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Introduction

Inflammatory bowel disease (IBD) is an auto-
immune disorder characterized by inflammatory 
conditions associated with mucosal ulceration, 

oedema and haemorrhage of the gastrointestinal 
tract (GIT) [1–3].  The prime objective of the IBD 
therapy is remission and maintenance of remission; 
however, an effective treatment is still challenging 
[4]. Although the standard treatment methods are 
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Background: Rifaximin is a non-systemic antibiotic used in the treatment of inflammatory bowel disease (IBD). Antibiotics 

are demonstrating a significant role in the treatment of IBD by altering the dysbiotic colonic microbiota and decreases the 

immunogenic and inflammatory response in the patient population. Mucoadhesive colon targeted nanoparticles provide the 

site-specific delivery and extended stay in the colon. Since the bacteria occupy the lumen, spread over the surface of epithelial 

cells, and adhere to the mucosa, delivering the rifaximin as a nanoparticles with the mucoadhesive polymer enhances the 

therapeutic efficacy in IBD. The objective was to fabricate and characterize the rifaximin loaded tamarind gum nanoparticles 

and  study the therapeutic efficacy in the TNBS-induced IBD model rats 

Materials and methods: The experimentation includes fabrication and characterization of drug excipient compatibility 

by FTIR. The fabricated nanoparticles were characterized for the hydrodynamic size and zeta potential by photon correla-

tion spectroscopy and also analyzed by TEM. Selected best formulation was subjected to the therapeutic efficacy study in  

TNBS-induced IBD rats, and the macroscopic, microscopic and biochemical parameters were reported.

Results: The study demonstrated that the formulation TGN1 is best formulation in terms of nanoparticle characterization and 

hydrodynamic size which showed the hydrodynamic size of 171.4 nm and the zeta potential of –26.44 mV and other param-

eters such as TEM and drug release studies were also reported. 

Conclusions: The therapeutic efficacy study revealed that TGN1 is efficiently reduced the IBD inflammatory conditions as 

compared to the TNBS control group and reference drug mesalamine group.
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available, which are not providing the successful 
maintenance of the remission, therefore advanced 
drug treatments through the drug delivery systems 
are highly recommended [5]. IBD disease occurs 
in the genetically susceptible individual due to the 
dysbiosis of their microbiota caused by the abnor-
mal immune response [6]. The significant number 
of evidences confirms the role of microbiota in IBD. 
Inflamed mucosa demonstrates the reduced diver-
sity in mucosa-associated bacteria with the notable 
decrease in Bacteroides and Firmicutes, which is 
associated with anti-inflammatory properties and 
increase in Enterobacteriaceae, Escherichia coli and 
Fusobacterium [7–11]. This changes in microbiota 
are termed as “dysbiosis” [7–9]. 

Antibiotics have the potential to alter the compo-
sition of the gut microflora by promoting beneficial 
bacteria [10, 11]. Antibiotics also reduce the activ-
ity of bacterial enzymes and demonstrate the direct 
correlation between activity reduction and clini-
cal response. In IBD, antibiotics play a significant 
role to reduce the effect of harmful pathogens by 
penetrating intracellular locations where the mi-
croorganisms are embedded within [12]. Further, 
Antibiotics also demonstrates direct immunomod-
ulatory [13–15] and anti-inflammatory properties 
[16, 17]. As a gastrointestinal antibiotic rifaximin 
demonstrates significant immunomodulatory and 
anti-inflammatory properties [18, 19]. Rifaximin 
is a potential alternative to the other therapeutic 
agents which cannot pass through the walls of 
GIT to enter the systemic circulation [20]. Rifaxi-
min, a non-systemic gastrointestinal antibiotic has 
broad-spectrum antimicrobial potential, increased 
faecal concentration, and low systemic absorption 
makes this drug as a suitable agent for gastroin-
testinal disease [21, 22]. The primary mechanism 
of action of rifaximin involves the inhibition of 
bacterial RNA and the maintenance of microfloral 
balance. Other studies have also shown rifaximin to 
be a pregnane-X receptor (PXR) activator [11]. As 
PXR is responsible for inhibiting the pro-inflam-
matory transcription factor NF-kappa B (NF-κB) 
and is inhibited in IBD. Rifaximin is highly effective 
than other antibiotics in IBD and induced remis-
sion of moderately active Crohns disease in 2/3 of 
the treated subject moreover, the effectiveness of 
rifaximin in human IBD  and experimental colitis 
was reported in many kinds of literature [23–25]. 
Rifaximin was examined on the moderately ac-

tive Crohn’s disease patients in multicentre, dou-
ble-blind, placebo-controlled, varying dose study 
which revealed that administration of 800 mg rifax-
imin for twice daily for 12 weeks induced remission 
with few adverse events [24–26]. In the study by 
Pantera et al. by using an extended intestinal release 
formulation revealed that there are several potential 
unknown mechanisms by which the antibiotic alter 
the disease patterns of IBD [27].

Due to the lack of polysaccharides degrading 
enzymes in the human body most of the polysac-
charides are indigestible in the GIT however they 
undergo chemical and structural modification by 
the enzymes, salt and pH of GIT [28] instead they 
are fermented by the microbiota enzymes present 
in the large intestine to produce short-chain fatty 
acids [29]. Tamarind gum polysaccharide (TGP) is 
a natural polysaccharide derived from the seeds of 
Tamarindus indica L.A. Being a polysaccharide with 
non-degradability in upper GIT, TGP can carry the 
loaded drug to the colon without releasing the drugs 
in the upper GIT and serves as the colon targeted 
drug delivery system [30–32]. TGP is gaining accep-
tance in the pharmaceutical and cosmetics industries. 
TGP demonstrates the high drug loading capacity, 
increased swelling index, mucoadhesive property and 
high thermal stability. Due to these properties, TGP 
is widely used as a stabilizer, thickener, binder, release 
retardant, modifier, suspending agent, viscosity en-
hancer, and emulsifying agent [33]. The recent works 
also shown the use of TGP as oral, buccal, colon, 
ocular and nano drug delivery systems [34].

 Nanoparticles have an advantage over the con-
ventional dosage forms in terms of specificity and 
reduced dose. The nanoparticles fabricated by the 
polysaccharides demonstrated the potential to tar-
get the drugs to the colon. The nature of the micro-
biota changes not only through the GIT but also 
changes cross-sectionally on the mucosal surface 
moreover; bacteria spread over the lumen and epi-
thelial cells by adhering to the mucosa [35]. Studies 
suggest that since the bacteria occupy the lumen, 
epithelial cells, and mucosa delivering the rifaxi-
min as a nanoparticles form with the mucoadhesive 
polymer such as TGP enhances the therapeutic ef-
ficacy in IBD. Occasionally, certain pathogens such 
as Shigella, Salmonella, and Campylobacter can in-
vade the mucosal surface and causes enteric in-
fections. Salmonella and Campylobacter have been 
suggested to play an aetiological role in the de-
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velopment of IBD [36]. Rifaximin in the form of 
nanoparticles is the right choice to treat these IBD 
causing pathogen as nanoparticles can penetrate 
the mucosa and cell more efficiently and kills the 
internalized pathogens.

In this research work, we have developed a mi-
croflora activated natural polymer-based tamarind 
gum nanoparticles (TGN) loaded with rifaximin. 
Since the tamarind gum is mucoadhesive, which 
may adhere to the colonic mucous and stay an 
extended period to release the drug. Developed 
nanoparticles were characterized for hydrodynamic 
size, zeta potential by photon correlation spectros-
copy and transmission electron microscopy (TEM). 
The nanoparticles were tested for the drug loading 
and drug release profile and release kinetics. The 
best formulation was selected based on the char-
acterization, drug loading and drug release profile 
and subjected to therapeutic efficacy studies. The se-
lected best formulation was used for the therapeutic 
efficacy study in TNBS induced IBD model rats. The 
colon profile, and biochemical parameters such as 
SOD, GSH, MDA, MPO and TNF-α were reported. 
The section of the colon was subjected to histo-
pathological studies. The results of the therapeutic 
efficacy demonstrated that the developed formula-
tion has significant therapeutic potential in TNBS 
induced IBD model rats. The study results revealed 
that rifaximin loaded tamarind gum nanoparticles 
have substantial therapeutic potential as compared 
to the standard IBD drug (mesalamine).

Materials and methods

Animals 
Male Wistar rats (180–200 g) were obtained from 

Venus Remedies Animal House, Baddi (H.P). Ani-
mals were housed in polypropylene cages under 
the controlled environmental condition in terms of 
temperature (23 ± 2°C), humidity (50–70%), 12/12 
h light/dark cycle and fed with standard rodent diet 
(M/s Ashirwad Industry, Mohali, India).

Chemicals 
Rifaximin — Zhejiang Sixian Pharmaceutical 

Co. Ltd., tamarind gum, PEG 400 — Central Drug 
House (P) Ltd., New Delhi, Span 80 — Central 
Drug House (P) Ltd., New Delhi, Acetonitrile Cen-
tral Drug House (P) Ltd., New Delhi, Dichloro-
methane — Central Drug House (P) Ltd., New Del-

hi, Glutaraldehyde 25% solution — Central Drug 
House (P) Ltd., New Delhi, acetic acid glacial — 
Central Drug House (P) Ltd., New Delhi. Na2HPO4 

(dibasic) sodium phosphate NaH2Po4, (monobasic) 
sodium phosphate — A.B. Enterprises Mumbai, 
EDTA — Loba Chemie Pvt. Ltd., Mumbai, TNBS 
(2,4,6 trinitrobenzene sulphonic acid) — Sigma 
Aldrich, Mumbai, carboxy methyl cellulose — 
S.D. Pharmaceutical, ethanol — Indian Chemical 
Company, Delhi, diethyl ether — A.B. Enterprises, 
Mumbai, TBA and DMSO reagents were purchased 
from Hi-Media Lab Pvt. Ltd., sodium nitroprus-
side, sodium cyanide and sodium carbonate were 
purchased from Sisco Research Laboratory, Mum-
bai, glutathione from Hi-Media Lab Pvt. Ltd.

Fabrication of tamarind gum loaded 
rifaximin nanoparticles

Nanoparticles were prepared by using o/w emul-
sion polymer cross-linking technique. The aqueous 
phase was prepared by dissolving TGP in Milli-
Q water in the concentration of 0.2% (w/v) and 
kept aside for saturation. TGP aqueous phase was 
subjected to bath sonication to dissolve the undis-
solved gum. 20 mL of the aqueous phase was kept 
under homogenizer at 1000 RPM. 10 mg of rifaxi-
min was dissolved separately in 5 mL of dichloro-
methane. Rifaximin was added dropwise with the 
help of a needle in tamarind gum solution during 
continuous stirring. Span 80 (4 mL) was added 
dropwise under the stirring conditions, and a few 
minutes later, 10 mL of glycerol was added, which 
acts as a stabilizer in the aqueous phase. Finally, 
distilled water was added (10 mL), which destabi-
lizes the equilibrium. Nanoemulsion was formed 
after rotating for 10 minutes at constant 1000 RPM. 
Crosslinking agent glutaraldehyde (25%) 2ml was 
added slowly to the system at this stage under con-
tinuous stirring to effect cross-linking of the TGP 
and rifaximin. Cross-linked nanoparticles as col-
lected by subjecting to centrifugation. The prepared 
nanoparticles were collected and tested for mor-
phological characteristics.

Characterization and evaluation 
of rifaximin polymeric nanoparticles

Fourier transformed infrared (FTIR) 
spectroscopy analysis

FTIR Spectra of the rifaximin alone and physi-
cal mixtures of RFX and polymer and excipients 
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were recorded by using a Perkin Elmer (USA), from 
4000–400 as scanning range between wavenumber 
(cm-1) and % transmittance. Samples were prepared 
in KBr discs (2 mg sample in 200 mg KBr) with 
the hydrostatic press at the force of 5 cm-2. Experi-
ments were duplicated to check the reproducibility. 
The major sharp and significant peaks (functional 
groups) of the drug, drug and excipient mixture 
and drug loaded nanoparticles were analysed.

Particle size and zeta potential
The mean diameter of RFX nanoparticles in the 

dispersion was determined by (PCS) (Delsa NanoTM 
Common; Beckman Coulter) at an angle of 90˚ 
[37]. The prepared nanoparticles were dispersed in 
the miilliQ water and sonicated for 3 min. Later the 
nanoparticles dispersion is transferred to the zeta 
sizer shell and measured for the hydrodynamic size. 
Nanoparticles were characterized for distribution 
width (D10, D50 and D90), mean particle size, span 
and polydispersity index. The values were reported 
in triplicate with mean diameter ± standard devia-
tion. Zeta potential was also measured by using zeta 
sizer (Delsa NanoTMC; Beckman Coulter) under the 
same conditions except the samples were kept in 
low conductivity zeta cell to meet the instrumental 
requirements.

Transmission electron microscopy (TEM)
TEM was used to characterize the morphol-

ogy of RFX loaded nanoparticles. Nanoparticles 
w e re  appropriately suspended with distilled wa-
ter HPLC grade and subjected to sonication for 2 
minutes. A drop of prepared nanoparticles formu-
lation was placed on the carbon-coated copper grid 
and allowed to dry overnight. The superfluous was 
wiped out with Whatman filter paper, and TEM 
images were obtained by using (HITACHI Japan, 
Model H7500 ID).

Drug entrapment efficiency
10 mL of RFX nano dispersion was subjected to 

entrapment efficiency test to check the percentage 
of incorporated rifaximin. Entrapment efficiency 
was determined spectrophotometrically at 293.6 
nm using systronics 2201 UV spectrophotometer. 
Previously 10ml of nanosuspension was prepared 
and subjected to centrifugation at 5000 RPM for 
45 minutes. The supernatant was separated and 
subjected to spectrophotometric measurement 

to determine the unloaded drug. The amount of 
free drug was detected in the supernatant, and the 
amount of loaded drug was selected as a result. 

Drug release profile of rifaximin 
nanoparticles

The drug release pattern of the nanoparticle for-
mulations was determined by using a dialysis bag 
(Himedia labs, cut off weight 12000–14000 Da) 
method for 12 h. The dialysis bag was soaked in 
MilliQ water for 12 hours before use. Later the bag 
was tied with the help of a thread in one side of the 
open-ended cylinder. The amount equivalent to 10 
mg of RFX containing nanosuspension was intro-
duced into the dialysis bag. The bag was placed in 
the beaker containing 100ml of the receptor com-
partment with media mimicking pH conditions of 
the GIT. The media simulating colonic pH condi-
tions were prepared with rat cecal contents in order. 
The system was kept under stirring magnetic needs 
at 100RPM. In this setup dialysis bag with a cut-off 
of 12000-14000 Da retains the nanoparticles and 
allows the free drug to pass through. The dissolu-
tion samples were collected at predetermined time 
intervals of 0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 12 h and 
were replenished with the fresh media to maintain 
sink conditions. The samples were analysed spec-
trophotometrically by using UV spectrophotometer 
(Systronics; 2201, Gujrat) against the blank. All the 
observations were carried out in triplicate. (Yadav 
and Mishra, 2012), (Patel and Parikh, 2013).

Procedure for preparation of rat cecal 
contents medium dissolution

Before carrying out the study on animals, the 
study protocol was scrutinized by an institutional 
animal ethical committee (IAEC) and approved. 
The final stage of dissolution study was performed 
in the media containing rat cecal content to as-
sess the effect of enzymatic activity of the colonic 
bacteria on nanoparticles.  The cecal samples were 
collected from five Wistar rats weighing 240–400 
grams. Rats were maintained in normal diet con-
ditions, but 1ml of 2% w/v of pectin dispersion 
administered orally with a Teflon cannula for seven 
days. The pectin dispersion induces the colonic 
enzymes so that the cecal content was enriched 
with the polysaccharide digesting enzymes. The rats 
were sacrificed 45 minutes before the drug release 
studies their abdomen was cut open to collect the 



Reports of Practical Oncology and Radiotherapy 2021, vol. 26, no. 5

https://journals.viamedica.pl/rpor716

rat caecal contents. The cecal contents of the ani-
mals were pooled up, and the final 4% w/v caecal 
dilution was prepared. The 4% cecal contents were 
introduced into the dissolution media after the 5th 
hour of the study continued up to 12 h. The samples 
were analyzed by UV spectrophotometer. The with-
drawn sample was replaced with the fresh media 
bubbled with carbon dioxide to maintain sink con-
ditions. The withdrawn samples were diluted and 
centrifuged to separate solid contents. The super-
natant liquid was collected and filtered through the 
bacteria proof filter, and the filtrate was analyzed 
for RFX contents using double beam UV spectro-
photometer wavelength of 330–332 nm.

Therapeutic efficacy study 
of nanoparticles

Experimental design 
The animal study protocol was approved by the 

Institution Animals Ethics Committee (IAEC) 
(SSP/IAEC/17/03). The rats were randomly as-
signed into five groups (n = 5). The vehicle and test 
items were administered to the respective group for 
ten days after TNBS induction to till completion of 
the study. Group 1, is a control group administered 
with the PBS instead of TNBS. Group 2 is colitis 
group received TNBS by intracolonic administra-
tion. Group 3 is a reference drug group received 
a drug Mesalamine (50 mg/kg body weight). Group 
4 is the nanoparticles treatment group. TNBS colitis 
was induced as per the original method developed 
by Morris et al. [38] briefly; rats were fasted for 
24 hours and allowed free access to water. Ani-
mals were anaesthetized with chloral hydrate (300 
mg/kg intraperitoneal). Rats were administered 
with TNBS (50 mg/kg) dissolved in 50% ethanol 
by inserting a Teflon cannula (2 mm) 8 cm through 
the anus so that the tip advanced to the descend-
ing colon. Rats were kept in a head-down position 
for 1 min to prevent leakage for the intracolonic 
distillate, and the rats were kept in warm condition 
until regaining consciousness. The control group is 
administered with the PBS instead of TNBS. 

The nanoparticles were administered through 
the oral route by using a gavage needle attached to 
a graduated syringe. The dose-volume was adjust-
ed according to the bodyweight of the individual 
animal.

Rifaximin nanoparticle group (TGN1) received 
a freshly prepared rifaximin NP as a suspension in 

0.5% w/v Carboxymethyl cellulose (CMC). Group 3 
was administered with reference drug mesalamine. 
The volume of the Mesalamine administrated dose 
was 10 mL/kg body weight (50 mg-1/kg) by the oral 
route. Rifaximin dose (1 mg kg−1 /day) was given as 
a suspension in 0.5% w/v Carboxymethyl cellulose 
(CMC), p.o., once a day, in the morning. The TNBS 
groups received a TGN1 for 11 consecutive [39].

Body weight
Animals were observed for general clinical signs 

once daily on all days throughout the study dura-
tion. Bodyweight of animals was recorded before 
the initiation of treatment and after that weekly 
once during the course of the study and before 
the termination of the study. The body weight, 
water and food consumption were recorded daily 
throughout the experiment.

Haematology
Blood was collected by retro-orbital plexus punc-

ture on day 14 in centrifuge tubes for serum sepa-
ration. The serum was separated by centrifugation 
of blood at 3200 rpm for 10 minutes and stored at 
–20°C until analysis. The blood was collected into 
plain capped bottles containing ethylene diamine 
tetraacetate (EDTA) by a modified method [40]. 
The samples were immediately used for the estima-
tion of the different parameters. 

Microscopic, macroscopic  
and biochemical analysis

After the treatment period, the rats were eutha-
nized by deep ether anaesthesia, and then lapa-
rotomy was performed. The distal 8 cm portion 
was excised and cut longitudinally then cleaned 
with ice-cold saline phosphate buffer to remove 
adherent adipose tissue and faecal matter. The co-
lon was blotted gently to dry and weighed then 
macroscopic assessment was done. The portion of 
the distal colon was used for the histopathological, 
immunochemical and biochemical investigation. 
The colonic segments were considered, opened lon-
gitudinally and examined for damage. The colon 
was scored for macroscopically visible damages on 
a 0–10 scale by two observers unaware of the treat-
ment, according to the criteria described by Bell et 
al. [41]. The macroscopic damage was used to assess 
the severity of the colonic injury. The representative 
colon specimen was taken from a region adjacent to 
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the gross, microscopic damage. Similarly, the speci-
men was collected from all the groups and fixed in 
4% buffered formaldehyde and embedded in paraf-
fin. Equivalent colonic segments were also obtained 
from the non-colitic group. Full-thickness sections 
of 5 μm were obtained at different levels and stained 
with hematoxylin and eosin.

The portion of tissue homogenate was used to 
analyze the biochemical assay. The colonic tissue 
segments were homogenized at 4ºC in 2 mL of 
ice-cold saline with a glass homogenizer, and the 
homogenate was passed through a cellulose filter 
to remove impurities and divided into aliquots for 
biochemical analysis. Colonic GSH levels were de-
termined by the method described by Beutler et al. 
(42) in which 5,5’- dithiobis 2-nitrobenzoic acid 
(DTNB) used as a reagent. The absorbance of the 
colour development measured at 412 nm and ex-
pressed in nmol/g tissue. The lipid peroxide level 
is expressed as malondialdehyde (MDA) according 
to the thiobarbituric acid assay of Buege and Aust 
[43]. The absorbance was measured at 535 nm, and 
the results were expressed as nmol/g tissue. The 
total NO was determined by the method developed 
by Miranda et al. [44] (measuring the metabolites, 
especially nitrite (NO2

−) and nitrate (NO3
−).

The absorbance was measured at 540 nm, and 
the expressed as nmol/g tissue. MPO is a marker 
for the neutrophil infiltration, was estimated ac-
cording to the method developed by Krawisz et 
al. [45] with the minor modification. One unit 
of MPO activity is defined. The activity of MPO, 
a marker for neutrophil infiltration, was estimated 
according to the method of with slight modifica-
tions. One unit of MPO activity is defined as the 
amount of enzyme converting 1 µmol of H2O2  to 
water in 1 min at 25°C. and the absorbance was 
measured at 460 nm for 4 min. Levels of TNF-α in 
colon homogenate supernatants were measured us-
ing ELISA kits. All the procedures were performed 

according to the manufacturer’s instructions. The 
corresponding levels were expressed as pg/g wet 
tissue. The SOD activity of colon tissue was deter-
mined by superoxide dismutase as described by 
Fontana et al. [46]. The different concentrations of 
standards and samples were added and thoroughly 
mixed, and then the samples were incubated 5 min 
at room temperature. After incubation for 5 min at 
room temperature, the absorbance was measured 
at 562 nm against an appropriate blank solution. 
Colon tissue content of TNF-α was measured by 
ELISA assay according to the kit instruction and 
expressed as pg per mg protein.

Statistical analysis
The data were expressed as mean ± S.E.M. Data 

was subjected to statistical analysis using ANOVA, 
followed by Dunnett’s multi-comparison test to 
draw a comparison between treatment groups and 
TNBS control group. Any animal not responding 
either to FCA or to the treatment was excluded 
from the analysis. p ≤ 0.05 was considered as statis-
tically significant. 

Results and discussion 

Fabrication and characterization
Five different formulations (TGN1-TGN5) of 

tamarind gum nanoparticles were prepared by O/W 
Emulsion polymer cross-linking method (Tab. 1). 
The Tamarind gum concentration was decreasing 
from 500 mg to 250 mg, whereas the cross-linking 
agent glutaraldehyde concentration was increased 
from 2 to 4 mL. The formula containing a lower 
concentration of polymer is less likely to cross-link 
with the drug; therefore, a slightly higher concen-
tration of cross-linking glutaraldehyde was added. 
The drug concentration was maintained at 10 mg 
in all the formulations the other ingredients such as 
span and glycerol also maintained as constant level 

Table 1. Composition of tamarind gum (TGP) nanoparticles formulations 

Formulations
Tamarind gum 

[mg]
Rifaximin 

[mg]
GTA [mL] Span 80 Glycerol

Organic phase 
(Qty)

TGN1 500 10 2 4 mL 10 5ml

TGN2 450 10 2.5 4 mL 10 5ml

TGN3 350 10 3 4 mL 10 5ml

TGN4 300 10 3.5 4 mL 10 5ml

TGN5 250 10 4 4 mL 10 5ml
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in all the formulations (Tab. 1). The nanoparticles 
were analyzed for characterization parameters such 
as mean diameter, polydispersity index, zeta poten-
tial and %EE. The best formulation was selected 
from master sizer analysis and then subjected to 
the characterization techniques such as TEM, zeta 
sizer and zeta potential. The drug release profile 
study was conducted to the three selected formula-
tion (TGN1-TGN3). The best formulation (TGN1) 
selected from the characterization study was sub-
jected to therapeutic efficacy study.

FTIR study
The FTIR results showed that there is no chemi-

cal interaction between the drug and used excipi-
ents/polymers, and no chemical modification oc-
curred. The drug rifaximin showed the significant 
bands at 3434.35 cm-1 for OH stretch. C-N stretch-
ing was observed at 1159.39 cm-1. The peak for ester 
linkages was observed at 1649.26 cm-1, and pyrrole 
ring was marked at 1589.22 cm-1. The peak repre-
senting OH bending was observed at 947.43 cm-1. 
The rifaximin and PF68 demonstrated the distinct 
peak representing -OH stretching at 3464.16 cm-1 
rifaximin, ester linkage at 1647.19 cm-1, and C-N 
stretch and -OH bending was observed at 1111.1 
cm–1  960.8 cm–1 respective. This results indicated 
that PF68 was chemically compatible with the ri-
faximin. The tamarind gum and rifaximin mixture 
demonstrated the rifaximin peaks at -OH stretch-
ing at 3431.31 cm-1, ester linkage at 1650.24 cm-1 

and C-N stretch and -OH bending was observed 
at 1159.31 cm-1 947.35cm-1 respectively. This re-
sult confirms thee the chemical compatibility be-
tween tamarind gum and rifaximin. The rifaximin 
nanoparticles also subjected to FTIR analysis to 
examine any chemical interaction happened in the 
formulation. The final formulation of tamarind gum 
nanoparticles (TGNP) containing tamarind gum, 
glycerol, span 80 and glutaraldehyde shows sig-
nificant peaks at 3392.3 cm-1 for OH group stretch-
ing, 1645.8 cm-1 for ester linkages, 1113.16 cm-1 for 
C-N trying and 996.18 cm-1 for OH bending which 
rules out any interaction between the drug and 
used excipients in the nanoparticles formulation. 
The FTIR spectrum of the medicine with different 
excipients mixtures showed the drug is in its intact 
form in physical mixture as well as in the formula-
tions. Moreover, the FTIR results of tamarind gum 
nanoparticles indicated that the rifaximin presence 

in the nanoparticles with all the major peaks repre-
senting rifaximin (Fig. 1).

Optimization of particle size 
The prepared five formulations were analyzed 

under master sizer for distribution width, mean 
particle size (MPS), SA (m2/g), span and unifor-
mity (Fig. 2). Among this TGN1, TGN2 and TGN3 
were found to be the best formulation. The particle 
size analysis report of Master sizer was found to 
be varying with the formulations (TGN1–TGN5). 
The mean particle size among these formulations 
was found to be lowest in TGN5, i.e. 1115.4 and the 
TGN1 were reported with 1166.9. The best formu-
lation TGN1 was noted with 1166.9. The value of 
the particle size of TGN1 was a bit higher as com-
pared to TGN5. The formulations such as TGN1, 
TGN2, and TGN3 which were showing nano range 
in master sizer reports were further subjected to 
analysis by Delsa NanoTM C. Before going to an 
analysis by zeta sizer (Delsa NanoTM C) the formula-
tions TGN1, TGN2, TGN3 were subjected to probe 
sonication for 3 minutes with an impulse of 5 sec-
onds. The probe sonication leads to the reduction of 
particle size as well as improves the stability of the 
formulation. The results after the analysis by Delsa 
NanoTM C revealed that TGN1 could be declared as 
the best formulation in terms of size with a value of 
228.8 ± 159.2 and the detailed zeta sizer analysis is 
discussed below.

Particle size analysis and zeta potential 
The best formulations of tamarind gum group 

(TGN1-TGN5) were subjected to particle size 
analysis by Beckman Coulter. The initial master 
size analyzer indicated that the formulation TGN1, 
TGN2 and TGN3 were found to be in the lower 
nano-size range. Among the three tamarind gum 
formulations (TGN1, TGN2, TGN3) the formula-
tion TGN1 the size of 171.4 nm, which is the lowest 
of all the other nanoparticles. The polydispersibility 
index of the formulation was found to be 0.277 for 
TGN1, and it was 0.203 and 0.256 respectively for 
TGN2 and TGN3. The mean particle size of the 
TGN1 was 228.8 ± 159.2, and it was 304 ± 164.4 
and 477.9 ± 324.7 for TGN2 and TGN3 respec-
tively. Likewise D10, D50, D90 also demonstrated 
75.60, 179.60, 429.80 respectively whereas TGN2 
and TGN3 demonstrated the highest values which 
proved that TGN1 is found to be better nanopar-
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ticle formulations which contain tamarind gum 
0.5%, glutaraldehyde 2 mL and span 80 4 mL and 
glycerol 10 mL (Fig. 3A-C).

The best formulation of TGN1 was tested for 
zeta potential. The zeta potential of the nanopar-
ticles is essential to know the surface charge of the 
nanoparticles. The particle surface charge value 
indicates the stability of formulation at the macro-
scopic level. A minimum zeta potential of ±30 mV 
is required for electrostatically stabilized prepara-
tion and a minimum of ± 20 mV for steric stabiliza-
tion. The zeta potential values are commonly calcu-
lated by determining the particle’s electrophoretic 
mobility and then converting the electrophoretic 
mobility to the zeta potential. Zeta potential is the 
indicator of the stability of the prepared nanopar-
ticles; it is a necessary test. The zeta potential of the 
tamarind gum (TGN1) nanoparticles was found to 
be –26.44 mv, and it is found to be satisfactory for 
maintaining stability (Fig. 3D). 

Transmission electron microscopy (TEM)
The microscopical analysis of prepared tama-

rind gum nanoparticles formulation (TGN1) was 

done by using TEM. The particles were found to 
be spherical and also demonstrated that the par-
ticles appear in the uniform size range (10–40 nm), 
which was studied from the figures taken at various 
magnification 200000X-3000000X. The particle size 
determination in the TEM images was found to be 
19 nm, 29.1 nm, 32.9 nm, and 32.6 nm revealed 
that particles had a narrow size distribution range 
(Fig. 4). 

Percentage of entrapment efficiency
The highest percentage of entrapment efficiency 

was found to be within TGN1 (85% ± 2.71). This 
revealed that the lowest particle size encouraged 
the highest entrapment efficiency. The other for-
mulations were also demonstrated the entrapment 
efficiency of 75% ± 5.19, 72% ± 4.72 respectively for 
TGN2 and TGN3. 

In vitro drug release and release kinetics 
All the formulations (TGN1-TGN5) were sub-

jected to drug release time profile study (Fig. 5). In 
vitro, drug release studies were performed by using 
the various buffers such as 0.1N HCl (1.2 pH), 6.8 

Rifaximin Pure

Rifaximin + TGP

Rifaximin + PF68

TGN1

Figure 1. Overlay spectrum of Fourier transformed infrared (FTIR) 
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phosphate buffer and 7.4 phosphate buffer to mimic 
the GI conditions of stomach, intestine and colon 
respectively. Drug release studies were performed 
up to 12 h. The samples were taken at various time 
intervals. During the acidic conditions (1.2 pH), 
the samples were withdrawn for every half an hour 
up to 1.5 h, which is also simulating the GI transit 
time. Then during the intestinal conditions (6.8 
pH) the samples were withdrawn for every 1h up 

to 5h followed by the colonic diseases 7.4 pH the 
samples were withdrawn at every 1 h up to 8 h then 
two samples were taken in 10 h and 12 h. After 
every withdrawal of the samples, the system was 

Figure 2. Optimization of hydrodynamic particles size 
(TGN1–TGN5)

Figure 3. Particle size analysis and zeta potential of  
selected best formulations (TGN1-TGN3). A. Hydrodynamic 
size distribution of TGN1. B. Hydrodynamic size distribution 
of TGN2. C. Hydrodynamic size distribution of TGN3. 
D. Zeta potential of TGN1

A

B

C

D
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replenished with fresh media. The formulation 
TGN1 was found to be best in controlling the drug 
for colonic delivery. During the acidic condition, 
the formulation TGN1 released only 19% of the 
drug at 1.5 h, being a colon targeted nanoparti-
cles the formulation must release significantly less 
amount of medicine in the upper GI tract, demon-
strated in the prepared tamarind gum nanoparticles 
of TGN1. TGN1 released 10% of the drug at the end 
1.5 h simulating acidic condition whereas TGN2 
and TGN3 released 16 and 19% respectively which 
indicated the that the TGN1 is better in control-
ling the drug release in the acidic environment. 
Rifaximin is cross-linked with the tamarind gum, 
and there is no enzyme available in the upper GI 
tract to digest the tamarind gum polysaccharides 
and release the drug. Since the TGN1 contains the 
tamarind gum concentration at the highest, which 
might have influenced the drug release, there is no 
high difference in the overall release pattern of the 
three formulations however based on the character-
ization techniques and controlling the drug release 
in the upper GI tract, TGN1 can be considered as 
the best formulation. The drug release time pro-
file of formulations was studied by fitting with the 
various equations such as Zero order, First order, 
Higuchi, Korsmeyer Peppas and Hixon Crowell. 

The formulations TGN1-TGN3 demonstrated the 
best fit with Zero order. Kinetics model. The best 
formulation TGN1 demonstrated the R2 value of 
0.994. The mechanism of the drug release was ana-
lyzed by using Korsmeyer-Peppas exponent “n” to 
characterize different release mechanisms. The best 
formulation demonstrated the “n” value of 0.499, 
which is in between the range of 0.45 < n < 0.89 
indicates non-fickian anomalous diffusion. The 
analysis of drug release mechanism confirmed that 
formulation follows non-fickian or anomalous dif-
fusion which confirmed controlled as a drug release 
mechanism.

Therapeutic efficacy of tamarind  
gum–rifaximin nanoparticles 
Body weight and colon profile 

The fabricated tamarind gum nanoparticles 
(TGN1) for oral delivery was assessed for their 
therapeutic efficacy in improving TNBS induced 
colitis in Wistar rats. To determine the severity of 
colitis, the clinical signs such as body weight loss, 
diarrhoea and rectal bleeding were noted. The rats 
induced with TNBS shown significant weight loss 
(Fig. 6A). The animals also revealed the high ulcer 
index score accompanied by diarrhoea and rectal 
bleeding. The rats also demonstrated the substan-
tial changes in colon weight/length ratio, which is 
a reliable marker of colon inflammation [47]. The 
macroscopic examination of colon revealed severe 
colonic injury characterized by mucosal damage, 
thickening of the bowel wall, hyperemia and oede-
ma after the administration of TNBS. The observa-
tion on TNBS control group revealed the significant 
intestinal wall thickening, well-established ulcer 
scores and associated with ulcer area that is larger 

Figure 5. Cumulative percentage of drug release 
of TGN1–TGN3 
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around 2 cm were noted in TNBS group [48]. The 
TGN formulation reduced the colitis significantly 
against the TNBS control group. The ulcer index of 
TNBS group (8.98 ± 0.69) indicated the significant 
difference from the control group (0.34 ± 0.13). 
The ulcer index of the TGN and Mesalamine group 
was significantly less than the TNBS group, which 
indicated the fair recovery from diseases colonic 
conditions (Fig. 6B–C).

Haematology
The haematological parameters in serum provide 

information about the inflammatory conditions of 
the colon. The haematological parameters of the 
TNBS group are significantly (*p < 0.05) different 
from the control group (Fig. 7A). The haemato-
logical parameters of the TGN group have shown 
significant improvement (*p < 0.05) as compared 
to the TNBS group. Many kinds of the literature 
revealed a substantial increase in the platelet count 
associated with IBD conditions [48–50]. Moreover, 
in human IBD is reported with 50–70% increase in 
circulating platelet count [51]. The platelet level was 
increased in the TNBS animal group, and normal 

and treatment groups are not demonstrating the 
significant increase in platelet levels (Fig. 7B). The 
various component in the blood remained stable in 
TGN1 group as well as in the Mesalamine group. 
Monocyte, polymorphonuclear and endothelial 
cells are playing a significant role in the inflamma-
tory progress [52]. The activation of these compo-
nents causes the respiratory burst and causes the in-
filtration into tissues and increases oxidative stress 
through the pro-inflammatory agents and ROS. The 
pathological mucosal damages are induced majorly 
by the influence of the ROS level. This will intern 
reflected by the ROS metabolites such as SOD, GSH 
and MDA [53]. 

Biochemical parameters
All the animals were sacrificed, and biochemi-

cals parameters such as GSH and MDA were de-
termined to assess the inflammation. SOD and 
GSH act as primary scavengers of free radical 
which protect cellular enzymes [54]. Superoxide 
dismutase (SOD) plays a significant role in anti-
oxidant activity in the protection of cells, against 
the oxidative damage [55]. The predominant part 
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Figure 6. A. Animal body weight profile; B. Ulcer index; C. Colon profile. Values as expressed as Mean ± SEM; n = 5 animal/
/group value are expressed as mean ± SEM; n = 5 animals/group.*p < 0.05 significant different from TNBS colitis by one-way 
ANOVA
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of SOD is to detoxify superoxide anion to H2O2 
[56]. Then, the CAT and the GSH -Px enzymes 
convert H2O2  into H2O to protect the cells from 
ROS injury [57]. Overall the SOD levels are high-
er in the IBD pathogenesis due to their function 
of safeguarding the intestinal tissues from oxida-
tive stress [58]. The highly toxic  ROS dominates 
the defence mechanism and causes the intestinal 
injury and Glutathione SH (GSH) plays a sig-
nificant role in the intracellular defence against 
oxidative stress which is essential for both func-
tional and structural integrity of the GUT. GSH 
levels are depleted in inflammatory conditions, 
and this leads to the degradation of colonic mu-
cosa, diarrhoea and loss of body weight [59–61]. 
The significant reduction in the glutathione con-
tent is a significant marker of colonic injury. The 
GSH levels of TNBS control group (0.598 ± 0.214) 
is significantly (*p < 0.05) higher than the con-
trol group. Mesalamine group and TGN group 
shown a significant difference from the TNBS 
group. Increased GSH level indicates the standard 
conditions of the colon and the recovery of the 
inflammatory conditions which are noted in the 
mesalamine and TGN group.

Myeloperoxidase is a lysosomal protein released 
into the phagosomes of neutrophils which reacts 
with hydrogen peroxide to form hypochlorous 
acid and tyrosine to form tyrosyl radicals which 
are highly cytotoxic [62]. Myeloperoxidase is often 
overexpressed in numerous inflammatory diseases, 
including IBD [63, 64]. The increased MPO activ-
ity was associated with initial neutrophil and later 
mononuclear cell infiltration [65]. The TNBS in-
duced colitis causes the protonation and induced 
the infiltration of neutrophils in the colonic in-
flamed tissues [66]. MPO indicates the level of 
infiltration of neutrophils in the colon, which is 
usually higher in the colitic conditions. MPO itself 
possess cytokine-like properties and activates the 
neutrophils, which causes the release of a range 
of inflammatory mediators and ROS  species [67]. 
The reduction of MPO level causes the reduction 
of neutrophil infiltration is the indicator of the 
inflammatory recovery [68]. Leukocyte infiltration 
was determined by biochemical analysis. In normal 
control, the leukocyte infiltration was significantly 
less due to the reduced MPO activity. However, in 
the TNBS group, the MPO activity was significant-
ly increased (*p < 0.05) as compared to the normal 
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control group. The TGN treated group have shown 
the significant (*p < 0.05) downregulation of MPO 
activity as compared to TNBS group. This is similar 
to the report of Fiorucci et al. [69] who admin-
istered rifaximin (30 or 50 mg/kg/day) to colitic 
mice which increased survival rates, reduced colitis 
severity, decreased colonic IL-2, IL-12, IFN-γ and 
TNF-α levels, and MPO activity Figure 8 shown 
the results of the NO, MPO, TNF-α ,GSH SOD 
and MDA.

In mucosal inflammation, intestinal epithelial 
cells, neutrophils and macrophages produce the 
superoxide and nitric oxide. Superoxide and nitric 
oxide are formed by activating NDAPH oxidase 
and inducible nitric oxide synthase (iNOS) both 
are induced by inflammatory cytokines and more 
reactive oxygen, and nitrogen species are created 
through the NADPH oxidase and iNOS activation 
[70]. Rifaximin plays a role in regulating cytokine 

expression, which is considered as an additional 
therapeutic effect on IBD condition independently 
of antibiotic effect. Rifaximin is a gut-specific li-
gand for the human nuclear receptor subfamily 
1, group 1 member (pregnane-X receptor) which 
regulate cytokines expression [71]. iNOS is play-
ing a significant role in the pathophysiology of 
inflammation, and NO reacts with ROS and acts 
as an oxidative agent. This causes the elevated level 
of ROS, which can damage the cytoskeleton of 
proteins and alters the tight junctions of epithe-
lial permeability in intestinal epithelial cells and 
causes the barrier disruption [72, 73]. This pro-
cess initiates IBD inflammation. The continuous 
increase of NO and superoxide level causes the 
production of highly toxic peroxynitrile which is 
belelived to play the predominant role in colonic 
inflammation. The increased NO level causes the 
colonic tissue toxicity and mucosal damage. The 

A B C
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Figure 8. Biochemical analysis of colon lysate. A–C. Effect of TGN1 on (A), GSH (B), SOD (C), MDA in colon lysate of TNBS-induced 
Wistar rats; D. Effect of TGN1 on NO in colon lysate of TNBS-induced Wistar rats; E. Effect of TGN1 on TNFα in colon lysate of 
TNBS-induced Wistar rats; F. Effect of TGN1 in on MPO colon lysate of TNBS-induced Wistar rats. Value are expressed as mean 
± SEM; n = 5 animals/group.*p < 0.05 significantly different from TNBS colitis by one-way ANOVA 
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NO levels in the TNBS is significantly *p < 0.05 
increased and indicating the increased inflamma-
tory conditions whereas in the mesalmine group 
and TGN treatment group demonstrated signifi-
cant potential to down regulated the NO level 
through the anti-inflammatory effect. Mesalmine 
has been known for reducing the NO toxicity level 
in the IBD similarly the rifaximin has the remark-
able potential to reduce the NO toxicity.  

TNF-α, the pro-inflammatory cytokines, play 
a significant role in the migration of NH-KB 
into the nucleus and damages the cells. TNF-α 
involves the conscription of neutrophils and the 
inflamed colonic mucosa and initiates the inflam-
matory pathogenesis [37–40]. Chen et al. ana-
lyzed the role of rifaximin in mRNA expression 
of NF‐κB‐regulated pro-inflammatory mediators 
in colonic tissues of mice. The treatment with 
rifaximin blocked the pro-inflammatory induc-
tion mediators. The rifaximin treatment inhibited 
the TNF‐α‐induced NF‐κB activity, thus helped 
the recovery of the colonic damage. Therefore 
the mechanism of action of rifaximin revealed 
the potential to antagonize the effects of TNF-α 
on intestinal epithelial through the inhibition of 
NF-κB-mediated pro-inflammatory mediators by 
activating pregnane-X receptor, which induces de-
toxification genes. Sartor et al. [74] reviewed the 
mechanism of action of rifaximin and revealed 
that rifaximin plays a role more than the non-sys-
temic bactericidal antibiotic and therapeutically 
work beyond inducing the remission. 

The results showed a significantly higher ex-
pression of TNF-α concentration after the ad-
ministration TNBS. The TNBS administration is 
known to increase TNF-α and IL-1β and NT-κB, 
which were found to be associated with the in-
creased colonic injury [75, 76]. The increased 
expression of pro-inflammatory cytokines such 
TNF-α was significantly increased in the TNBS 
group as compared to the treatment and control 
group. The monocytes and macrophages initially 
activate the pro-inflammatory cytokines, includ-
ing TNF-α. They play a significant role in the 
mucosal inflammation and immunity as well as 
involved in the many cellular processes such as 
metabolism, inflammation and apoptotic cell 
death [74]. The higher expression of TNFα levels 
in treatment and Mesalamine group significantly 
decreased as compared to the TNBS  group, which 

indicates the recovery of colonic inflammatory 
conditions [65]. The study results demonstrat-
ed the significant reduction in the TNF-α level 
in the TGN, and mesalamine treated rats hence 
proved the anti-inflammatory effect produced 
by the nanoparticles through a similar mecha-
nism. A similar effect of reduced TNF-α level was 
reported with rifaximin (50 mg/kg/day), which 
significantly accelerates recovery in mice with es-
tablished colitis [69].

Histopathological observations
Intrarectal administration of TNBS triggered 

the weight loss, bloody diarrhoea, rectal prolapse, 
and considerable bowel wall thickening. Rifaximin 
significantly improved colon histology [39]. The 
assessment of control group demonstrated no dis-
turbance in the standard architecture of the colon.  
The TNBS induced IBD group showed an increased 
clinical score with the increased production of the 
mucous in the inflamed colon as compared to the 
healthy group (Fig. 9). Severe transmural disrup-
tion in the architecture of colon was observed in 
the TNBS group and which is also accompanied 
by the very high microscopic score due to tissue 
injury. The tissue injury was evidenced with focal 
necrosis of mucus submucosa and loss of epithe-
lium. There is also oedema, crypt abscess, diffused 
leucocyte infiltration and accumulation of neutro-
phils in the mucosal layers and few lymphocytes in 
the submucosa. The inflammation process involves 
crypt hyperplasia, dilation and moderate goblet cell 
depletion. The groups receiving the nanoparticles 
(TGN)demonstrated the decrease in the severity of 
the inflammation. 

The study results showed that TGN has the po-
tential to protect against the histopathological dam-
ages occurred in the colon. The significant reduc-
tion in the severity of disease was noted on day 17 
this is 72 hours after the drug administration. After 
the treatment period, the ulcer areas were showing 
the sign of the formation of new epithelium. The 
transmural lesions and goblet cell depletion was 
reduced. The clear indication of mucin restoration 
was recorded along with the restructuring of nor-
mal mucosa, submucosa and muscularis mucosa 
was observed.  The overall observation confirmed 
the restoration of colonic glands indicated the res-
toration of colonic histology and restoration of nor-
mal cell function.
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Conclusion 

In summary, the present study demonstrates that 
the rifaximin loaded tamarind gum nanoparticles 
can deliver the maximum amount of drugs at the co-
lon. The nanoparticle formulations were stable with 
significantly high zeta potential. The best formula-
tion TGN1 provided significant protection against 
the TNBS induced colitis in rats. The developed 
nanoparticles were able to ameliorate biochemical 
parameters as compared to the TNBS group. The 
TGN1 group shown the significant recovery in the 
histopathology, which is significantly equivalent to 
or higher than the reference drug mesalamine group 
and normal control group. Furthermore, these data 
support the overall improvement of inflammatory 
disease profile suggests that the rifaximin as oral 
nanoparticles delivery can improve the therapeutic 
potential of rifaximin drug in the IBD treatment. 
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