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Abstract

Objectives: This study aimed to assess the influence of soluble and insoluble diluents on drug release from the
controlled-release (CR) matrix tablets of Biopharmaceutics Classification System (BCS) Class I drugs prepared
with hydrophilic polymers. Methods: Tramadol hydrochloride (TDL HCI) and venlafaxine hydrochloride (VFX
HCI)-CR matrix tablets (CR) were prepared with polymers of hydrophilic nature (Kollidon SR and xanthan
gum) with and without diluents (insoluble and soluble, such as dicalcium phosphate, microcrystalline cellulose,
lactose monohydrate, and mannitol). Pre-compression and post-compression parameters were evaluated for these
CR tablets. In vitro drug release kinetics were evaluated using zero-order, first-order, and the mechanism was
evaluated employing Higuchi, Peppas, and Hixson-Crowell. Model-independent parameters such as T, T,
mean dissolution time (MDT),,, MDT, f,, and f, comparison were also performed. These model-dependent
and model-independent methods were used to compare in vitro drug release between the formulations prepared
with and without diluents. Results and Conclusion: The first order release was followed by all the formulations.
The drug release in many cases followed an erosion mechanism in addition to the Higuchi diffusion mechanism
from these tablets. The correlation coefficient values of these mechanisms are close to each other. The primary
observation was that the presence of insoluble diluents (dicalcium phosphate and microcrystalline cellulose) in
the hydrophilic matrix of VFX HCl tablets retarded the drug release significantly. However, water-soluble diluents
(lactose monohydrate and mannitol) enhanced the drug release when incorporated in the hydrophilic matrix of
VEX HCI with synthetic polymer (Kollidon SR) only, and did not affect the release when the natural polymer
(xanthan gum) was used. Diluents did not influence drug release in the case of the TDL HCI formulation prepared
with hydrophilic polymers.

Key words: Controlled release, diluents, drug release kinetics, hydrophilic polymers, tramadol hydrochloride,
venlafaxine hydrochloride

INTRODUCTION

( jontrolled release (CR) formulations
using various polymers effectively
modulate drug release. While many

studies have examined polymer influence, little

is known about the impact of diluents on CR
formulations." This study investigates how
diluents affect drug release from CR matrix
tablets of tramadol hydrochloride (TDL HCI)
and venlafaxine hydrochloride (VFX HCI),
which are Biopharmaceutics Classification

System (BCS) Class1 drugs with similar

solubility, molecular weight, and dose (100 mg).

Their comparable physicochemical and

pharmacokinetic properties make them ideal for

evaluating diluent effects on drug release.*

Asian Journal of Pharmaceutics ¢ Jan-Mar 2026 < 20 (1) | 721

METHODS

Drug-excipient compatibility studies

Compatibility between drug and excipients was done by
subjecting the drug-excipient physical mixtures at 40 + 2°C,
75 + 5% RH for 1 month, and then analyzing the interaction
through physical evaluation, differential scanning calorimetric
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(DSC), and Fourier transmission infrared spectrophotometric
(FTIR) evaluation.*#

In vitro estimation of TDL HCI and VFX HCI

TDL HCI and VFX HCI showed maximum absorbance at
271 nm and 275 nm, respectively. Drug estimation in 1:3
drug-polymer (Kollidon SR and xanthan gum) mixtures
was done in 0.IN HCI using regression equations from
absorbance-concentration plots, and triplicate experiments
were averaged for accuracy.”!?

Solubility studies

A solubility study of both drugs was quantified in 0.1N HCI
(pH 1.2) by the equilibrium method, shake-flask technique in
an orbital shaking incubator (Geiotech, ST 600R).!*!14

Preparation of matrix tablets of TDL HCL
and VFX HCL

The different matrix formulations of TDL HCIl and VFX HCl
were prepared using the selected polymers and diluents using
the direct compression technique.

Evaluation of pre-compression blend

All the formulations of TDL HCl and VFX HCI pre-
compression blend were subjected to evaluation of
micromeritic properties. Using the bulk density and tapped
density values, Hausner’s ratios and Carr’s index were
determined.['>7

Evaluation of tablets

Evaluation tests for appearance, hardness, thickness,
uniformity of weight, friability, drug content,!'® and in vitro
dissolution were performed for the compressed tablets.!'82!]

Drug content estimation

100 mg of drug equivalent powder was weighed and
dissolved in 50 mL of 0.1N HCI. After suitable dilution, drug
content was measured at 271 nm for TDL HCI and at 275 nm
for VEX HCI using a calibration curve. Each drug content
estimation was done in triplicate.

In vitro dissolution studies

Based on the recommendation given by OGD for TDL HCI
extended release tablets, the media was selected as 0.1N HCI.
Considering that both drugs have similar saturated solubility
in 0.IN HCI, as shown in Table 1, the same medium was
considered for both drugs.*?

Evaluation of drug release

Model-dependent approaches and model-independent
approaches were used for drug release evaluation. In model-
dependent methods, zero-order and first-order were used for
release kinetics. Higuchi, Erosion, and Peppa’s equations
were used for establishing the mechanism of release.

Under model-independent approaches, ratio test procedures,

mean dissolution time (MDT), difference factor (f,), and
similarity factor (f,) were used.[>?

Evaluation of apparent intrinsic dissolution!*!

The intrinsic dissolution was carried out using 500 mL 0.1N
HCl as media with a stirring speed of 50 rpm and at 37 £ 0.5°C.

Evaluation of solubility parameters

The solubility parameters of the drugs and polymers were
evaluated following Hoy’s solubility parameter method.*3S!

d(tot)? = SD*+5P*+-dH>

Table 1: Concentration versus absorbance for TDL HCIl and VFX HCl in 0.1 N HCI

Concentration versus absorbance for TDL HCI

Concentration versus absorbance for VFX HCI

Concentration (ug/mL) Absorbance (Mean+SD, n=3)

Concentration (ug/mL) Absorbance (Mean+SD, n=3)

20 0.171+0.005
40 0.280+0.007

60 0.388+0.003

80 0.514+0.002
100 0.627+0.005
120 0.806+0.004
Regression equation y=0.00646x+0.0161
Correlation coefficient (r) 0.9970

10 0.046+0.007
20 0.087+0.002
40 0.175+0.004
60 0.257+0.006
80 0.348+0.003
100 0.422+0.005
Regression equation y=0.0042x+0.0027
Correlation coefficient (r) 0.9997

TDL HCI: Tramadol hydrochloride, VFX HCI: Venlafaxine hydrochloride, SD: Standard deviation
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Stability study

The trial formulations of the same batch were kept under
stability conditions, at accelerated conditions (40 + 2°C, 75
+ 5% RH) for 6 months in a stability chamber (Thermolab,
GMP model). Samples were withdrawn at 3- and 6-month
time intervals and were evaluated for physical appearance,
hardness, drug content, and drug release studies. Visual
observation was used for physical appearance.(%

RESULTS AND DISCUSSION
Compatibility studies

DSC thermograms showed endothermic peaks for TDL
HCI and VFX HCI at 181.98°C and 210.8°C, respectively,
closely matching reported melting points.>%37! The added
excipients also exhibited the respective melting peaks as
reported.

FTIR analysis of individual drugs, pure excipients, stored
at ambient temperature, and drug-excipient mixtures stored
at 40 + 2°C, 75 £ 5% RH for 4 weeks showed no new or
missing peaks, confirming no drug—excipient interactions
and good compatibility of both drugs with the excipients.

In vitro estimation of TDL HCI and VFX HCI

A good linear correlation was observed for both the drugs
in the studied concentration range of 20-120 ug/mL and
10-100 pg/mL for TDL HCIl and VFX HCI, respectively,
in 0.IN HCIL. The corresponding regression equations and
slopes are shown in Table 1, Figures 1 and 2.53%4%

In all the interference studies, more than 99.0% of the drug
was estimated.

Solubility studies

Both the drugs showed similar solubility in 0.1N HCI
media. TDL HCI shows 621.14 + 0.75, and VFX HCI shows
625.04 + 0.82 mg/mL. It is also reported in the literature that
TDL HCl and VFX HCI show high pH-independent solubility
across the physiological pH at 37°C.

Formulation of TDL HCI and VFX HCI matrix tablets

Matrix tablets were optimized using Kollidon SR and
xanthan gum without a diluent, with a 1:3 drug-polymer
ratio providing sustained 12-h release; hence, both TDL
HCI and VFX HCI tablets were prepared using this ratio
and evaluated for all formulation parameters. All the
formulations were evaluated for pre-compression and post-
compression parameters.
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Figure 1: Standard graph for tramadol hydrochloride in
0.1 N HCI
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Figure 2: Standard graph for venlafaxine hydrochloride in
0.1N HCI

Pre-compression blend evaluation

The micromeritic properties of the different formulation
blends of TDL HCI and VFX HCI indicated that all the pre-
compression powder blends showed free-flowing properties
with a good compressibility index. This also indicated that
the polymers have low interparticle friction.

Evaluation of tablets

The different tablet characteristics were found to be
acceptable as described in Table 2. The uniformity of weight,
hardness, and friability was within the range of acceptable
criteria, indicating good mechanical strength of the tablets.
The percentage drug content varied between 98% and 102%
in different formulations, indicating content uniformity in the
prepared batches, which falls within the pharmacopeial limits.

In vitro dissolution studies

TDL HCI showed consistent 12-h release with a 1:3 drug-
polymer ratio, unaffected by diluent type, whereas VFX HCI




Table 2: Properties of TDL HCI and VFX HCI matrix tablets

Formulation  Hardness? (kp) Thickness® (mm) Uniformity of weight®(mg)  Friability° (%) % drug content¢

TDL HCI matrix tablets
TK 7.2+0.16 5.1+0.08 405+1.68 0.09 99.74+0.42
TKD 8.2+0.62 5.3+0.15 505+1.38 0.11 100.12+0.63
TKC 9.1+0.78 5.6+0.23 505+2.62 0.16 98.37+0.51
TKL 8.5+0.52 5.2+0.22 505+2.28 0.13 99.21+0.23
TKM 7.7+0.16 5.1+0.02 505+1.18 0.08 100.28+0.36
TX 7.4+0.62 5.3+0.13 405+1.58 0.21 99.37+0.45
TXD 9.1+£0.78 5.0£0.18 505+2.61 0.16 101.83+0.82
TXC 8.7+0.52 5.2+0.25 505+1.69 0.25 99.02+0.77
TXL 8.1+0.78 5.6+0.12 505+2.38 0.19 100.55+0.56
TXM 8.9+0.52 5.4+0.26 505+2.28 0.22 99.91+0.63

VEX HCI matrix tablets
VK 7.2+0.16 5.3+0.18 405+1.21 0.29 100.21+0.32
VKD 8.2+0.62 5.6+0.05 505+1.78 0.18 99.23+0.21
VKC 9.1+0.78 5.1+0.13 505+2.12 0.22 98.87+0.74
VKL 8.5+0.52 5.5+0.21 505+1.58 0.27 99.65+0.12
VKM 7.7+0.16 5.7+0.12 505+2.18 0.18 100.23+0.56
VX 7.4+0.62 5.9+0.23 405+1.88 0.25 100.12+0.51
VXD 9.1+£0.78 5.1£0.11 505+1.69 0.36 99.74+0.85
VXC 8.7+0.52 5.2+0.15 505+2.65 0.29 99.23+0.13
VXL 8.1+0.78 5.5+0.22 505+2.38 0.16 100.11+£0.68
VXM 8.9+0.52 5.4+0.26 505+1.28 0.24 98.61+0.91

aMeanzstandard deviation, n=6, "Mean+%deviation, n=20, °n=16 (405 mg)/12 (505 mg), ‘Meanzstandard deviation, n=3.

TDL HCI: Tramadol hydrochloride, VFX HCI: Venlafaxine hydrochloride
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Figure 3: Tramadol hydrochloride — Kollidon SR matrix
tablets dissolution profiles

release varied with water-soluble diluents, accelerated and
insoluble diluents retarded release, especially with Kollidon SR.

The dissolution results are compiled in Tables 3 and 4,
depicted in Figures 3-6.

The influence of diluents on the in vitro drug release of matrix
tablets of TDL HCI and VFX HCI prepared with hydrophilic
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Figure 4: Tramadol hydrochloride — Xanthan gum matrix
tablets dissolution profiles

polymers was evaluated with model-independent parameters
and summarized in Table 5.

Drug release kinetics showed that all TDL HCI and VFX
HCI1 formulations followed first-order release; six TDL
HCI formulations (TK, TKD, TKC, TKL, TXD, and TXL)
followed the Higuchi diffusion mechanism, while others
followed erosion-based release.
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Drug release data of TDL HCI-xanthan gum matrix tablets

TXD
36.8+0.41
48.0+0.48
64.9+0.53
80.0+0.59
96.8+0.69

Drug release data of TDL HCI-Kollidon SR matrix tablets

Time

TKM
34.4+0.59
47.3+0.48
64.2+0.51
80.4+0.64
93.9+0.68
100.0+0.39

XM
27.8+0.70
41.6+0.48
61.4+0.55
80.7+0.67
98.1+0.43

100.0+0.61

TXL

TXC
34.5+0.59 39.4+0.62

48.0+0.48 51.9+0.58

TX
33.7+0.53
47.7+0.41
68.2+0.48
81.7+0.58
97.7+0.66

TKL
29.2+0.62
44.9+0.51
66.0+0.48

TKC
31.2+0.56
44.1+0.48
62.0+0.44
76.9+0.52
87.1+0.61

100.0+0.71

TKD
28.7+0.43
41.9+0.44
61.8+0.52
77.3+0.61
89.3+0.48

100.0+0.53

TK
39.5+0.39
51.4+0.41
71.5+0.53
85.0+0.43
94.0+0.59

100.0+0.49
TDL HCI: Tramadol hydrochloride, VFX HCI: Venlafaxine hydrochloride

(Hours)

68.7+0.53 72.4+0.52

83.4+0.44 90.2+0.48

96.9+0.68 99.1+0.67

80.3+0.56
90.8+0.70

100.0+0.71 100.0+0.43

100.0+0.70  100.0+0.66

100.0+0.58
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Figure 5: Venlafaxine hydrochloride — Kollidon SR matrix
tablets dissolution profiles
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Figure 6: Venlafaxine hydrochloride — Xanthan gum matrix
tablets dissolution profiles

TDL HCI formulations TK, TKM, TXD, and TXL followed
Fickian diffusion, whereas others showed non-Fickian
release; in VFX HCI, most (VK, VKD, VKC, VKL, VXD,
and VXC) followed Higuchi diffusion, and VKM, VXL, and
VXM followed erosion, with model-independent parameters
(T, T,,, MDT, , and MDT_, f , f)).

50 7752 50
Evaluation of apparent intrinsic dissolution

The intrinsic dissolution rate of the two drugs was compared
in 0.1N HCI and found to be 12.982 and 13.641 mg/0.5 cm?
for TDL HCI and VFX HCI, respectively. No significant
difference in the intrinsic dissolution rate of both drugs was
observed.

Evaluation of solubility parameters

Although TDL HCI and VFX HCI have similar solubility
and intrinsic dissolution rates, their release was differently
influenced by polymers and diluents, prompting calculation
of partial and total solubility parameters to assess these
effects.

Both drugs have similar partial and total solubility
parameters, suggesting similar solubility behavior; however,




Table 4: Drug release data of VFX HCI-Kollidon SR matrix tablets and VFX HCI-xanthan gum matrix tablets

(meanzstandard deviation, n=6)

Time Drug release data of VFX HCI-Kollidon SR matrix Drug release data of VFX HCI-xanthan gum matrix
(Hours) tablets tablets
VK VKD VKC VKL VX VXD VXC VXL VXM VKM

1 37.1£0.43 23.8+0.51 19.2+0.59 43.6+0.43 30.3+0.68 17.5+0.39 11.8+0.45 25.1+0.69 28.6+0.41 37.1+0.71
2 48.8+0.51 32.4+0.53 30.0+0.62 58.4+0.49 42.8+0.61 28.3+0.47 24.5+0.53 39.3+0.51 41.7+0.58 47.3+0.59
4 60.8+0.56 49.8+0.46 49.9+0.66 73.3+x0.55 63.2+0.57 46.3+0.51 40.1+0.49 58.4+0.48 62.7+0.44 76.6+0.44
6 69.4+0.69 53.6+0.63 65.0+0.53 83.2+0.71 76.6+0.43 57.2+0.63 53.9+0.63 79.5+0.41 77.5+0.51 87.5+0.49
8 76.4+0.70 59.1+0.71 70.4+0.41 92.7+0.63 85.6+0.39 67.2+0.59 61.4+0.67 86.8+0.58 87.3+0.62 95.0+0.53
10 82.9+0.47 64.3+0.67 75.3+0.48 100.1+0.60 92.5+0.71 71.3+0.60 67.2+0.61 91.3+0.61 91.5+0.71 98.6+0.67
12 85.9+0.39 69.2+0.41 79.0+0.70 100.2+0.57 98.4+0.63 77.3+0.71 71.7+0.40 95.7+0.70 97.4+0.39 100+0.39

TDL HCI: Tramadol hydrochloride, VFX HCI: Venlafaxine hydrochloride

Table 5: Effect of diluents on drug release from Kollidon SR and Xanthan gum

Drug Hydrophilic polymer Effect of water-soluble diluent Effect of water-insoluble diluent

TDL HCI Kollidon SR Non-significant No Significant effect observed
Xanthan gum Non-significant Non-significant

VFX HCI Kollidon SR Accelerated the release 1 Drug release was retarded |

Xanthan gum Non-significant

effect observed Drug release was retarded |

TDL HCI: Tramadol hydrochloride, VFX HCI: Venlafaxine hydrochloride

TDL HCI release was unaffected by polymers or diluents,
whereas VFX HCI release was slowed by insoluble diluents
and slightly faster with soluble diluents, highlighting diluent
impact on drug release.

The higher molecular weight of VFX (277.42) compared to
TDL (263.39) results in a lower diffusion coefficient, explaining
its slower diffusion-based release relative to TDL.[*

Stability study

Stability studies showed that after 6 months at accelerated
conditions (40 + 2°C, 75 + 5% RH), TDL HCl and VFX HCl
matrix tablets retained appearance, hardness, drug content,
and dissolution profiles, with f, values >50 confirming
similarity to initial samples, indicating good stability.

CONCLUSION

The study concluded that water-insoluble diluents, when
incorporated into the hydrophilic matrix of VFX HCI,
retarded drug dissolution. In contrast, water-soluble diluents
accelerated drug release when incorporated into the hydrophilic
matrix of VFX HCI with the synthetic polymer only, and did
not influence the release when a natural polymer was used.
Moreover, none of the diluents influenced drug release in
the case of the TDL HCI formulations. This difference was
further investigated through a detailed evaluation of various
properties, including saturated solubility, apparent intrinsic

Asian Journal of Pharmaceutics ©

dissolution, and the solubility parameters of both the drugs
and polymers. Based on this evaluation, the observed variation
could be attributed to differences in the molecular weights of
the two drugs, which may have resulted in variations in their
diffusion coefficients and consequently led to differences
in their release behavior. All formulations were found to be
stable under accelerated storage conditions (40 + 2°C/75 +
5% RH) for 6 months, with no significant changes in tableting
characteristics, drug content, or drug release behavior. The
saturated solubility and intrinsic dissolution rates of both
drugs were found to be very similar.
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