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a b s t r a c t

Although multitudinous nanoscale drug-delivery systems (DDSs) have been recommended to improve

anti-ulcerative colitis (UC) outcomes, to enhance the mucoadhesion of nanosystems on the colon and

specifically release the loaded drugs in response to the colon micro-environment would be critical fac-

tors. The application of curcumin (Cur), an acknowledged anti-UC phytochemical compound, for UC ther-

apy requires more efficient nano-carriers to improve its therapeutic outcome. Herein, we developed the

colon-targeted nano-micelles with mucoadhesive effect and Azo reductase-triggered drug release profiles

for Cur delivery in UC treatment. Specifically, the amphiphilic block polymer containing the Azo-reductase

sensitive linkage (PEG-Azo-PLGA), and catechol-modified TPGS (Cat-TPGS) were synthesized respectively.

Based on the self-assembly of the mixed polymers, Cur-micelles (142.7 ± 1.7 nm of average size, 72.36%

± 1.54% of DEE) were obtained. Interestingly, the Cur-micelles exhibited the Azo-reductase sensitive par-

ticle dissociation and drug release, the enhanced cellular uptake and the prolonged retention on colonic

mucosa, mediated by the strong mucoadhesion of catechol structure. Ultimately, Cur-micelles significantly

mitigated colitis symptoms and accelerated colitis repair in DSS-treated mice by regulating the intestinal

flora and the levels of pro-inflammatory factors (MPO, IL-6, IL-1β , and TNF-α) related to TLR4/MyD88/NF-

κB signaling pathway. This work provides an effective drug delivery strategy for anti-UC drugs by oral

administration.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Ulcerative colitis (UC) is a common inflammatory disease in the

colon, which is characterized by diarrhea, mucosal ulceration, and

rectal bleeding. In recent years, this disease affects several mil-

lion patients worldwide, the incidence of UC is rapidly increasing

worldwide, especially in many developing countries [1]. Although

a lot of efforts have been made to find the reasons for the genesis

and development of UC, its etiology still remains unclear to date.

Currently, the therapeutics for UC mainly relies on the utilization

of anti-inflammatory agents, immunomodulatory drugs and biolog-

ical products. Several medications used in clinic to alleviate the

symptoms of UC, such as corticosteroids, amino-salicylates and in-

fliximab, confront the poor therapeutic efficiency as well as the

frequent side-effects. Curcumin (Cur), a natural anti-inflammatory
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polyphenol compound derived from Curcuma longa L., has been

well-acknowledged demonstrated to ameliorate UC in several pre-

vious studies [2,3]. Most importantly, Cur also possess the high

safety as a “generally regarded as safe” compound by FDA [4,5].

Collectively, these results suggest that Cur could act as a promis-

ing therapeutic agent for UC therapy.

Nevertheless, impacted by the potential structural failure in

gastrointestinal tract [6,7], Cur commonly requires the vehicle

encapsulation to carry out the specific colon-targeting deliv-

ery. Nanoscale drug delivery systems, promising for improving

the pharmacokinetics, bioavailability and solubility exhibited by

drug [8–12] (e.g., liposomes, micelles and nano-gels), are demon-

strated with bright prospect for UC therapy. Moreover, for the im-

provement of drugs’ influence for treating ulcerative colitis, the

nanoscale drug delivery system should exhibit the two character-

istics of long-term retention of colon tissue and controlled release

of the colon. One good candidate is catechol group with high pres-

ence within sticky marine mussel foot protein and contributes to

https://doi.org/10.1016/j.cclet.2022.03.110
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Fig. 1. Physical and chemical characterization of Cur-micelles. (A) The total synthesis routes of PEG-Azo-PLGA and Cat-TPGS. (B) The particles size distribution by DLS and

the TEM images of the Cur-micelles. Scale bar: 100 nm. (C) The particle size distribution and TEM images of Cur-micelles in rat colon fluid. Scale bar: 100 nm. (D) The

photograph: Control NPs, Cur-micelles, Free-Cur. (E) Cumulative release present of Cur from the Cur-micelles in different medium at 37 °C.

the significant mussel’ underwater adhesion onto various surfaces

[13]. Catechol is available for enhancing polymeric materials’ mu-

coadhesion through the formation of bonds that are covalent and

not covalent with mucin. Several existing studies investigated the

mucoadhesive properties of catechol. For instance, on the basis of

catechol end-functionalization, PEG, short for poly (ethylene gly-

col), a non-mucoadhesive polymer, was converted into a mucoad-

hesive polymer [14]. Jinke Xu et al. developed mucoadhesive hy-

drogel for facilitating rectal sulfasalazine administration in treating

UC [15]. A number of approaches in terms of drug delivery specific

to colon were developed, covering methods exploiting pressures,

times, pH values and/or bacteria [16–18]. Colonic microflora cov-

ers anaerobic bacterium merely existing within the region of colon

and secretes particular biodegradable enzyme, thereby facilitating

colonic drug release targeting [19,20]. The Azo bond in polymer is

available to be a bacteria-triggered colon-targeted sensitive bond.

The design and evaluation of a multiple functional polymeric

micellar system loading Cur (Cur/micelles) for UC therapy were re-

ported here to facilitate the prolonged colon retention and colon

specific enzyme-responsive release of Cur (Graphical abstract).

First, the synthesis an Azo-linked PEG-PLGA polymer was achieved

under graft modification reactions (Fig. 1A). The chemical struc-

tures of PEG-Azo-PLGA were obtained (Fig. S1A in Supporting in-

formation). The 8.31 ppm (e), 8.25 ppm (f), 8.11 ppm (c) and 8.03

ppm (d) were the characteristic 1H NMR spectra on the benzene

ring of Azo. The typical peaks 5.23 ppm, 4.89 ppm and 1.55 ppm of

PLGA appeared, as represented by j, i and h. The typical peaks 3.59

ppm and 4.83 ppm were labeled b and a belonged to –CH2-CH2-O

of the mPEG. Therefore, based on the 1H NMR spectra results, the

introduction of Azo bond was successful.

Subsequently, 3,4-dihydrohydrocinnamic acid was modified on

the PEG1000 moiety of TPGS to obtain the catechol modified TPGS

(Cat-TPGS) (Fig. 1A). The Cat-TPGS (Fig. S1B in Supporting infor-

mation) were confirmed on the basis of 1H NMR. The peaks 3.56

ppm (f), 2.70-1.95 ppm (g), 1.60-1.11 ppm (h) and 0.89 ppm (i) be-

longed to the characteristic 1H NMR spectra of the TPGS. 0.89 ppm

(i) and 3.56 ppm (f) signals indicated the feature exhibited by -CH3

as well as O-CH2-CH2 protons of TPGS side chain’s long-chain alkyl

group. The typical peaks 9.57 ppm, 8.84 ppm, 6.89 ppm, 6.71 ppm

and 6.55 ppm of Cat appeared at which were labeled a, b, c, d and

e. On the whole, the mentioned result demonstrated the effective

synthesis.

The collected Cur loaded in PEG-Azo-PLGA/Cat-TPGS polymers

(Cur-micelles) had almost 142.7 nm mean diameter exhibiting a

narrow distributing characteristic (Table S1 in Supporting informa-

tion). Cur loading’s drug entrapment efficiency (DEE) as well as

drug loading efficiency (DLE) within NPs reached 72.36% ± 1.54% as

well as 4.21% ± 0.56%, respectively. Fig. 1B illustrates how the mor-

phology is distributed on the basis of transmission electron mi-

croscopy (TEM) observation, as well as how the size of Cur-micelles

is distributed on the basis of dynamic light scattering (DLS). The

Cur-micelles were characterized by firmly packed structure, regu-

lar spherical form, and a uniform size distribution. Nevertheless,

for responding rat colon fluid medium in terms of the mimicking

of the colonic flora small habitat distinctly specialized and effec-

tively isolated, the size distributions of Cur-micelles started to be

elevated according to several peaks. Cur-micelles were character-

ized by the fragmented and dispersed uniform orbicular morphol-

ogy (Fig. 1C). Furthermore, compared with the Free-Cur suspension

liquid, the Tyndall phenomenon formed by the laser beam trans-

mitted through the nano-solution was significant (Fig. 1D).

For the verification of the colon-targeted drug delivery’s target-

ing specific to colon as well as azo enzyme-responsive cleavage,

this study compared the Cur release from micelles in different ex-

perimental conditions (Fig. 1E). Compared with that in PBS, Cur

cumulative release from sensitive polymer nanoparticles was no-

ticeably expedited within the colonic fluid of the rat. At the end of

72 h release, the Cur release from polymer micelles in rat colonic

fluid was 76.5% of initial load of Cur. However, the cumulative Cur

under the release by sensitive polymer nanoparticles in PBS was

nearly 42.3%. Besides, because Cur was not nano-crystallized, Free-

Cur was released in PBS quickly, and 71% of the total Cur can be

released in 4 h. According to the mentioned result, the polymers’

azo bond critically impacts Cur originating from Cur-loaded poly-
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Fig. 2. (A) Quantitative measure of Cur uptake in different Cur formulations (Free-Cur and Cur-micelles) after incubation for 4 h. Cur incubation concentration was 16 μg/mL.

(B) Fluorescent images of Caco-2 cells incubated with different Cur formulations (Free-Cur and Cur-micelles) for 4 h; scale bar: 100 μm. Cur incubation concentration was

16 μg/mL (∗P < 0.05 vs. Free-Cur). (C) In vivo colon targeting and retention of Cur-micelles in colitis mice, the colon tissues in each cohort were dissected and observed by

ex vivo fluorescence imaging (24 h post-administration). (D) Ex vivo fluorescence images of rat colons after incubation at 37 °C across different formulation.

mer micelle, thereby causing greater Cur content within the part

of colon and satisfying drug delivery’s requirement with the target

of colon.

Cur-micelle uptake manner was measured with the use of flow

cytometer (FCM). Confocal laser scanning microscopy (CLSM) was

used to observe cells. The FCM profile and histogram Cur aver-

age intensity was elevated over time or according to the dosage of

Cur (Figs. S2A and B in Supporting information), thereby demon-

strating the cell-uptake efficacy in Cur-micelle’s Caco-2 cells on a

basis relying on time or relying on dosage, separately. According

to the cell-uptake ability, nanoscale is capable of enhancing Cur-

micelle’s cell-uptake efficacy on a basis relying on time or relying

on dosage, primarily accounting for Cur-micelle’s prominent effi-

cacy, other than Free-Cur. High efficiency intracellular uptake refers

to a main requirement in terms of using Cur for treatment pur-

poses. According to Fig. 2A, as Caco-2 cell was incubated by using

various Cur formulations (Cur-micelles as well as Free-Cur) under

the period of 4 h, Cur intensity within Cur-micelle exceededFree-

Cur’s, according to the mean fluorescence intensity’s histogram re-

sults and FCM-detection profiles. Thus, fluorescence microscopy re-

sult was demonstrated (Fig. 2B), and Cur-micelle’s significant cell-

uptake ability was proven. In addition, the system’s great uptake

capacity is likely to be because of the nanoscale of the system. We

used confocal microscope for confirming the cellular uptake pro-

files regarding Caco-2 cells’ Cur-micelles as well asFree-Cur at the

incubation time point of 4 h (Fig. 2B). As expected, this study mea-

sured the clear Cur accumulation from cells under the Cur-micelle

treatment. Cur fluorescence signals within the cells under the Cur-

micelle treatment outperformed cells under theFree-Cur treatment.

According to the mentioned result, Cur-micelle could achieve the

delivery of a greater amount of Cur within Caco-2 cell as compared

with Free-Cur.

For the mentioned reason, micelles’ the colitis targeting capa-

bility in vivo and retention capability were proved. IR780, an NIR

dye exhibiting a maximal absorbance at 780 nm, was sealed within

PEG-Azo-PLGA/Cat-TPGS micelles or PEG-Azo-PLGA/TPGS micelles

(termed IR780-micelles and IR780-micelle(-Cat)). Colitis mice took

nanoparticle’s solution orally. With the use of IVIS spectrum un-

der a range of times after intragastric administration, we captured

NIR fluorescence image. According to Fig. S3 (Supporting infor-

mation), the IR780-micelles Group’s mean fluorescence intensity

was significantly greater as compared with that of Free-IR780 and

IR780-micelles(-Cat) at 6, 12, and 24 h after intragastric admin-

istration. At 6 h after intragastric administration, the Cat-IR780-

micelles group’s mean fluorescence intensity in vivo reached three

times that of Free-IR780. At 24 h after intragastric administration,

the mean fluorescence intensity was reduced noticeably within

colitis rats. Nevertheless, Cat-IR780-micelles group’s mean fluores-

cence intensity was continuously greater as compared with that

of other groups. The colons were collected after the sacrifice of

rats at 24 h post intragastric administration. According to Fig. 2C,

the mean fluorescence intensity exhibited by IR780-micelles group’

colon was obviously higher than other group.

For the observation of IR780-micelle’s adhesion ability to in-

flame mucosa, we took the colon with inflammation from the UC

rat model with the use of TNBS administration. Next, we captured
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Fig. 3. (A) The daily weight change in different group of mice. (B) DAI scores of mice in various groups. (C) Representative photographs of mice’s colons in various groups.

(D) Colon length of mice in various groups. (E) Frozen section of colitis tissues after drug administration. Red, DiL (cell membrane); Blue, DAPI (nucleus); Green, Cur. ∗P <

0.05 untreated control group vs. DSS-induced UC model group, �P < 0.05 model group vs. treatment groups (n=6 per group).

the images of Colon tissues ex vivo with the use of living imaging

system for the comparison of IR780’s fluorescence intensity under

the attachment onto the colon tissue mucosa. According to Fig. 2D,

after rinsed with PBS buffer solution, Free-IR780 fluorescence in-

tensity decreased rapidly while the fluorescence intensity exhibited

by IR780-micelles noticeably exceeded that of IR780-micelles(-Cat)

or Free-IR780.

According to this animal experiment, we adopted a method to

prevent DSS-induced UC after administration to assess the Cur-

related nano-formulations for the prevention and treatment of col-

itis. The administration time of Cur was 9 days, and the time of

DSS-induced colitis in mice was 7 days. Rats’ body weight changes

in the overall process of the experiment noticeably revealed the

physiological state. According to Fig. 3A, a significant body weight

loss of DSS-treated UC mice at day 9, as compared with the con-

trol. However, mice in Cur-micelles group exhibited a less distinct

weight loss compared with model group. Given the mentioned typ-

ical clinical characteristics, we employed the DAI for the assess-

ment of Cur therapeutic activity. All experiment on animals were

carried out with a protocol approval from Chengdu University of

TCM’s the Animal Welfare Committee. The researchers’ animal ex-

perimental processes based on the experimentally related proto-

col in accordance with the Guidelines for the Care and Use of

laboratory Animal of the Ministry of Science and Technology of

China. According to Fig. 3B, DAI scores of rats under the treat-

ment by using DSS were noticeably grew as opposed to the con-

trol’s. Nevertheless, Cur-micelles group’s DAI scores noticeably de-

clined, thereby demonstrating Cur-micelles’ improvement on UC-

associated pathological state. Besides the severe edema, hyperemia

as well as synechia, the colon length of rats under the treat-

ment by using DSS significantly declined. According to Figs. 3C

and D, mouse’ colon shortening under the treatment by using DSS.

Thus, Cur-micelles administration was capable of noticeably ame-

liorating the shortening of the colon. According to Fig. 3E, few of

Cur could be identified in submucosa of the colon after mice ad-

ministrated by Free-Cur. However, the green fluorescence intensity

in Cur-micelles treatment group noticeably exceeded the Free-Cur

groups’, thereby demonstrating that Cur-micelles could effectively

accumulate and penetrate in colitis tissue after oral administra-

tion. The mentioned results indicate catechol chemical modifica-

tion TPGS exhibits a great capability to be adherent to colon mu-

cosa.

Within the immunization system of intestinal mucosa, neu-

trophil and macrophage contribute to the secretion of inflamma-

tion cytokine, thereby disrupting epithelial integrity and causing

colon injury [21]. Neutrophils activated largely carried out the se-

cretion of MPO. The MPO generally indicates inflammation sever-

ity [22]. According to Fig. S5 (Supporting information), within the

DSS model group, colonic MPO activities showed significant el-

evation in comparison with the healthy control’s. As compared

with the other DSS groups, the group under the treatment of

Cur-micelle exhibited the minimal colonic MPO activity. For this

reason, intestinal injury characteristic within IBD and inflamma-

tory response critically impact UC pathogenesis. Pro-inflammatory
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cytokine production rose noticeably within model group under

the induction of DSS in comparison with the control. Never-

theless, Cur-micelles administration down-regulated the not nor-

mally risen pro-inflammatory cytokine amounts (Fig. S5). The risen

amounts of IL-1β , IL-6 and TNF-α showed correlation to the su-

perficial ulcer as well as inflamed mucosa within UC mice. Accord-

ingly, Cur-micelles noticeably eliminated the mentioned risen pro-

inflammatory cytokines, which exhibited the highest efficacy.

Toll-like receptors (TLRs) are membrane-anchored proteins

that are expressed on immune cells and enterocytes. TLRs act

as pathogen recognition receptors (PRP), identifying microbe-

associated molecular patterns (MAMPs) to activate specific signal-

ing pathways [23]. Thirteen members of the TLR family have been

confirmed in mammals, of which, TLR4 has been the most widely

studied [24]. Several studies have suggested that TLR4 serves as

the main mediator of responses to lipopolysaccharide (LPS) both in

vitro and in vivo, and TLR4 signaling promotes intestinal damage

in DSS-induced colitis [25]. The unbalanced microbiota can elicit

intestinal not only through its LPS binding to intestinal toll-like

receptor 4 (TLR4) but also through inducing elevation of LPS by

altering gut microbiota composition [26]. According to new evi-

dences, the inflammation response of UC receives a major regula-

tion from TLR4/MyD88/NF-κB pathway [27]. Due to a risen intesti-

nal permeability within UC cases, pathogenic microorganisms and

toxic substances could cross the intestinal wall, thereby activat-

ing TLR4 [28]. TLR4 activation could activate MyD88, a vital adap-

tor molecule vital to TLR signaling, thereby activating downstream

NF-κB signaling pathway and synthesizing pro-inflammatory cy-

tokines (e.g., IL-6, IL-1β and TNF-α facilitating UC growth) [29].

Besides, NF-κB is critical to interaction of gut microbiota, as well

as mucosal immune system epithelial barrier function disruption

[30]. Under the NF-κB activation triggered by DSS was related to

TLR4. This study attempted to assess classical proteins by Western

blotting investigation for exploring Cur’s effect in this channel, and

further study Cur-micelles (Fig. S4A in Supporting information). Ac-

cording to Fig. S4A, in comparison with the control, the total pro-

tein expression of TLR4, MyD88 and NF-κB p65 in colon tissue of

Model group was evidently enhanced (∗P < 0.05). It is noteworthy

that the mentioned three proteins’ expressions within Cur-micelles

group were noticeably less than others’ (�P < 0.05). In brief, Free-

Cur and Cur-micelles are capable of inhibiting TLR4/NF-κB signal-

ing pathway commendably.

Given the findings above, DSS could induce severe inflamma-

tion of colon tissues. The histopathological screening of mice’ colon

section by HE-staining revealed no necrosis or inflammation in

the control (Fig. S4B in Supporting information). Mice in the DSS

model group showed colon tissue injuries, including crypt distor-

tion, goblet cell loss, severe epithelia damage, and mucosal inflam-

matory cell infiltration. Nevertheless, Cur-micelle administration

was capable of noticeably protecting colon crypt structures and re-

ducing histologic inflammations. Besides, the hypothesis was that

Cur could protect the intestinal mucosa from damages by reinforc-

ing its self-repair. To further demonstrate this hypothesis, periodic

acid Schiff hematoxylin (PAS) staining was conducted for explor-

ing the intestinal mucosa variation post Cur administration in the

course of the DSS treatment. According to Fig. S4B, DSS+Oral-Cur-

micelles treated mice colons possessed significant proportion of re-

generative colonic crypts with mucus producing goblet cells mor-

phology, closer to the healthy colon as compared with the colon

from mice under colitis. For further confirming Cur-micelles’ toxi-

city, we carried out the investigation of internal organs as well as

H&E staining. According to Fig. S6 (Supporting information), after

treatment, the harvested major organs (heart, liver, spleen, lung

and kidney) from all mice showed no histopathological evidence

of damage. The mentioned findings indicate the prominent Cur-

micelle’s biocompatibility and low toxicity.

Gut microbiota, a vital intestinal barrier component, signifi-

cantly impacts host physiological process regarding the energy

metabolism, nutrient absorption and immune system growth, as

well as intestinal mucosal barrier function’s maturation [31]. Cut

microbiota dysfunction could cause the increased permeability

of the intestinal epithelial cell, trigger mucosal inflammatory re-

sponse, and promote the development of colitis. For this reason,

regulation of intestinal microbiota is recognized to be a therapeu-

tic approach in terms of UC patients. Cur was found to regulate

gut microbiota structure and reduce its diversity in UC mice and

therefore relieve the symptoms of UC [4]. In the present study, the

expression of 16S rRNA gene sequence was employed to assess the

amelioration of Cur-micelles on DSS-induced UC. The rarefaction

curve plateau (Fig. S7A in Supporting information) with the cur-

rent sequencing indicates that most of the diversities have already

been captured in all samples. According to (Fig. S7B in Supporting

information), we suggested microbial communities’ alpha diversity

with the use of Simpson index. Furthermore, the alpha diversity

declined noticeably under the influence of DSS treatment, and mi-

crobial diversity remarkably increased under Cur-micelle adminis-

tration. Under the weight Unifrac distance matrixes, according to

the analyses of PCA (Fig. S7C in Supporting information) and PCoA

(Fig. S7D in Supporting information), three groups’ gut microbiota

had noticeable diversification. Though Free-Cur and Cur-micelle ad-

ministration failed to overall reverse the gut microbiota to the con-

trol’s, Free-Cur or Cur-micelles could maintain the capability to

regulate not normal gut microbiota within DSS-induced UC rats.

We employed histograms for indicating the difference in all

groups in terms of intestinal microbiota’s species and relative

abundance. On the basis of the phyla level (Fig. 4A), Proteobacteria,

Firmicutes and Bacteroidetes were reported as the predominant and

most numerous species in all groups. Compared with the control,

the intestinal microbial abundance of DSS-induced colitis mice no-

ticeably grew within Proteobacteria and remarkably declined within

Firmicutes. Inflammatory bowel disease was characterized by the

significantly reduced Firmicutes [32]. And, the Proteobacteria are

generally regarded as “microbial markers” of intestinal microbial

disorders [33]. After Cur treatment, the variations in the intesti-

nal flora of mice in the Free-Cur group and the Cur-micelles group

were consistent with those in the control, which indicated an in-

crease in Firmicutes and a decrease in Proteobacteria. As demon-

strated by this result, Cur could inhibit the expansion of Proteobac-

teria in the colon of mice induced by DSS, which may show poten-

tial benefits for maintain intestinal homeostasis.

At the family level (Fig. 4B), according to the intestinal flora

structure of DSS-induced UC mice compared with the control, the

abundance of Lachnospiraceae and Ruminococcaceae declined, and

Bacteroidaceae and Burkholderiaceae had increasing abundance. To

be specific, Lachnospiraceae and Ruminococcaceae pertain to Firmi-

cutes, which can promote the production of butyric acid in short-

chain fatty acids in the intestine [34], while Bacteroidaceae is cor-

related with intestinal inflammation [35]. In comparison with the

model group, after oral treatment with Free-Cur and Cur-micelles,

the mouse flora structure rose in the abundance of Lachnospiraceae

and Ruminococcaceae, while the abundance of Bacteroidaceae de-

clined.

At the genus levels (Fig. 4C), compared with the control,

DSS-induced colitis mice showed a significant decrease in the

abundance of Prevotellaceae UCG-001, and a significant increase

in Helicobacter and Escherichia-Shigellaming. To be specific, Bac-

teroidetes/Prevotellaceae UCG-001 is correlated with the synthesis of

SCFAs, and the secretion of SCFAs may help protect the intestinal

mucosal barrier [36]. Helicobacter rises the severity of DSS-induced

colitis [37]. Enterobacter-Shigella refers to typical pathogenic bacte-

ria, which may help the destruct the tight junctions of the mucosal

barrier and elevate the risk of bleeding from intestinal ulcers. Nev-
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Fig. 4. Gut microbial community structure of mouse from various groups. (A) Community abundance analysis at phylum level. (B) Community abundance analysis at family

level. (C) Community heat map of different groups at genus level. The color of the spot corresponds to the normalized and log-transformed relative abundance of genus.

ertheless, after oral treatment with Free-Cur and Cur-micelles, the

abundance of the above three types of intestinal bacteria all tended

to the level of the normal group. As confirmed by the result above,

oral administration of Cur or Cur-micelles is capable of regulating

the intestinal flora of mice and reducing the structural destruction

of the intestinal flora of mice induced by DSS.

In brief, we successfully synthesized an amphiphilic block poly-

mer PEG-Azo-PLGA and catechol structure modified TPGS, and self-

assembled Cur-micelles with the use of the solvent evaporation

method. According to the enzyme sensitivity test results, the Cur-

micelles could be destroyed by the azoreductase within the rat

colon solution and exhibit high enzyme sensitivity. As indicated by

in vivo anti-UC test results, Cur-micelles could inhibit DSS-induced

inflammation of the colon by regulating the TLR-4/MyD88/NF-κB
signaling pathway, while helping regulate intestinal flora. On the

whole, we reported a novel strategy, which can be very efficient in

delivering Cur to colon based on enzyme-responsive and mucoad-

hesive polymer mixed micelles, so it can act as a potential method

for curing UC.
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