


Role of Bromelain loaded silver nanoparticles in treatment of induced hyperlipidemia in male albino rats

[bookmark: _GoBack]Abstract:
[bookmark: OLE_LINK1]     Cardiovascular disease (CVD) represents a broad spectrum of disorders that affect the heart and blood vessels and is currently leading to death globally    Excessive because increase in consumption of dietary fats, particularly saturated and trans fats, is strongly associated with obesity, dyslipidemia, and cardiovascular diseases, while also contributing to an increased risk of diabetes and other chronic disorders. The current study aims to identify the therapeutic role of bromelain loaded on silver nanoparticles in the treatment of induced fat reflux in male albino rats. A total of forty healthy rats are used in present work, rats were given diets containing 30% fat for induce hyperlipidemia for 60 days . After this period had passed, the animals were divided into four groups, each group containing ten rats. The first group which not given any drug, the second group treated by bromelain 125 mg /day, the third group it was given bromelain 125 mg loaded on silver nanoparticles size 20 nm per animal daily, fourth group and It was given Atorvastatin 10 mg /day, After 60 days blood was drawn from the heart and serum was separated by centrifuge 3000 rpm for 15 minutes. The result showed that there was a significant decrease (p ≤ 0.05) in the level of harmful fats (triglyceride, total cholesterol, Low-Density Lipoprotein and very Low-Density Lipoprotein)  in the blood serum , in addition to an increase in the amount of high -Density Lipoprotein in the bromelain + silver nanoparticles group when compared with the other groups.
      In conclusion that when bromelain - loaded silver nanoparticles, it contributes to reducing harmful fats (triglyceride ,cholesterol, Low-Density Lipoprotein and very Low-Density Lipoprotein) and increasing beneficial ones more effectively than when bromelain is alone and atorvastatin .
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Introduction
Nanotechnology refers to the design, manipulation, and application of materials, devices, and systems at the nanoscale typically between 1 and 100 nanometers—where unique quantum, mechanical, and chemical properties emerge (Kumar et al., 2020). 
Silver nanoparticles (AgNPs) are among the most widely researched and applied nanomaterials due to their remarkable antimicrobial, optical, catalytic, and electronic properties (Pal et al., 2021). These nanoparticles, typically ranging in size from 1 to 100 nanometers, exhibit unique physicochemical characteristics compared to bulk silver, largely due to their high surface-area-to-volume ratio and quantum effects (Rai et al., 2019). The interest in AgNPs dates back centuries, as silver has long been recognized for its antimicrobial effects; however, it is the advancement of nanotechnology that has enabled the precise engineering of silver at the nanoscale, significantly enhancing its effectiveness and enabling a wide array of novel applications (Sánchez-López et al., 2020).
Bromelain is a complex mixture of proteolytic enzymes derived primarily from the fruit and stem of the pineapple plant (Ananas comosus) (Pavan et al., 2012). Recognized for its medicinal and digestive properties, bromelain has been extensively studied for its anti-inflammatory, anti-edematous, fibrinolytic, immunomodulatory, and anticancer activities (Maurer, 2001; Maurer et al., 2021). First isolated in the late 19th century, bromelain has since become a widely used natural remedy in both conventional and complementary medicine (Taussig & Batkin, 1988).
Bromelain has been investigated for its potential effects on lipoproteins and cardiovascular health. Lipoproteins, including chylomicrons, VLDL, LDL, and HDL, play central roles in lipid transport and atherosclerosis, with oxidized LDL being particularly atherogenic. Bromelain exhibits anti‐inflammatory, antioxidant, fibrinolytic, and antithrombotic properties that may influence lipoprotein metabolism and function. By reducing oxidative stress and systemic inflammation, bromelain can potentially decrease LDL oxidation and preserve endothelial function, thereby lowering atherosclerotic risk. Additionally, its ability to inhibit platelet aggregation and enhance fibrinolysis reduces the likelihood of thrombus formation associated with lipid‐rich plaques. Although some animal studies have suggested that bromelain supplementation may modestly lower serum cholesterol and triglycerides, evidence from human clinical trials remains limited and inconclusive. Nonetheless, bromelain’s multifaceted actions indicate it may serve as a supportive agent in modulating lipoprotein‐related cardiovascular risk, primarily through anti‐inflammatory and vascular‐protective pathways rather than direct lipid‐lowering effects (Hu et al., 2022; Sulumer et al., 2023).
Material & Methods:
      Forty (40) male albino rats their weights ranged between 190-200 gram. In the first period of the experiment rats  divided to tow groups , first have 10 animals as control group , second have 30 animals feed on  diet contain 30% Animal fat after it was completely dissolved, then mixed with the ground feed and the mixture was left for an appropriate period until the water evaporated (Altunkaynak, 2005) rats were given high-fat feed for 60 days. In second period After the Induced hyperlipidemia the 40 rats were divided into four groups each group included 10 animals as follows:
1-the first group (C) the control group: It included 10 animals, and not given any drug 
2-the second group: It included 10 animals, was given only bromelain 125mg/day for 60 days
3- The third group: It included 10 animals, was given bromelain125mg loaded on silver nanoparticles size 20 nm per animal daily for 60 days.
4- The four group: It included 10 animals, was given Atorvastatin 10mg per animal daily for 60 days 
After the end of the experiment, the animals were starved for 24 hours, after which blood samples were drawn by (heart stab) and the blood was placed in gel tubes and placed in an incubator at 37 degrees for 30 minutes (Ghafil & Al-Taee, 2020 )After that, a centrifuge was used at a speed of 3000 rpm for 15 minutes to separate the serum from the rest of the components using a micropipette and placed in an Eppendorf tube and stored in the refrigerator until the biochemical tests were performed (Al Shukri et al., 2024), which are to estimate the concentrations of total cholesterol, triglycerides and HDL.
Results & Discussions:
[bookmark: OLE_LINK2]The current study show a significant decrease (p≤0.05) in serum  cholesterol in  (bromelain  + silver) group when compared to other groups , and there is no significant difference between bromelain  and Atorvastatin groups  in table-1
Table-1: Effect of bromelain, bromelain + nano-silver and Atrovastatin on serum cholesterol.
	            Parameter

            Groups
	Serum TC
(mg/dl)
	Serum TG
Mg/dl

	First (control) group 
	73.3 ±3.68 ͣ

	78 ± 4.36 ͣ

	Second(bromelain) group
	72.8 ±4.44 ͣ
	69.7 ± 4.24 ͨ

	Third (bromelain –loaded Nano silver) group
	59.56 ± 3.49 ͩ
	41.1 ± 2.88 ͪ

	Fourth (atorvastatin) group
	71.78 ±2.95 ͣ

	49.78 ± 2.56 ͩ



The present study demonstrated that administration of nano-silver bromelain resulted in a significant reduction in serum cholesterol levels compared with all other groups (p ≤ 0.05). This enhanced hypocholesterolemic effect may be attributed to the improved bioavailability of bromelain when incorporated into a nano-silver formulation, which increases cellular uptake and prolongs systemic circulation, thereby potentiating its biological activity (Chen et al., 2023).
Interestingly, no significant difference was observed between the bromelain group and the atorvastatin group, suggesting that bromelain alone exerts a cholesterol-lowering effect comparable to that of atorvastatin. Bromelain has been reported to modulate lipid metabolism by enhancing lipolytic activity, reducing lipid peroxidation, and improving antioxidant defense mechanisms (Liu et al., 2020; ScienceDirect, n.d.; Fu et al., 2022). In contrast, atorvastatin reduces cholesterol synthesis primarily through inhibition of HMG-CoA reductase, highlighting that both natural and pharmacological interventions can achieve similar outcomes in cholesterol management (Adams et al., 2012 ).
The control group exhibited a significant increase (p≤0.05) in serum cholesterol compared to group T3, confirming the protective effects of Nano-silver bromelain may exert superior effects due to the synergistic interaction between bromelain and silver nanoparticles, which have been shown to enhance antioxidant and metabolic activities (Chen et al., 2023). These results suggest that bromelain, particularly in Nano formulated form, could serve as an effective natural alternative or adjunct to conventional lipid-lowering therapy.
[bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK3]the current study show a significant  decrease (p≤0.05) in serum triglyceride  treatment  groups as compared with control group, also a bromelain  group show a significant increase (p≤0.05)  as compare with  bromelain + silver and Atrovastatin  T3 and T4 groups , while there is no significant difference between a bromelain + silver and Atrovastatin  groups ,as shown in table-1
    The bromelain group showed a significant (p ≤ 0.05) increase in serum triglycerides compared with the Nano-silver bromelain and atorvastatin groups, suggesting that while bromelain alone has some triglyceride-lowering activity, its efficacy is enhanced when delivered in a Nano-silver formulation. The improved effect of Nano-silver bromelain may be attributed to increased bioavailability, prolonged circulation time, and enhanced cellular uptake, which potentiate its metabolic effects on lipid regulation (Fu et al., 2022).
    No significant difference was observed between the Nano-silver bromelain group and the atorvastatin group, indicating that the Nano formulation of bromelain is as effective as atorvastatin in reducing serum triglyceride levels. Bromelain has been shown to influence lipid metabolism through antioxidant activity, inhibition of lipid peroxidation, and enhancement of lipolytic enzymes, which can contribute to reduced triglyceride concentrations (Chen et al., 2023) (Majeed & Sharhan. 2024). Atorvastatin exerts its lipid-lowering effect mainly by inhibiting HMG-CoA reductase, indirectly reducing triglyceride synthesis (Adams et al., 2012).
Table-2: Effect of bromelain, bromelain + nano-silver and Atrovastatin on serum  high density lipoprotein , Low-density lipoprotein and very Low-density lipoprotein .
	Parameter

groups
	Serum HDL
(mg/dl)
	Serum LDL
(mg/dl)
	Serum VLDL
(mg/dl)

	First (control) group
	24.58 ±42 ͣ
	23.28± 16 ͣ
	13.05± 29 ͣ

	Second(bromelain) group
	30.14± 65 ͩ
	18.66± 47 ͩ
	12.96± 52 ͣ

	Third (bromelain –loaded Nano silver) group
	34.56± 73 ͪ
	17.7± 63 ͩ
	10.67± 73 ͣ

	Fourth (atorvastatin) group
	22.56± 53 ͫ
	28.69± 82 ͪ
	9.29± 62 ͪ

	
	
	
	


[bookmark: OLE_LINK7]The result showed an significant increase  (p≤0.05) in serum LDL and VLDL in control group as compare with second and third groups , while Atorvastatin appeared a significant increase (p≤0.05) when compared other groups as shown in table -2
The atorvastatin group exhibited significantly higher LDL levels compared to the bromelain and nano-silver bromelain groups. This suggests that while atorvastatin effectively lowers total cholesterol and triglycerides, natural compounds such as bromelain, particularly in nano-silver formulation, may provide superior control over atherogenic lipoproteins. The enhanced efficacy of nano-silver bromelain may be attributed to improved bioavailability, prolonged systemic circulation, and synergistic antioxidant activity, which can modulate lipoprotein metabolism more effectively than bromelain alone or atorvastatin (Fu et al., 2022).
No significant difference was observed between the bromelain group and the nano-silver bromelain group, indicating that bromelain, whether in its native or nanoformulated form, effectively reduces LDL and VLDL levels. Bromelain’s lipid-lowering effects are thought to involve antioxidant mechanisms, inhibition of lipid peroxidation, and regulation of lipolytic enzymes, which collectively reduce circulating atherogenic lipoproteins (ScienceDirect, n.d.; Chen et al., 2023).
The current study show a significant increase (p≤0.05) in serum HDL in  bromelain + silver group   as compared to other groups, bromelain group show a significant (p≤0.05) increase  compare with control and Atrovastatin groups   , also  Atrovastatin group show a significant (p≤0.05) increase  as camper with control group as shown in table-2
Bromelain has been shown to positively influence lipid metabolism, including the elevation of high-density lipoprotein (HDL) levels. HDL is cardioprotective because it facilitates reverse cholesterol transport, removes excess cholesterol from peripheral tissues, and exerts antioxidant and anti-inflammatory effects (Chen et al., 2023; Liu et al., 2020). In the present study, administration of bromelain alone significantly increased HDL levels compared with the control group, supporting previous reports that bromelain enhances lipolytic activity, reduces oxidative stress, and promotes the maturation of HDL particles (  Sulumer et al., 2023 ).
Interestingly, nano-silver bromelain demonstrated an even greater effect on HDL elevation than bromelain alone. This enhanced activity may be attributed to the improved bioavailability, cellular uptake, and sustained release provided by the nano-silver formulation. The nanoformulation likely facilitates more efficient interaction with lipid metabolism pathways and antioxidant mechanisms, resulting in a more pronounced increase in HDL levels (Fu et al., 2022; Chen et al., 2023).
Atorvastatin can modestly raise HDL levels by increase the synthesis of apolipoprotein A-I (ApoA-I), the main protein component of HDL, which facilitates HDL particle formation also , Atorvastatin Improved  lowering LDL and total cholesterol, atorvastatin indirectly promotes the mobilization of cholesterol from peripheral tissues to HDL particles, enhancing reverse cholesterol transport. On the other hand Statins reduce oxidative stress and inflammation in the vascular system, which helps maintain HDL functionality and prevents HDL degradation (Huang et al., 2025). Statins can also affect enzymes like cholesterol ester transfer protein (CETP) and lipoprotein lipase, leading to an increase in HDL cholesterol levels(Barteret al., 2010).
Conclusion :
In current study bromelain + silver led to a decrease in the levels of harmful lipoproteins and increased the percentage of beneficial lipoproteins, thus improving the body’s efficiency. This is what makes it better than the extract alone.
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