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The Ameliorative Role of Curcumin in HIV Protease Inhibitor-Induced Dyslipidaemia in Wistar Albino Rats


ABSTRACT
Background: Although HIV protease inhibitors (PIs) are essential for antiretroviral therapy's viral suppression, they have also been closely linked to the emergence of dyslipidaemia and oxidative stress, two conditions that put patients at risk for cardiovascular problems. These adverse effects present significant challenges for long-term HIV management, particularly in populations already burdened with increased metabolic risk. Curcumin is an active polyphenol in Curcuma longa, that has received increasing attention for its antioxidant, anti-inflammatory, and lipid-modulating properties, suggesting a potential role in mitigating drug-induced metabolic derangements. 
Aim: This study aimed to evaluate the ameliorative effects of curcumin on HIV PI–induced dyslipidaemia and oxidative stress in Wistar albino rats.
Method: Twenty-four adult male rats were randomized into four groups (n = 6): Control, Curcumin only (100 mg/kg), PI only (lopinavir 50 mg/kg + ritonavir 12.5 mg/kg), and PI + Curcumin (same PI regimen with curcumin supplementation introduced after two weeks). Treatments were administered daily via oral gavage for six weeks. Serum lipid profile was analysed for total cholesterol, triglycerides, HDL-C, LDL-C, and TC/HDL ratio, while liver homogenates were assessed for oxidative stress markers including malondialdehyde (MDA), superoxide dismutase (SOD), catalase, and reduced glutathione (GSH).
Results: Findings showed that PI treatment significantly(p<0.001) elevated lipid parameters, while lowering HDL-C, alongside increased MDA and reduced antioxidant enzyme activities. Co-administration of curcumin markedly improved lipid parameters, reduced MDA levels, and restored SOD, catalase, and GSH activities compared to the PI-only group.
Conclusion: These findings demonstrate that curcumin effectively mitigates PI-induced dyslipidaemia and oxidative stress, highlighting its potential as a safe adjunct to improve metabolic outcomes in HIV therapy. Further clinical research is warranted to validate these protective effects and to inform the integration of curcumin supplementation into comprehensive HIV care.
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1. INTRODUCTION
Antiretroviral therapy (ART) combines multiple drugs to combat HIV infections. For patients living with the deadly infection, the treatment regime has transformed HIV management worldwide. As of 2025, approximately 31.6 million people worldwide, are benefiting from its ability to suppress the virus, helping them live healthier lives. The mechanism of action of ART drugs is by interfering with various stages of the HIV life cycle. Dosage usually follows a typical daily routine or through newer methods like monthly injections (Babatunde et al., 2023).
Protease inhibitors (PIs) are one key class of ART drugs that have been in the health industry since 1990s. HIV protease inhibitors are among the most widely recommended and effective components of antiretroviral therapy. They belong to a class of antiretroviral drugs, target the protease enzyme that HIV needs for replication (Mótyán et al., 2022). These inhibitors bind directly to the enzyme's active site, where they form hydrogen bonds with residues like Asp 25, blocking the cleavage of viral polyproteins. This action prevents the assembly of mature virions, which reduces viral load and slows disease progression. This was reported in a study by Weichseldorfer et al., 2021, and also corroborated by Godfrey-Faussett et al., 2022. Clinicians often prescribe some specific types of PIs, some that are known include: lopinavir or atazanavir, for patients who require robust viral suppression, particularly those who develop resistance to other drugs. 
PIs, such as ritonavir, work by mimicking the substrate transition state, which makes them effective against both HIV-1 and HIV-2. Also, ritonavir not only inhibits protease but also boosts other PIs by slowing their metabolism through cytochrome P450 inhibition. With these drugs the prognosis and quality of life for HIV patients becomes improved (Henning and Greene, 2023). However, emerging research has been indicating that prolonged use of PIs may be associated with metabolic complications. One of commonly reported conditions is dyslipidaemia, which can lead to risk of cardiovascular diseases (Cowdell et al., 2022; Gazzaniga et al., 2025).  Dyslipidaemia manifests in many HIV patients that take up protease inhibitor drugs, with studies reporting elevated lipid profile parameters (Wan et al., 2023; Papantoniou et al., 2024). Some studies explain that that dyslipidaemia may arise from the drug’s interference with lipid homeostasis.
The finding is concerning for the long-term safety of patients on PI-based therapy (Hanhoff et al., 2019; Hidalgo-Tenorio and Martínez-Sanz, 2025). Therefore, there is a need for continued investigation how dyslipidaemia can escalate in such drug regime. This also begs for the need to explore potential interventions or adjunct therapies that could counteract these possible lipid alterations (Gazzaniga et al., 2025). Lifestyle changes, like dieting and exercising, can help, but they don't always fix lipid imbalances in people who are still taking PIs.  Having other health problems, like diabetes or fatty liver disease, makes treatment even harder, which shows how important it is to find safer options.
Curcumin is an active compound in turmeric which is widely known to have natural anti-inflammatory and lipid-lowering agent. It is a polyphenolic compound extracted from Curcuma longa. It features a diarylheptanoid structure with two ferulic acid residues linked by a methylene bridge. This is a chemical property that allows it to act as a Michael acceptor (Boulmokh et al., 2024), serving as a targeted compound of interest for most research (Boulmokh et al., 2024; Chen et al., 2024). Curcumin exhibits antioxidant effects by scavenging free radicals such as superoxide and nitric oxide, which protects cells from oxidative damage. It reduces lipid peroxidation, as demonstrated in studies where it lowered malondialdehyde levels in stressed tissues. There is also reports on anti-inflammatory actions (Chen et al., 2024), curcumin inhibits nuclear factor-kappa B, which suppresses cytokines like TNF-α and IL-6, easing conditions such as arthritis (Boulmokh et al., 2024). Its hypolipidemic properties involve downregulating enzymes like fatty acid synthase, leading to lower triglycerides and cholesterol, as seen in trials where it improved lipid profiles in metabolic syndrome patients. Researchers say these effects, which stem from curcumin's pleiotropic nature, position it as a safe natural agent for chronic diseases (Ye et al., 2024)
It lowers oxidative stress and inflammatory markers, which are connected to diseases like metabolic syndrome and arthritis (Fadillah et al., 2024). According to studies, curcumin can affect the enzymes that break down fat, lowering triglycerides, total cholesterol, and low-density lipoprotein while raising high-density lipoprotein. Curcumin supplements, for instance, have been shown to improve lipid profiles in patients, indicating that it may be a safe adjunct therapy (Rafiee et al., 2021; Bertoncini-Silva et al., 2024).
The properties of curcumin, which include reducing oxidative stress and fat accumulation, make it a promising candidate for addressing PI-induced dyslipidaemia. So far in the literature, in animal studies, curcumin showed protective effect on the liver and reduced lipid buildup in diabetic experimental models. This study adopts similar concept of investigation (Moetlediwa et al., 2023). Therefore, this study holds potential significance in assessing what role curcumin as a natural, accessible, and effective agent can play for managing HIV protease inhibitor-induced dyslipidaemia. By demonstrating its lipid-lowering and antioxidant properties, the research may recommend use of adjunct therapies that improve the metabolic safety of antiretroviral treatment. Ultimately, this could enhance the long-term health outcomes and quality of life for patients undergoing HIV therapy involving protease inhibitors.
[bookmark: _Hlk208574916]2. MATERIALS AND METHODS
2.1 Experimental design
This was an experimental work done to investigate the ameliorative effects of curcumin on dyslipidaemia induced by HIV protease inhibitors in Wistar albino rat.  The study utilized male Wistar albino rats, which weighed between 180 and 220 grams and were approximately 8 to 10 weeks old. A total of 24 animals were used for the study. This study involved four (4) groups of adult male Wistar rats consisting of 6 animals each, making a total of 24 animals. The animals were randomly assigned to different treatment groups and monitored under standardized laboratory conditions.
[bookmark: _Hlk208575199]The animals were fed for 1 month following an established feed formulation. Thes rats were sourced from a certified breeding facility, and housed in standard polypropylene cages under controlled environmental conditions that included a 12-hour light-dark cycle, temperature of 22 ± 2°C, and humidity of 50-60%. The animals had free access to a standard pellet diet and water ad libitum throughout the acclimatization period, which lasted for one week before the experiments began. The study lasted for a duration of 8 weeks. The animals were allowed to acclimatize for an initial period of 2 weeks before the beginning of treatment for another 6 weeks, during which body weight, clinical signs, and general health conditions of the rats were monitored regularly. 
2.2 Ethical issues
The study was conducted in accordance with the guidelines of the National Institute of Health using the guide for the care and handling of laboratory animals (NIH Publication No. 80-23; revised 1978) and International Guiding Principles for Biomedical Research (CIOMS, 1985) (Manoj et al., 2023). Proper housing, feeding, and humane handling of the animals were maintained throughout the study. At the end of the experiment, euthanasia was performed using an approved method to minimize pain and distress.
2.3 Drugs/reagents procurement
Curcumin was purchased from a commercial supplier for research purposes. HIV protease inhibitors, specifically a combination of lopinavir and ritonavir (commonly used in fixed-dose formulations), were obtained from pharmaceutical sources. All other reagents and chemicals, including those for biochemical assays such as reagents for lipid profile kits, oxidative stress markers, were of analytical grade and procured from Sigma Chemical Co, USA. The drugs were stored according to the manufacturer's recommendations to maintain stability and potency. Curcumin powder was prepared in appropriate concentrations by dissolving them in distilled water as a suitable vehicle for oral administration. The solutions were freshly prepared and stored under appropriate laboratory conditions to prevent degradation.
2.4 Treatment of animals
Dyslipidaemia was induced in the protease inhibitor treated groups (Groups 3 and 4) by oral gavage administration of lopinavir and ritonavir at doses of 50 mg/kg and 12.5 mg/kg body weight respectively, once daily for six weeks. The drugs were prepared in 0.5% carboxymethylcellulose (CMC) and freshly administered each day. Previous reports indicated that such dosing induced significant hypertriglyceridaemia within two weeks, which guided the therapeutic intervention schedule (Krishnaraju et al., 2023). The vehicle control group (Group 1) received an equivalent volume of distilled water, while the curcumin-only group (Group 2) received curcumin suspension without protease inhibitors. Curcumin was administered orally by gavage at a dose of 100 mg/kg body weight per day, suspended in 0.5% CMC as the vehicle. It was given throughout the six weeks in Group 2, while in Group 4 (therapeutic group), curcumin administration commenced on Day 15, two weeks after initiation of protease inhibitor treatment, and continued concurrently with protease inhibitors until the end of the study. All treatments were administered at a fixed time each day, and doses were adjusted weekly based on changes in body weight.
Table 1: Treatment Groups, Dosages, and Timeline for Six-Week Study on the Effects of Curcumin and Protease Inhibitors in Wistar Albino Rats
	Group
	Treatment
	Dosage (per rat)
	Treatment timeline (6 weeks = Days 1–42)

	Group 1
	Control (vehicle)
	0.5 mL distilled H₂O by oral gavage daily
	Days 1–42: 0.5 mL once daily. Administer at same time each day. 

	Group 2
	Curcumin only
	100 mg/kg/day curcumin suspension prepared in 0.5% CMC; administered by oral gavage (volume 5–10 mL/kg depending on concentration)
	Days 1–42: once daily. Prepare fresh daily; adjust dose weekly for body weight.

	Group 3
	Protease inhibitor only (PI)
	Lopinavir 50 mg/kg/day + Ritonavir 12.5 mg/kg/day (co-administered as a combined oral suspension) in 0.5% CMC administered by oral gavage
	Days 1–42: once daily. Dose adjusted weekly for body weight. Monitor for adverse effects.

	Group 4
	Protease inhibitor + Curcumin 
	PI as above (Lopinavir 50 mg/kg + Ritonavir 12.5 mg/kg) daily Days 1–42; Curcumin 100 mg/kg/day started after dyslipidaemia is established 
	Days 1–14 (Weeks 1–2): PI only to induce dyslipidaemia. Days 15–42 (Weeks 3–6): Continue PI daily and add curcumin daily Adjust doses weekly by body weight.



2.5 Sample Collection
At the end of the treatment period, the animals were weighed, and the initial and final body weights were recorded. The difference in these values was noted as the change in body weight. Following the experimental phase, the animals were fasted overnight with free access to water. Anaesthesia was then induced intraperitoneally using ketamine (40 mg/kg) and xylazine (4 mg/kg), as described by Akhigbe et al. (2021). After confirming adequate anaesthesia, the animals were humanely sacrificed by cervical dislocation.
Blood samples were collected by cardiac puncture into plain tubes, allowed to clot at room temperature, and centrifuged at 3000 rpm for 10 minutes to separate the serum. The harvested serum was aliquoted into labelled cryovials and stored at −80 °C until biochemical analyses were performed.
2.6 Biochemical Analysis
[bookmark: _Hlk207898481]2.6.1 Lipid Profile
Serum lipid parameters were determined to assess the development of dyslipidaemia and the potential ameliorative effect of curcumin. Total cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) were analysed using the Abbott Architect i1000SR automated analyzer from Abbott Laboratories, a global healthcare company headquartered in Abbott Park, Illinois, USA, which was operated under the manufacturer’s instructions with appropriate calibration and internal quality control. The analyzer utilizes enzymatic colorimetric methods for the quantification of total cholesterol, triglycerides, and HDL-C. These assays are based on spectrophotometric detection of colour changes produced by enzyme-substrate reactions specific to each lipid parameter. Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula where triglyceride levels were below 400 mg/dL. 
LDL (mg/dL) =TC−HDL−(TG/5​)
2.6.2 Oxidative Stress Markers
Oxidative stress markers were evaluated in liver tissue homogenates prepared in phosphate buffer (0.1 M, pH 7.4). Malondialdehyde (MDA) levels were measured by the thiobarbituric acid reactive substances (TBARS) assay, while enzymatic antioxidants including superoxide dismutase (SOD) and catalase (CAT) activities were determined using standard spectrophotometric methods. Reduced glutathione (GSH) concentration was also quantified. All measurements were normalized to protein concentration determined by the Bradford assay. The assays were conducted in duplicate, and results were expressed relative to tissue protein content.

2.7 Statistical Analysis
Data were entered into a spreadsheet and analyzed using IBMS SPSS statistics v25. one-way analysis of variance (ANOVA) was carried out followed by Tukey's post-hoc test for multiple comparisons. Results were expressed as mean ± standard error of the mean (SEM), and differences were considered significant at p < 0.05. 
3. RESULTS AND ANALYSIS
As shown in Table 2, administration of PI drugs alone significantly elevated levels of total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-C), and the total cholesterol to HDL-C ratio (TC/HDL-C), while high-density lipoprotein cholesterol (HDL-C) was significantly reduced compared to the control group (p < 0.05). This indicates that PI drugs induced marked dyslipidemia. However, co-administration of curcumin with PI drugs significantly improved the lipid profile compared to the PI-only group (p < 0.05), as evidenced by reductions in total cholesterol, triglycerides, LDL-C, and TC/HDL-C ratio, along with a notable increase in HDL-C. Curcumin alone had no significant effect on lipid parameters when compared to the control, suggesting it does not negatively affect normal lipid metabolism.
Table 2: Levels of Serum Lipid Profile of Wistar Albino Rats after Six Weeks of Treatment
	Groups
	Total Cholesterol (mg/dL)
	Triglycerides (mg/dL)
	HDL-C (mg/dL)
	LDL-C (mg/dL)
	TC/HDL-C (ratio)

	Control
	85.00 ± 6.20
	80.40 ± 6.11
	47.10 ± 3.85
	20.40 ± 2.05
	1.81 ± 0.22

	Curcumin only
	83.10 ± 6.15
	82.25 ± 6.58
	48.05 ± 3.92
	19.30 ± 2.12
	1.73 ± 0.24

	PI drugs only
	115.20 ± 9.05ᵃ
	104.30 ± 8.92ᵃ
	38.20 ± 3.12ᵃ
	28.50 ± 2.98ᵃ
	3.03 ± 0.34ᵃ

	PI drugs + 
Curcumin
	95.30 ± 7.14ᵇ
	88.15 ± 7.03ᵇ
	44.30 ± 3.24ᵇ
	23.40 ± 2.74ᵇ
	2.16 ± 0.28ᵇ

	F-value
	23.62
	17.94
	11.82
	21.41
	38.72

	p-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001


Key: Values are Mean ± SD (n = 6/group). One-way ANOVA followed by post-hoc analysis.
ᵃp < 0.05 vs Control.
ᵇp < 0.05 vs PI only.
Abbreviations: PI = Protease inhibitor, TC = total cholesterol; TG = triglycerides; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.
In Table 3, oxidative stress markers were markedly altered by PI drug treatment. Rats treated with PI drugs alone exhibited a significant increase in malondialdehyde (MDA) levels, indicating enhanced lipid peroxidation, along with significant decreases in antioxidant enzymes including superoxide dismutase (SOD), catalase, and reduced glutathione (GSH) (p < 0.05 vs. control). In contrast, co-treatment with curcumin significantly attenuated these effects, leading to lower MDA levels and higher levels of SOD, catalase, and GSH compared to the PI-only group (p < 0.05). These findings suggest that curcumin effectively mitigates PI-induced oxidative stress. Curcumin alone maintained oxidative stress markers comparable to those of the control group, further supporting its antioxidant potential and safety.
Table 3: Levels of oxidative Stress Markers in Wistar Albino Rats after treatment period
	Group
	MDA (nmol/mg protein)
	SOD (U/mg protein)
	Catalase (U/mg protein)
	GSH (µmol/mg protein)

	Control
	2.00 ± 0.30
	19.50 ± 2.00
	42.00 ± 3.52
	8.20 ± 0.72

	Curcumin only
	1.90 ± 0.22
	20.20 ± 2.05
	43.50 ± 3.64
	8.60 ± 0.80

	PI drugs only
	2.70 ± 0.40ᵃ
	14.60 ± 1.72ᵃ
	29.40 ± 2.84ᵃ
	5.70 ± 0.61ᵃ

	PI drugs + Curcumin
	2.20 ± 0.30ᵇ
	18.00 ± 1.84ᵇ
	38.00 ± 3.05ᵇ
	7.60 ± 0.64ᵇ

	F-value
	16.82
	14.32
	32.74
	28.12

	p-value
	<0.001
	0.010
	<0.001
	<0.001


Key: Values are Mean ± SD (n = 6/group). One-way ANOVA followed by post-hoc analysis
 ᵃp < 0.05 vs Control.
ᵇp < 0.05 vs PI only.
 Abbreviations: MDA = malondialdehyde; SOD = superoxide dismutase; GSH = reduced glutathione.

4. Discussion
Antiretroviral therapy (ART), particularly protease inhibitors (PIs) are crucial for HIV management. This is because the drugs prevent the virus from replicating and prolongs patient life. However, from reports, the long-term PI use can result in metabolic issues like dyslipidemia. In patients, it is seen as elevated levels of triglycerides, total cholesterol, and low-density lipoprotein cholesterol and decreased levels of high-density lipoprotein cholesterol. A study by Bagenda et al. (2025) reports that such findings can increases the risk of heart disease in HIV-positive individuals.  This highlights the need for supplemental treatments that can mitigate these side effects without reducing the effectiveness of ART, especially in settings with limited resources, high HIV prevalence, and restricted access to cutting-edge lipid-lowering drugs.  The purpose of this study was to evaluate the protective effects of curcumin in experimental rats with HIV protease inhibitor-induced dyslipidemia.
The findings presented in Table 2 clearly demonstrate that administration of protease inhibitors alone induced a state of dyslipidaemia compared to the control group, as indicated by statistically significant elevations in total cholesterol, triglycerides, LDL-C, and the TC/HDL-C ratio, alongside a marked reduction in HDL-C. This pattern mirrors the clinical reality among people living with HIV who receive protease inhibitor-based therapy, as metabolic disturbances of this nature are well-documented studies like Bagennda et al. (2025) reports these as contributors to increased cardiovascular risk within this population as also corroborated by Elendu et al. (2025). For patients who already carry the dual burden of viral suppression and long-term therapy, the emergence of dyslipidaemia not only compounds disease complexity but also heightens vulnerability to non-communicable diseases such as atherosclerosis, hypertension, and coronary heart disease.
The probable mechanism behind these alterations lies in the way protease inhibitors interfere with lipid metabolism. It has been documented by Pietka et al. (2025) and Ahmed et al. (2025). These drugs have been shown to impair the activity of key enzymes involved in lipid clearance, such as lipoprotein lipase, while simultaneously promoting hepatic lipid synthesis. This results in elevated circulating triglycerides and LDL-C, along with reduced HDL-C, which collectively predispose to atherogenic outcomes (Weichseldorfer et al., 2021). The observed improvement in lipid parameters with curcumin co-administration in the PI + curcumin group suggests that its well-established antioxidant and anti-inflammatory properties may counteract these disruptions (Hidalgo-Tenorio and Martínez-Sanz, 2025). Curcumin is believed to modulate lipid metabolism through inhibition of hepatic HMG-CoA reductase, enhancement of bile acid excretion, and activation of peroxisome proliferator-activated receptors (PPARs) (Enayati et al., 2022; Han and Chen, 2025), which are crucial in maintaining lipid homeostasis. In this study the curcumin only group showed a negligible effect on lipid parameters when given alone which further supports the idea that curcumin is not disruptive to normal physiology but rather exerts corrective influence under pathological conditions such as drug-induced dyslipidaemia. For healthcare systems already burdened with the dual costs of infectious disease and non-communicable disease management, a safe and inexpensive adjunct such as curcumin could represent a sustainable intervention.
In comparison with other recent studies, the atherogenic lipid pattern observed in this study’s protease inhibitor–treated rats is in agreement with studies by Dehzad et al. (2023) and Papantoniou et al. (2024), who described similar PI-associated dyslipidaemic changes and linked them to altered hepatic lipogenesis and lipoprotein metabolism in both. Also, the ameliorative effect of curcumin co-treatment on these lipid parameters likewise aligns with meta-analytic and preclinical evidence indicating that curcumin or optimized curcuminoid formulations produce ameliorative effect on altered lipid profile (Dehzad et al., 2023; Deng et al., 2023). On the contrary, critical reports by Bertoncini-Silva et al. (2024) and umbrella reviews have emphasized heterogeneity and occasional null results in human trials.
This discrepancies in results may be explained by differences in curcumin formulation and bioavailability, dosing and duration, population heterogeneity (healthy volunteers versus metabolic disease or PLWH), and co-interventions such as diet and exercise; importantly, species differences and the tightly controlled exposures used in rodent studies often produce clearer effects than short or small clinical trials, underscoring the need for optimized translational studies (Dehzad et al., 2023; Bertoncini-Silva et al., 2024; Papantoniou et al., 2024).
In addition to lipid profile, this study also assessed oxidative stress markers in the experimental groups. The study observed a significant (p<0.001) rise in malondialdehyde (MDA) levels following protease inhibitor treatment in the Protease Inhibitor group. This may indicate enhanced lipid peroxidation. Results suggest that these drugs generate excessive reactive oxygen species (ROS) which damage membrane lipids and cellular components. The concurrent decrease in superoxide dismutase (SOD), catalase, and reduced glutathione (GSH) points to a compromised antioxidant defence system, leaving cells more vulnerable to oxidative damage. An occurrence that has been documented from a study by Bertoncini-Silva et al. (2024) and also supported by Ji, published in the inter (2023). This imbalance between pro-oxidants and antioxidants aligns with the pathophysiology of protease inhibitor-induced metabolic toxicity, where mitochondrial dysfunction and impaired redox regulation play central roles as reported in a 2023 study by Ji, (2023).
In the group that was administered with curcumin after treatment with Protease Inhibitor, co administration was found to reverse alterations, as evidenced by significantly lower MDA levels and higher antioxidant enzyme activity compared to the PI-only group. The reverse effect can be related to curcumin’s ability to scavenge free radicals. A study by Jin et al., (2021) and another study by Shahcheraghi et al. (2021) documented that curcumin can upregulate endogenous antioxidant enzymes via activation of the Nrf2 signaling pathway, and stabilize mitochondrial function (Jin et al., 2021; Shahcheraghi et al., 2021). Its neutral performance when given alone further strengthens its role as a protective modulator rather than a disruptor of normal redox balance.
The directional implication of this result is that oxidative stress markers may serve as important clinical endpoints when evaluating adjunct therapies for HIV treatment. Curcumin, with its strong antioxidant profile, could be advanced as a complementary intervention aimed at preserving redox balance in patients on protease inhibitors, thereby lowering the risk of long-term complications. Future studies should therefore expand into clinical validation, with emphasis on biomarkers of oxidative stress, mitochondrial function, and overall patient outcomes.
The marked increase in MDA and the concurrent decreases in SOD, catalase and GSH following PI treatment observed in this study is in agreement with recent experimental and translational studies by Lombardi et al. (2024) and Papantoniou et al. (2024) Also, the finding that curcumin co-administration significantly lowered MDA and restored SOD, catalase and GSH is consistent with reports from Sathyabhama et al., (2022) and Nicoliche et al., (2024) showing that curcumin activates antioxidant defences (notably Nrf2/ARE signalling), enhances cellular GSH levels, and raises SOD/catalase activities while directly scavenging reactive oxygen species. However, some clinical reviews like and some human trials report variable antioxidant effects of curcumin (Sathyabhama et al., 2022; Godse et al., 2023; Lombardi et al., 2024). Discrepancy in results is likely attributable to limited curcumin bioavailability in many human formulations, shorter trial durations, small sample sizes. These factors suggest that while preclinical oxidative protection is robust, clinical translation will require bioavailable formulations, appropriate dosing regimens, and carefully chosen biomarker panels.

5. Conclusion
This study has shown that curcumin can play a protective role against the harmful effects of HIV protease inhibitors on lipid profile and oxidative balance. Rats treated with protease inhibitors alone developed dyslipidaemia and high oxidative stress, which are common problems seen in patients living with HIV who use these drugs for long-term therapy. However, when curcumin was given together with protease inhibitors, both lipid levels and antioxidant markers improved significantly. This suggests that curcumin may help reduce the risk of cardiovascular disease and other complications linked to long-term antiretroviral treatment. Although more research, especially in humans, is needed, the findings support curcumin as a safe and promising supplement to improve health outcomes in HIV management.
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