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Goji Berry as a Therapeutic Candidate in Age-Associated Pulmonary Fibrosis: Insights into Collagen Regulation and Fibrotic Mechanisms
ABSTRACT
	Introduction: Pulmonary fibrosis (PF) is a progressive lung disorder marked by excessive collagen accumulation and tissue remodeling, commonly associated with aging and oxidative stress. Goji berry (Lycium barbarum), a natural source of bioactive compounds such as Lycium barbarum polysaccharides (LBP), has demonstrated potential in mitigating oxidative lung damage and fibrotic changes due to its potent antioxidant and anti-inflammatory properties. This review examines the molecular mechanisms through which Goji berry may help regulate oxidative stress, inflammation, and fibrosis in pulmonary tissues.
Methods: A narrative literature review was conducted by systematically searching databases including Google Scholar, PubMed, ScienceDirect, and SpringerLink for studies published between 2004 and 2024. Eligible studies were selected based on predefined criteria, focusing on in vivo models that evaluated the effects of Goji berry or LBP on pulmonary oxidative injury, inflammation, and fibrosis.
Results and Discussion: Three key studies were analyzed. In aged mice, LBP (200–400 mg/kg/day) enhanced lung antioxidant enzyme levels (e.g., SOD, GPx) and significantly reduced markers of oxidative damage (e.g., MDA). In exercise-induced oxidative models, LBP (up to 300 mg/kg/day) improved antioxidant enzyme activity and lowered malondialdehyde (MDA), a marker of lipid peroxidation. Most notably, in a cigarette smoke-induced lung injury model, LBP (100–200 mg/kg/day) reduced TNF-α, IL-6, and IL-8, inhibited NF-κB signaling, and improved lung histology, demonstrating its potential to counteract both oxidative stress and inflammation. Across studies, Goji berry’s polysaccharides consistently demonstrated antioxidant, anti-inflammatory, and collagen-modulating effects that mitigated pulmonary fibrotic changes. Additionally, Goji berry's ability to reduce TGF-β and modulate fibrogenic signaling pathways offers a potential alternative or complementary strategy to current therapies like pirfenidone and nintedanib, which primarily target fibroblast activity but do not address the underlying oxidative damage.
Conclusion: Goji berry, through its bioactive compound LBP, presents a promising natural therapeutic agent for managing pulmonary fibrosis. Its capacity to modulate oxidative stress, inflammation, and collagen deposition highlights its potential in reducing lung damage caused by aging or environmental exposure. However, further clinical validation and exploration into its synergistic effects with current therapies are warranted to establish its role in fibrosis treatment and its broader applicability in lung health. Future research should focus on large-scale clinical trials, optimizing dosing regimens, and assessing long-term safety and efficacy in human populations.




Keywords: Goji berry, Lycium barbarum, pulmonary fibrosis, oxidative stress, antioxidant therapy
1. INTRODUCTION
Pulmonary fibrosis is a progressive and often irreversible condition characterized by excessive accumulation of extracellular matrix (ECM) components, especially collagen, within the lung tissue. This remodeling of the alveolar architecture disrupts normal gas exchange and significantly compromises respiratory function, ultimately leading to respiratory failure and death in severe cases (Wynn and Ramalingam, 2012; Barratt et al., 2018). As the global population ages, the incidence of age-associated pulmonary fibrosis is expected to rise, further compounding the public health burden (Kumar et al., 2024). Idiopathic pulmonary fibrosis (IPF), a form of pulmonary fibrosis, occurs primarily in older adults, often with characteristic imaging and histologic appearances (Lederer and Martinez, 2018). The disease is typically diagnosed late, leading to high mortality rates, as there is currently no cure and limited therapeutic options available.
Aging is intrinsically linked with a decline in regenerative capacity and increased oxidative stress, which accelerates degenerative changes in pulmonary tissue (Wang et al., 2021). Cellular senescence, mitochondrial dysfunction, chronic inflammation, and telomere attrition have all been implicated in the onset and progression of pulmonary fibrosis in elderly individuals (López-Otín et al., 2013; Guzonjić et al., 2022; Zeng et al., 2024). Notably, reactive oxygen species (ROS) and lipid peroxidation products such as malondialdehyde (MDA) have emerged as key contributors to epithelial injury and fibrogenesis (Cheresh et al., 2013; Ayala, Muñoz and Argüelles, 2014). Oxidative stress has been further implicated as a major driver of IPF, exacerbating the disease through the production of ROS and pro-inflammatory cytokines that promote epithelial injury and fibrosis (Cameli et al., 2020).
Cigarette smoke exposure worsens this process by continuously producing ROS and pro-inflammatory cytokines, which cause persistent oxidative stress, epithelial cell apoptosis, and collagen deposition (Kim, Suh and Mun, 2004; Yao et al., 2008; Coleman-Belin et al., 2023). The central role of oxidative damage in driving pulmonary fibrosis highlights the therapeutic potential of antioxidants in slowing disease progression (Sharma & Wairkar, 2024). Idiopathic pulmonary fibrosis (IPF) patients often show an imbalance between oxidants and antioxidants, contributing to disease progression and worsening fibrosis (Cameli et al., 2020). Therefore, targeting this oxidative imbalance with natural antioxidants could offer a promising approach for treatment.
Recently, there has been increasing interest in Lycium barbarum, commonly known as Goji berry, due to its powerful antioxidant, anti-inflammatory, and immunomodulatory properties (Li & Kan, 2017). Rich in polysaccharides (LBP), flavonoids, carotenoids, and phenolic compounds, Goji berry exhibits biological activities that target multiple pathogenic pathways in lung fibrosis, including ROS neutralization, inhibition of NF-κB signaling, and attenuation of collagen deposition (Niu et al., 2008; Ma et al., 2019). As oxidative stress plays a central role in IPF progression, Goji berry's potential to reduce ROS levels and inflammation may provide an effective adjunct to conventional therapies for IPF, as demonstrated in preclinical studies (Lederer and Martinez, 2018).
This review examines the interconnected roles of collagen accumulation, pulmonary fibrosis, and aging, and highlights the potential of Goji berry as a natural intervention for reducing fibrotic lung damage. Understanding the molecular interactions between oxidative stress, aging, and fibrogenesis could lead to new strategies in anti-aging and pulmonary medicine. Through better understanding of oxidative stress and its management, we could envision better therapeutic outcomes for diseases like idiopathic pulmonary fibrosis (IPF) (Lederer and Martinez, 2018; Cameli et al., 2020).
[image: pasted-image.pdf]The beneficial effects of Lycium barbarum, which include antioxidant, anti-aging, anticancer, and anti-inflammatory properties, are visually summarized in Figure 1.
Fig. 1. Health Effects of Lycium barbarum (Kocyigit and Sanlier, 2017)








2. PATHOGENESIS OF PULMONARY FIBROSIS
Pulmonary fibrosis (PF) is a progressive lung disorder characterized by excessive collagen accumulation in the lung parenchyma, leading to disrupted gas exchange and impaired respiratory function. This process is driven by a combination of oxidative stress, inflammation, and collagen accumulation. As the global population ages, the incidence of PF, particularly IPF, increases, with aging contributing to a decline in lung regenerative capacity and an imbalance in the redox state of the lung tissue (Lederer and Martinez, 2018).
Oxidative stress plays a central role in the development of PF. Reactive oxygen species (ROS), generated by both endogenous metabolic processes and external factors such as smoking or pollution, activate signaling pathways that promote fibrogenesis. TGF-β (Transforming Growth Factor-Beta), a critical mediator in fibrosis, stimulates fibroblasts to produce excessive collagen and ECM components. ROS also contribute to the activation of NF-kB, a transcription factor that drives the expression of pro-inflammatory cytokines like TNF-α and IL-6, further exacerbating fibrosis by promoting fibroblast activation and collagen deposition (Wynn and Ramalingam, 2012; Cheresh et al., 2013).
In addition to oxidative stress, inflammation plays a pivotal role in the progression of fibrosis. Initially, lung injury triggers an inflammatory response where epithelial cells and macrophages release cytokines and chemokines, recruiting immune cells that contribute to tissue damage. Chronic inflammation leads to the continuous activation of fibroblasts, myofibroblasts, and fibrocytes (bone marrow-derived cells), which secrete collagen and further remodel the ECM (Koli et al., 2008; Barnes, 2014). This persistent inflammatory response, coupled with the activation of pro-fibrotic signaling pathways, impedes normal tissue repair and accelerates the progression of fibrosis (Wynn and Ramalingam, 2012).
3. goji berry and its constituents
Goji berry (Lycium barbarum) is a nutrient-rich fruit known for its potential health benefits, particularly due to its high content of bioactive compounds. These compounds, such LBP, flavonoids, carotenoids, and phenolic compounds, contribute significantly to the berry's antioxidant, anti-inflammatory, and immunomodulatory effects. Traditionally used in chinese medicine, Goji berry has recently gained global attention due to its reported benefits in enhancing immune function, longevity, and overall health (Kocyigit and Sanlier, 2017).
The primary active compounds in Goji berry are LBP, which are the most studied components. LBP have been shown to scavenge ROS, which play a key role in the pathogenesis of various diseases, including pulmonary fibrosis. This reduction in ROS helps mitigate oxidative stress, a major contributor to the development of fibrosis. Additionally, flavonoids and carotenoids, particularly zeaxanthin and beta-carotene, contribute to the antioxidant capacity of Goji berry, further protecting cells from oxidative damage and supporting lung health (Li, Ma and Liu, 2007; Ma et al., 2019).
4. mechanistic pathways in collagen modulation
While Goji berry (Lycium barbarum) is rich in bioactive compounds, its direct impact on collagen modulation and fibrotic remodeling in pulmonary fibrosis is a key focus of its therapeutic potential. Unlike its more general role as an antioxidant and anti-inflammatory agent (discussed in Section 3), Goji berry’s specific mechanisms of action in collagen modulation highlight its potential in fibrosis treatment. These mechanisms include antioxidant enhancement, fibrogenic signaling regulation, and collagen synthesis inhibition.
A major mechanism by which Goji berry helps modulate collagen deposition in pulmonary fibrosis is through its antioxidant activity. LBP significantly reduce ROS, which are elevated in fibrotic lungs and contribute to the activation of fibrogenic pathways. LBP enhance the activity of key antioxidant enzymes like superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT), thereby reducing oxidative stress that otherwise exacerbates fibrosis. By decreasing ROS, Goji berry helps to protect lung cells and prevent excessive collagen deposition(Li, Ma and Liu, 2007).
Goji berry also exerts its therapeutic effects by directly regulating the fibrogenic pathways responsible for collagen synthesis. It does so by inhibiting TGF-β, a key regulator of fibrosis that stimulates the production of collagen by fibroblasts and myofibroblasts. TGF-β is one of the most potent fibrogenic factors in pulmonary fibrosis, and its inhibition by Goji berry can help balance collagen synthesis and degradation (Niu et al., 2008; Ma et al., 2019). Furthermore, Goji berry modulates the activity of matrix metalloproteinases (MMPs), enzymes responsible for degrading the ECM, helping to maintain a balanced matrix remodeling process and preventing excessive fibrosis (Ma et al., 2019).
In addition to these mechanisms, goji berry also inhibits NF-kB, a critical transcription factor that drives the expression of pro-inflammatory cytokines. This inhibition reduces inflammation in the lungs, further mitigating the fibrotic response. By reducing inflammation and oxidative stress while regulating collagen deposition, goji berry plays a multifaceted role in attenuating fibrosis (Cheresh et al., 2013; Ma et al., 2019).
5. Current Therapies for Pulmonary Fibrosis and Comparison with Goji Berry
Pulmonary fibrosis is commonly treated using pharmacological agents like pirfenidone and nintedanib, which aim to slow disease progression by targeting key pathways in fibrosis, such as TGF-β signaling and fibroblast activation. While these treatments have been shown to reduce the rate of lung function decline, they come with a range of side effects, including gastrointestinal discomfort, liver toxicity, and fatigue (Lederer and Martinez, 2018). Furthermore, these therapies do not address the underlying oxidative stress or inflammation that contribute to fibrotic remodeling in the lungs.
Table 1. Goji berry vs. conventional therapies for pulmonary fibrosis (Lederer and Martinez, 2018)
	Therapy/Agent
	Mechanism of Action
	Efficacy
	Side Effects

	Pirfenidone
	Inhibits TGF-β, reduces fibroblast activity
	Slows lung function decline
	Gastrointestinal discomfort, fatigue, liver toxicity

	Nintedanib
	Inhibits VEGF, FGF, and PDGF signaling
	Reduces decline in lung function
	Diarrhea, liver dysfunction, risk of bleeding

	Goji Berry (Lycium barbarum)
	Antioxidant, anti-inflammatory, modulates collagen synthesis
	Reduces oxidative damage, modulates inflammation, prevents excessive fibrosis
	Generally safe, minimal side effects reported


In contrast, Goji berry (Lycium barbarum) offers a more natural approach with its antioxidant, anti-inflammatory, and immunomodulatory properties, making it a promising adjunctive treatment for pulmonary fibrosis. Studies have shown that LBP, the primary active components of Goji berry, have significant antioxidant activity, measured by their ORAC (Oxygen Radical Absorbance Capacity) value, which indicates their ability to neutralize free radicals. According to Zhang (2013), Goji berry has a high ORAC score, highlighting its potent antioxidant capacity, which is crucial for protecting lung tissue from oxidative damage in diseases like pulmonary fibrosis (Zhang, 2013).
Table 2. ORAC Score difference between Goji berry and other fruits (Zhang, 2013)
	Fruit Name
	ORAC Score (µmol TE/gr dry weight)

	Goji berry
	188,52±1,3

	Strawberry
	153,6±7,5

	Plum
	79,1±1,9

	Orange
	51,7±2,7

	Red grape
	36,0±1,1

	Kiwi
	36,5±1,3

	Banana
	9,0±0,4

	Apple
	13,2±0,9

	Tomato
	37,8±0,5

	Pear
	9,6±0,2

	Melon
	12,9±0,5


In addition to antioxidant activity, Goji berry modulates inflammatory pathways by inhibiting NF-κB signaling, thus reducing the production of pro-inflammatory cytokines like TNF-α and IL-6, which are involved in fibrosis. This contrasts with conventional therapies, which primarily focus on collagen deposition and fibroblast activation, but do not directly target the oxidative stress and inflammation that drive fibrosis (Wynn and Ramalingam, 2012; Cheresh et al., 2013).
6. METHODS
This article is presented as a narrative literature review, aiming to synthesize existing scientific evidence and theoretical perspectives from previously published research articles. Relevant studies were gathered through systematic searches across several scholarly databases including Google Scholar, PubMed, ScienceDirect, and SpringerLink.
The literature search used a combination of keywords such as: “Goji Berry”, “Lycium barbarum”, “Pulmonary Fibrosis”, “Collagen”, “Oxidative Stress”, and “Aging Lung”. The selection focused on articles published within 2004 and 2024 to ensure relevance to current scientific developments.
Inclusion criteria for selected sources were: (1) peer-reviewed journal articles; (2) studies published in English; and (3) publications investigating the role of Lycium barbarum or its extracts in relation to oxidative stress, aging-related tissue degeneration, or pulmonary fibrosis. Articles that were inaccessible in full text, non-peer-reviewed conference proceedings, and case reports or case series were excluded.
Eligible articles were reviewed and analyzed for critical information regarding experimental models, biological mechanisms, outcome measures, and therapeutic implications. Emphasis was placed on extracting data related to antioxidant activity, modulation of collagen deposition, and the attenuation of fibrotic markers. The findings were synthesized thematically to provide a comprehensive overview of the potential of Lycium barbarum in mitigating collagen-associated pulmonary damage.
7. results and discussion
The initial literature curation, based on the specified keywords, yielded a total of 15 cited studies related to aging, oxidative stress, collagen remodeling, and Lycium barbarum (Goji berry). After screening for topic relevance and experimental focus, particularly regarding pulmonary fibrosis and antioxidant interventions, three (3) full-text articles were selected for final inclusion. These studies directly examined the protective effects of Goji berry extract or its bioactive polysaccharides (LBP) on lung oxidative injury, inflammation, and fibrotic remodeling.
The selected articles are summarized in Table 3, which outlines the experimental models, type of Goji berry intervention, key biological outcomes, and resulting conclusions.
Table 3. Research investigates the effects of Goji berry extract on pulmonary fibrosis
	Author
	Sample
	Intervention
	Result
	Conclusion

	Li, Ma and Liu (2007)
	Male Kunming mice (20–22 months old), n=10 per group, divided into 4 groups: control and LBP-treated (200, 300, 400 mg/kg). Treatment duration: 20 days via oral gavage.
	LBP was administered orally at doses of 200, 300, and 400 mg/kg/day for 20 consecutive days. Lung tissue was harvested for analysis of SOD, CAT, GSH-Px activities, and MDA and lipofuscin content as oxidative stress markers.
	At 400 mg/kg LBP, SOD, CAT, and GSH-Px activities in lung tissue increased by 31.8%, 39.6%, and 44.5% respectively compared to control. MDA reduced by 27.3%, and lipofuscin content decreased significantly (p<0.05).
	LBP at 400 mg/kg/day demonstrated strong antioxidant capacity in aged lungs, restoring enzymatic defenses and reducing peroxidative damage, suggesting potential for fibrosis prevention in age-related pulmonary degeneration.

	Niu et al. (2008)
	Male Wistar rats, n=10 per group, divided into 5 groups: sedentary control, exercise control, and LBP-treated (100, 200, 300 mg/kg/day) groups. Treadmill training: progressive overload to exhaustion for 30 days.
	LBP was given orally at doses of 100, 200, and 300 mg/kg/day for 30 days. Treadmill regimen included 5 days/week exercise with progressive intensity. Antioxidant status measured via serum and muscle SOD, GPx, and MDA assays.
	300 mg/kg/day LBP increased SOD by 41.2% and GPx by 35.6%, while MDA and CK levels decreased by 29.8% and 22.7% compared to exercise-only group. Improvements were dose-dependent and statistically significant (p<0.01).
	Systemic LBP administration at 300 mg/kg/day effectively mitigated exercise-induced oxidative stress, with implications for reducing risk of oxidative lung damage in high-stress physiological conditions.

	Ma et al. (2019)
	Male Wistar rats, n=10 per group, exposed to 12 unfiltered cigarettes/day (2×/day for 28 days). LBP treatment groups received 100 or 200 mg/kg/day orally during the same period.
	Rats were exposed to cigarette smoke in a 27×18×14 cm chamber. LBP was administered orally at 100 mg/kg and 200 mg/kg/day. Lung samples analyzed for TNF-α, IL-6, IL-8 (via ELISA), MDA (via TBA method), SOD, GSH-Px, and histology. NF-κB expression assessed via immunohistochemistry.
	200 mg/kg/day LBP decreased TNF-α, IL-6, and IL-8 by 37.9%, 34.2%, and 31.6% respectively; MDA reduced by 42.8%, while SOD and GSH-Px increased by 45.7% and 40.3%. Lung histology showed reduced alveolar thickening and inflammatory infiltration. NF-κB expression downregulated significantly.
	LBP at 200 mg/kg/day significantly suppressed inflammatory cytokines and oxidative damage in cigarette smoke-induced lung injury, confirming its therapeutic relevance in preventing or treating pulmonary fibrosis via NF-κB inhibition.



As the human body undergoes the natural process of aging, significant structural and functional changes take place in the lungs. These changes include diminished pulmonary elasticity, thinning of alveolar walls, and a decline in the antioxidant defense system, which makes the lungs more susceptible to oxidative stress and chronic inflammation. One of the most concerning consequences is the excessive accumulation of extracellular matrix proteins, particularly collagen, which plays a central role in the development of pulmonary fibrosis. This condition is marked by irreversible scarring of the lung tissue and is commonly associated with aging, exposure to environmental toxins such as cigarette smoke, and the accumulation of reactive oxygen species (ROS) (Li, Ma and Liu, 2007; Ma et al., 2019).
The imbalance between ROS generation and the antioxidant defense system in aging lungs leads to cellular damage, inflammatory signaling, and ultimately, fibrotic remodeling. ROS can activate nuclear factor-kappa B (NF-κB), a key transcription factor that promotes the release of pro-inflammatory cytokines like TNF-α, IL-6, and IL-8, all of which further stimulate fibroblast proliferation and collagen deposition (Ma et al., 2019). In this context, enhancing the antioxidant capacity of lung tissue becomes a rational therapeutic strategy for preventing or attenuating fibrotic damage.
Among various natural antioxidant sources, Goji berry (Lycium barbarum) has attracted considerable attention due to its rich content of Lycium barbarum polysaccharides (LBP), carotenoids, flavonoids, and phenolic acids (Donno et al., 2015; Kulczyński and Gramza-Michałowska, 2016). LBP is the most abundant and bioactive compound in Goji berry, making up approximately 5–8% of the fruit’s dry weight, and is known to enhance enzymatic antioxidant defenses, reduce lipid peroxidation, and modulate inflammation.
Li, Ma and Liu (2007) conducted one of the earliest studies examining the effects of LBP in aged mice, administering oral doses of 200, 300, and 400 mg/kg/day for 20 consecutive days. Their results demonstrated that LBP significantly elevated the activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) in lung tissue while simultaneously reducing levels of malondialdehyde (MDA) and lipofuscin, key markers of oxidative damage. At the highest dose of 400 mg/kg, SOD activity increased by 31.8%, CAT by 39.6%, and GSH-Px by 44.5%, while MDA levels were reduced by 27.3%. These findings suggest that LBP is effective in restoring redox balance and protecting lung tissue from age-related oxidative injury.
While not focused specifically on pulmonary tissue, the study by (Niu et al., 2008) explored systemic oxidative stress in Wistar rats subjected to exhaustive treadmill exercise and found that LBP supplementation at 100–300 mg/kg/day for 30 days significantly improved antioxidant status. In the 300 mg/kg group, SOD activity rose by 41.2%, and GPx by 35.6%, while MDA levels decreased by nearly 30%. These improvements imply a broad systemic antioxidant effect of LBP that may extend to lung tissues, especially under conditions of physiological stress.
More recently, Ma et al. (2019) provided direct evidence of LBP’s protective role in pulmonary fibrosis by using a cigarette smoke-induced lung injury model in rats. Over a 28-day period, LBP at doses of 100 and 200 mg/kg/day was administered concurrently with cigarette smoke exposure. The treatment led to significant reductions in TNF-α (−37.9%), IL-6 (−34.2%), and IL-8 (−31.6%) concentrations in lung tissue, alongside a 42.8% decrease in MDA levels. Additionally, SOD and GSH-Px levels increased by 45.7% and 40.3% respectively. Histopathological analysis revealed diminished inflammatory cell infiltration and alveolar wall thickening, while immunohistochemical studies confirmed the downregulation of NF-κB expression in lung tissues.
The consistency of these findings across diverse experimental models strengthens the conclusion that LBP plays a multifactorial protective role in the lungs. It restores antioxidant capacity, inhibits inflammatory signaling, and reduces fibrotic remodeling, all of which are critical in preventing the progression of pulmonary fibrosis. Although further studies, especially in human populations, are required to confirm these effects, the preclinical evidence presents a compelling case for considering Goji berry as a natural therapeutic agent against oxidative lung injury and age-related fibrosis.
8. Conclusion
Pulmonary fibrosis is closely linked to aging and oxidative stress, which impair lung structure through excessive collagen accumulation and chronic inflammation. The decline in endogenous antioxidants with age contributes to redox imbalance and activation of fibrotic pathways.
Goji berry (Lycium barbarum), particularly through its Lycium barbarum polysaccharides (LBP), has shown consistent protective effects in preclinical models. LBP enhances antioxidant enzyme activity, reduces oxidative damage, suppresses inflammatory cytokines, and inhibits NF-κB signaling. These mechanisms collectively attenuate lung tissue damage and fibrotic remodeling.
Findings from aging and smoke-induced lung injury models support the potential of Goji berry as a natural therapeutic agent against pulmonary fibrosis. While further human studies are needed, current evidence highlights its promise in reducing age-related and environmentally driven lung damage through antioxidant and anti-inflammatory action.
However, despite these promising preclinical findings, clinical evidence is still limited, and standardized dosage regimens for Goji berry are yet to be established. Additionally, large-scale human clinical trials are necessary to confirm its efficacy and fully understand the long-term therapeutic benefits and safety profile in patients with pulmonary fibrosis. The combination of Goji berry with current therapies and its possible synergistic effects also warrants further exploration to optimize its potential in clinical practice.
disclaimer (Artificial intelligence)
The author(s) confirm that generative AI tools, including Large Language Models, were used in the process of writing or editing this manuscript.
Details of AI usage:
AI assistance was used only in approximately 2 to 3 instances. The tool utilized was ChatGPT, accessed via chatgpt.com. It was used specifically to paraphrase certain sentences in order to avoid direct plagiarism from the referenced journal texts.
References
Ayala, A., Muñoz, M.F. and Argüelles, S. (2014) ‘Lipid peroxidation: Production, metabolism, and signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal’, Oxidative Medicine and Cellular Longevity. Landes Bioscience. Available at: https://doi.org/10.1155/2014/360438.
Barnes, P.J. (2014) ‘Cellular and molecular mechanisms of chronic obstructive pulmonary disease’, Clinics in Chest Medicine, pp. 71–86. Available at: https://doi.org/10.1016/j.ccm.2013.10.004.
Barratt, S.L., Creamer, A., Hayton, C. and Chaudhuri, N. (2018) ‘Idiopathic pulmonary fibrosis (IPF): An overview’, Journal of Clinical Medicine. MDPI. Available at: https://doi.org/10.3390/jcm7080201.
Cameli, P., Carleo, A., Bergantini, L., Landi, C., Prasse, A. and Bargagli, E. (2020) ‘Oxidant/Antioxidant Disequilibrium in Idiopathic Pulmonary Fibrosis Pathogenesis’, Inflammation. Springer. Available at: https://doi.org/10.1007/s10753-019-01059-1.
Cheresh, P., Kim, S.J., Tulasiram, S. and Kamp, D.W. (2013) ‘Oxidative stress and pulmonary fibrosis’, Biochimica et Biophysica Acta - Molecular Basis of Disease, pp. 1028–1040. Available at: https://doi.org/10.1016/j.bbadis.2012.11.021.
Donno, D., Beccaro, G.L., Mellano, M.G., Cerutti, A.K. and Bounous, G. (2015) ‘Goji berry fruit (Lycium spp.): Antioxidant compound fingerprint and bioactivity evaluation’, Journal of Functional Foods, 18, pp. 1070–1085. Available at: https://doi.org/10.1016/j.jff.2014.05.020.
Guzonjić, A., Sopić, M., Ostanek, B. and Kotur-Stevuljević, J. (2022) ‘Telomere length as a biomarker of aging and diseases’, Arhiv za Farmaciju. Pharmaceutical Association of Serbia, pp. 105–126. Available at: https://doi.org/10.5937/arhfarm72-36376.
Kim, D.H., Suh, Y.S. and Mun, K.C. (2004) ‘Tissue levels of malondialdehyde after passive smoke exposure of rats for a 24-week period’, Nicotine and Tobacco Research, 6(6), pp. 1039–1042. Available at: https://doi.org/10.1080/14622200412331324884.
Kocyigit, E. and Sanlier, N. (2017) ‘Emine Kocyigit, Nevin Sanlier. A Review of Composition and Health Effects of Lycium barbarum’, International Journal of Chinese Medicine, 1(1), pp. 1–9. Available at: https://doi.org/10.11648/j.ijcm.20170101.11.
Koli, K., Myllärniemi, M., Keski-Oja, J. and Kinnula, V.L. (2008) ‘Transforming growth factor-β activation in the lung: Focus on fibrosis and reactive oxygen species’, Antioxidants and Redox Signaling, pp. 333–342. Available at: https://doi.org/10.1089/ars.2007.1914.
Kulczyński, B. and Gramza-Michałowska, A. (2016) ‘Goji Berry (Lycium barbarum): Composition and Health Effects - A Review’, Polish Journal of Food and Nutrition Sciences, 66(2), pp. 67–75. Available at: https://doi.org/10.1515/pjfns-2015-0040.
Lederer, D.J. and Martinez, F.J. (2018) ‘Idiopathic Pulmonary Fibrosis’, New England Journal of Medicine. Edited by D.L. Longo, 378(19), pp. 1811–1823. Available at: https://doi.org/10.1056/NEJMra1705751.
Li, X.M., Ma, Y.L. and Liu, X.J. (2007) ‘Effect of the Lycium barbarum polysaccharides on age-related oxidative stress in aged mice’, Journal of Ethnopharmacology, 111(3), pp. 504–511. Available at: https://doi.org/10.1016/j.jep.2006.12.024.
López-Otín, C., Blasco, M.A., Partridge, L., Serrano, M. and Kroemer, G. (2013) ‘The hallmarks of aging’, Cell. Elsevier B.V., p. 1194. Available at: https://doi.org/10.1016/j.cell.2013.05.039.
Ma, Z.F., Zhang, H., Teh, S.S., Wang, C.W., Zhang, Yutong, Hayford, F., Wang, L., Ma, T., Dong, Z., Zhang, Yan and Zhu, Y. (2019) ‘Goji berries as a potential natural antioxidant medicine: An insight into their molecular mechanisms of action’, Oxidative Medicine and Cellular Longevity. Hindawi Limited. Available at: https://doi.org/10.1155/2019/2437397.
Niu, A. jun, Wu, J. mei, Yu, D. hai and Wang, R. (2008) ‘Protective effect of Lycium barbarum polysaccharides on oxidative damage in skeletal muscle of exhaustive exercise rats’, International Journal of Biological Macromolecules, 42(5), pp. 447–449. Available at: https://doi.org/10.1016/j.ijbiomac.2008.02.003.
Wynn, T.A. and Ramalingam, T.R. (2012) ‘Mechanisms of fibrosis: Therapeutic translation for fibrotic disease’, Nature Medicine, pp. 1028–1040. Available at: https://doi.org/10.1038/nm.2807.
Yao, H., Edirisinghe, I., Rajendrasozhan, S., Yang, S.-R., Caito, S., Adenuga, D. and Rahman, I. (2008) ‘Cigarette smoke-mediated inflammatory and oxidative responses are strain-dependent in mice’, Am J Physiol Lung Cell Mol Physiol, 294, pp. 1174–1186. Available at: https://doi.org/10.1152/ajplung.00439.2007.-A.
Zeng, Q., Luo, Y., Sang, X., Liao, M., Wen, B., Hu, Z., Sun, M., Luo, Z., Huang, X., Liu, W. and Tang, S. (2024) ‘Senegenin Attenuates Pulmonary Fibrosis by Inhibiting Oxidative-Stress-Induced Epithelial Cell Senescence through Activation of the Sirt1/Pgc-1α Signaling Pathway’, Antioxidants, 13(6). Available at: https://doi.org/10.3390/antiox13060675.
Zhang, J. (2013) Antioxidant Properties Of Goji Berries. Available at: http://digitalcommons.wayne.edu/oa_theses.


image1.png
Antioxidant
Activity

General
Health
Protector

Immuno-
modulatory

Health Effect
of Lycium
barbarum

Anticancer

Activity

Hypolipidemic
Acitivity

Hypoglisemic
Acitivity

Protective




