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SILYMARIN FOR HEPATITIS INDUCED LIVER CIRRHOSIS
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ABSTRACT: Background: Chronic hepatitis B requires effective antiviral therapy
combined with hepatoprotective support to manage liver function and prevent
disease progression. Bilayer tablets provide a versatile platform to deliver drugs with
distinct pattern of the drug release exhibited by a single dosage form. Objective:
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The study aimed to develop a bilayer tablet containing an immediate-release layer of
Tenofovir and a sustained-release layer of Silymarin to provide rapid antiviral action
with prolonged hepatoprotective effects in a single dosage form. Methods: Bilayer
tablets were developed by direct compression and optimized through eight trial
batches. FTIR confirmed drug—excipient compatibility. Post-compression tests
evaluated physical properties and dissolution behavior. Drug-release kinetics were
analyzed using zero-order, first-order, Higuchi, and Korsmeyer-Peppas models.
Stability was assessed under ICH guidelines. Results: The optimized batch (F3:
CCS in IR layer + HPMC K100M 10% in SR layer) demonstrated rapid Tenofovir
release within 30 minutes and sustained Silymarin release over 12 hours. Kinetic
modeling indicated Hixson-Crowell kinetics for Tenofovir (R? = 0.9855) and zero-
order release with Super Case-ll transport for Silymarin (R2 = 0.9815, n = 1.36),
confirming controlled and predictable release. FTIR spectra revealed no significant
drug—excipient interactions. Stability studies showed no notable changes in physical,
chemical, or dissolution properties during the study period. Conclusion: The
developed bilayer tablet provides rapid antiviral action and sustained
hepatoprotective effects, improving therapeutic outcomes, reducing dosing
frequency, and enhancing patient compliance. This formulation is a promising
strategy for managing chronic hepatitis B and warrants further in-vivo and clinical
studies.
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INTRODUCTION: The purpose of drug delivery
systems is to transport drugs into or throughout the
body using various technologies such as oral,
injectable, topical, and inhalable routes.
Conventional systems often release drugs
immediately after administration, leading to
fluctuating plasma concentrations and the need for
frequent dosing *.
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To overcome these limitations, advanced systems
such as sustained-, controlled-, delayed-, and
pulsatile-release systems, have been developed to
optimize therapeutic efficacy and improve patient
compliance 24,

Among these, bilayer tablets represent a versatile
platform that combines two release profiles in a
single unit. Typically, one layer provides
immediate drug release for rapid onset of action,
while the other ensures sustained release for
prolonged therapeutic effect. This approach
enhances treatment outcomes, lowering the need
for frequent dosing, and improving compliance
among patients, although challenges remain in
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terms of formulation complexity, stability, and
regulatory requirements > °. Viral hepatitis is a
major global health concern, with hepatitis B and C
accounting for the vast majority of chronic

infections and  liver-related  complications
worldwide. Chronic hepatitis B (CHB) is
particularly  challenging, requiring long-term

antiviral therapy to suppress viral replication and
prevent progression to cirrhosis or hepatocellular
carcinoma. Tenofovir, a potent nucleotide
analogue, is a first-line antiviral agent in CHB

management, effectively reducing HBV DNA
levels and disease progression. However,
prolonged therapy necessitates strategies to

improve patient compliance.

The combination of Tenofovir, a potent antiviral
agent, and Silymarin, a hepatoprotective herbal
extract, has been explored as a supportive strategy
in the management of chronic hepatitis B.
Tenofovir remains a cornerstone of antiviral
therapy, effectively suppressing HBV replication
and reducing disease progression. Silymarin, a
well-known hepatoprotective flavonolignan extract,
exhibits  antioxidant and  anti-inflammatory
properties and has been widely studied for liver
support. Though it does not possess direct antiviral
activity, it reduces liver enzyme levels (ALT, AST)
and improves overall liver function without
interfering with Tenofovir’s efficacy "®.

Combining Tenofovir and Silymarin in a bilayer
tablet offers a promising approach for managing
CHB by uniting rapid antiviral action with
sustained hepatoprotection in a single dosage form.

This dual-release system not only addresses
therapeutic ~ challenges but also  enhances
compliance among patients and treatment outcomes
° The objective of the study was to develop and
examine a bilayer tablet comprising Tenofovir
formulated in an immediate-release layer,
combined with a sustained-release layer of
Silymarin to address the therapeutic challenges of
chronic hepatitis B. The study focused on achieving
rapid antiviral activity from Tenofovir and
prolonged hepatoprotective support from Silymarin
in a single dosage form. Systematic pre-
formulation, formulation trials, in-vitro dissolution,
and kinetic modeling were conducted to optimize
the formulation and confirm its performance.
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MATERIALS AND METHODS:

Materials and Instruments: Drug substances,
excipients, and chemicals required for the
formulation of Tenofovir and Silymarin bilayer
tablets were kindly provided by Saimirralnnopharm
Pvt. Ltd., India. All materials used were of
pharmaceutical and analytical grade.

All instruments and equipment required for the
formulation and evaluation studies were made
available and utilized at the facilities of
Saimirralnnopharm Pvt. Ltd. (India).

Preformulation Studies (Characterization of
Drug Substances): The samples of Tenofovir and
Silymarin  were  characterized by various
parameters to ensure their identity, purity and
suitability for formulation.

Physical  Appearance:  Tenofovir:  White,
crystalline, hygroscopic powder. Silymarin: Pale
yellow, crystalline, slightly hygroscopic powder.

Solubility: Tenofovir: Tenofovir exhibits limited
solubility in water, phosphate buffer at pH 6.8, and
0.1IN hydrochloric acid, while it is moderately
soluble in ethanol and methanol. Silymarin:
Silymarin is sparingly soluble in ethanol and
methanol, and very slightly soluble in water,
phosphate buffer (pH 6.8), and 0.1N HCI*.

Melting Point Determination: The melting point
of Tenofovir was found to be 112-115 °C, and for
Silymarin  158-162 °C, which matched the
literature values, confirming the identity of the
received samples **.

UV Spectroscopy: The Amax of Tenofovir and
Silymarin were determined by scanning standard
solutions (10 pg/mL) in the wavelength range of
200—400 nm using methanol. The Amax Was found to
be 260 nm for Tenofovir and 288 nm for Silymarin,
which were used for quantitative analysis.

Calibration Curve and Simultaneous
Estimation: Standard solutions of Tenofovir (2-10
pg/mL) and Silymarin - (2-10 pg/mL) were
prepared in methanol. The absorbances of each
solution were measured at both 260 nm and 288 nm
to account for spectral overlap in the simultaneous
estimation method.
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Simultaneous estimation of both drugs in the
bilayer tablet was carried out wusing the
simultaneous equations method. Standard curve of
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Tenofovir and Silymarin are represented in Fig. 1
and 2.

TABLE 1: CALIBRATION CURVE OF TENOFOVIR AT 260NM AND 288NM

Calibration curve

Concentration Absorbance (nm) Absorbance (nm) Concentration Absorbance (nm)
(ng/ml) (Tenofovir) (Silymarin) (ug/ml) (Tenofovir)
260nm 288nm 260nm 288nm
0 0 0 0 0
2 0.09 0.009 0.06 0.18
4 0.165 0.019 0.125 0.325
6 0.245 0.028 0.17 0.475
8 0.318 0.039 0.235 0.621
10 0.385 0.049 0.29 0.74
0.5
04 7 10739+ 0,020
03
i (i

Absorbance (nm)

Concentration (ng/ml)

Absorbance (nm)

Concentration (pg/ml)

FIG. 1: CALIBRATION CURVE OF TENOFOVIR
AT 260NM AND 288NM

Simultaneous Equation: Mixture absorbances of
Tenofovir and Silymarin were measured at 260 nm
(Al) and 288 nm (A2). The amounts of each drug
in the bilayer tablet were measured by applying the
simultaneous equations method:

CTenofOVir = (A2b1 - Ale) / (albz - azbl)
CSinmarin: (Alaz - Azal) / (albz - azbl)

A: and A are the absorbance of the mixture at
260 nm and 288 nm respectively.

TABLE 2: ABSORPTIVITY COEFFICIENTS VALUE

FIG. 2: CALIBRATION CURVE OF SILYMARIN
AT 260NM AND 288NM

ai, a2 = absorptivity of Tenofovir at 259 and 288
nm, bi, b2 = absorptivity of Silymarin at 259 and
288 nm

Absorptivity Coefficients Value: The absorptivity
coefficients (a) required for simultaneous
estimation were calculated from the relationship
A=abc, where A is absorbance, b is the path length
(1 cm), and c is the concentration of the standard
solution.

Drug At 260 nm At 288 nm
Tenofovir a1=0.0385 a2=0.0049
Silymarin b1=0.0290 b2=0.0740

These coefficients account for the contribution of
each drug at both Amax values and are essential for
calculating concentrations in the mixture.

Drug-Excipient Compatibility Study: FTIR
spectra of Tenofovir, Silymarin, and their physical
mixtures with excipients were recorded using a
KBr pellet method in the range of 4000400 cm™!

to evaluate potential drug-excipient interactions **
13

Formulation of Tenofovir and Silymarin Bilayer
Tablets: The bilayer tablets containing Tenofovir
(immediate release layer) and Silymarin (sustained
release layer) were prepared by direct compression
method as per the composition given in Table 3.
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Preparation of Immediate Release (IR) Layer:
The IR layer was formulated using Tenofovir as the
active pharmaceutical ingredient, with Lactose
DCL21 as filler and a superdisintegrant
(Crospovidone or Croscarmellose sodium, as per
formulation).

All ingredients, except magnesium stearate and
Aerosil, were sieved through a #40 mesh and
blended by geometric dilution for 10 minutes to
ensure uniformity. Aerosil and magnesium stearate
(passed through #60 mesh) were then added as
glidant and lubricant, respectively, and mixed
gently for 2—-3 minutes to obtain the IR layer blend.

Preparation of Sustained Release (SR) Layer:
The SR layer comprised Silymarin as the active
ingredient, with Dicalcium phosphate,
Hydroxypropyl cellulose (HPC Klucel-LF), HPMC
polymer (K15M/K100M), and MCC 102 as
excipients. All ingredients, except magnesium
stearate and Aerosil, were passed through a #40
mesh and mixed for 10 minutes. Aerosil and
magnesium stearate (sieved through #60 mesh)

E-ISSN: 0975-8232; P-ISSN: 2320-5148

were added and blended gently for 2-3 minutes to
obtain a homogeneous SR layer blend.

Compression of Bilayer Tablets: The tablets were
compressed using a Cadmach machine with D-type
tooling and a single oblong, round-edged, capsule-
shaped plain punch. The compression was
performed at a speed of 20 rpm, applying a
precompression force of 3 kN and a main
compression force of 14 kN. Each tablet weighed
650 mg, with an average thickness of 4.67 mm and
a hardness of 8.5 kg/cm2.

First Layer Compression (IR Layer): The IR
layer blend was loaded into the die cavity and
lightly pre-compressed to form a uniform bed.

Second Layer Compression (SR Layer): The SR
layer blend was added over the pre-compressed IR
layer and final compression was applied at
optimized pressure to produce bilayer tablets
weighing 650 mg. The different formulations are
designated with the formulation codes F1, F2, F3,
F4, F5, F6, F7, and F8.

TABLE 3: FORMULATION TABLE OF BILAYER TABLET

Ingredients Fl(mg) F2(mg) F3(mg) F4(mg) F5(mg) F6(mg) F7(mg) F8(mg)
IR Layer
Tenofovir 200 200 200 200 200 200 200 200
Lactose Monohydrate 85 85 85 85 85 85 85 85
Disintegrant CCSs 9 9 9 9 - - - -
CP - - - - 9 9 9 9
Magnesium Stearate 3 3 3 3 3 3 3 3
Aerosil 3 3 3 3 3 3 3 3
Total Weight of IR layer 300 300 300 300 300 300 300 300
SR Layer
Silymarin 140 140 140 140 140 140 140 140
MCC 102 107.5 90 107.5 90 107.5 90 107.5 90
DCP Anhydrous 50 50 50 50 50 50 50 50
HPC Klucel LF 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5
HPMC K15M 35 52.5 - - 35 52.5 - -
K100M - - 35 525 - - 35 52.5
Magnesium Stearate 8.5 85 3.5 3.5 3.5 3.5 3.5 3.5
Aerosil 3.5 35 35 35 35 35 35 35
Total Weight of SR layer 350 350 350 350 350 350 350 350
Total Weight of Tablet 650 650 650 650 650 650 650 650

Pre-Compression Evaluation: Pre-compression
evaluation ensures that the powder has suitable
flow, compressibility, and uniformity for direct

compression. The following tests were performed
14,15

Angle of Repose: The angle of repose was
determined to evaluate the powder's flow
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properties. It represents the steepest angle formed
between the surface of a powder pile and the
horizontal plane, calculated by the formula tan 0 =
h/r, where h is the height and r is the radius of the
pile.

Bulk Density: Bulk density was measured as the
mass of the powder divided by its volume prior to

1202



Fazan et al., IJPSR, 2026; Vol. 17(4): 1199-1212.

tapping, reflecting the packing efficiency of the
powder blend.

Tapped Density: Tapped density was measured
after mechanically tapping the powder to obtain the
maximum packing density.

Carr’s Compressibility Index and Hausner’s
Ratio: Carr’s index was calculated from the bulk
and tapped densities to evaluate the compressibility
and flow characteristics of the granules. Hausner’s
ratio was determined as an indirect measure of
inter-particle friction and flowability.

Post-Compression Evaluation ** 1"+ *% 12

Tablet Thickness: Tablet thickness was measured
with a Vernier caliper to verify consistency across
all batches.

Weight Variation: From each batch, twenty
tablets were randomly selected and weighed
individually. The average weight and standard
deviation were then calculated to evaluate weight
uniformity.

Hardness: The mechanical strength of the tablets
was assessed by measuring the hardness of five
tablets from each formulation using a Monsanto
hardness tester.

Friability: Twenty tablets were weighed and
subjected to friability testing using a Roche
friabilator, rotated at 25 rpm for 4 minutes. After
the test, the tablets were dedusted and reweighed,
and the friability was expressed as the percentage
weight loss.

Disintegration Test: The disintegration of the
immediate-release (IR) layer was tested using a
disintegration apparatus. Tablets were immersed in
0.1 N HCI maintained at 37 + 0.5°C, and the time
required for complete disintegration of the IR layer
was recorded.

Drug Content Uniformity: The assay of bilayer
tablets was performed using the validated
simultaneous estimation method. Twenty tablets
were weighed, powdered, and an amount
equivalent to the label claim was dissolved,
filtered, and suitably diluted. Absorbances were
measured at 260 nm and 285 nm, and drug content
was calculated using the simultaneous equations.
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Results were expressed as the percentage of the
labelled amount for each drug.

In-vitro Dissolution Studies: Dissolution of the
bilayer tablets was carried out using USP Type Il
apparatus (paddle) at 50 rpm and 37 £ 0.5°C. The
IR layer was tested in 0.IN HCI for 2 hours,
followed by the SR layer in pH 6.8 phosphate
buffer for 10 hours.

Samples were withdrawn at specified intervals,
filtered, and analysed at 260 nm and 285 nm.
Percentage drug release was calculated using the
simultaneous estimation method, and release
profiles were compared with pharmacopeial
specifications.

Release Kinetics: The in-vitro drug release profiles
of the bilayer tablet were analyzed layer-wise to
understand the release mechanism of each drug.
The IR layer Tenofovir released rapidly within 30
minutes. The dissolution data were analysed using
first-order, zero-order and Hixson-Crowell kinetic
models. The SR layer exhibited controlled release
of Silymarin over 12 hours. The dissolution data
were fitted to various kinetic models. Zero-order
kinetics describes drug release at a constant rate
(Q=Kot), while first-order kinetics assumes release
proportional to the remaining drug (In (100-Q) = In
Qo — Kit). The Higuchi model (Q = Kt?)
represents drug release as a diffusion process, and
the Korsmeyer—Peppas model (M; / M., = Kyt")
incorporates the release exponent n to indicate the
mechanism of release. Here, Q is the percent drug
released at time t; Qo is the initial drug content; Ko,
Ki, Ky are the rate constants, and n characterizes
the release mechanism 2%,

Stability Studies: The stability of the bilayer
tablet, containing Tenofovir (IR) and Silymarin
(SR) layers, was evaluated according to ICH
Q1A(R2) guidelines over 30 days. Tablets were
stored in HDPE containers under room temperature
(25°C £ 2°C, 60% RH + 5%) and accelerated
conditions (40°C + 2°C, 75% RH £ 5%). Samples
were withdrawn at 0, 15, and 30 days and assessed
for physical appearance, hardness, friability, and
drug content of both layers to ensure maintenance
of mechanical integrity, assay limits, and release
characteristics, confirming the robustness and
reliability of the formulation %.
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RESULTS AND DISCUSSION:

Drug-Excipient Compatibility Study: FTIR
spectra of pure Tenofovir, pure Silymarin, and the
bilayer physical mixture with excipients were
recorded separately Fig. 3, 4 and 5. The
characteristic peaks of Tenofovir (O-H/N-H
stretching ~3400-3200 cm™!, C=O stretching ~1700
cm™!', C-N stretching ~1100 cm™) and Silymarin
(O-H stretching ~3400 cm™', aromatic C=C

E-ISSN: 0975-8232; P-ISSN: 2320-5148

stretching ~1600 cm™, C-O-C stretching ~1200—
1000 cm™) were clearly retained in the spectra of
the physical mixture without significant shifts or
disappearance. This indicates the absence of
chemical interaction between drugs and excipients.
Thus, FTIR analysis confirmed the compatibility of
Tenofovir and Silymarin with the selected
excipients, supporting their suitability for bilayer
tablet formulation.

FIG. 4: FTIR SPECTRUM OF PURE SILYMARIN

FIG.5: FTIR SPECTRA OF BOTH TENOFOVIR LAYER AND SILYMARIN LAYER (BLEND)

Pre-Compression  Evaluation:  All  bilayer
formulations (F1-F8) showed acceptable pre-

International Journal of Pharmaceutical Sciences and Research

compression characteristics, suitable for direct
compression. In the IR layer, formulations F1-F4
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(containing CCS as superdisintegrant) exhibited
good flow, with bulk density 0.328-0.350 g/ml,
tapped density 0.372-0.397 g/ml, Hausner’s ratio
1.13-1.15, Carr’s index 11.82-13.22%, and angle
of repose 30°57'-32°71'. Formulations F5-F8
(containing CP as superdisintegrant) also showed
fair to good flow, with bulk density 0.328-0.332
g/ml, tapped density 0.382-0.387 g/ml, Hausner’s
ratio 1.15-1.17, Carr’s index 13.08-14.58%, and
angle of repose 34°67'-36°87'. In the SR layer,
HPMC-based formulations (K15M and K100M at
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10% and 15%) also demonstrated acceptable blend
properties. Across all batches, bulk density was
0.316-0.341 g/ml, tapped density 0.364-0.400
g/ml, Hausner’s ratio 1.14-1.17, Carr’s index
12.97-14.75%, and angle of repose 30°65'-36°65'.
Most formulations showed good flowability, while
a few (F2 and F6) exhibited fair flow, still within
acceptable limits for direct compression. All the
pre-compression evaluation data of the powder
blends are summarized in Table 4.

TABLE 4: PRE-COMPRESSION PARAMETERS OF BILAYER TABLET

Formulation  Bulk density Tapped Hausner’s Carr's index Angle of repose Flow
code (g/ml) density (g/ml) ratio (%) (o) property
Layer 1
F1 0.337 0.384 1.13 12.23 31°66' Good
F2 0.328 0.378 1.15 13.22 32°71 Good
F3 0.35 0.397 1.13 11.83 30°57" Good
F4 0.328 0.372 1.13 11.82 31°43' Good
F5 0.328 0.384 1.17 14.58 36°87' Fair
F6 0.33 0.385 1.16 14.28 35°45' Good
F7 0.331 0.387 1.16 14.47 34°67' Good
F8 0.332 0.382 1.15 13.08 36°34' Fair
Layer 2
F1 0.316 0.364 1.15 13.18 32°54' Good
F2 0.336 0.393 1.16 14.50 35°78' Fair
F3 0.321 0.375 1.16 14.40 30°65' Good
F4 0.332 0.382 1.15 13.08 33°34' Good
F5 0.336 0.387 1.15 13.17 33°56' Good
F6 0.331 0.387 1.16 14.47 36°65' Fair
F7 0.322 0.37 1.14 12.97 31°23' Good
F8 0.341 0.4 1.17 14.75 32°54' Good

Post-Compression Evaluation: The prepared
bilayer tablets exhibited uniform thickness (4.65—
4.66 mm) and complied with pharmacopeial limits
for weight variation (650.8-655.7 mg). Hardness
values ranged from 8.5-9.2 kg/cm?, confirming
adequate mechanical strength, while friability
values remained well below 1% (0.02-0.06%),
ensuring  durability during handling and
transportation. Disintegration times were within
7.30-8.45 minutes, meeting the requirements for
immediate-release dosage forms. Drug content

uniformity for both Tenofovir (99.24-102.19%)
and Silymarin  (99.46-100.61%) was within
acceptable  pharmacopeial  limits, indicating
uniform distribution of actives. Overall, both pre-
compression and post-compression parameters
demonstrated that the prepared bilayer tablets
possessed  satisfactory  flow, compressibility,
strength,  disintegration, and drug content
uniformity. All the post-compression evaluation
data of the prepared bilayer tablets are summarized
in Table 5.

TABLE 5: POST-COMPRESSION PARAMETERS OF BILAYER TABLET

Formulation Thickness *Weight variation Hardness Friability Disintegration Drug Content
code (mm) (mg) (kg/cm2) (%) time (mins)  Tenofovir Silymarin
F1 4.65 655.7 8.7 0.02 7.30 99.68 100.61
F2 4.65 651.7 8.5 0.03 7.56 100.33 100.35
F3 4.66 652.2 9.2 0.03 7.40 100.06 100.38
F4 4.65 650.8 8.8 0.05 7.30 99.24 100.46
F5 4.66 652.3 8.7 0.05 8.45 101.09 99.90
F6 4.65 653.2 8,5 0.06 8.35 99.35 100.25
F7 4.66 650.8 8.6 0.05 8.45 101.58 99.46
F8 4.65 652.2 9.1 0.02 8.40 102.19 99.79
International Journal of Pharmaceutical Sciences and Research 1205
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In-vitro  Dissolution Studies: The in-vitro
dissolution profiles of all eight bilayer tablet
formulations (F1-F8) were evaluated to assess the
performance of the Tenofovir IR layer and the
Silymarin SR layer. In the IR layer, F1-F4
contained CCS, while F5-F8 contained CP as
superdisintegrants. CCS-based formulations
exhibited faster disintegration, releasing >50% of
Tenofovir within 15 minutes and nearly complete
release (>99%) by 30 minutes, whereas CP-based
formulations showed slightly slower release. For
the SR layer, different grades and concentrations of
HPMC were tested. Formulations with HPMC
K15M at 10% (F1, F5) released the drug too
rapidly, while HPMC K15M at 15% (F2, F6)
slowed release but did not achieve complete 12 h
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release. HPMC K100M at 15% (F4, F8) extended
release beyond 15 h, exceeding the target, whereas
HPMC K100M at 10% (F3, F7) provided a
sustained release close to 12 h with consistent
kinetics. Considering both layers, F3 (CCS in IR +
HPMC K100M 10% in SR) demonstrated the most
desirable biphasic release, with rapid Tenofovir
release and sustained Silymarin release for 12 h,
and was selected as the optimized formulation. The
in-vitro dissolution data of all bilayer tablet
formulations (F1-F4) are summarized in Table 6
and F5-F8 are summarized in Table 7. The in-vitro
release profiles of Tenofovir (IR layer) are depicted
in Fig. 6 and 7 and Silymarin (SR layer) are
depicted in Fig. 8 and 9.

TABLE 6: IN-VITRO DISSOLUTION PROFILE OF FORMULATIONS (F1-F4)

Time F1 F2 F3 F4
(hr) %CDR %CDR %CDR %CDR
Tenofovir Silymarin  Tenofovir Silymarin Tenofovir Silymarin Tenofovir Silymarin
0 0 0 0 0 0 0 0 0
5 min 12.64 0.14 9.89 0.19 10.44 0.14 10.98 0.02
10 min 32.39 0.61 30.67 0.37 32.39 0.41 31.65 0.26
15 min 52.32 0.98 53.78 0.65 54.32 0.51 51.87 0.38
20 min 77.34 1.10 76.43 0.98 76.34 0.86 75.45 0.51
30 min 99.98 1.87 99.45 1.54 99.57 0.92 98.56 0.67
1hr 99.23 12.44 100.35 10.34 100.10 9.21 99.94 0.98
2 hr 100.67 23.65 99.56 23.65 100.03 17.55 100.10 5.76
3hr 99.34 35.54 99.67 35.65 99.90 25.99 99.92 12.76
4 hr 99.65 43.65 99.48 48.43 99.90 34.42 99.95 20.12
5 hr 100.54 55.76 99.89 59.76 99.99 42.23 99.96 27.12
6 hr 99.12 64.98 100.24 65.87 99.96 50.48 99.93 34.31
7 hr 99.76 76.54 99.76 72.43 99.89 59.27 99.89 41.98
8 hr 99.43 85.89 99.41 79.54 99.45 67.65 100.13 49.98
9 hr 100.76 95.76 99.12 85.78 99.89 76.12 99.23 57.12
10 hr 99.89 100.54 99.65 91.76 99.86 84.38 99.36 65.34
11 hr - - 100.65 96.98 99.84 93.06 99.87 73.21
12 hr - - 99.65 100.89 100.54 100.82 100.34 79.99
13 hr - - - - - - 100.08 87.65
14 hr - - - - - - 99.98 96.54
15 hr - - - - - - 100.28 100.97
TABLE 7: IN-VITRO DISSOLUTION PROFILE OF FORMULATIONS (F5-F8)
Time F5 F6 F7 F8
(hr) %CDR %CDR %CDR %CDR
Tenofovir Silymarin  Tenofovir Silymarin Tenofovir Silymarin Tenofovir Silymarin
0 0 0 0 0 0 0 0 0
5 min 10.32 0.18 8.99 0.12 9.89 0.15 10.72 0.03
10 min 28.65 0.56 27.57 0.55 29.72 0.39 27.99 0.19
15 min 48.66 0.95 49.15 0.76 46.83 0.55 45.67 0.4
20 min 74.23 1.29 75.87 1.01 72.62 0.8 74.29 0.55
30 min 91.98 1.65 92.65 1.65 91.73 0.96 92.61 0.71
1hr 99.66 11.98 99.87 12.65 100.42 10.01 99.56 0.89
2 hr 99.78 25.76 99.48 24.98 99.63 18.23 99.45 6.23
3hr 99.51 36.75 99.83 35.43 99.73 26.54 99.74 13.76
4 hr 100.44 45.23 100.74 47.99 99.81 34.98 99.83 21.54
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5 hr 99.82 54.87 99.34 60.02 99.09 43.73 99.25 26.98
6 hr 99.38 65.98 99.75 66.87 99.87 51.56 99.78 35.32
7 hr 99.41 76.34 99.39 73.1 100.02 60.33 100.87 44.45
8 hr 99.95 85.99 99.83 78.98 99.87 68.32 99.08 50.32
9 hr 99.35 96.52 99.27 86.09 99.11 76.78 99.45 56.74
10 hr 99.89 100.22 99.32 90.65 99.79 85.21 99.57 62.87
11 hr - - 99.38 95.23 100.33 94.87 99.43 72.56
12 hr - - 100.68 100.81 99.94 100.1 99.87 78.88
13 hr - - - - - - 99.52 88.43
14 hr - - - - - - 100.67 97.44
15 hr - - - - - - 100.08 100.08
TENOFOVIR (IR RELEASE) (F1-F4)
120
100 £3 £4
w 80 y=3.5383x-1.6671 V= 3.4888x-1,7653
3 R* =0.9837 R* = 0.9857
o 60
o
2 40 5] F2
2 20 y.=3.5243x-1,2121 . | ¥=3.552x-2.3237
R? = 0.9858 R =0.9823
:\ 0 S 10 15 20 25 30 35
- TIME(MIN)
F1 -0-F2 —A-F3 —%F4
FIG. 6: IN-VITRO DRUG RELEASE PROFILE OF TENOFOVIR FROM F1 TO F4
TENOFOVIR (IR RELEASE) (F5-F8)
120
100
F7 F8
w 80 y=3.2735x-1.8481 y=3.3124x-2.2857
2 R*=0,9798 R?=0.9763 bt
& FS F6
2 20 y=3.3042%-1,7497 'y =3,3687x-2.5441
) R = 0,9758 R? = 0.9699
v‘\ 0 5 10 15 20 25 30 35
- TIME(MIN)
FS —O-F6 —A—F7 —%—F8
FIG. 7: IN-VITRO DRUG RELEASE PROFILE OF TENOFOVIR FROM F5 TO F8
SILYMARIN (SR RELEASE) (F1-F4)
180
160 X
F1 F2 F3
140 - 7.9132x46.7625 y = 7.7417x+ 6.579 y = 7.6818x+1.6389
w120 RE=0.9272 R? = 0.9802 R* =0.9866
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® 40 y = 6.9319x- 4.0665
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FIG. 8: IN-VITRO DRUG RELEASE PROFILE OF SILYMARIN FROM F1TO F4
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% DRUG RELEASE

SILYMARIN (SR RELEASE) (F5-F8)

TIME(HR)

F

- F8

FIG. 9: IN-VITRO DRUG RELEASE PROFILE OF SILYMARIN FROM F5 TO F8

In-vitro Kinetic Studies: The in-vitro drug release
profiles of the bilayer tablet were analyzed layer-
wise to elucidate the release kinetics of Tenofovir
(IR layer) and Silymarin (SR layer). The Tenofovir
IR layer followed the Hixson—Crowell model (R? =
0.9855), indicating surface area—controlled drug
release due to rapid disintegration. The Zero-order
model (R2 = 0.9837) also showed good fit, while
the First-order model (R? = 0.7929) showed poor
correlation, confirming a surface area—dependent
release mechanism. The fitting results about
immediate release layer were listed in Table 8 and
corresponding model-dependent plots are presented
in Fig. 10, 11 and 12. The SR layer of Silymarin
demonstrated controlled release over 12 hours.
Among the Kkinetic models tested, zero-order
kinetics showed an excellent correlation (R? =

0.9992), whereas first-order kinetics displayed a
poor fit (R2 = 0.3039). The Higuchi model (Rz =
0.9507) indicated a diffusion-based component,
and the Korsmeyer-Peppas model (R? = 0.9815)
with an n value of 1.36 suggested a non-Fickian
(anomalous) release mechanism involving a
combination of diffusion and matrix erosion. The
fitting results about sustained release layer were
listed in Table 9. Overall, these results demonstrate
that the optimized F3 bilayer tablet successfully
achieves rapid release of Tenofovir from the IR
layer and sustained release of Silymarin from the
SR layer, highlighting the effectiveness of the
formulation design. All the R2 values for the kinetic
models are summarized in Table 10 and
corresponding model-dependent plots are presented
in Fig. 13, 14, 15 and 16.

TABLE 8: IN-VITRO DRUG RELEASE MODEL FOR TENOFOVIR (IMMEDIATE RELEASE)

Time (hours) %CDR % Cumulative drug remaining Log of % Cumulative drug remaining
0 0 100 2
0.0833 10.44 89.56 1.95211
0.1667 32.39 67.61 1.83001
0.25 54.32 45.68 1.65972
0.3333 76.34 23.66 1.37401
0.5 99.57 0.43 -0.36653

TABLE 9: IN-VITRO DRUG RELEASE MODEL FOR SILYMARIN (SUSTAINED RELEASE)

Time Log time Square root %CDR Log of % Cumulative drug Log of % Cumulative
(hours) of time %CDR remaining drug remaining
0 0 0 0 0 0
0.0833 -1.07935 0.288617 0.14 -0.85387 99.86 1.999392
0.1667 -0.77806 0.408289 0.41 -0.38722 99.59 1.998216
0.25 -0.60206 0.5 0.51 -0.29243 99.49 1.997779
0.3333 -0.47716 0.577321 0.86 -0.0655 99.14 1.996249
0.5 -0.30103 0.707107 0.92 -0.03621 99.08 1.995986
1 0 1 9.21 0.96426 90.79 1.958038
2 0.30103 1.414214 17.55 1.244277 82.45 1.916191
3 0.477121 1.732051 25.99 1.414806 74.01 1.86929
4 0.60206 2 34.42 1.536811 65.58 1.816771
5 0.69897 2.236068 42.23 1.625621 57.77 1.761702
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6 0.778151 2.44949 50.48 1.703119 49.52 1.694781
7 0.845098 2.645751 59.27 1.772835 40.73 1.609914
8 0.90309 2.828427 67.65 1.830268 32.35 1.509874
9 0.954243 3 76.12 1.881499 23.88 1.378034
10 1 3.162278 84.38 1.92624 15.62 1.193681
11 1.041393 3.316625 93.06 1.968763 6.94 0.841359
12 1.079181 3.464102 99.99 1.999957 0.01 -2
TABLE 10: KINETIC MODELS WITH R? VALUE
Formulation Kinetic Model
Zero order  First order Higuchi Korsmeyer-Peppas Hixson-Crowell
IIRZII IIRZII model IIRZII model model IIRZII
"R Slope
Immediate Release Tenofovir 0.9837 0.7929 - - - 0.9855
Sustained Release Silymarin 0.9992 0.3039 0.9507 0.9815 1.3608 -
ZERO ORDER KINETICS [TENOFOVIR]
120
100
20
g 0
P a0
_3; 06
Time (hours)
y=212 3x- 1666
—p—Tenofowir  seceeeaes Linear (Tenofovir) R==0.983
FIG. 10: ZERO ORDER RELEASE KINETICS FOR TENOFOVIR
FIRST ORDER KINETICS (TENOFQVIR)
&
S 1
:F': 0
é L 0.6
‘_é: Time (hours)
E Y X X e 1
—8— Tenofovir  woeeeeen Linear [Tenofovir) R* =0.7929
FIG. 11: FIRST ORDER RELEASE KINETICS FOR TENOFOVIR
HIXSON-CROWELLKINETICS (TENOFOVIR)
%’ 1
'_5 0
i 1 & o
3 2 .
Time (hr)
W 0.0937x+4.7206
il | f F owsssssa Linear {Tenofovir) R% = 0.0855
FIG. 12: HIXSON-CROWELL KINETICS FOR TENOFOVIR
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ZERO ORDERKINETICS (SILYMARIN)

4] 2 4 [ 8 10 12 14
Time (hours)

y=B.5122x-0.6728
—8— Silymann seeeeeees Lin@ar (Silymaring R = 0.9992

FIG. 13: ZERO ORDER RELEASE KINETICS FOR SILYMARIN
FIRSTORDER KINETICS (SILYMARIN)

Time (hours)

Log of % Cumulative drug remaining

¥y =-0.1307x+ 1.9946

i Silymanin sesssesns Linear [Symaring R = 0.3030

FIG. 14: FIRST ORDER RELEASE KINETICS FOR SILYMARIN
KORSMEYER PEPPAS KINETICS (SILYMARIN)

2.5

Log of %COR

=S
Log time

y = 1.3608x +0.6369
—— Silymarin  =seesees Linear (Silymarin RY = 09815

FIG. 15: KORSMEYER-PEPPAS RELEASE KINETICS FOR SILYMARIN
HIGUCHI KINETICS (SILYMARIN)
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Square root of time
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FIG. 16: HIGUCHI RELEASE KINETICS FOR SILYMARIN
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Stability Studies: Stability studies were carried out
for the optimized bilayer tablet formulation (F3) in
accordance with ICH guidelines to assess the effect
of storage conditions on product quality. The
results obtained Table 11 indicate that all evaluated
parameters remained within acceptable limits under
both storage conditions, with no significant
changes observed in physical appearance,

TABLE 11: STABILITY REPORT OF BILAYER TABLET

E-ISSN: 0975-8232; P-ISSN: 2320-5148

mechanical strength, drug content and invitro drug
release. The optimized bilayer tablet formulation
(F3) was found to be stable under both room
temperature and accelerated conditions,
demonstrating that the product maintains its quality
attributes during the study period. This confirms
the suitability of the formulation for further
development and potential scale-up.

Stability Hardness Friability (%0) Drug content (%) Drug release (%)
condition (kg/cm2)
i S S = Y Y
_ - g g = g g
< > > < > > c c
E § § £ § & “ 2 8 = 4 2
S w o = ) o
- ® - @ B = 5 = S = 5 = I I
F 9?92 @O = O = O
Room ™ ™ ™
temperature § = s 8 8 38 g 8 @ 8 & 3 3 s o o g
o6 © © S S s 9 O o o o o o O S & o© o
(e) oe] oe]
40°C+2°C, o = O N «d N oA < ®©® «H < ~ ;o ™
5%:5% F O O0H S & S8 2 g 2 5 2 g 2 88 8 8 8
RH g g g o o © &% 4 & 494 oo 49 &6 49 49 49 949 o4
CONCLUSION: The present study successfully ACKNOWLEDGMENT: The authors

developed a bilayer tablet of Tenofovir (Immediate
Release) and Silymarin (Sustained Release) using
direct compression. The formulation strategy
addresses the therapeutic needs of hepatitis-induced
liver cirrhosis by combining rapid antiviral action
with prolonged hepatoprotective effects in a single
dosage form. Among eight trial formulations, F3
(CCS in IR layer + HPMC K100M 10% in SR
layer) was optimized, achieving the desired
biphasic release profile — immediate Tenofovir
release within 30 minutes and sustained Silymarin
release over 12 hours. Kinetic modeling confirmed
that Tenofovir release followed Hixson-Crowell
kinetics, while Silymarin release followed zero-
order Kkinetics with Super Case-Il transport,
ensuring predictable and controlled drug release.
Stability studies under ICH conditions further
validated the robustness of the optimized
formulation, with no significant variations in
physical, chemical, or release parameters. Overall,
this bilayer tablet system enhances therapeutic
efficacy, reduces dosing frequency, and improves
patient compliance, representing a promising

platform  for integrated antiviral and
hepatoprotective  therapy.  Further  in-vivo,
pharmacokinetic, and clinical evaluations are

warranted to establish its clinical applicability.

International Journal of Pharmaceutical Sciences and Research

acknowledge the support, guidance, and laboratory
facilities provided by C.L. BaidMetha College of
Pharmacy, which enabled the successful
completion of this research work.

CONFLICT OF INTEREST: The authors declare
that there is no conflict of interest.

REFERENCES:

1. Lou J, Duan H, Qin Q, Teng Z, Gan F and Zhou X:
Advances in oral drug delivery systems: challenges and
opportunities.  Pharmaceutics ~ 2023;  15(2): 484.
doi:10.3390/pharmaceutics15020484.  PMID:36839807;
PMCID:PMC9960885.

2. Prajapat P, Agrawal D and Bhaduka G: A brief overview
of sustained-release drug delivery system. J Appl Pharm
Res 2022; 10(3): 5-11.
doi:10.18231/j.joapr.2022.10.3.5.11.

3. Siepmann J and Siepmann F: Modeling of diffusion-
controlled drug delivery. J Control Release 2012; 161(2):
351-62. doi:10.1016/j.jconrel.2011.10.006.

4. Ezike TC, Okpala US, Onoja UL, Nwike CP, Ezeako EC
and Okpara OJ: Advances in drug delivery systems,
challenges and future directions. Heliyon 2023; 9(6):
17488. doi:10.1016/j.heliyon.2023.e17488.
PMID:37416680; PMCID:PMC10320272.

5. Akhtar M, Jamshaid M, Zaman MB and Mirza AZ:
Bilayer tablets: a developing novel drug delivery system. J
Drug Deliv Sci Technol 2020; 60: 102079.
Doi:10.1016/j.jddst.2020.102079.

6. Jangid V, Chatterjee A, Agrawal V and Gupta M: A
review on bilayer tablet technology for multi modal drug

1211



Fazan et al., IJPSR, 2026; Vol. 17(4): 1199-1212.

10.

11.

12.

13.

14.

delivery. J Biomed Pharm Res 2022; 11(6): 33-41.
doi:10.32553/jbpr.v11i6.947.

Gupta D, Pandey M, Maiti A and Pujari NM: Bilayer
tablet technology: a concept of immediate and controlled
drug delivery. J Pharm Negative Results 2023; 14(1): 503—
12. doi: 10.47750/pnr.2023.14.501.59.

Lin CY, Chen YW, Hsieh YC, Lee WC, Yang SS and
Chuang WL: Silymarin synergizes with antiviral therapy
in hepatitis B virus-related liver cirrhosis: A propensity
score matching multi-institutional study. PLoS One 2021;
16(12): 0261019. doi:10.1371/journal.pone.0261019.
PMID:34910755; PMCID:PMC8678201.

Huang CH, Wu VCC, Wang CL, Wu CL, Huang YT and
Chang SH: Silymarin Synergizes with Antiviral Therapy
in Hepatitis B Virus-Related Liver Cirrhosis: A Propensity
Score Matching Multi-Institutional Study. Int J Mol Sci
2024;25(6): 3088. D0i:10.3390/ijms25063088.

Veseli A, Zakelj S and Kristl A: A review of methods for
biopharmaceutical solubility determination. Drug Dev Ind
Pharm 2019; 45(11): 1717-24.
doi:10.1080/03639045.2019.1665062. PMID:31512934.
World  Health  Organization.  The International
Pharmacopoeia: General Methods of Analysis —
Determination of Melting Point [Internet]. Geneva: WHO;
2019 [cited 2025 Aug 28]. Available from:
https://digicollections.net/phint/pdf/b/7.1.2.1.2-
Determination-of-melting-temperature%2C-melting-
ran_.pdf

Chadha R and Bhandari S: Drug-excipient compatibility
screening role of thermoanalytical and spectroscopic
techniques. J Pharm Biomed Anal 2014; 87: 82-97.
doi:10.1016/j.jpba.2013.06.016. PMID:23845418.
Sivaprasad S, SadakvaliCh, Ravi Kumar V, Murali
Krishna PV, Yusuf SM and Srikanth A: Formulation and
characterization of  TenofovirDisoproxil =~ Fumarate
nanoparticles prepared by nanoprecipitation method. Res J
Pharm Technol 2022; 15(7): 3075-3080.
Doi:10.52711/0974-360X.2022.00514.

Valusa S and Gunjan M: Formulation development and
evaluation of TenofovirDisoproxil ~Fumarate oral

15.

16.

17.

18.

19.

20.

21.

22.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

disintegration  tablets wusing the starch
Paripex-Indian J Res 2024; 13(5): 0404165.
Mehetre N and Singh I: Development and evaluation of
dispersible tablet comprising Tenofovir, Bictegravir and
Emtricitabine. Int J Drug Deliv Technol 2025; 15(2):
605-19. Doi:10.25258/ijddt.15.2.30

Sankaraiah J, Sharma N and Naim MJ: Formulation and
development of fixed-dose combination of bi-layer tablets
of efavirenz, lamivudine and tenofovirdisoproxil fumarate
tablets 600 mg/300 mg/300 mg. Int J Appl Pharm 2022;
14(1):  185-97.  do0i:10.22159/ijap.2022v14i1.42764.
Auvailable from:
https://journals.innovareacademics.in/index.php/ijap/articl
e/view/42764.

United States Pharmacopeial Convention. United States
Pharmacopeia and National Formulary (USP 44-NF 39).
Rockville, MD: United States Pharmacopeial Convention;
2021. Section <905> Tablets; Section <1216> Tablet
Friability; Section <701> Disintegration.

Indian Pharmacopoeia Commission. Indian
Pharmacopoeia 2022. Ghaziabad: Indian Pharmacopoeia
Commission; 2022. Monograph: Tablets.

United States Pharmacopeial Convention. United States
Pharmacopeia and National Formulary (USP 44-NF 39).
Rockville, MD: United States Pharmacopeial Convention;
2021. Section <711> Dissolution.

Aulton ME and Taylor K: Aulton’s Pharmaceutics: The
Design and Manufacture of Medicines. Release kinetics
and drug release mechanisms. 5th ed. Edinburgh: Elsevier
2021; 15.

Lachman L, Lieberman HA and Kanig JL: The Theory and
Practice of Industrial Pharmacy. 5th ed. Mumbai:
Varghese Publishing House; Dissolution and drug release
kinetics. 2021; 25:

Gonzalez-Gonzalez O, Ramirez 10, Ramirez BI,
O’Connell P, Ballesteros MP, Torrado JJ and Serrano DR:
Drug stability: ICH versus accelerated predictive stability
studies. Pharmaceutics ~ 2022; 14(11): 2324.
doi:10.3390/pharmaceutics14112324.

phthalate.

How to cite this article:
Fazan OM, Krishnan BA and Selvi G: Formulation and evaluation of bilayer tablets of tenofovir and silymarin for hepatitis induced liver
cirrhosis. Int J Pharm Sci & Res 2026; 17(4): 1199-12. doi: 10.13040/1JPSR.0975-8232.17(4).1199-12.

All © 2026 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

1212



