsulation technologies.

Keywords: Orodispersible tablets, rapid dissolving, rapid disintegration, anti-inflammatory acticity, nanoparticles.

1. INTRODUCTION

A significant field of pharmaceutical research that seeks to improve the bioavailability and therapeutic efficacy of active
medicinal molecules is the creation of innovative drug delivery systems. One such method that is attracting a lot of attention
is nanoparticle-based delivery, which encapsulates drug molecules in very small carrier particles that are in the nanosize
range. Milk thistle is the source of silymarin, a bioactive flavonoid molecule with low oral bioavailability and aqueous
solubility. Polymeric nanoparticle encapsulation of silymarin may be able to get around these restrictions by boosting
absorption, enhancing solubility, and shielding the medication from deterioration. In order to improve oral administration, the
formulation and optimization of silymarin-loaded nanoparticle orodispersible tablets is the main goal of this research. [1-4]

Orodispersible pills are easy to administer since they dissolve quickly in the mouth without the need for water. It might be
feasible to create a delivery strategy that optimizes silymarin absorption and the ensuing therapeutic effects by mixing
nanoparticles with orodispersible tablets. Silymarin has hepatoprotective, antioxidant, and anti-inflammatory qualities that
make it a potential treatment for a number of ailments. In order to create orodispersible tablets with the right hardness and
disintegration time, tablet excipients will also be tuned. The overall goal of this project is to create a new orodispersible tablet
formulation of silymarin based on nanoparticles that has improved oral bioavailability for potent anti-inflammatory
treatment. [5-7]

The terms mouth-dissolving, melt-in-mouth, fast-dissolving, rapid-melt, porous, and quick- dissolving are other terms for
orodispersible tablets. They have the special ability to dissolve and release the medication quickly when they come into
contact with saliva, negating the need for water during administration. They also transform into a soft paste or liquid form
that is easy to swallow and poses no choking hazard. [8-12]
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2. MATERIAL AND METHODS

e Materials:
Silymarin (Strides Arco lab Limited, Bangalore), Eudragit® -EPO (Cipla Pharmaceuticals, Mumbai , India.), Pluronic F-68
(Alembic Pharmaceuticals, Mumbai.), Chloroform (Loba Chemie pvt Itd., Mumbai), Hydrochloric Acid (Sd fine-Chem.
Limited, Mumbai.), Diethyl ether (Loba Chemie pvt Itd., Mumbai), Disodium hydrogen phosphate (Sd fine-Chem. Limited,
Mumbai.),

e Preparation of Tablets:
The Direct Compression technique was used in this work to prepare the orodispersible tablets.
When compared to the wet granulation approach, direct compression in tableting needs fewer processing stages, is easier to
validate, and improves medication stability. In addition to being a more cost-effective method, direct compression also
removes processing exposure to heat and moisture.Filler that is directly compressible need to have good compactibility and

flowability. While high compactibility is required to create tablets with enough mechanical strength, good flowability is
required to guarantee quick and consistent die filling. [15-17]

Table 1: Formulation of Tablets

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9
mg mg mg mg mg mg mg mg mg
SL-NP 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4 26.4
SSG - - - - - - 1.5 2.7 4.5
CCS - - - 1.5 2.7 4.5 - - -
CcP 1.5 2.7 4.5 - - - - - -
Mannitol 19.2 18.3 16.5 19.2 18.3 16.5 19.2 18.3 16.5
I/Aspartame 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Flavoring agent 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
MS 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Talc Powder 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Total weight 50 50 50 50 50 50 50 50 50

SL-NP: Silymarin-nanoparticles,  SSG:Sodiumstarchglycolate, CCS:Croscarmelose sodium,  CP-Crosspovidone

e Pre-compression studies on powder blend: [18-19]
=  Bulk density: The bulk density was discovered to be between 0.5 and 0.522 g/ml.
= Tapped density: Between 0.583 and 0.598 g/cm3 was the range of the tapped density.

= Compressibility index: Compressibility index values under 15% indicate acceptable flow, whereas values
over 15% suggest poor flow characteristics. [16-20]

= Hausner ratio: Good flow properties are indicated by a lower Hausner ratio, or <1.25, as opposed to a
greater Hausner ratio, or >1.25.

= Angle of repose (0): The results fall within the range of 21.8 to 23.270, indicating that the powders have
good flow properties.
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Table 2: Pre compression study of all formulations

Batch  [Bulk [Tapped Compressib  [Hausner Angle oflAverage |Hardnes [Thickne [Friabilit
dens  density* g/cm [ility Index*  [ratio* repose (0)weight [s* (Kg/cmss* (mm) |y* (%)
ity* g/ml * \variati >

on* )
+0.1
5

F1 0.53 0.62 12.35 1.14 22.5 454 3.20 5.13 0.44

F2 0.51 0.6 13.40 1.13 24.7 451 3.30 5.46 0.46

F3 0.57 0.65 12.48 1.06 25.9 449 3.30 5.72 0.44

F4 0.54 0.62 13.40 1.13 24.6 449 3.13 5.27 0.49

F5 0.62 0.69 12.50 1.13 23.5 455 3.20 5.29 0.46

F6 0.58 0.66 13.36 1.10 26.3 453 3.33 5.35 0.46

F7 0.54 0.61 13.46 1.16 24.2 452 3.26 5.58 0.47

F8 0.52 0.59 13.5 1.14 25.4 454 3.36 5.71 0.44

F9 0.59 0.68 13.26 1.18 26.3 452 3.40 5.65 0.46

e Post Compression Studies: [20-26]
=  Weight variation: Tablets that have been prepared were assessed for weight variance.

= Hardness: The tablets' hardness was determined to be between 3.13 and 3.4 kg/cm2, which is adequate to
withstand mechanical shocks from handling during production, packing, and shipment.

= Thickness: The tablet's thickness was determined to be between 5.13 and 5.72 mm, which is enough for packing
and acceptance.

= Friability: The tablet's friability was discovered to be between 0.447 and 0.493%. The numbers are less than
one percent, which is the official monograph's limit.

» Rapidly disintegrating property: [21-26]

= Wetting time: All the superdisintegrants were found to have good hydrophilicity, as shown by the values, which
were determined to be between 29 and 41.6 seconds.

= Modified disintegration test: The adjusted disintegration times of the several formulations were shown, and
the results fall between 34 and 43.6 seconds.

= Water absorption ratio: The findings fall between 25.31 and 29.2.

= InVitro dispersion time: The time required for uniform dispersion is used to calculate the In- Vitro dispersion
time. The results fall between 62 and 77 seconds.

= In Vitro drug release: Several formulations' in vitro release was investigated and is displayed in the table. At
the conclusion of 15 minutes, the drug release of formulations F1 through F9 is 94.7%, 95.6%, 99.5%, 91.9%,
94.2%, 96.4%, 90.0%, 92.6%, and 94.8% of silymarin,

respectively. The quick absorption and tablet disintegration into small particles may be the cause of the formulations' quick
dissolving. As a result, after 15 minutes, formulation F3 displayed maximum drug release, or 98.5%.

= Drug content: The range of content homogeneity and the proportion of drug content in different formulations
are 99.16 to 99.88 percent.

=  Stability study: For a month, the formulation F3 was maintained in a stability chamber at 40+20C and 75+5%
relative humidity for an expedited stability investigation.
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Table 3: Rapidly disintegrating property of all formulations

Batch  [Wetting time*Disintegration time*Water Dispersion time*Drug content (%)
(Sec) (sec) absorption (sec)
ratio*
F1 38.0 41.0 25.31 73.3 99.56+0.54
F2 34.6 40.3 26.46 70.3 99.72+0.63
F3 29.0 34.0 29.0 62.0 09.88+0.58
F4 34.6 43.6 26.18 77.0 99.16+0.51
F5 41.3 42.6 26.30 67.3 99.45+0.62
F6 33.3 37.6 27.22 64.0 99.61+0.69
F7 41.6 43.3 26.20 76.0 99.29+0.43
F8 37.0 39.6 27.01 72.0 99.48+0.58
F9 33.3 38.3 29.20 67.6 09.57+0.66

R/

** In Vitro drug release: The quick absorption and tablet disintegration into small particles may be the cause
of the formulations' quick dissolving. As a result, after 15 minutes, formulation F3 displayed maximum drug
release, or 98.5%.

Table 4: In Vitro % drug release

Batch % drug release
3 (min) 6 (min) 9 (min) 12 (min) 15 (min)

F1 64.3 71.8 80.5 87.6 94.7
F2 66.5 72.0 79.1 86.2 95.6
F3 69.6 72.0 78.3 89.4 99.5
F4 68.0 71.7 78.0 85.6 91.9
F5 69.7 73.4 79.0 87.0 94.2
F6 68.2 71.0 76.3 88.2 96.4
F7 65.1 70.1 76.4 84.5 90.0
F8 67.3 72.0 79.0 86.5 92.6
F9 68.1 74.5 79.6 88.9 94.8

e Animal studies

R/

** Approval

The Institutional Animal Ethics Committee (IAEC) clearance number IAEC:1877/PO/Re/s/16/CCSEA/2023/002 and the
Committee for the Purpose of Control and Supervision of Experiments on Animals (CCSEA) gave their consent for the study
to be carried out.

+¢ Anti-Inflammatory Activity of Silymarin Loaded Nanoparticles

For this investigation, 20-25 gm Swiss albino mice and 150-200 gm wistar rats were employed. The creatures came from
an animal shelter. When the animals arrived, they were divided into treatment groups and put in polypropylene cages with
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bedding made of rice husk at random. The animals were kept in rooms with a 24+2°C temperature and a 30—70% relative
humidity. A12: The day cycle was adhered to animals [27-30]

+¢* Stability study: For a month, the formulation F3 was maintained in a stability chamber at 40+20C and 75+5%
relative humidity for an expedited stability investigation. The samples were checked for any changes in
physical parameters after a two-month period. There was no discernible change in the flavor or color of the
tablets, and there was no unpleasant smell.

Table 5: Evaluation parameters obtained after stability study of the Silymarin ODT (2 months)

F3
S.No |Parameters Units (Days)

15 30 45 60
1 Hardness Kg /cm? 3.30+0.41 3.28+0.35 3.25+0.45 3.24+0.28
2 Friability % wiw 0.44+0.38 0.45+0.25 0.43+0.41 0.42+0.32
3 Disintegration time |Sec 35.0+0.4 34.6+0.2 34.1+£0.5 33.4+0.2
4 \Wetting time Sec 28.0+1.8 27.3+0.3 26.8+0.1 26.3+0.3
5 Assay % 99.88+0.5 99.54+0.7 99.20+0.3 98.8+0.4

¢ Anti-Inflammatory Activity -Carrageenan-Induced Paw Edema in Rats.

The Table displays the anti-inflammatory impact of Silymarin Loaded Nanoparticles on carrageenan-induced hind paw
edema. At 200 and 400 mg/kg, the Silymarin Loaded Nanoparticles significantly reduced the inflammatory effects caused
by carrageenan. After three hours, the 400 mg/kg dose showed a strong 48% inhibition; after three hours, the impact grew to
52%. Silymarin-loaded nanoparticles had a notable and comparable anti-inflammatory effect to that of diclofenac sodium
(10 mg/kg).Error! Reference source not found.

Table 6: Anti-inflammatory activity of Silymarin Loaded Nanoparticles on Carrageenan induced paw edema
method in Wistar rats

GROUP Paw thickness in mm %
0 hr 1hr 2hr 3hr ahr Inhibition at

3hr

Group-I Carrageenan

(control) 1.4 3.4 4.9 6.4 7% R s—

Group-II D.S[1.4 2.2 2.9 3.1 2.2 52

(10mg/kg)

Group-111 (200mg/kg

of 1.2 3.0 4.2 4.7 35 27

SL-NP)

Group-1V

(40)0”‘9"‘9 of Sldp4 0.7 35 3.3 23 48

NP

D.S.Diclofenac Sodium ,Values were mean + SEM, (n=6), *P<0.05, **P<0.01 Vs control SL-NP= Silymarin Loaded
Nanoparticles
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Figure 1: Anti-inflammatory activity of Silymarin Loaded Nanoparticles on Carrageenan
induced paw edema method in Wistar rats

Data were analyzed by using One-way ANOVA followed by Dunnett’s test

3. CONCLUSION

Because they are more patient-friendly orodispersible dose forms have the potential to improve the safety, acceptability, and
efficacy of pediatric pharmacotherapy. However, a number of drawbacks that could not have been resolved by traditional
formulation methods have impeded their development, including the unique pharmacokinetic and biopharmaceutical
properties of the active ingredients as well as their organoleptic profile. Although nanostructures have primarily been studied
as injectable drug carriers for the treatment of tumors, the wide range of materials that can be used to prepare them can make
them useful for oral pharmacotherapy. This is because many of the drawbacks of oral and orodispersible medication can be
easily addressed by incorporating them into various nanostructures.
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