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Background: Liver injury is a major cause of hepatic diseases, often leading to impaired liver function. 
Current treatments face limitations due to potential hepatotoxicity, driving interest in alternative thera-
pies like Traditional Chinese Medicine (TCM). Cichorium intybus L., a medicinal herb rich in bioactive 
polysaccharides, has shown promise in liver protection. 
Results: A water-soluble polysaccharide (CIP-N-1), with an average molecular weight of 2.3 kDa, was iso-
lated and purified from the water extract of Cichorium intybus L. root using DEAE cellulose column chro-
matography and CL-6B agarose gel chromatography. CIP-N-1 consists of 98.16% neutral sugars and 1.69% 
proteins, with its primary components being mannose and glucose in a ratio of 4.9:95.1. In vivo studies 
demonstrated CIP-N-1′s hepatoprotective effects by enhancing antioxidant activity, inhibiting lipid per-
oxidation, and reducing inflammation in CCl4-induced liver injury.
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Conclusions: CIP-N-1 shows potential as a dietary supplement for alleviating chemical liver damage. Its 
antioxidant and anti-inflammatory properties support its use in liver health, offering a natural therapeu-
tic option for hepatic injury prevention and treatment. 

© 2025 The Author(s). Published by Elsevier Inc. on behalf of Pontificia Universidad Católica de Valpar-
aíso. This is an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction A range of dextran standards with varying molecular weights 
Liver injury is a prevalent etiology underlying the development 
of numerous hepatic diseases and is consistently associated with 
them [1]. Hepatic damage compromises normal physiological pro-
cesses, including the body’s handling of exogenous substances, 
leading to progressive liver dysfunction [2,3]. The liver’s role in 
metabolism renders it susceptible to harmful substances that can 
disrupt cellular function and trigger alterations in signaling path-
ways, culminating in apoptosis or necrosis [4,5]. Current pharma-
cotherapies for liver diseases are limited by potential hepatotoxic 
components. Traditional Chinese medicine (TCM) offers a promis-
ing alternative with minimal side effects, demonstrating signifi-
cant improvements in liver antioxidant levels and tissue repair 
[6]. Various TCM ingredients have demonstrated efficacy in treat-
ing hepatic disorders. Given the escalating global health burden 
of liver injury, the development of dietary supplements aimed at 
mitigating chemical-induced liver damage is increasingly pertinent 
for reducing disease incidence [7,8,9,10]. 

Cichorium intybus L., a perennial herb from the Cichoridae fam-
ily, is primarily found in Europe, Asia, and North Africa. This versa-
tile plant is not only a popular culinary vegetable, suitable for cold 
dishes and salads, but also a widely utilized medicinal herb 
throughout history by ancient Greeks, Romans, and Chinese. In tra-
ditional Chinese medicine, C. intybus is known for its hepatoprotec-
tive, choleretic, stomachic, appetite-suppressing, diuretic, and anti-
inflammatory properties, treating conditions such as jaundice, 
stomachache, poor appetite, edema, and oliguria [11,12,13]. Con-
temporary pharmacological research has confirmed C. intybus’s 
therapeutic potential for hepatitis, cholecystitis, and other dis-
eases, along with its hypoglycemic, hypolipidemic, antioxidant, 
immunomodulatory, and antibacterial effects [14,15,16,17,18,19]. 
The plant contains a variety of bioactive substances, including sug-
ars, terpenes, flavonoids, phenolic acids, and phenylpropanoids 
[20,21,22]. Notably, C. intybus polysaccharides are key active com-
ponents with diverse biological activities, such as liver protection, 
blood glucose reduction, lipid-lowering, antitumor, anti-aging, 
anti-fatigue, and the promotion of calcium and phosphorus 
absorption [17,23]. This study extracted, isolated, and purified a 
polysaccharide from C. intybus roots and examined its protective 
effects against CCl4-induced liver injury in mice, offering experi-
mental support for the development of C. intybus polysaccharide-
based dietary supplements and therapeutic agents for preventing 
and treating hepatic damage. 

2. Materials and methods 

2.1. Materials and reagents 

The roots of C. intybus were procured from Jilin Sanzhentang 
Canrong Co., Ltd., located in Jilin City, Jilin Province, China, and 
authenticated by Senior Pharmacist Yinglan Jin of the Jilin Food 
and Drug Inspection Institute, adhering to the standards outlined 
in the Pharmacopoeia of the People’s Republic of China (PPRC-
2020). 
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and monosaccharide standards (d-Man, Rha, d-GluA, d-GalA, d-
Glu, d-Gal, d-Ara, d-Xyl, d-Fuc), along with 3-(4,5-dimethylthia 
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and trifluo-
roacetic acid (TFA), were acquired from Sigma Chemical Co. (St. 
Louis, MO, USA). Additionally, DEAE-cellulose-52, Sepharose CL-
6B, and Sephadex G100 were purchased from GE Healthcare (Chi-
cago, Illinois, USA). All other chemicals and reagents utilized in the 
study were of analytical grade. Commercial ELISA kits for TNF-a, 
IL-1b, and IL-6 were obtained from Langdun Biotechnology Co., 
Ltd., while AST, ALT, SOD, CAT, and MDA kits were acquired from 
Nanjing Jiancheng Bioengineering Institute. 

2.2. Extraction and purification of the polysaccharide 

Crude polysaccharide extraction was adapted from a protocol 
described by Song et al. [24]. Briefly, 1000 g of dried C. intybus root 
powder was refluxed with 5 L of absolute ethanol at 80°C for 4 h to 
remove pigments, lipids, and other small molecules, following the 
method of Yuan et al. [25]. The ethanol-insoluble residue (768 g) 
was then re-extracted four times with 10 L of distilled water at 
90°C for 2 h each. After centrifugation at 3500 rpm for 10 min, 
the supernatants were pooled, mixed with four volumes of abso-
lute ethanol, vigorously agitated, and incubated overnight at 4°C 
to precipitate polysaccharides. The precipitate was redissolved in 
distilled water (5%, w/v), and proteins were removed using the 
Sevag method [26]. The aqueous phase was dialyzed against a 
3500 Da molecular weight cutoff membrane for 72 h. The dialyzed 
solution was collected, freeze-dried, and yielded 56.3 g of crude C. 
intybus polysaccharides (CIPs). 

Ten grams of CIPs were dissolved in 20 mL of distilled water, fil-
tered through a 5 lm filter, and loaded onto a DEAE-cellulose-52 
column (2.6 × 40.0 cm). The column was first eluted with 2 L of dis-
tilled water. The eluate was collected, concentrated, and freeze-
dried to yield a neutral polysaccharide fraction (CIP-N, 2.26 g) 
and two acidic fractions (CIP-A, 1.82 g; CIP-B, 0.89 g). Further 
purification of CIP-N was performed using a Sepharose CL-6B col-
umn (2 × 100 cm) with distilled water as the mobile phase. The 
major polysaccharide fraction was concentrated and freeze-dried 
to afford a white, fluffy pure polysaccharide (CIP-N-1, 1.33 g). Pur-
ity was assessed using the phenol–sulfuric acid method [27] and 
UV–vis spectroscopy. CIP-N-1 was dissolved in distilled water at 
0.1 mg/mL, and its UV–vis absorption spectrum was recorded from 
200 to 350 nm using a Cary 5000 UV–vis spectrophotometer (Var-
ian, USA). This procedure was reiterated until the desired quantity 
of CIP-N-1 was obtained for subsequent experiments. The prepared 
CIP-N-1 was then freeze-dried for storage. 

2.3. Molecular weight determination 

An adequate amount of CIP-N-1 polysaccharide was dissolved 
in 0.2 M NaCl to a concentration of 5 mg/mL. After complete disso-
lution, the solution was filtered through a 0.22 lm filter to remove 
any suspended particles, ensuring accurate chromatographic anal-
ysis. Subsequently, 20 lL of the polysaccharide solution was sub-
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jected to High-Performance Gel Permeation Chromatography 
(HPGPC) using a Shimadzu LC-20AT system with an RID-20A 
detector. Analysis was performed on a TSK Gel G-4000PWXL col-
umn (7.8 × 300 mm) at a column temperature of 40°C, with 
0.2 M NaCl as the mobile phase and a flow rate of 0.6 mL/min. 

To ascertain the molecular weight of polysaccharides, a stan-
dard curve was generated using glucose polymers with known 
molecular weights of 1 kDa, 5 kDa, 12 kDa, 25 kDa, and 50 kDa. 
This curve was established by calibrating and quantifying the stan-
dard substances. During analysis, the molecular weight of the sam-
ple polysaccharide was accurately determined by aligning its 
chromatographic peaks with those of the standard curve, facilitat-
ing precise molecular weight estimation [28]. 

2.4. Monosaccharide composition analysis 

Accurately weigh CIP-N-1 and dissolve it in a 2 M hydrochloric 
acid–methanol solution to prepare a 2 mg/mL sample solution, 
ensuring complete dissolution for a homogeneous sample. Intro-
duce nitrogen gas and incubate the solution in an 80°C constant-
temperature metal bath for 16 h to facilitate hydrolysis. The choice 
of hydrolysis conditions is critical for optimizing efficiency. Post-
hydrolysis, use a nitrogen blower to remove residual hydrochloric 
acid–methanol, ensuring product purity. Transfer the product to a 
2 M trifluoroacetic acid (TFA) environment and heat at 120°C for 
1 h to enhance transformation and reaction rate. Complete the dry-
ing process to eliminate moisture, solvent residues and obtain a 
dry, pure product. 

To improve detection sensitivity and stability, the target pro-
duct underwent pre-column derivatization with 1-phenyl-3-
methyl-5-pyrazolone (PMP). The sample was then filtered through 
a 0.22 lm membrane to remove any small particles and impurities. 
The analysis utilized a Shimadzu HPLC system, featuring an LC-
20AT pump and an SPD-20A UV–Vis detector, coupled with a COS-
MOSIL 5C18-PAQ column (4.6 mm × 250 mm). The mobile phase 
consisted of 80.8% phosphate-buffered saline (PBS, 0.1 M, pH 7.0) 
and 19.2% acetonitrile (v′/v), mixed in a 1:3 ratio, to optimize tar-
get product detection [29]. 

2.5. Protective effect of CIP-N-1 against CCl4-induced liver injury in 
mice 
2.5.1. Animal handling 
Following a three-day acclimation period, ninety ICR male mice 

were randomly assigned to six groups: a blank control group (Con), 
a model group (Mod), a positive drug group (DDB, biphenyl diester 
200 mg/kg/d), and three CIP-N-1 dosage groups (L: 100 mg/kg/d, 
M: 200 mg/kg/d, H: 400 mg/kg/d). Mice in the Con and Mod groups 
received daily gavage with an equivalent volume of normal saline, 
and on the 10th day, an equal volume of physiological saline was 
administered intraperitoneally 4 h post-gavage. In contrast, mice 
in the other groups were injected intraperitoneally with 0.1% 
CCl4 in peanut oil. After 24 h, blood samples were collected from 
the orbital venous plexus, centrifuged at 12,000 rpm for 10 min 
to obtain serum. Mice were then euthanized by cervical disloca-
tion, and their livers were excised, weighed, and utilized for calcu-
lating the liver index and assessing biochemical indicators. 

2.5.2. Liver index 
Prior to treatment initiation, the body weight of the mice was 

measured and recorded. Body weight and liver weight were also 
noted immediately before sacrifice. The liver index was subse-
quently calculated using the formula: 

Liver index Liverweight g bodyweight g 100 
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2.5.3. Detection of serum ALT and AST levels in mice 
Serum levels of aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) in mice were assayed using a fully auto-
mated biochemical analyzer, adhering to the manufacturer’s 
instructions. 

2.5.4. Detection of SOD activity and MDA content in the liver tissue of 
mice 

Mouse liver tissue was homogenized to a 10% suspension. The 
activities of malondialdehyde (MDA) and the concentrations of 
superoxide dismutase (SOD) within the suspension were then 
measured following the instructions provided with the kits. 

2.5.5. Detection of TNF-a, IL-6 and IL-1b contents in the serum of mice 
The serum concentrations of tumor necrosis factor-alpha (TNF-

a), interleukin-6 (IL-6), and interleukin-1 beta (IL-1b) in mice were 
determined using an enzyme-linked immunosorbent assay (ELISA). 

2.5.6. Pathomorphological observation on the liver tissue of mice by 
HE staining 

Liver tissue sections, preserved at 4°C, were retrieved and 
allowed to equilibrate at room temperature for 20 min. After dry-
ing, sections were washed thrice with phosphate-buffered saline 
(PBS), 3 min each. Hematoxylin staining was applied for 5 min, fol-
lowed by PBS rinses to remove excess dye. Sections were differen-
tiated in a 75% alcohol-hydrochloric acid solution (1%) for 20 s and 
washed with PBS for 1 min. Blue color was restored with dilute 
ammonia water for 30 s, followed by PBS washes (1 min each) 
and a final rinse. Eosin staining was conducted for 20–30 s, fol-
lowed by PBS rinses and three 2-min rinses. Ethanol gradients 
dehydrated the sections, and xylene I and II were used for 5 min 
each to improve transparency. Sections were mounted with neu-
tral gum and air-dried. Pathological changes in mouse liver tissue 
were examined at 200 × magnification using an optical 
microscope. 

2.6. Data processing 

Data analysis was performed using SPSS 19.0 software, with 
results expressed as mean ± standard deviation (standard error). 
Intergroup comparisons were conducted using the Student’s t-
test, and a p < 0.05 was deemed statistically significant. 
3. Results 

3.1. Purification and characterization of CIP-N-1 

After water extraction and alcohol precipitation, crude C. inty-
bus polysaccharides (CIPs) from C. intybus roots were obtained with 
a 5.63% yield. Subsequently, CIPs were subjected to gradient elu-
tion using DEAE cellulose ion exchange column chromatography, 
yielding a neutral polysaccharide fraction (CIP-N) at 22.6%, as well 
as acidic fractions (CIP-A and CIP-B) with yields of 18.2% and 8.9%, 
respectively. Fraction CIP-A was further separated using Sepharose 
CL-6B, resulting in three distinct elution peaks. The main elution 
peak’s eluents were collected, freeze-dried, and yielded a fraction, 
CIP-N-1, accounting for 58.8% of CIP-N. The overall yield of CIP-N-1 
represented 0.75% of the C. intybus root mass. By repeating the 
above steps, we obtained a total of 7.28 g of CIP-N-1. 

The characteristics of CIP-N-1, including neutral sugar, uronic 
acid, protein, sulfate content, molecular weight, and monosaccha-
ride composition, are presented in Table 1. The GPC chromatogram 
of CIP-N-1 displayed a single, symmetrical, sharp peak (Fig. 1), sug-
gesting its homogeneity as a polysaccharide. HPLC analysis deter-
mined the monosaccharide composition of CIP-N-1, revealing a
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Table 1 
Chemical composition, molecular weight and monosaccharide composition of CIP-N-1. 

Yield 
(%) 

Molecular weight 
(KD) 

Neutral sugar 
(%) 

Uronic acid 
(%) 

Protein 
(%) 

Sulfate 
(%) 

Sugar components 
(mol%) 

Man Glc 

0.75 2.3 98.16 nd 1.69 nd 4.9 95.1 

nd: not detected. 

Fig. 1. Elution curve of CIP-N-1 in HPGPC. Fig. 3. Effects of CIP-N-1 on liver index of mice induced by CCl4 (n = 15). Con: 
blank control group; Mod: model group; DDB: positive drug group; L: low-dose CIP-
N-1 group; M: medium-dose CIP-N-1 group; H: high-dose CIP-N-1 group. 
Compared with the Con group, ## p < 0.01; compared with the Mod group, 
* p< 0.05, **p < 0.01. 
molar ratio of mannose and glucose at 4.9 and 95.1, respectively. 
Consequently, CIP-N-1 could be considered a novel heteropolysac-
charide derived from C. intybus roots (Fig. 2). 

3.2. Effects of CIP-N-1 on liver index in mice 

As depicted in Fig. 3, the liver index of mice in the Mod group 
was significantly elevated compared to the Con group (p < 0.01), 
indicating potential liver swelling due to CCl4-induced inflamma-
tion. The liver indices of mice treated with low (L-), medium (M-
), and high (H-) doses of CIP-N-1 were significantly lower than that 
of the Mod group (p < 0.05), suggesting that CIP-N-1 can suppress 
the inflammatory response caused by CCl4. 

3.3. Effects of CIP-N-1 on serum ALT and AST activities in mice 

Fig. 4 illustrates that serum levels of ALT and AST were signifi-
cantly higher in the Mod group than in the Con group (p < 0.05, 
p < 0.01), indicating significant liver damage and confirming the 
model’s success. In comparison, L-, M-, and H-CIP-N-1 treated 
1 234 5 6 7 8 9 

Fig. 2. Chromatograms of nine PMP-derivative monosaccharide standards and 
CIP-N-1. 1: Man, 2: GlcA, 3: Rha, 4: GalA, 5: Glc, 6: Gal, 7: Xyl, 8: Ara, and 9: Fuc. 
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groups exhibited significantly reduced serum ALT and AST activi-
ties compared to the Mod group (p < 0.01, p < 0.05). 

3.4. Effects of CIP-N-1 on the antioxidant enzyme activities in mice 

In this study, the impact of CIP-N-1 on hepatic oxidative stress 
in mice was assessed by evaluating the activities of two key antiox-
idant enzymes, superoxide dismutase (SOD) and catalase (CAT), as 
well as the concentration of a lipid peroxidation marker, malondi-
aldehyde (MDA), in liver tissue. As illustrated in Fig. 5, the antiox-
idant system balance in the Mod group was markedly disturbed 
relative to the Con group, evidenced by reduced SOD and CAT 
activities (p < 0.01) and elevated MDA levels in the liver 
(p < 0.01). In comparison to the Mod group, the liver tissues of mice 
in the H-, M-, and L-CIP-N-1 groups exhibited significant enhance-
ments in SOD and CAT activities (p < 0.05, p < 0.01), along with 
decreased MDA content (p < 0.01). These findings suggest that 
CIP-N-1 has the potential to mitigate oxidative stress-induced 
damage and suppress lipid peroxidation in the mouse liver. 

3.5. Effects of CIP-N-1 on the inflammatory factors level in mice 

To elucidate the anti-inflammatory mechanisms of CIP-N-1, an 
enzyme-linked immunosorbent assay (ELISA) was employed to 
measure the serum levels of tumor necrosis factor-alpha (TNF-a), 
interleukin-6 (IL-6), and interleukin-1 beta (IL-1b) in mice. As 
depicted in Fig. 6, the serum concentrations of TNF-a, IL-6, and 
IL-1b were significantly elevated in the Mod group compared to 
the Con group (p < 0.01), signifying that CCl4 induced inflammatory 
damage. However, treatment with CIP-N-1 led to a significant 
reduction in the levels of TNF-a, IL-6, and IL-1b (p < 0.05, 
p < 0.01), suggesting that CIP-N-1 can ameliorate CCl4-induced 
hepatic inflammation in mice.
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Fig. 4. Effects of CIP-N-1 on serum ALT and AST activities of mice induced by CCl4 (n = 15). (A) ALT and (B) AST. Con: blank control group; Mod: model group; DDB: 
positive drug group; L: low-dose CIP-N-1 group; M: medium-dose CIP-N-1 group; H: high-dose CIP-N-1 group. Compared with the Con group, ## p < 0.01; compared with the 
Mod group, *p < 0.05, **p < 0.01. 

Fig. 5. Effects of CIP-N-1 on liver tissue SOD activity, CAT activity and MDA content of mice induced by CCl4 (n = 15). (A) SOD, (B) CAT and (C) MDA. Con: blank control 
group; Mod: model group; DDB: positive drug group; L: low-dose CIP-N-1 group; M: medium-dose CIP-N-1 group; H: high-dose CIP-N-1 group. Compared with the Con 
group, ##p < 0.01; compared with the Mod group, *p < 0.05, **p < 0.01. 

Fig. 6. Effects of CIP-N-1 on serum TNF-a, IL-6 and IL-1b levels of mice induced by CCl4 (n = 15). (A) TNF-a, (B) IL-6 and (C) IL-1b. Con: blank control group; Mod: model 
group; DDB: positive drug group; L: low-dose CIP-N-1 group; M: medium-dose CIP-N-1 group; H: high-dose CIP-N-1 group. Compared with the Con group, ## p < 0.01; 
compared with the Mod group, *p < 0.05, **p < 0.01. 
3.6. Pathomorphological observation of mouse liver tissue 

The hematoxylin and eosin (HE) staining findings (Fig. 7) 
revealed that the liver cells in the Con group were distinct and 
well-preserved, with the nucleus positioned centrally and the hep-
atic lobular structure remaining intact, devoid of inflammatory cell 
63
infiltration in the portal areas. Conversely, in the Mod group, hep-
atic lobules exhibited damage, cellular disorganization, necrosis, 
and inflammatory cell infiltration near the central vein. Following 
the administration of CIP-N-1, there was a notable restoration of 
liver cell architecture, a decrease in the severity of lesions, a reduc-
tion in necrotic areas, and an enhancement in cell morphology.

move_f0035


Y. Ma, Z. Yang and W. Huang Electronic Journal of Biotechnology 77 (2025) 59–65

Fig. 7. Pathomorphological observation on the liver tissue of mice. (200×, n = 5). (A) Con: blank control group, (B) Mod: model group, (C) DDB: positive drug group, (D) L: 
low-dose CIP-N-1 group, (E) M: medium-dose CIP-N-1 group, (F) H: high-dose CIP-N-1 group. 
4. Discussion 

Carbon tetrachloride (CCl4) is a widely used agent for creating 
animal models of liver injury, producing pathophysiological symp-
toms analogous to those seen in human hepatic disorders [30,31]. 
Over several decades, it has been employed to assess the anti-
hepatotoxic or hepatoprotective potential of various natural sub-
stances. Serum ALT is a precise marker for liver cell integrity, while 
AST is sensitive to mitochondrial damage. Changes in ALT and AST 
levels indicate the severity of liver damage and recovery. Signifi-
cant elevations in these enzymes confirm successful induction of 
liver injury. 

It is well-established that CCl4 is metabolized into highly reac-
tive free radicals by cytochrome P450 enzymes, which react vigor-
ously with oxygen (O2) to increase free radical production [32]. 
Additionally, CCl4 metabolites can react with polyunsaturated fatty 
acids, forming covalent bonds with lipids and proteins, initiating 
lipid peroxidation and cell membrane damage, ultimately causing 
hepatic injury [33]. Excessive free radicals stimulate macrophages 
in the liver to produce inflammatory mediators, leading to local 
inflammation [34]. This study measured various oxidation and 
inflammation-related indicators to provide a theoretical basis for 
subsequent mechanistic investigations. 

The literature indicates that the primary structure, molecular 
weight, branching, and linkage type of natural polysaccharides 
play crucial roles in preserving their biological activity. In vivo 
experiments have demonstrated that CIP-N-1 exhibits biological 
activity. To investigate the structure–function relationship, a 
chemical analysis was conducted. The monosaccharide composi-
tion revealed that glucose is the predominant sugar in CIP-N-1, 
with minor amounts of mannose. Li et al. [35] reported that 
polysaccharides extracted from Pleurotus ferulae consisted of 97% 
glucose, followed by 3% mannose and galactose. Yuan et al. [25], 
Shi et al. [36] and Wang et al. [26] also noted that polysaccharides 
purified from Polygonatum primarily contained 98.1–98.3% glu-
cose. Numerous studies have emphasized the importance of water 
solubility for maintaining the biological activity of polysaccharides, 
with the degree of branching directly influencing solubility. This is 
likely due to the larger contact surface area available for free rad-
ical scavenging in water-soluble polysaccharides. The water-
64
soluble CIP-N-1, with its relatively high degree of branching, 
demonstrates superior biological activity. 

5. Conclusions 

In this study, a water-soluble polysaccharide, CIP-N-1, with a 
molecular weight of 2.3 kDa, was successfully isolated and purified 
from the root extract of Cichorium intybus L. using DEAE cellulose 
and CL-6B agarose gel chromatography. The structural characteri-
zation revealed a mannose-to-glucose molar ratio of 4.9:95.1. 
The key finding of this research is that CIP-N-1 exhibits significant 
hepatoprotective effects, as demonstrated by in vivo experiments, 
which showed enhanced antioxidant enzyme activity, inhibition of 
lipid peroxidation, and reduction of pro-inflammatory mediator 
activity, thereby effectively preventing chemical-induced liver 
injury. The potential benefits of using CIP-N-1 as a dietary supple-
ment include its natural origin and excellent biocompatibility, 
making it a safe hepatoprotective agent. Its antioxidant and anti-
inflammatory properties may contribute to improving liver health 
and preventing liver injury-related diseases. Furthermore, the 
potential applications of CIP-N-1 could extend to the management 
of other chronic diseases associated with oxidative stress and 
inflammation. These findings suggest that CIP-N-1 holds promise 
as a dietary supplement for preventing chemical-induced liver 
damage and may provide new directions for the development of 
functional foods or pharmaceuticals. 
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