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ABSTRACT

Background: To develop and evaluate a tablet formulation containing standardized dry extract of Tribulus
terrestris L.—a plant traditionally used in Mongolian medicine—by focusing on excipient optimization and
pharmaceutical quality assessment. Methods: Tablets were manufactured using the wet granulation
method, incorporating an extract standardized to 54.45% dioscin. Various excipient ratios were investigated
to determine the optimal formulation. Dioscin content was quantified using UV-visible spectrophotometry.
Results: The optimized formulation comprised 25% dry extract, 34% lactose, 34% microcrystalline
cellulose, 6% PVPR 0.5% magnesium stearate, 0.5% talc, and 4.5% HPMC. The tablets demonstrated
acceptable pharmaceutical characteristics, including an average weight of 0.113 = 0.001 g, hardness of
0.83 + 0.23 MPa, friability of 98.17 + 0.65%, and disintegration time of 730 minutes. The dioscin content
was 13.50 + 0.50 mg/g, with an assay recovery of 95.51%. Dissolution exceeded 83% in both media
within 45 minutes. The similarity factor (f;) confirmed equivalent dissolution profiles. Conclusion: The
developed T. terrestris tablet formulation met pharmacopoeial standards and exhibited consistent physical,
chemical, and biopharmaceutical performance, supporting its potential as a standardized herbal medicinal

product for clinical and commercial application.

Key words: Tribulus Terrestre’s L.; tablet; excipients; saponins; spectrophotometer.

INTRODUCTION

Tribulus terrestris L. (TT) is an annual
herbaceous plant of the Zygophyllaceae family,
widely distributed across arid and semi-arid
regions globally, including desert and steppe
ecosystems.! In traditional Mongolian medicine,
TT has been employed for centuries as a diuretic,
neuroprotective agent, circulatory stimulant,
immune enhancer, and general tonic to promote
physical stamina.?

Contemporary pharmacological research has
validated several of these traditional applications,
revealingthat TT possessesa widerange of biological
activities. These include immunomodulatory,
antiurolithiatic, antidiabetic, cardioprotective, anti-
inflammatory, hypolipidemic, neuroprotective,
anticancer, and analgesic effects.’*

These pharmacological properties are largely
attributed to the rich composition of bioactive
compounds in the plant. To date, more than 108
steroidal saponins, primarily of the furostanol and
spirostanol types, have been identified in TT. In
addition, it contains various secondary metabolites
such as flavonoids, tannins, terpenoids, alkaloids,
and phenolic acids.’However, the chemical
composition of TT can vary significantly
depending on factors such as geographical origin,’
growth stage, and the extraction®® and purification
methods used.’Therefore, standardization of both the
raw material and processing techniques is essential to
ensure consistent pharmacological efficacy.”’

Tablets are generally considered a suitable dosage
form for herbal preparations due to advantages
such as cost-effective manufacturing, accurate

dosing, and superior storage stability. Nevertheless,
dry Therbal extracts typically possess poor
physicochemical and mechanical characteristics—
including hygroscopicity, stickiness, and low bulk
density—which adversely affect powder flowability
and compressibility during the tableting process.
To overcome these formulation challenges, the
extraction procedure must first be optimized to
yield a dry extract with high bioactive content and
suitable technological properties. Subsequently, the
development of a pharmaceutical formulation that
ensures proper disintegration, mechanical strength,
content uniformity, and compliance with regulatory
quality standards is essential. !

Despite the growing popularity of herbal medicines,
many commercial productsstill rely on crude or semi-
purified extracts. Comprehensive studies using fully
standardized extracts with validated pharmaceutical
properties remain limited, highlighting the need for
further research to support their therapeutic efficacy
and formulation stability. 2

The development of an effective oral dosage form,
particularly a tablet, from a standardized TT dry
extract requires careful selection of pharmaceutical
excipients. Excipients play a critical role in tablet
manufacturability and mechanical strength and
influence disintegration time, dissolution rate,
bioavailability, and storage stability. Therefore,
formulation design must adopt a scientifically
rational approach that ensures both functional
performance and preservation of bioactivity.'>!
While research on TT-based tablet formulations
remains limited, existing studies have shown that
the choice of excipients and manufacturing methods
significantly affects tablet performance. For instance,

Cite this article: Dovchinsuren B, Hu WQ, Dambiinyam J, Mukhtar Y, Damdinjav D, Dorjbal E.
Formulation Strategy and Excipient Selection for Tribulus terrestris L. Tablets: A Quality-Based

Approach. Pharmacogn J. 2025;17(3): 370-377.

Pharmacognosy Journal, Vol 17, Issue 3, May-June, 2025



Dovchinsuren B, et al. Formulation Strategy and Excipient Selection for Tribulus terrestris L. Tablets: A Quality-Based Approach

fast-disintegrating tablets prepared via direct compression using TT
fruit and seed extracts with superdisintegrants, such as sodium starch
glycolate and crospovidone, achieved disintegration within 29-69 s and
dissolution rates above 99% within five minutes. Another study developed
floating tablets combining TT with Pedalium murex extract, which
provided sustained gastric retention and complete drug release over 15 h.®

This study aimed to develop a pharmaceutical tablet formulation
containing a standardized dry extract of Tribulus terrestris (TT) to
address the key formulation challenges associated with herbal dosage
forms. The extract was prepared from the aerial parts of the plant,
purified using a macroporous adsorption resin, concentrated under
vacuum, and freeze-dried to obtain a stable dry extract.

A series of pharmaceutical excipients were evaluated to assess their
effects on essential tablet quality parameters, such as flowability,
compressibility, disintegration time, and dissolution behavior. Based
on these assessments, an optimized formulation was developed.

The primary objective of this study was to formulate a standardized TT
extract tablet that meets pharmaceutical quality standards, maintains
biological efficacy, exhibits physicochemical and formulation stability,
and is suitable for clinical use and scalable industrial production.

MATERIALS AND METHODS

This study was designed using a factorial experimental approach
to investigate the effects of different diluent and disintegrant types
and their ratios on the formulation quality of tablets containing
standardized Tribulus terrestris dry extract.

Plant Material Collection and Preparation of Dry Extract

The aerial parts of Tribulus terrestris were collected from Dundgovi
Province, Mongolia. To prepare the dry extract, the plant material
was extracted using 70% ethanol under reflux conditions at a solid-
to-liquid ratio of 1:6. The extraction was carried out for 6 hours with
continuous stirring and heating. The resulting solution was purified
using HPD-100 macroporous resin to eliminate unwanted impurities.
The purified extract was then freeze-dried to obtain a dry powder
suitable for formulation and further analysis.

Preformulation Study

Excipients were screened based on their performance in wet
granulation-based formulations. For the diluent selection study, four
formulations were prepared using lactose, microcrystalline cellulose
(MCQ), starch, and dextrin as the sole diluent in each. For disintegrant
screening, individual formulations were prepared containing one of
the following: DST, polyvinylpolypyrrolidone (PVPP), croscarmellose
sodium (cCMC-Na), or low-substituted hydroxypropyl cellulose
(L-HPC). Each excipient's effect on tablet performance was evaluated in
terms of disintegration time, hardness, friability, and visual appearance.

Tablet Preparation via Wet Granulation

All formulations were produced using a standardized wet granulation
process. Each tablet contained 25 mg of standardized dry extract,
6.5 mg of PVPP as the disintegrant, and 0.5 mg of magnesium stearate
as a lubricant. The steps were as follows:

1. The dry extract was blended with the selected excipients.

2. A 4.5% hydroxypropyl methylcellulose (HPMC) gel solution was
added to the mixture to produce a uniform wet mass.

3. The wet mass was passed through a No. 20 mesh sieve to generate
granules.

4. The granules were dried at 50 °C for 29 minutes to reach optimal
moisture content.
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5. Dried granules were sieved, lubricated, and mixed thoroughly.

6. The final granules were compressed into tablets using a ZP-7 rotary
tablet press.

Evaluation of Tablet Quality Attributes

The physical and chemical characteristics of the manufactured
tablets were evaluated in accordance with the Mongolian National
Pharmacopoeia. All assessments strictly followed the requirements
outlined in the official monograph titled “Tablets.” The primary
objective of this evaluation was to verify the pharmaceutical quality,
therapeutic consistency, safety, and manufacturing reliability of the
developed formulation.

The following critical quality parameters were assessed:
Visual appearance

Average weight and weight uniformity

Mechanical strength (tablet hardness)

Friability

Disintegration time

Content of active ingredient (dioscin assay)

O o o o o o &a

Dissolution behavior

Preparation of dioscin standard solution for quantitative
analysis

Dioscin, the principal bioactive marker in Tribulus terrestris, was
selected as the analytical reference for evaluating extraction yield, content
uniformity, and dissolution performance of the formulated tablets.

To prepare the standard solution, 9.2 mg of dioscin (purity: 96.1%)
was accurately weighed and dissolved in a small volume of methanol
in a 50 mL volumetric flask. The solution was diluted to volume with
methanol to achieve a final concentration of 0.184 mg/mL. From this
stock solution, 0.20-1.20 mL aliquots were transferred into separate
test tubes. Following methanol evaporation, 5 mL of perchloric acid
(HClO,) was added to each tube. The samples were incubated in a
water bath at 25 °C for 30 minutes, then rapidly cooled in an ice bath
for 5 minutes. Absorbance was measured at 409 nm using a UV-Visible
spectrophotometer. The dioscin reference standard was obtained from
Jinjin Tianjilian Biotechnology Co., Ltd.

Quantification of dioscin in tablets

For dioscin quantification, twenty tablets were accurately weighed,
finely powdered, and 0.100g of the homogenized powder was
transferred into a 100 mL volumetric flask. Methanol was added, and
the mixture was subjected to ultrasonic treatment for 30 minutes to
ensure complete extraction of the active ingredient. The volume was
adjusted to 100 mL with methanol, then centrifuged and filtered to
obtain Solution A.

A 2mL aliquot of Solution A was transferred into a test tube, and
4 mL of perchloric acid (HCIO,) was added. The tube was sealed and
incubated in a water bath at 25 °C for 30 minutes, followed by rapid
cooling in an ice bath. The absorbance of the resulting solution was
measured at 409 nm using a UV-Visible spectrophotometer. The
dioscin content was calculated based on a previously established
standard calibration curve.

Dissolution study in distilled water

Dissolution testing was carried out using an RC 806 dissolution
apparatus at 37 £ 0.5 °C and 100 rpm, with 250 mL of distilled water
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as the dissolution medium. At predetermined time intervals (5, 10, 15,
20, 30, 45, 60, and 90 minutes), 3 mL samples were withdrawn, filtered
through a 0.8 um membrane filter, and analyzed.

From each filtrate, a 1 mL aliquot was transferred to a test tube,
followed by the addition of 4 mL of perchloric acid. The mixture
was vortexed, incubated at 25°C for 25 minutes, and then cooled
in an ice bath. Absorbance was recorded at 409 nm using a UV-Vis
spectrophotometer. A blank solution was prepared by treating 1 mL of
distilled water with 4 mL of perchloric acid under identical conditions.

Dissolution study in 0.1 M hydrochloric acid

The same procedure was repeated using 0.1 M hydrochloric acid as the
dissolution medium under identical operating conditions (37 + 0.5 °C,
100 rpm, 250 mL). At each designated time point, 3 mL samples were
withdrawn and filtered. A 1 mL aliquot of each filtrate was then mixed
with 4 mL of perchloric acid, incubated at 25 °C for 25 minutes, cooled
in an ice bath, and analyzed spectrophotometrically at 409 nm.

Statistical analysis

Statistical analysis was performed using SPSS version 25.0 (SPSS
Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) was
applied to assess differences among groups. Pearson’s chi-squared (x*)
test was used for analyzing categorical variables. A p-value of less than
0.05 was considered statistically significant.

RESULTS

Evaluation of dry extract quality

Following the preparation of the Tribulus terrestris (TT) dry extract, its
dioscin content was quantified to ensure standardization. The extract
contained 544.47 + 1.66 mg/g of dioscin, representing approximately
54.45% of the total composition. A representative image of the dry
extract is shown in Figure 1.

Assessment of flow properties of the powdered extract

The powdered TT extract was assessed to determine its suitability for
tablet formulation, focusing on flow and compressibility characteristics.
Flowability was evaluated using Carr’s Compressibility Index, which
was calculated to be 21.70 + 0.88%, falling within the acceptable range
indicative of good flow properties. The Hausner Ratio was measured
at 1.28 £0.01, suggesting satisfactory compressibility. These values
confirm the extract’s appropriateness for solid dosage formulation.

However, due to the limitations associated with direct compression—
primarily the poor compactibility and cohesion of the powdered
extract—the wet granulation method was selected for tablet
manufacturing. This technique enabled more effective incorporation
of excipients and better control over process parameters, ultimately
enhancing the quality of the final tablets.

Selection of diluent excipients for tablet formulation

Tablet formulation was performed using the wet granulation method,
which involved blending, wet massing, drying, and compression.
Each formulation consistently included 25 mg of dry extract, 6.5 mg
of PVPP as the disintegrant, and 0.5 mg of magnesium stearate as the
lubricant. The detailed composition of each formulation is provided
in Table 1. The objective of this study was to evaluate the influence of
various diluent excipients on the technological and physicochemical
characteristics of the tablets, with the goal of identifying the most
suitable diluent for further formulation development.

As shown in Table 2, tablets formulated with microcrystalline
cellulose (MCC) exhibited the shortest disintegration time (8.54 + 0.44
minutes), which was significantly faster than those containing starch
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(15.15 + 0.34 minutes) or dextrin (23.43 + 0.79 minutes) (p < 0.0001;
p <0.05). In addition, MCC-based tablets demonstrated the highest
resistance to mechanical stress (97.6%) (p < 0.0001) and achieved the
highest appearance rating (4.0 £ 0.00), indicating superior physical
integrity and overall acceptability.

Although lactose-containing tablets showed a slightly longer
disintegration time (11.66 + 0.34 minutes), they exhibited the highest
hardness value (0.64 + 0.09 MPa), which was significantly greater than
that of MCC tablets (0.23 + 0.06 MPa) (p = 0.04; p < 0.05). This finding
suggests that lactose contributed to enhanced compressibility and
resistance to breakage.

In contrast, starch- and dextrin-based tablets exhibited prolonged
disintegration times and inferior mechanical properties, rendering
them unsuitable for further development.

Based on these findings, MCC was selected for its rapid disintegration,
mechanical resilience, and excellent visual quality, whereas lactose was
chosen for its superior compressibility and hardness—supporting its
use as a co-diluent in the optimized formulation.

Optimization of lactose-to-MCC ratio in tablet

formulation

To optimize the diluent combination, a series of formulations with
varying lactose-to-MCC ratios were prepared. Five formulations were
evaluated using the following ratios: 57:11, 46:22, 34:34, 22:46, and
11:57 (Table 3). This systematic approach aimed to identify the optimal
balance of flowability, compressibility, and disintegration behavior to
enhance overall tablet performance.

As presented in Table 4, modifying the lactose-to-MCC ratio had a
statistically significant influence on tablet performance. Among the five
tested formulations, the 34:34 ratio exhibited the most balanced and
favorable results across all evaluated parameters.

0 Disintegration Time: Tablets with a 34:34 ratio disintegrated most
rapidly (10.59 + 0.79 minutes), significantly faster than those with a
11:57 ratio (16.23 + 0.45 minutes) (p = 0.0001; p < 0.05).

[ Tablet Hardness: The 34:34 formulation also demonstrated superior
mechanical strength (1.7 + 0.26 MPa), outperforming the 57:11 and
46:22 ratios (1.37 £0.22 MPa and 1.38 + 0.43 MPa, respectively)
(p = 0.0001; p < 0.05).

0 Friability: Although the 46:22 formulation showed slightly higher
friability resistance (97.6%), the 34:34 formulation also remained
within acceptable limits at 96.2% (p = 0.006; p < 0.05).

0 Visual Appearance: The 34:34 formulation received the highest
visual evaluation score (3.9 + 0.32), indicating excellent uniformity,
smooth surface, and consistent shape, significantly outperforming
the 57:11 formulation (2.9 + 0.32) (p = 0.0001; p < 0.05).

Taken together, the 34:34 ratio formulation provided the most optimal
combination of rapid disintegration, strong mechanical properties,
acceptable friability, and superior appearance. These findings support
its selection as the lead candidate for further formulation refinement
and scale-up.

Disintegrant type and ratio optimization

A screening study was subsequently performed to evaluate the effect
of disintegrant type on tablet disintegration behavior. All formulations
were prepared with the same base composition, varying only in the
type of disintegrant incorporated (Table 5).

According to the disintegration test results, the formulation containing
polyvinylpolypyrrolidone (PVPP) showed the fastest disintegration
time, averaging 7.1 +0.07 minutes. In comparison, formulations

Pharmacognosy Journal, Vol 17, Issue 3, May-June, 2025
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Table 1. Formulation composition of TT tablets for evaluation of individual diluent excipients

Formulation No. :Z:‘:)é)Extract PVPP (mg) Lactose (mg) MCC (mg) Starch (mg) Dextrin (mg) g:g:;se";nr:‘g)
1 25 6.5 68.0 0.5
2 25 6.5 68.0 0.5
3 25 6.5 68.0 0.5
4 25 6.5 68.0 0.5
Table 2. Results: Outcomes of the study on diluent selection
_ Groups
Characteristic 5 P value
Lactose MCC Starch Dextrin
Disintegration time (min)t 11.66 + 0.34 8.54 +0.44 15.15+0.34 23.43 +£0.79 0.0001t
Disintegration time <15 min$§ 6 (100) 6 (100) 1(16.7) 0 (0) 0.0001¢
Hardness (MPa)t 0.64 £ 0.09 0.23 £ 0.06 2.9+0.59 244 +£0.3 0.0001t
Hardness 0.45 - 1.2 Mpa$ 10 (100) 0 (0) 0 (0) 0 (0) 0.0001f
Abrasiveness (%) 87.5 97.6 96.2 94.8
Appearance of the tabletst 2.8 +0.42 4+0 3.1+0.32 2.9 +0.32 0.0001
t - calculated for mean + standard deviation
§ - calculated for case number (percent)
t - P value for One-Way ANOVA test
f- P value for Fisher's exact test
Table 3. Formulation designs with adjusted lactose-to-MCC ratios
Formulation No. Dry Extract (mg) PVPP Magnesium Stearate Lactose MCC
(mg) (mg) (mg) (mg)
1 25 6.5 0.5 57 11
2 25 6.5 0.5 46 22
3 25 6.5 0.5 34 34
4 25 6.5 0.5 22 46
5 25 6.5 0.5 11 57
Table 4. The results of the determination of suitable ratio of lactose and MCC
_ Groups
Characteristic 5 5 5 . . P value
Ratio 57:11 Ratio 46:22 Ratio 34:34 Ratio 22:46 Ratio 11:57
Disintegration time (min)t 11.71 £ 0.43 11.51 £ 0.45 10.59 £ 0.79 14.03 £ 0.37 16.23 + 0.45 0.0001t
Disintegration time <15 min$§ 6 (100) 6 (100) 6 (100) 6 (100) 0 (0) 0.0001°
Hardness (MPa)t 1.37£0.22 1.38 £ 0.43 1.7+ 0.26 2.03+£0.21 2.26 £0.23 0.0001t
Hardness 0.45 - 1.2 Mpa$ 2 (20) 4 (40) 0 (0) 0 (0) 0 (0) 0.0001f
Abrasiveness (%) 87.5 97.6 96.2 94.8 96.2
Appearance of the tabletst 2.9+0.32 32+0.42 3.9+0.32 3+0.47 3.1+0.57 0.0001
t - calculated for mean + standard deviation
§ - calculated for case number (percent)
- P value for One-Way ANOVA test
f - P value for Fisher's exact test
Table 5. Formulation variants of tablets containing different disintegrants
Fprmutation g’éfx“ad Lactose (mg) ~ MCC (mg) 'svlzg:‘:tse“(‘:“g) PVPP DST cCMC-Na L-HPC
1 25 34 34 0.5 6.5
2 25 34 34 0.5 6.5
3 25 34 34 0.5 6.5
4 25 34 34 0.5 6.5
Table 6. Results of selection of the disintegrants for a tablet containing TT dry extract
Characteristic DST PVPP cCMC-Na L-HPC P value
Disintegration time (min)t 12.24 +0.17 7.1 +£0.07 13.06 + 0.03 14.16 + 0.07 0.0001
Disintegration time <15 min$ 6 (100) 6 (100) 6 (100) 6 (100)

¢ - calculated for mean + standard deviation
§ - calculated for case number (percent)
P value for One-Way ANOVA test
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Table 7. Variants of tablet formulations with different PVPP levels

. Lactose
Formulation No. Dry Extract (mg) (mg)
1 25 34
2 25 34
3 25 34
4 25 34
Table 8.
Characteristic ZY:: Z\r,:;
Disintegration time (min)t 8.35+0.17 7.34+0.13
Disintegration time <15 min$§ 6 (100) 6 (100)

t - calculated for mean + standard deviation
§ - calculated for case number (percent)
P value for One-Way ANOVA test

incorporating DST, cCMC-Na, and L-HPC demonstrated progressively
longer disintegration times of 12.24, 13.06, and 14.16 minutes,
respectively. These results indicate that PVPP is the most effective
disintegrant among those evaluated (Table 6).

In the subsequent optimization phase, the concentration of PVPP
was systematically varied between 2 and 8 mg to investigate its dose-
dependent effect on disintegration performance. The findings from this
evaluation are presented in Table 7. Table 8. Results of the study on the
selection of ratios for disintegrants

Quiality assessment of Tribulus terrestris tablets

The pharmaceutical quality of the Tribulus terrestris (TT) tablet
formulation was assessed in compliance with the Mongolian National
Pharmacopoeia (MNP), focusing on organoleptic attributes, physical
and mechanical properties, disintegration and dissolution behavior,
and active ingredient content.

The tablets were round, biconvex, brown in color, with a smooth surface
and a characteristic herbal odor, all in accordance with pharmacopoeial
standards.

0 Weight uniformity: Mean tablet weight was 0.113 + 0.01 g, with
a deviation of +9.28%, within the MNP limit of £10% for tablets
under 0.1 g.

0 Mechanical strength: Tablet hardness measured 0.83 + 0.23 MPa,
within the accepted 0.45-1.2MPa range. Friability was
98.17 + 0.65%, exceeding the minimum threshold of 97%, indicating
robustness and low risk of abrasion.

0 Assay and uniformity: The average dioscin content was
12.07 £ 0.30 mg/g (RSD 2.5%), meeting the £7.5% pharmacopoeial
tolerance. Content uniformity was confirmed at 13.50 + 0.50 mg/g
(RSD 3.7%), within the regulatory limit of £15%.

0 Disintegration: The tablets disintegrated in 7.30 + 0.28 minutes,
well below the 15-minute limit for uncoated tablets.

[ Dissolution: Dioscin release reached 84.30+0.11% in distilled
water and 83.27 + 1.03% in 0.1 M HCl within 45 minutes, exceeding
the minimum 75% threshold.

These findings demonstrate that the developed TT tablet formulation
fulfills all critical quality specifications, supporting its pharmaceutical
acceptability and potential for clinical and commercial development.

Quantification of dioscin content

Standard dioscin solutions were analyzed using a UV-Vis
spectrophotometer over a wavelength range of 190-450 nm, with
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MCC Magnesium Stearate PVPP

(mg) (mg) (mg)

34 0.5 8

34 0.5 6

34 0.5 5

34 0.5 4
PVPP PVPP
Aing g P value
12.46 + 0.07 13.39 +£0.13 0.0001
6 (100) 6 (100)

maximum absorbance detected at 409 nm. A calibration curve was
established across the concentration range of 7.36-44.16 ug/mL,
yielding a linear regression equation of y = 0.0245x + 0.025 and a
Pearson correlation coefficient of r = 0.99 (p < 0.0001), confirming
excellent linearity. This calibration model was subsequently applied for
the quantitative determination of dioscin in the tablet samples.

Based on the formulation composition, the theoretical dioscin
content per tablet was calculated to be 13.61 mg/g, assuming the dry
extract contained 54.45% dioscin and each tablet included 0.025g
of dry extract. In contrast, the actual assay determined a content of
13.50 + 0.50 mg/g, corresponding to a yield of 95.51%. This indicates
minimal loss of the active compound during manufacturing and
demonstrates high retention efficiency.

Dissolution profile of tablets

The dissolution behavior of the formulated tablets was assessed in
two media—distilled water and 0.1 M hydrochloric acid—over a
90-minute period to evaluate drug release under both neutral and
acidic conditions.

Dissolution in distilled water

At 5 minutes, the tablets released 2.16 pg/mL of dioscin, corresponding
to 46.88% dissolution. This increased to 3.31 ug/mL (71.78%) at 15
minutes, peaking at 3.81 ug/mL (82.68%) at 20 minutes. The release
rate then plateaued, reaching 83.27% at 90 minutes (Figure 4).

Dissolution in 0.1 M Hydrochloric Acid

In acidic medium, initial dioscin release was lower, with 1.22 ug/mL
(26.41%) dissolved at 5 minutes. However, dissolution progressed
steadily, reaching 3.24 pg/mL (70.31%) at 15 minutes and peaking at
3.81 ug/mL (82.68%) thereafter.

Dissolution in acidic medium (0.1 M HCI)

In a 0.1 M hydrochloric acid medium, the initial dissolution of dioscin
was relatively low, with 1.22 pg/mL released at 5 minutes, corresponding
to 26.41% dissolution. However, the release progressively increased
over time, reaching 3.24 ug/mL (70.31%) at 15 minutes and 3.81 pg/
mL (82.68%) at 30 minutes. By 90 minutes, the dissolution profile had
plateaued, with a final concentration of 3.89 ug/mL, corresponding to a
cumulative release of 84.45% (Figure 4).

To better characterize the time-dependent dissolution behavior,
linear regression analysis was applied to the release data obtained
in both media.

In distilled water, the dissolution trend followed the equation:

Pharmacognosy Journal, Vol 17, Issue 3, May-June, 2025
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Figure 1. Tribulus terrestris L. dry extract.

Figure 2: Tablets prepared from Tribulus Terrestris L.dry extract.
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Figure 3: Standard calibration curve used for dioscin quantification.

Concentration [(ng/ml)

Pharmacognosy Journal, Vol 17, Issue 3, May-June, 2025

80 4
70 A
60 4
50 4
40 A
30 1

Dissolution (%)

20 T T r T
0 20 40 60 80

Time (min)
—##—0.1 M hydrochloric acid

100
Distilled water

Figure 4: Dissolution behavior of the tablets in two media: distilled
water and 0.1 M hydrochloric acid.
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Figure 5: Dissolution profile with linear regression analysis.

Dissolution (%) = 0.29x + 64.39, with a coeflicient of determination
R” = 0.40 and a p-value of 0.092, indicating a moderate, but statistically
non-significant, correlation between time and drug release.

In 0.1 M hydrochloric acid, the dissolution profile was described by
the equation:

Dissolution (%) = 0.45x + 55.03, with R* = 0.42 and p = 0.082, similarly
reflecting a moderate but non-significant relationship. These trends are
illustrated in Figure 5.

While the statistical significance thresholds were not met in either case,
the progressive increase in dissolution percentage over time in both
media highlights the formulation’s consistent release characteristics. These
results suggest that the tablets offer reliable and predictable drug release
profiles under both neutral and acidic gastrointestinal conditions.

DISCUSSION

Microcrystalline cellulose (MCC) and lactose are among the most
frequently used excipients in tablet formulation, owing to their
essential roles in ensuring manufacturability, physical stability, and in
vivo performance. Together, these excipients can comprise 70-80% of
a typical tablet formulation.'

MCQC, a purified a-cellulose derivative, is widely valued for its excellent
compressibility, fast disintegration, and moderate hardness.”” It is a
multifunctional excipient, often employed as a diluent, disintegrant,
and binder, with recommended usage levels ranging from 20% to
90%. Lactose, on the other hand, is primarily used to enhance blend
compressibility and also functions as both a diluent and binder. Early
selection and compatibility testing of these excipients are crucial, as
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they can profoundly influence drug stability and the overall success of
a formulation.'®"

When developing formulations that include moisture-sensitive active
pharmaceutical ingredients (APIs), careful optimization of the MCC-
to-lactose ratio is essential®’A 34:34 ratio of MCC to lactose has
been shown to provide optimal performance by balancing the plastic
deformation characteristics of MCC with the brittle fracturing behavior
of lactose, resulting in tablets with superior hardness and compaction
properties.”® Similarly, a 50:50 mixture of anhydrous lactose and
Pharmacel® 112 has demonstrated a favorable balance between
mechanical strength and rapid disintegration, making it particularly
effective for fast-dissolving formulations.?*

Recent advances in co-processing technologies have further improved
the functional performance of excipients, enhancing properties such
as flowability, compressibility, disintegration, and dissolution.?
Co-processed excipients combine the individual strengths of their
components, offering synergistic performance advantages. Notably,
a co-processed MCC:lactose blend in a 34:34 ratio has proven to be
highly suitable for immediate-release formulations, delivering optimal
mechanical strength, fast disintegration, and efficient drug release—
features that clearly distinguish it from modified-release systems.

At a concentration of 6%, polyvinylpolypyrrolidone (PVPP)
significantly reduced tablet disintegration time to 7.34 + 0.13 minutes.
This improvement is primarily attributed to PVPP’s high swelling
capacity and strong capillary action. Although this concentration
slightly exceeds the typical usage range of 2-5%, it remains
within acceptable pharmaceutical limits and effectively satisfies
pharmacopoeial disintegration standards.*

Hydroxypropyl methylcellulose (HPMC), used at a concentration of
4.5%, contributed to enhanced mechanical strength and modulated
disintegration behavior. HPMC is generally employed at levels between
2% and 5%, particularly in pellet formulations of moisture-sensitive
drugs, especially when organic solvents are utilized.”

Fundamental technological attributes of tablet dosage forms—such
as mechanical strength (e.g., hardness), disintegration time, and
dissolution rate—are critical factors that directly affect the bioavailability
and therapeutic performance of orally administered drugs. Among these,
disintegration time plays a particularly vital role, as it governs the rate of
drug release and the onset of pharmacological action.”

Recent research has emphasized the importance of disintegration
mechanisms, including water penetration into the tablet matrix,
polymer swelling, and disruption of interparticulate bonding, as key
drivers of tablet disintegration dynamics.

The growing incidence of poorly water-soluble active pharmaceutical
ingredients (APIs) has underscored the need for advanced drug
delivery systems that enhance solubility, improve gastrointestinal
absorption, and ensure optimal therapeutic efficacy.”

The dissolution profiles of the tested formulations showed strong
consistency across both distilled water and 0.1 M hydrochloric acid,
indicating the formulation’s robustness and its ability to maintain
performance under varying physiological conditions. A distinct burst
release phase was observed within the first 15 minutes, followed by
a stable, sustained-release phase—suggesting that drug release is
primarily governed by diffusion mechanisms.

In both media, over 80% of the active ingredient was released within 30
minutes, reflecting the efficiency of the formulation and the reliability
of the manufacturing process.”” This rapid dissolution is particularly
beneficial for immediate-release dosage forms, facilitating quick drug
absorption and a prompt onset of therapeutic action.*
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Furthermore, the similar dissolution behavior observed in both
neutral and acidic environments suggests that the formulation is pH-
independent—a desirable property for oral solid dosage forms subjected
to the fluctuating pH conditions of the gastrointestinal tract. These
findings were corroborated by the similarity factor (f,), confirming the
equivalence of dissolution profiles across the two media.

In summary, the Tribulus terrestris tablet formulation demonstrated
efficient in vitro performance, consistent release characteristics, and
compliance with pharmaceutical quality standards. Collectively, these
results support its potential as a standardized phytopharmaceutical
product suitable for clinical use.*!

CONCLUSION

This study successfully established a robust tablet formulation
containing 25% standardized dry extract of Tribulus terrestris. The
optimization of excipient composition—specifically, the incorporation
of microcrystalline cellulose (MCC) and lactose in a 34:34 ratio,
6% polyvinylpolypyrrolidone (PVPP), and 4.5% hydroxypropyl
methylcellulose (HPMC)—resulted in a formulation with desirable
technological and biopharmaceutical characteristics.

The final tablets exhibited consistent physical properties, with an
average weight of 0.113+0.001 g, hardness of 0.83 + 0.03 MPa,
friability of 98.17 + 0.65%, and a disintegration time of 7.30 + 0.28
minutes. Dioscin content was determined to be 13.50 + 0.50 mg/g,
ensuring the formulation met active ingredient specifications.

Dissolution studies demonstrated that more than 84% of the active
compound was released within 45 minutes in both distilled water and
0.1 M hydrochloric acid, confirming a pH-independent release profile.
The similarity factor (f;) supported the equivalence of dissolution
behavior across media.

An assay recovery rate of 95.51% verified the accuracy, reproducibility,
and reliability of the formulation and manufacturing processes. The
final product complied with all critical quality attributes as defined by
the Mongolian National Pharmacopoeia, confirming its suitability for
pharmaceutical application.

These results emphasize the importance of excipient selection and
precise ratio optimization in the development of standardized herbal
formulations, providing a strong foundation for clinical use and future
regulatory approval.
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