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ABSTRACT

Ulcerative colitis (UC) is a chronic inflammatory bowel iliness that requires targeted and efficient treatments due to its
symptoms, which include inflammation, increased production of reactive oxygen species (ROS), and damage to the
intestinal epithelial barrier. For the purpose of treating colitis, a nanoplatform that possesses a wide range of activities
was designed. The implementation of triptolide-encased oral nanozymes is carried out. The reactive oxygen species-
scavenging characteristics of nanozymes, in conjunction with the substantial anti-inflammatory actions of triptolide,
have the potential to reduce inflammatory responses and oxidative stress. The protection of the nanozyme and the
limitation of its dispersion are both accomplished by the utilization of pH- and enzyme-responsive approaches in an
oral medication delivery system that is designed to target the inflammatory colon. A quick elimination of reactive
oxygen species (ROS) in the affected region is achieved by the nanozyme. Additionally, the nanozyme inhibits the NF-
kB signaling pathway, decreases the levels of pro-inflammatory cytokines, and activates macrophages, which are
immune cells that fight inflammation. Through the enhancement of mucosal healing and tight junction protein
synthesis, the formulation is able to reestablish the intestinal barrier and lower the systemic toxicity of triptolide.
Immunological regulation, antioxidants, and the delivery of medication in a targeted manner all contribute to
improved treatment outcomes and a reduced severity of the disease. Ulcerative colitis can be effectively treated with
a nanozyme that contains triptolide and is delivered orally. This treatment is both safe and effective. The effectiveness
of treatment is improved when medications are given in a localized manner and when the condition is controlled using
a collection of different approaches.
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1. INTRODUCTION

The inflammatory bowel disease (IBD), which includes ulcerative colitis and Crohn's disease, is characterized by
inflammation of the mucosal lining, oxidative stress, breakdown of the epithelial barrier, and compromised
immunological responses. IBD is a disorder that is both persistent and recurrent. The colon and the rectum are
the primary organs affected by ulcerative colitis. There are a number of potential adverse effects, including
increased risk of rectal bleeding, abdominal pain, diarrhea, weight loss, and a decrease in quality of life. Recent
discoveries imply that immune system dysfunction, dysbiosis of the gut microbiota, environmental variables,
and genetic predisposition may be potential contributors to the condition, despite the fact that research has
not yet found a single cause. Pharmacological drugs that are considered to be traditional, such as biologics,
immunosuppressants, corticosteroids, and aminosalicylates, are helpful in the therapy of diseases.
Inconsistent treatment efficacy, systemic adverse effects, inadequate patient adherence, and incorrect
targeting of inflammatory regions are all potential outcomes of prolonged usage of the medication. In
response to these concerns, researchers have created cutting-edge drug delivery methods that reduce the risk
of systemic toxicity and provide individualized, localized therapy options.

Tripterygium wilfordii Hook F. is the fungus that is responsible for producing the well-known diterpenoid
triepoxide triptolide. Fibrosis, inflammation, antioxidants, and immune system function are all significantly
impacted by the consequences. For therapeutic purposes, it is feasible to decrease the levels of pro-
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inflammatory cytokines, modify the activation of T-cells, suppress the activation of NF-kB, and decrease the
amount of oxidative damage that occurs in tissues that are inflammatory.

2. MODEL DEVELOPMENT

Synthesis and Characterization of T-C

Following the synthesis of Ce02 nanozymes using chemical methods, the nanozymes were then exposed to a
triptolide (TP) treatment. Characterization of the T-C nanozymes was accomplished through the utilization of
antioxidant tests, DLS, TEM, XRD, EDS, XPS, and DSC.

Preparation and Characterization of the Nanoplatform

It was determined that chitosan (CS), chondroitin sulfate (CH), and pectin (PC) should be combined in a
particular combination in order to create the oral nanoplatform known as T-C@pNP. The researchers
investigated the zeta potential, size, and form of the particles, as well as the drug encapsulation capacity of the
particles.

Storage Stability of T-C@pNP

The course of eight days at a temperature of four degrees Celsius, we measured the zeta potential and particle
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Scheme 1. Preliminary study on the mechanism of oral treatment of T-C@pNP in colonic inflamed mice

In Vitro Release of T-C@pNP

The dialysis bag technique was utilized in order to explore the release of medication in the stomach, which has
a pH of 1.2, and the intestines, which have a pH of 6.8 with pectinase.

Degradation Study of T-C@pNP

For the purpose of evaluating the acid resistance and pectinase-mediated disintegration of the nanoparticle
shell, the particle size, zeta potential, and polydispersity index (PDI) were all modified.

In Vitro Cytotoxicity of T-C@pNP

In order to determine the effect that the combination had on the viability of RAW 264.7 and IEC-6 cells, the
CCK-8 test was utilized.

In Vitro Cellular Uptake

An examination of the uptake of FITC-labeled nanoparticles by inflammatory RAW 264.7 and IEC-6 cells was
carried out with the assistance of confocal laser scanning microscopy.
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In Vitro Anti-inflammatory Capacity

When it comes to reducing inflammation, the effectiveness of TNF-a, IL-6, and IFN-y was evaluated through
the utilization of ELISA.

In Vitro Cell Scratch Assay

For the purpose of determining whether or not nanoparticles are effective in augmenting wound healing, the
IEC-6 cell contact assay was utilized.

In Vivo Biodistribution Measurement

Through the use of intravital ultrasound (IVUS), ICG-labeled nanoparticles were utilized in order to study
participants who were suffering from DSS-colitis.

In Vivo Anti-colitis Efficiency

We monitored the mice's weight, disease activity index, colon length, inflammation, splenic index, and
histological examination in order to determine whether or not the medicine was effective in treating DSS-
induced colitis in mice.

Histochemical Analysis

In order to evaluate the integrity of mucus layers, tight junction proteins, collagen deposition, reactive oxygen
species (ROS) generation, MPO activity, macrophage polarization, and histology, immunofluorescence labeling
was utilized.

Western Blot

For the purpose of determining the amounts of NF-kB p-p65 and Beclin-1 proteins in colon samples, Western
blot analysis was utilized.

Gut Microbiota Analysis

For the purpose of investigating the microbiota of the intestinal tract, 16S rRNA sequencing and analytics were
utilized.

Statistical Analysis

In order to examine the mean + standard deviation data, we utilized a one-way analysis of variance (ANOVA). It
was determined that a p-value that was lower than 0.05 was considered to be statistically significant.

3. EXPERIMENTAL RESULTS

Characterization of T-C

A homogenous particle size was demonstrated by TP-loaded cerium oxide nanozymes (T-C), which exhibited an
outstanding drug-loading efficiency. TEM, XRD, EDS, XPS, and DSC experiments were conducted to verify the
addition of triptolide to hollow CeO, nanozymes while maintaining the Ce2+/Ce2+ redox system. The
antioxidant T-C is capable of eliminating a significant quantity of reactive oxygen species (ROS) and is also
advantageous in the treatment of inflammatory bowel disease.
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Fig. 1. Synthesis and characterization of T-C and T-C@pNP.

Characterization of T-C@pNP

Chitosan, chondroitin sulfate, and pectin were coated on T-C to create the oral nanoplatform, which is
represented by the acronym T-C@pNP. The nanoparticles maintained their stability during storage due to their
homogeneous sphere shape, appropriate particle size, and negative surface charge. Due to its resistance to
acid and rapid degradation upon the addition of pectinase, the pectin coating was an exceptional candidate for
medication delivery to the colon.

In Vitro Release of T-C@pNP

T-C@pNP stabilized the release of medication under stomach conditions (pH 1.2), thereby preventing its
premature release. The shell was completely decomposed in an intestinal environment with a pH of 6.8 when
pectinase was present. The triptolide was gradually discharged as a consequence. The nanoplatform delivers
the drug to the colon in a specific manner, and it subsequently releases the drug in response to enzymes.

In Vitro Cytological Assessment of T-C@pNP

Inflammatory RAW 264.7 macrophages and IEC-6 gut epithelial cells are capable of effectively absorbing T-
C@CS/CH nanoparticles, as indicated by scientific research. Chondroitin sulfate, which targets the CD44
receptor, and electrostatic interactions may facilitate the drug's rapid penetration of inflammatory cells.
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Fig. 2. In vitro assessment of uptake and therapeutic effects of T-C@pNP.

In Vitro Anti-ROS and Anti-inflammatory Capacity

In comparison to free TP and CeO,, T-C@CS/CH demonstrated a substantial decrease in reactive oxygen
species (ROS) levels and inhibited the production of inflammatory cytokines, including TNF-a, IL-6, and IFN-y.
The therapy's efficacy was enhanced by the combination of the antioxidant activity of CeO2 nanozymes and
the anti-inflammatory effects of triptolide.

Wound Healing Capacity

Scratch testing demonstrated that the nanoparticle mixture accelerated the healing process of wounds and
directed IEC-6 intestinal epithelial cells toward movement. The recipe's capacity to facilitate cellular absorption
and reduce inflammation facilitated epithelial regeneration, which implies that it could be employed to
reconstruct the intestinal barrier.

In Vivo Biodistribution

Fluorescence imaging demonstrated that T-C@pNP remained in the inflamed intestines for an extended period
following oral administration. The pectin coating impeded the degradation of the nanoparticles in the digestive
tract, thereby facilitating the transportation of drugs to the stomach. Furthermore, the medications were
delivered by the chondroitin sulfate, which adhered to the inflammatory regions.
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In Vivo Therapeutic Effects

The administration of T-C@pNP led to a reduction in splenic enlargement, a restoration of colon length, an
improvement in colon histology, a decrease in the disease activity index (DAIl), and an increase in body weight.
These effects alleviated the symptoms of colitis in mice produced by DSS. In comparison to free TP or CeO2
therapy, the nanoplatform was shown to have a higher therapeutic efficacy and to protect intestinal tissues
from inflammation.
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Fig. 3. In vivo distribution and therapeutic effects.

In Vivo Therapeutic Mechanism of T-C@pNP

Research has demonstrated that the following outcomes can be achieved: reducing oxidative stress,
preventing neutrophil infiltration, promoting anti-inflammatory M2 macrophages, restoring intestinal tight
junction proteins (ZO-1 and occludin), blocking the NF-kB signaling pathway, boosting autophagy, reducing
fibrosis, and partially restoring gut microbiota composition. The combination further improved the therapy of

ulcerative colitis and the mending of the intestinal barrier.
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Fig. 4. In vivo therapeutic mechanism of T-C@pNP.

4. CONCLUSION

Triptolide-loaded oral nanozymes are a novel and potentially effective treatment for colitis. The potent anti-
inflammatory effects of triptolide are combined with the ability of nanozymes to combat reactive oxygen
species (ROS). These nanoplatforms accumulate in the tissues of the colon that are exhibiting inflammation
when they are ingested. The systemic toxicity and adverse effects on the gastrointestinal tract are reduced as a
result of the increased local absorption of the medicine. They prevent inflammation of the digestive tract in
numerous ways. Some of these therapies include the modulation of macrophage polarization, the restoration
of the intestinal epithelial barrier, the inhibition of pro-inflammatory signaling pathways, the reduction of
oxidative stress, and the management of gut flora. Oral nanozymes that are loaded with triptolide have the
potential to treat ulcerative colitis and other inflammatory bowel diseases, as indicated by preclinical research.
These nanozymes have been identified as safe for human consumption, have the potential to reduce the
severity of disease, and expedite the healing process of the gut mucosa.
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