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ABSTRACT

The study includes eco-friendly synthesis and characterization of silver/gold composite nano-
cinammon particles and antidiabetic assessment of orally administered aqueous extracts of cinnamon
(JF) and silver/gold nano-cinnamon (SG JF) in streptozotocin induced diabetic rats. The
experimental groups (36 rats) were equally divided: a diabetic control group treated with metformin
(standard drug), diabetic group treated with aqueous cinnamon extract, and diabetic group treated
with silver/gold nanoparticles. The nano silver/gold cinnamon particles were characterized. The
body weight and blood glucose levels were estimated. Nanoparticles characterization employed
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zetasizer, scanning electron microscopy, and transmission electron micros_copy._ The_ siz_e ar_1d shape Accepted 25 October 2015

of the SG JF were 45.34 nm, stable, homogenous and showed mono dispersity distribution. The Available online 14 March 2016
morphology of SG JF was highly variable with variety of shapes, following various arrangements.

Body weights of rats treated with cinnamon vs nano-cinnamon showed no significant change. Key words:

However, JF and SG JF showed a significant decrease in body weights as compared to metformin. Diabetes, nanotechnology, cinnamon
SG JF significantly decreased glucose levels among diabetic rats in comparison with the rats treated extract, drug delivery.

with metformin and control JF. Similarly, metformin lowered glucose levels when compared to JF.
Thus,eco-friendly synthesized nano-cinnamon possesses a potent antihyperglycemic that ameliorated
and improved insulin sensitivity and body weight.

INTRODUCTION therapeutic management of diabetes, believed to be less
toxic and free of side effects than the synthetic drugs
commonly used in therapy. However, discovery of new

Diabetes mellitus 11 (DMT2) is a disease of molecules and manipulating those available naturally in

; ; ; i Id be appealing for their greater potential to
altered glucose homeostasis and persistent hyperglycemia hanosize cou .
leading to many complications in both humans and improve health care (Shrlvagtava and Dash, 2009).
animals (Salman et al., 2015). Around 230 million people _Nano_technology provides a broad knowledge of
worldwide have been affected by diabetes and around applied science and technology to control the matter on

366 million people are expected to get affected by 2030 the at(_)mic and_molecular scale. It is an importar_lt and
(Singh et al., 2011). The pattern of prevalence has been emerging technical tool for development of eco-friendly

the same in the Gulf including Saudi Arabia. Saudi and r_eliable_meth_odolqu for synthes?s (?f nanoscale
Arabia has experienced an exponential socioeconomic ~ Materials using biological sources (Gilaki, 2010). In
growth over the past few decades which led to a modern nano science and _technolog_y, the Interaction
sedentary and affluent lifestyle of the people in the urban between inorganic nano _partlcle and biological structures
society. An epidemiological study showed an alarming are one of the most exciting areas of research. To the best
increase in the prevalence of DMT2 during the past few of our kno_wledge, this is th_e first work th?t eva!uates the
years (Al-Daghri et al., 2011). This has stimulated public effect Of b'OIOQ'CaHY eco-friendly s_ynthgsued silver/gold
awareness of this endocrine disorder, the identification of compasite nanoparticles coated with cinnamon powder
risk factors associated with it and ways of prevention and extract (SG _JF) to go_ntrol 'ghe body welgh_t and the
treatment. _hyperglycg—zmlc_ conditions in streptozotocin (STZ)
The fact that DMT2 can be delayed and prevented ~ Induced diabetic rats.

by a glycemic control and modifications in lifestyle

(Midhet et al., 2010) had led to a quest for better

antidiabetic medications, triggering a search for novel Chemicals
phytochemicals to be used as alternative drugs in the All

MATERIALS AND METHODS

chemicals and drugs were obtained
- - - . commercially and were of analytical grade.

* .

0030_;%g?;gfgg'ggﬁgéﬁ%rémsa(;gllgbe'd@qma'I'Com Streptozotocin was used to induce diabetes (Sigma,
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commercial drug (Merck Serono, Middle East).
Commercial Kits for the estimation of serum glucose were
used (United Diagnostic Company, Saudi Arabia). For
the green synthesis of silver/gold nanoparticles, silver
nitrate (AgNOs) and chloroauric acid (HAuCls) (both
were used as received without further purification) were
obtained from Techno Pharmchem and Loba Chemie,
India, respectively and powdered Cinnamon cassia was
purchased from a local market, in Riyadh, Saudi Arabia.

Experimental animals

Adult male Sprague Dawley rats weighing 200-250
g were used. The animals were fed with standard
laboratory chow and had free access to water under well
ventilated conditions of 12 h day and 12 h dark cycles.
The animals were acclimatized for two weeks to
laboratory conditions prior to the experiment. The
animals were handled according to standard protocols for
the use of laboratory animals (NIH, 2002). The
experimental groups contained thirty six rats, equally
divided as follows: 1) Diabetic control group treated with
metformin, 2) Diabetic group treated with cinnamon, and
3) Diabetic group treated with silver/gold cinnamon.

Induction of diabetes

The rats were made to fast 12 hrs before the
induction of diabetes. Thereafter, they were injected with
streptozotocin (70 mg/kg, i.p.). Five days after injection
the rats with fasting blood glucose higher than 150
nmole/L were considered diabetic and used for the
experiment. Feeding was stopped 12 hrs before blood
sampling (Elobeid et al., 2013).

Preparation of aqueous cinnamon powder extracts

Cinnamon cassia (3 g) powder was soaked in 90
mL of boiled distilled water overnight. The extract was
filtered and immediately used for preparation of the
nanoparticles. The resultant aqueous filtrate was treated
individually with 50 mL aqueous solution of AgNO3; and
HAUCI..

Synthesis of silver and gold nanoparticles and
characterization of green silver/gold nanoparticles

One mmole/ml silver nitrate and 1 mmole/ml
chloroauric acid were dissolved in 50 ml of distilled
water individually under vigorous stirring at 80°C for 5
minutes. Five ml of Cinnamon cassia extract was added
to the solutions of both silver nitrate and chloroauric acid,
separately. A change in color of the colloidal solutions
occurred, which confirmed reduction of Ag ions, Au ions
and the formation of green silver and green gold particles.
This change in color of the reaction solutions was noted
visually. Then the two green nanoparticles solutions were

mixed together to produce a green Ag/Au composite
nanoparticles which were incubated at room temperature
until further use. Three methods were employed to
characterize the composite nanoparticles. Firstly, the
synthesized green nanoparticles  (Ag/Au)  were
characterized using dynamic light scattering (DLS),
zetasizer. The average size of green Ag/Au nanoparticles
collectively was analyzed through zetasizer, Nano series,
HT Laser; ZEN3600 from Molvern Instrument, UK.
Secondly, transmission electron microscopy (TEM)
[JEM-1011, JEOL, Japan] was employed to characterize
the shape and morphologies of formed green synthesized
nanoparticles. A drop of nanoparticles suspension was
deposited on carbon coated copper grid and the film was
then dried. The TEM was operated and the measurements
were performed at accelerating voltage of 100 KV.

Elemental analysis of silver and gold on single
composite nanoparticles was carried out using energy
dispersive spectrometer (EDS), Oxford Instrument,
Incax-act, equipped with scanning electron microscopy
(SEM) using JEOL-FE SEM. Thirdly; scanning electron
microscopy was employed to characterize the shape and
morphologies of formed biogenic synthesized silver/gold
composite nanoparticles. The samples were dried at room
temperature and then analyzed for samples composition
of the synthesized composite nanoparticles.

Statistical analysis

A one-way analysis variance was performed using
Graph pad Prism 5 statistical software. Tukey’s test was
used for group comaparisons. The values were considered
significantly different when the p-value was lower than
0.05.

RESULTS

Particle size determination using zetasizer

Figure 1 (DLS, zetasizer) showed that the average
size of green Ag/Au nanoparticles was 45.34 nm with
mono dispersity, which can be also observed clearly from
the appearance of one peak with intensity 100 % and
width 23.18 nm which gives very high stability and
homogeneity of nanoparticles for a long period of time.
Transmission electron microscopy technique was
employed to visualize in depth the shape and morphology
of green nanoparticles produced. TEM images (Fig. 2)
confirmed that the data obtained from the DLS and TEM
of green silver/gold composite nanoparticles has mono
dispersity distribution. Figure 2 indicated that the
morphology of nanoparticles are highly variable with a
variety of shapes being rod, spherical and irregular (Fig.
2A), spherical (Fig. 2B) and follow a certain arrangement
such as pyramidal (Fig. 2C-D), triangular, and diamond
shaped.
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Fig. 1. Zetasizer measurement the average size of green silver / gold nanoparticles. TEM analysis of silver / gold
nanoparticles.
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Fig. 2. TEM images of the green nanoparticles showing variety of shapes: rod, spherical and irregular (Fig. 2A),
spherical (Fig. 2B), pyramidal, triangular, and diamond shaped (Fig. 2C-D).
Table | shows the percentage of silver and gold in energy dispersive spectrometer known to provide

the green nanoparticle suspension.

Scanning electron microscopy was further used to
analyze the structure and morphology of the
nanoparticles obtained from the described green synthesis
method. The image showed relatively different shapes of
the produced nanoparticles as shown in Figure 3A. The

information on the chemical analysis of the elements, has
confirmed the presence of silver and gold nanoparticles.
The spectrum analysis revealed signals in the silver and
gold and confirmed the formation of silver/gold
composite nanoparticles (Fig. 3B). Green silver/gold
composite nanoparticles generally showed a typical
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optical absorption peak at approximately 3 keV for silver
and gold showed four peaks in a wide range of 1-10 KeV.

Table I.- EDS results showing percentage of elements
present in green silver/gold nanoparticle
suspension.

Element Weight% Atomic%
AgL 97.32 98.51
AuM 2.68 1.49
Totals 100.00
A
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Fig. 3. (A) SEM image (B) EDS pattern
of green silver / gold nanoparticles.

Body weights and glucose levels

During the experimental period, a non-significant
decrease in body weight (Fig. 4A) was observed between
the groups orally administered aqueous extracts of
cinnamon and the group administered silver/gold nano-
cinnamon. However, a significant decrease in body
weight of rats treated with JF was observed compared to
rats treated with control metformin (p<0.05) (231+37.1).
Furthermore, a highly significant decrease in body weight
of rats treated with SG JF was reported when compared
to rats treated with metformin (p<0.05) (210+54.3). The
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Fig. 4. Body weights (A) and glucose
levels (B) in the studied groups.

administration of aqueous extract of cinnamon showed a
significant decrease in the blood glucose level in STZ-
induced diabetic rats (Fig. 4B). Metformin lowered blood
glucose level more than JF. There was no statistical
difference in the basal blood glucose levels of the
metformin vs control JF (p<0.05) (134+14.3), however,
blood glucose levels showed a highly significant decrease
comparing SG JF vs metformin (p<0.05) (110£27.3), and
significant decrease comparing control SG JF vs JF
(p<0.05) (110+41.6).

DISCUSSION

Nanoparticles behavior is a function of their size,
shape and surface reactivity with the surrounding tissue.
In the present study, it was noticeable that the center of
the particles was bigger than the edges, suggesting that
biomolecules present in Cinnamon cassia extract have
capped the silver/gold composite nanoparticles and were
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adhered to their surfaces, which is in agreement with a
previous study (Ahmad et al., 2010). Also the difference
in shapes and sizes could be due to aggregation and
adsorption of compounds in Cinnamon cassia extract
onto the surface of silver/gold nanoparticles. These
results are in concord with another report (Awad et al.,
2013), which reported the formation of silver/gold
nanoparticles using Balanitesa egyptiaca extract with
different sizes and shapes due to aggregation and
adsorption of compounds in Balanitesa egyptiaca extract
onto the surface of silver/gold nanoparticles, and that the
silver/gold nanoparticles are surrounded by a faint thin
layer of other materials, which they supposed was
capping organic material from Balanitesa egyptiaca
extract, in addition to few agglomerated particles. The
silver and gold peaks could be due to the surface plasma
on resonance (Palanive et al., 2013).

The promising potential of silver/gold nanoparticles
in treating inflammatory and auto immune diseases
(Mukherjee et al., 2005) have augmented greater interest
to investigate the antihyperglycemic activity of the
nanoparticles in the diabetic system. The gold
nanoparticles are known for their tremendous
applications in the field of therapeutics and diagnosis.
Gold nanoparticles, an emerging nano medicine is
renowned for its promising therapeutic possibilities, due
to its significant properties such as biocompatibility, high
surface reactivity, resistance to oxidation and plasmon
resonance (Guo et al., 2005). The major drawback of
ionic gold lies on the fact that they are easily inactivated
by complexation and precipitation, thus, limiting their
desired functions in human system. Here zerovalent gold
nanoparticles can be a valuable alternative replacing the
potential of metallic gold (Kalishwaralal et al., 2009).

The biological synthesis process elucidates the
importance of metal microbe interaction in several
biotechnological applications including the field of
bioremediation, biomineralization, bioleaching and
microbial corrosion. Nanotechnology is undergoing
explosive expansions in any areas serving mankind which
may be considered an investment in future economic and
social well-being. They effectively form a bridge between
bulk materials and atomic or molecular structures, so they
are of great scientific interest. Although nanopartcles size
is very small but they are very effective when compared
with the bulk material. Nanoparticles are of different
types and exhibit enhanced properties. The present
findings showed that the aqueous cinnamon modulated
changes in body weight which is contrary to a previous
study (Elobeid et al., 2013). While the present study
showed a decrease in body weights among diabetic rats
treated with JF and SG JF, another study using methanol
extract of Cinnamomum zeylanicum increased the final

body weights (Nyadjeu et al., 2013).

Blood glucose levels showed a decrease in both
groups of rats administered cinnamon and nanocinnamon
extracts. Thus, there is a growing trend of using plant
products in therapy as they have anti-hyperglycemic
effects. Beside medicines, the non pharmacological
management of diabetes includes an appropriate diet
management such as foods like cereals, vegetables and
spices which had been assessed for their anti-
hyperglycemic effect (lyer and Mani, 1990; Vats et al.,
2002; Vinod et al., 2011) in experimental as well as
clinical studies. There are several drugs of plant origin
containing substantial amounts of alkaloids, glycosides
and flavonoids bearing strong antioxidant properties, (for
the treatment of diabetes), which are described in ancient
literature. However, these drugs prove to be mostly
effective in long-term treatment and so often lose their
importance when compared to the faster onset of action
of orthodox medicines. Therefore, efforts are needed to
enhance their action and increase their bioavailability to
targeted organs/organ systems. Considerable progress has
been made in developing biodegradable nano particles as
effective vehicles for the delivery of proteins and
peptides (Kumaresh et al., 2001). The present study
showed that the nano-formulation of cinnamon exhibited
significantly enhanced anti-diabetic activity. The
antidiabetic effect of cinnamon extract could be attributed
to its insulin secretagogue effect which could be due to
the stimulation of the beta cells or regeneration of beta
cell functioning by alleviating the oxidative stress. This is
in agreement with Ravichandran (2013), who reported
that, gymnemic acids, the main phyto-constituents of
Gymnema  sylvestre  possess  potential  natural
pharmacological activities like suppression of taste
sensitivity to sweetness, inhibition of intestinal glucose
absorption and lowering the plasma glucose levels.
Another study (Samadder et al., 2012), conducted in vivo
(in mice) experiments, suggested the efficacy of
encapsulated nano Syzygium jambolanum to have
localized in the brain tissue of mice which suggested that
it could efficiently cross the blood brain barrier,
especially the hypothalamic region, proposed to be the
glucose sensor region, which plays a critical role in
initiating the counter regulatory response to glucose
homeostasis. In conclusion, a good glycemic control is
the cornerstone in diabetes management. The nano
formulation of advanced organ/tissue/cell-specific drugs
may enhance bioavailability of drugs to target organisms
or organ systems with better efficacy at a minimum
dosage. Nano encapsulated drugs appear to have greater
advantages due to their small size, more rapid entry into
target cells and biodegradable nature. The overall results
suggested that nano-silver/gold cinnamon had a greater
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potential than that of cinnamon by itself, indicating its
possible use in the future drug design and management of
hyperglycemia. A long term study however, is imperative
as plant products are slow in action than the synthetic
drugs and at higher doses may also exhibit a plateau
effect which would not help in diabetes management.
Hence, further research is recommended in this field.
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