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ABSTRACT
Objective(s): In this study, we desvcribe a simple eco-friendly approach for the synthesis of a potent, stable 
and benign silver nanoparticles to carry and deliver chalcones and dihydrochalcones present in a methanol 
extract of Eysenhardtia polystachya (EP). 
Materials and Methods: In this process silver nanoparticles carring EP compounds (EP/AgNPs) are 
synthesized in a single step by eliminating the additional handling associated with incorporating EP 
compounds. The resulting nanoparticles (EP/AgNPs) were characterized using several physicochemical 
techniques. Cell viability was measured in vitro with RAW264.7 murine macrophage cells. In addition, we 
evaluated the ability of EP and EP/AgNPs to protect against glucose-induced oxidative in vivo stress using 
zebrafish embryos.
Results: The synthesized EP/AgNPs showed an absorption peak at 413 nm on ultraviolet-visible spectroscopy 
(UV-vis), revealing the surface plasmon resonance of the nanoparticles. Transmission electron microscopy 
(TEM) indicated that most of the particles were spherical with a diameter of 10 to 12 nm, a polydispersity 
index (PDI) of 0.197 and a zeta potential of –32.25 mV, suggesting high stability of these nanoparticles. This 
study also demonstrated the biocompatibility of the nanoparticles when tested in RAW264.7 cells and its 
protective efficacy against oxidative stress induced by the exposure of zebrafish embryos to high glucose 
concentrations. Treatment with EP/AgNPs increased the activity of anti-stress biomarkers such as superoxide 
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and total soluble protein. Exposure of the 
embryos to EP/AgNPs significantly (P<0.05) suppressed the formation of malondialdehyde (MDA) and lipid 
oxidation (LPO). 
Conclusion: EP/AgNPs synthesized from E. polystachya extract provide an effective defense against oxidative 
stress in zebrafish embryos.
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INTRODUCTION
Reactive oxygen species (ROS) are produced 

during normal metabolism and are generated in 

cells as a response to various factors including 
ionizing radiation, chemical agents, ultraviolet 
light, and thermal oxidative stress. ROS play a 
dual role in biological systems: by being either 
beneficial or harmful [1]. ROS generate cellular 
responses, including the activation of numerous 
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cellular signaling systems, and act as a defense 
against infectious agents [1]. However, at high 
concentrations, ROS can induce oxidative stress, 
producing severe intracellular damage that can 
lead to cell death, and they are elevated in various 
pathological conditions and diseases including 
atherosclerosis, age-related disorders, diabetes, 
rheumatoid arthritis, cancer, inflammatory 
diseases and neurodegenerative disease [2]. In 
the presence of transition metal ions, ROS cause 
lipid peroxidation, an oxidative deterioration 
of polyunsaturated lipids that produces 
cytotoxic products, mainly aldehydes such as 
4-hydroxynonenal (HNE) and malondialdehyde 
(MDA) [3]. Under some circumstances, the 
antioxidant enzyme defense system can maintain 
cellular homeostasis and oxidative balance to 
protect cells from oxidative stress and restore 
antioxidant activity [4]. In addition, organisms 
possess antioxidant enzymes as glutathione 
peroxidase (GPx), reduced glutathione (GSH), 
catalase (CAT) and superoxide dismutase (SOD) 
that prevent the harmful effects of ROS [4]. 

  Nanoceria has been studied extensively in 
human cell lines and animal models as a means to 
restore oxidant/antioxidant imbalance and defend 
cells against oxidative stress [5]. Nanoparticle 
size metals and dispersed particles are part of 
nanotechnology developments; among them 
silver nanoparticles are the most intensively 
studied in the field of green synthesis of 
nanomaterials because AgNPs are of great interest 
due to their unique biological, chemical and 
physical characteristics [6]. Among its physical-
chemical properties as ease of synthesis, broad 
optical properties, and surface functionalization 
offer new opportunities for the therapy of cancer 
[7], antimicrobial use [8] and drug delivery [9]. 

Several methods for the preparation of silver 
nanoparticles have been reported. They include 
thermal evaporation as silver aerosol [10], 
reduction of silver in fatty acid film [11], chemical 
reduction of silver without stabilizer [12], silver 
sol preparations by chemical and photo-reduction 
[13]. Biosynthesis processes through the use of a 
plant extract as a reducing agent [14]. The enriched 
source of plant extracts has a considerable 
attention for nanoparticles biosynthesis, because 
phenolic compounds act as stabilizing, capping 
agent and reducing agents, which leads to colloidal 
nanoparticles. The Portulaca oleracea extract form 
nanoparticles of different sizes; 175 nm 146 nm, 

and 136 nm, from stem, leave, and root extracts, 
respectively [15], authors in this study support that 
the size of the particle dependeds of the reducing 
agent, consequently we used sodium borohydride 
(NaBH4) as reducing agent in an attempt to obtain 
nanoparticles of smaller size to improve their 
effectiveness against oxidative stress. 

  Other examples are the extract of flowers 
of Bauhinia variegata used for the biosynthesis 
of AgNPs convered with anthocyanins such as 
peonidin-3-diglucoside, malvidin-3-glucoside, 
malvidin-3-diglucoside and cynidin-3-glucoside 
[16]. These compounds protect against DNA 
cleavage, oxidant and have inflammatory 
effects [17]. Ambrosia maritima biosynthesised 
silver nanoparticles has also antioxidant and 
antimicrobial properties [18]. 

The main mechanisms toxicity is through ROS 
generation, causing oxidative stress and producing 
damage to cellular components and to the cell 
membrane, Ag+, ions bind to proteins, causing 
inactivation, in addition, promote disabling of 
proteins, depletion of antioxidant molecules, 
activation of antioxidant enzymes and DNA 
damage [19]. Nevertheless, some molecules 
contained in plants significantly reduce the toxicity 
of AgNPs due to the chemical nature of the surface 
coating.

The zebrafish experimental animal model 
(Danio rerio) is widely used for in vivo experiments 
for its similarity to human genetically in biology, 
pharmacological and toxicological studies of drugs, 
contaminats and new compounds especially in 
mechanism determination [20]. 

Eysenhardtia polystachya (Ortega) Sarg 
(kidney wood), belongs to the Fabaceae family,  
is a tree found in subtropical and tropical regions 
in Latin America including Mexico.Traditionally 
has been used for the treatment of bladder 
disorders, antidiabetic, antirheumatic and against 
nephrolithiasis [21]. Bark contain  polyphenols [22] 
such as  isoflavans with a  moderate effect against 
KB cell lines [23],   flavonoids reducing oxidative 
stress in streptozotocin-induced diabetes in mice 
[24] and dihydrochalcons reducing the formation 
of AGEs [25]. Various studies showed that a 
methanol-water extract possess antidiabetic 
activity, inhibit the glycation of proteins (AGEs), 
and antioxidant potential [26]. 

Currently, there are no reports studies on silver 
nanoparticles from E. polystachya neither for its 
use as a delivery system for E. polystachya extracts 
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or for its use, against chronic and degenerative 
diseases.

Taking into account the multiple advantages of 
the zebra fisch model, we choseed it to determine 
the protective effect of EP and EP-AgNPs against 
glucose-induced oxidative stress by evaluating the 
levels of LPO, total protein, SOD, CAT and GPx in 
treated and untreated animals.

METHODS
Chemicals 

Acetonitrile, acetic acid, dimethylsulfoxide 
(DMSO),3-(4,5-dimethylth iazol -2-y l ) -2 ,5-
diphenyltetrazolium bromide (MTT), 2,2-diphenyl-
1-picrylhydrazyl (DPPH), dithiothreitol (DTT), 
Dulbecco’s modified, Eagle’s medium (DMEM), 
glibenclamide (GB), fetal bovine serum (FBS),  
glucose, glutamine, methanol, phosphate buffered 
saline (PBS), polyvinyl pyrrolidone (PVP), silver 
nitrate (AgNO3),  sodium borohydride (NaBH4), 
thiobarbituric acid (TBA), trichloroacetic acid 
(TCA)  were used in this study. All chemicals were 
reagent grade, purchased from Sigma-Aldrich (St. 
Louis, MO, USA). 

Plant materials
E. polystachya Bark was collected in the 

Mexican state of Hidalgo in October 2016 near the 
city of Tula. A voucher specimen (No. 49584) was 
taxonomical identity by the specialist Prof. Aurora 
Chimal, and was deposited in the Herbarium of 
Universidad Autonoma Metropolitana-Xochimilco, 
Mexico. 

Preparation of bark extract (EP)
Bark of E. polystachya (1 kg) was dried and 

ground which was extracted with ultrapure’ water 
(MilliQ water) and methanol (laboratory reagent) 
(3 X 3 L) for 5 days [27]. The extracted water/
methanol was filtered and evaporated under 
vacuum at 40 °C, the yield of the crude extract was 
95 g which was kept in the desiccator. The bark 
extract of E. polystachya (EP) was prepared by 
dissolving in MilliQ water.

Synthesis of EP/AgNPs 
Briefly, 0.03 moles of silver nitrate (AgNO3) 

was dissolved in 50 mL of MilliQ water. The 
silver nanoparticles (Ag-NPs) were synthesized 
in dark conditions beneath constant stirring with 
a magnetic stirrer. Then, in an ice bath 30 mL of 
sodium borohydride (NaBH4) 0.002 M solution was 

added dropwise and mixed well. After the reaction 
mixture is added 10 mL of a solution of EP. The 
presence of grayish-brown colour suggested the 
formation of EP/AgNPs. To prevent aggregation 
was added 30 mL of polyvinyl pyrrolidone (PVP) 
0.3% solution. After, EP/Ag NPs were collected by 
centrifugation for 30 min at 15,000 rpm.  Then, 
washing the EP/AgNPs two times with MilliQ 
water the excess of silver ions was removed 
followed by centrifugation for 30 min at 1000 
rpm. Ag-NPs without EP were synthesized using 
the same method which was used as control [28]. 
After the synthesis was authenticated by UV-Vis 
spectroscopy of colloidal solution of EP/AgNPs.

Characterization of EP/AgNPs 
EP/AgNPs, were characterized using UV-

Vis spectrophotometer (UV-1800, Shimadzu, 
Kyoto, Japan), fourier transformed infrared 
spectroscopy (FT-IR) using a Perkin-Elmer 
spectroscope (L1280044, Waltham, MA, USA), 
TEM using an H-600 instrument (Hitachi, Japan), 
Malvern Zetasizer Nano ZS90 compact scattering 
spectrometer (Malvern Instruments Ltd., Malvern, 
UK)  and Nicomp 380 particle size analyzer (Nicomp 
Particle Sizing Systems, Port Richey, FL, USA). 
in order to identify functional group, structure, 
shape,  size and hydrodynamic diameter of the 
nanoparticles [29].

Encapsulation efficiency (EE) and EP loading 
content (Dlc) 

The amount of EP loaded was measured 
by addition of 20 mg of nanoparticles in 50 mL 
of MilliQ water. EE and Dlc of EP/AgNPs were 
estimated by extracting EP from the nanoparticles 
by calculating the difference between the initial 
amount of EP used in the synthesis and the amount 
of EP contained in supernatant after centrifugation 
for 15 min at 14,000 rpm. The supernatant was 
assayed by UV-Vis spectrophotometry at 328 nm 
in nanoparticles synthesized without EP was used 
the same procedure.  Equations 1 and 2 were used 
to calculate the EE and Dlc [30]: 
% EE = (weight  of EP in nanoparticles – Free EP in 
the nanoparticles) X 100    (1)
Total amount of EP
%Dlc=(weight of EP in NP/weight of NP)X100  (2)                                           
                                     
Stability of EP-loaded AgNPs nanoparticles in 
aqueous solution

The stability of EP/AgNPs was determined, 

http://www.perkinelmer.com/product/frontier-mir-fir-sp10-std-l1280044
https://www.bing.com/search?q=Waltham&filters=ufn%3a%22Waltham%22+sid%3a%229ab6edbf-73c4-a900-b366-f55561bbe95f%22&FORM=SNAPST
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during 6 months room storage by measuring 
the absorbance at 328 nm which was compared 
with a freshly prepared EP/AgNPs. After this time 
nanoparticles did not show aggregation [31].

Dynamic antioxidant capability Test
EP/AgNPs (0.1 g) were diluted in 1 liter of MilliQ 

water at pH 6.0. Then,  1.9 mL of a solution 0.1M 
2,2-diphenyl-1-picrylhydrazyl (DPPH·) in methanol 
was added to 100 µL of this solution and incubated 
at room temperature for 10, 20, 30, 40, 50, 60 and 
70 h 45 min in the dark. After, the absorbance was 
measured at 517 nm [32]. Scavenging activity was 
calculated using the following formula:
DPPH radical scavenging effect (%) = [(A0-A1)/A0] 
× 100 (1) 
Where A0 was the absorbance of control and A1 
was the absorbance of the sample

In vitro EP release
For in vitro release detection, 10 mg of EP/

AgNPs were suspended in 10 mL of PBS with pH 
1.2 simulating the gastric fluid (SGF), and at pH 
6.6, 7.0 and 7.4 simulating intestinal fluid (SIF) 
with constant stirring with a magnetic stirrer at 
37 °C. At different intervals, aliquots were taken 
and centrifuged at 8000 rpm. Further, contained 
of EP by measuring the absorbance at 328 nm. To 
determine the EP release mechanism, the data 
were fitted to the Korsmeyer-Peppas model [33].
Mt/M∞ = Ktn, In this equation, Mt and M∞ are 
the absolute amounts of EP released at time t 
and at infinite time, respectively, K is a constant 
related to the structural characteristics of the 
particles, and n is the release exponent reflecting 
the diffusion mechanism.    

Cell cultures
RAW264.7 macrophages were  purchased from 

the American Type Culture Collection (Rockville, 
MD, USA) and were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 100 
μg/mL of streptomycin, 100 units/mL of penicillin 
and 10% fetal bovine serum (FBS). RAW264.7 cells 
were maintained in a humidified atmosphere with 
5% CO2 at 37 °C. EP was dissolved in DMSO. 

Cell viability test
To evaluate cell viability, RAW264.7 cells were 

cultured in 96-well plates in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 10% 
FBS. Macrophages were treated with different 
concentrations of of EP/AgPNs (140, 280, 420 

and 560 µg/mL) and incubated for 1 h. After 
incubation period, 20 ng/mL lipopolysaccharide 
(LPS) was added to each well and incubated at 
37 °C for 4 h and 5% CO2. Further, the cells were 
treated with 0.5 mg/mL of MTT and incubated 
overnight. The index cell viability was measured 
with a microplate reader at an absorbance of 570 
nm [34]. Cell viability was evaluated relative to the 
untreated control macrophages.

Experiments on zebrafish embryos model
Specimens of Danio rerio of both sexes were 

acclimatized to laboratory conditions for a period 
of 15 days before start the experimentation. 
During the adaptation period, fish were fed once 
daily with brine shrimp (Artemia nauplii). One third 
of water was replaced 1 h after feeding to remove 
excreted wastes. Adult zebrafish were maintained 
at 27.4 ± 0.58 °C in a flow-throug system in a 
14:10-h light: dark cycle. After postfertilization 
(hpf) the embryos were collected randomly and 
select those that had a developed normally under 
a stereomicroscope and incubated in dishes (250 
embryos per dish). Larvae and embryos were 
kept in Ringers solution at pH 7 throughout the 
experiment. All animal procedures were approved 
by the Institutional Ethical and complied with 
international guidelines. 

Oxidative stress induction
Because embryos exhibit a weak antioxidant 

defense capacity during the first stages of 
organogenesis, their sensitivity to the tested 
substances is increased. Zebrafish were maintained   
in groups of 6-8 larvae/well in 24 well plates with 
daily exchanges of solutions to prevent microbial 
growth. Zebrafish embryos were exposed for 24 h 
(i.e., from 24– 48 hpf) to a glucose concentration 
of 25 mM/L in water (Deer Park) in 24 well plates. 
Except for the glucose stock solution, the water 
used is the same as that used for culture and 
maintenance of D. rerio adults. 

When stress was observed, the embryos were 
placed in a recovery tank without glucose solution. 
If the embryos showed no signs of distress during 
the first four hours, they were kept overnight in 
the glucose solution [36]. Control animals were 
maintained in aquariums with stock aquarium 
water for the same period in the absence of 
glucose. 

Effect of EP and EP/AgNPs on oxidative stress in 
zebrafish embryos

After exposure to glucose, the zebrafish 
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embryos/larvae were evaluated for specific 
toxicity endpoints, including body length, survival 
rate and morphological abnormalities. To evaluate 
the ability of EP and EP/AgNPs to protect against 
glucose-induced oxidative stress, glucose-treated 
embryos were incubated for 96 h with various 
concentrations of EP/AgNPs (25, 50, 100 and 200 
mg/mL), with 200 mg/mL of the extract (EP) or 
with the reference drug: 5 mg/mL glibenclamide 
for 14 days. After, finishing the exposure periods 
the fishes were prepared in proportion of 1 g 
tissue per 10 volumes of buffer (0.1M Tris-EDTA 
buffer, pH 7.4) in ice-cold using a homogenizer 
at 10,000 rpm for 15 min at 48 °C. Supernatants 
collected were used for evaluate the biochemical 
parameters and protein appraisal.

Biochemical parameters
The supernatant was used directly in this study. 

The formation of SOD, CAT, and GPx activities 
were measured using commercial kits acquired 
from Cayman Chemical (Ann Arbor, MI, USA) and 
used according to the manufacturer’s instructions. 
The protein concentration was evaluated by the 
Bradford [37] as described in the Bio-Rad protein 
assay kit (Thermo Fisher Scientific, Waltham, 
MA, USA). Control animals were kept in the 
same conditions as the treated groups but in the 
absence of glucose. Glibenclamide (GB) was used 
as a standard.

Determination of lipid peroxidation (LPO)
Briefly, 100 μL of the tissue homogenate was 

added to 0.15 mL of 10 mmol KH2PO4 and 0.5 mL 
TrisHCl buffer (pH 7.4) and 0.25 mL of distilled 
water. The tubes were incubated at 37 °C for 20 
min with soft shaking.  Then, was added 1 mL of 
10% TCA to stop the reaction. Further, 0.75 mL of 
TBA reagent was added to tubes. The mixture was 
shaken and were heated in a water bath for 60 min 
at 95 °C and centrifuged at 10,000×g for 10 min.
The pink color formed was measured at 532 nm 
after centrifugation of the tubes at 5000 rpm for 
10 min [38]. Results were calculated as µM of MDA 
formed/mg protein.

Statistical analysis
Statistical analysis of data are reported as 

mean±standard deviation using GradphPad Prism 
4 software (GraphPad Software Inc., La Jolla, CA, 
USA). One-way ANOVA was used to compare the 
data, and the significant means were compared by 

Duncan’s multiple range test (DMRT). All statistical 
test with P < 0.05 were consideres as significant.

Fig 1. UV-visible absorption spectra of  E. polystachya extract 
(EP),  AgNPs and synthesized EP/AgNPs

 

 

 

 

Fig 2. (A) TEM micrographs of silver nanoparticles prepared 
from E. polystachya extract EP; (B) Particle size distribution of 
silver particles; (C) UV-vis absortion spectra of the EP/AgNPs 

from 1 to 6 month

RESULTS 
Characterization of EP-AgNPs by UV/vis 
absorption 

The UV–vis spectra generate from reduction 
of AgNO3 to AgNPs using NaBH4 show absorption 
band at 409 nm. The absorption in this region 
depends to the wavelength of the surface plasmon 
resonance corresponding in the ultraviolet-visible 
spectroscopy to the collective excitation of 
conduction electrons in the metal.  In addition, 
this absorbance also confirmed the formation of 
AgNPs (Fig 1). Experimental observation indicate 
that the formation of surface plasmon resonance 
band at 409 nm corresponds to presence of 
spherical or roughly spherical nanoparticles. 
The UV–vis spectra also show a band at 413 nm 
supported the spherical-shaped EP/AgNPs with 
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approximately 5-20 nm in size. However, UV–vis 
spectra  of EP extract two  absorption peaks   at  
284 and 328 nm (Fig. 2) which are characteristic 
of the flavonoid bands I and II respectively, were 
perceived [39]. 

Table 1.  Zeta potential, polydespersity index (PI), and  
hydrodinamic diameter of AgNPs synthetized with EP extract

TEM analysis of AgNPs
The information joined by the UV-vis spectra 

was complement by TEM analysis. TEM images 
revealed that the AgNPs and EP/AgNPs are spherical 
in shape and polydispersed. The results indicate 
that nanoparticles did not form aggregates. The 
absence of agglomerated particles supported the 
stability of the nanoparticles.In addition, TEM 
analysis established that EP/AgNPs are in average 
diameter of 5.6-15.7 nm (Fig. 2A). Size distribution 
of the EP/AgNPs is presented in Fig 2B showing 
that the EP/AgNPs are in average particle size of 
12 ± 0.15 nm. Finding are in accordance with the 
result obtained from the UV–vis spectra. 

Studies of Zeta potential 
Dynamic light scattering (DLS) analysis of 

EP/AgNPs was performed to measure the zeta 
potential value (Table 1). Zeta potential is an 
important assay to determine the stability of the 
EP/AgNPs coated with plant extract (EP). Finding, 
of Zeta potential of the EP/AgNPs was of -22.6 
mV.  The value negative zeta potential indicated 
that EP/AgNPs do not have agglomeration and are 
long-term stable supporting high dispersity and an 
appropriate colloidal nature as a consequence of 
negative-negative repulsion. Also, in Table 1 are 
shown the values of the hydrodynamic diameter 
(12 nm) and polydispersity index (PDI) of the EP/
AgNPs (0.197). The high stability of nanoparticles 
is crucial for their applications in Zebrafish in this 
study.

Stability of EP/AgNPs in aqueous solution
After, we was performed the stability studies 

for the biosynthesized EP/AgNPs in aqueous 
solution. UV-Vis spectra were recorded each   
15 days. UVVis spectra showed similar surface 
plasmon resonance peaks for the EP/AgNPs 
dispersed in MilliQ water after 6 months (Fig 2C). 

In consecuense, the synthesized EP/AgNPs were 
exhibit to be high stable [40].

FTIR analysis 
FTIR analysis was used to identify the 

functional groups in nanoparticles in the capping 
of the reduced EP/AgNPs biosynthesized using 
EP extract. Some characteristic peaks of EP could 
be observed in FTIR spectra in Fig 3A. The strong 
band at 3456 cm-1 corresponded to O-H stretching 
vibrations of phenolic compounds. The band at 
2354 cm-1 indicated to C-O vibrational stretching of 
carbonyl compounds. The strong peak at 1512 cm-1 
corresponded with the –C=C stretching vibration, 
and the bands at 692 cm−1, 1370 cm−1, and 1024 
cm−1, corresponding to heterocyclic structures, 
as polyphenols and flavonoids. The peaks at 
1042 cm-1 and 1248 cm-1 corresponding to the 
tension of the C-O of a methoxyl group (φ-OMe). 
The bands clearly indicated the participation of 
polyphenols which are involved in the coating/
capping around the nanoparticles. However, Fig. 
3B shows the FT-IR spectra peaks produced by 
AgNPs biosynthesized with an EP extract. 

Fig 3. FT-IR spectra of EP/AgNP nanoparticles synthesized 
using chemical method; (A) EP;   (B) EP/AgNP

Loading efficiency and encapsulation efficiency 
The encapsulation efficiency of a drug into 

a nanoparticle in a delivery system is one of the 
most important factors that should be considered.  
EP/AgNPs possessing a highest encapsulation 
efficiency of 80.8 % for EP with an incorporation 
efficiency of 44.34%. These date demonstrated 
that nanoparticles were effectively loaded. 

In vitro EP release profile
EP extract release profile from EP/ AgPNs as 

a function of pH and the time are shown in Fig. 
4A wherein showed the release profiles of EP for 

 
 Nanoparticles          Zeta potential  mV          Polydespersity index             Hydrodinamic  
                                                                                                                                  diameter nm 

EP/AgNPs            -32.25 0.197                  12 
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2 hr   at 37 °C and pH 1.2, in simulated immersion 
in gastric (SGF) a rapid release of 16.3% of the EP 
was observed.   After of 10 h EP release remaining 
constant which can be due to the weak interaction 
between strongly anionic AgNPs and EP.  Then was 
followed in simulated intestinal (SIF) fluid at pH 
6.8 or pH 7.4 for 4 hr wherein the amount of EP 
was higher than that released at pH 1.2 following 
with a prolonged release of 75-88% maintained 
until 10 h which can be due to the interaction 
between the positive charges of the compounds 
contained in EP and alkaline medium. Finding, 
suggested that sustained releasing was regulated 
in a pH-dependent manner and the diffusion of EP 
through the system. 

Table 2. Release constants from EP/AgNPs obtained from the 
Higuchi [29], Korsmeyer [30] and  Ritger and  Peppas [31] 

models

Antioxidant assay against DPPH
We also determined the antioxidant effect of 

EP, for which the IC50 value against DPPH was 38.21 
μg/mL. In this study, the EP/AgNPs developed for 
their antioxidant properties showed an IC50 value 
against DPPH of 36.7 μg/mL. The nanoparticles 
were effective in scavenging DPPH free radicals 
in the antioxidant assay for at least 70 h (Fig 
4B). The antioxidant effect of the EP/AgNPs is 
maintained after a long-term storage since 
antioxidant compounds are slowly released from 
the nanoparticles.

The kinetics of release of EP 
Table 2 shows the release kinetics of PE from 

EP/AgNPs. Results of the analysis based on the 
Korsmeyer-Peppas model the rate constant at 
the beginning of the release of EP was found 
to be 0.0003. The experimental data with the 
theoretical curve of Korsmeyer-Peppas [41, 42] 
model were presented in Fig 4C. The value of the 
release exponent r2 was 0.853 indicating that EP 
transport mechanism was followed super case 
II transport [43]. Although the release kinetics 
shows a rapid release at the beginning of the assay 
followed by a controlled release is in     accordance 
with the Higuchi model [44], The release profile of 
EP from AgNPs shows first-order kinetics [Fig 4D). 
The phenolic compounds contained in EP are the 

main responsible of the antioxidant effect [25].

Fig 4. (A)  (C) EP extract release profile from  AgPNs as  
a function of pH and the time;  (B) EP/AgNPs against 
DPPH free radical scavenging profile at different time 
periods; (C) Kinetics of EP release of EP/AgPANP ; (D)  

Behavior of nanoparticles using the Higuchi model. (Mt 
= concentration of EP in time and Mo = concentration of 
theoretical EP). Data represent the mean ± SD of  three 

independent experiments.  aP<0.05, bP<0.001

Biocompatibility of EP/AgNPs
  This study also evaluated as EP/AgNPs affect 

cell viability in RAW264.7 murin macrophages 
cells using the MTT method.  Date indicated 
that at a concentration of 560 µg/mL was higher 
than 90% viability observed after 24 h exposure 
of the macrophages to EP/AgNPs supporting the 
biocompatibility of the nanoparticles (Fig 5). 

Mortality 
For the assessment of toxicity of nanoparticles, 

different concentrations of EP/AgNPs (25 and 
200 mg/mL) was added. Control group without 
EP/AgNPs was monitored simultaneously. 
The survival rate of Zebrafish with  EP/AgNPs 
exposed to concentrations 25 and 200 mg/mL 
were 96.12% and 92.70% respectively; these 
data are not significantly different (P<0.05) 
from the values obtained for the control group. 
Mortality of Zebrafish in the control and EP/AgNPs 
groups exposed were not observed confirmed 
biocompatibility of EP/AgNPs.

Protective effect of EP/AgNPs against glucose-
induced oxidative stress in zebrafish embryos/
larva

The first line of cellular defense against 
oxidative stress consists of antioxidant enzymes 
such as CAT, SOD and GPx. Therefore, antioxidant 
defense plays an important role in the protection 
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of cells against oxidative stress. Induction of 
oxidative stress by glucose in zebrafish embryos/
larvae caused a marked reduction in the levels of 
these enzymes. 

Total protein levels were significantly (P<0.05) 
suppressed in the embryos that received glucose 
treatment. In embryos treated with EP and EP/
AgNPs for 96 h, total protein was increased 
compared to the diabetic control (Table 3). A 
significant (P<0.05) activation of CAT, SOD, and 
GPx compared with the diabetic control group was 
observed after 96 h of administration of EP and 
EP/AgNPs at 200 mg/L. The level of activity of the 
antioxidant enzymes is shown in Table 3. The levels 
of lipid peroxidation based on malondialdehyde 
(MDA) content were evaluated in all EP/AgNPs-
treated groups as a measure of the oxidative 
stress induced by glucose (Table 3). The MDA 
level showed an increase at 96 h, but a significant 
(P<0.05) decrease in MDA was observed in the EP- 
and EP/AgNPs-treated groups after 96 h exposure; 
thus, the MDA level was significantly reversed 
in the treated group compared to the diabetic 
group. Zebrafish embryos/larvae treated with 
glibenclamide (5 mg/L) showed increased levels 
of antioxidant enzymes, and total protein levels 
and decreased malondialdehyde compared to the 
diabetic control group, with values similar to those 
presented by embryos and larvae exposed to EP/
AgNPs. 

DISCUSSION
The nanoparticles synthesized from EP 

have sustained drug release ability and are 

biocompatible and nontoxic in nature. The two 
factors size distribution and size of EP/AgNPs play 
an important role in the measure of EP release 
and stability. Nanoparticles synthesized with 
the herbal extract from Eysendtia polystachia, 
[45] obtaining spherical or semi-spherical shape 
nanoparticles ranging in size between 0.5 and 100 
nm [27] corresponding to the data found in other 
studies. This kind of nanoparticles are used as a 
nanotransportation system, for the administration 
of biomolecules such as phenols, flavonoids, 
terpenes, terpenoids, polysaccharides, alginates, 
flavones, chalcones, chlorophylls, carotenoids, 
etc., and have shown to reduce oxidative stress, 
and free radicals, and therefore are useful to 
treat of type 2 diabetes [46, 47]. The bioactive 
flavonoids found in the bark of E. polystachya 
have been previously identified; these are 
similar to flavonoids isolated of other plants with 
antidiabetic effect [48]. 

The zeta potential value for EP/AgNPs was 
-22.6 mV, which suggest that the nanoparticles 
were well dispersed and sufficiently stable. 
However, the negative zeta potential value may 
be due to capping agents, which mainly consisted 
of negatively charged groups coating the surface 
of EP/AgNPs. The diameter of the EP/AgNPs 
was 12 nm, in accordance with other studies of 
AgNPs synthesized using plant extracts with a 
hydrodynamic diameters value range to 10 to 100 
nm [49, 50]. The stability of the EP/AgNPs was 
confirmed with the polydispersity index value 
of 0.197 in accordance with the values of other 
AgNPs synthesized from plant extracts [51]. The 

Treatments Total protein 
(mg) 

CAT activity (U/mg 
Proteín) 

SOD activity (U/mg 
Protein) 

GPx activity (U/mg 
Proteín) 

MDA Content 
(nmol/mg Proteín) 

NC 0.321±0.054 0.433±0.035  199.3±3.7 1.11±0.05 0.167±0.015 

Diabetic control 0.265±0.012 bc 0.145±0.024 bc 57.7±6.6bc 0.82±0.09 bc 0.227±0.005 bc 

PA (200 mg/L) 0.348±0.007a 0.383±0.05ab 160.7±16.3abc 0.92±0.14 ab 0.190±0.009 ab  

EP/AgNP (25 mg/L) 0.341±0.008a 0.319±0.064ab 160.3±16.4abc 0.84±0.12 abc 0.222±0.010 bc 

EP/AgNP (50 mg/L) 0.312±0.031a 0.348±0.051ab 177.7±10.7a 0.86±0.23 abc 0.214±0.013 bc 

EP/AgNP (100 mg/L) 0.319±0.104a 0.379±0.149 ab 183.8±8.5a 0.90±0.16 ab 0.206±0.005 abc  

EP/AgNP (200 mg/L) 0.302±0.008a 0.410±0.052 a 191.3±13.7a 0.96±0.02 ab 0.189±0.003 ab 

GB (5 mg/L) 0.325±0.012a 0.409±0.017a 170.8±11.9ab  0.96±0.11 ab 0.185±0.009 ab 

 
 
 

Table 3. Changes produced by EP and EP/AgNPs in expression of total protein,  CAT SOD, GPx  and MDA  in zebrafish 
embryos with diabetes induced-glucose Zebrafish embryos with diabetes induced-glucose were exposed to 25, 50, 100 
and 200 mg/L of EP/AgNPs, 200 mg/L of EP and 5 mg/L de glibenclamide (GB) as standard. Values are shown as means 

standard deviation of triplicate samples. abcMean values within a row not sharing the same superscript letters were 
significantly different, a p< 0.01 vs diabetic control, bp < 0.05 vs normal control, cp < 0.05 vs GB by the Newman-Keuls 

posthoc multiple comparisons test
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stability of the EP/AgNPs was supported for the 
absence of aggregation of nanoparticles after six 
months of storage. 

The FT-IR spectrum provides information 
on the identity of the types of biomolecules 
that determine the nanoparticles functionality. 
FTIR analysis was used to characterize potent 
biomolecules of E. polystachia with silver 
nanoparticles. Conformable to the FTIR spectra 
of EP/AgNPs different bands were obtained 
indicating intermolecular bonding of nanoparticles 
and different functional groups. The functional 
groups in FTIR spectra are from heterocyclic 
substances that are polyphenol compounds of E. 
polystachia that are capable of capping ligands 
for the formation of nanoparticles (52, 53). Also, 
these compounds are capable to stabilizing and 
reduced the agglomeration of nanoparticles 
during synthesis (54).

Finding,  indicate that the method used to 
produced nanoparticles of spherical and  semi-
spherical shape was adequate, obtaining results 
comparable to others nanoparticles synthesized 
with herbal extracts [49, 50]. Many plant have 
bioactive compounds which have been assayed 
in clinical trials, likewise in the present study 
measured effect of EP/AgNPs biologically 
synthesized from E. polystachya bark extract in 
treating diabetes zebrafish.  

Oxidative stress, is one of the main factors 
in diabetes that lead to to β-cell destruction, 
generating impairment of antioxidant defence 
mechanism leading to damage in the β-cells. 
While, the antioxidants contain in plants be 
able to revert these harmful changes.  The main 
role of SOD is catalyze the dismutation of the 
superoxide anion radical (O-

−2
.)  into H2O2 and 

water, then CAT reduce its to water and oxygen 
for the removal of ROS (55). GPx scavenge residual 
free radicals produced from oxidative metabolisrn 
[55]. Lipid peroxidation, is an important factor of 
the oxidative stress, being the main cause of the 
loss of cell performance under oxidative stress 
(56). The level of MDA content (as index of LPO) 
establish a relative potential effect of glucose 
in Zebrafish to produce oxidative damage since 
MDA is the final  product of lipid peroxidation and 
their levels indicate the toxicity produced by free 
radicals. The results suggest that the increase of 
LPO has been widely used as a biomarker in the 
evaluation of eco-toxicological test for indicate 
oxidative stress. The CAT and SOD system are also 

used as biomarkers because are the first line of 
defense against oxygen toxicity [57].

Importants alterations were observed in the 
glutathione peroxidase (GPx), catalase (CAT) 
and superoxide dismutase (SOD) level and 
malondialdehyde (MDA) and lipid peroxidation 
(LPO) contents in zebrafish exposed to glucose at 
concentration of 25 mM/L. The Zebrafish exposed 
to glucose showed that MDA and LPO levels were 
found to be markedly high when compared with 
the control. Also finding, indicated   a significant 
reduction in the activity of SOD, GPx, and CAT 
compared to the control. However, induced 
diabetic embryos exposed to EP/AgNPs has been 
found increase activities of the protein expression 
of GPx, SOD and CAT. Also decrease   MDA and 
LPO levels which may be due to the excess ROS 
production is inactivated avoiding excessive ROS 
accumulation and improved tissue injury.

Fig 5.  Effect of EP/AgNPs  (50, 100, 250, 420 and 560 µg/ml) 
on the viability of RAW264.7 cells.  Data represent the mean 
± SD of three independent experiments.  Compared with LPS 

group   aP<0.05

CONCLUSIONS 
Oxidative stress induce changes in antioxidant 

responses, including alterations of total protein 
content CAT, SOD, GPx activities, as well as LPO 
damage, which was observed in the D. rerio 
embryos. MDA was increased in zebrafish embryos 
exposed to glucose. EP and EP/AgNPs showed 
a significantly (P<0.05) increase on antioxidant 
enzyme activities including CAT, SOD, and GPx. It 
can be inferred that the antioxidant defense in 
zebrafish exposed to glucose was overwhelmed; 
as a consequence of the free radical production 
that exceed the scavenging capability of cells 
and its antioxidants mechanisms, leading to 
increased MDA levels. EP and EP/AgNPs restored 
the enzymatic antioxidant system that was able to 
reduce ROS production, decreasing the generation 
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of MDA. The present study reveals that EP/AgNPs 
demonstrated significantly antidiabetic activity.
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