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Abstract: Controlled release is of vital relevance for many drugs; thus, there is a keen interest in materials that can improve the release profiles of formulations

administered via buccal, transdermal, ophthalmic, vaginal, and nasal. The desirable effects of those materials include the improvement of stability, adhesiveness,
solubility, and retention time. Hence, different synthetic and natural polymers are utilized to achieve these objectives. In this respect, xanthan gum is an anionic
polysaccharide that can be obtained from Xanthomonas bacteria. It is a natural polymer broadly employed in numerous food products, lotions, shampoos, and der-
matological articles. Furthermore, due to its physicochemical features, xanthan gum is growingly utilized for the development and improvement of drug delivery
systems. In this regard, encouraging findings have been revealed by recent formulations for pharmaceutical applications, including antiviral carriers, antibacterial
transporters, transdermal patches, vaginal formulations, and anticancer medications. In this article, we perform a concise description of the chemical properties of
xanthan gum and its role as a modifier of drug release. Furthermore, we present an outlook of the state of the art of research focused on the utilization of xanthan
gum in varied pharmaceutical formulations, which include tablets, films, hydrogels, and nanoformulations. Finally, we discuss some perspectives about the use of

xanthan gum in these formulations.

\Ifey words: Xanthan gum; Drug release; Natural polymers; Controlled release; Drug delivery systems. j
Introduction able, non-immunogenic, with low toxicity, and inex-
pensive. Therefore, natural polymers are often chosen
Currently, the sustained release is a central con- because they generally put together these properties;
cern for many drug delivery systems, including those moreover, they are usually easy to obtain from plants,
for buccal, transdermal, ophthalmic, vaginal, and nasal animals, and microorganisms, which are usually abun-
administration (1). Many medications need to possess dant in nature (7).
an extended-release profile to exert efficacious thera- In this regard, xanthan gum is a polymer naturally
peutic effects (2-5). Thus, there is an increasing inter- produced by various types of Xanthomonas bacteria,
est in compounds that can enhance these release profiles including X. campestris, X. phaseoli, X. arboricola,
through the improvement of stability, adhesiveness, Xovasculorium, X. gummisudans, X. fragaria, X. citri,
solubility, and retention time. and X. axonopodis (8). Although its industrial produc-
In order to accomplish this goal, different complexes tion is through of X. campestris, mainly (9).
have been investigated for the fabrication of controlled Xanthan gum is an anionic polysaccharide approved
release formulations, including natural and synthetic by the FDA in 1969 as a safe polymer, and it is fre-
polymers (6). However, those polymers must gather quently employed for technological and industrial ap-
specific attributes, such as be biocompatible, biodegrad- plications due to its properties (10). For example, it is
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widely used as a stabilizer and thickener in a plethora of
food products (11). Likewise, xanthan gum is utilized
for the manufacturing of shampoos, lotions, and der-
matological products (10), as well as in the petroleum
industry (12,13), and tissue engineering (7).

Furthermore, xanthan gum can be used in controlled
drug-release systems (6). Consequently, in recent years,
this polymer has been extensively explored for a sub-
stantial number of biomedical and pharmaceutical pur-
poses. In this respect, a variety of xanthan gum-based
formulations demonstrated promising results for nu-
merous applications, including periodontal diseases
(14), antiviral carriers (15), antibacterial carriers (16),
transdermal patches (17), vaginal delivery (18), antican-
cer drugs (19), controlled-release tablets (20), and hy-
drogels for the administration of various drugs (21-25).

Here, we present an overview of the chemical prop-
erties of xanthan gum and its role as a modifier of drug
release. Moreover, we perform a concise description of
current research focused on the utilization of xanthan
gum in diverse pharmaceutical formulations, including
tablets, films, hydrogels, and nanoformulations. Finally,
we discuss some perspectives about the use of xanthan
gum in future formulations.

Xanthan gum chemistry

The Xanthan gum has a primary structure constitut-
ed by a cellulose-like backbone (3 — 1) linked to a side
chain of a-D-mannose-(2 — 1)-B-D-glucuronic acid-
(4 — 1)-B-D-mannose (Figure 1). In this regard, the
constituent elements generally exist in a molar ratio of
2.8:2.0:2.0 for D-glucose, D-mannose, and D-glucuron-
ic acid, respectively (26,27). Moreover, the xanthan
gum can exist as a single, double, or triple helix (26).

The FDA approved xanthan gum as a safe polymer
in the food industry in 1969; thus, the xanthan prod-
ucts can be found in four grades: crude, industrial, food,
and medical auxiliary (28). Despite its high molecular
weight (regularly between 2 x 106 to 20 x 10° Da), the
xanthan gum is soluble in cold and hot water, and etha-
nol, but in this case, intense stirring is needed for dis-
miss agglomeration. Xanthan gum is identified based on
the formation of a firm rubbery gel when a hot aqueous
solution of a mixture of xanthan gum and carob bean
gum (0.5% w/v each) is cooled below 40°C. The molec-
ular stiffness of xanthan gum induces an extended con-
formation of the molecules in solution, obtaining high
viscosity solutions compared with other polysaccharide
solutions (26,27,29-31).
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Figure 1. Chemical structure of xanthan gum.

Xanthan gum solutions have non-Newtonian fluid
properties and high pseudoplastic behavior, decreasing
its viscosity with the increase in shear rate from 0.01-
100 Hz at 25 °C in a 0.6% solution. Nevertheless, the
content and distribution of acyl groups in the molecular
chain could affect the rheological behavior. In this re-
gard, there are six units of the pyruvate and acetyl ones
in natural xanthan. The pyruvate molecules could desta-
bilize the helical conformation, whereas a high pyruvate
presence increases the viscosity (27,29,32).

On the other hand, the conformational transition
temperature (T ) is one of the main evaluation index-
es of xanthan products; this temperature describes the
dramatic modulus changes in the polymer. The time/
temperature superposition principle is applied over all
the temperature range for shear and elongation mea-
surements to compare the structural changes induced by
the transition (33). The T  can be determined through in
situ heating (25-80 °C) and cooling (80-25 °C) at a rate
of 3 °C/min, as previously reported by Wu Ma et al. The
increase in temperature promotes a structural change
in xanthan gum from a double helix to a single helix
conformation, followed by a disordered coil structure
(27,29). These conformational transitions depend on the
ionic strength and pH, as well as the structural features,
such as the pyruvic and acetic acid content. Likewise,
other measurements as optical rotation, calorimetry, and
circular dichroism support the coincidence between the
viscosity and the conformational changes (34).

The molecular properties of the xanthan gum pro-
vide higher stability against degradation or hydrolysis
than other polysaccharides, which allow the application
of heating (in processes such as sterilization), as well as
a wide range of pH values (30). These properties make
xanthan gum suitable for the production of drug deliv-
ery systems. For example, Mikac et al. evaluated the
release of pentoxifylline tablets or gel, by magnetic res-
onance imaging (MRI) assay. The authors found some
changes in the xanthan gum molecular conformation at
physiological conditions, reporting that the pH and the
ionic strength quickly influenced the structure and the
drug release kinetic (10,35).

Besides its desirable physicochemical properties,
the xanthan gum possesses high biocompatibility, low
toxicity, and immunological properties. Thus, it can be
blended with other polysaccharides to take advantage
of its attributes. For example, Da-Lozzo et al. mixed
xanthan gum with galactomannan to form a hydrogel.
This hydrogel exhibited excellent biocompatibility after
the implantation in an angiogenic model (avian chorio-
allantoic membrane extra-embryonic), indicated for no
neovascularization or fibrosis (36). Moreover, due to
its low toxicity, xanthan gum is widely employed as a
complement in several products, including infant for-
mulas (31).

On the other hand, in recent years, the attention in
xanthan gum increased because some research groups
reported an antioxidant activity against the effect of hy-
droxyl radical (OH) on tissues (27). Similarly, Kang et
al. investigated the "OH scavenging effects of xanthan
gum products obtained from Xanthomonas campestris
supplemented with furfural, the systems with the lowest
level of furfural (1 g/L) exposed the maximum scav-
enging activity. Nevertheless, reducing potential has no
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difference (37). In this regard, although the presence of
glucose and mannose in the xanthan gum suggests this
antioxidant feature (38), Kang et al. indicated that the
amounts of pyruvate, acetyl, and glucuronic acid are re-
sponsible for modifying the scavenging ability of -OH
in the xanthan gum (37).

Therefore, xanthan gum has suitable characteristics
to be applied as a drug delivery system in a wide vari-
ety of presentations such as tables, films, hydrogels, or
nanoformulations.

Matrix tablets

The use of xanthan gum as a matrix-forming poly-
mer in sustained-release tablets started in the early
90s of the last century, prompted by the incorporation
of natural/food grade alternatives of polymers in drug
delivery (39—41). Aqueous dispersions of xanthan gum
have shown tolerance to high concentrations of electro-
lytes, being the viscosity virtually independent of pH
and temperature (39,42). Thus, these characteristics
render xanthan gum an ideal and competitive excipient
(frequently compared with hydroxypropyl methylcel-
lulose) for the formulation of hydrophilic matrix drug
delivery systems.

Due to the hydrophilic nature of xanthan gum, most
of the model drugs incorporated in the matrix are highly
soluble, limiting the incorporation of hydrophobic drugs
at high concentrations (43). The drug release mecha-
nism from the xanthan gum-based matrix depends on
the drug solubility. In this regard, for insoluble drugs,
the release mechanism is typically associated with
swelling and matrix erosion, while the soluble drugs are
released via a diffusion mechanism (40,44). However,
Mikac et al. performed a complete study to evaluate the
influence of high drug loading (high solubility), pH,
and ionic strength on swelling and release in xanthan
matrix tablets. The authors found that those factors did
not modify the swelling behavior. In water and diluted
acid medium with low ionic strength, the main release
mechanism was by erosion. In contrast, in acidic media
(pH 1.2, p > 0.20 M), anomalous transport dominates
owing to changes in the polymer structure (45).

The slow-release presented in highly soluble drugs
is mediated by the formation of a thick gel structure
(swell state) that delays drug release from the matrix
tablet, where hydration of individual xanthan gum par-
ticles results in extensive swelling that decelerates the
rate of release (40,46). Also, it is crucial to know the
mass transfer mechanism of the drug from the matrix,
mediated by the nature of the polymer. For the xanthan
gum matrix, the majority of drugs are transported by
Case I diffusion, which is characterized by linear kinet-
ics (zero-order) and a sharp diffusion front; it occurs in
polymer penetrant systems in which the penetrant sub-
stantially swells the polymer. In zero-order release, the
drug is released at a constant rate, which is the goal of
all controlled-release drug delivery.

Xanthan gum matrix can be easily manufactured by
conventional processes, such as direct compression or
wet granulation; the method does not influence the re-
lease rate profile of the drug. On the other hand, the ad-
dition of water-soluble (e.g. Lactose) or water-insoluble
excipients (e.g. dicalcium phosphate, magnesium stea-

rate) could modify the porosity, swelling capacity, and
release behavior of the xanthan gum hydrogels.
Recently, one study analyzed the blend of xanthan
gum with other natural polymers to produce a matrix
with better mechanical properties without detriments
in drug release attributes. Xanthan gum in concentra-
tions about 30-40 % tends to produce hard tablets and
extends the time of release, while at low concentrations
(10-20%), the mechanical strength lacks, and the matrix
erosion is fast at the surface (burst effect) (20). Xanthan
gum blended with other polymers seems to resolve part
of the problems. Table 1 summarizes some characteris-
tics of matrix based on xanthan gum and combinations.

Films

Besides the tablets, films based on xanthan gum have
been extensively studied and applied. The use of films
as a dosage form has a variety of possibilities of ap-
plications (buccal, oral, sublingual, ocular, transdermal,
etc.) due to their versatility. Usually, a drug delivery
film is a thin and flexible polymeric layer that could
or not include a plasticizer. These characteristics make
them less obstructive for the patient, resulting in a more
acceptable form of administration (56,57).

Therefore, xanthan gum films have been applied as
a platform for different drugs and nanoformulations.
In this regard, Huang et al. developed a xanthan-based
film enriched with citric acid and silver nanoparticles
(AgNPs) to evaluate its effectivity in infection preven-
tion during the wound healing process. The microstruc-
ture of the films and the identification of AgNPs were
analyzed by microscopy. The films displayed a porous
structure (pore size ~100 pm), finding the nanoparticles
well-dispersed all over the film, without agglomera-
tions. The authors reported that the film's biocompat-
ibility depended on the AgNPs concentration, being 10
pl the maximum content of nanoparticles to result non-
toxic. However, the AgNPs were released from the xan-
than film in a gradual way, increasing the action time,
and preventing the cytotoxic effects of silver in dermal
cells. Besides, the efficacy of the film was evaluated in
an infected wound model, exhibiting a higher healing
rate compared with gauze or film AgNPs-free condi-
tions (58).

In the same way, the release of nicotine from xan-
than gum films was studied (59). The drug delivery
profile showed that, after 10 hours, 98% of nicotine
was released from the xanthan gum film; in contrast,
the control film (Carbopol) allowed the release of only
39% of the drug. This behavior is related to the high
interaction between Carbopol and nicotine, restricting
the drug release, and even the swelling capacity. Fur-
thermore, the adhesive properties of the xanthan gum
film (0.10 = 0.08 mm of thickness) were evaluated and
compared with the Carbopol film (0.14 + 0.08 mm of
thickness), revealing that the Carbopol film presented a
higher adhesion. Similarly, films of xanthan gum have
been employed in the zolmitriptan delivery as a buccal
mucoadhesive patch (60). These patches were elaborat-
ed with the gum and polyvinyl alcohol (PVA), variating
the concentrations of both to obtain different properties.
The characterization of the films was carried out through
several techniques such as swelling index, drug release,
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Table 1. Matrix-based on xanthan gum and combinations.

% of Xanthan

Matrix preparation

Drug (s) gum method Other excipients Release mechanism Ref
é;f(zankl;:r(l)irr):;?;le Lactose, magnesium Soluble drugs:

P 5-19 Direct compression - Mag diffusion; insoluble  (40)
maleate, stearate drues: erosion
Theophylline £

. . Lactose, PVP,
Caffeine 4-33 Wet gram’llatlon and direct microcrystalline n.d. (39)
compression
cellulose
Caffeine and
indomethacin (base n.d. Direct compression None Diffusion (Case II) (41)
and salt)
Pentoxifylline 3-30 Direct compression Lactose, magnesium n.d. 47)
stearate
. Anomalous
Magnesium stearate, diffusion mechanism
Lamivudine 30-50 Direct compression talc, microcrystalline o (48)
or diffusion coupled
cellulose . .
with erosion
Isosorblde-S 14 - 38 Direct compression Ce':llulose . n.d. (49)
mononitrate microcrystalline
Propranolol . L o
hydrochloride 27— 82 Wet granulation Lactose Fickian diffusion (50)
Propranolol . . Lactose, magnesium e
hydrochloride 26 -78 Direct compression stearate Diffusion (46)
Magnesium stearate,
Cefixime trihydrate 8-20 Direct compression talc, microcrystalline  Diffusion (51)
cellulose
Propranololl . . Mggnesmm s.tearate, Diffusion with
hydrochloride, 24 Direct compression microcrystalline . (52)
. . erosion
sodium diclofenac cellulose
Pentoxifylline 50-175 Direct compression n.d. Diffusion (45)
Fickian diffusion
Sodium diclofenac, rcnzﬂfev;]ifrliln;earate
metformin 12.5-50 Direct compression ag . ’ (53)
. microcrystalline
hydrochloride
cellulose
Magnesium stearate
Theophylline 30-60 Direct compression and hydrophilic n.d. (54)
fumed silica
Metoprolol Succinate ) . .
. n.d. Direct compression Chitosan, Lactose n.d. (20)
and Dyphylline
Carbomer, lactose,
. . microcrystalline o
Metoprolol succinate 8 — 30 Wet granulation Diffusion (55)

cellulose, talc,

magnesium stearate

in vitro mucoadhesive strength, ex vivo mucoadhesion
time, weight, and thickness. Based on the optimum re-
sults, the authors selected the formulation with 0.3% of
gum (w/w) and 1% of PVA (w/w). Then, the evalua-
tion of ex vivo drug permeation was performed, finding
that the addition of DMSO as a penetration enhancer
could be useful. The evaluation of the final formulation
showed no cell damage in the buccal mucosa.

Besides PVA, it has been reported the blend of xan-
than gum with other polymeric materials such as guar
gum, pullulan, or gelatin to enhance the film properties

(61-63). For instance, Hazirah et al. evaluated the varia-
tion of the features of Gelatin-carboxymethyl cellulose
(CMC)-xanthan gum films depending on the xanthan
gum concentration. They found that the gum addition
increased characteristics such as the moisture content
and the water vapor permeability, besides the thickness
of the films. However, new functional groups were not
formed (64). Likewise, the effect of xanthan gum with
different aldehyde content (by periodate oxidation) was
analyzed in gelatin-xanthan gum films (65). The results
suggested that the presence of the gum in the films re-
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duced the moisture content and the water vapor perme-
ability, improving mechanical and thermal properties.
Therefore, in some instances, the films are not the best
dosage form because a platform with a considerable
thickness is needed. In this regard, the application of
hydrogels could be an alternative.

Hydrogels

Hydrogels are materials formed through the cross-
linking of hydrophilic polymer chains within an aque-
ous microenvironment. Gelation is achieved through
several types of mechanisms that include physical
cross-linking, electrostatic interactions, and covalent
chemical cross-linking (66). The method used and
the cross-linking grade are determining factors of the
physicochemical properties and mechanical stiffness of
these polymeric networks (67). The high hydrophilic-
ity of hydrogels (capability of water retention from 70
to 99%) makes them suitable for encapsulating drugs,
maintaining their structural integrity, and reducing the
risk of enzymatic denaturation once inside the body
(68). There are several reports of the use of hydrogels
based on xanthan gum alone and crosslinked with other
polymers such as karaya gum, guar gum, hydroxypro-
pyl methylcellulose, and polyvinylpyrrolidone (50,69—
71). Xanthan gum hydrogels have been applied as drug
carriers and controlled drug release systems, allowing
the controlled delivery of different drugs, including caf-
feine, azithromycin, ibuprofen, and propranolol HCI
(39,72-75).

Recently, the conjugation of xanthan gum with
chitosan was studied using 2-acrylamido-2-methyl-
propane sulfonic acid (AMPS) as a monomer, N'N-
methylenebisacrylamide as a crosslinker, and potassium
persulfate as free radical initiator. The resulting hydro-
gel was tested for the controlled release of acyclovir
(15), showing that this pH-sensitive hydrogel presented
potential as an antiviral drug carrier using pure poly-
mers (chitosan, xanthan gum, and AMPS). Likewise,
other researchers successfully grafted acrylic acid onto
a xanthan gum/starch hydrogel assisted by microwave
radiation. The hydrogel was polymerized using N'N-
methylenebisacrylamide as a crosslinker agent and am-
monium persulfate as a free radical initiator. This meth-
od allowed successful drug release of molecules such as
aspirin and paracetamol (76). Interestingly, in the two
previous works, the drug release was observed to be de-
pendent on pH.

Similarly, the use of xanthan gum/chitosan-based
hydrogels has also been explored in water-soluble
drugs, such as tinidazole, theophylline, and tramadol
(77-79). Experimental results showed a release of up
to 99% of the drugs after 24 h. Comparable results have
been obtained when xanthan gum is crosslinked with
starch because this combination increases the thermal
and mechanical stability of the hydrogels (69,76).

On the other hand, in another recent study, Rajput
et al. designed an in sifu formed gel based on xanthan
gum and gellan gum, for the incorporation of a nano-
structured lipid carrier of resveratrol to deliver it into
the brain by nasal route. Resveratrol possesses some
physicochemical properties that represent a challenge to
transport this molecule to the target tissue successfully.

Thus, the aim of the in situ formed gel was to preserve
the resveratrol, improving its concentration in the nasal
cavity and, in consequence, its absorption. /n vivo ex-
periments exhibited that amnesia induced rats presented
a faster recovery when they were treated with the in
situ gel formulation by nasal administration, rather than
those rats treated with a resveratrol suspension by oral
administration (80).

Controlled drug release

Drug encapsulation is a strategy that allows protect-
ing molecules from degradation, controlling the release,
or even promoting the targeting of pharmaceutical
forms. The decrease in the rate of degradation allows
reducing the dose of the drugs, and therefore the pos-
sible adverse effects. Whereas controlling the release of
drugs is an appropriate strategy for chronic treatments
because it decreases the number of administrations
and maintains a stable plasma concentration profile.
Furthermore, the targeting of encapsulation systems
towards the site of action is revolutionizing the medi-
cal possibility by proposing efficient disposal of drugs,
even well-known molecules.

Microparticles

Some studies have described the use of xanthan gum
in the manufacture of microparticles for drug release.
For example, Ray et al. developed xanthan gum carri-
ers with PVA for gut release of diclofenac sodium, via
emulsion cross-linking method with glutaraldehyde
(81). The average diameter of the particles was from
310-477 pum, with an encapsulation efficiency of 82%.
The release mechanism was of Fickian type following
diffusion processes with a prolonged release. Further-
more, the microparticles exhibited a decrease in C_ ,
a prolonged ¢, and a reduction in the k_ elimination
rate (81).

On the other hand, with the orifice-ionic gelation
method was possible to obtain xanthan gum microparti-
cles in combination with sodium alginate via cross-link-
ing with CaCl, for encapsulation of Glipizide (82). That
drug is a second-generation sulfonylurea that stimulates
the release of insulin. Glipizide has a short 7, ,, low gas-
tric residence time, and is considerably affected by gas-
tric content; thus, the microparticle formulation would
offer drug protection and prolonged release, whereas the
combination of the gums could offer a self-adhesive sys-
tem. The authors obtained microparticles with a diam-
eter of 828 um, and they observed an increase in the size
of the particles according to a higher addition of xanthan
gum (82). Another example involved the production of
xanthan gum microparticles in combination with Ara-
bic gum for the encapsulation of the Eschweilera nana
Miers (an extract with high antioxidant activity) through
the spray-drying method (83). The microparticles ob-
tained were characterized as spherical particles with a
mean particle size of 3.5 pm, smooth surface, and a hol-
low core. The release profile was of the prolonged type
and provided thermal protection to the extract, while
the encapsulation efficiency was 98.5%. Moreover, the
presence of flavonoids and polyphenols of the extract in
the new formulation decreased the reactive oxygen spe-
cies (ROS) in human neutrophils. Although the authors
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described the system as prolonged-release formulation,
the effect on ROS depended on the exposure time of the
microparticles (83). In another type of combination of
dosage forms, one study reported the synthesis of xan-
than gum microparticles in combination with chitosan
for encapsulation of quercetin, a flavonoid with antioxi-
dant/anti-inflammatory properties, but low absorption
in the gastrointestinal tract (84). Subsequently, the mi-
croparticles constituted an excipient to formulate tab-
lets coated with Eudragit to increase gastric resistance
for oral administration. The particles exhibited a size
of 5 um with an encapsulation efficiency of 63%. On
the other hand, the tablets displayed adequate mechani-
cal properties, resistance to acid pH degradation, high
swelling capacity, and prolonged-release (84).

Nanoparticles

The use of xanthan gum in the manufacture of
nanoparticles for controlled release has been, to our best
understanding, uniquely as a surface stabilizing agent.

One of the examples of such an application corre-
sponded to the manufacture of PEGylated gold nanopar-
ticles and stabilized with xanthan gum for improving
the delivery of curcumin in cancer treatment (85). In
this work, the authors utilized an oxide-reduction re-
action to obtain the nanoparticles, and they employed
xanthan gum immediately as a stabilizer. Later, the au-
thors worked on the pegylation of the nanoparticle and,
finally, the linkage of curcumin. The nanoparticles pre-
sented an average size of 80 nm. The research demon-
strated that cellular-uptake and the cytotoxicity degree
in a melanoma cell model (B16F10) depended on the
concentration and the time (85).

Interestingly, in another similar research, the au-
thors employed xanthan gum as a reducing and sta-
bilizing agent for gold nanoparticles synthesis for the
controlled release of doxorubicin hydrochloride (86).
The nanoparticles exhibited a size of 15 nm and stable
zeta potential of -29 mV; moreover, the formulation was
stable in serum for up to 24 hours. The nanoparticles
had a 3-fold superior cytotoxicity effect on A549 human
lung cancer cells compared to the drug in solution. In
another study similar to cancer, the authors synthesized
gold nanoparticles utilizing xanthan gum as a reducing
and stabilizing agent and green excipient. However, the
difference in the methodological strategy was the use
of the carboxymethyl xanthan gum derivative (87). Via
microwave irradiation method, the nanoparticles ex-
hibited a mean particle size less than 20 nm and a zeta
potential higher than -20 mV. The drug doxorubicin hy-
drochloride was adsorbed on the surface by electrostatic
charges through incubation. The authors described a
4.6-fold increase in anticancer efficacy in the LN-229
human glioma cell line, in addition to a rise in cellular-
uptake, unlike the drug in solution. The idea of using
xanthan gum as an environmentally friendly excipient
has also been exploited by another group of authors
who synthesized xanthan gum-stabilized Cerium oxide
nanoparticles by a co-precipitation method (88). Ceri-
um oxide nanoparticles have antibacterial and antioxi-
dant activity. However, since it is a metallic oxide, it is
necessary to demonstrate its biosecurity. In this respect,
the authors evaluated the biocompatibility of the nano-
formulation by continuous administration in Wistar rats

for three weeks. Later, they carried out biochemical
and histological tests to reveal possible alterations. The
authors documented an increase in antioxidant activity
with adequate internalization in hepatocytes applying
low nanoparticle concentrations (30 mg/kg).

On the other hand, drug release has been investi-
gated in xanthan gum-functionalized span nanoparticles
for gene targeting. In this research, the incorporation of
xanthan gum improved the targeting of nanoparticles
toward the mannose receptor and facilitated the uptake
of diverse glycoconjugate ligands (89). In particular,
these formulations can target the cellular endothelium,
the place of residence of some diseases such as diabe-
tes, chronic kidney failure, venous thrombosis, heart
disease, and viral infections. To corroborate the effec-
tiveness of the formulation, the authors incorporated the
Enhanced Green Fluorescent Protein plasmid (pEGFP)
to track the degree of transfection in Human Umbilical
Vein Endothelial Cells (HUVECS), accompanied with
biodistribution studies after systemic administration in
mice. The authors mentioned adequate protection of the
plasmid by the nanoparticles and an efficient transfec-
tion capacity in HUVECs.

Interestingly, in vivo biodistribution studies revealed
the expression of green fluorescent protein in the vas-
cular endothelium of the lung, liver, and kidney. The
gene targeting to mannose receptors by the presence of
xanthan gum in the nanoparticles confirmed the central
hypothesis. Finally, in addition to providing a negative
charge coating on the nanoparticles and a high degree of
hydrophilicity, xanthan gum has also been used to man-
ufacture wheat gluten nanoparticle complexes to stabi-
lize Pickering emulsions containing oil droplets coated
by protein particles (90). These applications prove the
extensive versatility of xanthan gum in the manufacture
of nanoparticles (Figure 2).

Conclusion and Perspectives

Xanthan gum is an attractive natural polysaccharide
in terms of its high potential for biomedical applica-
tions. It offers numerous possibilities for researchers to
develop new sustained-release formulations. In this re-
gard, despite the high potential of xanthan gum for the
fabrication of controlled-release systems, its extensive
utilization in those formulations is relatively recent;

|
| H

Figure 2. Xanthan gum is used as a matrix material for the manu-

facture of microparticles in the release of drugs (A). In contrast,
in the preparation of nanoparticles, its use predominates only as a
surface stabilizing agent (B). Xanthan gum is represented in green
fibers, and drug molecules are symbolized in red dots.
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thus, some possible drawbacks still should be consid-
ered. For example, as a result of the extended-release,
preparations such as tablets could reach the colon be-
fore its total dissolution, which would lead to a decrease
in the adsorption process and deficient bioavailability
of drugs. In this regard, the evidence mentioned above
suggests that the mixture of xanthan with other biopoly-
mers could improve their properties. Therefore, further
investigation will be needed to establish the proportions
of xanthan gum and other excipients accurately to over-
come this potential disadvantage

On the other hand, the utilization of xanthan gum
in different formulations, including films, hydrogels,
microparticles, and nanoparticles, offers fascinating
prospects. Microparticles and nanoparticles result of
particular interest since these systems may serve as car-
riers and avoiding degradation of drugs. Concerning
this, xanthan gum can modify and optimize these prepa-
rations, improving the release control, and decreasing
the degradation rate, which would be very useful for
chronic pharmacological treatments. However, the ad-
dition of xanthan gum to these types of preparations has
been scarcely investigated, which represents an oppor-
tunity area.

Acknowledgment

This research was funded by Direccion General de
Asuntos del Personal Académico, Universidad Nacio-
nal Auténoma de México (PAPIT TA 200318) and
CONACYT A1-S-15759 to G.L.-G., and CONACyT
CB-2015-01 (grant 258156) to O.D.R.-H.

Author Contributions

Conceptualization, H.C., M.L.D.P.-A., and G.L.-G.;
methodology, H.C., M.L.D.P.-A., and G.L.-G.; inves-
tigation, H.C., LH.C.-F., N.M.-M., EN.C.-V.,, L.E.-
G., GF.-G., OD.R.-H., M.G.-D.C., M.V.-C., M.G.-T,
B.F.,, M.L.D.P--A., and G.L.-G.; writing—original draft
preparation, H.C., LH.C.-F., N\M.-M., EN.C.-V., L.E.-
G., GF.-G., OD.R.-H., M.G.-D.C., M.V.-C., M.G.-T,
B.F., M.L.D.P.-A., and G.L.-G.; writing—review and
editing, H.C., M.L.D.P.-A., and G.L.-G.; visualization,
H.C., M.L.D.P.-A., and G.L.-G.; supervision, H.C. and
G.L.-G.; project administration, H.C., M.L.D.P.-A., and
G.L.-G.; funding acquisition, O.D.R.-H. and G.L.-G.

Interest conflict
The authors declare no conflict of interest.

References

1. Pahuja P, Arora S, Pawar P. Ocular drug delivery system: A ref-
erence to natural polymers. Expert Opin Drug Deliv. 2012;9(7):837—
61.

2. Flament M-P. Extended-release dosage: recent advances and po-
tential in pediatric medicine. Ther Deliv. 2016 Mar;7(4):197-9.

3. Xu J, Lin Y, Boulas P, Peterson ML. Low colonic absorption
drugs: risks and opportunities in the development of oral extended
release products. Expert Opin Drug Deliv. 2018 Feb;15(2):197-211.
4. Andrade C. Sustained-release, extended-release, and other
time-release formulations in neuropsychiatry. J Clin Psychiatry.
2015;76(8):¢995-9.

5. Elkurd MT, Bahroo LB, Pahwa R. The role of extended-release
amantadine for the treatment of dyskinesia in Parkinson’s disease

patients. Neurodegener Dis Manag. 2018 Mar;8(2):73—-80.

6. LiL, Zhang X, Gu X, Mao S. Applications of Natural Polymer-
ic Materials in Solid Oral Modified-Release Dosage Forms. Curr
Pharm Des. 2015;21(40):5854-67.

7. Kumar A, Rao KM, Han SS. Application of xanthan gum as
polysaccharide in tissue engineering: A review. Carbohydr Polym.
2018;180(October 2017):128-44.

8. Tao F, Wang X, Ma C, Yang C, Tang H, Gai Z, et al. Genome
Sequence of Xanthomonas campestris JX, an Industrially Productive
Strain for Xanthan Gum. J Bacteriol. 2012 Sep;194(17):4755-6.

9. Palaniraj A, Jayaraman V. Production, recovery and applica-
tions of xanthan gum by Xanthomonas campestris. J Food Eng.
2011;106(1):1-12.

10. Petri DFS. Xanthan gum: A versatile biopolymer for biomedical
and technological applications. J Appl Polym Sci. 2015;132(23).

11. Hussain A, Zia KM, Tabasum S, Noreen A, Ali M, Igbal R, et
al. Blends and composites of exopolysaccharides; properties and ap-
plications: A review. Int J Biol Macromol. 2017;94:10-27.

12. Wei B. Flow characteristics of three enhanced oil recovery poly-
mers in porous media. J Appl Polym Sci. 2015 Mar;132(10):1-7.
13. Petri DFS, de Queiroz Neto JC. Identification of lift-off mech-
anism failure for salt drill-in drilling fluid containing polymer fil-
ter cake through adsorption/desorption studies. J Pet Sci Eng.
2010;70(1):89-98.

14. Pleguezuelos-Villa M, Nacher A, Hernandez MJ, Bus6 MAOV,
Barrachina M, Pefalver N, et al. A novel lidocaine hydrochloride
mucoadhesive films for periodontal diseases. J Mater Sci Mater
Med. 2019;30(14):1-7.

15. Malik NS, Ahmad M, Minhas MU, Tulain R, Barkat K, Khalid
I, et al. Chitosan/Xanthan Gum Based Hydrogels as Potential Car-
rier for an Antiviral Drug: Fabrication, Characterization, and Safety
Evaluation. Front Chem. 2020;8(February):1-16.

16. Hanna DH, Saad GR. Encapsulation of ciprofloxacin within
modified xanthan gum- chitosan based hydrogel for drug delivery.
Bioorg Chem. 2019;84(November 2018):115-24.

17. Obaidat R, Al-Shar’i N, Tashtoush B, Athamneh T. Enhance-
ment of levodopa stability when complexed with B-cyclodextrin in
transdermal patches. Pharm Dev Technol. 2018;23(10):986-97.

18. Giordani B, Abruzzo A, Musazzi UM, Cilurzo F, Nicoletta FP,
Dalena F, et al. Freeze-Dried Matrices Based on Polyanion Polymers
for Chlorhexidine Local Release in the Buccal and Vaginal Cavities.
J Pharm Sci. 2019;108(7):2447-57.

19. El-Sawy NM, Raafat Al, Badawy NA, Mohamed AM. Radia-
tion development of pH-responsive (xanthan-acrylic acid)/MgO
nanocomposite hydrogels for controlled delivery of methotrexate
anticancer drug. Int J Biol Macromol. 2020;142:254—-64.

20. Fara DA, Dadou SM, Rashid I, Al-Obeidi R, Antonijevic MD,
Chowdhry BZ, et al. A direct compression matrix made from
xanthan gum and low molecular weight chitosan designed to im-
prove compressibility in controlled release tablets. Pharmaceutics.
2019;11(11):1-24.

21. Djekic L, Martinovi¢ M, Dobrici¢ V, Calija B, Medarevi¢ D,
Primorac M. Comparison of the Effect of Bioadhesive Polymers on
Stability and Drug Release Kinetics of Biocompatible Hydrogels for
Topical Application of Ibuprofen. J Pharm Sci. 2019;108(3):1326—
33.

22. Bertsch P, Schneider L, Bovone G, Tibbitt MW, Fischer P, Gstohl
S. Injectable Biocompatible Hydrogels from Cellulose Nanocrystals
for Locally Targeted Sustained Drug Release. ACS Appl Mater In-
terfaces. 2019;11(42):38578-85.

23. Wang Q, Zhang H, Huang J, Xia N, Li T, Xia Q. Self-double-
emulsifying drug delivery system incorporated in natural hydrogels:
a new way for topical application of vitamin C. J Microencapsul.
2018;35(1):90-101.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4

205



Hernan Cortes et al.

Xanthan gum in drug release.

24. Ferreira LM, Sari MHM, Azambuja JH, da Silveira EF, Cervi
VF, Marchiori MCL, et al. Xanthan gum-based hydrogel containing
nanocapsules for cutaneous diphenyl diselenide delivery in mela-
noma therapy. Invest New Drugs. 2019;

25. Trombino S, Serini S, Cassano R, Calviello G. Xanthan gum-
based materials for omega-3 PUFA delivery: Preparation, charac-
terization and antineoplastic activity evaluation. Carbohydr Polym.
2019;208(November 2018):431-40.

26. Garcia-Ochoa F, Santos VE, Casas JA, Gomez E. Xanthan
gum: Production, recovery, and properties. Biotechnol Adv.
2000;18(7):549-79.

27. Wu M, Qu J, Tian X, Zhao X, Shen Y, Shi Z, et al. Tailor-
made polysaccharides containing uniformly distributed repeating
units based on the xanthan gum skeleton. Int J Biol Macromol.
2019;131:646-53.

28. Dai X, Gao G, Wu M, Wei W, Qu J, Li G, et al. Construction and
application of a Xanthomonas campestris CGMCC15155 strain that
produces white xanthan gum. Microbiologyopen. 2019;8(2):1-9.
29. BeMiller JN. Xanthan. Carbohydr Chem Food Sci. 2019;261-9.
30. Singhvi G, Hans N, Shiva N, Kumar Dubey S. Xanthan gum in
drug delivery applications. Natural Polysaccharides in Drug Deliv-
ery and Biomedical Applications. Elsevier Inc.; 2019. 121-144 p.
31. Srinivasan JR, Ph D, Kawamura Y, Ph D. 82nd JECFA - Chemi-
cal and Technical Assessment (CTA), 2016 © FAO 2016 ROSE-
MARY EXTRACT Chemical and Technical Assessment (CTA).
2016;(5957):1-7.

32. Kool MM, Gruppen H, Sworn G, Schols HA. The influence of
the six constituent xanthan repeating units on the order-disorder
transition of xanthan. Carbohydr Polym. 2014;104(1):94-100.

33. Pelletier E, Viebke C, Meadows J, Williams PA. A rheological
study of the order-disorder conformational transition of xanthan
gum. Biopolymers. 2001;59(5):339-46.

34. Sworn G. Xanthan gum. In: G.O. Phillips PAW, editor. Hand-
book of Hydrocolloids. 2nd ed. Woodhead Publishing; 2009. p.
186-203.

35. Mikac U, Sepe A, Kristl J, Baumgartner S. A new approach com-
bining different MRI methods to provide detailed view on swelling
dynamics of xanthan tablets influencing drug release at different pH
and ionic strength. J Control Release. 2010;145(3):247-56.

36. Da-Lozzo EJ, Moledo RCA, Faraco CD, Ortolani-Machado CF,
Bresolin TMB, Silveira JLM. Curcumin/xanthan-galactomannan
hydrogels: Rheological analysis and biocompatibility. Carbohydr
Polym. 2013;93(1):279-84.

37. Kang Y, Li P, Zeng X, Chen X, Xie Y, Zeng Y, et al. Biosynthe-
sis, structure and antioxidant activities of xanthan gum from Xan-
thomonas campestris with additional furfural. Carbohydr Polym.
2019;216(April):369-75.

38. Spasojevi¢ I, Mojovi¢ M, Blagojevi¢ D, Spasi¢ SD, Jones DR,
Nikoli¢-Koki¢ A, et al. Relevance of the capacity of phosphory-
lated fructose to scavenge the hydroxyl radical. Carbohydr Res.
2009;344(1):80-4.

39. Talukdar MM, Plaizier-Vercammen J. Evaluation of xanthan
cum as a hydrophilic matrix for controlled-release dosage form
preparations. Drug Dev Ind Pharm. 1993;19(9):1037—46.

40. Dhopeshwarkar V, Zatz JL. Evaluation of xanthan gum in the
preparation of sustained release matrix tablets. Drug Dev Ind Pharm.
1993;19(9):999-1017.

41. Talukdar MM, Kinget R. Swelling and drug release behaviour of
xanthan gum matrix tablets. Int J Pharm. 1995;120(1):63-72.

42. Talukdar MM, Vinckier I, Moldenaers P, Kinget R. Rheologi-
cal characterization of xanthan gum and hydroxypropylmethyl cel-
lulose with respect to controlled-release drug delivery. J Pharm Sci.
1996;85(5):537-40.

43. Bettini R, Catellani PL, Santi P, Massimo G, Peppas NA, Co-

lombo P. Translocation of drug particles in HPMC matrix gel layer:
Effect of drug solubility and influence on release rate. J Control Re-
lease. 2001 Feb;70(3):383-91.

44. Bruschi ML, editor. Mathematical models of drug release. In:
Strategies to Modify the Drug Release from Pharmaceutical Sys-
tems. Woodhead Publishing; 2015. p. 63-86.

45. Mikac U, Sepe A, Baumgartner S, Kristl J. The Influence of
High Drug Loading in Xanthan Tablets and Media with Different
Physiological pH and Ionic Strength on Swelling and Release. Mol
Pharm. 2016;13(3):1147-57.

46. Ali A, Igbal M, Akhtar N, Khan HMS, Ullah A, Uddin M, et al.
Assessment of xanthan gum based sustained release matrix tablets
containing highly water-soluble propranolol hcl. Acta Pol Pharm -
Drug Res. 2013;70(2):283-9.

47. El-Gazayerly ON. Release of pentoxifylline from xanthan gum
matrix tablets. Drug Dev Ind Pharm. 2003;29(2):241-6.

48. Apparao P, Prabhakarreddy V, Raju J, Shashidher B. Formu-
lation and evaluation of gum based matrix tablets of Lamivudine.
2011;2(3):176-92.

49. Kar R, Mohapatra S, Bhanja S, Das D, Barik B. Formulation
and in vitro characterization of xanthan gum-based sustained re-
lease matrix tables of isosorbide-5- mononitrate. Iran J Pharm Res.
2010;9(1):13-9.

50. Mughal MA, Igbal Z, Neau SH. Guar gum, xanthan gum, and
HPMC can define release mechanisms and sustain release of pro-
pranolol hydrochloride. AAPS PharmSciTech. 2011;12(1):77-87.
51. Mishra B, Pradesh U. Xanthan Gum Based Once a Day Ma-
trix Tablet of Cefixime Trihydrate: Development and Evaluation.
2013;4(9):3390-9.

52. Nur AO, Yagoub NA, Mohamed NK. Comparative evaluation of
Xanthan, Guar and treated guar gums as drug release barriers in oral
matrices. Int J Pharm Pharm Sci. 2015;7(2):436-40.

53. Ofori-Kwakye K, Mfoafo KA, Kipo SL, Kuntworbe N, Boakye-
Gyasi M El. Development and evaluation of natural gum-based ex-
tended release matrix tablets of two model drugs of different water
solubilities by direct compression. Saudi Pharm J. 2016;24(1):82—
91.

54. Lazzari A, Kleinebudde P, Knop K. Xanthan gum as a rate-
controlling polymer for the development of alcohol resistant matrix
tablets and mini-tablets. Int J Pharm. 2018;536(1):440-9.

55. Pawar SS, Malpure PS, Surana SS, Bhadane JS. Formulation
and evaluation of sustained release matrix tablet of captopril. J Drug
Deliv Ther. 2019;9(4—-A):260-8.

56. Karki AS, Kim H, Na S, Shin D, Jo K, Lee J. Thin films
as an emerging platform for drug delivery. Asian J Pharm Sci.
2016;2016:559-74.

57. Tran TTD, Tran PHL. Controlled Release Film Forming Sys-
tems in Drug Delivery: The Potential for E ffi cient Drug Delivery.
Pharmaceutics. 2019;11:1-16.

58. Huang J, Ren J, Chen G, Deng Y, Wang G, Wu X. Evaluation of
the Xanthan-Based Film Incorporated with Silver Nanoparticles for
Potential Application in the Nonhealing Infectious Wound. J Nano-
mater. 2017;2017:1-10.

59. Abu-huwaij R, Obaidat RM, Sweidan K, Al-hiari Y. Formulation
and In Vitro Evaluation of Xanthan Gum or Carbopol 934-Based
Mucoadhesive Patches, Loaded with Nicotine. AAPS PharmSci-
Tech. 2011;12(1):21-7.

60. Shiledar RR, Tagalpallewar AA, Kokare CR. Formulation and in
vitro evaluation of xanthan gum-based bilayered mucoadhesive buc-
cal patches of zolmitriptan. Carbohydr Polym. 2014;101:1234-42.
61. Thakur A, Monga S, Wanchoo RK. Sorption and Drug Release
Studies from Semi-interpenetrating Polymer Networks of Chitosan
and Xanthan Gum. Chem Biochem Eng. 2014;28(1):105-15.

62. Singh M, Tiwary AK, Kaur K. Investigations on interpolymer

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4

206



Hernan Cortes et al.

Xanthan gum in drug release.

complexes of cationic guar gum and xanthan gum for formulation of
bioadhesive films. Res Pharm Sci. 2010;5:79-87.

63. Bellini Z, Caliari-oliveira C, Mizukami A, Swiech K. Combin-
ing xanthan and chitosan membranes to multipotent mesenchymal
stromal cells as bioactive dressings for dermo-epidermal wounds. J
Biomater Appl. 2015;29(8):1155-66.

64. Hazirah MASPN, Isa MIN, Sarbon NM. Effect of xanthan gum
on the physical and mechanical properties of gelatin-carboxymethyl
cellulose fi Im blends. Food Packag Shelf Life. 2016;9:55-63.

65. Guo J, Ge L, Li X, Mu C, Li D. Periodate oxidation of xanthan
gum and its crosslinking effects on gelatin-based edible fi Ims. Food
Hydrocoll. 2014;39:243-50.

66. Zhang YS, Khademhosseini A. Advances in engineering hydro-
gels. Science (80- ). 2017;356(6337):1-27.

67. Caliari SR, Burdick JA. A practical guide to hydrogels for cell
culture. Vol. 13, Nature Methods. Nature Publishing Group; 2016. p.
405-14.

68. LiJ, Mooney DJ. Designing hydrogels for controlled drug deliv-
ery. Nat Rev Mater. 2016 Dec;1(12):16071.

69. Shalviri A, Liu Q, Abdekhodaie MJ, Wu XY. Novel modified
starch-xanthan gum hydrogels for controlled drug delivery: Synthe-
sis and characterization. Carbohydr Polym. 2010;79(4):898-907.
70. Munday DL, Cox PJ. Compressed xanthan and karaya gum ma-
trices: Hydration, erosion and drug release mechanisms. Int J Pharm.
2000;203(1-2):179-92.

71. Sahin A, Ar L. Synthesis, characterization and fuel cell perfor-
mance tests of boric acid and boron phosphate doped, sulphonated
and phosphonated poly(vinyl alcohol) based composite membranes.
J Power Sources. 2015;288:426-33.

72. Verhoeven E, Vervaet C, Remon JP. Xanthan gum to tailor drug
release of sustained-release ethylcellulose mini-matrices prepared
via hot-melt extrusion: in vitro and in vivo evaluation. Eur J Pharm
Biopharm. 2006;63(3):320-30.

73. Kumar A, Deepak, Sharma S, Srivastava A, Kumar R. Synthesis
of xanthan gum graft copolymer and its application for controlled re-
lease of highly water soluble Levofloxacin drug in aqueous medium.
Carbohydr Polym. 2017;171:211-9.

74. Dadou SM, El-Barghouthi MI, Antonijevic MD, Chowdhry
BZ, Badwan AA. Elucidation of the Controlled-Release Behavior
of Metoprolol Succinate from Directly Compressed Xanthan Gum/
Chitosan Polymers: Computational and Experimental Studies. ACS
Biomater Sci Eng. 2020;6(1):21-37.

75. Santos H, Veiga F, Pina ME, Sousa JJ. Compaction, compres-
sion and drug release properties of diclofenac sodium and ibuprofen
pellets comprising xanthan gum as a sustained release agent. Int J
Pharm. 2005;295(1-2):15-27.

76. Sethi S, Saruchi, Kaith BS, Kaur M, Sharma N, Kumar V. Cross-
linked xanthan gum-starch hydrogels as promising materials for
controlled drug delivery. Cellulose. 2020;27:4565-89.

77. Popa N, Novac O, Profire L, Lupusoru CE, Popa MI. Hydrogels
based on chitosan-xanthan for controlled release of theophylline. J
Mater Sci Mater Med. 2010;21(4):1241-8.

78. Samanta HS, Ray SK. Controlled release of tinidazole and the-
ophylline from chitosan based composite hydrogels. Carbohydr
Polym. 2014;106(1):109-20.

79. Boudoukhani M, Yahoum MM, Lefnaoui S, Moulai-Mostefa N,
Banhobre M. Synthesis, characterization and evaluation of deacety-
lated xanthan derivatives as new excipients in the formulation of
chitosan-based polyelectrolytes for the sustained release of trama-
dol. Saudi Pharm J. 2019;27(8):1127-37.

80. Rajput A, Bariya A, Allam A, Othman S, Butani SB. In situ
nanostructured hydrogel of resveratrol for brain targeting: in vitro-in
vivo characterization. Drug Deliv Transl Res. 2018;8(5):1460-70.
81. Ray S, Banerjee S, Maiti S, Laha B, Barik S, Sa B, et al. Novel
interpenetrating network microspheres of xanthan gumpoly(vinyl al-
cohol) for the delivery of diclofenac sodium to the intestinein vitro
and in vivo evaluation. Drug Deliv. 2010;17(7):508-19.

82. Mamun AR Al, Bagchi M, Amin L, Sutradhar KB, Huda NH.
Development of natural gum based glipizide mucoadhesive micro-
sphere. J Appl Pharm Sci. 2014;4(1):066-9.

83. Outuki PM, de Francisco LMB, Hoscheid J, Bonifacio KL, Bar-
bosa DS, Cardoso MLC. Development of arabic and xanthan gum
microparticles loaded with an extract of Eschweilera nana Miers
leaves with antioxidant capacity. Colloids Surfaces A Physicochem
Eng Asp. 2016;499:103—-12.

84. Caddeo C, Nacher A, Diez-Sales O, Merino-Sanjuan M, Fadda
AM, Manconi M. Chitosan-xanthan gum microparticle-based oral
tablet for colon-targeted and sustained delivery of quercetin. J Mi-
croencapsul. 2014;31(7):694-9.

85. Muddineti OS, Kumari P, Ajjarapu S, Lakhani PM, Bahl R,
Ghosh B, et al. Xanthan gum stabilized PEGylated gold nanopar-
ticles for improved delivery of curcumin in cancer. Nanotechnology.
2016;27(32):1-13.

86. Pooja D, Panyaram S, Kulhari H, Rachamalla SS, Sistla R. Xan-
than gum stabilized gold nanoparticles: Characterization, biocom-
patibility, stability and cytotoxicity. Carbohydr Polym. 2014;110:1—
9.

87. Alle M, G B reddy, Kim TH, Park SH, Lee SH, Kim JC. Doxo-
rubicin-carboxymethyl xanthan gum capped gold nanoparticles: Mi-
crowave synthesis, characterization, and anti-cancer activity. Carbo-
hydr Polym. 2020;229(June 2019):115511.

88. Rahdar A, Aliahmad M, Hajinezhad MR, Samani M. Xanthan
gum-stabilized nano-ceria: Green chemistry based synthesis, char-
acterization, study of biochemical alterations induced by intraperito-
neal doses of nanoparticles in rat. ] Mol Struct. 2018;1173:166—72.
89. Fernandez-Pifieiro I, Alvarez-Trabado J, Marquez J, Badiola I,
Sanchez A. Xanthan gum-functionalised span nanoparticles for gene
targeting to endothelial cells. Colloids Surfaces B Biointerfaces.
2018;170(January):411-20.

90. Fu D, Deng S, McClements DJ, Zhou L, Zou L, Yi J, et al. En-
capsulation of B-carotene in wheat gluten nanoparticle-xanthan gum-
stabilized Pickering emulsions: Enhancement of carotenoid stability
and bioaccessibility. Food Hydrocoll. 2019;89(July 2018):80-9.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4

207



