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Abstract
The study evaluated the antidiabetic potentials of green-synthesized iron oxide  (Fe2O3) nanoparticles using stem extract of 
Securidaca longipedunculata.  Fe2O3 nanoparticles were synthesized via green route and characterized using different ana-
lytical tools. Diabetes was induced in albino Wister rats by a single dose intraperitoneal injection of 90 mg/kg bodyweight of 
alloxan monohydrate and treated for 21 days. Lipid profiles, biochemical parameters and histopathological study of the liver 
and kidney were also examined. The characterization results confirmed formation of spherical, hematite phase of iron oxide 
with crystallite size of 4.07 nm and maximum wavelength of 372.27 nm. There was a significant (p < 0.05) decrease in blood 
glucose level of the diabetic rats from 409.50 ± 5.50 to 199.1550 ± 9.33 mg/dL in  Fe2O3 nanoparticle group compared to the 
diabetic and extract control groups. Group treated with  Fe2O3 nanoparticle shows an increase in bodyweight throughout the 
treatment period and is significantly different (p < 0.05) with the other groups. There is a significant difference (p < 0.05) in 
serum alanine transaminase (ALT), aspartate transaminase (AST) and alanine phosphatase (ALP) of the  Fe2O3 nanoparti-
cles treated group with Glibenclamide and diabetic control group. The histopathology of the liver and kidney shows normal 
histoarchitecture with no features of acute or chronic damage in all groups. The green-synthesized  Fe2O3 nanoparticles have 
the potential of treating hyperglycemia and could serve as drug lead in the treatment of diabetes.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder caused by 
abnormalities in insulin secretion, insulin action, or both [1]. 
It is characterized by persistent hyperglycemia and problems 
in carbohydrate, lipid, and protein metabolism. Long-term 
damage is one of the outcomes of diabetes mellitus with 
diverse organ malfunction and failure [1]. There are three 
forms of diabetes mellitus; type 1 diabetes (insulin-depend-
ent diabetes mellitus) is an autoimmune disease that occurs 
when the β-cells of the pancreas are damaged, resulting in 
the pancreas producing little or no insulin. It most commonly 
affects children and young adults [2]. Type 2 diabetes, com-
monly known as “insulin-dependent diabetes mellitus,” is 

the most common type of diabetes in adults, accounting for 
more than 90% of cases. Insulin resistance is a condition in 
which the pancreas generates enough insulin but the body is 
unable to use the insulin efficiently [1, 2]. The third form of 
diabetes is the gestational diabetes mellitus (GDM) which is 
a type of glucose intolerance that develops or is first noticed 
during the second or third trimester of pregnancy. The use of 
synthetic oral hypoglycemic medications and insulin in the 
treatment of diabetes is common. They are, however, costly, 
have substantial side effects, and require daily dosing [1].

Nanotechnology’s global market has risen at an exponen-
tial rate in recent years as a result of its widespread applica-
bility in a various of fields [3]. This qualifies nanomaterials 
as a novel solution to a variety of challenges in healthcare, 
materials, energy storage, catalysis, and other fields [3]. There 
are three forms of iron oxide nanoparticles utilized as drug 
carriers currently: magnetite  (Fe3O4), maghemite (γ-Fe2O3), 
and hematite (α-Fe2O3) [4, 5]. All of these iron oxides have 
distinct characteristics such as low toxicity, biocompatibil-
ity, and stability [6]. They have the potential to be used as 
magnetic resonance imaging (MRI) agents as well as routine 
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diagnostic instruments [7, 8]. Heavy metals, dyes, and bacteria 
have all been reported to be removed from water using iron 
oxide nanoparticles, as well as biomedical applications such 
as site-specific drug delivery and tumor cell [9, 10]. Iron-based 
nanoparticles have also been shown to be effective against a 
number of pathogenic bacterial strains and fungi due to their 
ability to produce highly reactive oxygen species (ROS) [11].

Sol–gel, chemical reduction, co-precipitation, and hydro-
thermal synthesis are some of the processes used for the 
synthesis of nanomaterials [12]. However, there is a pat-
tern switched to new, less expensive, and safer techniques 
to synthesize nanoparticles, resulting in a novel, affordable 
and safer method to synthesize nanoparticles reulting in a 
sustainable ecofriendly concept such as green nanoparticles 
[13, 14]. In green or biosynthesis, nanoparticles are synthe-
sized using biological resources such as bacteria, fungus, 
algae, or plants [15–17]. Physical and chemical methods of 
synthesis on the other hand are also employed, although they 
have drawbacks such as the generation of toxic waste, as 
illustrated by the use of toxic substances in chemical syn-
thesis [18, 19].

Metals are important in a variety of metabolic pathways 
including glucose metabolism [1]. Nanoparticles synthe-
sized from the oxide of zinc, silver, gold, and core–shell 
have all been reported to have antidiabetic properties [20, 
21]. Furthermore, Sharifi et al. [22] discovered that in human 
primary adipocytes, α-Fe2O3 nanoparticles suppress genes 
involved in the development of T2DM.

Securidaca longipedunculata commonly known by its 
vernacular name as “king of medicines”, violet tree, fiber 
tree or Rhodesian violet in English, Uwar magunguna or 
Sanya in Hausa and Ipeta in Yoruba is found in most tropical 
and Sub-Saharan African [23]. The leaves, stem and root if 
the plant has been reported to be used for the treatment of 
various ailments such as sexually transmitted disease, fungal 
infection, diabetes, wounds [24], malaria and tuberculosis 
[25]. The plant has been reported to contain useful bioactive 
compounds such as xanthones, flavonoids, terpenes, cou-
marins and steroids [26]. Hence, this research was focused 
on the evaluation of the antidiabetic potentials of green-syn-
thesized α-Fe2O3 nanoparticles in alloxan-induced diabetic 
rats. The green-synthesized nanoparticle was characterized 
using different analytical tools and the antidiabetic poten-
tials of the nanoparticle was evaluated in alloxan-induced 
diabetic rats.

Materials and methods

Chemicals

Analy t ica l  g rade  fe r r ic  n i t ra te  nonahydra te 
(Fe(NO3)3·9H2O)) (99.99%), Sodium hydroxide pellets 

(NaOH) (80%) were purchased from Merck, India. All 
chemicals are used without further purification.

Collection and preparation plant extract

The stems of Securidaca longipedunculata were collected 
from the environment of Federal University of Technology 
Minna, Nigeria. The stems were washed several times with 
distilled water and air dried for 4 weeks at the Biochemistry 
Laboratory. The dried stems were chopped into pieces and 
pulverized into fine powder using mortar and pestle. Twenty 
grams (20 g) of fine powder was boiled with 100 mL of 
deionized water at 80 °C for 30 min and the extract was then 
filtered Whatman No. 1 filter paper to obtain the filtrate.

Quantitative phytochemical analysis of Securidaca 
longipedunculata extract

Determination of total flavonoids

Aluminum chloride  (AlCl3) Colorimetric method was used 
for the determination of flavonoid content [27]. An aliquot of 
the plant extract (0.5 mL) was mixed with 1.5 mL of metha-
nol, 0.1 mL of 10%  AlCl3 (w/v), 0.1 mL of 1 M sodium 
acetate and 2.8 mL of distilled water and allowed to stand 
at ambient temperature for half an hour. Quercetin solutions 
at concentrations of 12.5–100 g/mL in methanol was used 
for the calibration of the standard curve. Absorbance of the 
mixture and the standard were read at 415 nm.

Determination of total phenols

Folin–Ciocalteau spectrophotometric method was used for 
the determination of total phenolic content of the extract 
[28]. An aliquot of the plant extract (0.5 mL) was mixed with 
2.5 mL of 10% Folins reagent and 2 mL of 7.5% sodium car-
bonate, mixed properly and incubated for 40 min at 45 °C. 
Absorbance of the mixture was read at 765 nm. The total 
phenolic content of the extract was extrapolated form Gallic 
acid standard curve.

Determination of total tannins

The tannic acid content of the extract was extrapolated from 
the tannic acid standard curve [29]. 0.2 g of the plant sample 
was weighed into a 50 mL beaker containing 20 mL of 50% 
methanol, covered with parafilm and heated in a water bath 
at 80 °C for 1 h. The contents of the mixture were trans-
ferred into a 100 mL volumetric flask after being thoroughly 
shaken. Approximately 20 mL of distilled water, 2.5 mL 
Folins reagent and 10 mL 17%  Na2CO3 were added and 
mixed properly before allowing to stand for 20 min. After 
color development, the absorbance of tannic acid standard 
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Flow chat of the processes for green synthesizes of α-Fe2O3 nanoparticles
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solution and sample was measured with a spectrophotometer 
at 760 nm.

Green synthesis of  Fe2O3 nanoparticles

Ferric nitrate nonahydrate (Fe(NO3)3·9H2O)) was used as 
the precursor for the synthesis of the α-Fe2O3 nanoparti-
cles. 200 mL of 0.3 M ferric nitrate solution was stirred 
for 10 min at room 25 °C on magnetic stirrer before adding 
100 mL of S. longipedunculata stem extract and the mix-
ture were stirred further for another 20 min at room tem-
perature. Sodium hydroxide (1 M) was added dropwise to 
adjust the pH from acidic to basic and precipitate a brown 
color α-Fe2O3 nanoparticles and the solution was allowed to 
stand overnight to sediment [30]. The solution was decanted, 
filtered and washed severally with deionized water until a 
clear filtrate was obtained which was dried in a hot air oven 
at 80 °C for 3 h. The step-by-step synthesis of α-Fe2O3 nano-
particle is shown in the flow chart below.

Characterization of  Fe2O3 nanoparticles

The absorption band of the synthesized α-Fe2O3 nanopar-
ticles were characterized using a double beam UV–visible 
spectrophotometer (Shimadzu UV-1800) at a wavelength 
range of 200–800 nm, Energy-dispersive X-ray spectroscopy 
(EDX) (Zeiss Aunga), high-resolution transmission elec-
tron microscopy (HRTEM) (Zeiss Aunga), high-resolution 
scanning electron microscope (HRSEM) (Zeiss Aunga) and 
X-ray diffraction (XRD) (Bruker d8) to confirm the synthe-
sis of the elemental composition, morphology, dispersity and 
crystallinity of the  Fe2O3 nanoparticles.

Experimental animals/ethics

Thirty (30) Wistar rats of both sexes weighing between 
100–150 g were purchased from the animal farm of the 
University of Jos, Jos, Plateau State, Nigeria. The rats were 
kept in well-ventilated metal cages and maintained at room 
temperature of 28 ± 2 °C, 45–55% of relative humidity on 
a 12 h light/12 h dark cycle, with access to water and pel-
letized standard guinea feed ad libitum. The rats were kept 
for 2 weeks to acclimatize to environmental conditions.

Induction of diabetes mellitus

Diabetes mellitus (DM) was induced in the rats by a single 
intraperitoneal (i.p.) injection of 90 mg/kgbwt of alloxan 
monohydrate (Sigma, St. Louis, USA) in PBS (pH = 7.4) 
[31]. Animals with fasting plasma glucose concentration 

(FPGC) > 111 mg/dL, measured using Fine test Auto-cod-
ing Premium Blood Glucose Monitoring System for self-
testing, for 5 consecutive days were considered diabetic and 
selected for the study. A total of thirty (30) Wistar rats of 
both sexes were divided into 5 groups of 6 rats each. The 
animals were deprived of food and water for additional 16 h 
before commencement of treatment [31]. All procedures 
were conducted in accordance with the guidelines for the 
care and use of laboratory animals (USA National Institute 
of Health Publication No. 80-23, revised 1996) and were 
reviewed and approved by the Animal Ethics Committee of 
Federal University of Technology Minna, Nigeria.

Experimental design

The rat groups were assigned on the basis of treatments 
received by oral gavage on daily basis for 21 days as follows: 
group I: normal control rats received 1.0 mL/kgbwt of PBS, 
group II: diabetic rats received 5 mg/kgbwt of glibenclamide 
(standard drug), group III: diabetic control rats, group IV: 
diabetic rats treated with 300 mg/kgbwt of methanol extract 
of S. longipedunculata, group V: diabetic rats treated with 
300 mg/kgbwt of  Fe2O3−NPs.

The body weight of rats in each group was also determine 
on every 7 days interval.

Collection and preparation of blood and tissues

On the 21st day of the experiment, overnight fasted rats 
were euthanized using 150 mg/kgbwt of sodium pentobar-
bitone anesthesia and blood samples were collected via car-
diac puncture from each mouse into a plain sample bottle. 
The blood samples were kept at room temperature for 2 h 
to coagulate and then centrifuged at 2000 rpm for 10 min 
then serum was separated with clean Pasteur pipette and 
stored frozen until used for biochemical analyses. The liver 
and kidney of rats were excised, rinsed in normal saline and 
preserved in 10% formalin (v/v) for histopathological study 
[32].

Biochemical assays

The biochemical parameters of rats at the end of 21 days 
treatment with the extract were determined using assay 
kits. High density lipoprotein (HDL), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP) and aspartate 
aminotransferase (AST) were determined following the 
procedure described in the reagent kits manual (AGAPPE 
Diagnostics Ltd., Switzerland). Total cholesterol (TC) and 
triglyceride concentrations (TRIG) were determined fol-
lowing the procedure outline in the reagent kits manuals 
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(TECO Diagnostics Ltd., USA). Additionally, serum LDL-C 
concentration was determined according to the formula 
described by Friedewald [33] and reported Oluba et al. [34].

Serum VLDL-C concentration was estimated using the 
methods of Burnstein and Sammaille, [35] where the ratio 
of serum VLDL-C to triglyceride concentrations was fixed 
at 1:5 in fasting animals.

Statistical and data analyses

Data were expressed as mean ± standard error of the mean. 
Data were expressed as mean ± standard error of the mean. 
Means of all parameters among groups and within a group 
were compared using one-way ANOVA followed by Dun-
can’s post hoc multiple comparison test. Values of p < 0.05 
were considered statistically significant. SPSS Version 20 
software (IBM Corporation, Armonk, NY, USA) and Ori-
gin software version 9.55 OriginPro 2018 (64-bit) SR1 
b9.5.1.195 were used for statistical analysis.

Results and discussion

Stem extract of S. longipedunculata contain phenols, fla-
vonoids and tannins in various amounts (Table 1). These 
phytochemicals have been reported to act as a reducing 
and stabilizing agent for the synthesis of nanoparticle [36]. 
According to Ovais et al. [3], the presence of nucleophilic 
aromatic ring and the hydroxyl functional groups present in 
these phytochemicals enables them to act as metal-chela-
tors hence stabilizing the synthesis of metal nanoparticles. 
Hence, the presence of these phytochemicals in sufficient 
amount in S. longipedunculata makes it a good candidate for 
the synthesis of α-Fe2O3 nanoparticles. The interaction of 
phytochemicals presents in the plant extract with the metal 
precursor resulted in the development of a reddish-brown 

(1)[LDL − C] = [TC] − [HDL − C] −
TAG

5

(2)[VLDL − C] =
TAG

5

precipitate leading to the formation of α-Fe2O3 nanoparticles 
[36]. The homogeneous mixture of iron salt and the plant 
extract at room temperature could not convert  Fe3+ to  Fe0 
but the interaction of the phytochemicals with ions of the 
iron to form α-Fe2O3 nanoparticles due to its susceptibility 
to oxidation [36].

The optical properties of the nanoparticles was confirmed 
by UV–visible analysis (Fig. 1a). The maximum absorp-
tion spectrum (λmax) of the synthesized nanoparticles was 
observed at 372.27 nm which is in line with the report of 
Bibi et al. [30], and Behera et al. [37] who independently 
reported the λmax of 371.71 nm. Further confirmation of the 
synthesized of α-Fe2O3 nanoparticles was carried out using 
the energy dispersive X-ray analysis (EDX) (Fig. 1b). The 
EDX result of the green-synthesized α-Fe2O3 nanoparticles 
shows that it consists of majorly Fe and O in the ratio of 
2:1. The spectrum shows a broad and intense peak belong-
ing to Fe and O and a trace of C with a relative abundance 
of 72.61, 23.89 and 3.50% respectively. The source of the 
carbon maybe from the phytochemical constituents of the 
extract such as phenols, flavonoids and tannins which are 
present in the extract [30]. The crystal formation of the syn-
thesized α-Fe2O3 nanoparticles was determined using the 
X-ray diffraction (XRD) analysis (Fig. 1c). The XRD pat-
tern of α-Fe2O3 nanoparticles revealed the spheroidal struc-
tured hematite of the nanoparticles with peaks at 2θ values 
of 24.14°, 33.15°, 35.61°, 40.86°, 49.48°, 54.09°, 57.59°, 
62.45° and 63.99° corresponding to diffraction planes of 
(012), (104), (110), (113), (024), (116), (018), (214) and 
(300) respectively which matches with the JCPDS-33-0664 
[38]. This assigned to the characteristic structure of pure 
α-Fe2O3 crystal with a rhombohedrally centered hexago-
nal structure [38]. The intense and sharp peaks confirmed 
that the synthesized α-Fe2O3 nanoparticles using extract 
of S. longipedunculata are crystalline in nature [39–41]. 
The mean crystallite size was found to be 4.07 nm using 
the Debye–Scherrer equation. This agreed with the report 
of Bhuiyan et al. [36] who reported a crystalline size of 
4.58 nm.

The morphology of the synthesized nanoparticle shown 
in Fig. 2a indicated that the synthesized nanoparticles are 
agglomerated spherical particles of different sizes. The 
large agglomerated clusters were formed as a result of the 
accumulation of tiny blocks of various bioactive reducing 
agents in the plant extract or it could be due to the ability 
of iron-based nanoparticles to agglomerate due to magnetic 
interactions [36].

High resolution transmission electron microscope 
(HRTEM) of the nanoparticles revealed the spheroidal 
shape of the nanoparticle which may be due to the magnetic 
nature of iron with size in the range of 25–45 nm (Fig. 2b). 
The high-resolution TEM image and the selected area elec-
tron diffraction (SAED) pattern (Fig. 2c) acquired from an 

Table 1  Quantitative phytochemical contents of methanol extract of 
S. longipedunculata 

Values are expressed in Mean ± standard error of mean of triplicate 
determination

Phytochemicals Amounts (mg/100 g)

Phenols 201.62 ± 1.98
Flavonoids 49.820.63
Tannins 114.25 ± 3.71
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area containing a large number of nanoparticles in keeping 
with the XRD data. The rings in the SAED pattern can be 
indexed as the cubic hematite reflections (102), (104), (110) 
and (006).

Fasting blood glucose (FBG) level of alloxan-induced 
diabetic rats was monitored for all studied groups dur-
ing the experiment time (21 days) as shown in Fig. 3. The 
diabetic control group had a significant higher (p < 0.05) 
FBG level (548.10 ± 4.33 mg/dL) than the normal control 
group (89.50 ± 2.66 mg/dL) on day 12 before the death of 
rats in the diabetic control group. The level of FBG level 
in Glibenclamide treated group was decreasing with time. 
After the first day of treatment (day 6), the FBG level was 
160.00 ± 38.00 mg/dL which is significantly lower (p < 0.05) 
than the diabetic control group (575.33 ± 6.54 mg/dL). There 
was no significant difference (p > 0.05) between the group 

treated with 300 mg/kgbwt of Securidaca longipedunculata 
extract and  Fe2O3 nanoparticle after the first day of the treat-
ment. At day 21, the FBG level of Glibenclamide treated 
group was 70.50 ± 5.50 mg/dL which was significantly lower 
than the nanoparticle treated group (199.15 ± 9.33 mg/dL), 
the extract treated group (212.50 ± 3.50 mg/dL) and the nor-
mal control group (81.00 ± 2.11 mg/dL). Rats in the diabetic 
control group could not survive till day 21 because of the 
elevation of the blood glucose beyond the normal tolerable 
level. The result of this study is consistent with the report 
of Lamiaa et al. [42] who also reported the role of super-
paramagnetic α-Fe2O3 nanoparticle in reducing the blood 
glucose of diabetic rats. Studies have also shown that iron 
metabolism indicators (transferrin, ferritin, hepcidin, trans-
ferrin receptor and so on) can directly or indirectly affect the 
occurrence and development of type 2 diabetes [43]. The 

200 300 400 500 600 700

0

1

2

3

4
A

bs
or

ba
nc

e

Wavelength

 Fe2O3 Nanoparticles
 Fe(NO3)2

4.79000, 9.79000, 14.79000, 19.79000,

0

1000

2000

3000

4000

5000

6000

Fe

Fe

cp
s/

eV

KeV

 Fe2O3 Nanoparticles
O

e

10 20 30 40 50 60 70 80 90

1000

2000

3000

4000

5000

6000

7000

8000

9000

(018)

(300)(214)

(116)

(024)

(113)

(110)

(104)

In
te

ns
ity

 (c
ou

nt
s/

se
c)

2  (degree)

 Fe2O3 Nanoparticles

(012)

(a)
(b)

(c)

θ

Fig. 1  a UV–Vis spectrum, b elemental composition and c X-ray diffraction pattern of green-synthesized α-Fe2O3 nanoparticles using stem 
extract of S. longipedunculata 
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Fig. 3  Hypoglycemic effects 
of green-synthesized α-Fe2O3 
nanoparticles on fasting blood 
glucose level of alloxan-induced 
diabetic rats
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study also shows that α-Fe2O3 nanoparticle could increase 
serum insulin in diabetic rat treated with the nanoparticle 
compared with group treated with Glibenclamide. There are 
few studies that have investigated the therapeutic effect of 
α-Fe2O3 nanoparticle on insulin levels or secretion. How-
ever, others have demonstrated that iron overload regulates 
insulin production in pancreatic β-cells and is thought to 
contribute critically to impair glucose metabolism in dia-
betic patients [44]. However, in this study, 300 mg/kg body-
weight of α-Fe2O3 nanoparticles significantly lowered blood 
glucose level from 409.50 ± 5.50 to 199.1550 ± 9.33 mg/dL 
on the 21st day of treatment compared with the diabetic and 
extract control groups indicating that there was no overload 
of the nanoparticle that could alter the function of the pan-
creatic β-cells as previously reported by other authors. Fla-
vonoids and glycosides coated metallic oxide nanoparticles 
have been reported to induce the inhibition of dipeptidyl 
peptidase IV (DPPIV)-a protease enzymes which inhibit 
glucagon-like peptide-1 (GLP-1) and glucose-dependent 
insulinotropic polypeptide (GIP) receptor resulting in an 
increase in secretion of insulin from pancreatic β-cells. Also, 
terpenoids and flavonoids coated metallic nanoparticles 
inhibit protein tyrosine phosphatase 1B (PTP-1B) enzyme 
present on the endoplasmic reticulum membrane and result 
in the stimulation of insulin signaling pathways and ulti-
mately glucose uptake in adipocytes and muscle cells. 
Finally, metallic oxide nanoparticles inhibit α-amylase and 
α-glucosidase which reduces the release of glucose [45, 46]. 

Hence, the presence of phytochemicals such as flavonoids, 
phenols and tannins in the extract of S. longipedunculata 
may have enhanced the antidiabetic potentials of α-Fe2O3 
nanoparticles observed in this study.

Diabetes is often characterized by weight loss due to 
breakdown of body tissues. There was a significant weight 
reduction (p < 0.05) in group treated with α-Fe2O3 nano-
particles compared with the normal control group and the 
extract treated group (Fig. 4). This report supports the find-
ings of Najafabadi et al. [47] who reported a weight loss 
from the treatment of rats with 50 and 100 mg/kg body-
weight per day of  Fe2O3 nanoparticles. In another report 
by Szalay et al. [48] and Zhu et al. [49], rats injected with 
1 and 5 mg/kg α-Fe2O3 nanoparticles for 14 days showed a 
significant weight reduction in their bodyweight. This obser-
vation could be attributed to the role of iron in initiating 
oxidative stress [47]. Reactive oxygen species (ROS) maybe 
produced by α-Fe2O3 nanoparticles leading to the generation 
of hydroxyl radicals and super hydroxide hydrogen. Subse-
quently, this process may lead to apoptosis or cell death [50]. 
Furthermore, the decrease in bodyweight of the animals may 
be attributed to the role of α-Fe2O3 nanoparticles in reducing 
superoxide dismutase and glutathione enzymes [51]. These 
enzymes play a significant role in reducing of the ROS [47].

Despite the documented antidiabetic potentials of 
α-Fe2O3 nanoparticles in this study, the effect of nanopar-
ticles on hepatorenal toxicities are of great concerns. The 
present study shows that the treatment of alloxan-induced 

Fig. 4  Effects of green-syn-
thesized  Fe2O3 nanoparticles 
on the mean bodyweight of 
alloxan-induced diabetic rats
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Plate 1  Histopathology of kidney section of rat treated with 
300  mg/kgbwt of S. longipedunculata extract (a), 300  mg/kgbwt of 
 Fe2O3-NPs (b), 5 mg/kgbwt of Glibenclamide (c), normal saline (d) 
and the negative control group (d) respectively showing renal tissue 

with preserved architecture composed of normal glomeruli tubules 
and interstitium. There are no features of acute or chronic damage in 
any of the group

Table 2  Effect of green-synthesized α-Fe2O3 nanoparticles on serum enzymes and lipid profiles of alloxan-induced diabetic rats

Values are expressed in mean ± standard error of mean of quadruplet determination. Values with the same superscript on the same row have no 
significant difference at p > 0.05
Keys: SL 300 = Securidaca longipedunculata 300 mg/kgbwt,  Fe2O3-NPs = iron oxide nanoparticle 300 mg/kgbwt, TC = total cholesterol

Groups ALT (U/L) AST (U/L) ALP (U/L) TC (mg/dL) TRIG (mg/dL) HDL(mg/dL) LDL (mg/dL) VLDL(mg/dL)

SL 300 28.03 ± 3.60a 39.44 ± 3.38b 101.92 ± 10.60a 270.38 ± 4.44b 119.71 ± 3.84c 72.70 ± 0.34c 173.74 ± 4.87b 23.94 ± 0.77b

Fe2O3-NPs 24.68 ± 4.16a 63.30 ± 5.71c 101.14 ± 2.30a 239.89 ± 2.95a 92.60 ± 3.04a 91.32 ± 2.89d 130.05 ± 5.23a 18.52 ± 0.61a

Glibencla-
mide

28.63 ± 6.77a 98.63 ± 10.23d 102.11 ± 12.32a 254.03 ± 4.25b 124.74 ± 9.66c 91.41 ± 4.88d 137.67 ± 2.50a 24.95 ± 3.10c

Normal 
control

32.78 ± 3.15b 22.77 ± 1.83a 114.59 ± 4.00b 283.42 ± 3.69c 108.44 ± 3.00b 67.12 ± 2.00b 194.61 ± 6.29b 21.69 ± 0.60b

Negative 
control

56.56 ± 7.66c 39.45 ± 1.25b 134.03 ± 13.33c 318.34 ± 2.46d 122.92 ± 6.55d 56.36 ± 9.00a 237.40 ± 7.32d 24.58 ± 11.21c
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diabetic rats with 300 mg/kgbwt showed significant increase 
(p < 0.05) in serum AST and ALP compared to the diabetic 
control group (Table 2). This report is contrary to the find-
ings of Lamiaa et al. [42] who in his observed a decrease 
in these enzymes. The lipid profiles of rats treated with the 
extract and nanoparticles were also determined. The result 
shows an increase in the total cholesterol and triglycerides 
content of rats in the diabetic control group is significantly 
higher (p < 0.05) than those in the extract and nanoparticle 
treated group (Table 2). The Glibenclamide treated group 
shows no significant different (p > 0.05) in the HDL and 
LDL cholesterol level with the nanoparticle treated group 
but was significantly different (p < 0.05). The variation in the 

lipid profile between the extract treated group and nanoparti-
cles may be linked to the phytochemical constituents present 
in the extract which aided the synthesis of the nanoparticle. 
For example, tannins and flavonoids found in the extract of 
the plant are known to have cholesterol lowering and athero-
protective properties [52].

The histopathological study of the liver and kidney of 
the rats revealed a preserved histoarchitecture composed of 
cords of normal hepatocytes, normal portal tracts, central 
vein, normal glomeruli tubules and interstitium (Plate 1 
and 2). There are no features of acute or chronic damage in 
any of the group hence the nanoparticle may be considered 
safe. This result however the outcome of Ali et al. [1] who 

Plate 2  Histopathology of liver section of rat treated with 300  mg/
kgbwt of C. hindmannianus extract (a), 300 mg/kgbwt of  Fe2O3-NPs 
(b), 5  mg/kgbwt of Glibenclamide (c), normal saline (d) and the 
negative control group (e) respectively showing hepatic tissue with 
preserved architecture composed of cords of normal hepatocytes, nor-

mal portal tracts and central vein. There are no features of acute or 
chronic damage in a, c, d, e except in rat treated with 300 mg/kgbwt 
of  Fe2O3 nanoparticle which shows hepatic hemorrhage in the region 
highlighted above
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found an injury to the liver and kidney of rats treated with 
α-Fe2O3 nanoparticles. However, in their study the nanopar-
ticles were coated with a functional polyethylene glycol. The 
observed differences may be due to the effect of chain length 
of polyethylene glycol on the nanoparticle biodistribution. 
Chain length of about 2 kDa increases the blood circulation 
time and decreases the opsonization of the nanoparticle by 
kuppfer cells and subsequently their localization in liver and 
toxicity.

Conclusion

The synthesis of α-Fe2O3 nanoparticles via green route 
was successfully carried out. Green synthesis is economi-
cally cheap, environmentally friendly and less toxic as it 
requires minimal chemical interactions and involved the 
use of biological materials such as the plant extract. The 
nanoparticle significantly lowered the blood glucose level 
of alloxan-induced diabetic rats. The size of the nanoparti-
cles may also be attributed to the antidiabetic potentials of 
the nanoparticle since it has greater surface area and hence 
will be able to penetrated through the blood brain barri-
ers to the target β-cells which may have been distorted by 
alloxan thereby lowering the blood glucose. Histological 
study if the liver and kidney of the rats shows no adverse 
sign of toxicity resulting from the daily intake of the nano-
particle. Thus, α-Fe2O3 nanoparticles may possess some 
antidiabetic potentials.
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