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Introduction  

Dyslipidemia is a metabolic disorder characterized by 

abnormal lipid profiles, including elevated TG, TC, and LDL-C, or 

reduced HDL-C.1-3 It is often associated with cardiovascular, endocrine, 

and metabolic diseases and poses significant health risks.4-6 

Etiologically, dyslipidemia is classified as primary, caused by genetic 

mutations affecting lipid synthesis or clearance, or secondary, resulting 

from poor diet, a sedentary lifestyle, or excessive alcohol intake.7-10 

Treatment strategies typically include lifestyle modification and lipid-

reducing drugs.11 Recently, bioactive compounds from medicinal plants 

have gained attention as alternatives to synthetic drugs due to their 

efficacy and safety profiles.6,12-18 In Vietnamese traditional medicine, 

herbal remedies have long been used to manage cardiovascular 

conditions, including atherosclerosis.19,20  Garlic (Allium sativum L., 

family Alliaceae) exhibits various biological activities, including 

cholesterol-lowering, antihypertensive, antimicrobial, anti-

atherosclerotic, and anticancer effects.21,22 Garlic can be fermented into 

black garlic, which is characterized by a sweet taste, soft texture, and 

increased bioactivity due to the Maillard and Browning reactions and 

the alliin biosynthesis pathway.23,24 Sulfur-containing amino acids, such 

as methionine and cysteine, are converted into water-soluble 

organosulfur compounds, such as S-allyl-L-cysteine (SALC), alliin, and 

tetrahydro-β-carboline (THβC) derivatives.24  These compounds 

support garlic’s antioxidant and lipid-modulating properties. SALC, in 

particular, protects DNA from oxidative damage, scavenges free 

radicals, and inhibits lipid peroxidation. 24,25 Black garlic may also 

reduce LDL-C oxidation, raise HDL-C, increase antioxidant enzyme 

activity, and prevent vascular endothelial injury, resulting in anti-

atherosclerotic effects.26,27 
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Roselle (Hibiscus sabdariffa L., Malvaceae) is rich in flavonoids, 

anthocyanidins, organic acids, and phenolic acids, including 

protocatechuic acid (PCA), a key bioactive compound.28,29 Roselle 

calyx extract demonstrates lipid-lowering and anti-atherosclerotic 

effects of reducing TG, TC, and LDL-C levels in serum, as well as 

inhibiting foam cell formation and vascular smooth muscle calcification 

in animal models.30 Clinical studies have also confirmed significant 

lipid profile improvements in dyslipidemic adolescents after daily 

roselle supplementation.31 PCA is considered a major contributor to 

these effects.32 Furthermore, roselle exhibits antioxidant, 

antihypertensive, antidiabetic, hepatoprotective, and broad-spectrum 

antimicrobial properties.31,32 

Gynostemma pentaphyllum (jiaogulan), a member of the Cucurbitaceae 

family, contains flavonoids and over 100 saponins, primarily 

gypenosides, some of which are structurally similar to ginsenosides.33,34 

These compounds contribute to G. pentaphyllum’s lipid-lowering, 

antihyperglycemic, hepatoprotective, and antioxidant effects. In high-

fat diet-induced models, G. pentaphyllum reduced serum TG, TC, and 

LDL-C levels without affecting HDL-C.35 These effects derive from 

adenosine monophosphate-activated protein kinase (AMPK) activation 

and the downregulation of key adipogenic genes, including peroxisome 

proliferator-activated receptor-γ (PPARγ), sterol regulatory element-

binding protein-1c (SREBP-1c), and fatty acid synthase (FAS), while 

lipid oxidation is increased via carnitine palmitoyltransferase (CPT) and 

hormone-sensitive lipase (HSL).36 Whole saponin extracts also promote 

fecal cholesterol excretion and modulate genes related to lipid 

metabolism. G. pentaphyllum also exerts antihypertensive, 

cardioprotective, neuroprotective, and immunomodulatory effects.37 

Alisma plantago-aquatica L. (Alismataceae) contains bioactive 

triterpenoids, such as alisol A and alisol B 23-acetate, as well as 

alkaloids, choline, vitamin B12, and essential oils.38,39 It is traditionally 

used in Chinese and Japanese medicine as a diuretic and promotes 

natriuresis via renal sodium-chloride co-transport.40,41 Studies have 

affirmed its anti-inflammatory, antibacterial, hepatoprotective, and 

immunomodulatory effects.40 In vitro and in vivo experiments indicate 

that its ethanol extract inhibits adipogenesis and exerts lipid-reducing 

effects.42 In hyperlipidemic mice, the oral administration of 

2.26 g/kg/day significantly reduced serum TC and TG and increased 

HDL-C, suggesting the potential modulation of hepatic cholesterol 

synthesis and metabolism.43 

Existing studies have demonstrated that herbal ingredients such as A. 
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sativum, H. sabdariffa, G. pentaphyllum, and A. plantago-aquatica 

offer lipid-lowering, antihyperglycemic, and anti-atherosclerotic 

properties, operating through diverse mechanisms. In combination, 

these herbs may exert synergistic effects. In particular, A. plantago-

aquatica contributes diuretic and natriuretic actions that complement 

the metabolic benefits of the other herbs. However, the traditional uses 

of these herbs remain limited by their low efficacy and inconvenience 

to patients. This study was conducted to evaluate the effects of NPB 

capsules comprising A. sativum, H. sabdariffa, A. plantago-aquatica, 

and G. pentaphyllum on lipid metabolism disorders in mice. 

 

Materials and Methods  
 

Chemicals and Equipment  

The chemicals and equipment used include poloxamer 407 (P-407) 

(Sigma-Aldrich) for animal model induction purposes and blood assay 

kits for quantifying TC, TG, HDL-C, and LDL-C, sourced from 

DIALAB GmbH (Austria). The biochemical analysis was conducted 

with a BTS-350 analyzer (Spain), while hematological analysis was 

performed with an automated KX21 analyzer (Sysmex, Japan). A 

rounded needle for oral administration to rodents and an animal surgical 

kit (Japan) were also employed. 

 

Plant Material Collection  

Roselle (H. sabdariffa) was collected in October 2019 in Ho Chi Minh 

City. A. plantago-aquatica was collected in April and May 2019 in Kim 

Son District, Ninh Binh. Black garlic, fermented from solitary garlic (A. 

sativum L.) harvested in 4–5 years in 2022 in Phu Yen, Son La. The 

500g packages of black garlic were manufactured on December 16, 

2022, with an expiration date of December 16, 2024. G. pentaphyllum 

was collected for 6–7 years in 2020 in Quan Ba, Ha Giang. Thang Long 

Pharmaceutical Company provided the herbal materials, which met the 

standards of the Vietnam Pharmacopoeia V. Standard samples were 

stored at the Botany Department, Institute of Ecology and Biological 

Resources, Vietnam. All materials were dried, ground, and stored in 

sealed nylon bags in a dry, cool place for use in research. 

 

Extraction and Standardization of H. sabdariffa  

H. sabdariffa was extracted once ultrasonically with 30% ethanol as the 

solvent and an herbal material to solvent ratio of 1:12. The extraction 

was performed at 70°C for 30 minutes. The extract was then 

concentrated at 60–70°C, yielding a liquid extract with an herbal 

material to solvent ratio of 1:3. The extract was allowed to settle 

overnight, then decanted. The remaining residue was dissolved in 30% 

ethanol at a 1:1 ratio, allowed to settle overnight, and decanted again. 

This process was repeated twice more. The extracts obtained from this 

repeated process were combined with the initial liquid extract to yield a 

final 1:3 liquid extract. The standardized H. sabdariffa extract was 

prepared by uniting the 1:3 liquid extract with excipients consisting of 

a 60:40% mixture of aerosil and maltodextrin at an excipient-to-solids 

ratio of 0.3. The spray-drying solution was 12% solid material, with an 

input temperature of 130°C and an output temperature of 102–105°C. 

The feed rate was 30 mL/min. The final product was a dry extract. The 

PCA content of the dry extract was quantified and was no less than 300 

µg/g. 

 

Extraction and Standardization of A. sativum  

Ultrasonic extraction was conducted twice with purified water as the 

solvent and an herbal material to solvent ratio of 1:10 at 50°C for 70 

minutes per extraction. The extract was concentrated into a liquid 

extract with approximately 25% moisture content. Starch was used as 

the excipient at a ratio of 20% of the solid content in the extract. The 

mixture was then dried at 90°C for 13 hours. The dry extract was 

standardized using the drying method. The content of SALC in the dry 

extract was quantified and was no less than 350 µg/g. 

 

Extraction and Standardization of A. plantago-aquatica  

Ultrasonic extraction was conducted twice with 90% ethanol as the 

solvent and an herbal material to solvent ratio of 1:5 at 60°C for 60 

minutes per extraction. The extract was concentrated into a liquid 

extract with approximately 25% moisture content. Starch was used as 

the excipient at a ratio of 20% relative to the solid content in the extract. 

The mixture was dried at 90°C for 13 hours. The dry extract was 

standardized using the drying method. The content of alisol A in the dry 

extract was quantified and was no less than 2.0 mg/g. 

 

Extraction and Standardization of G. pentaphyllum 

Ultrasonic extraction was performed once with 80% ethanol as the 

solvent and an herbal material to solvent ratio of 1:20 at 60°C for 60 

minutes. The extract was concentrated into a liquid extract with 

approximately 25% moisture content. Starch was used as the excipient 

at a ratio of 20% relative to the solid content in the extract. The mixture 

was dried at 90°C for 13 hours. The dry extract was standardized using 

the drying method. The content of ginsenoside Rb1 in the dry extract 

was quantified and was no less than 1.0 mg/g. 

 

Formulation 

The NPB capsule incorporated four herbal extracts: black garlic 

(fermented A. sativum), H. sabdariffa, G. pentaphyllum, and A. 

plantago-aquatica, as shown in Table 1. The excipients (cornstarch, 

calcium carbonate, magnesium stearate, and talc) were sufficient for 

one capsule to ensure proper formulation consistency, stability, and 

ease of administration. The SALC content in one capsule was no less 

than 0.04 mg; the PCA content in one capsule was no less than 0.03 mg; 

the ginsenoside Rb1 content in one capsule was no less than 0.07 mg; 

and the alisol A content in one capsule was no less than 0.15 mg. 

 

Table 1: NPB capsule ingredients. 

 
Ingredients Amount (mg) 

A. sativum (Black garlic) 120    

H. sabdariffa   100  

G. pentaphyllum   90  

A. plantago-aquatica   90  

Excipients 

Corn starch 

Calcium carbonate 

Magnesium stearate 

Talc 

Quantity sufficient for one 

capsule 

 

 

Animals 

Adult Swiss albino mice of both sexes, weighing 20 ± 2g, were provided 

by the Animal Unit-Military Medical Academy and maintained under 

laboratory conditions for at least a week before the experiment began. 

Laboratory animals were fed standard food and provided with free 

access to water. This study was conducted with the approval of the 

Scientific Council of the Military Medical University and in compliance 

with the ethical standards of medical research (Ethical permission 

number IACUC-2203/22, issued March 22, 2022). 

 

Evaluation of CE Inhibition 

The inhibitory effect on the CE enzyme was assessed using a method 

based on Asmaa et al.’s procedure, with spectrophotometric 

measurements taken at 25 ± 0.5°C.44 The lyophilized CE was dissolved 

in 1 mL of 100 mM sodium phosphate buffer at a pH of 7.0, then divided 

into 200 μL portions and stored at −80°C. Before use, each portion was 

thawed and diluted to 5 µg/mL with 100 mM sodium phosphate buffer. 

The reaction volume was 1 mL, with 20 µL of various inhibitors (10 

mg/mL in acetonitrile solution) pre-incubated with 500 µL of Triton X-

100 (5% w/w), 20 µL of p-nitrophenyl butyrate (0.05 M in acetonitrile 

solution), and 40 µL of acetonitrile solution (2%) in 400 µL of the test 

buffer solution (100 mM sodium phosphate and 100 mM NaCl at a pH 

of 7.0) mixed thoroughly for 5 min at 25°C. The reaction was initiated 

by adding 20 µL of CE (5 µl/mL). After incubation for 15 min, the 

released p-nitrophenoxide was determined by measuring the 

absorbance at 405 nm. Enzyme activity without inhibition was 

determined by adding the acetonitrile solution instead of the inhibitor 

solution. Sodium fluoride (NaF) was used as a positive control. The 

inhibition rate was calculated with Formula 1, 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =  
(𝐴−𝐵)

𝐴
𝑥 100%  (1) 

where A and B are the absorbances corresponding to enzyme hydrolysis 
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without and with the inhibitor, respectively. Each test sample was 

performed in triplicate to obtain an average value. 

 

Evaluation of HMG-CoA Reductase Inhibition 

The inhibition of HMG-CoA reductase was determined with 

spectrophotometric measurements.45 The HMG-CoA reductase enzyme 

assay kit was purchased from Sigma-Singapore. The stock HMG-CoA 

reductase solution was 0.5–0.75 mg/mL. A 50-µg sample was mixed 

with a reaction mixture containing nicotinamide adenine dinucleotide 

phosphate (400 µM), the substrate HMG-CoA (400 µM), and potassium 

phosphate buffer (100 mM at a pH of 7.4) containing potassium 

chloride (120 mM), ethylenediaminetetraacetic acid (1 mM), and 

dithiothreitol (5 mM). Then, 2 µL of HMG-CoA reductase was added. 

The reaction mixture was incubated at 37°C, and the absorbance was 

measured at 340 nm after 10 min. Simvastatin was used as a positive 

control, and distilled water was used as a negative control. The 

percentage of HMG-CoA reductase inhibition by the test sample was 

calculated with Formula 2.  

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑡𝑒𝑠𝑡

𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑥 100% (2) 

 

Evaluation of the Effects of NPB Capsules on Endogenous Lipid 

Disorders  

The endogenous dyslipidemia model with P-407 was employed and 

modified according to Millar et al.46 The 2% P-407 solution was 

prepared by dissolving 0.4 g of P-407 in 20 mL of physiological saline 

and refrigerating it overnight to increase P-407 solubility. 

The Swiss mice meeting the experimental standards were randomly 

divided into five groups of 10 mice.   

 + Group 1 (physiological control): Mice received distilled 

water daily, and on the 7th day, received an intraperitoneal injection of 

physiological saline at 10 ml/kg. 

 + Group 2 (model group): Mice received distilled water 

daily, and on the 7th day, received an intraperitoneal injection of P-407 

at a dose of 200 mg/kg. 

 + Group 3 (NPB 576): Mice received the test drug at a dose 

of 576 mg/kg/day daily, and on the 7th day, received an intraperitoneal 

injection of P-407 at a dose of 200 mg/kg. 

 + Group 4 (NPB 1152): Mice received the test drug at a dose 

of 1152 mg/kg/day daily, and on the 7th day, received an intraperitoneal 

injection of P-407 at a dose of 200 mg/kg. 

 + Group 5 (Atorvastatin 15): Mice received atorvastatin at a 

dose of 15 mg/kg daily, and on the 7th day, received an intraperitoneal 

injection of P-407 at a dose of 200 mg/kg. 

On the 8th day, 24 hours after the P-407 injection, blood samples were 

collected from all mice to test the TG, TC, and HDL-C lipid parameters. 

The non-HDL-C index (non-HDL-C) was calculated with Formula 3. 

Non-HDL-C = TC  HDL-C   (3) 

 The atherogenic index (AI) was calculated with Formula 4. 

AI = (TC  HDL-C)/HDL-C   (4) 

 

Statistical Analysis 

The data were analyzed with biomedical statistical methods, and 

comparisons were made via ANOVA in SPSS software version 16.0. 

The results are presented as mean ± standard deviation (X̅ ± SD). A p-

value of less than 0.05 was considered statistically significant. 

 

Results and Discussion 
 

Inhibitory Effects of NPB on CE and HMG-CoA Reductase  

The percentage of CE inhibition is presented in Table 2. This study used 

NaF as a positive control that significantly inhibited CE (38.45 ± 3.42% 

reduction). The enzyme CE plays an important role in cholesterol 

metabolism. Demonstrating test substances’ inhibition of this enzyme 

is vital to evaluating their potential to reduce cholesterol levels. The test 

sample exhibited 26.94% inhibition of CE, indicating its potential to 

lower cholesterol through CE inhibition. The percentage of CE 

inhibition by the test sample derived from medicinal plants was lower 

than that of NaF. At the same concentration, the test sample’s effect is 

expected to be less potent than that of the synthetic reference drug NaF. 

In the HMG-CoA reductase inhibition test, simvastatin was used as a 

positive control and significantly inhibited HMG-CoA reductase (82.15 

± 3.27% reduction). HMG-CoA reductase is an enzyme that plays a 

crucial role in cholesterol metabolism. Measuring the inhibition of this 

enzyme by the test substances supports assessing their potential to 

reduce cholesterol levels. The test sample exhibited a 41.98% inhibition 

of HMG-CoA reductase, indicating that it lowered cholesterol by 

inhibiting HMG-CoA reductase. The percentage of HMG-CoA 

reductase inhibition by the test sample derived from medicinal plants 

was lower than that of simvastatin. At the same concentration, the test 

sample’s effect is expected to be less potent than that of simvastatin. 

 

Table 2: Inhibition of CE and HMG-CoA reductase (mean ± 

SD). 

 

a Data are presented as the mean ± SD of results from three independent 

experiments. b Positive control. (-) Indicates no test. 

 

Effects of NPB on Endogenous Lipid Disorders 

As shown in Table 3, TC, TG, and non-HDL-C blood levels were 

significantly elevated after P-407 intraperitoneal injection. Mice in the 

P-407 treatment group (Group 2) exhibited markedly increased levels 

of TC, TG, and non-HDL-C compared to the control group (p < 0.01). 

Conversely, atorvastatin and the two NPB dosage groups (Groups 3, 4, 

and 5) demonstrated significant reductions in TC, TG, and non-HDL-

C. Mice that received NPB at dosages of 576 or 1152 mg/kg/day and 

those that received atorvastatin at 15 mg/kg/day all showed 

significantly lower levels of TC, TG, and non-HDL-C compared to the 

P-407 group (p < 0.01).  

 

Table 3: Blood levels of TC, TG, and non-HDL-C in mice. 

 

Group n 
TC 

(mmol/L) 

TG 

(mmol/L) 

Non-

HDL-C 

(mmol/L) 

Group 1 

(physiological 

control)  

(1) 10 2.14 ± 0.35 0.81 ± 0.13 1.56 ± 0.36 

Group 2 (model 

group) 
(2) 10 2.66 ± 0.44 1.01 ± 0.13 2.17 ± 0.39 

Group 3 (NPB 

576) 
(3) 10 2.01 ± 0.42 0.86 ± 0.13 1.45 ± 0.41 

Group 4 (NPB 

1152) 
(4) 10 1.99 ± 0.53 0.85 ± 0.08 1.42 ± 0.52 

Group 5 

(atorvastatin 15) 
(5) 10 2.06 ± 0.30 0.84 ± 0.11 1.48 ± 0.30 

p p-1 < 0.01; p-2 < 0.01 

p-values were calculated using one-way ANOVA followed by Tukey's 

post-hoc test to compare TC, TG, and non-HDL-C levels among the 

study groups. 

 

P-407 administration also resulted in a reduction in blood HDL-C levels 

(p < 0.05), whereas atorvastatin at 15 mg/kg/day and NPB doses of 576 

and 1152 mg/kg/day led to significant increases in HDL-C (Table 4). 

Compared to the P-407 model group, the mice treated with NPB doses 

of 576 and 1152 mg/kg/day and atorvastatin 15 mg/kg/day exhibited 

significantly higher HDL-C levels (p < 0.05). The AI was similarly 

elevated by the P-407 injection (p < 0.01), whereas the NPB and 

atorvastatin showed significant reductions in AI. Mice treated with NPB 

doses of 576 or 1152 mg/kg/day and those that received atorvastatin at 

15 mg/kg/day exhibited decreases in AI compared to the model group 

(p < 0.01). 

  

Tests n 
Inhibition of CE 

(%)a 

Inhibition of HMG-

CoA (%)a 

NPB 06 26.94 ± 2.36  41.98 ± 4.15 

NaFb 06 38.45 ± 3.42 - 

Simvastatinb 06 - 82.15 ± 3.27 
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Table 4: Blood levels of HDL-C and AI in mice. 

 

p-values were calculated using one-way ANOVA followed by Tukey's 

post-hoc test to compare HDL-C levels and AI among the study groups. 

 

The endogenous lipid disorder model was established by the 

intraperitoneal injection of non-ionic surfactants, such as Tween 80, 

Triton WR-1339, or P-407, without dietary supplementation with 

exogenous lipids. Previous studies have demonstrated that the injected 

surfactants promote hepatic cholesterol production. P-407 is widely 

utilized in experimental research as it can induce lipid abnormalities 

safely and effectively. P-407-induced lipid disorders are associated with 

changes in several lipid metabolism-related enzymes, including a 

reduction in hepatic LDL receptors, an increase in the quantity and 

activity of HMG-CoA reductase, and the suppression of serum 

lipoprotein lipase (LPL) and cholesterol 7α-hydroxylase. Therefore, P-

407 administration results in elevated blood TG and cholesterol levels. 

This study’s findings indicate that intraperitoneal injection of P-407 

caused significant lipid abnormalities in mice, including increased 

levels of TC, TG, non-HDL-C, and AI, as well as decreased HDL-C 

levels, compared to the control group. The test drug and atorvastatin 

showed substantial efficacy in managing lipid disorders in the 

endogenous lipid disorder model. 

Dyslipidemia is a metabolic disorder characterized by abnormal lipid 

levels in the blood, including cholesterol and TG.1 This condition can 

result in significant health issues, especially cardiovascular diseases, 

such as atherosclerosis, coronary artery disease, and stroke. Common 

forms of dyslipidemia include hypercholesterolemia, in which non-

HDL-C, often called “bad” cholesterol, levels are elevated, which can 

create arterial plaques, reducing blood flow and increasing 

cardiovascular risk.2,9 Hypertriglyceridemia, marked by elevated 

triglycerides in the blood, is often associated with metabolic disorders, 

obesity, or diabetes. Meanwhile, low levels of HDL-C, or “good” 

cholesterol, can also increase the risk of heart disease. Dyslipidemia can 

arise from genetic factors such as familial hypercholesterolemia, 

unhealthy lifestyle choices such as poor diet, lack of exercise, or 

smoking, or from underlying medical conditions such as diabetes, 

obesity, and kidney disease. Treatment typically involves adopting a 

healthy diet that is low in saturated fats, increasing physical activity to 

reduce triglycerides and boost HDL-C, and, occasionally, using 

medications such as statins, fibrates, niacin, and ezetimibe to help 

regulate lipid levels. As dyslipidemia often presents with no clear 

symptoms, regular testing of cholesterol and triglyceride levels is 

essential for early detection and timely intervention.10 

This study systematically investigated the lipid-lowering effects of a 

combination of standardized herbal extracts derived from fermented A. 

sativum (black garlic), H. sabdariffa, G. pentaphyllum, and A. plantago-

aquatica. These medicinal plants offer valuable therapeutic benefits, 

particularly for lipid metabolism and cardiovascular health. Garlic, 

especially in the fermented form of black garlic, contains potent sulfur 

compounds, such as SALC, that exert antioxidant, lipid-lowering, and 

anti-atherosclerotic effects.25,26 It reduces cholesterol levels, protects 

against endothelial damage, and prevents arterial plaque formation. 

Roselle (H. sabdariffa) is rich in flavonoids and phenolic acids, such as 

PCA, and is known for its cholesterol-lowering and anti-atherosclerotic 

properties; clinical studies confirm its ability to reduce TG and non-

HDL-C levels while increasing HDL-C levels.28,29 G. pentaphyllum, 

which is known for its saponins and flavonoids, offers multiple benefits, 

including reducing blood lipid levels, improving heart health, and 

supporting immunity. It has been shown to regulate lipid metabolism, 

reduce TG and cholesterol levels, and protect against fat 

accumulation.31-33 Lastly, A. plantago-aquatica, which produces 

triterpenoid compounds, such as alisol A, has diuretic and anti-

inflammatory effects and demonstrable lipid-lowering properties, 

including cholesterol and TG level reduction in experimental models.39 

This study integrates both in vitro enzymatic assays and in vivo 

pharmacodynamic models of extracts from these four medicinal plants, 

offering a robust and multilayered evaluation of these formulations’ 

therapeutic potential against hyperlipidemia. In the enzymatic assays, 

the herbal formulations were screened for their ability to inhibit CE and 

HMG-CoA reductase, two crucial enzymes in cholesterol digestion and 

biosynthesis. The assay results showed that the herbal formulations 

exhibited significant inhibitory activity, particularly against CE 

(26.94% reduction) and HMG-CoA reductase (41.98% reduction). 

These findings indicate a biochemical basis for the lipid-lowering 

effects observed later in vivo. While the inhibition achieved with the 

herbal treatment was not as pronounced as that achieved by the 

synthetic positive controls (NaF for CE and simvastatin for HMG-CoA 

reductase), this result was expected due to the phytochemicals’ lower 

binding affinities and multifaceted mechanisms. The consistency and 

relative potency of the tested formulations must be assessed for further 

preclinical and clinical development. The NPB capsules’ moderate 

enzyme inhibition suggests that they contain bioactive secondary 

metabolites, such as flavonoids, saponins, and polyphenols, that may 

exert effects via allosteric modulation or indirect regulatory pathways 

rather than via direct competitive inhibition. These mechanisms could 

reduce intestinal cholesterol absorption, downregulate hepatic 

cholesterol synthesis, or upregulate LDL receptor expression. 

The modulation of endogenous lipid metabolism in a P-407-induced 

model was also investigated. The endogenous lipid disorder model was 

produced via intraperitoneal injection of P-407, which is well 

established for inducing dyslipidemia by increasing hepatic cholesterol 

synthesis and suppressing lipid catabolism. Mice in the model group 

developed pronounced hyperlipidemia, with elevated levels of TC, TG, 

non-HDL-C, and AI, as well as reduced HDL-C levels. Treatment with 

NPB (doses of 576 or 1152 mg/kg/day) resulted in a statistically 

significant reversal of these lipid abnormalities. NPB capsules reduced 

the pathological increase in TC, TG, and non-HDL-C levels and 

restored HDL-C to near-normal levels. The observed changes were 

similar to those achieved by atorvastatin, a benchmark hypolipidemic 

agent. Moreover, the marked reduction in AI suggests that NPB may 

have a protective cardiovascular effect, likely through multiple 

mechanisms, including the inhibition of hepatic HMG-CoA reductase, 

modulation of LPL activity, and potential stimulation of bile acid 

excretion. This multi-targeted action reflects the complexity of 

phytochemical interactions and emphasizes plant extracts’ potential as 

polyvalent therapeutics for metabolic disorders. 

 

Conclusion 
NPB capsules comprising standardized extracts from fermented A. 

sativum (black garlic), H. sabdariffa, G. pentaphyllum, and A. plantago-

aquatica demonstrated significant lipid-lowering effects in both in vitro 

and in vivo models. At 0.2 mg/mL, NPB capsules inhibited cholesterol 

esterase (26.94 ± 2.36%) and HMG-CoA reductase (41.98 ± 4.15%). In 

mice with diet-induced dyslipidemia, the oral administration of NPB 

capsules at 576 or 1152 mg/kg/day significantly reduced TG, TC, non-

HDL-C, and AI while increasing HDL-C, with effects comparable to 

atorvastatin (15 mg/kg/day). The administration of NPB capsules at a 

dose of 1152 mg/kg/day resulted in more pronounced improvement in 

endogenous dyslipidemia than that of the 576 mg/kg/day dose. These 

findings indicate NPB capsules’ potential as a natural adjunct or 

alternative to statins, as the components exert their effects through 

mechanisms that include enzyme inhibition and lipid profile 

modulation. Further studies are warranted to elucidate the active 

constituents, molecular pathways, and clinical efficacy of such 

capsules. 

 

 

Group n 
HDL-C 

(mmol/L) 
AI 

Group 1 

(physiological 

control)  

(1) 10 0.58 ± 0.06 2.73 ± 0.77 

Group 2 (model 

group) 
(2) 10 0.49 ± 0.10 4.51 ± 0.85 

Group 3 (NPB 576 ) (3) 10 0.56 ± 0.04 2.56 ± 0.69 

Group 4 (NPB 1152 ) (4) 10 0.57 ± 0.06 2.49 ± 0.96 

Group 5 (atorvastatin 

15) 
(5) 10 0.58 ± 0.05 2.59 ± 0.63 

p 
p-1 < 0.05; p-2 

< 0.05 

p-1 < 0.01; p-2 

< 0.01 
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