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The present study was designed to investigate the potential of the biopolymeric nanoparticle, formulated
solely from natural resources using zein from maize as the core, pectin from ivy gourd as shell and ethyl
acetate fraction of the plant Mimosa pudica as the drug. The plant-mediated biosynthesis of the biopoly-
meric nanoparticle was done by sonication method. The morphology and size of nanoparticles were char-
acterized by Scanning Electron Microscopy and the thermal stability was studied with the aid of
Thermogravimetric Analysis and Differential Scanning Calorimetric studies. An in vitro drug release study
was conducted to study the release of the plant extract from the nanoparticle and the mechanism of
release was deduced by substituting the values to various mathematical models. The SEM investigation
of developed nanoparticles revealed that the particles are amorphous, spherical in shape with a size rang-
ing from 150 to 200 nm diameters. The FT-IR characterization study confirmed the incorporation of all
the components in Nanoparticle. The investigation on thermal stability was achieved by thermogravimet-
ric and differential scanning calorimetric studies and the results revealed that the particles are stable
upto120 �C. Sustained drug release was observed in in vitro drug release studies at intestinal pH. To estab-
lish the mechanism of release the data were substituted to various mathematical models and was found
to follow zero order and Higuchi mechanisms.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction 2010; Ribnicky et al., 2009). Nanoparticles have enormous poten-
Despite the fact that plants are exemplary sources of drugs
which are used as traditional medicine and are considered safe,
they are more biodegradable with less drug resistance when com-
pared to synthetic drugs (Chandran et al., 2016; Jose et al., 2016).
The bioavailability and in vivo stability of plant-derived com-
pounds may be very low (Merrell et al., 2009). Furthermore, the
therapeutic efficacy of most drugs is often confined by their possi-
bility to reach the site of action (Tiyaboonchai, 2003). Besides the
chemical therapeutic agents, nanoencapsulation overcome suscep-
tibility, improves the stability, achieve targeted delivery and con-
trolled release of bioactive compounds from natural sources to
the specific site which are otherwise poorly bioavailable because
of weak absorption or rapid elimination (Dhana Lekshmi et al.,
tial as a drug delivery system as they are taken up by the cells more
efficiently than larger macromolecules (Suri et al., 2007). Nowa-
days biopolymeric nanoparticles made from natural biodegradable
polymers have evoked great importance as they display interesting
features like low toxicity, biodegradability and biocompatibility.
The nanoparticles synthesized by the colligation of chemical con-
stituents of plants impart stability to the system, obstruct aggrega-
tion and enhances biological interactions by interjecting
biocompatible functionalities. Natural polymers like albumin, zein,
pectin, chitosan, alginate, cellulose and collagen are employed for
this purpose (Dhanya et al., 2012; Dorosti and Jamshidi, 2016; Li
et al., 2008; Müller et al., 2011). Silver phytonanoparticle
(Swarnalatha et al., 2012), gold nanoparticles conjugated with
plant extract (Barathmanikanth et al., 2010), zinc oxide nanoparti-
cles (Umrani and Paknikar, 2015) insulin incorporated chitosan
nanoparticles (Prusty and Sahu, 2013) etc have been reported ear-
lier. The plant Mimosa pudica, commonly known as ‘Touch me not
plant’ is a creeping annual or perennial herb is known for its
medicinal properties. The plant is rich in phytochemicals such as
a non-protein amino acid (mimosine), steroids, alkaloids, terpenes,
tannins, fatty acids, flavonoids and cardiac glycosyl flavones. All
the parts of plants are considered to have medicinal properties
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and are used in the traditional health care systems such as Ayur-
veda, Siddha and Unani. It is used in the treatment of hydrocele,
dysentery, skin disorders, inflammation, uterine disorders, urinary
infections, burning sensations, smallpox and fever (Doss et al.,
2011). The plant is also reported to have antiproliferative and anti-
cancer activity (Jose et al., 2014; Sutar et al., 2009). Hypoglycaemic
activity of leaves and choorna (dried powder) ofMimosa pudica has
been reported earlier (Chen et al., 2005; Viswanathan et al., 2013).
In this context, we investigated the potential of zein–pectin
nanoparticle as a drug carrier for Mimosa pudica extract and its
release from the nanoparticle. The synthesized nanoparticles have
been characterized by SEM, FT-IR spectroscopy, Differential Scan-
ning Calorimetry and Thermogravimetric analysis. The drug
release mechanism of the nanoparticles was deduced by substitut-
ing the values to various mathematical models.

2. Materials and methods

2.1. Preparation of plant extract

The shade dried plants were powdered mechanically and were
stored in an airtight container. About 100 g of dried plant powder
was subjected to hot extraction with 30 mL of ethyl acetate. The
extract was concentrated to dryness under a controlled tempera-
ture of 70–80 �C. The percentage yield was found to be 0.6%. The
extract was preserved in a desiccator until further use.

2.2. Isolation of pectin from Coccinia indica

250 g of Ivy gourd fruit was macerated and boiled in 750 mL of
acidifiedwaterwithHCl (maintained at pH2.3) for 30min. Itwas fil-
teredhot and cooled rapidly to room temperature (30 �C) by keeping
it in a water bath. Cooled extract was then treated with chilled 95%
ethanol. The precipitate formed was filtered using Whatmann No.1
filter paper, washed repeatedly with 95% ethanol and dried.

2.3. Plant-mediated biosynthesis of a core-shell nanoparticle

Encapsulation of the extract into the core-shell zein–pectin
nanoparticle was done as reported earlier (Dhanya et al., 2012).
1 mL of extract in 80% ethanol and O.25 g zein dissolved in
3.75 mL 80% ethanol was added to 0.001% silicone oil solution kept
under ultrasonication at 150 V. After 10 min 4 mL pectin solution
was added to the mixture drop by drop and continued sonication
for another 5 min. The mixture was then frozen and lyophilized.
The lyophilized powder was then characterized.

2.4. Nanoparticle recovery and encapsulation efficiency

Nanoparticle yield or recovery (Dhana lekshmi et al., 2010) was
calculated using equation 1.
Nanoparticle recovery ð%Þ¼ Mass of encapsulated nanoparticles
Mass of polymericnanoparticles; drug and any other exicipient using in the formulation

�100 ð1Þ
Encapsulation efficiency was delineated by calculating the drug
entrapped and drug content in zein–pectin nanoparticles by
Eqs. (2) and (3).
Encapsulation efficiency %

¼ Total amount of extract � Amount of free extract
Total amount of extract

�100

ð2Þ
Drug Content % ¼ Mass of drug in nanoparticles
Mass of nanoparticles recovered

� 100 ð3Þ

The total amount of extract is the added ethyl acetate extract
during nanoparticle preparation. Amount of free extract was fig-
ured by filtering the non encapsulated extract from the total mix-
ture. The absorbance of the filtrate was measured at 344 nm using
a UV–Visible spectrophotometer. The amount of free extract was
calculated by an appropriate calibration curve of free extract in
80% ethanol.

2.5. Characterization of encapsulated nanoparticles

The shape, size and surface morphology of nanoparticles were
investigated by scanning electron microscope (SEM) (Hitachi SU
6600, Japan). The nanoparticle surfaces were vacuum sputter
coated with gold for allowing the SEM visualization. The diameters
of nanoparticles were determined. The particle size and polydis-
persity index was also studied with the aid of Zetasizer (LitesizerTM

Particle analyzer, Anton Paar GmbH). FT-IR analysis was carried
out to study the change in chemical structure and to confirm the
encapsulation of the extract in nanoparticles by using the instru-
ment Model 8400S, Shimadzu, Japan. The absorption maxima of
the extract and nanoparticles were studied using UV–Visible spec-
troscopy (Shimadzu, UV–Visible spectrophotometer Pharmaspec
1700). Temperature stability of the extract encapsulated nanopar-
ticles were analyzed by means of thermogravimetric and differen-
tial scanning calorimetric analysis (DSC). Thermogravimetric
analysis of the sample was performed on a Perkin Elmer, STA
6000, U.S.A. TGA-DTA analyzer. The heating rate was at 20 �Cmin�1

in a temperature range from 40 to 730 �C. DSC analysis was carried
out on a Calorimeter Mettler Toledo DSC 822e, U.S.A. at a heating
rate of 10 �C min�1 and temperature range 30–300 �C.

2.6. In vitro release study and evaluation of its kinetics

Among the different methods used to assess the release mech-
anism from nanoparticles, dialysis method (DM) is the most versa-
tile one (Luo et al., 2015). The freeze-dried samples were then
subjected to in vitro release kinetics studies at intestinal pH, using
phosphate buffer of pH 6.8. It was carried out in a dialysis tube D-
Tube Dialyzer with a cut off 12,000 KD (Calbiochem) where 2 mL
nanoparticle suspension in buffer was added and was suspended
to a beaker containing 100 mL phosphate buffer maintained at
37 �C, under constant stirring at 100 rpm. The drug release was
assessed by intermittent sampling of 3 mL buffer and replacing
with fresh buffer. The amount of extract released in buffer solution
was quantified by UV spectrophotometer at 344 nm (Gallagher
et al., 2003).

The release mechanism was analyzed with the mathematical
models zero-order kinetics, first-order kinetics, Higuchi model
kinetic applying the Eqs. (4)–(6) respectively.
Qt ¼ K0t ð4Þ

lnQt ¼ lnQ0 � K1t ð5Þ

Qt ¼ Kht1=2 ð6Þ
The plots Qt vs. t, ln (Q0 – Qt) vs. t, Qt vs. t1/2 were made for zero

order, first order and Higuchi kinetics respectively, where Qt is the
percentage of drug released at time t, Q0 is the initial amount of



Fig. 2. Particle size distribution of zein–pectin nanoparticles.
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drug in the formulation and K0, K1 and Kh are the constants (Dhana
lekshmi et al., 2010).

The mechanism of drug release was confirmed by fitting the
first 60% of drug release in Korsmeyer –Peppas model Eq. (7).

Mt=Ma ¼ Kptn ð7Þ
where Mt/Ma is the fraction of drug release at time t, Kp is the rate
constant and n is the release exponent. ‘n’ value can be calculated
from the plot of the log of the fraction of drug released (Mt/Ma)
vs log of time and from the ‘n’ value different release mechanism
can be characterized.

2.7. Statistical analysis

All experiments were done in triplicates. The results obtained
were analyzed by one-way analysis of variance using Graph Pad.
To assess the statistical significance, the P value was set at P < 0.05.

3. Results and discussion

3.1. Morphological analysis

The deliberate analysis of nanoparticles by SEM confirms its
spherical nature and its smooth surface, but the size distribution
found to be varying (Fig. 1). The average sizes of nanoparticles
were approximately 156–201 nm. This result was further con-
firmed with particle size determination by Zetasizer where the
nanoparticle size distribution was found to be in the range 98–
188 nm (Fig. 2). The polydispersity index was 0.30 which lies
within the normal range 0 (for highly uniform particles) and 1
(for highly polydisperse particles) (Danaei et al., 2018; ISO
22412, 2008). Hence we can assume that the nanoparticles are
non-uniform but monodisperse in nature. Miscibility and viscosity
of the parent solutions affect the surface characteristics of the
nanoparticles formed (Müller et al., 2011).

3.2. Nanoparticle recovery and encapsulation efficiency

The yield or the mass of the encapsulated nanoparticles were
0.1508 g. Nanoparticle recovery was found to be 96.27 ± 0.279%.
The percentage of drug entrapment was observed to be effective
Fig. 1. SEM image of Nanoparticles.
with 67.86 ± 1.422% and the drug content was found to be 9.01 ± 0.
199%.
3.3. Spectral analysis

3.3.1. FT-IR analysis
Fig. 3 depict the FT-IR multispectra of ethyl acetate extract of

Mimosa pudica and Mimosa pudica extract encapsulated nanoparti-
cles. The FT- IR results confirm the encapsulation of the extract into
the nanoparticle. The characteristic bands observed in the FT- IR
spectrum of the extract are 3386.6 cm�1, 2853.2 cm�1,
1738.8 cm�1, 1561 cm�1, 1458.6 cm�1, 1373.9 cm�1 and
719.5 cm�1. And the characteristic bands observed in the FT- IR
spectrum of the Mimosa pudica extract encapsulated nanoparticles
are 3442.5 cm�1, 1729.5 cm�1, 1608.5 cm�1, 1514.5 cm�1 and
1308.8 cm�1. On comparison of the –NH vibrations in the FT-IR
spectrum of extract and Mimosa pudica extract encapsulated
nanoparticles, it was found that the value shifted from
3386.6 cm�1 to 3442.5 cm�1 which indicates that the –NH band
is interrupted due to the encapsulation of Mimosa pudica extract.
Correspondingly slight changes are also appeared for other IR bands
such as carbonyl groups. It is also evident from the spectrum of
Mimosa pudica extract encapsulated nanoparticles, that the encap-
sulation of the extract has taken place which indicates the differ-
ence in the intensities and slight changes in the band frequencies
of 1308.8 cm�1, 1514.5 cm�1 to 1373.9 cm�1 and 1561 cm�1 respec-
tively. This indicates that the IR spectra clearly describe the encap-
sulation of extract (Srichamroen and Chavasit, 2011).
3.3.2. UV–Visible spectral analysis
UV–Vis (Ethanol) kmax’ s of zein–pectin nanoparticle without

encapsulation was only at 280 nm. kmax’s of Mimosa pudica extract
encapsulated nanoparticles were 280 nm and 344 nm (Fig. 4). It
has been reported that the plant Mimosa pudica contains the flavo-
noid ‘Apigenin’ and many of its derivatives are absorbed at kmax of
344 nm (Alali et al., 2008; Ijaz et al., 2019). The absorption bands
observed at 344 nm in the UV–Visible spectrum of Mimosa pudica
extract encapsulated nanoparticles were absent in the spectrum of
the Zein–pectin nanoparticles without encapsulation of extract,
which indicates that the absorption at 344 nm is due to the pres-
ence of extract. Hence the kmax of the crude extract at 344 nm
was set as the kmax for in vitro release studies (Silverstein et al.,
2005).



Fig. 3. FT-IR multispectra of Mimosa pudica extract and Mimosa pudica extract encapsulated nanoparticles.

Fig. 4. UV–Visible multispectra of Zein–pectin nanoparticles and Mimosa pudica extract encapsulated nanoparticles.
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3.3.3. Temperature stability analysis
The Thermal profile of extract encapsulated zein–pectin

nanoparticle was evaluated by means of Differential Scanning
Calorimetry (Fig. 5) and Thermogravimetric analysis (Fig. 6).

In the thermogravimetric analysis, the first phase transfer
occurs at 80 �C may be due to the evaporation of the water-
ethanol mixture used as a solvent absorbed by the molecules dur-
ing the process. The weight loss at 316 �C is due to the removal of
pectin with an approximate of 48% loss. It is a single decomposition
with a sharp loss indicating the maximum number of zein
nanoparticles coated with pectin. Towards the end of the decom-
position there exist small curves in DTA indicating the coating of
pectin is not even. At around 641 �C a wide peak in the DTA indi-
cates the slow decomposition of zein along with extract and the
TGA graph reaches to 0% of substance.

In the DSC curve, the peak at 77.39 �C depicts the release of
pectin from zein where a morphological change occurs. Since it
is starting from 43 �C and ending at 103 �C, we can assume that



Fig. 5. Differential Scanning Calorimetry Termogram.

Fig. 6. Thermogravimetric analysis thermogram.
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Fig. 7. The cumulative drug release curves of extract from nanoparticles at pH 6.8
at 37 ± 0.5 �C.
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the coating of pectin on zein nanoparticles is not even and the
release of the same taken longtime for a duration of approxi-
mately 60 �C. Peak at 272 �C indicate the melting of zein and
extract which also ranges for 33 �C indicating the loss of the
final compound is not sharp but leads to slow melting of both
extract and zein.

3.3.4. In vitro drug release and kinetics study
The in vitro drug release of ethyl acetate extract from nanopar-

ticle is shown in Fig. 7. The quantity of drug released from the
encapsulated nanoparticles is 12.87% at the 8th hour. The result
indicates the sustained drug release properties of the zein–pectin
nanoparticles for a prolonged time period. The in vitro release data
were substituted in zero order, first order and Higuchi mathemat-
ical models to determine the pattern of drug release. From the
slope of the plots, release constants were calculated and the regres-
sion coefficient r2 was determined. The results indicated the high-
est r2 value for zero order kinetics (r2 = 0.991) and hence explains
in vitro release kinetics at its best. It was followed by Higuchi equa-
tion (r2 = 0.983) and then the first order (r2 = 0.979). The drug
release mechanismwas further analyzed by using Korsmeyer- Pep-
pas model. The rate constant and release exponent ‘n’, was calcu-
lated up to first 60% of drug release and the ‘n’ value defines the
release mechanismwhich was found to be 0.44. In this experiment,
the drug release kinetics obeys zero-order kinetics and Higuchi
kinetics, which indicates that the concentration was nearly inde-
pendent of drug release and the release can be a diffusion mecha-
nism from an insoluble matrix. The release data when further
analyzed by Korsmeyer Peppas model where the n value was
0.44. The n values between 0.43 and 0.85 indicate a diffusion-
based release or swelling behaviour (Anomalous transport) of the
spherical nanoparticles (Pasparakis & Bouropoulos, 2006). Hence
it can be concluded that the release of ethyl acetate extract from
the nanoparticles is by zero order and diffusion mechanism.
4. Conclusion

The present preliminary study foresees the utilization of natural
polymers and a herbal extract for the formulation of nano-drug.
The investigation foregrounds the plant-mediated biosynthesis of
biopolymeric nanoparticles which demonstrates good thermal
stability and sustained drug release. In vitro, drug release studies
conclude that the developed nanoparticles can be used as a drug
delivery system since sustained drug release is observed. As the
nanoparticles are prepared solely using natural polymers where
zein is obtained from maize and pectin from the fruit of ivy gourd,
we assume that the nanoparticles could be safer to be used in drug
delivery. For the optimization and formulation of nanoparticles as
a drug, more research is required. Accordingly, toxicity, in vivo
antidiabetic and drug targeting studies are advancing and is under
progress.
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