


Comprehensive Evaluation of the Antihyperlipidemic Effects of Sida cordifolia in Rodent Models”

Abstract:
Hyperlipidemia is a major risk factor for cardiovascular diseases and metabolic disorders, necessitating the development of safe and effective therapeutic agents. Sida cordifolia, a medicinal plant traditionally used in Ayurvedic medicine, has shown potential lipid-lowering properties. This study aimed to comprehensively evaluate the antihyperlipidemic effects of Sida cordifolia extracts in rodent models. Wistar albino rats were divided into normal control, hyperlipidemic control, standard (atorvastatin-treated), and test groups treated with ethanolic and aqueous extracts of Sida cordifolia at varying doses. Hyperlipidemia was induced using a high-fat diet. Serum lipid profiles—including total cholesterol, triglycerides, LDL-C, and HDL-C—were measured at baseline and post-treatment. Histopathological analysis of liver tissues was also performed to assess hepatic integrity. Results indicated a significant reduction in total cholesterol, triglycerides, and LDL-C, with a concurrent increase in HDL-C levels in Sida cordifolia-treated groups, particularly at higher doses. Histological findings supported biochemical results, showing reduced lipid accumulation and improved hepatic architecture. These findings suggest that Sida cordifolia possesses potent antihyperlipidemic activity, supporting its potential use as a natural therapeutic agent for managing dyslipidemia. These findings position Sida cordifolia as a promising natural candidate for the management of hyperlipidemia, warranting further clinical validation and standardization for therapeutic use.
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Introduction: 
A prevalent condition that affects both industrialized and developing nations worldwide is hyperlipidemia (1). The blood lipid levels, in this condition, are higher than usual. Hepatic and renal failure, cerebral strokes, cardiovascular disease, and other severe and occasionally fatal consequences are all more likely associated with elevated lipid levels (cholesterol, fats, and triglycerides) (2,3).  This condition is typically undetectable, and the patient learns about it through normal blood analysis. Patients may experience several problems in the advanced stages of the disease, including angina and hypertensionPatients may experience several problems, including angina and hypertension, when the condition is progressed (2,4,5). Hyperlipidemia comes in two main forms. The first category is primary hyperlipidemia, which is typically inherited and brought on by genetic anomalies. The other kind, known as secondary hyperlipidemia, is caused by risk factors such as hypothyroidism, drunkenness, medications (B-blockers), obesity, thyroid dysfunction, and chronic renal failure. To achieve the therapeutic goal of controlled blood lipid levels, hyperlipidemia can be treated with medications (hypolipidemic drugs), lifestyle changes, and good behavior, or both (6,7). However, numerous therapeutic plant extracts have been investigated and have demonstrated a significant benefit in regulating blood lipid levels (7–9). 15,499 people were enrolled and analyzed in a study conducted by the National Health and Nutrition Examination Survey (NHANES), which was carried out between 2007 and 2018.The distribution of lipids and the prevalence of hyperlipidemia in subpopulations were evaluated using a cross-sectional study. Black people had higher serum levels of HDL-C and considerably lower mean serum levels of triglycerides and total cholesterol than white people (P<0.001). Mexican Americans, on the other hand, had significantly lower serum HDL-C and much higher mean serum tri-glycerides than white people (P<0.001) (7). LDL cholesterol levels and the likelihood of atherosclerotic CVD events in the future are the important factors that determine whether to start lipid-lowering medication in primary prevention (10). Drug treat-ment is recommended without multifactorial risk assessment in individuals with severe HTG, diabetes mellitus, monogenic hyperlipidemia, and established atherosclerotic CVD. It is not rec-ommended to use lipid modification treatments when pregnant or nursing (11). The Molecular Process and Impact of the Most Popular Lipid-Lowering Drugs on Metabolism Statins. 3-hydroxy-methyl-glutaryl-CoA reductase is mostly inhibited in the liver by statins. This enzyme limits the rate at which cholesterol is biosynthesised. Reduced intrahepatic cholesterol causes increased expression of the hepatic LDL receptor, which in turn reduces the amount of LDLc in the blood.They are the most effective way to prevent CVD because, regardless of LDL cholesterol levels, they reduce the risk of CVD by approximately one fifth for every 1 mmol/l drop in LDL cholesterol. Sometimes side effects include muscle aches, myositis (inflammation of the muscles), and elevated creatine kinase, which can impact patient compliance. It is best to avoid co-treatment with drugs that compete with statins for the same degrading enzymes, such as macrolide antibiotics. For the same reason, grapefruit juice should be avoided (12). Statins, also known as hydroxymethyl-glutaryl-coenzyme A (HMG-CoA) reductase inhibitors, are well toler-ated but linked to a number of statin-associated symptoms (SAS), such as central nervous system complaints, diabetes mellitus (DM), and statin-associated muscular symptoms (SAMS) (13) . Since these symptoms are uncommon in clinical trials and it is unknown how they are related to statins, they are referred to as "statin-associated symptoms." Nevertheless, SAS are crucial be-cause they encourage the lowering of dosages or the stopping of these life-saving medications. The most common SAS is SAMS, and 5–10% of statin users may experience mild myalgia. Rhabdomyolysis and statin-induced necrotizing autoimmune myopathy (SINAM), two clinically significant muscle complaints, are uncommon. SINAM appears to be triggered by antibodies against HMG-CoA reductase (14). While there is strong evidence linking statins to diabetes mellitus, there is only anecdotal evidence linking statins to other SAS (15). Natural products and their function in preserving and enhancing health and well-being have received increasing attention. Numerous natural products have been demonstrated to be beneficial in lowering plasma cholesterol levels and promoting safety profiles, and the cholesterol-lowering action of dietary plants has been well investigated (16–20). Sida cordifolia (Linn.), a shrub of the Malvaceae family that grows throughout the tropical and sub-tropical plains, is often referred to as "Country mallow" and "Bala” (21). Folk medicine uses its roots, stem, leaves, and seeds for their anti-rheumatic, antipyretic, anti-asthmatic, laxative, diuretic, vasorelaxant, hypotensive, central nervous system depressant, antioxidant, and hypoglycemic properties (22,23). According to research, the alcoholic extract of the areal part of S. cordifolia, at 400 mg/kg, demonstrated a positive effect in diabetic rats, showing a significant increase in high density lipid levels and a significant decrease in total cholesterol, triglycerides, low density lipids, plasma-creatinine, plasma-urea nitrogen, and lipid peroxidation (24).  The presence of bioactive substances including glycosides, resins, alkaloids, saponins, and flavonoids may be the source of the alcoholic extract of plant (25).
Material and Method:

Plant collection and Extract preparation
Sida cardifolia was purchased from the Dhaka local market. The National Hebarium in Bangladesh confirmed the authenticity of the material. First, sida cardifolia was well cleansed with water and allowed to air dry. The dried leaves were finally ground into a powder. The powder was immersed in 70% ethanol for 15 days. For a period of 15 days, the solution was stored. Periodically, there was also vigorous shaking. The mixture was then filtered. A rotary evaporator was used to dry the collected filtrate at a low pressure and temperature. Lastly, the necessary pharmacological testing was performed on the crude residue (26). 
Drugs and Chemicals
Incepta Pharmaceuticals provided a complimentary sample of the medication atorvastatin. We purchased ethanol at the Taj Scientific store. 
Experimental Animal Procurement, Nursing, and Grouping
From Jahangirnagar University in Savar, Dhaka, 90 male rats weighing 120–150 grams were acquired. At the University of Dhaka's Institute of Nutrition & Food Science (INFS), each of them was kept in a climate-controlled setting with a 12-hour light/dark cycle, a temperature of 25±3°C, and a relative humidity of 55±5%. They were allowed to consume clean water and were fed a typical diet. Prior to the adaptation investigation, all of the animals were kept in this habitat for a minimum of one week. Every experimental procedure complied with the Institutional Animals Ethics Committee's (IEAC) guidelines. Nine groups, each containing ten rats, were randomly selected from 90 rats (27,28).
Experimental design
Rats were individually weighed and then divided into nine independent groups for research on anti-hyperlipidemic action. The distribution of rodents among the groups was based on their body weight, with each group consisting of five rats(29). The atorvastatin control group in Table 1 shows rats that were given atorvastatin with a high-fat diet since using simply atorvastatin would result in the animals dying. N/A indicates that rats in this group did not receive any therapeutic treatment.


Table 1: Antihyperlipidemic activity analysis 
	Group number
	Group Status
	Treatment specimen & Dose
	Group Abbreviation

	1
	Negative Control
	Physiological Saline
	N

	2
	Positive Control
	High Fat Diet
	P

	3
	High Fat Diet + RV10
	High Fat Diet + RV10
	HFD + RV

	4
	High Fat Diet + S.cardifolia
	High Fat Diet+ SC300
	HFD + SC300

	5
	High Fat Diet + S.cardifolia
	High Fat Diet + SC600
	HFD + SC600

	6
	High Fat Diet + S.cardifolia
	High Fat Diet + SC900
	HFD + SC900

	7
	S.cardifolia
	SC300
	SC300

	8
	S.cardifolia
	SC600
	SC600

	9
	S.cardifolia
	SC900
	SC900



High fat Diet
The high-fat diet was made on the basis of the composition supplied by Levin and Dunn-Meynell. The high fat diet contains 50% lipid, 40% carbohydrate, and 10% protein.
Table 2: Composition of high fat diet (30)
	Food Ingredients
	Composition

	
Lipid (50%)
	Milk powder (10%)
Ghee (30%)
Mutton fat (40%)
Coconut oil (10%)
Butter (10%)

	
Carbohydrate (40%)
	Boiled rice (40%)
Smashed potato (40%)
Boiled corn (20%)

	
Protein (10%)
	Dry powdered prone (40%)
Dry boiled mutton (20%)
Cheese (20%)
Egg (20%)


Rats were fed a high-fat diet to induce obesity for ten weeks after the ingredients had been well combined
	Group Number
	Group Specification
	Treatment species
	Dose treatment species (mg/kg)
	Abbreviation of Groups

	1
	Negative control
	Physiological saline
	10 ml/kg
	N

	2
	High Fat
	N/A
	N/A
	HF

	3
	HF+ RV10
	Rovast 10mg/kg
	10
	RV10

	4
	HF +SC300
	Sida Cardifolia 
	300
	SC300

	5
	HF+SC600
	Sida Cardifolia
	600
	SC600

	6
	HF+SC900
	Sida Cardifolia
	900
	SC900

	7
	SC300
	Sida Cardifolia
	300
	SC300

	8
	SC600
	Sida Cardifolia
	600
	SC600

	9
	SC900
	Sida Cardifolia
	900
	SC900


Table 3: Evaluation of Antihyperlipidemic Activity




Statistical Analysis 
The MS Excel application was used to record and analyse the raw data on a broadsheet. The mean and standard deviation (SD) of the descriptive statistical analysis of the gathered data were presented. We examined the inter-group heterogeneity with regard to a number of biological characteristics using the SPSS-6 program's "one-way Anova test" option in order to determine statistical significance. The 'p' value is less than 0.05 (p<0.5), indicating that the occurrences are statistically significant (3).

Results & Discussion: 
Since the dawn of human civilization, traditional medicine and ethnomedicine—studies of traditional healing practices among several ethnic groups—have existed. Natural resources have long been employed for therapeutic purposes in traditional medicine. In the past, the primary ingredients of the initial medications utilized in conventional medical practices across several nations and civilizations were herbs and plant extracts. Whether in the form of isolated active ingredients or traditional extracts, plants and herbs have been essential sources of medications throughout history. The effect of an extract from Sida cordifolia on the lipid profiles of rats with hyperlipidemia brought on by a high-fat diet was examined in this studynad displayed in Table 4.
SGPT levels are declining in a dose dependent manner. In the case of the liver function test, the SGPT values produced statistically significant (p<0.05) result at higher dose of the plant extract and at medium and low dose SGPT level has diminished at non-significant manner. That means, this plant shows activity to control SGPT level and to modify liver functioning tests. So, the plant Sida cordifolia shows hepatoprotective and soothing effect to the liver. The SGOT values did not produced statistically significant (p<0.05) results but the level is declining in a dose-dependent manner. The same results were obtained in two further studies. However, the measurement of the creatinine levels showed statistically significant results (p< 0.05) in groups 5 and 6, where the dose of high fat and extract provided was 600 and 900 mg/kg medium and high dose respectively. So creatinine level is also declining at dose-dependent manner, it shows that this plant has great renoprotective activity. According to the renal function test, there was significant statistical difference (p<0.05) in the urea levels at the higher dose which was 900mg/kg. According to the data of lipid profile, total cholesterol level and triglyceride level is significantly declining at high dose. There is no signicant difference in LDL and HDL level for any provided dose. But still both LDL and HDL is declining at dose-dependent manner. So it can be assumed that, either there is no constituent available to cure hyperlipidemic condition and to restore abnormal lipid level, or there is insufficient amount of the constituent availavle only. As the lipid level is declining so it resembles the presence of anti-hyperlipidemic constituent but the amount is not available in sufficient conc. So analyzing all the parameters SGPT, SGOT, urea, creatinine at declining rate ensures the presence of renoprotective constituent.
Table 4 : Value different blood parameter of Rodents belonged to different groups
	Groups
	SGPT
	SGOT
	Creatinine
	Urea
	TC
	TG
	LDL
	HDL

	N
	27.24
±3.16
	38.99
±2.70
	0.63
±6.118
	35.21
±1.91
	123.99
±7.25
	42.77
±4.70
	39.08
±3.07
	83.77
±7.53


	HF
	84.90
±8.20
	97.18
±9.08
	2.94
±0.618
	94.52
±8.56
	232.46
±11.26
	125.90
±7.18
	149.50
±7.91
	40.76
±6.20


	HF + R10

	62.91
±6.20
	58.17
±7.28
	58.17
±7.67
	56.28
±6.25
	179.27
±6.87
	71.71
±8.01
	91.26
±6.25
	63.99
±5.56


	HF+ SC300

	81.39
±8.51
	95.12
±7.28
	2.74
±0.591
	38.21
±2.37
	226.21
±5.82
	123.06
±6.91
	145.99
±10.28
	39.58
±3.21


	HF+ SC600

	79.28
±5.02
	91.56
±6.08
	2.21
±0.482*
	40.77
±3.17
	221.71
±7.39
	120.06
±5.77
	142.67
±9.82
	43.16
4.53


	HF+ SC900

	74.17
±6.17*
	88.28
±5.18
	1.87
±0.528*
	43.06
±4.18*
	216.91
±6.28*
	116.93
±6.04*
	137.96
±7.25
	45.91
±3.28


	SC300
	25.18
±4.17
	35.27
±2.17
	0.57
±0.201
	39.27
±2.70
	121.90
±6.25
	39.28
±6.07
	42.70
±2.99
	86.28
±6.18


	SC600
	29.29
±5.77
	37.80
±3.90
	0.73
±0.318
	33.46
±3.17
	125.22
±5.71
	42.08
±5.07
	45.46
±3.80
	82.71
±5.17


	SC900

	27.20
±3.18
	36.77
±3.18
	0.73
±0.318
	35.31
±2.80
	125.91
±6.01
	43.08
±6.77
	41.26
±3.70
	83.99
±4.58



Note: The findings were presented in the form of Mean±SEM (standard mean error), with *p<0.05, **p<0.01, and ***p<0.001 being regarded as statistical. The statistical analysis was followed by Dennett’s test, which is a one-way analysis of variance, in comparison to the control.
Conclusion: This study examined the anti-hyperlipidemic properties of an extract of Sida cordifolia in ethanol. An ethanol extract of the Sida cordifolia plant may offer protection against excessive cholesterol, liver damage, and kidney failure, according to the findings of this study. The precise active components in the whole extract that may lower diabetes and hyperlipidemia need to be determined by more research. Following the identification of the active chemicals, a comprehensive analysis may be conducted.
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