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Introduction

Type 2 Diabetes Mellitus (T2DM) is a growing global health
concern, with India bearing a significant share of the burden.
Among oral antidiabetic agents, metformin remains the first-
line therapy due to its efficacy in lowering blood glucose,
primarily by inhibiting hepatic gluconeogenesis and improving
insulin sensitivity (Mlynarska, n.d.) [1]. It is commonly
prescribed alongside sulfonylureas, especially in resource-
constrained settings. However, recent years have witnessed
an increasing use of newer agents like SGLT2 inhibitors,
particularly in patients with coexisting cardiovascular or renal
conditions, due to their additional cardiometabolic benefits
(Dutka, n.d.) [2]. Parallel to advancements in synthetic
pharmacotherapy, there is renewed interest in traditional
medicinal plants (Bailey, n.d.) [3]. Carica papaya, widely used
in folk medicine, has shown promising antidiabetic effects
in preclinical studies (Kazeem, n.d.) [4]. Extracts from its
leaves have demonstrated potential in reducing blood glucose
levels, enhancing insulin secretion, and supporting pancreatic
B-cell regeneration (Green synthesis and characterization of
silver nanoparticles using Cassia fistula and assessment of its
in vitro anti diabetic activity. J Bagyalakshmi, n.d.) [5]. This
article explores the evolving landscape of T2DM management,
highlighting the integration of established drugs like metformin

with emerging therapies, including plant-based alternatives
such as Carica papaya. (Kumarasinghe, n.d.) [6]. It is rich in
vitamins (A, C, E), minerals, enzymes, and phytochemicals such
as flavonoids, phenolic acids, carotenoids, and alkaloids. These
contribute to its antioxidant, anti-aging, anti-inflammatory,
and anticancer properties (Kumarasinghe, n.d.) [6]. Due to the
bioactive components (carpaines, BITC, benzyl glucosinolates,
latex, papain, zeaxanthin, choline, etc.) in its seeds, leaves, and
fruits, it is revered for its excellent antioxidant, digestive, and
nutraceutical benefits. Papayas are high in vitamins A, B, C, E,
and K, folate, pantothenic acid, zeaxanthin, lycopene, lutein,
magnesium, copper, calcium, and potassium (Agada, n.d.) [7].
Being rich in fiber, antioxidants, and vitamin C, it lowers the
cholesterol in the arteries; prevents arthritis; reduces aging,
cancer, macular degradation, risk of cardiovascular diseases,
and stress; increases platelet count; controls dengue fever;
facilitates digestion, and lowers body weight. Papaya leaf
extract, with many in vitro and case studies in combination
therapies with modern medicine, especially for cancers and
many other viral diseases, is an efficient cure. (Koul, n.d.) [8].

Objectives

The primary aim of this study is to investigate the potential
interaction between Carica papaya extract and Metformin
Hydrochloride (HCl), with a specific focus on dissolution
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kinetics, UV absorbance behavior, and non-compartmental
pharmacokinetic modeling. (Janardhanan, n.d.) [9] This
exploration is motivated by the increasing co-administration
of herbal extracts with conventional oral antidiabetic agents
and the possibility of altered pharmacokinetic behavior, which
can impact both drug efficacy and safety (Abdelgawad, n.d.)
[10].

1. To assess whether Carica papaya extract alters the
dissolution kinetics of Metformin Hydrochloride.

2. To determine whether the presence of Carica papaya
extract affects the UV absorbance of metformin during
dissolution.

3. To model the dissolution data using a non-
compartmental pharmacokinetic approach and compare
kinetic parameters with and without Carica papaya.

Methodology

Fresh Carica papaya leaves were washed, shade-dried, and
coarsely powdered. An aqueous extract was prepared via steam
distillation using distilled water. The distillate was filtered,
concentrated using a rotary evaporator, and stored at 4 °C in
amber bottles until use. (Bagyalakshmi, n.d.) [11].

Dissolution of metformin hydrochloride tablets was
performed using the USP Type II (paddle) apparatus in 900 mL
of two media:

Simulated gastric fluid (pH 1.2).
Phosphate buffer (pH 7.4).

Conditions were maintained at 37 + 0.5 °C with a paddle
speed of 50 rpm.

Two groups were tested:
Group A: Metformin alone.

5 mL samples were withdrawn at o0, 5, 10, 15, 30, 45, 60,
and 75 minutes, filtered, and replaced with fresh medium.
Metformin concentrations were measured using UV-Visible
spectrophotometry at 236 nm. Calibration curves were prepared
in both media. Each measurement was done in triplicate, and
results were expressed as mean + SD. Dissolution profiles (%
drug release vs. time) were compared between groups. Non-
compartmental pharmacokinetic analysis was applied to
determine: Cuu, Twa, AUCo, -smin, and Mean Dissolution Time
(MDT) (Bagyalakshmi, n.d.) [12].

Group B: Metformin with Carica papaya extract
(accordingly change - mixture).

5 mL samples were withdrawn at o0, 5, 10, 15, 30, 45, 60,
and 75 minutes, filtered, and replaced with fresh medium.
Metformin concentrations were measured using UV-Visible
spectrophotometry at 236 nm (Metry, n.d.) [12]. Calibration
curves were prepared in both media. Each measurement was
done in triplicate, and results were expressed as mean + SD.
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Dissolution profiles (% drug release vs. time) were compared
between groups. Non-compartmental pharmacokinetic
analysis was applied to determine: Cyux, Timax, AUCo, -smin, and
Mean Dissolution Time (MDT) [11].

Results
Group A: Metformin alone

The dissolution profile of metformin hydrochloride was
studied using the USP Type II dissolution apparatus (paddle
method), in compliance with pharmacopeial standards for
oral solid dosage forms. The paddle speed was maintained at
50 rpm throughout the experiment to ensure uniform mixing
and to mimic mild gastrointestinal motility. The concentration
of metformin hydrochloride in each sample was measured
using a UV-Visible spectrophotometer. The absorbance was
recorded at 236 nm, the wavelength corresponding to the A
of metformin.

The dissolution profile of metformin hydrochloride is
displayed in the following graph (Figure 1).

The dissolution profile of metformin in buffer shows a
steady increase in cumulative drug release with time. At 15
minutes, approximately 35% of the drug is released, which
rises to nearly 65% by 30 minutes. A further increase to about
85% is observed at 45 minutes. The release then gradually
approaches a plateau, reaching close to 95% by 75 minutes,
indicating almost complete dissolution [13].

Group B: Metformin with Carica papaya extract

The dissolution profile of metformin hydrochloride was
studied using the USP Type II dissolution apparatus (paddle
method), in compliance with pharmacopeial standards for
oral solid dosage forms. The paddle speed was maintained at
50 rpm throughout the experiment to ensure uniform mixing
and to mimic mild gastrointestinal motility. The concentration
of metformin hydrochloride in each sample was measured
using a UV-Visible spectrophotometer. The absorbance was
recorded at 236 nm, the wavelength corresponding to the i
of metformin. (Gupta, n.d.) [13].
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Figure 1: Dissolution profile of metformin hydrochloride using UV spectroscopy at

236 nm.
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The dissolution profile of metformin hydrochloride is
displayed in the following graph (Figure 2).

The dissolution profile of metformin in the presence of
Carica papaya leaf extract exhibited a slower initial release
compared to metformin alone. At 15 minutes, only about 28% of
the drug was released, in contrast to nearly 35% in the control.
By 30 minutes, the release increased to approximately 52%,
which remained lower than the 65% observed with metformin
alone. The release continued to rise gradually, reaching around
92% by 75 minutes. Overall, the presence of Carica papaya leaf
extract resulted in a delayed and reduced dissolution rate.
(Gupta, n.d.) [13] (Table 1).

The invitro dissolution study revealed a noticeable difference
in drug release profiles between metformin (Zhou, n.d.) [14]
administered alone and in combination with Carica papaya
leaf extract. Specifically, the area under the curve from o0 to
75 minutes (AUCo,—75) for metformin alone was 4582.5 %-min,
while the AUC for the metformin with papaya extract group was
£4155.0 %-min, indicating a reduction of approximately 9.3% in
total drug exposure over the observed time period. Similarly,
the mean concentration (C) of metformin during dissolution
decreased from 61.10% in the control group to 55.40% in the test
group [13]. This decline suggests that the co-administration of
Carica papaya extract may have interfered with the dissolution
or release rate of metformin, potentially due to interactions
between the plant constituents and the drug, such as changes
in solubility, pH microenvironment, or binding interactions
(Fakeye, n.d.) [15]. These findings imply a moderate inhibitory
effect of the papaya extract on metformin’s dissolution
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Figure 2: Dissolution profile of metformin hydrochloride along with papaya leaf

extract using UV spectroscopy at 236 nm.

Table 1: Effect of Carica Papaya leaf extract on metformin dissolution parameters.

“ AUCo—s (%'MIN) | Mean Concentration (C; %)

Metformin alone 4582.5 61.10%

Metformin with papaya extract 4155.0 55.40%
Group AUCo—s (%:MIN) Mean Concentration (C, %)

Metformin alone 4582.5 61.10%

Metformin with papaya extract 4155.0 55.40%
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kinetics, which could have implications for its bioavailability if
co-administered in vivo. (Bagyalakshmi, n.d.) [11].

Discussion

Initial Phase 0-15 min, both formulations start similarly,
but Metformin alone shows quicker dissolution. Mid Phase 30—
45 min noticeable difference: Metformin alone releases ~60%
by 30 min, while the combination is closer to ~50%. Suggests
papaya extract may delay drug release. Later Phase 60 - 75 min
Metformin alone: ~90% - 95% release. Metformin with Papaya
extract: ~85% - 88% release. The control group demonstrated
consistent linearity in absorbance, reflecting stable dissolution.
In contrast, the test group exhibited a non-linear, fluctuating
absorbance pattern, suggesting potential interaction between
the extract and metformin affecting dissolution kinetics or UV
absorbance behavior. (Abdelgawad, n.d.) [10] (Figure 3).

Interpretation

Control group: Exhibits a predictable and smooth drug
release profile.

Test group: Indicates that Carica papaya extract may
interfere with metformin release or measurement, potentially
affecting bioavailability.

Cumulative drug release (%): Metformin alone
demonstrated a consistently higher release rate than the
combination group across all time points.

AUCo—s (%-min): The total drug exposure was higher for
metformin alone (4582.5) compared to metformin with papaya
extract (4155.0), indicating a reduction in bioavailable drug
when the herbal extract is present.

Cmax: A slight reduction in maximum release (from 95%
to 90%) was observed with the herbal extract, though Tmax
remained unchanged.

Mean Residence Time (MRT): Increased from 46.44 min
to 47.03 min with papaya extract, suggesting a mild delay in
drug release.
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Figure 3: Dissolution profile of metformin with or without carica papaya.
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Mean Concentration (C): Also reduced with papaya co-
administration (61.10% vs. 55.40%), supporting the hypothesis
of interference in drug solubilization or absorption kinetics.

The dissolution curve was found to be non-linear,
exhibiting an initial quasi-linear release followed by a plateau,
more pronounced in the herbal co-administration group.
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