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Nanosized natural polymers have attained considerable attention in drug delivery applications due to their high
encapsulation efficiency, non-toxic nature, sustained and targeted drug delivery. Here we have synthesized Ri-
fampicin loaded alginate nanoparticles by green method. Physicochemical characterization of the nanoparticles
was assessed using Transmission electron microscopy, Fourier transform infrared spectroscopy, Dynamic light
scattering and X-ray diffraction technique. The swelling and in vitro drug release showed that the framework ex-
periences pH-dependent swelling and release of Rifampicin. Rifampicin has lower release in acid medium and
higher release in intestinal condition.Moreover, in viewof the drug release results, the release kinetics and trans-
port mechanisms were investigated and discussed. In vitro cytotoxicity assay demonstrated that the nanoparti-
cles were non-toxic in nature. The acute oral toxicity study of the synthesized nanoparticles was done inWistar
albino rats. No systemic toxicity was observed after oral administration of nanoparticles. The present study dem-
onstrated the potential of using alginate nanoparticles synthesized by a green method for drug delivery
applications.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Nowadays the benefits and potential advantages which can be ob-
tained fromdrug delivery systems using natural and synthetic polymers
has gained a wide interest [1–6]. Natural polymers are considered as
preferable drug carriers over synthetic materials because they possess
several unique advantages such as hydrophilicity, biocompatibility
and nontoxicity [7,8]. Among the different natural polymers, alginate
(ALG) stands as one of the most advantageous biopolymers due to its
low cost and easy availability [9]. The majority of the alginate particles
portrayed in literature have micrometer dimension [10–13].

Nano sized drug delivery systems have numerous advantages such
as targeted delivery, enhanced bioavailability, sustained drug release,
improved patient compliance and reduced side effects [14]. The surface
characteristics and particle size of nanoparticles can be easily tailored by
varying the composition of polymers, drugs and other additives used in
the formulation [15–17]. Particle size also assumes a pivotal part in in-
testinal uptake and in vivo distribution [18–20]. Panyam and his co-
workers demonstrated that the particles below 100 nm were
stry, Sree Narayana College,
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appeared to offer 15 to 250 fold cellular uptake than themicro particles
using rat model study [21].The considerably high surface area of nano-
particles also guarantees significant payload [22–24].

Although, many methods for the preparation of alginate nanoparti-
cles has been reported in the literature, including polyelectrolyte com-
plexation, emulsification/internal gelation, solvent evaporation/
diffusion and solvent-castingmethods; however they have some limita-
tions, such as porosity, difficult to reproduce, precipitation during the
evaporation and use of volatile organic solvents [25]. Green chemistry
principles could be adequately connected to the generation of ALG
nanoparticles in amore secure and greenermanner by avoiding organic
solvents [26].Our grouphaddeveloped a greenmethod for the synthesis
of highly stable, non-aggregate ALG nanoparticles of size above 100 nm
using honey and demonstrated the potential of utilizing it for water pu-
rification [27–29]. In the present work, attempts were made to modify
these nanoparticles suitable for drug delivery applications. Since parti-
cle size has a crucial role for drug delivery application, the preparation
method was modified with the application of probe sonication. It was
found that the high energy of probe sonication during the preparation
stage of nanoparticles produced particles of smaller size [30].

Honey, an ancient pharmaceutical ingredient, rich in carbohydrate,
has fantastic antioxidant, antibacterial, antifungal and anti-
inflammatory properties. Ayurvedic medicine of India use honey
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predominantly as a vehicle for faster absorption of various drugs such as
herbal extracts. It also supports the treatment of several ailments, par-
ticularly those related to respiratory irritations and infections, mouth
sores and cataracts [4,31,32].The antibacterial and wound healing abil-
ity of honey gained much interest in the field of wound dressing
[4,31,33]. This study was aimed to evaluate the potential of the alginate
nanoparticles prepared by a greenmethod usinghoney as the surfactant
for drug delivery applications. Rifampicin (RIF), a highmolecularweight
bactericidal drug was used as the model drug.

RIF inhibits the growth of a broad spectrum of gram positive and
gram negative bacteria, and is commonly used in the treatment of tu-
berculosis. It is the only drug which possesses the unique capacity to
kill tubercular bacilli [34].The major challenges associated with RIF de-
livery are poorwater solubility, short biological half-life and limited bio-
availability. Anti-tuberculosis therapy is usually prolonged for a period
more than six months and the conventional continuous uptake of
drug causes adverse side effects including drug resistance, fever, hepa-
totoxicity and above all patient discomfort. In order to improve anti tu-
berculosis therapy, drug encapsulation in polymer nanoparticles has
been widely studied. The subcutaneous route of administration experi-
enced some drawbacks such as poor patient compliances [35,36] com-
pared to the simple oral route of administration [37,38]. While
considering the drawbacks of the other routes, oral administration of
drugs is considered as the best alternative for long treatments of tuber-
culosis [36,39].

The objective of the presentworkwas to develop biocompatible ALG
nanoparticles of size b100 nm by green method for the oral delivery of
RIF.
2. Experimental

2.1. Materials

Sodium alginate of medium viscosity (viscosity of 2% solution,
25 °C≈ 3500 cps, Sigma-Aldrich, London), Rifampicin (Himedia Labora-
tories, Nasik), Calcium chloride dihydrate (Merck, Germany). Natural
honey used in this study was purchased from Kerala Agriculture
University.
2.2. Preparation of ALG nanoparticles

ALG nanoparticles were prepared by ionotropic gelation method as
portrayed in our previous paper with slight modification [27]. Sodium
alginate was dissolved in deionised water (1%, w/v) containing honey
(added as a surfactant and stabilizer). RIF was dispersed in to this solu-
tion with continuous stirring. Aqueous calcium chloride (1%, v/v) solu-
tion was added drop wise to this solution, stirred and this
homogenized mixture was sonicated. Nanoparticles ware harvested
by centrifugation at 3500 rpm for 5 min, washed with deionised water
and vacuum dried.
2.3. Characterizations of nanoparticles

The morphology of the ALG nanoparticles was observed by using a
JEOL model 1200EX transmission electron microscope operated at an
accelerating voltage at 80 kV. Fourier transform infrared (FTIR) spectra
of RIF, sodium alginate and RIF loaded nanoparticles ware recorded be-
tween 400 and 4000 cm−1 wavelength range using Schimadzu FTIR
model 1801. X-ray diffraction (XRD) patterns of the samples were re-
corded by using Brucker D8 Advance diffractometer with monochro-
matic Cu-Kα1 radiation (λ = 1.5418 Å). The particle size and zeta
potential measurementswere carried out using a Zetasizer Nano ZSP in-
strument (Malvern, UK).
2.4. Entrapment efficiency of nanoparticles

The concentration of free RIF was estimated by noting the absor-
bance at 475 nm, using a UV–VIS spectrophotometer (PerkinElmer
Lambda Bio 40). RIF content was determined by using the calibration
curve fabricated from a series of solutions with known drug concentra-
tion. The entrapment efficiency percentage (% EE) was calculated as fol-
lows:

%EE ¼ Wa−Wb

Wa

� �
� 100 ð1Þ

whereWawas the total weight of the drug fed andWbwas theweight of
non-encapsulated free drug.

2.5. Swelling studies

Swelling of nanoparticles was determined by equilibrating a known
mass of the nanoparticles with solvent and allowing them to swell to
their equilibrium [40]. Accurately weighed dried ALG nanoparticles
(100 mg) (Wd) were suspended in 10 ml solutions of different pH
(1.2and 7.4) for 6 h in different bottles. At predetermined time intervals
these bottles were taken and the swollen nanoparticles were collected
by centrifugation at 10,000 rpm for 10 min (SORALL®BiogugeStratos
Ultracentrifuge) and weighed immediately after removing the excess
liquid carefully from the surface using filter paper (Ws). The percentage
of swellingwas estimated using Eq. (2). Datawere expressed asmean±
standard deviation (SD) based on 3 independent measurements.

S ¼ Ws−Wd

Wd

� �
� 100 ð2Þ

2.6. In vitro drug release and release kinetics

In vitro drug release studies were performed in simulated gastric
fluid (SGF, pH 1.2) and simulated intestinal fluid (SIF, pH 7.4) prepared
according to the United States Pharmacopoeia at 37 °C under shaking
conditions [41]. About 30 mg of each RIF loaded NPs formulations
were taken in a dialysis bag of MW cut off 12,000 Da and was allowed
to contact with 100 ml of the release medium. Aliquots were drawn at
specific time intervals and replaced with equal volume of buffer. RIF
concentration was determined from the absorbance at 475 nm in a
UV–VIS spectrophotometer using the standard curve of RIF
(PerkinElmer Lambda Bio 40). All experiments are conducted in tripli-
cate and average value is taken.

To find out the drug release mechanism, the drug release data were
analyzed using Korsmeyer–Peppas equation Eq. (3)

Qt
Q∝

¼ ktn ð3Þ

Qt/Q∞ is fraction of drug released (b0.6) at time t, K is the rate constant
and n is the release exponent. In this model, the value of n identifies the
release mechanism of the drug. The values of these parameters vary
with the geometric form of the system, that is, thin film, cylindrical or
spherical. For a spherical system ≤0.43 indicates Fickian release and
n = 0.85 indicates a purely relaxation-controlled delivery which is re-
ferred to as Case II transport. Intermediate values 0.43b n b 0.85 indicate
an anomalous behaviour (non-Fickian kinetics corresponding to
coupled diffusion/polymer relaxation) [42–44].

2.7. Evaluation of cell viability of ALG nanoparticles

Cell viability of ALG nanoparticles was studied using L929 fibroblast
by MTT assay. The cells were refined with DMEM containing 10% FBS
and the refined cell lines are kept at 37 °C in a humidified 5% CO2



Fig. 1. Particle size distribution in different sonication time a) unsonicated b) 1 min
c) 2 min d) 5 min e) 10 min f) 20 min.

Table 1
Optimization parameters for RIF loaded ALG NP.

Formulation
code

RIF:
ALG

Drug entrapment
efficiency % (% EE)

Particle size
(nm)

Zeta potential
(mV)

F1 1:2 36.58 ± 2.15 64 ± 22 −4.72 ± 0.17
F2 1:4 38.48 ± 2.85 65 ± 25 −4.85 ± 0.2
F3 1:6 35.94 ± 2.19 66 ± 20 −4.65 ± 0.19

890 D. Thomas et al. / International Journal of Biological Macromolecules 154 (2020) 888–895
incubator for 24 h. The mediumwas then supplanted with test solution
and incubated at 37 °C in a humidified 5% CO2 incubator for specified
time. Soon after, 30 μl of MTT (5mg/ml) was added to the wells and in-
cubated at 37 °C in a humidified 5% CO2 incubator for 4 h. After the in-
cubation period, the supernatant was evacuated and 100 μl DMSO was
added to solubilize the formazan crystals. The absorbance values were
measured by usingmicro plate reader at a wavelength of 570 nm to de-
termine the optical density (OD). OD of control was obtained from the
cells by repeating the above experimentwithout any sample. Cell viabil-
ity (%) was calculated using Eq. (4)

Cell Viability %ð Þ ¼ OD of sample
OD of control

� �
� 100 ð4Þ

2.8. Acute toxicity studies

The acute toxicity of synthesized nanoparticles was evaluated in six
adult femaleWistar albino rats (8 to 12weeks old, nulliparous and non-
pregnant) weighing 210–230 g. The studywas conducted following the
Organization of Economic Co-operation and Development (OECD)
guidelines for testing of chemicals (No. 420, Section 4: Health Effects)
on conduct of “Acute Oral Toxicity – Fixed dose procedure” (Adopted:
17th December 2001) [45,46]. The Institutional Animal Ethics Commit-
tee of Confederation for Ayurvedic REnaissance-KERALAM LIMITED
(CARe KERALAM LTD), Thrissur, Kerala, India has approved the experi-
mental protocols (CKL/TOX/IAEC/2017-4/99). Animals were housed
under standard laboratory conditions: air-conditioned environment
with adequate fresh air supply through the IVC system, room tempera-
ture 21.0 to 24.0 °C, relative humidity 57–65%, with 12 h light and 12 h
dark cycle. The temperature and relative humidity were recorded daily.
ALG NPs administered through oral route to the animals using the rat
gavaging needle as a single dose at an equivolume of 1 ml/100 g body
weight for all animals and the actual volume of administration was cal-
culated based on themost recent bodyweight of the animals. Using the
normal procedure, a starting dose of 300 mg/kg followed by dosing of
one animal at a higher dose level, 2000 mg/kg, serves the sighting
study. In the main study further 4 animals were dosed at 2000 mg/kg.
All animals were observed individually at least once during the first
30min after dosing, then periodically during the first 24 h (with special
attention during the first 4 h)and thereafter, daily for a total period of
14 days. Observations were made, including changes in skin and fur,
eyes and mucous membranes, tremors, convulsions, salivation, diar-
rhoea, lethargy, sleep and coma and also respiratory, somatomotor ac-
tivity and behaviour pattern in the animals. The body weight of each
rat was recorded prior to treatment on Day 1, then weekly and at the
terminal sacrifice time. Individual body weights and body weight
changes were calculated. On 14th day all animals were sacrificed
under euthanasia condition (overdose of thiopental sodium injection
intraperitoneal) and were subjected to necropsy and gross pathologic
examination.

3. Results and discussion

3.1. Preparation and characterization of nanoparticles

ALG NPs were prepared by simple ionic gelation technique. The
whole preparation process utilized water as solvent and in this way
stay away from the general issues of organic solvents. Honey, the re-
markable regular ‘nutritious supply’ which has great biocompatibility,
utilized as the stabilizer was the additional preferred advantage of the
preparation. Concentration of honey is very critical in the formation of
stable nanoparticles. At low concentration below 1%, aggregates were
formed and above 1%, honey remained as separate droplets. A series of
experiments were conducted to optimize the crosslinker concentration
for nanopreparation. Concentration of CaCl2 was varied from 0.5 to 4%,
keeping the concentrations of other components constant. Nanoparti-
cles produced with N1% CaCl2 concentration were not stable. CaCl2 con-
centrations N1% resulted in the formation of nanoparticles of size above
100 nm. The well-defined spherical nanoparticles of suitable size for
drug delivery application were formed at 1% CaCl2 concentration. It
was found that well defined spherical ALG nanoparticles were formed
at a concentration of 1% (w/v) sodium alginate,1%(v/v) honey and 1%
calcium chloride and selected for experiments. In order to evaluate the
drug loading potential of the synthesized particle, the particle was
loaded with RIF.

Mycobacterium tuberculosis was reported to start its replication in-
side the macrophages. Intracellular existence of mycobacterium and
poor intracellular bioavailability of drug is the main cause of drug resis-
tance in tuberculosis [47,48]. Encapsulation of drug in nanosized parti-
cles has tremendous potential in tuberculosis therapy as it enhances
intracellular availability of drugs. Nanosized particles penetrate the
cell wall and intracellular environment triggers the release of drug in-
side the cells. Small size and high surface volume ratio of the obtained
ALG nanoparticles enhanced the solubility of RIF, allowing the targeted
delivery and make it as an ideal carrier for RIF [49–51].

Effect of sonication on particle size was given in Fig. 1.The
unsonicated sample exhibited a broad particle size distributionwhereas
an effective decrease in particle size with narrow size distribution was
obtained as the sonication time increases up to 5min. However, further
increase in sonication time produced large particles. This behaviour can
be related to the reaggregation of particles during prolonged sonication.
These results are in accordance with previous reports [30,52]. Therefore
five minute sonication was selected as optimum condition for nanopar-
ticles preparation.

From Table 1, it was observed that drug loading does not alter much
the particle size and zeta potential of ALG NP. The optimum drug-
polymer ratio was found to be at 1:4.The entrapment efficiency of ALG
nanoparticles could be explained on the basis of network structure pro-
duced during the cross linking of ALGwith Ca2+ ions. In addition to this,
RIF was dispersed into ALG solution and drug was loaded into the ALG



Fig. 2. TEM image of ALG NP.

Fig. 4. XRD of a) ALG nanoparticles b) RIF c) RIF loaded ALG nanoparticles.
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matrix. The negative zeta potential indicates the presence of negative
charge on the surface. The uncross-linked carboxylate group present
in ALG is responsible for the negative charge. Since cell surface mem-
branes are negatively charged, the positively charged nanoparticles cre-
ated a destructive effect which tend to increase the cytotoxicity [53,54].
Our particles being slightly negative, it avoided such toxic interactions.

Shape and the morphology of the nanoparticles were investigated
using TEM. From the TEM image (Fig. 2), it was observed that the nano-
particles exhibited a regular spherical shape with a mean size of
50–60 nm.

The FTIR spectrumof RIF, sodiumalginate, ALGnanoparticles andRIF
loaded ALG nanoparticles were given in Fig. 3. RIF shows characteristic
bands at 3445 cm−1 (-OH), 1752 cm−1 (furanone), 1620 cm−1

(amide near C_O), 1580 cm−1 (C=C) and 1490 cm−1 (amide close to
the C_C). In the spectrum of Na ALG, the peak at 3445 cm−1 assigned
to the stretching vibration of hydroxyl groups (O\\H). The peaks lo-
cated at1026 cm−1 assigned to stretching vibration of C\\O. Two char-
acteristic absorption bands at 1628 cm−1 and 1418 cm−1, which can be
assigned to the asymmetric and symmetric stretching of COO–, respec-
tively [55]. In ALG NPs, the bands corresponding to symmetric
stretching of –COO showed a higher wave number shift with decrease
in intensity. This higher wave number shift indicated the formation of
ionic bonds between divalent calcium ion and -COO- of ALG. As Ca2+
Fig. 3. FTIR of a) RIF b) Sodium ALG c) ALG nanoparticles d) RIF loaded ALG nanoparticles.
ions replace sodium ions in the alginate blocks, the charge density, the
radius and the atomic weight of the cations changed, thus creating a
new environment around the carbonyl group. In the region
1150–1000 cm−1,a lowerwave number shift was observed correspond-
ing to the weakening of C\\C and C\\O bonds [56]. In RIF loaded ALG
nanoparticles, the characteristic furanone peak at 1752 cm−1 is over-
lapped with –COO- peak of ALG giving a band at 1662 cm−1. These ob-
servations indicated that the incorporated drug has no chemical
interaction with the polymer [57].

In RIF loaded ALG NPs, all the characteristic bands of drug were ap-
peared. This indicated the chemical stability of RIF even after encapsula-
tion into the polymer matrix and proved the absence of chemical
interaction between RIF and polymer matrices.

XRD technique is utilized to analyze the nature of the drug in the car-
rier. XRD patterns of ALG nanoparticles, RIF and RIF loaded ALG nano-
particles were given in Fig. 4. The XRD pattern of RIF revealed its
crystalline character from the major peaks at 2θ = 13.65 and 14.35 re-
spectively [58]. Absence of sharp peaks in XRD of ALG nanoparticles
confirmed their amorphous state. The characteristic peaks of RIF were
not observed in RIF loaded ALG nanoparticles indicating that the drug
is dispersed molecularly in the polymer matrix and almost complete
amorphization of drug have occurred.

3.2. Swelling behaviour

The swelling behaviour of drug carrier affects themechanismand ki-
netics of drug release. The swelling of Ca - ALG NPs was examined in
simulated gastric fluid and intestinal fluid at room temperature as
shown in Fig. 5. ALG is the assembly of β-d-mannuronic acid (M) and
α -l-guluronic acid (G) units and can bind with divalent cations like
Ca2+, resulted in the formation of junction zones. This capacity makes
ALG reasonable for enhancingmechanical properties, water vapour bar-
rier and help to delay the release of drugs. From the figure it can be ob-
served that the ALG nanoparticles exhibit a pH dependant swelling
nature. This pH dependant swelling can be explained on the basis of
its pKa value. ALG nanoparticles exhibit constrained swelling conduct
at pH 1.2. It was found that if the pH value is less than the pKa of poly-
mer, then most of the COOH groups get protonated, and form physical
cross linking due to hydrogen bonding interaction between the
neighbouring –COOH groups. The pKa value of ALG is 3.5. Hence in
acidic medium (pH 1.2), the carboxylate groups of alginate were pro-
tonated and converted to insoluble alginic acid. There is a strong hydro-
gen bond interaction, which is responsible for the compact and
impermeable polymer network structure. The percentage swelling of
the nanoparticles was high in pH 7.4. At this pH which is above the
pKa value, all the carboxylate groups of ALG are ionized and it increases



Fig. 5. Swelling behaviour of ALG NP (a) pH 1.2 (b) pH 7.4.

Table 2
Kinetic parameters of the drug release from ALG NP.

Time K n R2

F1 F2 F3 F1 F2 F3 F1 F2 F3

0–2 h 1.319 1.301 1.317 0.41 0.40 0.42 0.989 0.986 0.981
2–4 h 1.551 1.56 1.553 0.55 0.54 0.57 0.982 0.992 0.993
4–6 h 1.328 1.322 1.34 0.42 0.41 0.41 0.995 0.994 0.980
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the electrostatic repulsion between ions. Moreover, an ion-exchange
process occurs between the Ca2+ ions present in the “egg-box” cavity
of poly guluronate blocks of ALG and Na+ ions of SIF, which enhances
electrostatic repulsions among negatively charged carboxyl groups.
Both the effects boost anionic density, increase the hydrophilicity of
polymer and causes pronounced swelling, lead to chain relaxation and
the gel swelling. These observations showed that ALG nanoparticles
swell slightly in the stomach (pH 1.2) and swell significantly when it
is transferred to the upper intestine (pH 7.4).

3.3. In vitro drug release and release kinetics

A pharmaceutical formulation intended to act in the intestine should
be protected in the gastric environment. It must be absorbed through
the gastrointestinal (GI) mucus layer and should maintain the thera-
peutic levels after reaching the targeting site. The degree of swelling de-
termines the rate of drug release. In vitro drug release studies were
performed in the fluids simulating the conditions of the GI tract for
2 h in SGF (pH 1.2) and 6 h in SIF (pH 7.4). From Fig. 6, it was found
that the amount of drug released in SGF at pH 1.2 was very low. Only
10–25% of drugs was released within 2 h (the time expected to remain
an orally administrated drug dosage form in the stomach). At this pH,
these nanoparticles were not swollen much, the negative –COO group
of calcium alginate protonated and acted as a diffusion barrier for the re-
lease of the drug. In vitro drug releasewas higher in the SIF compared to
the SGF. At pH 7.4 a rapid increase in the release ratewas observed up to
100% in 6 h. This increased release rate can be explained on the basis of
the high degree of swelling, which is due to the deprotonation of alginic
acid and ion exchange phenomenon. This pH dependant, sustained re-
lease of drug helps to maintain the concentration of RIF within thera-
peutic level and can avoid over dosage. The adhesive nature of ALG
Fig. 6. Cumulative RIF release.
extends the contact time within the intestine and improves the absorp-
tion of drug and enhances its bioavailability. It was observed that all the
three formulations possess almost same release pattern.

The drug-release kinetics for RIF from nano particle was analyzed
fitting the release data with the Korsmeyer–Peppas (Table 2). By plot-
ting ln Qt/Q∞ against ln t, get the value of the diffusion exponential
(n). Analysis of release mechanism using Korsmeyer-Peppas equation
analysis, prove that the system follows a Fickian transport mechanism
for thefirst 2 h (pH 1.2). Here release is fully controlled by diffusion pro-
cess. The value of n is found to be 0.54–0.57 for the time 2–4 h (pH 7.4).
This indicated an anomalous behaviour of kinetics corresponding to
coupled diffusion and swelling mechanism. The value of n changed to
0.41–0.42 for 4–6 h (pH 7.4). Here the drug release kinetics follow a
purely diffusion mechanism. This behaviour can be explained on the
basis of swelling characteristics of ALG NPs. On examining the swelling
behaviour, it is observed that swelling reached a maximum after 3 h.
Then drug was released from the fully swollen matrix by diffusion.
3.4. Evaluation of cell viability of ALG nanoparticles

For the fabrication and development of a drug delivery carrier, basic
information about its biological safety is essential. In vitro
Fig. 7. The cell viability of L929 cells treated with ALG nanoparticles.



Fig. 8.Morphology of the L929 cells (a) Control cells (b) cells incubatedwith 6.25 μg/ml ALGNP (c) 12.5 μg/ml ALGNP (d) 25.0 μg/ml ALGNP (e) 50.0 μg/ml ALGNP (f) 100.0 μg/ml ALGNP
(100×).
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biocompatibility tests, such as cytotoxicity determination, are usually
done to evaluate the biological safety of biomaterials [59]. In this
study, cell culture method was selected for the preliminary evaluation
of the biocompatibility of ALG NPs. The L929 mouse areolar/adipose fi-
broblasts was selected as target cell for this study since they were
easy to cultivate and recommended as reference cell line for the cyto-
toxicity testing of polymers [59,60]. Cytotoxicity of ALG NP in L929
mouse fibroblasts was monitored using the 3-(4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyl tetrazolium bromide (MTT) assay. This test is based
on the selective ability of viable cell to reduce MTT to non-water-
soluble violet formazan crystals. The amount of formazan generated
can be determined by spectrophotometrically and is directly propor-
tional to the number of living,metabolically active cells. Thus the results
of theMTT assay serve as an indicator ofmitochondrial function and can
use to evaluate themagnitude of cytotoxic effects of the sample. The re-
sults of theMTT assay, as an indicator ofmitochondrial function. The cell
viability was calculated as % of control cells. The viability of the cells was
100% for the control cells. Fig. 7 shows the percentage survival of L929
cells after exposure to the nanoparticles. L929 mouse fibroblasts are
large, spindle-shaped, adherent cells growing as a confluentmonolayer.
Changes in cell morphology after treatment with nanoparticles were
also used as indicators of cell survival by microscopic investigations.
From Fig. 8, it was found that cells treated with 100.0 μg/ml of ALG
NP, exhibited no significant differences from those of the control and
no damage could be detected suggesting nanoparticles possess excel-
lent biocompatibility.

3.5. Acute toxicity study of ALG NP

Investigation of the acute toxicity is the initial step in the toxicolog-
ical examination of a substance. It involves qualitative and quantitative
assessment of the toxic effects of a substance, and the evaluation of their
time-related occurrence after single administration. The level of the
acute toxicity is expressed as LD50. It is the statistically derived amount
of a substance that can be expected to cause death in 50% of the animals
when given by a specified route as a single dose and the animals ob-
served for a specified period of time. It provides useful pharmacologic
and toxicological information [61,62]. The acute oral toxicity study of
ALG NP in Wistar rats did not reveal any clinical signs, mortalities and
gross pathological changes due to toxicity. The LD50 value of ALG NPs
was found to be N2000 mg/kg. According to the globally harmonized
system, chemical having LD50 value N2000 mg/kg, dose will come
under “category 5”with toxicity rating “zero” [45]. Hence the developed
ALG NP can be used as a promising carrier for oral drug delivery
applications.

4. Conclusion

In the present study rapid, simple and green ionotropic gelationwas
proposed to prepare ALG nanoparticles. The probe sonication could ef-
fectively reduce the particle size suitable for drug delivery applications.
In vitro drug release studies confirmed that the developednanoparticles
showed the property of pH-dependent release for RIF, and it was able to
release most of RIF at pH value of 7.4. In vitro cytotoxicity assays re-
vealed that this formulation is non-toxic. The acute toxicity studies re-
vealed the absence of systemic toxicity and excellent safety after oral
administration of nanoparticles. This study demonstrated that the de-
veloped nanoparticles make suitable as a good delivery system for con-
trolled drug delivery applications.
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