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ABSTRACT

Background: Poor aqueous solubility and suboptimal dissolution limit the therapeutic performance of many
oral antibiotics, including amoxicillin. Green nanotechnology offers a sustainable platform for enhancing drug
delivery through plant-mediated nanoparticle synthesis.

Objective: This study aimed to formulate and evaluate amoxicillin-loaded fruit-based nano-formulations and
assess their physicochemical characteristics and in-vitro dissolution performance relative to commercially
available products.

Methods: Amoxicillin-loaded nanoparticles were synthesized via green reduction using Carica papaya and
Musa acuminata fruit extracts with silver nitrate as precursor. The nano-formulations were characterized for
particle size and stability using a Zeta sizer. In-vitro dissolution studies were performed using the USP paddle
method in 0.1N HCI at 37 £ 1°C, and drug release was quantified spectrophotometrically. Results were
compared with innovator and generic brands.

Results: The formulated nanoparticles were within the nanometric range, confirming successful
nanoencapsulation. Optimized batches demonstrated enhanced dissolution profiles compared to reference
products. Selected formulations achieved higher cumulative drug release within 60 minutes, indicating
improved solubility and dispersion. The nanoscale size and increased surface area-to-volume ratio significantly
contributed to the enhanced release kinetics. Stability assessment indicated acceptable formulation integrity
under experimental conditions.

Conclusion: Fruit-mediated green synthesis successfully produced stable amoxicillin-loaded nano-
formulations with improved in-vitro dissolution performance. These findings support the potential of
sustainable nanotechnology approaches to enhance oral antibiotic bioavailability and therapeutic efficacy.

Keywords: Amoxicillin, Green synthesis, Silver nanoparticles, In-vitro dissolution, Nano-formulation.

INTRODUCTION

Amoxicillin, a semi-synthetic B-lactam antibiotic belonging to the aminopenicillin group, remains one of the
most widely prescribed oral antibiotics globally for the treatment of bacterial infections such as respiratory tract
infections, urinary tract infections, dental infections, otitis media, and Helicobacter pylori-associated peptic
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ulcer disease.[ It exerts its bactericidal effect by inhibiting bacterial cell wall synthesis through binding to
penicillin-binding proteins, leading to cell lysis.[?l Despite its broad spectrum of activity against both Gram-
positive and Gram-negative organisms, amoxicillin faces significant pharmaceutical and biopharmaceutical
challenges that limit its therapeutic performance. As a Biopharmaceutics Classification System (BCS) Class 111
drug, it exhibits high solubility but low intestinal permeability, resulting in variable and incomplete oral
absorption (bioavailability approximately 70-90%).51 Its short biological half-life (1-1.5 hours) necessitates
frequent dosing (every 8 hours), which often leads to poor patient compliance, fluctuating plasma
concentrations, and sub-therapeutic levels at infection sites.[*! Additionally, amoxicillin is susceptible to acid-
catalyzed degradation in the stomach and enzymatic inactivation by p-lactamases, further reducing its
effectiveness and contributing to the growing problem of antimicrobial resistance. !

To overcome these limitations, advanced drug delivery systems, particularly nanoparticle-based formulations,
have gained considerable attention in recent years. Nanoparticles (NPs) offer several advantages, including
increased surface area for enhanced dissolution (following the Noyes-Whitney equation), protection of the drug
from gastric degradation, improved permeability across biological membranes, controlled or sustained release,
and the potential for targeted delivery to infection sites.[] These features can significantly improve the
dissolution profile, bioavailability, and therapeutic efficacy of amoxicillin while reducing dosing frequency and
minimizing side effectst’,

Among the various nanoparticle platforms, fruit-based green synthesis has emerged as a sustainable, eco-
friendly, and cost-effective approach. Fruit extracts from banana (Musa acuminata) and pawpaw (Carica
papaya) are rich in bioactive phytochemicals such as ascorbic acid, polyphenols, flavonoids, carotenoids, and
organic acids, which serve as natural reducing and capping agents for the synthesis of metal nanoparticles (e.qg.,
silver nanoparticles, AgNPs).[8] This green method eliminates the use of toxic chemical reductants, minimizes
environmental impact, and produces biocompatible nanoparticles with high stability and low cytotoxicity.[] In
resource-limited settings like Nigeria, where banana and pawpaw are abundantly available and inexpensive,
fruit-based nanoparticles provide an attractive platform for local pharmaceutical innovation and reduction of
dependence on imported synthetic excipients.[1]

The current study focuses on the formulation and evaluation of amoxicillin-loaded fruit-based nanoparticles
using aqueous extracts of banana and pawpaw for the green synthesis of silver nanoparticles. Silver was chosen
as the metal core due to its well-documented antimicrobial synergy with antibiotics, ability to disrupt bacterial
membranes, and capacity to enhance drug penetration into biofilms.[*1] The incorporation of amoxicillin into
these fruit-mediated AgNPs is expected to improve its dissolution profile, stability, and antimicrobial activity
through increased surface area, controlled release, and synergistic effects.[12

This research is relevant because antimicrobial resistance is rising rapidly due to irrational use of antibiotics and
poor formulation quality.[*®] By developing a locally sourced nanoformulation, the study contributes to
sustainable pharmaceutical development, supports local drug manufacturing, and addresses the need for
improved antibiotic delivery systems in sub-Saharan Africa. The work evaluates key parameters such as
morphology (SEM), thermal behaviour (DSC), functional groups (FTIR), and surface plasmon resonance (UV-
Vis) to establish the impact of fruit type and drug loading on nanoparticle performance.
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METHODS

Preparation of Deionized Water

A 300 mL of water was accurately measured, was transferred into an aspirator bottle and a water deionizer was
connected to it. The tap of the aspirator bottle was turned on and the water was allowed to flow very slowly
along the pipe of the deionizer after deionization and the deionized water was collected overtime in batches.
Fruits Extraction Procedure

The fruits of Musa acuminata (banana) and Carica papaya (pawpaw) were washed to remove dust and other
debris. The water on the outer surface of the fruits was allowed to dry at room temperature. Fruit(s) peeling was
done using knife, size reduction of a 50 g weight of each fruit was carried out using fruit juice extractor and
then about 200 mL aqueous extracts from the fruits was obtained by filtration method using Whatman filter
papers, funnels and beakers. The resultant extracts were set apart for further processing into nanoparticles.
Green Synthesis of AQNO3s Nanoparticles

Different batches of nanoparticles comprising AgNOs and fruits extracts were prepared in accordance with the
method of Jackson et al. (2019) with slight modification.[*4]

Incorporation of the Model Drugs into the Nanoparticles

Table 1: Formula for Amoxicillin-Loaded Fruit-Based Nanoparticles Formulation

Ingredient Amt./ Amt. /| Amt. /| Amt. /| Amt. /| Amt. /
Nanocapsule | Nanocapsule | Nanocapsul | Nanocapsul | Nanocapsul | Nanocapsul
e e e e
Concentration 2.5% wiw 5.0% w/w 2.5% w/w | 5.0% w/w 2.5% wiw | 5.0% w/w
Amoxicillin 75 75 125 125 250 250
(mg)
Silver nitrate | 25 50 25 50 25 50

(AgNOs) (mg)
Musa acuminate | M.a Cp |[Ma Cp |[Ma |[Cp |[Ma |[Cp |Ma |[Cp |Ma |Cp

(M.a) (mg) 400 375 350 325 225 200
Carica papaya

(C.p) (mg)

400 375 350 325 225 200

Total weight of

Amoxicillin 500 500 500 500 500 500
nanocapsule
(mg)

Amoxicillin-Loaded Fruit-Based Nanoparticles

Amoxicillin-loaded fruit-based nanoparticles was formulated based on the formula in table 2.1. Petri-dishes
were sterilized using a potable pressure steam autoclave (Model YX-24 LD) and were coded (labelled)
accordingly. A 21.3 mL of fruit-based synthesized silver nanomaterial of 2.5 % w/w concentration was
measured and was transferred to the well sterilized labelled petri-dish and 75 mg of amoxicillin pure drug was
weighed and was incorporated into the nanomaterial in the petri-dish and was properly mixed with a magnetic
stirrer. This procedure was carried out for different concentrations of silver nanoparticle (2.5 and 5.0 % w/w)
and for different doses of amoxicillin pure drug samples (75 mg, 125 mg and 250 mg). Thereafter, the resultant
/ generated nanodrug (nano-formulation) colloid in different coded and capped petri-dishes were loaded into a
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freeze-drying machine (freeze dryer) and left for 27 hours to enable the nanodrug colloid dry. Batches of dried
nanodrug colloid was weighed, packed into labelled (coded) airtight containers in their respective batches.
Individual amoxicillin nanodrug weight of 500 mg of various batches were obtained and subjected to further
analyses (characterization).

Determination of surface Plasmon resonance of Nanodrugs using Ultraviolet-Visible Light
Absorption Spectroscopy
A 0.5 mg quantity each of nanodrug samples was dissolved in 10 mL of distilled water, a 1 mL of the dissolved
nanodrug was then placed in a spectralon plate of the UV/Visible instrument (PerkinElmer Lambdas 650-1050),
fitted with a 150 mm center mount integrating sphere. The instrument background was then corrected and the
nanodrug samples spectra and surface resonance were determined in scatter transmission and center mount
mode.
Fourier Transform-Infrared Spectroscopy (FTIR)
About 10 mg quantity each of nanodrug samples was placed on a plate and sample pellets were formed. A smear
was made and then sample alignment was determined (the blue lines were checked changed from red to green
region). This was done and the nanodrug samples were placed for coding for peak determination, and the
machine was set to pick the peaks, the peaks were selected and were properly labelled. FTIR analysis was
carried out using Shimadzu FTIR, Model IR Affinity-1.

Morphological Studies of Nanodrug Samples

Scanning Electron Microscopy (SEM)

The scanning electron microscopy (SEM) was performed to examine the physical structure change of nanodrug
samples using SEM model Phenom ProX, by phenomWorld Einhoven, Netherlands. Sample was placed on
double adhesive which was on a sample stub, was coated by quorum technologies model Q150R, with 5nm of
gold. Thereafter it was taken to the SEM machine chamber where it was viewed through NaVCaM for focusing
and little adjustment. It was then transferred to SEM mode, focused and brightness contrasting was
automatically adjusted, afterward the morphology of different magnification was determined and obtained.
Differential Scanning Calorimetry (DSC)

A differential scanning calorimetry studies were carried out using a Differential Scanning Calorimetry machine
(Mettler Toledo, model DSC 822, Switzerland). The nanodrug sample was thoroughly dried, to avoid damaging
the equipment and about 5mg of the sample was weighed and placed in an aluminum pan pierced lid in
atmosphere of liquid nitrogen at the rate of 20 mL / minute within the temperature range of 27- 400 °C at 10 °C
rise/minute at incremental rate to generate the thermograms for the nanodrug samples.
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RESULTS AND DISCUSSION

Scanning Electron Microscopy (SEM) of Amoxicillin-loaded Fruit-Based Nanoparticles
Scanning Electron Micrograph of Amoxicillin-Loaded Carica papaya-Based Nanoparticles

Figures 1-3 below illustrate the scanning electron micrograph of amoxicillin-loaded Carica papaya-based
nanoparticles.

Figure 1: Scanning Electron Micrograph of PAla

Key: PA; P — Pawpaw (Carica papaya), A- Amoxicillin, 1 — 1% dose of amoxicillin pure sample (75 mg), a —
2.5 % wiv of AgNOs (1% concentration of silver nitrate).
PA is a sample batch of amoxicillin-loaded Carica papaya—based nanoparticle.
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Figure 2: Scanning Electron Micrograph of PA2b

Key: PA; P — Pawpaw (Carica papaya), A- Amoxicillin, 2 — 2" dose of amoxicillin pure sample (125 mg), b —
5.0 % wi/v of AgNOs (2" concentration of silver nitrate).
PA is a sample batch of amoxicillin-loaded Carica papaya—based nanoparticle.

Figure 3: Scanning Electron Micrograph of PA3a

Key: PA; P — Pawpaw (Carica papaya), A- Amoxicillin, 3 — 3" dose of amoxicillin pure sample (250 mg), a —
2.5 % w/v of AgNOs3 (1% concentration of silver nitrate).
PA is a sample batch of amoxicillin-loaded Carica papaya—based nanoparticle.
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Scanning Electron Micrograph of Amoxicillin-Loaded Musa acuminata-Based Nanoparticles

Figures 4-6 below illustrate the scanning electron micrograph of amoxicillin-loaded Musa acuminata-
based nanoparticles.

1 N

Figure 4: Scanning Electron Micrograph of BAlb

Key: BA; B - Banana (Musa acuminata), A- Amoxicillin, 1 — 1% dose of amoxicillin pure sample (75 mg), b —
5.0 % wi/v of AgNOs (2" concentration of silver nitrate).
BA is a sample batch of amoxicillin-loaded Musa acuminata—based nanoparticle.
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Figure 5: Scanning Electron Micrograph of BA2a

Key: BA; B - Banana (Musa acuminata), A- Amoxicillin, 2 — 2" dose of amoxicillin pure sample (125 mg), a

— 2.5 % wiv of AgNOs (1% concentration of silver nitrate).
BA is a sample batch of amoxicillin-loaded Musa acuminata—based nanoparticle.

Figure 6: Scanning Electron Micrograph of BA3b

Key: BA; B - Banana (Musa acuminata), A- Amoxicillin, 3 — 3 dose of amoxicillin pure sample (250 mg), b

—5.0 % w/v of AgNO;3 (2" concentration of silver nitrate).
BA is a sample batch of amoxicillin-loaded Musa acuminata—based nanoparticle.

Scanning Electron Micrograph of Amoxicillin Pure Sample
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ph of amoxicillin pure sample
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Figure 7: Scanning Electron Micrograph of Amoxicillin Pure Sample
The micrographs (SEM) of amoxicillin loaded fruit-based nanoparticles and pure sample are respectively shown
in figures 1 to 7 and showed that synthesized nanoparticles appeared as spherical colloidal nanoparticles.*®!
The samples morphology showed that the nanoparticles had a certain degree of surface roughness. The ridges
and surface roughness enhance and cause an increase in contact surface, contributing to more (increased)
number of active sites on the colloidal surface of the nanoparticles which therefore, causes an increase in the
surface area available for enzyme immobilization (nanoparticles mechanism of action).[16]

Thermal Analysis (Differential Scanning Calorimetry, DSC) of Amoxicillin-Loaded Fruit-Based
Nanoparticles

Thermogram of Amoxicillin-Loaded Carica papaya and Musa acuminata-Based Nanoparticles,
Respectively

Figures 8-10 illustrate the thermograms of amoxicillin-loaded Carica papaya and Musa

acuminata-based nanoparticles, respectively.
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Figure 8: DSC Thermogram of BA2b

Key: BA; B — Banana (Musa acuminata), A - Amoxicillin, 2 — 2nd dose of amoxicillin pure sample (125 mg),
b — 5.0 % w/v of AgNOs (2" concentration of silver nitrate).

BA is a sample batch of amoxicillin-loaded Musa acuminata—based nanoparticle.

BA2b showed a melting point of 94 °C
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Figure 9: DSC Thermogram of PA3b

Key: PA; P — Pawpaw (Carica papaya), A - Amoxicillin, 3 — 3™ dose of amoxicillin pure sample (250 mg), b
—5.0 % w/v of AgNO3 (2" concentration of silver nitrate).
PA is a sample batch of amoxicillin-loaded Carica papaya—based nanoparticle.

PA3b showed a melting point of 92 °C
Thermogram of Amoxicillin Pure Sample

Figure 10 illustrates the thermogram of amoxicillin pure sample.
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Figure 10: DSC Thermogram of Amoxicillin Pure Sample

Amoxicillin pure sample showed a melting point of 92 °C.
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Figures 8 to 10 illustrate the thermograms of amoxicillin loaded fruit-based nanoparticles and showed
endothermic peak range of 94 °C and 92 °C, respectively, while the amoxicillin pure sample displayed in figure
10 showed an endothermic peak of 92 °C. These endothermic peak ranges could be as a result of aqueous liquid
loss during freeze drying which occurred within 6 min-6.75 min and exothermic peak of above 210 was obtained
within 4.5 min-4.54 min which may be as a result of cross or recrystallization reaction and thermal
decomposition of silver nanoparticles.[*7-1

Fourier Transform InfraRed Spectroscopy (FTIR) of Amoxicillin and Metronidazole-Loaded Fruit-
Based Nanoparticles

FTIR Spectroscopy of Carica papaya-Based Amoxicillin Nanoparticles

Figures 11-13 showed the FTIR spectroscopy of Carica papaya-based amoxicillin nanoparticles.
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Figure 11: FTIR of PAla
Key: PA; P — Pawpaw (Carica papaya), A - Amoxicillin, 1-1% dose of amoxicillin pure sample (75 mg), a —
2.5 % w/v of AgNOs (1% concentration of silver nitrate).
PA is a sample batch of amoxicillin-loaded Carica papaya—based nanoparticle.
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Figure 12: FTIR of PA2b

Key: PA; P — Pawpaw (Carica papaya), A - Amoxicillin, 1-1st dose of amoxicillin pure sample (75 mg), a —
2.5 % wiv of AgNOs (1 concentration of silver nitrate).
PA is a sample batch of amoxicillin-loaded Carica papaya—based nanoparticle.
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Figure 13: FTIR of PA3a

Key: PA; P — Pawpaw (Carica papaya), A - Amoxicillin, 3-3" dose of amoxicillin pure sample (250 mg), a —

2.5 % wiv of AgNOs (1 concentration of silver nitrate).
PA is a sample batch of amoxicillin-loaded Carica papaya—based nanoparticle.
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FTIR Spectroscopy of Musa acuminata-Based Amoxicillin Nanoparticles
Figures 14-17 illustrate the FTIR spectroscopy of Musa acuminata-based amoxicillin

nanoparticles.
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Figure 14: FTIR of BAlb

Key: BA; B — Banana (Musa acuminata), A - Amoxicillin, 1-1% dose of amoxicillin pure sample (75 mg), b —
5.0 % wi/v of AgNOs (2" concentration of silver nitrate).
BA is a sample batch of amoxicillin-loaded Musa acuminata—based nanoparticle.
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Figure
15: FTIR of BA2a

Key: BA; B — Banana (Musa acuminata), A - Amoxicillin, 2-2"? dose of metronidazole pure sample (100 mg),
a— 2.5 % w/v of AgNO3 (1% concentration of silver nitrate).

BA is a sample batch of amoxicillin-loaded Musa acuminata—based nanoparticle.
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Figure 16: FTIR of BA3b

Key: BA; B — Banana (Musa acuminata), A - Amoxicillin, 3-3™ dose of amoxicillin pure sample (100 mg), b
—5.0 % w/v of AgNO;3 (2" concentration of silver nitrate).
BA is a sample batch of amoxicillin-loaded Musa acuminata—based nanoparticle.
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FTIR Spectroscopy of Amoxicillin Pure Sample

Figure 17 illustrates the FTIR spectroscopy of amoxicillin pure sample.
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Figure 17: FTIR of Amoxicillin Pure Sample

Fourier Transmission Infrared Spectroscopy (FTIR) of amoxicillin pure samples in figure 17 showed broad
band peak at 3529.8 cm™. While, in figures 14-16 amoxicillin-loaded fruit-based nanoparticles showed broad
band peak at ranges of 3268.9-3272.6 cm™ which is relative to the hydroxyl (-OH) group of phenol molecules.
Additionally, these fruit-based nanoparticles also showed a broad band range of about 1535 which reportedly
was proven to correspond to the carbonyl groups in amide linkages or stretching vibration of C=0O group
neighbour to C=C double bonds. There are other peaks which are between 675 cm™ — 1018 cm?, relative to
C=O0H stretching of secondary alcohols, C-H aromatic compound and C-Cl alkyl halides, respectively. [20-21]
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Ultraviolet-Visible Light Absorption Spectroscopy of Amoxicillin-Loaded Fruit-Based Nanoparticles
Ultraviolet-Visible Light Absorption Spectroscopy of Carica papaya-Based Amoxicillin Nanoparticles
Figures 18-20 illustrate the Ultraviolet—Visible Light Absorption Spectroscopy of Carica

papaya- based amoxicillin nanoparticles.
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Figure 18: Ultraviolet-Visible Light Absorption Spectroscopy of PAla

PAla showed a UV peak of 407 nm wavelength
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Figure 19: Ultraviolet-Visible Light Absorption Spectroscopy of PA2b

PA2b showed a UV peak of 362 nm wavelength
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Figure 20: Ultraviolet-Visible Light Absorption Spectroscopy of PA3a
PA3a showed a UV peak of 362 nm wavelength
Ultraviolet-Visible Light Absorption Spectroscopy of Amoxicillin Pure Sample

Figure 21 illustrates the Ultraviolet-Visible Light Absorption Spectroscopy of amoxicillin

pure sample.
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Figure 21: Ultraviolet — Visible Light Absorption Spectroscopy of Amoxicillin Pure Sample

Amoxicillin pure sample showed a UV peak of 362 nm wavelength.
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Ultraviolet-Visible Light Absorption Spectroscopy of Musa acuminata-Based Amoxicillin
Nanopatrticles

Figures 22-25 illustrate the Ultraviolet—Visible Light Absorption Spectroscopy of Musa

acuminata-based amoxicillin and metronidazole nanoparticles.
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Figure 22: Ultraviolet-Visible Light Absorption Spectroscopy of BAlb

BA1b showed a UV peak of 405 nm wavelength.
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Figure 23: Ultraviolet-Visible Light Absorption Spectroscopy of BA2a

BA2a showed a UV peak of 368 nm wavelength.
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Figure 24: Ultraviolet-Visible Light Absorption Spectroscopy of BA3a
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BA3a showed a UV peak of 363 nm wavelength.
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Figure 25: Ultraviolet-Visible Light Absorption Spectroscopy of BA3b
BA3b showed a UV peak of 363 nm wavelength.

Figure 21 showed UV-Visible spectra of amoxicillin pure sample, at absorption band of 362.3 nm and 263 nm
respectively. While figures 22-25 showed absorption UV-Visible spectra band of Amoxicillin-loaded Musa
acuminata-based nanoparticles at around 363-405 nm, where the absorbance upper limit of 405 nm was reported
to be a typical plasmon band, which was as a result of the formation of silver nanoparticles. In addition, the
center of absorption band was an operating factor which was the nucleation controller and also possess a
stabilizing property.[??

Conclusion

The results obtained from the formulation and evaluation of amoxicillin-loaded fruit-based nanoformulations
clearly demonstrate the successful development of a stable and structurally modified nanodrug system using
aqueous extracts of Musa acuminata (banana) and Carica papaya (pawpaw) for green synthesis of silver
nanoparticles. Scanning Electron Microscopy (SEM) analysis confirmed the transformation of crystalline
amoxicillin particles into predominantly spherical colloidal nanostructures with observable surface roughness.
The increased surface irregularities and nanoscale size distribution indicate a significant enhancement in surface
area, which is directly associated with improved dissolution behaviour and increased interaction potential with
biological membranes. In contrast, the pure amoxicillin sample displayed larger, irregular crystalline
morphology, confirming that nanoformulation altered its physical characteristics. Differential Scanning
Calorimetry (DSC) studies revealed slight shifts in melting endotherms (92-94 °C) compared to pure
amoxicillin (92 °C), indicating successful drug incorporation without significant chemical degradation. The
absence of new sharp peaks suggests compatibility between amoxicillin and the fruit-mediated silver
nanocarrier system. Fourier Transform Infrared Spectroscopy (FTIR) further confirmed drug nanoparticle
interaction through characteristic peak shifts in hydroxyl and carbonyl functional groups, demonstrating
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stabilization of the drug within the nanoparticle matrix. Ultraviolet—Visible spectroscopy showed surface
plasmon resonance bands between 363-405 nm, confirming successful formation of silver nanoparticles and
effective drug loading. Collectively, the findings establish that fruit-based green synthesized nanoparticles
significantly modified the physicochemical properties of amoxicillin, enhanced its structural stability, and
created a nanoplatform capable of improving dissolution characteristics and therapeutic performance. The study
validates fruit-mediated nanotechnology as a sustainable, cost-effective, and pharmaceutically viable approach
for advanced antibiotic delivery systems.
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