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Abstract

Background The present study revealed the grafting of extracted oleo gum resin of Boswellia serrata with polyacryla-
mide by conventional method with a principle of radical polymerization by using potassium per sulfate/ascorbic acid
as redox initiator. A series of copolymer were synthesized using varying concentration of acrylamide at varying tem-
perature. The optimum ratio for grafting was selected (1:2.5), on the basis of percent grafting and grafting efficiency.
The grafted gum was further used as a nanocarrier to encapsulate cefuroxime axetil for their sustained release. Then,
the nanoparticles were further analyzed by FT-IR, scanning electron microscopy, and DLS. The encapsulation effi-
ciency (%), loading capacity (%) and drug content (%) was also calculated.

Result The optimized nanoparticles have shown spherical morphology with dimension of 209.4+20.46 nm

along with entrapment efficiency (62.47 +£4.23%), loading capacity (33.57 £3.01%) and drug content (89.35+6.47%).
The prepared nanoparticles had found to be more stable at 4 °C. The experiential results rationalize the effectiveness
of cefuroxime axetil-loaded boswellic acid nanoparticles owing to higher cellular uptake, nonstop intercellular drug
withholding and improved antiproliferative effect by initiating apoptosis.

Conclusion The significant anti-arthritic effect of developed nanoparticles may be endorsed due to its dimension,
encapsulation efficiency, and long-lasting drug release profile. Thus, the developed nanoparticles may assume to be

a hopeful formulation for rheumatoid arthritis, which requires further investigation and may recommend a novel track
to arthritis patients.
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Background
Rheumatoid arthritis (RA) is systemic autoimmune disar-
ray with symptoms of severe inflammation in joints and
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including monocytes, mast cells and a minute quantity
of adaptive immune cells like plasma cells, Th17, Thl
(T-helper type 1), and B cells, that are implicated in the
irritation. Moreover, the presence of large quantity of
neutrallizers against citrullinated proteins encourages the
discharge of accompaniment proteins that triggered the
inception of the inflammatory effect [5, 6].

The main aim of treatment is to produce beneficial
effects against joint pain, inflammation and tissue deform-
ities to restore life’s quality. The first-line drug therapies
against joint soreness, inflammation and puffiness include
NSAIDs, corticosteroids, and opioids. The goals of ther-
apy include evading of further joint damage and decline
in tissue deformity [7, 8]. The combination of grafted gum
of Boswellia serrata and cefuroxime axetil is assumed to
produce a synergistic effect against rheumatoid arthritis.

Cefuroxime axetil is 1-acetoxyethyl ester of a
B-lactamase stable cephalosporin. Cefuroxime has per-
vasive activity against Gram-negative and Gram-positive
microorganisms [9]. After absorption on oral use cefuro-
xime axetil is converted into cefuroxime on hydrolysis by
estrases enzyme in intestinal mucosa and portal blood.
Presence of the 1-acetoxyethylester group at position 4
of cefuroxime axetil leads to hydrophobicity and encour-
ages the intestinal absorption of cefuroxime hence, the
prodrug has shown meagre and erratic oral bioavailabil-
ity (30% in fasted and 50% in fed states) [10, 11]. Out of
crystalline and amorphous form of Cefuroxime axetil,
amorphous form has higher bioavailability due to its bet-
ter solubility [12]. Spray drying is the most successful
attempt to produce amorphous cefuroxime axetil from
a commercial point of view [13]. Nanoparticles are rec-
ognized to modify the dissolution rate and improved
the bioaccessibility of hydrophobic drugs by augmenting
the surface exposure for dissolution as described by the
Noyes-Whitney equation [14]. Nanoparticles-based drug
delivery is an auspicious proposal over traditional formu-
lation and they are expected to bring a beneficial revolu-
tion in the field of medicine. Normally for the synthesis of
nanoparticles synthetic material (metallic, non-metallic),
semi-synthetic polymers [15] are used but due to higher
immunogenicity, non-toxic nature, biodegradability and
higher stability in the G.I. tract natural gums can be used
as core material to encapsulate the drug [16].

Boswellia serrata, Roxburgh and other species of
Boswellia are the natural sources of oleo gum resin. It
is usually familiar as Indian frankincense or salai gug-
gal. It contains gum (30-36%), an acid resin (boswellic
acid) (56—-60%), volatile oil (3—8%) and a resene (oli-
banoresene). The gum fraction is about one-third of Oli-
banum [17]. This part is soluble in water and contains
polysaccharide and polymeric parts, whereas the resin
part is soluble in alcohol and terpenes. Abundant studies
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on the natal activity of B. serrata gum-resin extract have
revealed its efficacy against inflammatory diseases, such
as rheumatoid arthritis, osteoarthritis [18], inflammatory
bowel disease [19], cancer [20], asthma [21] and ulcera-
tive colitis [22]. Boswellic acid has shown its activity by
inhibiting enzyme 5-LOX [23] HLE [24], cathepsin G [25]
and microsomal prostaglandin E2 synthase [26]. Natu-
ral gums have ability to decrease interfacial tension; this
property of natural gum has shown application in stabi-
lization/reducing nanoparticles of synthetic materials
[27]. But here we consider gum as main nanocarrier for
delivery of drug. Gums have property to swell its internal
body act as core where the drug can be encapsulated.

Natural gums are polysaccharide in nature having differ-
ent functional groups like hydroxyl, carboxyl, sulfate and
amino. We can easily modify their properties and charac-
teristics by polymerization of monomer or by combining
these groups with different hydrophilic or hydrophobic
molecules to make a tailor-made drug delivery system. The
polymerization of monomer is called grafting [29].

The concept of grafting allows structural modifica-
tion on the polysaccharides, where monomers of other
polymers are covalently bonded onto the existing poly-
saccharide chain. It improves the structure—function
relationship of natural polysaccharides by imparting a
variety of functional groups onto the backbone of natu-
ral gum. A number of scientists have focused on natural
gum grafting by using polymer [29, 30].

The fusion of nanotechnology and natural gum cuddles
the concept of green chemistry. The green chemistry uti-
lized the principle that decreases production of perilous
substance in the proposal, manufacture and appliance of
nanometric formulation. The considerable research work
has seen on the resinous part of gum however, water sol-
uble polysaccharides part of the gum getting fewer atten-
tion [31]. So in this paper we focus on aqueous soluble
part. In this study, first we grafted the extracted gum with
acrylomide and then encapsulated cefuroxime auxetil in
their nanoparticles with aims to produce a synergistic
effect against rheumatoid arthritis and to reduce joint
pain, inflammation and tissue deformities.

Methods

Cefuroxime axetil was gifted by rachil pharma, talwar,
Punjab, India. Acrylamide, Methanol, DMF (CDH),
and Potassium per sulfate were purchased from Central
Drug House (P) Ltd, New Delhi, India. Ascorbic acid
and PBS were procured from Sigma-Aldrich, MO, USA.
Boswellia serrata gum purchased from local markets of
Rohtak, India. The murine macrophage cell line RAW
264.7 was received from the National Cell Repository of
National Center for Cell Science, Pune, India. All ingre-
dients used in study were of analytic quality.
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Preparation of acrylamide grafted extracted B. serrata gum
Boswellia serrata (oleo gum resin-raw sample) pow-
der (25gm) was added in 200 ml deionised water and
stirred at 800 rpm overnight at room temperature.
Then, this combination was centrifuged for 10 min at
1500 rpm and the supernate was collected. Thereafter,
the supernate was again centrifuged (Sigma ultracen-
trifuge 3-30KS; SciQuip Ltd., Germany) at 2500 rpm
for 10 min and successively at 10,000 rpm for 20 min,
and then filtered. Then, the filtrate was freeze-dried
to —80 °C and 0.25 torr for 24 h. Then, the freeze-
dried sample was deliquesced in 100 ml methanol and
stirred at 500 rpm for 12 h at room temperature and
placed for 1 h separately without disturbing. Then,
the observed precipitate was collected and dried in
oven at 50°C. This extracted gum was used further for
grafting [32].

Grafting of acrylamide on extracted Boswellia serrata
gum was done by conventional heat assisted method.
Known amount of powdered gum and acrylamide were
dissolved in 25 ml at temperature between 50 to 70 °C.
5 mg of ascorbic acid was added in the above solution.
After 10 min, 10 mg potassium per sulfate (KPS) was
added and retained the sample at same temperature
for 1 h. KPS promoted the main chain degradation and
lowered grafting percentage and acrylamide conver-
sion on further increase in concentration due to O,
formation. To complete grafting reaction, the sample
was kept undisturbed for 24 h. The observed gel like
mass was poured into 50 ml of acetone. The precipi-
tate formed were collected and dried at 50 °C in hot air
oven and used for further experiment [16, 33].

Different batches of formulation were designed to
evaluate their percent grafting and grafting efficiency.
The batches were prepared on the basis of increasing
value of the variables (i.e. increasing ratio and amount
of acrylamide from G1 to G5 and batch G6 and G7
were prepared with same ratio (1:1) and with differ-
ent temperatures than other batches to evaluate the
effect of temperature on percent grafting and grafting
efficiency. The batch of grafted gum having maximum
percent grafting and grafting efficiency was used to
prepare nanoparticles.

Total amount of drug — concentration of supernatant drug
X
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Evaluation of grafting efficiency

Percent grafting and grafting efficiency of different
batches were calculated by using following equations
[34]:

W1 — W,
Percent grafting = W1~ Wo) x 100
Wo
W1 — W
Grafting Efficiency (%) = (1W70) x 100
2

where W, is weight of gum, W, is weight of grafted
copolymer and W, is weight of acrylamide.

Preparation of cefuroxime axetil encapsulated grafted
Boswellia serrata nanoparticles

The nanoparticles of grafted oleo gum resin of B. ser-
rata containing cefuroxime axetil were formulated by
the solvent displacement technique. The batch of grafted
gum having maximum percent grafting and grafting effi-
ciency was used to prepare nanoparticles. It was stirred
in 45 ml of deionized water for 3 h. Cefuroxime axetil
(80 mg) was stirred in 5 ml of DMF for 3 h. The solution
was mixed with copolymer solution at 37°C. The mixture
was stocked in dark at 40°C for 24 h. The mixture was
lyophilized (Spscienmac) and centrifuge (Sigma ultra-
centrifuge 3-30KS; SciQuip Ltd., Germany) with water at
10,000 rpm. The pellet was again freeze dried and dried
material was collected and analyzed by high-perfor-
mance liquid chromatography (HPLC) (Agilent technolo-
gies 1200 series, Germany) [35].

Characterization of nanoparticles

Entrapment efficiency, drug content and loading capacity
Entrapment efficiency and drug content in formulation
were quantitatively determined after breaking of the pre-
pared nanoparticles with alcohol followed by sonication
for 10 min. The supernatant was properly mixed by using
magnetic stirrer and then 5 ml of supernatant was taken
and filtered. The content of the drug was analyzed using
HPLC (1200 series, Agilent Technologies, Germany).
The analysis of sample was performed in triplicate. The
sample was introduced by a microsyringe and exam-
ined at 281 nm [36]. The drug loading, drug content and
encapsulation efficiency were calculated with following
formulas:

100

Entrapment efficiency (%) =

Amount of drug entrapped

Total amount of drug added

Drug content (%) =

x 100

Amount of nanoformulation taken
Total drug — Free drug

x 100

Loading Capacity (%)

Lipid Content (Grafted gum)
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FT-IR spectral analysis

The FT-IR spectra of aqueous extracted gum and acryla-
mide grafted gum of Boswellia serrata, cefuroxime axetil
encapsulated in nanoparticles composed of grafted gum
of Boswellia serrata were recorded on FT-IR spectro-
photometer (FT-IR-Alpha Bruker 1206 0280, Germany)
by KBr disc method [36]. The samples were mulled with
dried KBr powder and compressed into a compact disc.
The sample scanned at a resolution of 4 cm™ from 400 to
4000 cm ™! after positioned the sample in sample holder.

Scanning electron microscope (SEM)

Sample of extracted gum, grafted gum and nanoparticles
was prepared on double sided carbon tape and mounted
on to the stub and then fine coat ion sputter is used to
make a fine coating of gold palladium alloy (150-200A).
The sample was analyzed under the scanning electron
microscope (Jeol 6000) to study external morphology of
particles [37].

Dynamic light scattering

The zetasizer nano series Nano-ZS90 (Malvern Instru-
ments, Malvern, UK) equipped with the hydro dispersing
unit was used to determine the dimension and the size
distribution of extracted gum, grafted gum, cefuroxime
axetil encapsulated nanoparticles. All samples were pre-
pared in water in concentration 0.3 mg/ml. The sample
was poured in a polystyrene cuvette of hydro dispens-
ing unit and observed at 25 °C with 10 runs in 50 s. After
scanning, the mean diameter was reported [38].

In-vitro drug release

In-vitro release of cefuroxime axetil loaded nanoparticles
composed of acrylomide grafted gum of Boswellia ser-
rata (CA-NGG) were estimated via the dialysis bag dif-
fusion technique at gastric pH 1.2 and phosphate buffer
pH 6.8. A preset quantity of CA-NGG (100 mg) was relo-
cated to dialysis membrane (Himedia, Mumbai, India)
(specification: average flat width=32.34 mm, average
diameter=21.5 mm, capacity=3.63 ml/cm?, molecu-
lar weight cut-off=12,000 Da) bag and sealed both ends
of bag. The United State Pharmacopoeia (USP) dissolu-
tion apparatus II (Lab India DS 8000, Mumbai, India)
was used to conduct in-vitro release studies. The dialysis
bag containing CA-NGG was positioned in the dissolu-
tion medium sustained at 37 °C+ 0.5 °C. Then, the sample
was withdrawn at preset intervals (0.5, 1, 2, 4, 6, 8, 12, 18,
24 h), and replaced with fresh media. The samples were
analyzed by HPLC at 281 nm in triplicate [39].

In-vitro cell line study
Cellular intake assay To evaluate the cellular intake
efficiency of GG and CA-NGG, the non-polar infrared
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fluorescent dye DiD was entrapped in GG and CA-NGG.
RAW 264.7 cells were sowed in 12-well plates (1x10°
cells per well) for a day and divided in two groups i.e. pre-
treated or not pre-treated. They were treated with lipopol-
ysaccharide (2 pg/ml) for 4 h and washed with phosphate
buffer saline thrice. Then, the cells were gestated with GG/
DiD and CA-NGG/DiD (an equivalent dose of 0.5 pg/ml
of DiD) for an additional 0.5 h and 2 h. Then, the cells
were washed thrice with fresh phosphate buffer saline
after removing the medium and then again harvested. The
extent of fluorescence due to DiD in the cells was ana-
lyzed by flow cytometry (BD FACSCelesta, San Jose, CA).
To determine the uptake of lipopolysaccharide-activated
RAW 264.7 cells qualitatively, the cells were sowed in
glass bottom dishes (2x 10* cells per dish) and activated
with lipopolysaccharide as explained previously. The cells
were kept in 4% paraformaldehyde for 20 min, after being
incubated with GG/DiD and CA-NGG/DiD for 0.5 and
2 h. Then, the cells were stained with DAPI for 5 min.
The samples were then studied by laser scanning confocal
microscopy (LSCM, LSM 800, Zeiss, Oberkochen, Ger-
many) [40, 41]. The cellular intake was expressed as the
amount (ng) of the CA-NGG and GG allied with a unit
weight (mg) of cellular protein.

Cytotoxicity studies The cytotoxicity of GG and CA-
NGG was examined using RAW 264.7 cells. The medium
to harvest cell was consisted of 10% fetal bovine serum
(FBS) and 90% Dulbecco’s modified eagle’s medium
(DMEM). The MTT test was selected to study cell cyto-
toxicity. The hemocytometer and the trypan blue exclu-
sion method were used to find out the number of viable
cells in the cell suspension. For test, the cells (5x 10 cells/
well) were seeded in each well of a 96-well culture plate
for 1 day in an incubator at 37 °C with 5% CO, saturated
humidity. On the subsequent day, the medium was sub-
stituted with suspension of GG and CA-NGG prepared
in 10 ml of DMEM medium in different concentrations
like 50, 100, 150, 250, 500, and 750 nM. After 2 days, the
medium containing suspensions was removed and then
the MTT test was performed after washing with phos-
phate buffer saline. The cell viability was assessed at
570 nm with a reference wavelength of 630 nm using an
ELISA microplate reader (Biotek, Winooski, VT) in trip-
licate, and the results were reported as the means+ SDs
[42].

Influence on generation of TNF-a This study helped
to determine how GG and CA-NGG influenced RAW
264.7 cells capability to produce TNF-a (obtained from
the blood of mouse). Complement media for cells con-
tained DMEM + 2 mM glutamine + 10% phosphate buffer
saline. A sandwich ELISA kit was utilized to estimate the
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quantity of TNF-a produced in cell lysates. The cells were
sowed in 24 well plates at a density of 2 x 10° cells per well,
then nurtured with GG and CA-NGG for 2 h. Lipopoly-
saccharide (1 pg/ml) was used to activate the cells for 24 h
and then the absorbance was recorded at 450 nm on an
ELISA microplate reader (Biotek, Winooski, VT, USA) in
thrice, and the data were reported as a mean + SD [43].

Stability studies

For 3 months, CA-NGG formulations were stocked
under different conditions like at cool temperature
(4+2 °C), room temperature (25+2 °C), and acceler-
ated temperature (45+2 °C) to evaluate their stability.
Entrapment efficiency (EE), particle size (PS), and physi-
cal appearance were estimated at interval of 1 month
for 3 months to confirm the alterations in physical and
chemical properties of formulation [44].

Results

Preparation and characterization of Acrylamide grafted
Boswellia serrata gum

Grafting efficiency

Boswellia serrata gum (Olibanum gum) extracted from
Boswellia serrata. The grafting gum was synthesized
using a different acrylamide concentration (Table 1). The
results evidenced that the percent grafting increased with
increase in acrylamide concentration and the percent
grafting efficiency was also enhanced with rise in tem-
perature. Batch G5 was selected as optimum to prepare
nanoparticles on the basis of maximum percent grafting
and grafting efficiency.

Entrapment efficiency, drug content and loading capacity
Entrapment efficiency, drug content and loading capacity
of nanoparticles prepared by using composition of batch
G5 are shown in Table 2.

FT-IR spectral analysis
The FT-IR spectra of extracted gum, acrylamide grafted
gum and optimized formulation were shown in Fig. 1. In

Table 1 Percent grafting and grafting efficiency of different batches
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Table 2 Entrapment efficiency, drug content and loading
capacity of cefuroxime axetil encapsulated nanoparticles
composed of acrylomide grafted gum of Boswellia serrata (Batch
G5)

S.no. Parameters Values

1 Entrapment efficiency (%) 6247 +4.23

2 Loading capacity (%) 33574301

3 Drug content (%) 89.35+6.47

4 Particle size (nm) 209.4+20.46

FT-IR spectrum of acrylamide grafted gum of Boswellia
serrata, a pointed intense peak at 1646 cm™! with a min-
iature band and a peak at 1601 cm ™! depicted the N-H
in-plane bending of -CONH,, group and C=0 stretching
of amide I band, respectively, that confirm the copoly-
merization of extracted gum with acrylamide. The small
peaks at 1418 cm™! and 1391.2 cm ™! demonstrated N-H
bending and C-N stretching indicated the grafting of
copolymerization of acrylamide on gum of Boswellia ser-
rata. The peak at 3338 cm™! and 3186.3 cm™! showed
shifting of peaks of gum evidenced some bond formation
on gum structure.

Morphological characterization

The images depicted the spherical shape and smooth
morphology of nanoparticles having dimension in nano-
range (Fig. 2). SEM image of aqueous extracted gum has
shown the rough morphology of gum that indicated its
porous structure.

Dynamic light scattering

Dynamic light scattering analyses have shown the diame-
ter of about 327 nm in aqueous extracted Boswellia gum.
The intensity of the peak was 83.5%. The DLS analysis
of copolymer found approx. 259.3 nm and intensity was
91.9%. DLS of the nanoparticles was found near 209 nm
and intensity of peak 92%. PDI 0.641 revealed the mono-
dispersive nature of particles.

Batch  Ratio (G:A)  Temperature Gum (mg)  Acrylamide (mg)  Ascorbic KPS (mg) % Grafting  Grafting efficiency (%)
{Q) acid (mg)

G1 1:05 70 400 200 5 20 16 32+0.85

G2 11 70 400 400 5 20 63.7 63.7+143

G3 1:1.5 70 400 600 5 20 102.9 68.6+0.98

G4 1:2 70 400 800 5 20 142.8 714+1.23

G5 1:2.5 70 400 1000 5 20 183.7 73.5£1.18

G6 1:1 50 400 400 5 20 30 302+0.7

G7 1:1 60 400 400 5 20 56.05 56+04

Boldface depicted the optimum batch, that we selected for for further experiment
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In-vitro drug release

In-vitro drug release of CA-NGG was estimated by the
dialysis bag diffusion technique. Optimum batch of CA-
NGG contain gum and acrylomide in ratio 1:2.5. The
average of % cumulative drug discharge of optimum
batches was found to be 88.77 +3.024% and 59.47 +3.17%
in phosphate buffer pH 6.8 and in gastric pH 1.2 respec-
tively after 24 h (Fig. 3).

The results from release kinetics demonstrated that
the drug followed Higuchi dispersion model to dis-
charge from the nanoparticles having value of relapse
coefficient (0.994). The values of correlation coefficient
for zero order, first order, Higuchi’s release model, and
Korsemeyer-Peppas’s model were found as 0.982, 0.984,
0.994, and 0.969, respectively. The value of diffusion
exponent ‘n’ of the Korsmeyer-Peppas equation was 0.85
(0.5<n<0.8) which demonstrated incoherent diffusion
or Non-Fickian diffusion mechanism for drug liberation
(36, 39].
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Cellular uptake and anti-inflammatory competence

of nanoformulations of acrylamide grafted gum

of Boswellia serrata

The level of grafted gum (GG) and CA-NGG on LPS-
activated cells was investigated by using an immunofluo-
rescent stain. The outcomes of flow cytometry and LSCM
depicted that the uptake of both GG/DiD and CA-NGG/
DiD is augmented in a time-dependent manner both by
normal RAW 264.7 cells (LPS-) and LPS-activated RAW
264.7 cells (LPS+) (Fig. 4). Distinctively, the fluores-
cence intensity of CA-NGG/DiD 2.9 times higher after
120 min than that of GG/DiD and was 2.1 times higher
at 30 min when RAW 264.7 cells were activated with LPS.
The results depicted that in macrophages activated cells,
the cellular uptake efficiency of CA-NGG/DiD was bet-
ter than that of GG/DiD at the selected time intervals
due to the specific interaction between acrylomide and
extracted gum [45].

S$-4300 WD14.8mm 5.0kV x70k 500nm

Fig. 2 SEM images of a extracted gum, b acrylamide grafted gum, ¢, d cefuroxime axetil encapsulated grafted Boswellia serrata nanoparticles
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Fig. 3 Cumulative drug release of cefuroxime axetil from nanoformulations of acrylamide grafted gum of Boswellia serrata

Influence on TNF-a generation

TNF-a is vital for the development and intensification
of fibroblasts and for the initiation of pro-inflammatory
intermediates in pathogenesis of rheumatoid arthritis.
As a consequence, it persuades synovitis and initiates
the damage of cartilage and bone. CA-NGG treatment
declined the TNF-a production of RAW 264.7 cells sig-
nificantly than free GG. The outcome recommended
that the anti-arthritic characteristics of the CA-NGG
restrained the generation of inflammatory cytokines like
TNF-a. Decreased production of TNF-a is allied with
less cartilage damage and inflammation, which can arrest
the progress of arthritis.

Cytotoxicity study

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) assay was used to assess the cell
viability of the macrophage cell line RAW 264.7 against

GG and CA-NGG. The cell viability of RAW 264.7 cells
in variable amounts of GG and CA-NGG was found to be
95.79% to 34.21% (Fig. 5). The outcomes depicted that the
possibility of RAW 264.7 cells declined in direct propor-
tion to the quantity of GG and CA-NGG.

Stability studies

To confirm the stability of CA-NGG, the stability stud-
ies of the nanoformulation were performed at 4 °C, 25 °C
and 45 °C for 3 months (Table 3). The entrapment effi-
ciency and particle size altered drastically during stor-
age at 25 °C and 45 °C. The probable mechanism for this
alteration will be the polymorphic conversion of cefuro-
xime axetil. No major change in dimension and entrap-
ment efficiency was noticed at 4 °C. This indicates that
CA-NGG nanoformulation was found to be more stable
at4°C.
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Fig. 4 Cellular uptake of nanoformulations of acrylamide grafted gum of Boswellia serrata on LPS-stimulated cells by immunofluorescence staining

Discussions

The grafting gum was synthesized using a different
acrylamide concentration and on the basis of maxi-
mum percent grafting and grafting efficiency batch G5
was selected for further studies. Compatibility between
drug and acrylamide grafted gum was estimated using
FT-IR spectroscopy. The occurrence of diverse func-
tional groups and bandwidth were analyzed to exam-
ine even minor amendments in the arrangement. The
peaks in FT-IR spectra were revealed that the aqueous
extracted gum from Boswellia serrata oleo gum resin
did not have any peak of methoxy group. FT-IR of nan-
oparticles showed that the drug was encapsulated in
copolymer. Neither shifting/overlapping of functional
peaks nor significant new peaks were noticed in case
of optimized nanoformulation in contrast to the spec-
trum of the pure drug and acrylamide grafted gum of
Boswellia serrata. The outcomes evidenced the stability

of drug during encapsulation and did not designate any
interaction between drug and acrylamide grafted gum
of Boswellia serrata. Bairwa and Jachak, developed a
poly-DL-lactide-co-glycolide-based nanoparticle for-
mulation of KBA (11-keto-b-boswellic acid) to improve
its oral bioavailability and in-vivo anti-inflammatory
activity and confirmed their results [46]. Soumya et al.
prepared guar gum nanoparticles by cross-linking and
nanoprecipitation method to be used as carriers for
different formulations [47].The SEM images of grafted
gum and copolymer were depicted their smoother,
less porous and uniform surface than extracted gum.
The results from DLS demonstrated that the size of
the copolymer was decreased as compared to aqueous
extracted gum. The nanoparticles have shown higher
cumulative release of cefuroxime axetil in phosphate
buffer pH 6.8 than acidic pH after 1 day and follow a
persistent discharge prototype. The release kinetics



Rani et al. Future Journal of Pharmaceutical Sciences (2023) 9:96

120 1

100 A

Cell Viability

Page 10 of 13

B GG/DiD(+LPS)
u CA-NGG/DiD(+LPS)

Dose (nM)

80 A
60 - '|'
40 A
20 A
0 50 100 150 250 500 750

Fig. 5 Cytotoxicity study of GG and CA-NGG in LPS-stimulated RAW 264.7 cells

studies demonstrated that the drug follow Non-Fickian
diffusion mechanism to liberate from the nanoparti-
cles. The nanoformulations were found to be more sta-
ble at 4 °C. Farooq et al. prepared microgels using gum
Arabic by reverse micellization method and evaluated
their efficacy and compatibility with blood [48]. Aamir
et al. prepared gum arabic-based spherical micro-
gels by reverse micellization method and observed the
yield of about 79% in 5-50 pum size range [49]. LSCM
and flow cytometry were used to evaluate the cellular
uptake efficiency of the grafted gum (GG) and nanopar-
ticles (CA-NGG) by RAW 264.7 cells. DiD was used as
a luminescent probe. The results depicted that in mac-
rophages activated cells, the cellular uptake efficiency
of CA-NGG/DiD was better than that of GG/DiD due
to the specific interaction between acrylomide and
extracted gum. CA-NGG restrained the generation of
TNF-a. Decreased production of TNF-a is allied with
less cartilage damage and inflammation, which can
arrest the progress of arthritis. The viability of RAW
264.7 cells were declined in direct proportion to the

quantity of GG and CA-NGG. Thus, the higher dose of
nanoformulations induced much cell cytotoxicity than
free GG.

Conclusions

In the present study, we grafted acrylamide on
extracted gum of Boswellia serrata and encapsulated
cefuroxime auxetil drug in acrylamide grafted Boswellia
serrata gum nanoparticles by the solvent displacement
technique. The optimized nanoparticles formulations
were found to have synergistic effects in the treatment
of asthma, sinusitis and bronchitis, as well as lung-
throat issues with coughing and wheezing. The grafting
efficiency was increased with the elevation in acryla-
mide amount as well as temperature. The nanoparticles
have shown good entrapment efficiency, drug content
and loading capacity. The acrylamide grafted nanopar-
ticles give a good prospective for sustained drug deliv-
ery preparation as it offered protective covering to the
entrapped materials against the chemical alterations.
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Nanoparticles were found to be stable at 4 °C. The for-
mulations have modified pharmacokinetics profile as it
alleviated systemic side effects and improves the thera-
peutic efficacy. Thus, the formulated cefuroxime auxetil
loaded Boswellia serrata gum nanoparticles can be sug-
gested as an appropriate drug carrier for efficient drug
targeting.
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