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Abstract 

This study explores the green synthesis of iron nanoparticles (NP) using Borreria 
verticillata ethanol extract and evaluates their antioxidant and antidiabetic properties. 
The FTIR analysis of the plant extract revealed the presence of various functional 
groups, including aromatic compounds, alcohols, esters, amines, and aliphatic 
compounds, confirming its rich phytochemical composition. The synthesized 
nanoparticles exhibited improved biological activities compared to the crude extract. 
The total phenolic and flavonoid contents of the extract were (47.81±1.71) mg GAE/g 
and (32.15±1.32) mg QE/g, respectively, while their nanoparticle counterparts showed 
higher values of (49.91±1.53) mg GAE/g and (34.45±0.37) mg QE/g. Carotenoid 
content was moderately low in both, with the extract having (4.54±0.21) mg and the 
nanoparticle (2.30±0.18) mg. The findings indicate that Borreria verticillata-derived 
iron nanoparticles exhibit enhanced antioxidant and antidiabetic properties, 
highlighting their potential as a natural therapeutic agent for managing oxidative stress 
and diabetes. 
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Introduction 
Herbs Nanotechnology, a revolutionary multidisciplinary field, involves manipulating matter at the 
nanoscale, typically below 100 nanometers, with applications spanning medicine, electronics, materials 
science, and more (Mohil and Kaushik, 2024). Nanoparticles, synthesized through various methods like 
sol-gel, thermal, and co-precipitation methods, play a crucial role in enhancing drug delivery systems, 
nanoelectronics, and energy storage technologies. These particles exhibit unique properties due to their 
small size, leading to enhanced performance over their parent materials (Mohil and Kaushik, 2024).  
Nanotechnology's impact extends to diverse industries such as fuel cells, food, cosmetics, and vaccines, 
with ongoing research focusing on developing new nanomaterials for energy conversion and 
environmental applications. The rational design of nanomaterials offers high surface areas, accelerating 
technological advancements and contributing to sustainability across various domains (Bibi et al., 
2023). Nanoparticles play a crucial role in diverse fields such as agriculture, medicine, and 
environmental science due to their unique properties and applications. In agriculture, nanotechnology 
offers solutions like nanofertilizers, nanopesticides, and nanosensors, enhancing crop productivity and 
sustainability (Tripathi et al., 2023). In medicine, nanoparticles are utilized for drug delivery systems, 
imaging, and diagnostics, revolutionizing healthcare with targeted treatments and improved outcomes 
(Pathak et al., 2024). 
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Additionally, in environmental science, 
nanomaterials like nanoadsorbents, nanofilters, 
and nanocatalysts are employed for pollution 
remediation in air, water, and soil, showcasing 
their potential to addressing environmental 
challenges and safeguarding human health 
(Boopathi and Davim, 2023). The 
interdisciplinary nature of nanotechnology 
underscores its significance in advancing various 
sectors and addressing complex global 
challenges effectively (Boopathi and Davim, 
2023). Iron nanoparticles, particularly iron oxide 
nanoparticles, have garnered significant 
attention due to their small size and large surface 
area, making them versatile for various 
applications. Synthesis methods include 
physical, chemical, and biological approaches 
like co-precipitation, sol-gel, and microbial 
incubation (Sheth and Apte, 2023). These 
nanoparticles have shown promise in 
biomedicine, catalysis, antibacterial activities, 
and energy storage applications (Velayudham 
and Natarajan, 2024). Utilizing fungi for 
nanoparticle synthesis is environmentally 
friendly, producing non-toxic materials and 
reducing pollution (Vyas et al., 2024). Studies 
have explored the synthesis of iron nanoparticles 
using plant extracts, demonstrating efficient 
reduction of iron ions and potential applications 
in anticancer, enzyme inhibition, and anti-
inflammatory effects (Rauf et al., 2024). Iron 
oxide nanoparticles, especially 
superparamagnetic ones, are FDA-approved and 
utilized in drug delivery, imaging, antimicrobial 
activities, and cancer therapies due to their 
unique properties like magnetism and 
biocompatibility (Kumar et al., 2024). 
Green synthesis of nanoparticles refers to the 
environmentally friendly approach of producing 
nanoparticles using cost-effective methods, 
reducing pollution, and enhancing safety for 
both the environment and human health 
(Niveditha et al., 2024). This method utilizes 

natural sources such as plant extracts, bacteria, 
fungi, and yeast to synthesize nanoparticles, 
offering advantages like economic feasibility 
and eco-friendliness. The process involves the 
utilization of biological, chemical, and physical 
techniques to create nanoparticles at the 
nanoscale, with characterization being a crucial 
step to confirm their properties through various 
analytical methods like UV–Vis 
spectrophotometry, FT-IR, SEM, TEM, and 
XRD. Green synthesis is gaining momentum due 
to its potential applications in various fields such 
as medicine, environmental science, and 
catalysis, highlighting its importance in 
sustainable development and addressing current 
environmental challenges (Awwad et al., 2020). 
Green synthesis of nanoparticles offers several 
advantages over conventional methods, as 
highlighted in the reviewed papers. It is cost-
effective, reduces pollution, and enhances 
environmental and human health safety 
(Niveditha et al., 2024). Traditional chemical 
synthesis methods involve toxic agents and high 
investments, leading to serious environmental 
and health hazards. Green synthesis, utilizing 
biological approaches like plant extracts, 
bacteria, fungi, and yeast, provides an 
environmentally friendly and economical 
alternative for nanoparticle production. The use 
of green synthesis not only addresses the issues 
of energy consumption and pollution associated 
with chemical methods but also offers long-term 
benefits in terms of sustainability and 
biocompatibility (Samuel et al., 2022). Despite 
some limitations, green synthesis stands out as a 
promising approach for the future development 
and application of nanoparticles (Samuel et al., 
2022). 
Plant-based sources play a crucial role in 
nanoparticle synthesis due to their numerous 
advantages highlighted in the research papers. 
Utilizing plants for the biological synthesis of 
nanoparticles offers a cost-effective, 
environmentally friendly, and non-toxic 
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approach, making it highly desirable for various 
applications (Kokina et al., 2024). Plant extracts 
contain a wide array of biomolecules that 
influence the size, shape, and properties of the 
synthesized nanoparticles, enhancing their 
effectiveness in interactions with other 
organisms (Selvaraj et al., 2022). The use of 
plant-mediated synthesis, particularly with 
species like alfalfa, Artemisia, and 
Psylliostachys, has shown promising results in 
producing nanoparticles with unique 
pharmacological properties and applications in 
agriculture (Vera-Reyes et al., 2018). 
Furthermore, the bio-mediated acquisition of 
nanoparticles from plant extracts offers 
significant biomedical applications, including 
antibacterial, antifungal, antiviral, and 
antioxidant properties, further emphasizing the 
importance of plant-based sources in 
nanoparticle synthesis. 
Borreria verticillata, a Senegalese medicinal 
plant belonging to the Rubiaceae family, is a 
woody perennial shrub with false-button weedy 
herb characteristics (Tangara et al., 2022; 
Kontagora et al., 2020). The plant has been 
traditionally used for its therapeutic potential, 
with extracts from its various parts showing 
significant antioxidant and antimicrobial 
activities (Izuogu et al., 2020). Phytochemical 
screening of Borreria verticillata revealed the 
presence of alkaloids, triterpenes, flavonoids, 
glycosides, tannins, saponins, anthraquinones, 
and steroids in different solvent extracts, with 
ethyl acetate extracts demonstrating potent 
effects against pathogenic organisms. This 
plant's antioxidant properties, as evidenced by its 
ability to inhibit the DPPH radical, highlight its 
potential for medicinal applications and 
conservation strategies (Aremu et al., 2019). 
Further research is warranted to isolate and 
identify the active compounds responsible for 
these beneficial activities, paving the way for the 
development of new therapeutic agents (Miguel 
et al., 2018). 

Borreria verticillata is a promising choice for 
synthesizing iron nanoparticles due to its 
potential in green synthesis processes, as 
highlighted in various research papers. The 
utilization of plant extracts, like Borreria 
verticillata, for the eco-friendly production of 
iron nanoparticles is cost-effective, sustainable, 
and energy-efficient (Haider et al., 2024). These 
plant extracts contain biomolecules that can act 
as both reducing and capping agents during the 
synthesis process, enhancing the stability and 
reactivity of the nanoparticles (Haider et al., 
2024). Additionally, the diverse range of species 
available for green synthesis provides a wide 
array of potential sources for the production of 
iron nanoparticles, allowing for the exploration 
of new materials for synthesis (Mukherjee et al., 
2022). Furthermore, the antibacterial activities 
of iron nanoparticles synthesized from plant 
extracts have been demonstrated, showcasing the 
potential of Borreria verticillata in producing 
nanoparticles with valuable applications in 
environmental safety (Mukherjee et al., 2022). 
Previous studies on Borreria verticillata have 
highlighted its significant bioactive properties. 
Research has shown that extracts from different 
parts of the plant exhibit antioxidant activity, 
with methanolic, aqueous, and ethyl acetate 
extracts demonstrating strong inhibition of 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radicals 
(Tangara et al., 2022). Additionally, 
phytochemical screening revealed the presence 
of alkaloids, triterpenes, and glycosides in the 
plant, with ethyl acetate extracts showing potent 
effects against various pathogens (Izuogu et al., 
2020). Furthermore, studies have explored the 
antimicrobial potential of Borreria verticillata 
stem bark extracts, indicating effectiveness 
against drug-resistant bacteria and fungi, 
supporting its traditional medicinal use (Aremu 
et al., 2019). Molecular docking analysis of 
compounds from related species like Borreria 
hispida has also suggested their potential as 
antioxidants, inhibiting key proteins involved in 
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oxidative stress (Tareq et al., 2019). These 
findings collectively underscore the therapeutic 
potential of Borreria verticillata and its 
bioactive compounds for various health 
applications (Tareq et al., 2019). 

MATERIALS AND METHOD 

List of Materials 
1. Borreria verticillata leaves (for extraction) 
2. Iron (III) chloride (FeCl3) 1 mM 
3. Sodium hydroxide (NaOH) 1 mM 
4. Ethanol (C2H5OH) 
5. Acetic acid (CH3COOH) 
6. DPPH (2, 2-diphenyl-1-picrylhydrazyl) 0.3 
mM 
7. FRAP (Ferric Reducing Ability of Plasma) 
reagent 
List of Equipment 
1. Autoclave, Lab-66440. Laboratory deal, India 
2. Centrifuge, PCF01. Langfang Baimu Medical 
Devices Co., Ltd., China 
4. UV-Vis Spectrophotometer, SP-VG722, 
SCITEX,Israel 
5. FTIR (Fourier Transform Infrared) 
Spectrometer, Cary 60 FTIR. Agilent, 
California, USA 
6. XRD (X-Ray Diffraction) Instrument, 
ARL’XTRA X-ray. Thermo fisher, USA 
7. TEM (Transmission Electron Microscopy), 
TVIPS GmbH, Germany 
8. TGA Machine, TGA 4000. PerkinElmer, 
Made in Netherlands 
9. Hot plate and Magnetic stirrer. GUARDIAN 
500. Ohaus, USA 

Sample Collection and Preparation 

Collection of Plant Sample 

Borreria verticillata leaves were collected in 
Katsina Metropolis. The collected leaves were 
air-dried in a room in the absence of sunlight. 
The dried leaves were crushed using a mortar 
and pestle to make a fine powder. The powder 

was stored in a polythene bag and kept for 
further analysis. 

Preparation of Borreria verticillata extract 

The powdered Borreria verticillata leaves 
(500g) were subjected to extraction using 
ethanol. Each solvent was allowed to extract for 
four days space after which the extract was 
concentrated using a rotary evaporator. 

Green Synthesis of FeNPs 

Borreria verticillata extract (10 ml) obtained in 
section 3.2.2 was mixed with a 90 ml aqueous 
iron (III) chloride (FeCl3) solution of 1 Mm and 
the mixture was stirred for 2 hours at room 
temperature. The pH was adjusted to 7-8 using 
1M solution of NaOH and then incubated for 24 
hours in the dark after which it was centrifuged 
at 10,000 rpm for 15 minutes. The supernatant 
was discarded and the pellet was washed with 
distilled water. The centrifugation and washing 
process was repeated and the FeNP pellet was 
dried in the oven at 600C for 2 hours (Njagi et 
al., 2011) 

Characterization of the Nanoparticles 

Transmission Electron Microscopy (TEM) 
Analysis 

The sample was ground into fine powder, and 5 
mg of the powdered sample was dispersed in 10 
ml ethanol using ultrasonication to ensure a 
uniform suspension. A small droplet of the 
prepared suspension was placed onto a carbon-
coated copper grid and allowed to dry under 
ambient conditions. The sample grid was then 
inserted into the TEM sample holder and the 
holder was placed into the TEM chamber, 
ensuring a vacuum environment to avoid 
contamination and scattering from air particles. 
The sample was observed on the scale of 10 nm, 
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20 nm and 50 nm scales respectively (Pooja and 
Panyam, 2020). 

Thermogravimetric Analysis (TGA) 

The sample (17.6 mg) was weighted using a 
microbalance and was placed in a clean, dry 
crucible ensuring that the sample was evenly 
distributed for consistent heat transfer. The 
crucible was loaded into the TGA furnace and 
the temperature range was set based on the 
expected decomposition or reaction temperature 
of the sample (30 to 950°C). The heating rate 
was chosen (10°C per minute). The TGA was 
run and the samples were monitored as it heated. 
The mass loss is recorded as a function of 
temperature. The specific mass loss stages were 
observed, which correspond to different thermal 
events such as moisture evaporation, 
decomposition, or oxidation (Chen and Liu, 
202). 

Fourier-Transform Infrared Spectroscopy 
(FTIR) Analysis 

The powdered samples were placed in a sample 
holder and the holder was placed on the 
instrument's stage. Background measurements 
were taken by measuring the infrared radiation 
passing through an empty sample holder which 
measurement was used to correct any infrared 
radiation absorbed or scattered by the sample 
holder or the instrument itself. The instrument 
emits a beam of infrared radiation that passes 
through the sample and is detected by a detector. 
The instrument scans at the scan range of 1000-
4000 cm-1, and the amount of radiation absorbed 
or transmitted by the samples at each frequency 
was recorded. This process produces a spectrum 
that represents the unique absorption pattern of 
the sample (Smith, 2019). 

X-Ray Diffraction Spectroscopy (XRD) 

The samples were grounded to powder and 
sieved to obtain a uniform particle size 
distribution and the powdered samples were 
allowed to dry in a desiccator to remove any 
moisture. The instrument was calibrated using a 
standard reference material, such as silicon or 
alumina. The wavelength, voltage, and current 
was set on the instrument. The samples were 
load into the XRD instrument using a sample 
holder and aligned with the X-ray beam using 
the instrument's alignment system. The XRD 
data was collected by scanning the sample over 
the specified 2θ range (Cullity and Stock, 2014). 

Ultraviolet/Visible Spectroscopy (Uv/Vis) 

The sample was dissolved in distilled water to 
prepare a solution with a concentration suitable 
for analysis (typically 0.1-1 mg/mL). The 
solution was filtered using a 0.45 μm filter to 
remove any particulate matter. The instrument 
was calibrated using a blank solvent as a 
reference. The wavelength range was set to be 
scanned, typically between 300-600 nm and the 
sample solutions were loaded into a quartz 
cuvette, also the blank solvent was loaded into a 
separate quartz cuvette. The scan parameters, 
including the scan speed, slit width, and data 
interval were set and the UV/Visible spectrum 
data was collected by scanning the sample over 
the specified wavelength range (Skoog et al., 
2018). 

Biological Activity of Ethanol Extract and its 
Nanoparticles   

Determination of Total Phenol 

The total phenol content of the extract is 
determined by the method of (Singleton et. al., 
1999). 0.2 ml of the extract was mixed with 2.5 
ml of 10% Folin-ciocalteau’s reagent and 2 ml 
of 7.5% Sodium carbonate. The reaction mixture 
was subsequently incubated at 45oC for 40 mins, 
and the absorbance was measured at 700 nm in 
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the spectrophotometer, garlic acid would be used 
as standard phenol (Rani et al., 2021). 

Determination of Total Flavonoid 

The total flavonoid content of the extract was 
determined using a colourimeter assay 
developed by (Bao, 2005). 0.2 ml of the extract 
was added to 0.3 ml of 5% NaNO3 at zero time. 
After 5 min, 0.6 ml of 10% AlCl3 was added and 
after 6 min, 2 ml of 1M NaOH was added to the 
mixture followed by the addition of 2.1 ml of 
distilled water. Absorbance was read at 510 nm 
against the reagent blank and flavonoid content 
was expressed as mg rutin equivalent (Tuba and 
Gulcin, 2008) 

1-1-dipheny l–2 picrylhydrazyl free radical 
scavenging activity (DPPH) 

The free radical scavenging ability of the 
extracts against DPPH (1, 1- diphenyl–2 
picrylhydrazyl) free radical was evaluated using 
methods according to Tuba and Gulcin (2008). 
DPPH solution (0.3 mM) was prepared in 
methanol and 500 µL of the DPPH solution was 
added to 1 mL of the extracts at various 
concentrations (15–240 µg/mL). These solutions 
were mixed and incubated in the dark for 30 
minutes at room temperature. The absorbance 
was read at 517 nm against blank samples 
lacking scavenger (Tuba and Gulcin, 2008). 

-2, 2’-azino-bis (3) - ethylbenzothiazoline-6-
sulphonic acid) (ABTS) scavenging activity  

The ABTS scavenging activity of the plant 
extract was determined using the method of Re 
et al., (1999). Analysis was carried out in a 
triplicate. 

Determination of NO radical scavenging 
ability 

Sodium Nitroprusside in aqueous solution at 
physiological pH spontaneously generates NO, 

which interacts with oxygen to produce nitrite 
ions that can be estimated by use of a Greiss 
reagent. Scavengers of NO compete with 
oxygen, leading to reduced production of NO. 
Briefly, 5mM sodium nitroprusside in 
phosphate-saline was mixed with the extract, 
before incubation at 25oC for 150 min. 
Thereafter the reaction mixture was added to the 
Greiss reagent. Before measuring the absorbance 
at 546 nm, relative to the absorbance of a 
standard solution of potassium nitrate treated in 
the same way with Greiss reagent 
(Ebrahimzadeh et al., 2010). 

RESULTS AND DISCUSSION 

Characterization of synthesized Iron 
Nanoparticles 

The synthesized products were characterized 
using Fourier Transform Infrared Spectroscopy 
(FTIR), X-Ray Diffraction (XRD), Transmission 
Electron Microscopy (TEM), 
Thermogravimetric Analysis (TGA) and UV-
Visible spectroscopy (Uv-vis). 

Fourier Transform Infrared Spectroscopy 
(FTIR) 

Fourier Transform Infrared (FT-IR) 
spectroscopy is a powerful analytical technique 
used to identify functional groups in a sample 
based on their characteristic absorption of 
infrared radiation at specific wavenumbers. The 
FT-IR spectrum of Borreria verticillata revealed 
several key absorption bands, indicating the 
presence of various functional groups, which are 
crucial in understanding the bioactive 
components present in the plant extract. 
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Table 1: Interpretation of FT-IR Peaks for the Extract (Appendix I) 

Wavenumber 
(cm⁻¹) 

Functional Group Vibration Mode Possible Compounds 

3280 cm⁻¹ O–H Stretch Hydrogen-bonded 
stretching 

Phenols, Alcohols (Flavonoids, 
Polyphenols) 

3064 cm⁻¹ C–H Stretch 
(Aromatic) 

Weak stretching Aromatic Compounds 

2923 cm⁻¹ C–H Stretch 
(Alkanes) 

Asymmetric stretching Fatty Acids, Aliphatic 
Compounds 

1618 cm⁻¹ C=C Stretch Conjugated 
alkene/aromatic ring 

Flavonoids, Polyphenols 

1543 cm⁻¹ N–O Stretch Asymmetric stretching Nitro Compounds, Alkaloids 
1439 cm⁻¹ C–H Bending Deformation vibration Aromatic Compounds, Lignins 
1379 cm⁻¹ C–H Bending Symmetric deformation Phenols, Carboxylates 
1312 cm⁻¹ C–O Stretch Ester or ether group Glycosides, Carboxyl 

Compounds 
1237 cm⁻¹ C–O Stretch Carbonyl stretching Esters, Lactones 
1029 cm⁻¹ C–O–C Stretch Ether linkage Polysaccharides, Flavonoid 

Glycosides 
775 cm⁻¹ C–H Bending Out-of-plane bending Aromatic Rings, Alkenes 

 

 

Table 2: Interpretation of FT-IR Peaks for the Nanoparticles (Appendix I) 

Wavenumber 
(cm⁻¹) 

 Functional 
Group 

Vibration Mode Possible Compounds 

3250 cm⁻¹  O–H Stretch Hydrogen-bonded 
stretching 

Phenols, Alcohols (Flavonoids, 
Polyphenols) 

2922 cm⁻¹  C–H Stretch Asymmetric stretching Alkanes, Fatty Acids 
1625 cm⁻¹  C=C Stretch Conjugated 

alkene/aromatic ring 
Flavonoids, Polyphenols, Aromatic 
Compounds 

1536 cm⁻¹  N–O Stretch Asymmetric stretching Nitro Compounds, Alkaloids 
1379 cm⁻¹  C–H Bending Symmetric deformation Phenols, Carboxylates 
1029 cm⁻¹  C–O–C Stretch Ether linkage Polysaccharides, Flavonoid 

Glycosides 
887 cm⁻¹  C–H Bending Out-of-plane bending Alkenes, Aromatic Rings 
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Discussion of Functional Groups and Their 
Biological Relevance 

The broad O–H stretching band at 3280 cm⁻¹ 
suggests the presence of hydroxyl groups, which 
are characteristic of phenols and flavonoids, 
known for their strong antioxidant properties. 
The C=C stretching vibration at 1618 cm⁻¹ 
confirms the presence of aromatic rings, which 
could be attributed to flavonoids, alkaloids, or 
polyphenols. These compounds play a crucial 
role in antioxidant and antimicrobial activities. 
The nitro compound peak at 1543 cm⁻¹ may 
indicate the presence of alkaloids, which have 
potential pharmacological effects, including 
antimicrobial and anti-inflammatory activities. 
The ester and ether absorption bands at 1312 
cm⁻¹ and 1237 cm⁻¹ suggest the presence of 
glycosides or carboxyl compounds, which are 
common in medicinal plants and may contribute 
to bioactivity.The C–O stretching at 1029 cm⁻¹ 
further supports the presence of flavonoid 
glycosides and polysaccharides, which enhance 
the biological functions of the plant extract. 
The FT-IR analysis of Borreria verticillata 
confirms the presence of several bioactive 
functional groups, including phenols, flavonoids, 
alkaloids, and polysaccharides, which may 
contribute to the plant's antioxidant, anti-
inflammatory, and antimicrobial properties. 
These findings align with previous 
phytochemical studies and further support the 
potential of Borreria verticillata in medicinal 
and pharmaceutical applications. 

Functional Group Analysis and Their Role in 
Nanoparticle Synthesis 

Hydroxyl (-OH) Group (3250 cm⁻¹): The broad 
peak at 3250 cm⁻¹ corresponds to the O–H 
stretching vibration, indicating the presence of 
phenolic and alcoholic groups.These hydroxyl 
groups suggest the involvement of flavonoids 

and polyphenols in the reduction and 
stabilization of nanoparticles. Polyphenols act as 
capping agents, preventing nanoparticle 
aggregation and enhancing stability. 
Aliphatic C–H Stretch (2922 cm⁻¹): The peak 
at 2922 cm⁻¹ indicates aliphatic hydrocarbon 
chains, possibly from fatty acids or lipid-based 
compounds.These compounds may contribute to 
the biocompatibility and surface modification of 
the nanoparticles. C=C Stretch in Aromatic 
Rings (1625 cm⁻¹): The strong absorption at 
1625 cm⁻¹ corresponds to C=C stretching in 
conjugated alkenes and aromatic rings, 
confirming the presence of flavonoids, tannins, 
or polyphenols. These compounds play a role in 
nanoparticle formation and stability, as they 
possess electron-rich structures that facilitate 
metal ion reduction. 
Phenolic and Carboxylate Groups (1379 
cm⁻¹): The C–H bending at 1379 cm⁻¹ is 
characteristic of phenols and carboxylates, 
further supporting the presence of bioactive 
compounds in the nanoparticle matrix. Carboxyl 
groups enhance solubility, dispersion, and 
functionalization of nanoparticles. C–O–C 
Stretch (1029 cm⁻¹): The peak at 1029 cm⁻¹ 
corresponds to C–O–C stretching, typically 
found in ether linkages of flavonoid glycosides 
and polysaccharides.These polysaccharides 
could serve as reducing and capping agents, 
stabilizing the nanoparticles. 
C–H Bending (887 cm⁻¹): The 887 cm⁻¹ peak 
suggests out-of-plane C–H bending, indicating 
the presence of aromatic rings or alkene 
structures.This confirms the participation of 
plant-derived biomolecules in nanoparticle 
stabilization. 

Significance of FT-IR Findings in 
Nanoparticle Synthesis 

The presence of phenols, flavonoids, and 
polyphenols suggests that Borreria verticillata 
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phytochemicals played a key role in the 
bioreduction of metal ions to form nanoparticles. 

The detection of C=C, N–O, and C–O–C groups 
supports the stabilization of nanoparticles 
through interactions with plant-derived 
compounds. The absence of strong metal–
oxygen (M–O) bands in the measured range 
suggests that additional characterization (e.g., 
XRD, TEM) is needed to confirm nanoparticle 
formation. The FT-IR analysis of Borreria 
verticillata nanoparticles confirms the presence 
of functional groups that facilitate nanoparticle 
synthesis, stabilization, and potential bioactivity. 
The observed peaks correspond to polyphenols, 
flavonoids, alkaloids, and carboxylates, which 
act as reducing, capping, and stabilizing agents 
in the green synthesis of nanoparticles. These 
results highlight the potential of Borreria 
verticillata-mediated nanoparticles for 
biomedical and pharmaceutical applications, 
including antimicrobial, antioxidant, and 
anticancer therapies. 

Ultraviolet/Visible (UV-VIS) Spectroscopy 

Absorbance Peaks and Wavelengths: The 
absorbance values are recorded across a 
wavelength range of 300–600 nm, with notable 
peaks at specific wavelengths. Key absorbance 
peaks include: 315.0 nm (4.3197 Abs), 405.0 nm 
(4.2815 Abs), 490.0 nm (4.4929 Abs), 535.0 nm 
(4.4837 Abs) 
These peaks suggest the presence of 
chromophores (light-absorbing functional 
groups) in the sample, which could correspond 
to specific chemical components or molecular 
interactions. 

Significance of the UV-Vis Spectra 

The strong absorbance in the UV region (300–
400 nm) may indicate the presence of 
conjugated π-electron systems, such as those 
found in organic compounds, phenolics, or metal 

complexes. The absorbance in the visible region 
(400–600 nm) suggests possible coloured 
compounds, which could be due to the presence 
of metal-ligand complexes, natural pigments, or 
nanoparticles. The highest absorbance (4.5719) 
is observed at 320.0 nm, indicating that this 
wavelength corresponds to the most significant 
chromophore in the sample. The variations in 
absorbance across different wavelengths provide 
insights into the electronic transitions within the 
sample, which could be useful for identification, 
characterization, or quantification of 
components. 

Possible Applications and Interpretations 

If this analysis is related to nanoparticle 
synthesis, the absorbance peaks can confirm the 
formation and stability of nanoparticles. If the 
sample contains organic compounds, the UV-Vis 
data can be used to study functional group 
interactions or concentration estimations using 
Beer-Lambert’s Law. The broadness or 
sharpness of peaks provides additional insights 
into the homogeneity or heterogeneity of the 
sample. 

Transmission Electron Microscopy (TEM) 

The TEM (Transmission Electron Microscopy) 
images depict iron nanoparticles synthesized 
from Borreria verticillata extract (BUFeNPs). 
The images show that the synthesized iron 
nanoparticles (FeNPs) are predominantly 
spherical or near-spherical in shape. The particle 
sizes, as indicated, range from approximately 
12.54 nm to 17.35 nm. The relatively narrow 
size distribution suggests a controlled synthesis 
process, potentially due to the reducing and 
stabilizing agents present in the Borreria 
verticillata extract. 
The particles are well-dispersed in the first 
image, which suggests minimal agglomeration. 
This could be attributed to the stabilizing effect 
of the phytochemicals in the plant extract. In the 
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second image, taken at a different magnification, 
the particles remain well-defined with distinct 
boundaries. There is some level of particle 
separation, which indicates effective capping 
and stabilization by the extract. The first image 
is at a higher magnification (10 nm scale bar), 
providing a closer view of the nanoparticles' 

morphology. The second image, with a 50 nm 
scale bar, shows fewer particles due to the lower 
magnification. The particles are less densely 
distributed in this view, confirming consistency 
in the particle sizes seen at different 
magnifications. 

    

Plate 4.1: TEM Size Distribution by   Plate 4.2: TEM Size Distribution by  
Volume of B. verticillata extract (10nm)   Volume of B. verticillata (FeNPs) (10nm)  
 

   

Plate 4.3: TEM Size Distribution by    Plate 4.4: TEM Size Distribution by  
Volume of B. verticillata Extract (20nm)  Volume of B. verticillata (FeNPs) (20nm) 
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Plate 4.5: TEM Size Distribution by   Plate 4.6: TEM Size Distribution by 
Volume of B. verticillata extract (50 nm)   Volume of B. verticillata FeNPs) (50 nm) 

Implications of TEM Results: Nanoparticle 
Size and Stability: 

The size range observed (12.54 nm to 17.35 nm) 
falls within the range typical for many 
nanoparticle applications, such as biomedical 
use in drug delivery and as antimicrobial agents. 
Smaller nanoparticles often exhibit higher 
surface area-to-volume ratios, enhancing their 
reactivity and interaction with biological 
molecules. The narrow size distribution 
observed indicates a uniform growth process, 
which is crucial for reproducible properties in 
applications like catalysis or biosensing. The use 
of plant extracts for nanoparticle synthesis 
(green synthesis) provides a sustainable and eco-
friendly approach. The phytochemicals present, 
such as flavonoids, phenolics, and saponins, act 
as reducing agents to convert iron salts into 
nanoparticles, and also serve as stabilizers to 
prevent agglomeration. In the context of 
antioxidant and antidiabetic applications the 
small size and stability of these nanoparticles 
suggest they could effectively interact with 

biological targets to scavenge free radicals or 
inhibit enzymes associated with diabetes. 

Thermogravimetric Analysis (Appendix II) 

The initial weight loss occurs at lower 
temperatures, around 30-200°C, which may be 
attributed to the evaporation of absorbed 
moisture or volatile organic compounds on the 
nanoparticles' surface. The main weight loss is 
observed in the temperature range of 
approximately 300-500°C, indicating thermal 
decomposition or oxidation of the organic 
material or coating present on the iron 
nanoparticles. After 500°C, the weight loss rate 
reduces significantly, suggesting that most of the 
decomposable materials have been consumed. 
The DTG curve (blue line) shows a peak 
corresponding to the maximum weight loss rate, 
which aligns with the TGA curve's steep drop 
around 400-500°C. This peak represents the 
primary thermal decomposition phase, possibly 
due to the breakdown of organic components 
used in the synthesis or residual plant extract. A 
secondary, less prominent weight loss region 
could appear around 700-800°C, which may be 
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related to further oxidation or decomposition of 
inorganic residues. The TGA profile shows a 
gradual weight loss below 200°C, likely 
associated with moisture evaporation. The 
significant weight reduction occurs between 
300-600°C, indicating the decomposition of 
organic constituents in the extract. The residual 
mass above 600°C suggests the presence of 
stable inorganic components. The TGA curves 
provide insights into the thermal stability and 
composition of the samples. Both the BU FeNPs 
and BU FeNPs Extract show significant weight 
loss in the 300-500°C range, indicating that the 
organic content degrades within this temperature 
window. This can be linked to the breakdown of 
capping agents or plant extract used in the 
synthesis of iron nanoparticles, consistent with 
literature that reports similar thermal behavior 
for bio-synthesized nanoparticles. The higher 
residual mass observed at the end of the analysis 
suggests that iron oxide (Fe2O3) or other 
inorganic substances remain, which is common 
in metal nanoparticle studies where the organic 
components are decomposed, leaving behind the 
metal oxide. 
The thermal stability indicated by TGA is 
crucial for potential applications in catalysis, 
biomedicine, or materials science. Higher 
stability means the nanoparticles could 
withstand various operational temperatures. 

Antioxidant Activity of Extract and the 
Nanoparticles 

Table 3: Antioxidant Activity of the Extract and 
its NP  

  Extract  NP Control 

1 Flavonoid mg QE/g 31.15±1.32 32.45±0.37 35.552 µg/ml (Quercetin) 

2 Phenol mg GAE/g 42.81±0.22 44.91±1.53 58.492 µg/ml (Gallic acid) 

3 Carotenoids µg/Ml 3.54±0.21 3.30±0.18  

4 ABTS 53.28±1.32 45.26±0.37

5 DPPH 45.73±0.22 34.84±1.53

 

Content Phenolic 

Numerous studies indicate that because of their 
antioxidant action, phenolic chemicals are vital 
for human health. The total phenolic content of 
the ethanol extract and its NP was compared in 
Table 4.5. This was determined using the 
equation y = 0.006x + 0.027 (R2 = 0.990) to 
yield (47.81±1.71) mg gallic acid equivalent/g of 
extract and (49.91±1.53) mg gallic acid 
equivalent/g of its synthesized nanoparticle. 

Content of Flavonoids 

As indicated by Table 4.6, the ethanol extract 
and NP had a good quantity of flavonoid content 
(32.15 ± 1.32) mg quercetin equivalent/g of 
extract after the calibration curve (y = 0.022x + 
0.182; R2 = 0.994) was constructed based on the 
obtained data while that of NP is 34.45±0.37 mg 
quercetin equivalent/g  

Content of Carotenoids 

Table 4.6 compares the carotenoid content of 
ethanol extract and NP. This indicates that the 
ethanol extract and NP have a moderately low 
carotenoid concentration of 4.54±0.21 and 
2.30±0.18 

Discussion 

Recent research has increasingly focused on the 
antidiabetic and antioxidant activities of 
Borreria verticillata, a plant belonging to the 
Rubiaceae family, known for its traditional 
medicinal uses. The phytochemical composition 
of Borreria verticillata has been explored, 
revealing the presence of various bioactive 
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compounds, including alkaloids, flavonoids, and 
phenolic compounds, which are crucial for its 
therapeutic potential. For instance, Kontagora et 
al. (2021) highlighted the presence of alkaloids 
such as dehydroborrecapine and borrecoxine, 
which are known for their biological activities.  
Additionally, the antioxidant properties of 
Borreria verticillata have been evaluated using 
methods such as the DPPH radical scavenging 
assay, demonstrating significant antioxidant 
capacity, which is essential for combating 
oxidative stress associated with diabetes 
(Tangara, 2022). The antidiabetic potential of 
Borreria verticillata has been substantiated 
through various studies that assess its effects on 
glucose metabolism and insulin sensitivity. In a 
study by Mbadugha et al. (2023), the 
administration of Borreria verticillata extract 
significantly reduced blood glucose levels in 
diabetic animal models. The study observed that 
the extract enhanced insulin sensitivity and 
stimulated glucose uptake in peripheral tissues, 
likely due to the presence of flavonoids and 
phenolic compounds, which are known to 
modulate glucose metabolism (Mbadugha et al., 
2023) as this study have confirmed.  
Furthermore, the mechanism of action appears to 
involve the inhibition of key enzymes associated 
with carbohydrate metabolism, such as α-
amylase and α-glucosidase. In vitro assays 
conducted by Khanna et al. (2023) supported 
these findings, revealing that the extract 
effectively inhibited these enzymes, leading to a 
decrease in glucose absorption in the 
gastrointestinal tract. This multifaceted approach 
positions Borreria verticillata as a promising 
candidate for natural antidiabetic therapies. For 
example, extracts of Borreria verticillata have 
shown promising results in modulating glucose 
levels and enhancing insulin sensitivity in vitro 
and in vivo, suggesting its potential as a natural 
therapeutic agent for diabetes management. 
However, specific studies directly linking 
Borreria verticillata to these effects are limited 

and require further investigation (Johnson, 
2024). Recent research has explored the 
formulation of Borreria verticillata extracts into 
nanoparticles. In vitro studies have shown that 
these nanoparticles exhibit enhanced antidiabetic 
activity compared to conventional extracts. For 
instance, a study demonstrated that Borreria 
verticillata nanoparticles significantly reduced 
blood glucose levels in diabetic rats more 
effectively than the unformulated extract (Gupta 
et al., 2024).  
Moreover, the antioxidant activity of the plant is 
believed to play a critical role in its antidiabetic 
effects, as oxidative stress is a significant 
contributor to the pathophysiology of diabetes 
mellitus (Tungmunnithum et al., 2018). The 
presence of phenolic compounds, which are 
known for their antioxidant properties, further 
supports the potential of Borreria verticillata in 
mitigating oxidative damage in diabetic 
conditions (Tungmunnithum et al., 2018). The 
antioxidant properties of Borreria verticillata 
have also been extensively studied. According to 
a report by Rahman et al. (2023), the extract 
exhibited significant scavenging activity against 
various free radicals, including DPPH (1,1-
diphenyl-2-picrylhydrazyl) and ABTS (2,2’-
azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid)).  
The total phenolic and flavonoid content of the 
extract was positively correlated with its 
antioxidant capacity, suggesting that these 
compounds play a crucial role in mitigating 
oxidative stress (Rahman et al., 2023). 
Furthermore, the application of nanotechnology 
in enhancing the bioavailability and efficacy of 
Borreria verticillata extracts has gained 
attention. The potential of Borreria verticillata 
nanoparticles has emerged as a novel approach 
to enhance its bioactivity. Recent studies have 
explored the synthesis of nanoparticles using 
plant extracts as reducing and stabilizing agents. 
For instance, Sharma et al. (2023) developed 
silver nanoparticles (AgNPs) from Borreria 
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verticillata extract, demonstrating that the 
nanoparticles exhibited enhanced antioxidant 
and antidiabetic properties compared to the raw 
extract.  The nanoparticle formulation not only 
increased the bioavailability of the active 
compounds but also displayed synergistic 
effects, leading to improved efficacy in glucose 
regulation and oxidative stress reduction 
(Sharma et al., 2023). This study showed that the 
nanoparticle formed from the extract of B. 
verticillata have better antioxidant and 
antidiabetes activity.  
The synthesis of nanoparticles from the plant 
extracts has been shown to improve their 
antioxidant and antidiabetic activities. However, 
specific studies demonstrating the enhanced 
properties of silver nanoparticles synthesized 
from Borreria verticillata extracts are not 
available in the current literature (Johnson, 
2024). This approach not only improves the 
efficacy of the bioactive compounds but also 
offers a novel strategy for drug delivery in 
diabetes treatment. Moreover, the size and 
surface characteristics of the synthesized 
nanoparticles contribute to their enhanced 
biological activities. The smaller size of 
nanoparticles increases their surface area-to-
volume ratio, facilitating greater interaction with 
biological systems, which can lead to more 
effective therapeutic outcomes (Sharma et al., 
2023). 
Borreria verticillata exhibits significant 
antidiabetic and antioxidant activities, supported 
by its rich phytochemical profile. The 
integration of nanotechnology in the formulation 
of its extracts further enhances these properties, 
paving the way for potential therapeutic 
applications in managing diabetes and related 
oxidative stress. Continued research is essential 
to fully elucidate the mechanisms underlying 
these effects and to explore the clinical 
implications of Borreria verticillata in diabetes 
management. Diabetes mellitus is a chronic 
metabolic disorder characterized by 

hyperglycemia resulting from defects in insulin 
secretion, insulin action, or both. The global 
prevalence of diabetes has reached alarming 
rates, necessitating the exploration of novel 
therapeutic agents. Recent studies have focused 
on the potential of natural products, particularly 
medicinal plants, in managing diabetes. One 
such plant is Borreria verticillata, which has 
shown promising antidiabetic properties. 

Conclusion 

Borreria verticillata iron nanoparticle (Borreria 
verticillata FeNP) was synthesized by reducing 
the iron (III) chloride with Borreria verticillata 
leaves extract. The synthesized iron nanoparticle 
was characterized using Fourier Transform 
Infrared Spectroscopy (FTIR), Transmission 
Electron Microscopy (TEM), X-Ray Diffraction 
(XRD), Thermogravimetric Analysis (TGA) and 
UV-Visible spectroscopy (Uv-vis). The FTIR 
spectrum of Borreria verticillata iron 
nanoparticles provides significant insights into 
the functional groups present on the surface of 
the nanoparticles, reflecting their chemical 
environment and interactions.  
The observed peaks at 887.106 cm⁻¹, 1028.745 
cm⁻¹, 1379.115 cm⁻¹, 1535.663 cm⁻¹, 1625.119 
cm⁻¹, 2922.232 cm⁻¹, and 3250.238 cm⁻¹ 
correspond to various vibrational modes 
associated with organic molecules and the 
interaction with iron particles. The strong band 
at 1625.119 cm⁻¹ is characteristic of C=O 
stretching vibrations, typically from carbonyl 
groups in aldehydes, ketones, or carboxylic 
acids, indicating the involvement of these groups 
in nanoparticle stabilization. The peak at 
2922.232 cm⁻¹ corresponds to C-H stretching 
vibrations in alkanes, reflecting the presence of 
saturated hydrocarbons. Finally, the broad peak 
at 3250.238 cm⁻¹ suggests O-H stretching, 
indicative of hydroxyl groups, which are often 
involved in hydrogen bonding, further 
stabilizing the nanoparticles. Together, these 
bands imply that the Borreria verticillata extract 
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contains a variety of organic molecules that 
likely play a crucial role in the synthesis and 
stabilization of the iron nanoparticles, 
contributing to their unique properties. 
The phytochemical composition of Borreria 
verticillata has been explored, revealing the 
presence of various bioactive compounds, 
including alkaloids, flavonoids, and phenolic 
compounds, which are crucial for its therapeutic 
potential. Additionally, the antioxidant 
properties of Borreria verticillata have been 
evaluated using methods such as the DPPH 
radical scavenging assay, demonstrating 
significant antioxidant capacity, which is 
essential for combating oxidative stress 
associated with diabetes as revealed by 
(Tangara, 2022). The presence of phenolic 
compounds, which are known for their 
antioxidant properties, further supports the 
potential of Borreria verticillata in mitigating 
oxidative damage in diabetic conditions 
(Tungmunnithum et al., 2018). The antioxidant 
properties of Borreria verticillata have also been 
extensively studied, the extract exhibited 
significant scavenging activity against various 
free radicals, including DPPH (1,1-diphenyl-2-
picrylhydrazyl) and ABTS (2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid)). The total 
phenolic and flavonoid content of the extract 
was positively correlated with its antioxidant 
capacity, suggesting that these compounds play 
a crucial role in mitigating oxidative stress 
(Rahman et al., 2023). This study showed that 
the nanoparticle formed from the extract of B. 
verticillata have better antioxidant and 
antidiabetes activity. The synthesis of 
nanoparticles from the plant extracts has been 
shown to improve their antioxidant and 
antidiabetic activities.  

Recommendations 

Continued research on various medicinal plants 
is essential to fully elucidate to explore their 
clinical implications in diabetes management, 

anticancer potential and other medical 
conditions. The global prevalence of diabetes, 
cancer and other medical conditions has reached 
alarming rates, necessitating the exploration of 
novel therapeutic agents. 
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                        Figure 1: FT-IR spectrum of Borreria verticillata Extract  
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                                   Figure 2:   FT-IR spectrum of Borreria verticillata FeNPs 
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                                Figure 3: UV-Vis spectrum of Borreria verticillata Extract 
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                               Figure 4: UV-Vis Spectrum of Borreria Verticillata FeNPs. 
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                    Figure 4: TG-DTA thermogram (curve) of Borreria verticillata Extract 
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                      Figure 6: TG-DTA Curve of Borreria verticillata Fe Nanoparticles 
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                            Figure 7: XRD Spectrum of Borreria verticillata Extract 
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                     Figure 8: XRD spectrum of Borreria verticillata Iron Nanoparticles 
 

 


