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Coronary atherosclerotic heart disease, cerebrovascular disease, and peripheral artery
disease are common diseases with high morbidity and mortality rates and must be
addressed. Their most frequent complications, including myocardial infarction and
stroke, are caused by spontaneous thrombotic occlusion and are the most frequent
cause of death worldwide. Atherosclerosis (AS) is the most widespread underlying
pathological change for the above diseases. Therefore, drugs that interfere with this
pathophysiological process must be incorporated in the treatment. Chinese traditional and
herbal drugs can effectively treat AS. With the development of traditional Chinese
medicine, the active ingredients in common Chinese medicinal materials must be
thoroughly purified prior to their application in western medicine. Various proprietary
Chinese medicine preparations with remarkable effects have been used in AS treatment.
Catalpol, the active component ofRehmannia glutinosa, belongs to iridoid terpene and has
anti-inflammatory, antioxidant, insulin resistance improvement, and other related effects.
Several reviews have been conducted on this compound and its actions against
osteoporosis, neurodegenerative diseases, Alzheimer’s disease (AD), Parkinson’s
disease (PD) and diabetes and its complications. The current review focused on
catalpol’s effect on atherosclerotic plaque formation in different animal models. The
potential mechanisms of catalpol to ameliorate AS were also summarized in terms of
oxidative stress, inflammation, cell aging, apoptosis, and activation of the silent information
regulator factor 2-related enzyme 1 (SIRT1) pathway.
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INTRODUCTION

Coronary atherosclerotic heart disease, cerebrovascular disease, and peripheral artery disease are
common diseases with high morbidity and mortality rates and must be addressed. Their most
common complications, including myocardial infarction and stroke, are caused by spontaneous
thrombotic occlusion and are the most frequent cause of death worldwide (Kruk et al., 2018). AS is
the most widespread underlying pathological change for these diseases (Gallino et al., 2014).
Endothelial dysfunction is the primary prerequisite and important link for atherosclerotic plaque
formation and is one of the important indicators for predicting the incidence and prognosis of
cardio-cerebrovascular diseases (Daiber et al., 2017). For AS treatment, the reduction of low density
lipoprotein cholesterol (LDL-C) level by statins and proprotein converting enzyme subtilisin/kexin 9
monoclonal antibody can reduce major cardiovascular adverse events by approximately 50% (Ridker
et al., 2008). Angiotensin converting enzyme inhibitor (ACEI), angiotensin II type 1 receptor (AT1
receptor) antagonist, endothelin-1 receptor antagonist, and many other cardiovascular drugs show
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multiple indirect antioxidant properties and anti-inflammatory
effects that can stabilize vascular endothelial function and
ameliorate AS (Gori and Munzel, 2011; Steven et al., 2015).
With the development of traditional Chinese medicine, the
purification of active components in many common bulk
medicinal materials in China has been further studied. Among
which, catalpol, the active ingredient in Rehmannia glutinosa and
a common medicinal material in China, has been widely explored
for its pharmacological action.

Catalpol (C15H22O10, Figure 1.) is an iridoid compound
widely distributed in many plant families and is mainly
extracted from the roots of R. glutinosa, one of the common
bulk medicinal materials in China with the functions of
nourishing yin, tonifying blood, enhancing essence, and
tonifying marrow. Clinical trials for this plant have been
conducted to verify its ameliorating effects on osteoporosis,
such as increasing bone mineral density and maintaining the
balance between osteoclasts and osteogenesis (Liu et al., 2017).
The bone-protecting effect of R. glutinosa may be related to its
high content of iridoid glycosides such as catalpol (Lim and Kim,
2013). Catalpol also has important neuroprotective effects on AD
and PD (Dinda et al., 2019), exhibits anti-diabetic activity on
different animal models, and prevents diabetic nephropathy,
heart, central nervous system, and bone complications (Bai

et al., 2019). Several reviews have been conducted on its
actions against osteoporosis, neurodegeneration, AD, PD, and
diabetes and its complications. This article summarized the effect
and mechanism of catalpol against AS.

ANIMAL AND CELL MODELS USED IN
RESEARCH ON CATALPOL FOR
ATHEROSCLEROSIS TREATMENT
Various atherosclerotic models have been used to prove the effect
of catalpol on atherosclerotic plaque formation. Table 1lists the
reviewed in vivo AS models, drug administration routes, catalpol
dosages, and intervention times. The models include the
following: 1) the AS model induced in male New Zealand
white rabbits by feeding high cholesterol diet (containing 1%
cholesterol), 2) the diabetic AS model in diabetic rabbits induced
by high fat diet combined with intravenous injection of alloxan, 3)
the AS model in LDLr−/−mice induced by high fat diet, and 4) the
AS model in ApoE−/− mice induced by high fat diet combined
with ovariectomy. Oral administration was generally used in the
studies. Catalpol dosage varied for different models, that is,
5 mg/kg/day for 4 month-old male New Zealand white rabbits,
100–200 mg/kg/day for LDLr−/−male mice, and 20 mg/kg/day for
ApoE−/− female mice. Endothelial dysfunction is a preliminary
pathophysiological event in AS development (Suwaidi et al.,
2000). Macrophages and smooth muscle cells migrate,
proliferate, differentiate, and phagocytize lipids into foam cells,
an essential link of AS plaque formation. Table 2 shows the
construction of in vitro model and the concentration and
treatment time of catalpol.

Using the atherosclerotic model of rabbits with high
cholesterol, Liu et al. observed the area of aortic AS and found
a lesion in the high cholesterol chow (HCC) group accounting for
54% of the total area but not in the normal diet group. Compared
with the HCC group, the catalpol and atorvastatin groups had
reductions in the area of atherosclerotic lesions by 58 and 45%,
respectively. In addition, oral catalpol administration for
12 weeks (5 mg/kg/day) substantially inhibited neointimal
hyperplasia and the infiltration of smooth muscle cells and
macrophages in plaques (Liu and Zhang., 2015). Zhang et al.
fed LDLr−/− mice with high-fat diet for 16 weeks and stripped the
aorta for oil red staining, HE staining, and immunohistochemical
staining. In the HFD group, the area of subintimal lesion was
enlarged and contained a necrotic core rich in foam cells derived

FIGURE 1 | The chemical structure of catalpol.

TABLE 1 | Different animal models have been used to prove that catalpol improves AS.

As in vivo model Drug administration route Catalpol dose Processing time Reference

High cholesterol rabbit Oral administration 5 mg/kg/d 12 w Liu and Zhang. (2015)
Diabetic rabbit Oral administration 5 mg/kg/d 12 w Liu et al. (2016)
LDLr−/− mice + HFD1 Oral administration 100 mg/kg/d 16 w Zhang et al. (2018)

200 mg/kg/d
ApoE−/−mice + HFD2+ Ovx Oral administration 20 mg/kg/d 90 d Chen et al. (2021)

Note: High cholesterol rabbit (induced by feeding rabbit feed containing 1%cholesterol); Diabetic rabbit (induced by intravenous injection of alloxan 100 mg/kg after 4 weeks of high-fat diet
containing 1% cholesterol and 10% lard); LDLr−/− mice:low density lipoprotein receptor knockout mice; HFD1 (high-fat diet: contains 20.0% cocoa fat, 1.25% cholesterol, 22.5% protein
and 45.0% carbohydrates); ApoE−/− mice: apolipoprotein E-knockout mice; HFD2 (high-fat diet: containing 0.3% cholesterol and 20% pork fat); Ovx: ovariectomy.
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from macrophages. In the catalpol intervention group, the
number of foam cells derived from subendothelial
macrophages was decreased. This effect became highly
pronounced when the dose of catalpol was 200 mg/kg/day
(Zhang et al., 2018). Another study showed that catalpol can
reduce the AS of alloxan-induced diabetic rabbits and delay AS
progression (Liu et al., 2016). In a recent study simulating
postmenopausal AS, female ApoE−/− mice were ovariectomized
and fed with a high-fat diet to induce atherosclerotic plaque
formation and stop estrogen production to mimic
postmenopausal behavior. The area of atherosclerotic plaque
in the oral catalpol group was smaller than that in the
ovariectomized high-fat diet group. Catalpol also promoted the
expression of estrogen receptors (ERs) in HFD-ovariectomy
(Ovx)-treated ApoE−/− mice (Chen et al., 2021).

POTENTIALMECHANISMOFCATALPOL IN
IMPROVING ATHEROSCLEROSIS

Catalpol is a naturally occurring 7, 8-cyclopentane iridoid and
one of the metabolites formed by the fusion of cyclopentane ring
and pyran ring skeleton (including acetal structure) mainly in the
form of glycosides. Catalpol improves AS plaque formation.
Discussion on its potential mechanism is helpful to further
understand the biological role of catalpol and find evidence to
support its clinical application.

Catalpol Plays an Anti-AS Role by Inhibiting
Oxidative Stress and Endoplasmic
Reticulum Stress
OS is one of the most common pathophysiological processes in
AS formation (Libby et al., 2011). Catalpol decreases the
concentration of oxidative factors including malondialdehyde,
protein carbonyl, advanced glycation end products, and oxidized
LDL-C in the serum and liver of hypercholesterolemic rabbit AS,
diabetic rabbit AS, and hyperlipidemic AS models. However, this
compound also increases the concentration of some antioxidant

factors such as superoxide dismutase and glutathione peroxidase
and the total antioxidant capacity (Liu and Zhang, 2015; Liu et al.,
2016; Zhang et al., 2018). Relevant OS indicators were detected to
reflect the level of oxidation in vivo, and the results verified that
catalpol could partially improve AS plaque formation by reducing
OS degree.

Nuclear factor erythroid related factor 2 (Nrf2) is an important
redox sensitive transcription factor in cellular antioxidant
defense. Under OS, Nrf2 enters the nucleus and upgrades
various antioxidants, including heme oxygenase (HO-1). Liu
et al. found that catalpol promotes Nrf2 nuclear translocation
and HO-1 expression in EA.hy926 cells, thus implying its
antioxidant role (Liu and Zhang, 2015).

Nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase family composed of nitrogenoxide (NOX) 1-5 is the
most important source of ROS. P22phox is an important
component of the NADH/NADPH oxidase system that
produces superoxides (Ushio-Fukai et al., 1996). Zhang et al.
reported that catalpol has a potential inhibitory effect on P22,
NOX2, and NOX4 protein expression and ROS production in AS
mice and oxLDL-treated macrophages (Zhang et al., 2018).

ER is an important organelle that regulates several basic
cellular processes, controls all important connections to the
cellular external environment, and responds to systemic
metabolism, inflammation, and endocrine and mechanical
stimuli (Ochoa et al., 2018). Chronic ER stress is induced by
various in vivo factors, interact with OS and inflammasome
activation, and finally aggravate AS formation (Ochoa et al.,
2018). The molecules commonly used to reflect the OS level in
the body include protein kinase R-like endoplasmic reticulum
kinase (PERK), activated transcription factor 6, IRE1 α, and
GRP78.

The increase in the pathophysiological level of homocysteine
(HCY) in circulation is related to the accelerated production of
superoxide and peroxynitrite and the inhibited antioxidant
defense of cardiovascular system (Suematsu et al., 2007). HCY
can trigger ER stress by interfering with the formation of disulfide
bonds and inducing unfolded protein response (Yu et al., 2013).
Severe and persistent ER stress mediates the apoptosis induced by

TABLE 2 | Different cell models were used to explore the potential mechanism of catalpol in improving AS.

As in vitro model Damage factors Catalpol dose Processing time (h) Reference

EA.hy926 oxLDL (100 μg/ml) 50 μM 2 Liu and Zhang. (2015)
THP-1 oxLDL (100 μg/ml) 5–80 μM 24 Zhang et al. (2018)
HAECs HCY (3 mM) 7.5, 15,30 μM 24 Hu et al. (2019)
THP-1 LPS (1 μg/ml) 50 μM 24 Zhu et al. (2014)
MH-S LPS (1 μg/ml) 0.1–0.5 mM 48 Fu et al. (2014)
HaCaT TNF-α (10 ng/ml) 7.5, 15,30 μM 24 Liu et al. (2021)
MPC-5 ADR (1 μM) 2,4,8 μM 48 Zhang et al. (2019)
HUVECs H2O2 (100 μM) 0.1–10 μg/ml 24 Hu et al. (2010)
IEC-6 Brefeldin A (1 μM) 5–80 μM 24 Xiong et al. (2017)
J774A-1 LPS (100 ng/ml) 5, 10, 20 μM 24 Chen et al. (2021)

IFN-γ(20 ng/ml)

Note: EA.hy926 belongs to human endothelial cell line; THP-1: human monocytic leukemia cell line; Ox-LDL: oxidized low density lipoprotein; HAECs: human aortic endothelial cells; HCY:
homocysteine; LPS: lipopolysaccharide; MH-S: mouse alveolar macrophage line; HaCaT: keratinocyte line; ADR: adriamycin; MPC-5: mouse podocyte line; HUVECs: human umbilical
vein endothelial cells; H2O2: hydrogen peroxide; IEC-6: rat intestinal epithelial cell; Brefeldin A: specific endoplasmic reticulum stress inducer; J774A-1 belongs to the mouse macrophage
cell line; IFN-c: interferon-c.
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CHOP, JNK, and caspase-12 (Lu et al., 2014; Sisinni et al., 2019).
Hu et al. found that catalpol reduces the level of OS and ER stress
induced by HCY in human aortic endothelial cells, thus partly
protecting endothelial cells from HCY toxicity by inhibiting
NOX4 expression and blocking NF-κB/p65 signal pathway
(Hu et al., 2019).

Catalpol Reduces the Degree of
Inflammatory Response in Atherosclerosis
Inflammation runs through AS formation and plays an important
role in every link of this condition. NF-κB activation is related to
the expression of many pro-inflammatory cytokines,
inflammatory cytokines, and adhesion molecules, such as
interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α),
monocyte chemoattractant protein-1 (MCP-1), intercellular
adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1), inducible nitric oxide synthase (iNOS),
and matrix metalloproteinase-9 (MMP-9) (Randolph, 2014).
These cytokines promote the adhesion of neutrophils and
monocytes to the endothelium and the remodeling of
extracellular matrix, thus affecting the production of
endothelium-derived nitric oxide (NO), reducing endothelium-
dependent vasodilation, and finally initiating AS aggravation.

Liu et al. found that catalpol alleviates the inflammatory
response of AS in hypercholesterolemic rabbits by reducing
the levels of circulating TNF-α, IL-6, soluble VCAM-1, soluble
ICAM-1, and MCP-1 and the expression levels of VCAM-1,
MCP-1, TNF- α, iNOS, MMP-9, and nuclear factor-κ B protein
65 (NF- κ B p65) in thoracic (Liu and Zhang, 2015). Catalpol also
inhibits I-κB protein degradation, NF-κB trans-activation, and
NF-κB p65 binding activation in oxLDL-induced EA.hy926 cells,
suggesting its regulating role in inflammation through the NF-
κB-dependent pathway (Liu and Zhang, 2015). In their other
study, catalpol suppressed alloxan-induced inflammation in
diabetic rabbits by reducing the overexpression of TNF- α,
MCP-1, and VCAM-1 during circulation (Liu et al., 2016).

Chen et al. found that catalpol inhibits the increased
polarization, inflammatory response, and oxidative stress of
macrophages induced by lipopolysaccharides (LPS) and
interferon-γ (IFN-γ) and improves the function of
macrophages activated by classical pathways. A
postmenopausal mouse AS model was established by
ovariectomizing the treated ApoE−/− mice and feeding them
with a high-fat diet. The serum of ApoE−/− mice was collected
in the in vivo experiment. The levels of proinflammatory
cytokines (C-reactive protein, TNF-α, and IL-1β) were
decreased, whereas those of anti-inflammatory cytokines (IL-
10) were increased in the catalpol-treated group. These protective
effects were inhibited after Erα was blocked, indicating that
catalpol exerts its anti-inflammatory effects by regulating ERα
(Chen et al., 2021).

Nucleotide binding domain-like receptor protein 3 (NLRP3)
inflammatory body is a multiprotein complex that combines with
ASC (apoptosis-related spot-like protein containing caspase1
activation domain, CARD) and caspase-1 to regulate the
maturation of pro-inflammatory cytokines IL-1 β and IL-18

(Kelley et al., 2019). Zhu et al. found that catalpol treatment
could reduce the expression of LPS-induced inflammatory body
NLRP3 and then inhibit the mRNA and protein levels of pro-
inflammatory cytokines such as IL-1 β, pro-IL-1 β, TNF-α, and
IL-32, thus improving the inflammatory response in THP-1 cells
(Zhu et al., 2014). By using the in vitromodel of acute lung injury
induced by LPS in MH-S alveolar macrophages, Fu et al. found
the decreased expression of inflammatory cytokines TNF- α, IL-6,
IL-4, and IL-1 β induced by LPS after treatment with different
catalpol (0.1–0.5 mM) concentrations, thereby proving that
catalpol has an anti-inflammatory effect (Fu et al., 2014).

SIRT1 deletion in endothelial cell (ECs), vascular smooth
muscle cells (VSMCs), and monocytes/macrophages can
increase OS, inflammation, foam cell formation, aging damage
nitric oxide production, and autophagy and thus promote
vascular aging and AS (Kitada et al., 2016). Liu et al. found
that catalpol inhibits NF-κB and MAPK signaling pathways by
up-regulating the expression of SIRT1 mRNA and consequently
reducing OS and TNF-α-induced inflammation response (Liu
et al., 2021). Endogenous SIRT1 remarkably reduces endothelial
activation without affecting the vasoconstriction and dilation
function of ApoE−/− mice. Continuous endothelial activation
by various risk factors leads to the occurrence and development of
AS. Therefore, SIRT1 activation can produce an anti-
atherosclerotic effect (Stein et al., 2010). Zhang et al. used
molecular docking simulation to explore the bioactive
conformations of catalpol and common SIRT1 activators
(resveratrol, SRT2140, and quercetin) with SIRT1. Their total
integral values were 6.4519, 4.1586, 6.0038, and 5.4237,
respectively. These results showed that the bioactive
conformations of catalpol and SIRT1 have higher total integral
values than other SIRT1 activators, indicating that catalpol has
higher affinity with SIRT1 than other common SIRT1 activators
and is likely to become a SIRT1 agonist (Zhang et al., 2019).
Exploration of the mutual regulation relationship between
catalpol and SIRT1 proved that microRNA-132 (miR-132)
regulates the inflammatory process by negatively controlling
SIRT1 expression (Varma-Doyle et al., 2021). Xiong et al.
reported that catalpol can resist ER stress induced by
breviscapine A, a specific ER stress inducer, by activating
SIRT1 through miR-132 down-regulation. The protective effect
of catalpol is concentration-dependent (Xiong et al., 2017). Based
on the above findings, our experimental group is currently
conducting a study entitled “catalpol exerts its anti-AS effect
by activating SIRT1” to further explore the clinical application
feasibility and related protective mechanism of catalpol in AS.

Catalpol Slows Down the Progress of
Vascular Cell Senescence in
Atherosclerosis
Atherosclerotic plaques show characteristics of cell aging, such as
reduced cell proliferation (Bennett et al., 1995), irreversible
growth arrest and apoptosis (Lutgens et al., 1999), increased
DNA damage (Botto et al., 2001), epigenetic modification
(Lund and Zaina, 2011), and shortening and dysfunction of
telomeres (Matthews et al., 2006; Ogami et al., 2004).
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Telomere length and integrity are regulated by telomerase
interaction (De Lange, 2005). Telomerase reverse transcriptase
(TERT) maintains the telomere terminal by catalyzing the
increase in short telomere repeat sequence during DNA
replication (Bressler et al., 2015). Zhang et al. used the comet
test and measured 8-hydroxydeoxyguanosine (8-OHdG) levels to
indirectly reflect the extent of DNA damage. In vivo and in vitro
results verified that catalpol can reduce the level of 8-OHdG and
shorten the length of comet tail, indicating its partial mitigating
action on the degree of DNA oxidative damage. In addition, the
telomerase activity of macrophages decreased after treatment
with oxLDL. Catalpol could concentration-dependently
increase the telomerase activity and partially inhibit the
senescence of macrophages (Zhang et al., 2018). Peroxisome
proliferator-activated receptor-γ coactivator α (PGC-1 α) is a
key molecule connecting OS and telomere function (Miao et al.,
2016). PGC-1 α upregulation in aortic smooth muscle cells can
enhance telomere function, reduce DNA damage, and thus
inhibit AS (Xiong et al., 2015). Zhang et al. reported that in
the AS model of LDLr−/− mice induced by high-fat diet, the
expression of PGC-1α and TERT decreased to 37 and 45%,
respectively, in the HFD group. On the contrary, the
expression levels of PGC-1 α and TERT protein were
substantially up-regulated in the catalpol group. oxLDL-treated
macrophages were used to form a cell injury model by applying
the cell transfection technique. The results proved that catalpol
reduces ROS accumulation and DNA damage and improves
telomere function through the PGC-1 α/TERT pathway.
Zhang et al. reported that catalpol can directly enhance the
activity of PGC-1 α promoter as indicated by the luciferase
activity assay (Zhang et al., 2018).

Catalpol Plays an Anti-apoptotic Role in
Atherosclerosis
Bcl-2 family members located on the mitochondrial
membrane can change mitochondrial permeability and
eventually induce apoptosis (Zamzami et al., 1998). Some
members of the Bcl-2 family induce cell survival (Bcl-2 and
Bcl-xL) or promote apoptosis (Bad and Bax) (Datta et al.,
1997; Olivetti et al., 1997). Using the AS model of LDLr−/−

mice fed with high-fat diet, Zhang et al. found that catalpol
upregulates the protein level of anti-apoptotic protein B-cell
lymphoma-2 (Bcl-2) and downregulates the level of apoptotic
protein caspase3 and caspase9, thereby suggesting its
potential anti-apoptotic effect (Zhang et al., 2018).
Intracellular signaling pathway-Akt is involved in the
regulation of cell survival and apoptosis. Its activation
phosphorylates Bad and thus inhibit cell apoptosis (Datta
et al., 1997). Hu et al. reported that after HUVECs were
treated with 100 μM H2O2 for 24 h, apoptotic protein Bax
was up-regulated, Bad phosphorylation was inactivated, and
anti-apoptotic protein Bcl-2 was down-regulated, thus
resulting in an increased rate of apoptosis. However,
catalpol could also play an anti-apoptotic effect by
activating Akt to phosphorylate Bad, down-regulate Bax,
and up-regulate Bcl-2. These protective effects can be

partially inhibited by phosphatidylinositol 3-kinase (PI3K)
antagonist (Wortmannin or LY294002). Therefore, catalpol
may partially regulate the Bcl-2 family through the PI3K/Akt
pathway and then protect HUVECs from H2O2 toxicity (Hu
et al., 2010).

EFFICACY AND SAFETY OF CATALPOL

Acute toxicity experiments related to catalpol have been
conducted in mouse models to determine its safety (Bai et al.,
2019). The 50% lethal dose of catalpol in mice was determined as
206.5 mg/kg after intraperitoneal catalpol injection. After a long-
term intravenous catalpol injection (10, 20, and 40 mg/kg/day;
90 days), no toxic changes were observed in the biochemical
indexes and physiological structure of rat organs (Jang et al.,
2008). This finding indicated that catalpol has no side effects. A
preliminary clinical experimental study explored the safety of
catalpol treatment in patients with colon cancer by
intraperitoneally injecting 10 mg/kg catalpol twice a day for
12 weeks. Only mild non-fatal adverse reactions, such as
nausea, vomiting, gastrointestinal ulcers, and constipation,
were observed (Fei et al., 2018). Therefore, catalpol performs
well in terms of safety. With regard to its effectiveness, four
independent in vivo experiments revealed that this compound
could substantially reduce the area of subintimal atherosclerotic
plaque and inhibit the thickening of neointima and the formation
of foam cells. In many in vitromodels, catalpol reduces cell injury
and improves cell function through its anti-inflammatory, anti-
oxidative stress, anti-apoptosis, and other effects. Therefore, this
ingredient shows efficacy for AS treatment to a certain extent. The
specific protective mechanism, efficacy, and safety of catalpol for
AS treatment still need to be further explored and improved. As
an effective ingredient of R. glutinosa, catalpol is expected to be a
new drug for AS treatment.

PHARMACOKINETICS OF CATALPOL

Differences in pharmacokinetics were observed for catalpol
administered through various routes. The bioavailability of
intramuscular injection was 71.63%, whereas that of oral
administration was only 49.38% (Bai et al., 2019). This
difference may be related to its chemical properties, that is,
catalpol is easily destroyed in acidic environment and is
relatively stable in alkaline condition. This phenomenon
confirmed the instability of catalpol in the gastrointestinal
tract. In all the animal models in this review, catalpol was
administered through oral administration. The results also
showed that catalpol had a good anti-AS effect. The reason
may be related to the production of some active metabolites of
catalpol after metabolic transformation in vivo. UHPLC-Q-
Exactive MS was used to analyze the metabolites of catalpol in
rats, and 29 metabolites (including catalpol) were detected,
including 19 metabolites in urine, 3 metabolites in plasma,
and 14 metabolites in feces (Xiang et al., 2021). Most of these
metabolites existed in the form of catalpol aglycone. Investigation
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on its biotransformation pathway revealed that catalpol was first
transformed into catalpol aglycone through deglycosylation after
oral administration. A series of phase I metabolic reactions
subsequently occurred, including hydroxylation,
dihydroxylation, hydrogenation, dehydrogenation, and
oxidation of methylene to ketone, followed by phase II
metabolic reactions, including glucuronidation and glycine and
cysteine conjugation.

Abundant metabolites were detected in rat feces. This finding
indicated the presence of copious intestinal microflora in the
intestinal tract, which might be one of the main metabolic organs
of catalpol. Another study speculated that catalpol id first
metabolized into catalpol aglycone by β-D-glucosidase from
different human intestinal bacteria; catalpol aglycone is then
metabolized into acetylated, demethylated, and hydroxylated
catalpol (Tao et al., 2016).

Catalpol may be the precursor of the above active metabolites.
Biotransformation has its unique advantages over traditional
prodrug transformation. Although catalpol is unstable in the
gastrointestinal tract, oral administration of this drug is still the
most common route. Unique biotransformation to metabolize
catalpol into active metabolites could be applied to ensure its
exceptional biological role.

CONCLUSION

AS is the most common pathophysiological process in coronary
atherosclerotic heart disease, cerebrovascular disease, and
peripheral artery disease, all of which have high morbidity and
mortality. Given that statins regulate lipid metabolism, ACEI,

AT1 receptor antagonists, and other drugs. Therefore, the
application of Chinese medicine adjunctive therapy for AS is
also an essential link. At present, many kinds of Chinese patent
medicines, including “Xuezhikang,” “Shensong Yangxin
Capsule,” “Compound Danshen Dropping Pill,” “Tongxinluo,”
and “Xuesaitong”, have been used in the clinical adjuvant
treatment of coronary atherosclerotic heart disease. With the
wide clinical application of traditional Chinese medicines and
their good curative effect, their Western usage is currently on a
gradual rise. Further exploration on their effective ingredients of
traditional Chinese medicine for clinical application has become
the top priority to carry forward the culture of traditional Chinese
medicine.

Catalpol, the active ingredient of R. glutinosa, has been widely
studied. Through its anti-inflammation, antioxidation, ER stress,
cell injury reduction, and anti-apoptosis effects in vivo and
in vitro, this compound can improve the degree of vascular
cell injury, atherosclerotic plaque area, media thickness, plaque
lipid content, and vascular smooth muscle cell and macrophage
infiltration in different AS models (Figure 2.) However, the
clinical application of catalpol for coronary atherosclerotic
heart disease still require further exploration, particularly its
safety and efficacy.
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GLOSSARY

AS Atherosclerosis

AGEs advanced glycation end products

ATF6 Activating Transcription Factor6

ER endoplasmic reticulum

ERs estrogen receptors

GSH glutathione

GSH-Px glutathione peroxidase

HCY Homocysteine

HHCY hyper-homocysteinemia

HDL-C high density lipoprotein cholesterol

HO-1 heme oxygenase

ICAM-1 intercellular adhesion molecule-1

IL interleukin

IRE1 α Inositol-requiring transmembrane kinase/endonuclease-1

iNOS inducible nitric oxide synthase

IFN-γ interferon-γ

JNK c-Jun NH2-terminal kinase

LDL-C low density lipoprotein cholesterin

LDH lactate dehydrogenase

LPS lipopolysaccharides

MMP matrix metalloproteinase

MDA malondialdehyde

MCP-1 monocyte chemoattractant protein-1

MMP-9 matrix metalloproteinases-9

MAPK mitogen-activated protein kinase

Nrf2 nuclear factor erythroid 2-related factor 2

NOX nitrogen oxide

NADPH nicotinamide adenine dinucleotide phosphate

NF-κB p65 nuclear factor-κB protein65

NF-κB nuclear factor-κB

NLRP3 nucleotide-binding domain-like receptor protein 3

ox-LDL oxidized low density lipoprotein cholesterin

OS oxidative stress

PDGF platelet-derived growth factor

PCG protein carbonyl groups

PGC-1α Peroxisome proliferator-activated receptor-γ coactivator α

PERK proteinkinaseR—likeERkinase

PI3K phosphatidylinositol 3-kinase

ROS Reactive oxygen species

SOD superoxide dismutase

sVCAM-1 soluble vascular cell adhesion molecule-1

sICAM-1 soluble intercellular adhesion molecule-1

TNF-α tumor necrosis factor-α
TAS total antioxidant status

TERT telomerase reverse transcriptase

UPR unfolded protein response

VCAM-1 vascular cell adhesion molecule-1

8-OHdG 8-Hydroxydeoxyguanosine
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