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The efficient biogeneration of Ag and NiO
nanoparticles from VPLE and a study of the anti-
diabetic properties of the extract
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Maryam Latifnia” and Zahra Pourmojahed?

Vitex pseudo-negundo leaf extract (VPLE) is used to mediate the green biosynthesis of Ag and NiO
nanoparticles in aqueous solutions under mild conditions. The synthesized nanoparticles, with a narrow
size range and good distribution, are characterized by means of powder X-ray diffraction (PXRD),
Fourier-transform infrared (FT-IR), scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDX), and transmission electron microscopy (TEM) techniques. SEM and TEM micrographs
proved formation of mostly spherical or ellipsoidal nanoparticles with little agglomeration, and the
average particle size was less than 20-35 nm for both types of nanoparticle. Then, the protective role of
VPLE toward the liver is assessed in streptozotocin-induced diabetic rats. For this purpose, diabetes is
induced in rats through the intraperitoneal injection of streptozotocin, and VPLE is administered via oral
gavage for 6 weeks. This study suggests that VPLE can ameliorate biochemical and structural changes in
the livers of diabetic rats, showing that VPLE can improve the condition of rats with diabetic hepatopathy

rsc.li/rsc-advances

1. Introduction

Nanomedicine and nanobiotechnology are emerging fields of
nanoscience that utilize therapeutic nanoparticles for various
biomedical applications." The green facilitated synthesis of
metallic and metal oxide nanoparticles is an important and
growing objective in the nanotechnology field due to the
unusual optical, chemical, photochemical and electronic
properties of the fabricated nanoparticles.” Among the various
novel eco-friendly scenarios for the production of nano-
particles, plant extracts possess a wide range of biologically
active compounds, which have been exploited as top resources
for the green synthesis of nanoparticles.>* These biosynthetic
methods have received more attention than common chemical
and physical methodologies due to their ease of synthesis and
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via a decrease in oxidative stress and an enhancement in the activity of antioxidant enzymes in the liver.

their eco-friendly and cost-effective nature.>” Therefore, bio-
logical resources can be used in rapid, effective, simple, and
economic ways to produce desired nanoparticles.' Further-
more, plant extracts behave as both capping and reducing
agents during biosynthesis; therefore, these biotemplates can
control the sizes, shapes, and morphologies of the prepared
nanoparticles through rendering a coordination sphere for
capturing metal ions." Among the various available nano-
particles, silver and NiO nanoparticles have attracted wide
interest due to their numerous applications in industry and
academia. Silver nanoparticles have widespread applications in
non-linear optics, biolabelling, and optical receptors, as well as
in dentistry, catalysis, and the food industry.”> Furthermore,
NiO nanoparticles also have a number of important applica-
tions in energy storage devices,*® drug delivery, and magnetic
resonance imaging." Therefore, developing efficient and
simple methods for the fabrication of Ag and NiO nanoparticles
with controlled size is a favorable target for many scholars.
Vitex pseudo-negundo (VPN) is a familiar herb that commonly
grows in wasteland as a hedge plant. Numerous studies have
shown that the roots, flowers, fruits, and leaves of this plant
have great medicinal benefits. The leaves of VPN contain
flavonoids, alkaloids, monoterpenes, eurostoside, saturated
steroidal and triterpinoidal saponins, amino acids, and
aromatic amines." This herb is traditionally utilized to cure and
treat many deficiencies, such as amenorrhea, corpus luteum
insufficiency, dysmenorrhea, hyperprolactinemia, and breast-
feeding disorders.'®'” Moreover, extracts from different parts of
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this plant have antibacterial,® anti-inflammatory," anti-dia-
betic,® antioxidant,”* anti-fungal,” and anti-HIV** activities.
Recently, this herb was reported to show cytotoxic activity
against a human breast cancer cell line.> In a continuation of
our previous studies,* herein, the use of the leaf extract of this
plant is demonstrated for the environmentally friendly, fast,
cost-effective, and one-step synthesis of Ag and NiO nano-
particles under ambient conditions and without any external
additives.

The antidiabetic activities and effects of different nano-
particles on various tissue injuries and tumors are of interest,
and they have been investigated by several research groups.>*-*>
Diabetes mellitus (DM), which is characterized by the existence
of chronic hyperglycemia, is known as one of the five main
causes of death.* Liver disease is considered as one of the
major complications related to oxidative stress disorders like
DM?*® and ethological studies have provided many evidence that
chronic hyperglycemia causes complicated diabetic hepatop-
athy.’”*® Oxidative stress provides an effective mechanism by
which the glycation process, a precise enzyme-controlled
process related to glucose metabolism, the hyper-production
of free-radical precursors, and a decrease in the efficiency of
antioxidants all contribute to a surge in disease severity.>”*® It
has been shown that Vitex constituents have protective effects
against experimentally induced diabetic complications through
increasing the antioxidant enzyme activity. VPN is a studied
model that has been employed to produce multiple effective
remedies.**** We evaluated the hypoglycemic effects of VPLE in
an induced diabetes animal model using Wistar male rats.
Furthermore, this study examined some potentially important
clinical parameters, including antioxidant activities and lipid
peroxidation, related to streptozotocin-induced diabetic hepat-
opathy in the livers of rats and compared the results with
treated and untreated groups. The effects of VPLE treatment on
liver function in the affected rats were also evaluated. The
findings of the present study may provide new alternative herbal
medicine approaches for controlling diabetic complications in
humans.
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Fig. 1 The EDX patterns from (a) NiO and (b) Ag nanoparticles.
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2. Results and discussion

2.1. Morphological and characterization studies

The reduction of Ag" and Ni*" ions into nanoparticles was easily
demonstrated via the distinct color change from pale yellow-
green to dark brown and yellow, respectively. Color changes
in aqueous solutions of nanoparticles are due to surface plas-
mon resonance phenomena. Obviously, the formation of mostly
stable complexes between nanoparticles and effective plant
extract functional groups can stabilize the prepared parti-
cles.*** To examine the elemental compositions of the NiO and
Ag nanoparticles and ensure the absence of organic elements
originating from the plant extract, EDX analysis was conducted
(Fig. 1). The obtained profiles of the synthesized nanoparticles
confirmed the major presence of only nickel, oxygen, and Ag in
the nanoparticles, without any other impurities.

Fig. 2 displays the PXRD patterns of NiO and Ag nano-
particles fabricated using VPLE under the outlined experi-
mental conditions. Five sharp and intense Bragg reflections
were observed with maxima centered at 26 values of 37.4, 43.4,
63.1, 75.4, and 79.5° due to the (111), (200), (220), (311) and
(222) crystal planes, respectively, of cubic NiO (JCPDS card no.
73-1523) (Fig. 2a). Using the Debye-Scherrer equation, the
average size of the NiO nanoparticles was found to be 17-25 nm.
Fig. 2b depicts the wide-angle PXRD pattern of the Ag nano-
particles, showing diffraction peaks at 38.2, 44.5, 64.6, 77.5, and
81.7° related, respectively, to the 111, 200, 220, 311, and 222
crystallographic planes of face centered cubic Ag (JCPDS card
no. 01-087-0719).*”*® Clearly, the Ag nanoparticles were crys-
talline and no other impurity phases were found. An average
particle size of less than 20 nm was calculated using the Debye-
Scherrer equation for the Ag nanoparticles.

Fig. 3 shows the FT-IR spectra of NiO and Ag nanoparticles in
the spectral range of 500-4000 cm ™" after simple calcination to
remove the organic components from the leaf extract. The
characteristic vibration bands in Fig. 3a at around 500-
650 cm ' are distinctive modes from the NiO phase due to
metal-oxygen stretching.* Additional bands at ~3500 cm™* and
1300-1600 cm ' are due to adsorbed water molecules and
surface hydroxyl groups, respectively. It should be mentioned

Intensity (a. u.)
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Fig. 2 The PXRD patterns of (a) NiO and (b) Ag nanoparticles.

that the non-appearance of any functional groups due to
biomolecules from VPLE confirmed the complete combustion
of the organic shell materials around the nanoparticles. Fig. 3b
shows the FT-IR spectrum of the Ag nanoparticles prepared
using VPLE. The interaction of the Ag nanoparticles with the
shell biomolecules leads to strong and clear peaks at around
1350-1650 cm ™. The strong peak at ~650 cm ™' is a character-
istic band from Ag nanoparticles. Moreover, a strong and broad
band was observed at around 3400 cm " in the spectra of both
the NiO and Ag nanoparticles, which should be assigned to the
hydroxyl groups of adsorbed water molecules.
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The surface morphology of the synthesized NiO nano-
particles was studied via SEM (Fig. 4b). The particles were
almost spherical in shape and some agglomeration was detec-
ted. The SEM image in Fig. 4a shows the morphology of the Ag
nanoparticles, confirming the presence of almost ellipsoid Ag
nanoparticles. The morphologies and sizes of the NiO and Ag
nanoparticles were also determined via TEM (Fig. 5). This study
confirmed the narrow particle distributions. Fig. 5a shows that
the Ag nanoparticles have an almost spherical shape and are
well-dispersed. The TEM image reveals a mean diameter of less
than 20 nm for the Ag nanoparticles.

2.2. Studying the protective role of VPLE in the livers of
streptozotocin-induced diabetic rats

The present study examined the liver-protecting effects of VPLE
in an STZ-induced diabetic hepatopathy model. Similar to
previous research using other herbal extracts,>® our results
indicated that VPLE successfully improved and regulated the
FBS, ALT, AST, ALP and Alb levels in diabetic rats at significant
levels compared to those left untreated by VPLE (Table 1). We
demonstrated that 500 mg kg~ ' VPLE was more effective than
250 mg kg '. The obtained results suggest that VPLE has
hypoglycemic activity. These observations validate and support
the traditional use of VPLE against such diseases.

The initial and most important indicators for assessing liver
injury are the levels of ALT, AST, ALP and Alb. A probable
mechanism explaining the above-mentioned effects would be
disturbances in the cellular architecture of diabetics, evoked by
severe pro-oxidative stress.*®*** The production of oxidants can
induce apoptosis in hepatocytes and can induce oxidative
stress, which is an indicator of these disturbances.*® Notably, it
is found that hyperglycemia decreases the synthesis and activity
of some antioxidizing enzymes, such as SOD and GPx, likely via
a glycation process.

In the present study, like other studies®**> using liver-
protecting herbal extracts, we demonstrated that VPLE consid-
erably reduced lipid peroxidation and increased the activities of
SOD and GPx in diabetic rats compared to healthy controls
(Table 2). VPLE played a protective role against experimentally
induced diabetic hepatopathy, which may be due to the inhi-
bition of AGE formation. The inhibitory effects of VPLE could be
related to the antioxidant activity of VPLE.****** The remarkable
free radical scavenging activity of VPLE could be a potential
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Fig. 3 The FT-IR spectra of the synthesized (a) NiO and (b) Ag nanoparticles, and VPLE (c).
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Fig. 4 SEM images of (a) Ag and (b) NiO nanoparticles.

Fig. 5 TEM images of (a) Ag and (b) NiO nanoparticles.

reason for its effects on reversing lipid peroxidation levels and
on the antioxidant activities of SOD and GPx enzymes.
Considering hepatopathy as one of the most important
diabetes-induced complications,*®*** we performed histological
examinations of H&E stained liver samples and tested patho-
logical tissue variations. Histopathological examinations
revealed that VPLE administration (either at a dose of 250 or
500 mg kg ') may reverse the degeneration of liver tissue
structures and lead to the reappearance of hyperplastic

hepatocytes in damaged liver, as shown in Fig. 6¢c and d. On the
other hand, mild to rigorous destruction, cellular abnormalities
with areas of vascular degeneration, necrosis, and cellular
degeneration were detected in liver samples from STZ-induced
diabetic rats, compared to the normal control group (Fig. 6b).
These findings are consistent with a previous study®® that re-
ported the positive effects of Vitex negundo, which is botanically
close to VPN, on liver tissue.

Table 1 The effects of 6 weeks of VLHE administration (250 and 500 mg kg ™) on the fasting blood sugar and serum biomarker levels relating to

the liver function of normal and streptozotocin-induced diabetic rats®

Group
Parameter Healthy control Diabetic control VLHE (250 mg kg™ ) VLHE (500 mg kg™ ')
GLU (mg dl’l) 94.4 £+ 7.54 366.2 + 139.26* 148.5 &+ 20.21** 139 + 28.91%*
ALT (U/1) 64.2 £+ 11.0 145 £ 18.15* 80.4 £ 5.94%* 72.6 £ 5.13%*
AST (U/]) 115.2 £ 10.91 205 + 32.18* 136.4 + 11.97** 119.8 + 17.72%*
ALP (U/1) 112.8 £ 12.9 237 + 58.83* 140 £ 12.16%* 117.6 + 7.7*%*
Alb (g dl’l) 3.73 £ 0.26 2.19 + 0.27* 2.876 £ 0.24%** 3.062 + 0.26**

“ Results are expressed as mean =+ SE (1 = 5); * means in diabetic and healthy control groups are significantly different from each other (P < 0.01); **
means in diabetic + VLHE (250 and 500 mg kg~ ') and diabetic groups are significantly different from each other (P < 0.05).
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Table 2 The effects of 6 weeks of VLHE administration (250 and 500 mg kg™%) on the antioxidant enzyme activities in the livers of normal and

streptozotocin-induced diabetic rats®

Group
Parameter Healthy control Diabetic control VLHE (250 mg kg ") VLHE (500 mg kg ')
GPx 19.79 £ 0.60 10.44 + 1.06* 18.18 + 1.02** 18.24 + 1.60**
SOD 17.09 £ 0.78 11.80 £+ 0.75* 16.54 £+ 0.47** 16.93 £+ 0.43**
MDA 17.43 £ 1.09 30.18 + 2.19* 21.18 + 1.29** 20.10 £ 1.36%*

¢ Results are expressed as mean =+ SE (n = 5); * means in diabetic and healthy control groups are significantly different from each other (P < 0.01); **
means in diabetic + VLHE (250 and 500 mg kg™ ") and diabetic groups are significantly different from each other (P < 0.05).

The results in Fig. 6 demonstrate that VPLE at a dose of
250 mg kg~ ' leads to some improvements in liver tissue, with
moderate areas of cellular restoration and pyknotic nuclei
compared to normal and diabetic control groups; however, the
destruction of liver structures was still visible (Fig. 6¢). On the
other hand, 500 mg kg~' VPLE completely reversed cellular
architecture degeneration and led to the reappearance of
hyperplastic hepatocytes in the damaged liver (Fig. 6d).

3. Experimental

3.1. Materials, methods, and characterization techniques

Grown leaves of VPN were collected from Sabzevar Province,
situated in the east of Iran, during the flowering stage at a rain-
free time, and they were air-dried at ambient temperature.
AgNO; (99.98%), nickel nitrate hexahydrate (99.98%), and

methanol (CH3;OH, 99.9%) were purchased from Merck (Ger-
many). All aqueous solutions were prepared using double-
distilled water. Fourier transform infrared (FT-IR) spectra
were obtained using an 8700 Shimadzu Fourier transform
spectrophotometer in the form of diluted samples (10 wt%)
pressed into KBr pellets. PXRD patterns of the prepared nano-
particles were obtained using a computer controlled STOE
diffractometer with monochromatic Cu Ko radiation (A =
1.5406 A), operating at a voltage and current of 40 kV and 35 mA,
respectively, in the angular range of 0-90°. The morphologies
and structures of the expected nanoparticles were studied by
means of a field emission scanning electron microscope (JEOL,
Model JFC-1600) and transmission electron microscope (PHI-
LIPS TECNAI 10) equipped with an energy dispersive X-ray
(EDX) analysis instrument.

Fig. 6 Histopathology examinations of liver tissue from different groups: (A) healthy control rat; (B) diabetic control rat; (C) VPLE-treated rat
(250 mg kg~* body weight); and (D) VPLE-treated rat (500 mg kg™* body weight); H&E, 300x.

This journal is © The Royal Society of Chemistry 2020
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3.2. Preparation of nickel oxide nanoparticles

Air-dried VPN leaves (100 g) were blended with deionized water
(1000 ml) in a Clevenger-type apparatus. Then, the obtained
green aqueous solution was heated to about 100 °C for 1.5 h.
The natural extract solution was filtered properly. Nickel nitrate
hexahydrate was used as the nickel precursor without any
further purification. In a typical procedure, 20 ml of VPN plant
aqueous extract was mixed dropwise with 75 ml of 0.1 mM
aqueous Ni(NO;), solution under constant stirring at 80 °C for
2 h. Then, the solution was evaporated gently, and the obtained
dark green-brown precipitate was transferred to a ceramic
container and heated to 400 °C in a furnace for 10 h to obtain an
annealed light-yellow powder.

3.3. Preparation of silver nanoparticles

Typically, 5 ml of aqueous extract solution was added to 50 ml of
1 mM silver nitrate solution under vigorous stirring at room
temperature for 2 h. Finally, the obtained Ag nanoparticles were
separated via two centrifugation runs at 10 000 rpm for 30 min at
4°C.

3.4. Animal model

Forty healthy Wistar male rats were selected and kept at the
animal house of the Sabzevar University of Medical Science
under the standard acclimatization conditions (22 = 3 °C, 12 h
light/dark cycle). Then, they were fed, acclimatized, and main-
tained based on rodent diet guidelines issued by the Interna-
tional Council of Laboratory Animal Science (ICLAS). Their
weight was between 180 and 200 g at the time of study.

3.4.1. Ethics statement. All animal procedures were per-
formed in strict accordance with the Guidelines for the Care
and Use of Laboratory Animals of Sabzevar University of
Medical Sciences and experiments were approved by the Animal
Ethics Committee of Sabzevar University of Medical Sciences,
Sabzevar, Iran (approval ID: IR. Medsab, Rec.1393.55,
393040166). In all experimental procedures, efforts were made
to minimize pain and suffering.

3.5. Studying the protective role of VPLE in the livers of
streptozotocin-induced diabetic rats

Forty Wistar male rats were divided into four groups, with ten
animals in each group. These included a healthy control group,
an untreated streptozotocin-induced diabetic group, and
treated diabetic groups, which were separately treated with 250
and 500 mg kg~ ' VPLE, respectively, via oral gavage for a 6 week
period. Diabetes was induced in rats via the intraperitoneal
injection of STZ (Sigma, Millstone, USA) (45 mg kg™ ). All rats
that showed fasting blood sugar levels of above 200 mg dl™*
were considered as diabetic.

3.5.1. Biochemical examination. On the last day of experi-
ment, five rats were randomly selected from each group and
these were sacrificed under ether anesthesia. Blood samples
were collected prior to sacrifice to determine the fasting blood
sugar (FBS) levels and the serum levels of liver function
biomarkers, including amino transaminases (ALT, AST),
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alkaline phosphatase (ALP), and albumin (Alb), using
commercially available kits (Pars Azmon, Iran) and an auto-
matic biochemistry analyzer (bench-top-BT 3000 PLUS, Italy).

3.5.2. Antioxidant assays, estimation of lipid peroxidation
levels, and histopathological examinations. Autopsies of livers
were immediately performed after sacrificing the rats, followed by
rinsing with ice-cold isotonic saline and blotting dry. The liver
tissue was then comminuted and homogenated.’” Assessments of
hepatic tissue superoxide dismutase (SOD) and glutathione
peroxidase (GPx) activities were carried out according to kit
instructions (Randox Labs., UK), which have been described
previously.®® The lipid peroxidation levels in the homogenized
liver tissue samples were estimated based on the formation of
thiobarbituric acid reactive substances (TBARS); this has been
described previously.*** Following sacrifice, the liver was
removed and washed in ice-cold saline to remove the blood. Then,
it was immediately transferred to a 10% formalin fixative, dehy-
drated using a graded alcohol series, imbedded in paraffin, cut
into 5 um thick segments, and finally stained with hematoxylin
and eosin (H&E). The slides were examined via light microscopy
to observe microscopic changes of pathological significance.””

4. Conclusions

In summary, we have described a simple biosynthetic method for
the preparation of Ag and NiO nanoparticles using aqueous VPLE.
Both types of nanoparticle were successfully characterized with
different techniques. Therefore, this herb is shown to be
a pollutant-free and potent biogenerator of these nanoparticles
under aerobic conditions. According to our results, we may claim
that VPLE can improve the condition of rats with diabetic hep-
atopathy via a decrease in oxidative stress and an enhancement in
the activities of antioxidant enzymes in the liver.
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