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Purpose: Ulcerative colitis (UC) is a non-specific inflammatory intestinal disease with long course and easy recurrence, which is one 
of the refractory diseases. In the previous work, para-quinone methide compound p-QM-1i was found to be a potential anti-UC drug in 
UC mice; however, its water solubility was poor, and the oral dosage was high. In this study, in response to these shortcomings, an 
oral, actively targeted, and drug-loaded nanostructured lipid carrier (NLC) was constructed, and the dual-stage targeted design was 
performed on it.
Methods: Firstly, the p-QM-1i-loaded NLC surface was modified with infliximab (IFX) (p-QM-1i-IFX-NLC), which can target 
highly expressed TNF-α in inflammatory cells or tissues; secondly, p-QM-1i-IFX-NLC was coated with Eudragit S100 (S100-1i-IFX- 
NLC), which can achieve specific release in the colon and protect NLC from interference from the gastrointestinal environment.
Results: The experimental results suggested that the dual-stage targeted design of S100-1i-IFX-NLC can effectively increase the solubility 
of p-QM-1i, allowing S100-1i-IFX-NLC to target the colon and p-QM-1i-IFX-NLC to target the inflammatory tissue, increasing the 
aggregation of p-QM-1i in the colon, enhancing the efficacy of p-QM-1i, reducing the usage of p-QM-1i, and increasing safety.
Conclusion: The construction of Eudragit S100-coated p-QM-1i-loaded IFX-modified NLC (S100-1i-IFX-NLC) was effective and 
can improve the therapeutic effect of free drugs on UC.
Keywords: ulcerative colitis, nanostructured lipid carriers, target delivery, TNF-α, colon specific release

Introduction
Ulcerative colitis (UC) is a pathological condition of unknown etiology, characterized by non-specific inflammation and 
ulceration of the rectal and colonic mucosa. The main clinical symptoms include abdominal pain, diarrhea, severe 
diarrhea, and mucous purulent bloody stools;1–3 and this disease has a long course of illness, often prone to recurrence, 
and is generally a lifelong recurrent disease.4 At present, the etiology and pathogenesis of this disease are not yet clear, 
and the treatment is difficult. It has been listed as one of the modern difficulties to treat diseases by the World Health 
Organization; also known as “green cancer”.

Quinone methylates are a class of bioactive compounds that can be used in medicine as antiviral, antifungal, 
antibacterial, anti-inflammatory, and antioxidant agents.5 In our previous work,6,7 we synthesized a series of quinone 
methylation derivatives. In the lipopolysaccharide (LPS)-induced inflammatory Raw264.7 cell model, the para- 
trifluoromethyl substituted quinone methide derivative 1i (p-QM-1i) showed the best activity in inhibiting LPS- 
induced excessive NO production. Moreover, p-QM-1i can effectively inhibit the expression of inflammation-related 
promoter protein toll-like receptor 4 (TLR4), pro-inflammatory cytokines interleukins (IL)-6 and tumour necrosis factor 
(TNF)-α, inflammasome NOD-like receptor family pyrin domain-containing 3 (NLRP3), and cysteine aspartic acid- 
specific protease (Caspase1). Furthermore, in the mouse model of UC induced by sodium dextran sulfate (DSS), the 
active derivative p-QM-1i can inhibit DSS-induced colon shortening and reverse DSS-induced pathological changes in 
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colon cancer tissue. In addition, p-QM-1i can effectively inhibit oxidative stress, inflammation, and cell apoptosis in UC 
mice, and effectively reverse the damage of DSS to the liver and kidneys of mice, providing a protective effect on the 
liver and kidneys of mice. These results indicated that p-QM-1i was an effective anti-inflammatory agent with great 
potential as an anti UC drug. However, as an organic small molecule compound, p-QM-1i had very poor water solubility; 
the dosage of the drug administered orally to mice was relatively high, at 200 mg/kg; and it did not have targeting ability.

Nanoparticles can increase the solubility of non-water soluble drugs, reduce drug usage, and thus reduce side effects. 
Nanostructured lipid carriers (NLCs) are a type of lipid nanoparticle after solid lipid nanoparticles (SLNs), in which 
a portion of solid lipids are replaced by liquid lipids, allowing for the encapsulation of more drugs.8–11 Immune NLC is 
produced by the binding of antibodies to NLC, which can achieve targeted drug delivery through antibodies. TNF-α is an 
important target of autoimmune diseases, and its molecules exist in two forms: transmembrane TNF-α (tmTNF-α) and 
secreted TNF-α (sTNF-α). tmTNF-α is distributed in the form of membrane proteins on cells that secrete TNF-α. 
Infliximab (IFX) is a human mouse chimeric monoclonal antibody that inhibits TNF-α. It can quickly form a stable 
complex with TNF-α and terminate the biological activity and signaling of TNF-α. We designed IFX modified immune 
NLC, hoping that it can bind to TNF-α in the inflamed colon tissue of the lesion, allowing the drug loaded NLC to reach 
the vicinity of the lesion and targeted release the drug in the inflamed colon of the lesion. In order to improve the active 
targeting of NLC on UC tissue, the TNF-α inhibitor IFX was combined with the surface of NLC, which is rarely reported 
and has certain innovation.

The oral route is a simple, safe, and easily accepted way of taking medication.8–11 However, the antibodies attached to the 
immune NLC face many difficulties in oral administration due to the strong acidic gastric environment and susceptibility to 
enzymatic degradation in the intestine.12–14 Eudragit S100 is a pH responsive pharmaceutical excipient that has been approved 
by the FDA for use in oral formulations. Eudragit S100 is mainly composed of poly (methacrylic acid) and poly (methyl 
methacrylate), with a carboxylic acid-to-ester ratio of approximately 1:2,15,16 which is the principle behind Eudragit S100’s 
pH-dependent colon targeted drug release. In the stomach (pH 2–3) and small intestine (pH 6.5–7),16–18 due to its free 
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carboxylic acid form, the polymer exhibits a stable structure and is insoluble; in the colon (pH 7.0–8.0),16–18 carboxyl groups 
(COOH) ionize into carboxylic acid anions (COO−), increasing the water solubility of the polymer.19,20 Using Eudragit S100 
to coat immune NLC can maintain its stability when passing through the stomach and small intestine and specifically release 
immune NLC into inflamed colon,12 enabling targeted release of loaded drugs by immune NLC.12,20–22

In this study, we encapsulated the active drug p-QM-1i with NLC (p-QM-1i-NLC) to enhance its solubility. In order 
to achieve targeted release of active drug p-QM-1i in inflammatory colon lesions, IFX modification was performed on 
p-QM-1i-NLC to prepare immune NLC (p-QM-1i-IFX-NLC). Furthermore, in order to address the adverse gastrointest
inal conditions faced by oral medication, such as strong acidic gastric juice and a large amount of digestive enzymes, 
Eudragit S100 coating was applied to the immune NLC, allowing it to smoothly pass through the gastrointestinal tract 
and be targeted for release in the colon (Figure 1). We evaluated the nanostructure character, anti-UC activity, active 
targeting, and toxic activity of Eudragit S100-coated p-QM-1i-loaded infliximab-modified NLC (S100-1i-IFX-NLC), 
hoping to improve the targeting of active small molecule p-QM-1i, reduce drug usage, and minimize toxic side effects.

Materials and Methods
Preparation and Characterization of S100-1i-IFX-NLC
p-QM-1i-NLC
According to Table S1, the solid liposomes were weighed into a centrifuge tube, and dissolved with 5 mL of methanol. 
A certain amount of p-QM-1i was dissolved in liquid lipids under heating conditions. Mix solid lipid solution and liquid 
lipid solution. The mixture was subjected to vacuum distillation until the lipids adhere to the inner wall of the round 
bottom flask in the form of a lipid film at 75°C, −0.1 MPa and 80 rpm in a 100 mL round bottom flask. Then, continue 
vacuum distillation for 30 minutes to completely remove methanol. Two-milliliter PBS (10 mM, pH 7.4) was added to 
the round bottom flask, and the mixture was hydrated at −0.01 MPa for 20 minutes. The lipid membrane was shaken 
down by ultrasound. Liposomes were collected, and PBS was added to a total volume of 2 mL. Subsequently, the 
liposomes were crushed using the ultrasonic cell disruptor at 25 kHz and 4°C for 6 minutes. Afterwards, a manually 
pushed liposome extruder was used to manually extrude liposomes 21 times through a 200 nm pore size polycarbonate 
membrane. Then, liposomes were added to a 1000 MWCO dialysis bag and dialyzed in PBS buffer (three times water) 
for 12 hours, with fresh buffer replaced every 4 hours. The particle size, potential, and PDI of the dialyzed liposomes 
were measured for subsequent experiments.

p-QM-1i-IFX-NLC
The IFX in PBS (10 mM, pH 8.0) was mixture with Traut reagent (2-iminothiolane) at a molar ratio of 1:20 at 4°C for 4 hours, 
to facilitate the free amino sulfurization of IFX. Sulfurized IFX were dialyzed (1000 MWCO) in PBS (10 mM, pH 7.4) at 4°C 
overnight, to remove excess Traut reagent. Sulfurized IFX was incubated with p-QM-1i-NLC at a molar ratio of 1.5:1 at 4°C 
for 24 hours. Unbound Sulfurized IFX was removed by dialysis using a 3000 MWCO dialysis bag at 4°C overnight.

Figure 1 Design concept of S100-1i-IFX-NLC.
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S100-1i-IFX-NLC
Freshly prepared blank or p-QM-1i-loaded IFX-NLC (2.5 mg/mL) was added dropwise to an equal volume of 0.2% w/v 
Eudragit S100 in PBS (10 mM, pH 7.0). The mixture was stirred at 4°C for 0.5 hour, and then ultrafiltered at 4000 g and 
4°C for 45 minutes. The obtained coated immune NLC was redispersed in the original volume of PBS (10 mM, PH 7.0).

Identification of Nanoparticle Characteristics
The particle size, PDI and Zeta potential were analyzed using dynamic light scattering (Zetasizer Nano ZSE, Malvern, UK). 
DLS detection was equipped with an integrated 4 mV He-Ne laser (633 nm) and backscattering detection with a scattering 
angle of 173°.

Ten microliter DMSO and 20 μL Tritron-X 100 were added to 50 μL dialyzed p-QM-1i-NLC solution. The mixture 
was vortexed for 30 seconds, and allowed to stand for 30 minutes to break the emulsion. Then, 320 μL acetonitrile was 
added to the mixture and vortexed. After centrifugation at 12000 g for 10 minutes, the supernatant was taken to 
determine the concentration of p-QM-1i using HPLC, and the encapsulation efficiency (EE) and drug loading content 
(DLC) of p-QM-1i-NLC were further calculated.

The EE and DLC of p-QM-1i-NLC reflected the capacity of NLC to load p-QM-1i. The modification of IFX and the 
coating of S100 had no effect on the capacity of NLC to load p-QM-1i. Therefore, there was no repeated measurement 
and evaluation of the loading capacity of nanomaterials on p-QM-1i.

EE% = (the amount of Drug encapsulated in nanoparticles/total drug dosage) x 100%
DLC% = (the amount of Drug encapsulated in nanoparticles/total mass of liposomes) x 100%

Immune Characteristic Identification of p-QM-1i-IFX-NLC
(1) Connection efficiency of IFX

The protein concentration of IFX in dialyzed p-QM-1i-IFX-NLC was detected using the BCA assay kit, and the result 
was used to calculate antibody ligation efficiency.23–25

Antibody conjugation efficiency% = (the amount of antibodies contained in liposomes/number of sites) x 100%
(2) Antibody integrity
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (12%) was carried out as the general 

process, and the gel was stained with coomassie blue. The primary structure integrity of IFX was analyzed by comparing 
the bands of the free IFX and the IFX bound on the immune p-QM-1i-IFX-NLC.

Free IFX, thiolated IFX, and p-QM-1i-IFX-NLC at equivalent concentrations were performed fluorescence analysis 
using a fluorescence spectrophotometer. (Ex, 280 nm; Em, 300 to 420 nm) Guanidine hydrochloride (6 M), as the 
denaturing agent, was added to the above three solutions to evaluate the suppression of fluorescence and the displacement 
of the maximum wavelength to less energetic wavelengths.

Evaluation of Anti-UC Activity
Animal
Eight-week-old Balb/c mice (18–20 g, male) were purchased from Jinan Pengyue Experimental Animal Breeding Co., 
Ltd. Mice are allowed to drink and eat freely in a 12 hours light dark cycle and an environment of 23 ± 2°C. Animal 
experiments are strictly conducted in accordance with the National Laboratory Animal Care and Use Guidelines. The 
experimental plan has received support from the Ethics Committee of Liaocheng University (No 2023022718).

Anti-UC Mouse Experiment
After the adaptation for seven days, the mice were randomly divided into seven groups (8 mice/group): (1) normal group, 
(2) model group, (3) S100-IFX-NLC-treated group and (4–7) 6.25, 12.5, 25 or 50 mg/kg S100-1i-IFX-NLC-treated 
groups. Due to the possibility of mice dying from rectal bleeding, there were 12 mice in the model group. The number of 
mice in other groups was 8. Except the normal group, other mice were allowed to freely access 3% DSS aqueous solution 
for 10 days. From the fifth to tenth day, mice in S100-IFX-NLC-treated group were orally administered with 0.5 mL of 
S100-IFX-NLC every day; mice in S100-1i-IFX-NLC-treated groups were orally administered with 0.0625, 0.125, 0.25 
or 0.5 mL of S100-1i-IFX-NLC containing 6.25, 12.5, 25 or 50 mg/kg p-QM-1i every day. Mice in the normal group 
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were orally administered with 0.5 mL of PBS every day. After intragastric administration on the tenth day, the mice were 
fasted for 12 hours. After blood was taken from the eyeball, the mice were decapitated and killed, and taken the organs.

Serum Index Detection
Serum indicators aspartate transaminase (AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN) and 
creatinine (CRE) were measured using commercially available assay kits the aspartate transaminase (AST)/glutamic 
oxaloacetic transaminase (GOT) activity detection kit (E2023, Applygen), the alanine aminotransferase (ALT)/glutamate 
pyruvate transaminase (GPT) activity detection kit (E2021, Applygen), the urea (BUN) assay kit (C013-1-1, Nanjing 
Jiancheng) and the creatinine (CRE) assay kit (C011-2-1, Nanjing Jiancheng), respectively.

Detection of Oxidative Stress Indicators in the Colon
Oxidative stress indicators malondialdehyde (MDA) and catalase (CAT) in the colon were measured using commercially 
available assay kits lipid peroxidative MDA assay kit (S0121M, Beyotime) and the catalase assay kit (A007-2-1, Nanjing 
Jiancheng).

For the determination of myeloperoxidase (MPO),26 60 μL of working solution (0.0005% o-diaminodiphenylenediamine 
dihydrochloride and 0.1% hydrogen peroxide in PBS (50 mM, pH 6.0)) was added to 40 μL of colon tissue supernatant. After 
mixing, the mixed solution was immediately measured at 460 nm at 25°C using a microplate reader. The change of 5.65 × 10−3 in 
absorbance was equivalent to one unit of MPO activity. MPO activity was expressed in U/mg pro.

Histopathological Analysis
Following the general process, colon tissue was fixed with 4% paraformaldehyde (Beyotime), embedded in paraffin and sliced. 
After staining with hematoxylin and eosin (Beyotime), images were taken using an Olympus microscope (BX53+DP80).

Western Blot
Following the general process, colon tissue supernatant was performed Western blot experiment. The primary antibodies 
were as follows: TNF-α (WL01581, Wanleibio), IL-1β (WL00891, Wanleibio), NLRP3 (WL02635, Wanleibio), nuclear 
factor erythroid 2-related factor 2 (Nrf2) (WL02135, Wanleibio), heme oxygenase 1 (HO-1) (WL02400, Wanleibio), 
claudin-1 (WL 03073, Wanleibio), occludin (WL01996, Wanleibio), β-actin (GB15003, Servicebio). The secondary 
antibodies were as follows: HRP-labeled Goat Anti-Rabbit IgG (H+L) (A0208, Beyotime). The dilution concentration of 
all first antibodies used in the Western blot experiment was 1:1000.

Active Targeting Determination of NLC
Drug Release of S100-1i-IFX-NLC at Different pH Levels
(1) According to the Chinese Pharmacopoeia to prepare artificial gastrointestinal fluid.

Artificial gastric juice: 234 mL of concentrated hydrochloric acid was diluted with water to 1000 mL to obtain 
9.5–10.5% dilute hydrochloric acid. Eight hundred milliliters of water and 10 g of gastric protease were added to 
16.4 mL dilute hydrochloric acid, and then the mixture was shaken and diluted with water to 1000 mL.

Artificial small intestine fluid: 500 mL water was added to 6.8 g KH2PO4, and 0.1 M hydrochloric acid was added to 
the mixed solution to adjust pH to 6.8. Ten-gram trypsin was dissolved in water and then was added to the above 
solution. Water was added to the mixed solution to 1000 mL.

Artificial colon fluid: 5.59 g K2HPO4 and 0.41 g KH2PO4 were dissolved in water to obtain 1000 mL solution.
(2) Firstly, 0.5 mL of 2.232 mg/mL S100-1i-IFX-NLC was placed in the dialysis bag (10000 MWCO), and was 

released in 50 mL of simulated gastric juice for 2 hours. Secondly, the dialysis bag was transferred to 50 mL of simulated 
small intestine fluid and was released for 3 hours. Finally, the dialysis bag was transferred to 50 mL of simulated colon 
fluid and was released until the end of the 72 hours experiment. Throughout the experiment, the experimental setup was 
placed in a culture shaker at 100 rpm and 37°C for release testing. About 0.5 mL of release medium was collected at 0.5, 
1, 2, 3, 4, 5, 6, 8, 24, 48 and 72 hours in the experiment, and the same volume of fresh release medium was added.
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Active Targeting Determination in the LPS-Induced Inflammatory Raw264.7 Cells Model
The Raw264.7 cell line was obtained from the National Collection of Authenticated Cell Cultures of the Chinese 
Academy of Sciences, and cultured in DMEM (Hyclone) medium containing 10% fetal bovine serum (Gibco) and 1% 
penicillin–streptomycin solution (Beyotime) in a 37°C and 5% CO2 incubator (Thermo Scientific Heraciu 150i).

According to the method reported in the literature27–31 with modifications, NLC was fluorescently labeled and used 
for targeted studies. One-milligram DSPE-PEG2000 in the preparation method was replaced with 1mg Cy5.5-DSPE- 
PEG2000. Two milliliters of Raw264.7 cells at a density of 1.5 × 105 cells/mL was inoculated in a 6-well plate. After 
24 hours, cells were inoculated in fresh medium containing 1 μg/mL LPS for another 24 hours. Then, 100 μL Cy5.5-IFX- 
NLC or Cy5.5-NLC was added and inoculated for 3 hours. After removing the culture medium, the cells were washed 
twice with PBS and fixed with 2 mL of 4% paraformaldehyde solution (Beyotime) for 10 minutes. After removing the 
fixative, the cells were washed twice with PBS and added a drop of anti-fade mounting medium with DAPI. Stained cell 
samples were photographed using a fluorescence microscope (Olympus).

Two milliliters of Raw264.7 cells at a density of 1.5 × 105 cells/mL was inoculated in a 6-well plate. After 24 hours, 
cells were inoculated in fresh medium containing 1 μg/mL LPS for another 24 hours. Then, 100 μL Cy5.5-IFX-NLC or 
Cy5.5-NLC was added and inoculated for 3 hours. After removing the culture medium, the cells were washed twice with 
PBS and collected. Then, the cells were analyzed using flow cytometry.

Active Targeting Determination in the DSS-Induced UC Mouse Model
(1) Fluorescence imaging

After the adaptation for seven days, mice freely accessed 3% DSS aqueous solution. Starting from the fifth day, mice 
were orally administered with 0.5 mL of Cy5.5-S100-IFX-NLC once. After 3, 6, 12, 24, 48 and 72 hours of gavage in 
different groups, mice were euthanized simultaneously, and their colons were removed. The feces in the colon were 
washed with cool PBS and then photographed using the in vivo imaging system. In addition, after 3, 6, 12, 24, 48 and 
72 hours of gavage in different groups, another group of mice were euthanized simultaneously, their gastrointestinal tract 
were removed, and then photographed using the in vivo imaging system.

(2) Quantitative measurement
After the adaptation for seven days, mice freely accessed 3% DSS aqueous solution. Starting from the fifth day, mice 

were orally administered with 0.5 mL of 50 mg/kg free p-QM-1i in carboxymethylcellulose sodium (0.5%) solution 
(P1346637, Adamas-beta) or 0.5 mL of S100-1i-IFX-NLC containing 50 mg/kg p-QM-1i once. After 0.5, 1, 2, 3, 6, 12, 
24 hours of gavage in different groups, mice were euthanized, and their colons were removed. Colonic tissue was 
homogenized in PBS and then mixed with an equal volume of ethyl acetate. The mixture was centrifuged at 12000 g and 
4°C for 10 minutes, and collected the supernatant. An equal volume of ethyl acetate was added to the precipitate and then 
collected the supernatant. This process was repeated twice. All the ethyl acetate solutions were combined and evaporated 
under reduced pressure. Four hundred microliters of methanol was added to the obtained solid, and the concentration of 
p-QM-1i of samples was determined with high performance liquid chromatography (HPLC, Agilent Technologies 1260 
Infinity, Germany) (Eluent, methonal: H2O = 90:10; flow rate, 1 mL/min; λ, 348 nm; retention time, 16.223 min).

Statistical Analysis
All experiments were conducted independently at least three times. The number of mice in the experiment was 8. Data 
were expressed as mean ± SD. The statistical significance analysis of experimental data was conducted using the one-way 
analysis of variance test and dunnett test in GraphPad Prism software. p < 0.05 was considered statistically significant.

Results
Preparation and Characterization of p-QM-1i-NLC, p-QM-1i-IFX-NLC and S100-1i- 
IFX-NLC
p-QM-1i-NLC
The p-QM-1i-NLC was prepared using thin film dispersion method. The types and proportions of lipids used in the 
preparation of p-QM-1i-NLC were shown in Table S1. According to dynamic light scattering analysis, the particle size of 
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p-QM-1i-NLC was 136.38 nm, with a PDI of 0.116 (Table 1), indicating that the particle size distribution of p-QM-1i- 
NLC was uniform. And p-QM-1i-NLC had good storage stability within 14 days, as their particle size, PDI, and zeta 
potential remain largely unchanged (Figure 2A–D). In addition, the EE of p-QM-1i-loaded NLC was 86.51%, and the 
DLC was 7.70% (Table 1). This indicated that p-QM-1i-NLC can provide sufficient space to accommodate drug 
molecules and prevent their leakage.

p-QM-1i-IFX-NLC
Furthermore, IFX was modified on the surface of p-QM-1i-NLC to construct the immune NLC (p-QM-1i-IFX-NLC) 
with active targeting ability, which can target inflammatory cells or tissues. In the preparation of immune NLC, the 
antibody conjugation efficiency could be maintained at 90%, as analyzed by BCA (See Table S2).

And, in order to determine the antibody integrity after conjugation, the primary and tertiary structures of IFX antibody 
on the surface of p-QM-1i-IFX-NLC were analyzed. Through the analysis of SDS-PAGE, the IFX monoclonal antibody 
modified on the p-QM-1i-IFX-NLC surface showed two bands (heavy chain and light chain) on the electrophoresis gel, 
which was the same as the electrophoresis pattern of the free IFX antibody (Figure 2E). So the IFX antibody modified on 
the surface of p-QM-1i-IFX-NLC was not damaged, maintaining the integrity of the IFX primary structure.

Analyze the integrity of the tertiary structure of antibodies through fluorescence visible light spectroscopy.32,33 Under 
excitation at 280 nm, IFX monoclonal antibody exhibits the maximum fluorescence intensity at 340.40 ± 0.60 nm 
(Figure 2F and Table S3), attributed to the presence of aromatic amino acid residues in the structure of IFX. Under the 
action of the deformation agent guanidine hydrochloride, the fluorescence intensity of IFX monoclonal antibody is 
suppressed, and the maximum fluorescence emission wavelength increases and shifts to 358.80 ± 0.20 nm. The thio-IFX 
antibody and the functionalized IFX antibody connected to p-QM-1i-IFX-NLC also exhibited the maximum fluorescence 

Table 1 Characterization of p-QM-1i-NLC and S100-1i-IFX-NLC

NPs Size (d.nm) PDI Zeta (mV) EE (%) DLC (%)

p-QM-1i-NLC 136.38±0.74 0.116±0.012 −13.73±0.44 86.51±2.22 7.70±0.20
S100-1i-IFX-NLC 194.20±2.03 0.223±0.015 −12.8±0.51 / /

Figure 2 The storage stability of p-QM-1i-NLC (A–D), antibody integrity evaluations of IFX antibody on the surface of p-QM-1i-IFX-NLC (E and F), and TEM images (G and H). 
(A) The particle size distribution of p-QM-1i-NLC on day 0 and day 14. (B) Changes in particle size within 14 days. The experiment was performed in triplicate. Error bars 
represented mean ± SD. (C) Changes in PDI within 14 days. The experiment was performed in triplicate. Error bars represented mean ± SD. (D) Changes in Zeta within 14 days. 
The experiment was performed in triplicate. Error bars represented mean ± SD. (E) SDS-PAGE of free IFX and p-QM-1i-IFX-NLC. (F) Fluorescence spectroscopy of free IFX, 
sulfurized IFX and p-QM-1i-IFX-NLC. (G) The TEM image of p-QM-1i-IFX-NLC. (Scale bar, 100 nm). (H) The TEM image of S100-1i-IFX-NLC. (Scale bar, 100 nm).
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intensity at 340.40 ± 0.20 and 340.27 ± 0.42 nm, respectively; and under the action of the guanidine hydrochloride, they 
also exhibited fluorescence intensity suppression and an increase in the maximum fluorescence emission wavelength 
(356.60 ± 0.92 and 356.67 ± 0.70 nm). This indicates that the thiolation of IFX and coupling with p-QM-1i-NLC surface 
did not cause any changes in the tertiary structure of IFX antibodies. In addition, the analysis results of transmission 
electron microscopy showed that the nanoparticles of p-QM-1i-IFX-NLC were almost spherical, with a particle size 
similar to the DLS results of p-QM-1i-NLC (Figure 2G).

S100-1i-IFX-NLC
Furthermore, in order to overcome the strong environment of the gastrointestinal tract and specific release in the colon, p-QM- 
1i-IFX-NLC was coated with Eudragit S100 to prepare orally administered S100-1i-IFX-NLC. According to dynamic light 
scattering analysis, the particle size of S100-1i-IFX-NLC was 194.20 nm, PDI was 0.223, and zeta potential was −12.8 mV 
(Table 1). The transmission electron microscopy images in Figures 2H showed that the nanoparticles of S100-1i-IFX-NLC 
were also almost spherical, with a particle size similar to the DLS results. The particle size of S100-1i-IFX-NLC after coating 
was approximately 58 nm larger than that of p-QM-1i-IFX-NLC before coating.

Besides, in order to determine whether the nanomaterials had toxic activity, we conducted preliminary cytotoxicity 
assays on the empty S100-IFX-NLC. As shown in Figure S1, empty S100-IFX-NLC had no significant effect on the cell 
viability; while, as the concentration of p-QM-1i increased, the cell viability of S100-1i-IFX-NLC decreased. This 
indicated that the empty S100-IFX-NLC was safe or low toxic.

Study on the Anti-UC Activity in vivo
Effects on Symptoms of UC Mouse Model
DSS-induced UC mice were selected as the experimental model for evaluating oral administration of S100-1i-IFX-NLC, 
which can simulate the disease characteristics of human UC. Balb/c mice were allowed to freely drink 3% DSS aqueous 
solution to establish the UC model, and drugs was administered orally on the fifth day for treatment (Figure 3A). As shown 

Figure 3 Anti-UC evaluation of S100-1i-IFX-NLC in the DSS-induced UC mouse model. (A) The experimental time line. (B) Body weight changes of different experiment 
groups (n = 8 for each group). Error bars represented mean ± SD. (C) Colon length of different experiment groups (n = 8 for each group). Error bars represented mean ± SD. 
(D) Representative images of colon length. (E) Histopathological images of the colon. (Scale bar, 500 μm and 100 μm) *p < 0.05 and ***p < 0.01, compared with the normal 
group; #p < 0.05 and ###p < 0.001, compared with the model group.
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in Figure 3B–E, in the DSS-induced UC mouse model, the efficacy of oral administration S100-1i-IFX-NLC was evaluated 
from multiple aspects, including changes in body weight and colon length, and histopathological analysis of the colon. In 
the DSS-induced UC mouse model group, there was a significant decrease in body weight, a significant shortening of colon 
length, and clear acute inflammatory features in colon tissue, such as infiltration of inflammatory cells, structural loss, and 
disappearance of crypts. Non drug-loaded S100-IFX-NLC had no effect on the intervention of UC mice. While, the 
intervention of S100-1i-IFX-NLC in UC mice can reduce weight loss and colon shortening caused by UC, and resist the 
acute inflammatory characteristics caused by UC. Among them, only 12.5 mg/kg of S100-1i-IFX-NLC had significant anti- 
UC effects, especially in effectively resisting the acute inflammatory characteristics of colon tissue.

Regulation of Inflammatory Related Proteins in UC Colon Tissues
Following the analysis of acute inflammation characteristics in colonic pathological tissue, we further performed 
inflammatory analysis on the supernatant of the homogenate of the colon tissues. The TLR4/nuclear factor (NF)-κB 
signaling pathway is an important inflammatory pathway and a breakthrough point for the prevention and treatment of 
UC.34 TLR4, as the main pattern recognition receptor mediating innate immune and inflammatory responses, plays an 
initiating role in inflammatory responses. NF-κB is a key nuclear factor that triggers and regulates inflammatory 
responses. Activated NF-κB undergoes nuclear transfer, further promoting the transcription and translation of cytokines 
such as IL-6, IL-1β, and TNF-α, as well as NLRP3.35–37 NLRP3 inflammasome plays an extremely important role in 
immunity and inflammation. The activation of NLRP3 further activates Caspase1, thereby promoting the release of 
mature IL-1β and facilitating the occurrence and development of inflammatory reactions.38

We chose pro-inflammatory cytokines TNF-α and IL-1β, and inflammasome NLRP3 for measurement, using Western 
blot. As shown in Figure 4A–D, in UC mice of the model group, the expression levels of pro-inflammatory cytokines 
TNF-α and IL-1β and inflammasome NLRP3 in colon tissue were significantly increased, due to inflammation of UC. 
The expression levels of TNF-α, IL-1β, and NLRP3 in the colon tissue of the S100-IFX-NLC group were similar to those 
in the model group. Treatment with 6.25 and 25 mg/kg of S100-1i-IFX-NLC can effectively downregulate these 
inflammatory-related proteins; and 25 mg/kg of S100-1i-IFX-NLC can basically reverse these changes. These data 
indicated that the drug loaded S100-1i-IFX-NLC can effectively inhibit inflammation in UC mice.

Effects of Oxidative Stress on UC Mice
MDA, MPO, and CAT are commonly used indicators of oxidative stress. MDA is the final product of lipid peroxidation and an 
important indicator of oxidative stress.39 MPO is a peroxidase associated with neutrophils,40 and changes in its activity can 
reflect the intensity of inflammatory responses.41 CAT is a widely present antioxidant enzyme in living organisms that can 
catalyze the decomposition of hydrogen peroxide into water and oxygen to protect cells from oxidative stress.42 CAT reflects 
the body’s ability to clear hydrogen peroxide and can be used to evaluate the function of the antioxidant system.

The Nrf2/HO-1 is an important pathway associated with oxidative stress, which can maintain cellular redox home
ostasis by regulating the expression of related proteins. Nrf2 is the main regulatory factor of the antioxidant defense 
system in the body, involved in signal transduction related to various intracellular defense mechanisms. HO-1 is 
a downstream target protein of Nrf2, which can degrade hemoglobin and release biliverdin, CO, and ferrous ions.

As shown in Figure 4E and F, the MDA content and MPO activity in colon tissue of UC mice in the model group 
were significantly increased, indicating the generation of oxidative stress. And the S100-IFX-NLC group without drug 
loading showed no intervention effect on UC mice. Meanwhile, the drug loaded S100-1i-IFX-NLC had a significant 
intervention effect on UC mice, with a significant decrease in MDA content and MPO activity in colon tissue. In 
addition, as shown in Figure 4G, in the model group and S100-IFX-NLC group, the CAT activity in the colon tissue of 
UC mice was significantly reduced; the intervention of S100-1i-IFX-NLC significantly increased the CAT activity in UC 
mice. These data indicated that S100-1i-IFX-NLC can effectively inhibit oxidative stress caused by UC.

As shown in Figure 4H–J, in the model group, the Nrf2/HO-1 signaling pathway was activated to resist oxidative 
stress in the colon of UC mice; the expression levels of Nrf2 and HO-1 were significantly increased. Non drug-loaded 
S100-IFX-NLC treatment group also had higher levels of Nrf2 and HO-1. While, in the S100-1i-IFX-NLC groups loaded 
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with drugs, the expression levels of Nrf2 and HO-1 decreased, indicating that the intervention of S100-1i-IFX-NLC can 
effectively resist oxidative stress in UC mice.

Effects of Tight Junctions Proteins on Ulcerative Colon
Dysfunction of intestinal barrier leads to increased intestinal permeability, which plays an important role in the 
pathogenesis of UC.43–45 Tight junction (TJ) is an important component of the intestinal epithelial barrier, which can 
regulate the selective permeability of intestinal epithelial disorders, and prevent pathogenic antigens from entering the 
mucosal lamina propria and causing inflammation and immune reactions in the intestine and surrounding body. TJs 
mainly exist in the junction complexes between epithelial cells and endothelial cells, bringing adjacent cell membranes 
together to form a physical barrier structure surrounding the cells. TJ is a complex composed of multiple proteins, 
including transmembrane proteins, peripheral membrane proteins, and cytoskeletal proteins.46 Transmembrane proteins 
include the following three intact membrane proteins: junctional adhesion molecule, occludin, and claudins. Currently, it 
is believed that occludin and claudins play a major role in transmembrane proteins.

We chose occludin and claudin-1 for measurement, using Western blot. As shown in Figure 4K–M, in the UC mice of 
the model group, the expression levels of claudin-1 and occludin in the colon tissue were significantly lower than those in 
normal mice, indicating an increase in intestinal permeability in the colon of UC mice. The intervention of S100-1i-IFX- 
NLC in UC mice can effectively increase the expression levels of claudin-1 and occludin. However, only S100-IFX-NLC 
did not have such an effect. These results indicated that S100-1i-IFX-NLC can also exert anti-UC effects by increasing 
the levels of TJ proteins (claudin-1 and occludin) to restore intestinal barrier permeability.

Figure 4 Effects of S100-1i-IFX-NLC on inflammation, oxidative stress and tight junctions related proteins in DSS-induced UC mice. (A) Representative target protein 
bands related to inflammation. (B) Relative ratio of TNF-α. (C) Relative ratio of IL-1β. (D) Relative ratio of NLRP3. (E) MDA. (n = 8 for each group) (F) MPO. (n = 8 for 
each group) (G) CAT. (n = 8 for each group) (H) Representative target protein bands related to oxidative stress. (I) Relative ratio of Nrf2. (J) Relative ratio of HO-1. (K) 
Representative target protein bands related to tight junctions. (L) Relative ratio of Claudin-1. (M) Relative ratio of occludin. *p < 0.05, **p < 0.01 and ***p < 0.001, 
compared with the normal group; #p < 0.05, ##p < 0.01 and ###p < 0.001, compared with the model group. The experiment was performed in triplicate. Error bars 
represented mean ± SD.
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Targeted Evaluation of S100-1i-IFX-NLC in vitro and in vivo
The Drug Release Studies of S100-1i-IFX-NLC in vitro
To verify whether S100 coating can achieve specific release in the colon, further in vitro drug release studies of S100-1i-IFX- 
NLC were conducted. Adopting the preparation method of gastric juice, small intestine fluid, and colon fluid in the Chinese 
Pharmacopoeia. As shown in Figure 5A, S100-1i-IFX-NLC did not release p-QM-1i in artificial gastric juice for 2 hours and 
artificial small intestine fluid for 3 hours; and when replaced with an artificial colon, p-QM-1i begins to release.

Targeted Study of Inflammatory Cell Model in vitro
Macrophages play a crucial role in inflammation.47,48 LPS is widely used as an inducer of macrophage inflammation. The LPS- 
induced Raw264.7 macrophages cell model is a commonly used inflammatory model, in which TNF-α is highly expressed.7,49,50

To verify the targeting of TNF-α on inflammatory cells by IFX modified on the surface of NLC, Cy5.5 labeling was 
performed on IFX-NLC. One-milligram DSPE-PEG2000 in the experimental method was replaced by 1 mg 
Cy5.5-DSPE-PEG2000, allowing Cy5.5-IFX-NLC to be detected by fluorescence. As shown in Figure 5B, in the 
blank group, only the blue fluorescence of DAPI can be observed in cell morphology, which was used to stain the 
nucleus. In the Cy5.5-IFX-NLC group, in addition to nuclei labeled with DAPI, red fluorescence of Cy5.5 can also be 
observed in cell morphology. In the Cy5.5-NLC group, only blue fluorescence could be observed in cell morphology, and 
no red fluorescence could be observed. In Figure 5C, low fluorescence was detected in the samples of the blank group 
and Cy5.5-NLC group by flow cytometry; And high fluorescence was detected in the samples of Cy5.5-IFX-NLC group. 
These data indicated that the modification of IFX on Cy5.5-IFX-NLC can effectively target TNF-α in inflammatory cells, 
resulting in a strong red fluorescence in this cell group.

Fluorescence Imaging Study and HPLC Study of Active Targeting in UC Mice
To determine the active targeting of S100-1i-IFX-NLC in vivo, we performed fluorescence imaging qualitative analysis 
on the colon after oral administration of Cy5.5-S100-IFX-NLC, and quantitatively analyzed the p-QM-1i content 
absorbed by the colon after oral administration of S100-1i-IFX-NLC (Figure 5D and E).

Figure 5 Targeted study of S100-1i-IFX-NLC in vitro and in vivo. (A) In vitro drug release study of S100-1i-IFX-NLC in artificial gastric fluid, small intestinal fluid and colonic 
fluid. (B and C) Targeted study in LPS-induced inflammatory cell model of Raw264.7 macrophages using fluorescence microscopy and flow cytometry. (B, scale bar, 20 μm) 
(D and E) Targeted studies were conducted using in vivo imaging systems and high performance liquid chromatography (HPLC) in the DSS-induced UC mouse models. The 
experiment was performed in triplicate. Error bars represented mean ± SD.
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In the DSS-induced UC mouse model, after oral administration of Cy5.5-S100-IFX-NLC, significant red fluorescence 
was detected in the colon of UC mice at 3 and 6 hours; as time increases, the intensity of red fluorescence weakened. In 
addition, as shown in Figure S2, fluorescence imaging of the mouse gastrointestinal tract showed that at 3 hours, the 
fluorescence in the latter half of the small intestine and colon was stronger than that in the stomach and the first half of 
small intestine. This was mainly due to the gradual transition of pH in the gastrointestinal tract of mice from strongly 
acidic (stomach) to neutral/weakly alkaline (intestine), which was different from the completely different pH values 
between gastric juice, small intestine fluid, and colon fluid used in in vitro drug release experiments.

In the DSS-induced UC mouse model, p-QM-1i can be detected in the colon tissue homogenate extract after oral 
administration of S100-1i-IFX-NLC for 2 hours. At 6 hours, the content of p-QM-1i in the colon reached a high level; 
and the content of p-QM-1i in the colon after oral administration of S100-1i-IFX-NLC was about twice that of the colon 
after oral administration of free p-QM-1i. After oral administration of S100-1i-IFX-NLC for 12 hours, the content of 
p-QM-1i in the colon decreased; however, after 12 hours of oral administration of free p-QM-1i, p-QM-1i was no longer 
detected in the colon.

Safety Evaluation
We conducted safety assessments of S100-1i-IFX-NLC by detecting serum indicators, histopathology, and organ indices. 
In the DSS-induced UC mouse model, DSS not only causes UC but also penetrates the mucosal epithelial layer and 
aggregates in other tissues due to the disruption of the intestinal mucosal barrier, resulting in damage to other tissues.51 

AST and ALT in serum are clinical indicators reflecting liver injury; BUN and CRE in serum are indicators reflecting 
kidney injury.

In DSS-induced UC mice, when DSS accumulated in the liver and kidneys, causing liver and kidney damage, the 
levels of AST, ALT, BUN and CRE in the serum would increase, as shown in the model group of Figure 6A–D. There 
was no significant difference in these four serum indicators between the S100-IFX-NLC group and the model group, 
indicating no statistical significance. The intervention of S100-1i-IFX-NLC in UC mice can significantly reduce the 
levels of serum AST, ALT, BUN and CRE caused by DSS. However, there were no significant differences in 
histopathological analysis (Figure 6E) and organ indices (Table 2) of the liver, spleen and kidney among the experimental 
groups. This may be related to the short duration of the UC experiment in the mouse, so abnormalities in serum 
biochemical indicators were detected first, without detecting changes in organ tissue morphology.

Discussion
Low water-soluble drugs lead to low bioavailability and reduced therapeutic efficacy, so it is usually necessary to 
increase the dosage of drugs to improve their efficacy; but increasing the dosage will lead to more side effects. In order to 
address the low water solubility of drugs, nanomedicine delivery systems have emerged. Compared with other types of 
nanomaterials (polymers, inorganic materials), lipid nanocarriers have extremely low toxicity and immunogenicity.52–54 

NLC evolved from SLN and is composed of a mixture of solid and liquid lipids. Due to the interference of liquid lipids 
with the regular arrangement of solid lipids, leading to the formation of lattice defect structures, which enables NLC to 
load more drugs and reduce drug leakage.55

We first loaded the active anti-inflammatory lead compound p-QM-1i with NLC to prepare p-QM-1i-NLC, in order to 
increase the solubility of p-QM-1i. In addition, the preparation of p-QM-1i-NLC required the selection of suitable liquid 
lipids, Miglyol 812N, to increase the EE value of the drug. Miglyol 812N had a high solubility for p-QM-1i (Table S4) 
and can effectively increase the EE value of p-QM-1i. For example, when Miglyol 812N was used as a liquid lipid, the 
EE value of p-QM-1i in p-QM-1i-NLC was 86.51%; when Oleic acid was used as a liquid lipid, the EE value of p-QM-1i 
in p-QM-1i-NLC is 62.52% (Table S5). And Miglyol 812N had lower costs.

PEG-2000 modified lipids (DSPE-PEG2000) were used to construct NLCs, which can increase the hydrophilicity of 
NLCs, reduce their uptake by the reticuloendothelial system, and prolong the circulation time of drugs in the blood.56–58 

In addition, by functionalizing PEG-2000 modified lipids (DSPE-PEG2000-MAL), antibodies can be attached to the 
surface of NLC, giving NLC active targeting and forming immune NLC. In the treatment research for inflammatory 
bowel disease, various antigens or receptors, mannose, folate, chemokine receptors, etc. have been applied for active 
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targeting studies.59 Antibody modified immune NLCs have extremely high targeting specificity, which cannot be 
compared to other targeting designs. For example, antibody modification is similar to “opening a lock with a key”, 
and mannose modification is similar to “one key can open multiple similar locks”; and the binding between antibodies 
and antigens is high affinity, while the binding between mannose and receptors is weak.

Furthermore, IFX was modified on the surface of p-QM-1i-NLC to prepare p-QM-1i-IFX-NLC, which can actively target 
TNF-α highly expressed in inflammatory cells or tissues. DSPE-PEG2000-Mal with a molar ratio of 0.1% of the total lipids 
was used as the lipid for connecting the antibody on the surface of p-QM-1i-NLC. And compared with other literature,23 the 
molar ratio of IFX to DSPE-PEG2000-Mal was reduced to 1.5:1, but the antibody conjugation efficiency could be maintained 
at 90%. Minimize the use of DSPE-PEG2000-Mal and IFX for the preparation of p-QM-1i-IFX-NLC, which can reduce the 
amount of IFX used and only maintain its active targeting effect, and minimize costs as much as possible.

The p-QM-1i-NLC surface is modified with IFX, which can actively target highly expressed TNF-α in inflammatory 
cells or tissues. However, when these antibodies modified nanoparticles are exposed to the gastrointestinal tract, the 
antibodies are easily destroyed.60 Therefore, p-QM-1i-IFX-NLC is coated with Eudragit S100 to prepare S100-1i-IFX- 

Figure 6 Serum biochemical indicators and histopathological study related to tissue damage in the DSS-induced UC mouse model. (A) Serum AST. (B) Serum ALT. (C) 
Serum BUN. (D) Serum CRE. (n = 8 for each group). The experiment was performed in triplicate. Error bars represented mean ± SD. *p < 0.05, **p < 0.01 and ***p < 0.01, 
compared with the normal group; #p < 0.05, and ###p < 0.001, compared with the model group. (E) Histopathological analysis of liver, kidney, and spleen. (Scale bar, liver 
50 μm, kidney 50 μm, spleen 200 μm).

Table 2 Organ Indexes of Liver and Kidney of DSS-Induced Mice

Groups Liver Kidney Spleen

Control 0.0454 ± 0.0020 0.0145 ± 0.00042 0.00536 ± 0.00079

Model 0.0456 ± 0.0033 0.0148 ± 0.00041 0.00531 ± 0.00043
S100-IFX-NLC 0.0476 ± 0.0031 0.0148 ± 0.00054 0.00542 ± 0.00034

6.25 mg/kg S100-1i-IFX-NLC 0.0463 ± 0.0031 0.0143 ± 0.00050 0.00545 ± 0.00099

12.5 mg/kg S100-1i-IFX-NLC 0.0467 ± 0.0022 0.0147 ± 0.00052 0.00509 ± 0.00022
25 mg/kg S100-1i-IFX-NLC 0.0461 ± 0.0029 0.0146 ± 0.00119 0.00521 ± 0.00047

50 mg/kg S100-1i-IFX-NLC 0.0469 ± 0.0014 0.0141 ± 0.00044 0.00516 ± 0.00059
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NLC, which can protect S100-1i-IFX-NLC from interference from the gastrointestinal environment and achieve specific 
release of p-QM-1i-IFX-NLC in the colon.

The design of S100-1i-IFX-NLC includes a dual-stage targeted colon design. One is S100 coating that can be orally 
administered and specifically released in the colon; secondly, IFX monoclonal antibodies are modified on the surface of 
p-QM-1i-NLC to target the highly expressed transmembrane TNF-α in inflamed colon tissue.

The in vitro drug release study of S100-1i-IFX-NLC found that p-QM-1i can be effectively released in artificial colon 
fluid but not in artificial gastric and small intestine fluid. This suggested that the in vitro drug release of S100-1i-IFX- 
NLC was pH dependent; and the design of S100 coating on the surface of p-QM-1i-IFX-NLC can protect S100-1i-IFX- 
NLC from strong environmental interference in the gastrointestinal tract and achieve specific release to the colon.

In the inflammatory Raw264.7 cells model, fluorescence labeled and IFX modified Cy5.5-IFX-NLC can effectively 
target TNF-α through qualitative fluorescence morphology and quantitative flow cytometry analysis. In the UC mouse 
model, fluorescence in vivo imaging experiments showed that Cy5.5-S100-IFX-NLC can effectively aggregate in the 
lesion colon tissue; and the quantitative experiment determined by HPLC also showed that S100-1i-IFX-NLC can 
effectively aggregate in the lesion colon tissue; it not only increased the content of p-QM-1i in colon tissue but also 
prolonged the duration of p-QM-1i action. The targeted studies in vitro and in vivo suggested that the dual-stage targeted 
design of IFX modification and S100 coating on NLC can effectively increase the targeting of the inflammatory colon, 
causing p-QM-1i to aggregate in the diseased colon, increasing drug concentration, and prolonging drug action time.

For the anti-UC activity in the UC mice model, 25 or 50 mg/kg of S100-1i-IFX-NLC can effectively resist DSS- 
induced colon length shortening and acute inflammatory damage to UC tissue. In our previous work,7 50 mg/kg of free 
p-QM-1i was not effective in resisting UC injury, and 200 mg/kg of free p-QM 1i was needed to effectively inhibit UC 
injury (effectively suppressing colon shortening and inflammatory pathological changes in colon tissue of UC mice). This 
suggested that the design of S100-1i-IFX-NLC can significantly reduce the usage of p-QM-1i, which should be related to 
the increased solubility of p-QM-1i and the achievement of targeted colonic release of drugs. In addition, the reduction of 
p-QM-1i usage can effectively reduce the side effects caused by the drug.

Inflammation is a prominent pathological feature of UC.61 Oxidative stress is a stress state caused by an imbalance 
between the oxidative and antioxidant systems, which plays a crucial role in the occurrence of UC.62,63 Under normal 
physiological conditions, reactive oxygen species (ROS) and reactive nitrogen species (RNS) are produced at moderate 
concentrations. However, under oxidative stress conditions, excessive ROS and RNS are produced, exacerbating the 
inflammatory response.64–66 Intestinal barrier dysfunction is not only a result of UC but also a key driving factor in its 
occurrence and development. Further mechanistic studies have found that S100-1i-IFX-NLC can exert its anti-UC 
activity by suppressing inflammation, oxidative stress and intestinal barrier dysfunction.

Safety evaluation is a necessary prerequisite for the clinical translation of drugs and medical nanomaterials. Through 
active targeting, NLC can reduce the non-specific distribution of drugs, increase drug accumulation in colon lesions, and 
improve the safety and efficacy of treatment. In the study of anti-UC activity in vivo, 25 or 50 mg/kg of S100-1i-IFX- 
NLC could effectively resist DSS-induced UC injury. While, 200 mg/kg of free p-QM-1i was needed to effectively 
inhibit UC injury in previous study.7 The design of S100-1i-IFX-NLC can reduce the dosage of drug and correspondingly 
decrease the toxic side effects of the drug.

For safety evaluation research in UC mice, due to the disruption of the intestinal mucosal barrier, DSS penetrates the mucosal 
epithelial layer and aggregates in other organs, leading to organ damage. The detection of serum biochemical indicators showed 
that S100-1i-IFX-NLC can effectively protect the liver and kidneys of mice against organ damage caused by UC.

Conclusion
In conclusion, the dual-stage targeted design of S100-1i-IFX-NLC can effectively increase the solubility of p-QM-1i, 
allowing S100-1i-IFX-NLC to target the colon and p-QM-1i-IFX-NLC to target the inflammatory tissue, increasing the 
aggregation of p-QM-1i in the colon, enhancing the efficacy of p-QM-1i, reducing the usage of p-QM-1i, and increasing 
safety. The oral and targeted anti-UC nanomedicine S100-1i-IFX-NLC and its dual-stage targeted design are valuable and 
worthy of further research.
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