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Abstract 

Context: Lipoprotein disorders and atherosclerosis are becoming increasingly common worldwide, especially in low- and middle-income countries. Lipid-

lowering drugs such as statins have limitations in treating atherosclerosis due to adverse effects, including increased liver enzymes and rhabdomyolysis. 

Nature-derived products that regulate dyslipidemia and anti-atherosclerosis of herbal origins are currently of great interest. TD.HLM01 is an herbal product 
containing dried medicinal extracts such as Atractylodes macrocephala Koidz., Melicope pteleifolia (Champ. ex Benth.) T.G.Hartley, Garcinia oblongifolia 

Champ. ex Benth., Citrus reticulata Blanco. 

Aims: To assess the therapeutic effects of TD.HLM01 in atherosclerosis rabbits induced by high-fat diet. 

Methods: Experimental rabbits were orally administered with a mixture of cholesterol solution mixed in peanut oil and treated with atorvastatin (2.4 mg/kg 

b.w.) or TD.HLM01 at two doses (90 and 270 mg/kg/b.w.) for 10 consecutive weeks before the final assessment. 

Results: The investigational product significantly improved the serum lipid profile without any liver adverse events, provided protective effects in 

inflammatory and antioxidant parameters, and lowered aorta atherosclerosis and liver steatosis grading in both histopathological macro- and micro-images.  

Conclusions: This study has demonstrated the potential efficacy of TD.HLM01 in vivo in atherosclerosis treatment as a promising complementary product.  

Keywords: antioxidant activity; atherosclerosis; dyslipidemia; herbal medicine; rabbit. 

 

Resumen 

Contexto: Los trastornos de las lipoproteínas y la aterosclerosis son cada vez más comunes en todo el mundo, especialmente en los países de ingresos bajos y 

medios. Los fármacos reductores de lípidos, como las estatinas, tienen limitaciones en el tratamiento de la aterosclerosis debido a los efectos adversos, que 

incluyen el aumento de las enzimas hepáticas y la rabdomiólisis. Los productos derivados de la naturaleza que regulan la dislipidemia y la lucha contra la 
aterosclerosis de origen vegetal son actualmente de gran interés. TD.HLM01 es un producto vegetal que contiene extractos medicinales secos como 

Atractylodes macrocephala Koidz., Melicope pteleifolia (Champ. ex Benth.) T.G.Hartley, Garcinia oblongifolia Champ. ex Benth., Citrus reticulata Blanco.  

Objetivos: Evaluar los efectos terapéuticos de TD.HLM01 en conejos con aterosclerosis inducida por una dieta rica en grasas. 

Métodos: A los conejos experimentales se les administró por vía oral una mezcla de solución de colesterol mezclada con aceite de maní y se les trató con 

atorvastatina (2.4 mg/kg de peso corporal) o TD.HLM01 en dos dosis (90 y 270 mg/kg de peso corporal) durante 10 semanas consecutivas antes de la 

evaluación final. 

Resultados: El producto en investigación mejoró significativamente el perfil de lípidos séricos sin ningún evento adverso hepático, proporcionó efectos 

protectores en los parámetros inflamatorios y antioxidantes, y redujo la aterosclerosis de la aorta y la clasificación de esteatosis hepática en macro- y micro-

imágenes histopatológicas. 

Conclusiones: Este estudio ha demostrado la eficacia potencial in vivo de TD.HLM01 en el tratamiento de la aterosclerosis como un producto complementario 

prometedor. 

Palabras Clave: actividad antioxidante; aterosclerosis; conejo; dislipidemia; medicina herbaria. 
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Abbreviation: ALT: alanine transaminase; Apo-A1: apoprotein A1; AST: aspartate transferase; CETP: cholesterol ester transfer protein; CM: 
chylomicron; CRP: C-reactive protein; CVDs: cardiovascular diseases; ELISA: enzyme-linked immunosorbent assay; eNOS: endothelial 
nitric oxide synthase; GSH: glutathione; HDL: high-density lipoprotein; HFD: high-fat diet; IDL: intermediate-density lipoprotein; LCAT: 
lecithin-cholesterol acyltransferase; LDH: lactate dehydrogenase; LDL: low-density lipoprotein; Lp: lipoprotein; MDA: malondialdehyde; 
MPa: megapascal; NO: nitric oxide; NOS: nitric oxide synthase; RCT: randomized controlled trial; SD: standard deviation; SOD: superoxide 
dismutase; SR-BI: scavenger receptor class B type I; TC: total cholesterol; TD.HLM01: investigational herbal product of Sao Thai Duong Jsc.; 

TG: triglyceride; TNF-: tumor necrosis factor-alpha; VLDL: very low-density lipoprotein. 

 

INTRODUCTION 

Cardiovascular diseases (CVDs), particularly 
atherosclerosis, represent a major global health 
burden, with disproportionately increasing 
prevalence in low- and middle-income countries (De 
Backer, 2018). While conventional treatments like 
statins have proven effective in managing these 
conditions, their widespread use faces significant 
challenges (Khatiwada and Hong, 2024). These 
include adverse effects such as muscle pain, liver 
dysfunction, and, in rare cases, rhabdomyolysis, as 
well as cost barriers that particularly affect 
developing regions (Khatiwada and Hong, 2024). This 
situation creates an urgent need for alternative 
therapeutic approaches that combine effectiveness 
with accessibility. 

The search for such alternatives has led to 
increasing interest in traditional medicine systems, 
which have long utilized specific plant combinations 
for treating cardiovascular conditions. In Vietnamese 
traditional medicine, a particular combination of 
plants has shown promise. These plants are now 
formulated as TD.HLM01, and comprise Atractylodes 
macrocephala Koidz., Melicope pteleifolia (Champ. ex 
Benth.) T.G.Hartley, Garcinia oblongifolia Champ. ex 
Benth., Citrus reticulata Blanco. Traditional 
practitioners have documented these herbs' potential 
benefits in managing cardiovascular health, though 
their precise mechanisms and effectiveness in treating 
atherosclerosis remain scientifically unexplored (Ji et 
al., 2015; Testai et al., 2021; Yao et al., 2020). 

To understand the potential impact of these herbs, 
it's essential to first comprehend the complex nature 
of lipid metabolism and its role in cardiovascular 
disease. Lipoproteins serve as the body's primary 
mechanism for transporting lipids through the 
bloodstream (Feingold et al., 2000). The plasma 
lipoprotein system includes several distinct 
components: chylomicrons (CM), chylomicron 
remnants, very low-density lipoprotein (VLDL), 
intermediate-density lipoprotein (IDL), low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), 
and lipoprotein(a) or Lp(a) (Feingold et al., 2000). 
Each lipoprotein component plays a specific role in 
lipid metabolism (Natesan and Kim, 2021). 
Chylomicrons transport exogenous lipids from the 
intestine to the liver and peripheral tissues (Natesan 

and Kim, 2021). After delivering their lipid cargo, 
they become chylomicron remnants. The liver then 
synthesizes VLDL to transport endogenous lipids to 
other tissues, where they undergo conversion to IDL 
and, ultimately, LDL. In peripheral tissues, both LDL 
and HDL participate in complex metabolic processes 
(Natesan and Kim, 2021). However, while HDL 
demonstrates protective anti-atherosclerotic 
properties, chylomicron remnants, VLDL, IDL, LDL, 
and Lp(a) contribute to atherosclerosis development 
(Natesan and Kim, 2021). Blood lipid disorders can 
trigger a cascade of serious health complications, 
including atherosclerosis, peripheral vascular disease, 
hypertension, diabetes, and obesity (Natesan and 
Kim, 2021). Research has shown that these 
complications primarily result from elevated levels of 
non-HDL-C lipoproteins (Liu et al., 2022). While 
controlling atherosclerosis risk factors has contributed 
significantly to reducing mortality and morbidity 
rates (Gorelick et al., 2014), the pharmaceutical 
approach to treatment faces limitations due to serious 
side effects and high costs (Ohsfeldt et al., 2010). 

The ethnomedicinal use of plants offers a 
promising alternative approach. This traditional 
knowledge provides a strong foundation for modern 
scientific investigation. Our research addresses three 
critical knowledge gaps: (1) the scientific validation of 
these traditionally used herbs in combination for 
treating atherosclerosis, (2) the mechanisms by which 
this combination affects lipid metabolism and 
inflammatory responses, and (3) the potential of this 
formulation as a cost-effective alternative or 
complement to existing treatments. TD.HLM01 was 
developed as a standardized formulation that 
combines these four major herbs in specific 
proportions based on traditional usage patterns. The 
present study aims to bridge traditional knowledge 
with modern scientific understanding by 
investigating whether these historically observed 
benefits can be explained through contemporary 
mechanisms such as lipid regulation, anti-
inflammatory effects, and antioxidant activities. The 
study was conducted to determine the potential 
therapeutic effects of TD.HLM01 hard capsules on 
high-fat diet-induced atherosclerosis in experimental 
rabbit models. This approach validates traditional 
knowledge underlying these plants' therapeutic 
effects, potentially leading to more accessible 
treatment options for cardiovascular disease.  
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MATERIAL AND METHODS 

Plant material 

The preparation of TD.HLM01  hard capsule was 
conducted by the Sao Thai Duong Joint Stock Com-
pany, Hanoi, Vietnam. Fresh plant materials were 
cultivated from the company farm in Son La, Viet 
Nam (21°12'N, 104°46'E) and identified based on Vi-
etnamese Pharmacopeia 5th edition: Atractylodes mac-
rocephala Koidz. (rhizomes), Melicope pteleifolia 
(Champ. ex Benth.) T.G.Hartley (leaves and roots), 
Garcinia oblongifolia Champ. ex Benth. (cortex), Citrus 
reticulata Blanco. (cortex) (Vietnamese Ministry of 
Health, 2017). 

Preparation of TD.HLM01 hard capsule  

The fresh plant materials were firstly washed and 
dried at 70°C then boiled three times at 100°C for 3 
hours each with distilled water to collect the extracted 
liquid (herbs/solution ratio was 1:6). Then, the total 
amount of extracted liquid was concentrated at 80°C 
and -0.08 MPa until the humidity had reached under 
35%. The extract was completely dried in the next 
step at 60°C and -0.06 Mpa for under 5% of humidity 
extract. Then, the dried extract product was ground to 
a fine powder mixed with other excipients (talc, mag-
nesium stearate, among others) and preserved in vac-
uum bags (storage conditions: temperature (25°C), 
humidity (under 75%). 

From Atractylodes macrocephala (rhizomes) (130 
mg), Citrus reticulata (cortex) (44 mg), Melicope pteleifo-
lia (leaves and roots) (200 mg), Garcinia oblongifolia 
(cortex) (200 mg) and excipients were formulated in a 
hard capsule based on a Vietnamese traditional rem-
edy. After the preparation process, the investigational 
products were subjected to a quality examination 
confirmed by the Sao Thai Duong Legal Director 
(Registration number: 01NC/TCCS/TPT-22). The 
quality examination conformed to the guidelines of 
Vietnamese Pharmacopeia 5th edition (Vietnamese 
Ministry of Health, 2017). 

Eight TD.HLM01 hard capsules were dissolved in 
distilled water to form an investigational product 
with a final volume of 66.7 mL before oral administra-
tion by gastric tube (1 mL/1000 g body weight). The 
investigational product was freshly prepared every 
day before the administration procedure. 

Drugs and chemicals 

Cholesterol was obtained from NK Chemicals Pte 
Ltd. Singapore and used as an inducer for lipoprotein 
disorders and atherosclerosis in rabbits. Atorvastatin 
10 mg (STADA) tablets were obtained from Stel-
lapharm, Vietnam, and used as the positive control 

compound. Pentobarbital was obtained from Sigma 
(Aldrich) Chemicals Pvt. Ltd. USA and used as the 
anesthetic agent. The biochemical analyzer (ERBA 
Chem., India) and commercial ERBA diagnostic kits 
were used for serum analysis of biochemistry. ELISA 
rabbit superoxide dismutase (SOD) kit (MBS1601528), 
rabbit nitric oxide synthase (NOS) ELISA kit 
(MBS2600090), rabbit tumor necrosis factor-alpha 
(TNFα) ELISA kit (MBS2500169), rabbit glutathione 
(GSH) ELISA kit (MBS2602347),  rabbit malondialde-
hyde (MDA) ELISA kit (MBS2602584) were obtained 
from MyBioSource, USA for anti-inflammatory and 
antioxidant activity examinations.  

Animals 

Both sexes of New Zealand white rabbits, with an 
average weight of 2.0 ± 0.2 kilograms, were provided 
by the National Institute of Hygiene and Epidemiolo-
gy Vietnam. The animals were grouped in separate 
cages with one animal in each cage and were main-
tained under standard room conditions (27 ± 2°C; 80 ± 
10% humidity; 12 h light/dark cycle). After random-
ized grouping and before initiation of the experiment, 
animals were allowed to feed on the standard diet 
and water ad libitum and were acclimatized to the 
laboratory conditions for seven days in the Depart-
ment of Pharmacology, Hanoi Medical University. All 
protocols used in this study were approved by the 
Scientific Board Committee of Hanoi Medical Univer-
sity (reference number: IRB00003121).  

Animal study conduct 

The anti-atherosclerotic effect was evaluated on 
the atherosclerosis model using a cholesterol oil 
mixture in white rabbits (Fan et al., 2015; Zhang et al., 
2021b). 

Cholesterol oil mixture preparation: 100 mL of 
peanut oil was heated in a water bath, then 100 g of 
pure cholesterol was added and stirred steadily until 
the mixture was completely dissolved; finally, peanut 
oil was added to make sufficient 320 mL of a mixture 
enriched in lipids (Pham et al., 2021). 

Rabbits were divided into five groups, seven 
rabbits in each group, and were orally treated for 10 
weeks as follows: 

- Group 1 (normal control group): Distilled wa-
ter at a dose of 1 mL/kg b.w. 

All experimental animals in high-fat diet groups 
(groups 2 to 5) were orally administered a cholesterol 
oil mixture (0.5 g cholesterol/kg b.w. equal to 1.6 mL 
cholesterol mixture/kg b.w.) about 2 hours prior to 
any treatment. 
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- Group 2 (model group): Distilled water at a 
dose of 1 mL/kg b.w. 

- Group 3 (atorvastatin): Atorvastatin at a dose 
of 2.4 mg/mL/kg b.w. 

- Group 4 (TD.HLM.01 90 mg/kg): TD.HLM01 
at a dose of 90 mg/mL/kg b.w. 

- Group 5 (TD.HLM.01 270 mg/kg): TD.HLM01 
at a dose of 270 mg/mL/kg b.w. 

Tested doses in this study were selected mainly 
based on findings from preliminary studies of acute 
toxicity, sub-chronic toxicity, and antihyperlipidemic 
activity. Weighing rabbits in all groups was carried 
out at the beginning of the study and after 4/8/10 
weeks of the study. Rabbits in all groups had to be 
fasted overnight before blood was taken at the 
following times: the beginning of the study, day 29 
(after 4 weeks), and day 57 (after 8 weeks) through 
marginal ear veins using a 19 gauge butterfly needle. 
At the end of the study, day 71 (in the 10th week), 
rabbits were anesthetized with pentobarbital (20 
mg/kg, i.v.) and then sacrificed for blood sampling 
(using cardiac puncture with thoracotomy method), 
aorta and liver isolation (using abdominal surgery) to 
evaluate immune parameters.  

Assessment of serum biochemical parameters 

Quantification of the following parameters: Total 
cholesterol (TC), triglyceride (TG), high-density 
lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), aspartate transferase 
(AST), alanine transaminase (ALT), total bilirubin, 
albumin, C-reactive protein (CRP), lactate dehydro-
genase (LDH). LDL-C was calculated according to the 
Friedewald’s formula: LDL-C = TC – (HDL-C) – 
(TG/2.2) (mmol/L) (Vohnout et al., 2008). 

Evaluation of inflammation and oxidation indices 

At the end of the study, in the 10th week, the serum 
inflammation and oxidation indices: SOD, MDA, 
TNF-α, NOS, and GSH were evaluated by ELISA 
assays using BioTek® ELx808 reader to read the re-
sults. 

Histopathological examination 

A histopathological examination was conducted in 
a total of five experimental animals in each group for 
both liver and aorta samples: 

- Macroscopic assessment of the aorta: A 
segment of the aortic arch and thoracic aorta 
was cut to obtain an 8-cm-length segment 
(Sudan III staining to assess the macroscopic 
area, the damaged area of the artery lumen) 
(Lin et al., 2015; Zhao et al., 2021). 

- Microscopic evaluation of the ascending aorta 
(aortic segment prior to the coronary artery). 
The assessment of aorta microscopic injuries 
was based on the grading classification below 
(Fan et al., 2015): The grading scale ranged 
from 0 to 4, where Grade 0 represented nor-
mal microscopic structure. Grade 1 indicated 
a foam cell-rich lesion composed of macro-
phages and covered by a few smooth muscle 
cells on the top. Grade 2 showed a fibrous 
plaque containing a lipid core in the center. 
Grade 3 was characterized by a fibrous 
plaque containing a large necrotic core in the 
center, covered by a thin fibrous cap. Grade 4 
represented advanced lesions showing 
marked calcification. 

- Macroscopic assessment of the liver 

- Liver microscopic evaluation: Liver steatosis 
was determined based on multiple parame-
ters according to the classification system of 
Fu et al. (2009): The inflammatory assessment 
used a 0-4 scale: No inflammation (Grade 0); 
focal collections of mononuclear inflammato-
ry cells (Grade 1); diffuse infiltrates of mono-
nuclear inflammatory cells (Grade 2); focal 
collections of polymorphonuclear cells in ad-
dition to mononuclear cell infiltrates (Grade 
3); and diffuse infiltrates of polymorphonu-
clear cells in the parenchymal or lobular area 
(Grade 4). The severity of liver steatosis was 
graded as: none (Grade 0); less than 30% 
(Grade 1); 30-50% (Grade 2); 51-75% (Grade 
3); and greater than 75% under low power 
microscope detection (Grade 4). Hepatocellu-
lar ballooning was classified as absent (Grade 
0), mild (Grade 1), or marked (Grade 2). Peris-
inusoidal fibrosis was categorized as absent 
(Grade 0), up to 33% (Grade 1), 34-66% 
(Grade 2), or greater than 66% (Grade 3). 
Overall fibrosis was assessed as none (Grade 
0); either pericentral/pericellular or focal por-
tal fibrosis (Grade 1); bridging fibrosis from 
central to central or central to portal regions 
(Grade 2); or cirrhosis (Grade 3). 

Statistical analysis 

The data were expressed as the mean ± standard 
deviation (SD) and statistical analysis was carried out 
employing student’s T-test. In the analysis of histolog-
ical grading, nonparametric tests (Mann-Whitney U 
test) were used. Both analyses were performed using 
SPSS 26. The p-value < 0.05 was considered to be sta-
tistically significant. 
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Table 1. Effect of TD.HLM01 on serum lipid profiles. 

Study stage 
Lipid index 

(mmol/L) 

Normal control 

(1) 
Model (2) 

Atorvastatin 

(2.4 mg/kg) (3) 

TD.HLM01 

(90 mg/kg) (4) 

TD.HLM01 

(270 mg/kg) (5) 

Beginning of 

study 

TC  2.77 ± 0.54 2.67 ± 0.41 2.87 ± 0.45 2.79 ± 0.65 2.78 ± 0.63 

TG 1.09 ± 0.11 1.05 ± 0.16 1.01 ± 0.10 1.01 ± 0.36 0.98 ± 0.08 

HDL-C 0.58 ± 0.16 0.57 ± 0.16 0.53 ± 0.11 0.71 ± 0.19 0.74 ± 0.16 

LDL-C 1.69 ± 0.41 1.62 ± 0.40 1.88 ± 0.45 1.62 ± 0.54 1.60 ± 0.51 

4th week 

TC 3.67 ± 0.64 34.26 ± 4.59 c, *** 25.35 ± 6.39 c, Δ 28.51 ± 3.77 c 26.66 ± 5.28 c 

TG 1.35 ± 0.35 2.04 ± 0.67 a, * 1.99 ± 0.48 b 2.01 ± 0.53 b 2.19 ± 0.58 b 

HDL-C 0.67 ± 0.18 1.51 ± 0.47 b, *** 1.25 ± 0.39 b 2.10 ± 0.60 c 1.75 ± 0.56 b 

LDL-C 2.38 ± 0.62 31.82 ± 4.53 c, *** 23.19 ± 6.08 Δ 25.49 ± 3.68 c, Δ 23.92 ± 5.25 c, Δ 

8th week 

TC 3.70 ± 0.59 38.60 ± 8.79 c, *** 27.80 ± 5.36 c, Δ 41.66 ± 10.08 c 39.16 ± 10.14 c 

TG 1.25 ± 0.51 3.52 ± 0.82 c, *** 2.91 ± 0.84 b 2.64 ± 0.59 b, Δ 3.63 ± 1.02 c 

HDL-C 0.77 ± 0.20 1.33 ± 0.40 b, ** 1.83 ± 0.54 c 1.69 ± 0.37 b 1.90 ± 0.48 b, Δ 

LDL-C 2.36 ± 0.56 35.67 ± 8.56 c, *** 24.65 ± 5.51 c, Δ 38.77 ± 10.29 c 35.61 ± 10.23 c 

End of study  

(10th week) 

TC 3.64 ± 0.40 45.35 ± 8.63 c, *** 32.52 ± 6.73 c, ΔΔ 38.92 ± 9.83 c 33.79 ± 8.55 c, Δ 

TG 1.35 ± 0.32 4.77 ± 1.07 c, *** 2.65 ± 0.70 b, ΔΔΔ 3.01 ± 0.57 b, ΔΔ 3.17 ± 0.81 c, ΔΔ 

HDL-C 0.61 ± 0.13 1.49 ± 0.36 c, *** 2.01 ± 0.45 c, Δ 1.99 ± 0.59 b 2.81 ± 0.69 c, ΔΔΔ 

LDL-C 2.42 ± 0.47 41.69 ± 8.55 c, *** 29.30 ± 6.67 c, Δ 35.56 ± 10.00 c 29.54 ± 8.98 c, Δ
 

Data are expressed as the mean ± standard deviation (n = 7). 

*p<0.05, **p<0.01, ***p<0.001 statistically significant differences compared to normal control group. 

Δp<0.05, ΔΔp<0.01, ΔΔΔp<0.001 statistically significant differences between Groups 3, 4, and 5 compared to the model group. 

ap<0.05, bp<0.01, c p<0.001 statistically significant differences compared to the beginning of the study. 

TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol. 

 

RESULTS  

Assessment of serum biochemical parameters 

A high-lipid diet significantly induced the total 
cholesterol (TC), triglyceride (TG), and LDL-C levels 
when compared to all treatment groups at the end of 
the study, with the results observed at the beginning 
(p<0.001). The results showed notable changes in all 
those parameters of atorvastatin and TD.HLM01 (270 
mg/kg) in comparison with the model group. 
TD.HLM01 (90 mg/kg) only showed efficacy on TG as 
compared to the model group (p<0.01). HDL-C levels 
of all treatment groups were dramatically increased 
as compared to the beginning moment of the study 
(p<0.001). TD.HLM01 (90 mg/kg) did not show any 
improvement in HDL-C when compared with a mod-
el group, but significant increases were observed in 
the TD.HLM01 (270 mg/kg) after 8 and 10 weeks 
(p<0.05 and p<0.001, respectively). HDL-C increment 
was also exhibited in the atorvastatin group after 10 
weeks of treatment compared to the model group 
(p<0.05) (Table 1). 

Significant increases in AST and ALT levels were 
observed in all treatment groups after 10 weeks of 
treatment, with a notable improvement of AST ob-
served in atorvastatin and TD.HLM01 groups com-
pared with the model group (p<0.001 and p<0.05, 
respectively). There were no considerable differences 
in albumin concentrations between all study groups 
and between time points. In comparison with the 
beginning of the study, total bilirubin concentrations 
significantly increased after eight weeks in the model 
group (p<0.01). After 10 weeks, that aspect was also 
exhibited in groups 3, 4, and 5 with p<0.01, p<0.01 
and p<0.05, respectively (Table 2). 

Evaluation of inflammation and oxidation indices 

The indicators of inflammation and cell destruc-

tion, such as LDH, CRP, and TNF- were significantly 
increased in the model group compared to the normal 
control group (p<0.05). In contrast, no notable 
difference was observed in either TD.HLM01 treated 
groups. Oxidative markers such as SOD, GSH, and 
MDA were adversely altered in the model group in 
comparison with the normal control group (p<0.01 
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and p<0.001, respectively). TD.HLM01 exhibited po-
tential effects with significant changes in SOD and 
GSH compared to the model group (p<0.001 and 
p<0.01). There were also significant NOS improve-

ments in both TD.HLM01-treated groups increased in 
the TD.HLM.01 groups when compared with the 
model group (p<0.001) (Table 3). 

 

Table 2. Effect of TD.HLM01 on biochemical liver parameters. 

Study stage Liver index Normal control (1) Model (2) 
Atorvastatin 

(2.4 mg/kg) (3) 

TD.HLM01 

(90 mg/kg) (4) 

TD.HLM01 

(270 mg/kg) (5) 

Beginning of 

study 

AST 48.57± 9.18 48.86 ± 8.86 50.00 ± 10.03 53.57 ± 13.89 49.71 ± 8.83 

ALT 42.43± 7.44 41.14± 8.09 44.57 ± 10.44 41.14 ± 9.28 47.57 ± 6.37 

Albumin  3.61 ± 0.37 3.49 ± 0.30 3.46 ± 0.40 3.34 ± 0.24 3.23 ± 0.31 

Total bilirubin 10.74 ± 0.60 10.31 ± 0.86 10.44 ± 0.57 10.50 ± 0.82 10.86 ± 0.81 

4th week 

AST 42.57 ± 9.73 64.86 ± 15.13 ** 75.00 ± 9.71 c 55.00 ± 17.28 51.00 ± 13.13 

ALT 54.00 ± 11.40 65.14 ± 15.94 a 89.00 ± 13.72 b, Δ 69.86 ± 16.94 a 63.00 ± 14.67 a 

Albumin 3.31 ± 0.12 3.30 ± 0.17 3.37 ± 0.19 3.23 ± 0.13 3.10 ± 0.31 

Total bilirubin 10.19 ± 0.83 11.57 ± 1.63 10.29 ± 0.56 11.60 ± 0.81 a 11.27 ± 0.62 

8th week 

AST 40.43 ± 5.88 110.57 ± 24.49c, *** 77.14 ± 23.33 a, Δ 63.00 ± 18.23 ΔΔ 99.57 ± 11.28 c 

ALT 52.71 ± 12.23 120.29 ± 20.07c, *** 105.29 ± 21.27 c 93.43 ± 15.24 c, Δ 104.00 ± 14.32 c 

Albumin 3.26 ± 0.30 3.03 ± 0.33 b 3.03 ± 0.34 3.09 ± 0.18 a 3.10± 0.33 

Total bilirubin 10.50 ± 0.89 15.50 ± 3.06 b, ** 11.46 ± 1.77 Δ 13.86 ± 3.57 13.24 ± 2.52 

End of study  

(10th week) 

AST 39.29 ± 8.14 145.86 ± 24.31c, *** 86.29 ± 22.72 b, ΔΔΔ 112.71 ± 18.08c, Δ 118.29 ± 21.25 c, Δ 

ALT 53.14 ± 13.92 108.43 ± 32.89 c, ** 103.43 ± 28.70 b 124.00 ± 26.78 c 125.86 ± 27.13 c 

Albumin 3.39 ± 0.36 3.34 ± 0.24 3.30 ± 0.29 3.01 ± 0.38 3.03 ± 0.35 

Total bilirubin 10.94 ± 1.07 16.06 ± 2.81 b, ** 14.53 ± 1.79 b 15.59 ± 3.52 b 15.37 ±2.85 a 

Data are expressed as the mean ± standard deviation (n = 7). The measurements: AST and ALT were in IU/L, albumin was in g/dL, and total bilirubin was in μmol/L.   

*p<0.05, **p<0.01, ***p<0.001 statistically significant differences compared to normal control group. 

Δp<0.05, ΔΔp<0.01, ΔΔΔp<0.001 statistically significant differences between Groups 3, 4, and 5 compared to the model group. 

ap<0.05, bp<0.01, c p<0.001 statistically significant differences compared to the beginning of the study. 

AST: aspartate transferase; ALT: alanine transaminase. 

 
 

Table 3. Effect of TD.HLM01 on anti-inflammatory and antioxidant parameters. 

Parameter 
Normal control 

(1) 
Model (2) 

Atorvastatin 

(2.4 mg/kg) (3) 

TD.HLM01 

(90 mg/kg) (4) 

TD.HLM01 

(270 mg/kg) (5) 

LDH (IU/L) 162.86 ± 47.69 254.71 ± 77.83 * 168.00 ± 43.82 Δ 138.43 ± 19.61 ΔΔ 106.43 ± 26.56 ΔΔΔ 

CRP (mg/L) 0.101 ± 0.06 0.439 ± 0.133 *** 0.244 ± 0.07 ΔΔ 0.367 ± 0.115 0.361 ± 0.078 

TNFα (pg/mL) 21.54 ± 3.36 34.65 ± 9.72 ** 24.63 ± 4.71 Δ 21.63 ± 6.13 Δ 23.76 ± 5.22 Δ 

NOS (ng/mL) 0.258 ± 0.081 0.173 ± 0.054 * 0.375 ± 0.121 ΔΔ 0.596± 0.141 ΔΔΔ 0.505 ± 0.143 ΔΔΔ 

SOD (ng/mL) 65.36 ± 6.65 49.64 ± 11.43 ** 146.16 ± 35.44 ΔΔΔ 80.03 ± 13.83 ΔΔΔ 78.89 ± 16.23 ΔΔΔ 

GSH (μg/mL) 178.13 ± 33.99 91.00 ± 16.27 *** 145.73 ± 33.46 ΔΔ 139.24 ± 28.24 ΔΔ 149.30 ± 37.48 ΔΔ 

MDA (nmol/mL) 9.81 ± 2.49 23.31 ± 5.47 *** 15.61 ± 4.54 Δ 18.83 ± 4.87 17.06 ± 2.99 Δ 

Data are expressed as the mean ± standard deviation (n = 7).  

*p<0.05, **p<0.01, ***p<0.001 statistically significant differences compared to normal control group. 

Δp<0.05, ΔΔp<0.01, ΔΔΔp<0.001 statistically significant differences between Groups 3, 4, and 5 compared to the model group. LDH: lactate dehydrogenase; 

CRP: C-reactive protein; TNFα: tumor necrosis factor-alpha; NOS: nitric oxide synthase; SOD: superoxide dismutase; GSH: glutathione; MDA: 

malondialdehyde.  
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Histopathological examination 

Histopathological examination of the normal con-
trol group showed the typical aorta and liver mor-
phology with no mononuclear inflammatory cell infil-
tration or fatty lipid streak. In contrast, the aorta and 
liver samples of the model control group exhibited 

atherosclerotic plaque, foam cell formation, and mac-
rophage infiltration – hallmarks of atherosclerosis 
diseases. Rabbits treated with TD.HLM01 in groups 4 
and 5 showed significant improvement with fewer 
lipid cores observed in the aorta and low grade of 
liver steatosis (Tables 4 and 5, Figs. 1 and 2). 

 
 

Table 4. Effect of TD.HLM01 on aorta histopathological examination. 

Group 
Treatment 

(n = 5) 

Aorta histopathology grade 

0 1 2 3 4 

1 Normal control 5 0 0 0 0 

2 Model** 0 0 5 0 0 

3 Atorvastatin* Δ 1 3 1 0 0 

4 TD.HLM01 (90 mg/kg b.w.)** Δ 0 4 1 0 0 

5 TD.HLM01 (270 mg/kg b.w.) Δ 2 2 1 0 0 

*p<0.05, **p<0.01 statistically significant differences compared to Group 1. 

Δ p<0.05 statistically significant differences between Groups 3, 4, and 5 compared to Group 2. 

 
 

     

     

Normal control Model 
Atorvastatin 

(2.4 mg/kg) 

TD.HLM01 

(90 mg/kg) 

TD.HLM01 

(270 mg/kg) 

Figure 1. Histopathology of the aorta in high-fat diet-induced atherosclerosis rabbits.  

Oval areas indicate an atherosclerotic zone, which is highlighted with a stainer. Black arrows indicate foamy macrophage infiltration around the lipid 

core (indicated by dashed arrows). Sudan III stained in macroscopic and HE  400× in microscopic images. 
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Table 5. Effect of TD.HLM01 on liver histopathological examination. 

Liver steatosis 

index 
Group 

Treatment 

(n = 5) 

Grade 

0 1 2 3 4 

Inflammatory 1 Normal control 3 2 0 0 0 

2 Model* 0 4 1 0 0 

3 Atorvastatin 1 1 2 1 0 

4 TD.HLM01 (90 mg/kg) 1 2 1 1 0 

5 TD.HLM01 (270 mg/kg)* 0 2 3 0 0 

Steatosis 1 Normal control 2 3 0 0 0 

2 Model** 0 0 1 3 1 

3 Atorvastatin Δ 1 3 0 1 0 

4 TD.HLM01 (90 mg/kg) Δ 0 3 1 1 0 

5 TD.HLM01 (270 mg/kg) 2 2 0 0 1 

Cytologic 

ballooning 
1 Normal control 2 3 0   

2 Model** 0 0 5   

3 Atorvastatin Δ 2 2 1   

4 TD.HLM01 (90 mg/kg) 0 3 2   

5 TD.HLM01 (270 mg/kg) 2 1 2   

Perisinusoidal 

fibrosis 
1 Normal control 3 2 0 0  

2 Model* 0 4 1 0  

3 Atorvastatin Δ 3 2 0 0  

4 TD.HLM01 (90 mg/kg) Δ 3 2 0 0  

5 TD.HLM01 (270 mg/kg) 0 5 0 0  

Fibrosis 1 Normal control 2 3 0 0  

2 Model* 0 1 4 0  

3 Atorvastatin 0 3 2 0  

4 TD.HLM01 (90 mg/kg) 0 3 1 1  

5 TD.HLM01 (270 mg/kg)* 0 1 4 0  

*p<0.05, **p<0.01 statistically significant differences compared to Group 1. 

Δ p<0.05 statistically significant differences between Groups 3, 4, and 5 compared to Group 2. 

 

DISCUSSION 

The pathogenesis of atherosclerosis is thought to 
involve an imbalance in lipid metabolism, as well as 
genetic and environmental factors (Jebari-Benslaiman 
et al., 2022). A high-fat diet promotes hyperlipidemia 
and arterial spasms, leading to altered hemodynamics 
of the carotid artery. Many studies have been 
conducted using experimental models to investigate 
the development of atherosclerosis from a high-fat 
diet. To study pathophysiology and develop 
therapeutic modalities, appropriate experimental 
animals are necessary. Rabbits have been widely used 
in the experimental study of atherosclerosis because 
rabbits are highly sensitive to a cholesterol-rich diet 

and accumulate large amounts of cholesterol in their 
plasma. They also provide information on factors 
contributing to the progression and regression of this 
disease that may be extrapolated to humans (Fan et 
al., 2015). Unlike mice and rats, lipid metabolism in 
rabbits is similar to that in humans: Plasma 
cholesterol ester transfer protein (CETP) activity, 
apoB-containing LP particle composition, efficient 
absorption of cholesterol, rapid development of 
severe hypercholesterolemia, and consequently aortic 
atherosclerosis. However, there are some marked 
differences between rabbits and humans in 
lipoprotein metabolism: Rabbits’ hepatic lipase 
activity is naturally low, so HDL concentrations are 
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Normal control Model Atorvastatin 

(2.4 mg/kg) 

TD.HLM01 

(90 mg/kg) 

TD.HLM01 

(270 mg/kg) 

Figure 2. Histopathology of the liver in high-fat diet-induced atherosclerosis rabbits.  

Oval areas indicate liver steatosis and typical hepatocellular ballooning with evident vacuolar degeneration indicated by dashed arrows. Black arrow 

indicates the macrophage infiltration, and blue open arrow indicates that a giant mitochondrion is visible under light microscope observation as an 

eosinophilic intracellular structure. HE x 400×. 

 
rapidly increased (Fan et al., 2015). That aspect was 
also observed in this study, showing a significant 
increase in HDL concentration in the treatment 
groups compared with the normal control group. In 
this study, a high-cholesterol diet was successfully 
used as a method to induce atherosclerosis in rabbits, 
leading to a dramatic change in both serum lipid 
profiles and aorta histopathological images. This 
phenomenon is characterized by cholesterol 
accumulation, macrophage infiltration, increased 
connective tissue components, and thrombus 
formation (Jebari-Benslaiman et al., 2022).  

The results demonstrated that TD.HLM01 reduced 
serum triglyceride in both groups using doses of 90 
mg/kg and 270 mg/kg, thereby reducing the 
tendency of atherosclerosis compared to the model 
group. Increasing the dose expressed noticeable im-
provements in serum TC, LDL-C, and HDL-C levels 
observed in a dose-dependent manner with 
TD.HLM01 treatment groups. The potentials of 
TD.HLM01 hard capsule improves lipid metabolism 
and anti-atherosclerotic activity, which can be at-
tributed to the combination of herbal constituents. 
Atractylodes macrocephala, one component of 
TD.HLM01 contains sesquiterpenoids and alkynes, 
which are considered to have biological effects on 
lipid disorders and atherosclerosis (Li et al., 2024; 

Zhang et al., 2021a). The main anti-hyperlipidemia 
active components of AM are its volatile and lipo-
soluble components, which may enhance serum HDL-
c by increasing the expression of the RCT-related 
proteins Apo-A1, LCAT, and SR-BI (Li et al., 2024). 
Citrus reticulata has been utilized as a versatile medic-
inal herb with vast cardiovascular benefits in Asian 
nations for centuries. Accumulating evidence sug-
gests that Citrus reticulata and its components are 
effective in preventing cardiovascular diseases such 
as atherosclerosis, myocardial infarction, myocardial 
ischemia, arrhythmia, cardiac hypertrophy, heart 
failure, and hypertension. Studies showed that the 
two most bioactive components of Citrus reticulata 
were flavonoids and volatile oils (Zou et al., 2022). 
Citrus reticulata extracts, enriched with polymethoxy 
flavonoids, have been identified as a prospective 
therapeutic treatment for metabolic disorders and 
circulatory system diseases due to their remarkable 
anti-inflammatory, antioxidant, and anti-apoptotic 
activity (Choi et al., 2015; Guo et al., 2016). Flavonoids 
and volatile oils, including hesperidin, hesperetin, 
naringin, and naringenin act separately or in concert 
to counteract lipid peroxidation, thrombosis, 
inflammatory responses, as well as endothelial 
dysfunction (Choi et al., 2015). Garcinia oblongifolia 
plants contain a broad range of biologically active 
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metabolites with relevant therapeutic properties in 
anti-inflammation, antioxidant activities, and lipid-
related and cardiovascular disorders (Espirito Santo 
et al., 2020). The study results indicated that Garcinia 
oblongifolia in the investigational product remedy 
might share the same characteristics as other Garcinia 
sp. Dyslipidemia induced by a high-fat diet in this 
study had a typical pathological aspect of non-
alcoholic fatty liver disease with AST:ALT ratio lower 
than 1.5 but higher than 0.8 (indicating the more ad-
vanced disease), increased TG and low HDL-C (Sattar 
et al., 2014). Using either atorvastatin or TD.HLM01 
did not show improvement in liver enzymes as com-
pared to the normal control group, which might be 
due to pathological reasons. In all treatment groups, 
slight increases in total bilirubin were observed, but 
all of them showed no adverse effects on the albumin 
production process of the liver. Besides that, the rab-
bit's vital signs and daily behavior were also moni-
tored throughout the study without any mortality or 
adverse events observed, indicating the safety of 
TD.HLM01 at the investigated doses in rabbits. 

In recent decades, atherosclerosis and other lipid-
related cardiovascular diseases have threatened the 
healthcare system worldwide because of its complica-
tions and high death rate (Roth et al., 2017). Oxidative 
stress, characterized by the overproduction of reactive 
oxygen species (ROS) and oxidized LDL, has a pivotal 
role in the progression of atherosclerosis, a major 
cause of coronary heart disease and stroke. An antiox-
idant may act through a variety mechanism of actions 
to facilitate atherosclerosis treatment, including inhi-
bition of LDL oxidation, increment of antioxidant 
capacity, reduction of generated ROS, improvement 
of endothelial dysfunction and vasodilation, the pro-
motion of NO bioavailability, prevention of athero-
sclerotic plaque formation, prevention of mononucle-
ar inflammatory cell infiltration and suppression of 
foam cell formation (Malekmohammad et al., 2019). 
The primary objective of this study is to evaluate the 
anti-atherosclerotic effects of the investigational 
product across various mechanisms, including almost 
some aspects of antioxidant activity. The antioxidant 
capacity was evaluated by quantifications of GSH and 
SOD, which are two of the free radicals scavenging 
enzymes that contribute to total biophysical antioxi-
dant capacity and the lipid peroxidation by-product 
MDA (Nair and Nair, 2017). Treatment with 
TD.HLM01 significantly restored the levels of GSH 
and SOD compared to the normal control group, and 
it might be more efficient when used in higher dose 
according to the notable change in the MDA level of 
group 5 (TD.HLM01 270 mg/kg) compared to the 
model group which may be correlated to the potent 
therapeutic effect of the investigation product result-
ing in reducing ROS and maintaining antioxidant 

capacity. Endothelial nitric oxide synthase (eNOS) 
enzyme, which is highly expressed in the endothelial 
cells of cardiac vasculature, contributes to maintain-
ing the endothelial-myocardial interactions (Li et al., 
2017). In the present study, eNOS was evaluated as an 
index to directly estimate the improvement in endo-
thelial function and vasodilation and, indirectly, the 
production of nitric oxide. Both doses of TD.HLM01 
significantly increased the NOS level compared to the 
model group, which indicated that it may possess a 
potential cardiovascular protective effect.  

Atherosclerosis is a chronic inflammatory vascular 
disease based on circulating monocytes infiltrating 
tissues, including the aorta and liver. The potential 
antigens released from apoptotic cells in the plaques 
can promote the progression of atherosclerosis, and 
impaired apoptotic cell clearance can sustain athero-
genesis (Kong et al., 2022). In this study, the anti-
inflammatory effect of TD.HLM01 in biochemical 
examination and TNFα levels, which is a central cyto-
kine in inflammatory reactions, were consistent with 
the histopathological changes in the aorta and liver. 
Treatment with TD.HLM01 significantly maintained 
the LDH and TNFα levels compared to the model 
group, and no notable changes were observed com-
pared to the normal control group. CRP levels, how-
ever, showed no significant improvement. In the mi-
cro-histopathological images of both the aorta and 
liver, significant improvements were observed when 
comparing treatment groups with the model group, 
but macrophage presence at different levels was evi-
dently observed, indicating the exact pathology of 
atherosclerosis. Histopathologic sections of the model 
group clearly showed the typical morphology of ath-
erosclerosis with a lipid core, foamy macrophages, 
and liver steatosis with hepatocellular ballooning and 
infiltration of mononuclear cells. The results also 
demonstrated the protective effects of TD.HLM01 
when was assessed by the histopathology grading of 
the aorta and liver.  

Overall, mild atherosclerosis in aorta images with 
low levels of liver steatosis grading and the im-
provement in all other aspects may be accepted as 
abundant evidence for the potential therapeutic ef-
fects of TD.HLM01 in atherosclerosis preventive 
treatment. The investigational product offers ease of 
production and a favorable safety profile. It was the 
first step in future trials evaluating the safety and 
efficacy of TD.HLM01 hard capsule on volunteers, 
providing further evidence of its potential applica-
tions in clinical settings. 

CONCLUSION 

The TD.HLM01 hard capsules, administered at 
both doses, significantly prevented the progression of 
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atherosclerosis in a rabbit model. Treatment with 
TD.HLM01 hard capsules effectively improved the 
serum lipid profiles without any adverse effects on 
liver function, while ameliorating the organ injuries in 
the histo-architecture of the aorta and liver. These 
findings suggest that TD.HLM01 may serve as an 
effective traditional medicine and warrant further 
study for its safety and efficacy in clinical practice. 
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