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Abstract

Cardiovascular diseases (CVDs) rank among the foremost contributors to mortality
worldwide. Despite the significant breakthroughs in treatment and drug development in
recent years, the incidence and mortality rates associated with CVDs continue to remain
alarmingly high. In terms of drugs, numerous medications often come with various adverse
effects while they actually exert therapeutic effects. As economies grow and living standards
improve, patients with CVDs increasingly seek medications with precise efficacy but
minimal side effects. Recent evidence increasingly indicates the significant role of
traditional Chinese medicine in the treatment of CVDs. Rosemary (Rosmarinus officinalis L.),
a fragrant plant with medicinal properties, is extensively utilized in folk medicine,
pharmaceuticals, and the cosmetics industry, with its safety extensively confirmed by
research. As a potent antioxidant, its anti-oxidant and anti-inflammatory properties confer
potential application value in treating various diseases, including CVDs. This paper reviews
the applications and mechanisms of rosemary and its main active components in treating
CVDs and systematically summarizes their effects in regulating blood pressure, combating
myocardial ischemia, enhancing heart function, and preventing atherosclerosis, thereby
offering a foundation for the development of novel treatment strategies.
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Highlights
Summarized the pharmacokinetic parameters of the main active
ingredients in rosemary.
Evaluated the safety of rosemary active ingredients as drugs.
Elaborated on the progress and mechanism of rosemary in the
treatment of cardiovascular diseases in recent years.

Medical history of objective

Rosemary, scientifically designated as Rosmarinus officinalis L., is
a member of the Lamiaceae botanical family, hailing from the
Mediterranean region. According to legend, the earliest records of
rosemary can be traced back to cuneiform script dating to 5,000
B.C.E., as documented in Pliny the Elder’s Natural History (70-77
C.E.) and Dioscorides’ De Materia Medica (50-70 C.E.). Rosemary
was introduced to China and disseminated worldwide at least
1,800 years ago. In traditional medicinal practices, rosemary is
esteemed for its purported abilities to bolster memory, alleviate
pain, and combat infections. Consequently, it is routinely utilized
as a preventive and therapeutic measure against plagues and
other contagious ailments. Modern pharmacology indicates that
rosemary also has good efficacy in preventing and treating
cardiovascular diseases.

Background: Rosemary and cardiovascular diseases (CVDs)

Cardiovascular ailments represent a substantial contributor to
mortality rates among humans, accounting for approximately
one-third of global deaths [1]. According to a report from the Ministry
of Health of China, among chronic diseases, the prevalence rate
(220.4%0) and mortality rate (165.37 per 100,000 people) of heart
disease rank first among the population
(http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202305/6ef68aac6b
d14cleb9375e01a0faalfb/files/b05b3d958fc546d98261d165cea4ad
ba.pdf). Hypertension, smoking, diabetes, alcohol intake, obesity,
blood lipids, diet, physical activity, and psychosocial factors are
considered as risk factors for CVDs [2]. Drug therapy, encompassing a
range of regimens such as blood pressure control, lipid regulation,
plaque stabilization, and ventricular remodeling improvement,
remains the primary treatment method for CVDs. Commonly used
drugs include angiotensin-converting enzyme (ACE) inhibitors,
calcium channel blockers,  blockers, statins, and more. Although
there has been significant progress in the understanding and treatment
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of CVDs over the past few decades, with a decrease in CVDs mortality
in developed countries, the overall mortality rate in local areas and
globally remains very high [3]. Furthermore, with an aging
population, the challenge posed by CVDs will increase further, calling
for new innovations in treatment.

For decades, due to their properties of low side effects and multiple
therapeutic targets, herbal medicines have been used for the treatment
and improvement of clinical symptoms in a wide range of diseases
[4-7]. Therefore, traditional Chinese medicine and its components
contribute to the treatment of heart failure. Rosmarinus officinalis L.
belonging to the Lamiaceae family, is commonly known as rosemary
and widely planted around the world. In traditional medicinal
practices, rosemary has been employed to alleviate symptoms
associated with kidney stones, menstrual discomfort, and muscular
contractions. Modern medicine has shown that rosemary also has
anti-fungal, antiviral, anti-infection, anti-inflammatory, anti-tumor,
antithrombotic, anti-injury, antidepressant, anti-ulcer, antioxidant
activities, and has been extensively explored in treating various
ailments affecting the nervous, cardiovascular, digestive, urinary,
endocrine, reproductive, respiratory, as well as dermatological
systems [8, 9] (Figure 1). In some articles describing the
pharmacological effects of rosemary, it is believed to have
antihypertensive, anti-myocardial ischemia, anti-atherosclerosis, and
heart failure improvement effects. Several experiments show that its
efficacy is not weaker than current mainstream drugs, and it has fewer
side effects, Although research articles focusing on the cardiovascular
applications of rosemary constitute a relatively small fraction,
approximately 3% of the total literature [9], its promising role in the
prevention and management of CVDs has garnered significant
attention. Therefore, it is necessary to systematically elaborate on the
recent progress of rosemary in the cardiovascular field. This article
summarizes the research progress and mechanisms of rosemary and its
main active ingredients in CVDs such as hypertension, cardiac
insufficiency, atherosclerosis, hyperlipidemia, and myocardial
ischemia-reperfusion injury in recent years, providing new ideas for
the treatment of CVDs with traditional herbal medicine.

Pharmacological properties of rosemary

Chemical components of rosemary

The chemical makeup of rosemary is primarily classified into two
major categories: volatile components, also known as essential oils
and non-volatile components. To date, a myriad of components
including flavonoids, terpenes, diverse organic acids, branched-chain
alkanes, and amino acids have been successfully isolated and
identified. Terpenoids are the most abundant and complex compounds

Anti depressant
and senescence

Antioxidant

Anti ulcer and

-Anti tumor

Figure 1 The application of rosemary in different systems other than cardiovascular system. The figure shows the pharmacological effects of

rosemary on other systems besides cardiovascular system.
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in rosemary. The essential oil derived from rosemary is primarily
composed of monoterpenes and sesquiterpenes, which are its key
constituents. At present, cineole, camphor, borneol, and other
components have been isolated; The chemical composition analysis of
phenolic compounds in rosemary extract shows that diterpenes are the
main (multi) phenolic structures, accounting for 97.2% of the total
phenolic content; The diterpenoid phenols in rosemary are the main
antioxidant components, including rosmarinic acid (RA), oxalic acid,
rosmarinol, salvianolic acid, etc. [9, 10]; In addition, terpenoid
compounds also include triterpenoid components such as oleanolic
acid, ursolic acid (UA), and betulinic acid. Carnosic acid (CA) stands
as the most extensively researched bioactive compound, constituting
approximately 30% of all studies, closely followed by carnosol, RA,
and UA, which collectively make up another 35% of the research
landscape. Figure 2 shows the chemical structural diagrams of these
substances. Compared with the above compounds, there are relatively
limited researches on substances such as betulinic acid, oleanolic acid,
oligomers, and luteolin in CVDs. In the past two decades, researches
on rosemary has mainly focused on its anti-cancer, antioxidant,
antidepressant, and anti-infective effects [9]. However, RA from
rosemary exhibits strong anti-cardiovascular disease effects. RA is
prevalently found across diverse plant species, particularly those
belonging to the Lamiaceae and Boraginaceae families, which include
rosemary, sage, and bee balm, among others. Its presence has also
been documented in plants from other families, such as the
Umbelliferae and Cucurbitaceae [11, 12]. The chemical structure of
RA is (2R)-2-[[(2”E")-3-(3,4-Dihydroxyphenyl)-1-oxo-2-propenyl]
oxy]-3-(3,4-dihydroxyphenyl)propanoic acid, and its contents can
serve as a valuable indicator for assessing the quality of herbal
medications, providing a quantifiable metric for evaluating their
purity and potency [13]. CA is also one of the main active substances
in rosemary. Research indicates that CA and its derivatives account for
over 90% of the antioxidant potency exhibited by rosemary acid
extracts [14], and other effects include antibacterial [15], lipid
metabolism regulation, and blood sugar reduction [16]. UA is also an
important component of rosemary, with certain pharmacological
activities in the treatment of CVDs. Modern pharmacology has
demonstrated that rosemary extract has an extensive biological
activities, including metabolism and blood pressure regulation,
anti-neural injury, anti-inflammation, anti-aging, anti-cirrhosis, and
anti-toxicity, in addition to the above-mentioned effects [9, 17].

Pharmacokinetics of rosemary

Absorption. Researches on the pharmacokinetics of rosemary extract
primarily focus on RA, which can be administered through multiple
routes, including oral, topical, ocular, pulmonary, and intravenous
[18-21]. When administered orally, RA is primarily absorbed partially
in the intestine via paracellular transport. Both experimental setups, in
vivo (animal models) and in vitro (laboratory conditions), consistently
reveal that the intestinal permeability of RA is rather low, with
approximately 1% of the administered dose being absorbed in rats,
underscoring its limited bioavailability through the gut. Factors such
as food and acidic conditions in the digestive environment
significantly affect RA absorption [22-24]. Generally, most phenolic
compounds are difficult to absorb in the intestine. However, complex
phenolic compounds can be broken down into simpler units (such as

phenolic acids) by the action of intestinal flora [25]. RA can be
degraded into two phenolic acids — m-coumaric and hydroxylated
phenylpropionic acids — by intestinal flora, which can enhance
absorption [26]. Ingesting RA in capsule form can reduce drug loss
[27]. Although numerous studies focus on the topical application of
RA [18], some literature suggests that RA can hardly penetrate the
dermal layer in isolated skin. The application of natural penetrants,
such as olive oil, may facilitate RA’s penetration into deeper tissues
[28].

The bioavailability of CA remains uncertain. After administering it
orally to rats, Yan et al. reported a bioavailability of 65.09% [29],
while Doolaege et al. reported a bioavailability of 40.1% at 6 h and
speculated that the 24-h bioavailability could reach 97% [30]. As an
antioxidant, CA exhibits extremely unstable chemical properties and
can be rapidly oxidized to carnosol in the air [31]. When administered
orally alone, CA is slowly absorbed by the intestine. Although CA can
be detected in the body as early as 15 min after administration, it
reaches its maximum concentration only after 120 min [29, 30]. When
combined with other drugs, CA can rapidly achieve its maximum
concentration (within 15 to 25 min), but the plasma concentration is
significantly reduced, indicating that the absorption of CA is
susceptible to other factors [32, 33].

UA is almost insoluble in water, with low dissolution and low oral

bioavailability. After oral administration, UA is absorbed through
passive diffusion, utilization of microemulsion-form UA could enhance
its absorption rate [34]. Due to factors such as its low solubility and
bioavailability, there are significant variations in the pharmacokinetic
data of UA across different studies. For instance, Chen et al. showed
that the T, ,, after oral administration is less than 1 h, indicating that
UA can be rapidly eliminated after oral intake [35]. Conversely, Liao
et al. reported a T;, of 4.3 h [36]. Synthetic UA analogues are
believed to enhance drug efficacy and improve low utilization rates
[371.
Distribution. RA in bloodstream could bind to plasma proteins and
distribute through the circulatory system [38, 39]. Although various
studies have been conducted, a deficiency in data persists regarding
the distribution dynamics of RA throughout the human body.
However, relevant data obtained from animal studies found that, in
rats, local application of RA leads to distribution in the blood, skin,
bones, and muscles; after intravenous application, the compound is
also detected in the soft tissues of internal organs such as the spleen,
liver, lungs, and heart [40]. Upon intraperitoneal administration in
mice, the kidneys exhibit the highest concentration of RA, with the
lungs, spleen, and liver following in descending order of abundance
[13]. Some studies have pointed out that RA is difficult to penetrate
the blood-brain barrier [13, 22]. Targeted drug delivery (such as
intranasal) can not only increase the drug concentration in the brain
but also reduce the metabolism of RA [41].

CA can be rapidly distributed throughout the body of rats. After
intravenous administration, its T;, (a) is only 0.8 min. After oral
administration, substantial quantities of CA and its metabolic
derivatives are present in the liver, intestine, and plasma. Its presence
can also be detected in the brain. Currently, the pathway through
which CA enters the brain remains unclear [30, 37].

UA has a wide tissue distribution. After rats were orally
administered with 10 mg/kg UA for 1 h, the distribution pattern of UA
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Figure 2 Chemical structure of three major compounds present in rosemary. The figure shows the chemical structures of rosmarinic acid,

carnosic acid and ursolic acid.
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concentration was observed as follows: lung > spleen > liver > brain
> heart > kidney [35]. Given that UA is predominantly localized in
tissues endowed with ample blood supply, this observation suggests a
strong dependence of UA distribution on the blood flow and perfusion
rates of various organs, underscoring the role of hemodynamic factors
in its tissue distribution. However, some experiments also indicate
that the distribution of UA has organ affinity. After oral
administration, the concentration of UA in plasma is extremely low,
and only after a sufficient period of feeding, the concentration of UA
in plasma becomes significant [35, 42].

Metabolism. In the human body, glucuronidation is the primary
metabolic pathway of RA, along with other metabolic pathways such
as methylation and sulfation [43, 44]. Typically, the blood drug
concentration reaches its peak 0.5-3 h after the administration of RA,
and various metabolites such as caffeic acid,
2,4,5-trimethoxycinnamic acid, phenylacetic acid, protocatechuic
acid, m-coumaric acid, p-hydroxybenzoic acid, vanillic acid, and
ferulic acid are detected in the body [43, 45-47]. Different
administration methods lead to variations in pharmacokinetics. By
calculating the pharmacokinetics of RA using the pkCSM network tool,
it can be inferred that its excretion rate is 0.25 mL/min/kg [48].
Although the main metabolites of RA are similar in rats and humans,
there are significant differences in metabolic pathways and the
number of metabolites. Therefore, it is necessary to conduct more
human experiments [43, 49].

CA mainly exists in plasma in a free form. In rats fed with CA, the
main metabolite of CA is glucoside derivatives, such as CA-glucoside,
and other metabolites include methylated derivatives such as
CA-12-methyl ether. The measurement of CA-glucoside concentration
shows a “double peak”, which exhibits that there are peaks in liver
and plasma concentrations at 50-100 min and about 800 min [32]. It
is speculated that the appearance of the second peak may be
attributed to enterohepatic circulation [50].

Currently, the metabolic pathways and processes surrounding UA
remain largely unexplored, with a limited amount of research
dedicated to clarifying its metabolic fate within the body. Existing
reports indicate that UA is primarily metabolized in the liver. In vitro
experiments reveal that UA can be metabolized by human liver
microsomes containing the (reduced) nicotinamide adenine
dinucleotide phosphate (NADPH) II generation system, achieving a
conversion rate of approximately 40% within 20 min. However, it
remains unmetabolized in samples lacking the NADPH generation
system. The broad-spectrum inhibitor 1-aminobenzotriazole, which
targets the cytochrome P450 enzyme system, can fully suppress the
metabolism of UA in human liver microsomes. Inhibiting CYP2C9,
CYP3A4, CYP1A2, CYP2C8, and CYPZ2EI can effectively hinder UA
metabolism. Additionally, suppressing the expression of CYP2A6,
CYP2D6, and CYP2C19 also exerts a certain influence on UA
metabolism, However, when 14 recombinant CYP subtypes were used
for in vitro UA metabolism, it was found that only CYP3A4 and
CYP2C9 could metabolize UA [34].

Excretion. RA is primarily excreted through the kidneys [51]. After
taking 200 mg of RA to six volunteers, both RA and its metabolites
were swiftly detected in both the plasma and urine. Upon
measurement, it was found that the quantity of RA and its metabolic
products eliminated via urine over 48 h accounted for 6.3 % of the
total intake, with approximately 75% of this amount excreted within 6
h [43]. Given that the primary metabolic pathway of RA is
glucuronidation, it’s possible that RA may also undergo metabolism
through bile, as some RA metabolites have been identified in rat bile
[40, 51]. In rats, CA is primarily eliminated via feces. Specifically,
32.2 = 7.9% and 15.6 = 8.2% of CA can be recovered in feces after
intravenous and oral administration, respectively, suggesting that at
least some CA is cleared from the liver in its native form [30].
Currently, research on the excretion of UA is limited. Animal
experiments indicate that, aside from a very small amount excreted
through the kidneys, most UA is metabolized and eliminated.
Subsequent to intravenous administration, the hepatic concentration
of UA undergoes a gradual yet steady rise, attaining its peak level at
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the 4-h mark. During this period, UA undergoes rapid elimination,
indicating its active metabolism and clearance from the liver [34].
Safety. So far, most human experiments targeting RA have been
conducted on a small number of subjects, and there is still a lack of
randomized controlled trials using RA in a large population. No
significant adverse reactions have been reported after using RA alone
[21, 43, 45]. In some experiments using RA, subjects experienced
headaches, constipation, diarrhea, worsening of cystic acne, and oily
scalp, which often resolved on their own after discontinuing the
medication [52]. There is still a lack of human experiments on CA, and
Wang et al.’s determination of the toxicity of CA in rats showed an
acute oral lethal dose (LD50) of 7,100 mg/kg, indicating its low
toxicity characteristics [53]. As a drug that has been studied for a long
time, many clinical experiments on UA have been conducted or are
currently underway. In all experiments, UA has good oral tolerance
and no statistically significant adverse reactions have occurred or been
recorded [54-57]. In clinical trials, intravenous injection has good
tolerance, and abdominal distension, nausea, diarrhea, and rash are
the most reported adverse reactions. During the study, only a single
participant encountered a grade 3 adverse event, characterized by the
elevation of liver enzymes and the occurrence of diarrhea [58-60]. A
study shows that UA has a certain degree of selective cytotoxicity,
usually in pathological cells, which provides an advantage for UA as
an anti-tumor drug [61].

Overall, the assessment of the safety of rosemary remains
inadequate, with only a limited number of clinical trials having been
or being conducted. More experiments are needed to evaluate the
safety and potential risks of long-term use of rosemary. However, as a
plant that has been long used in the production of herbal medicines,
food, and cosmetics, its active ingredients are widely distributed in
various other plants, and in many small sample clinical trials, it seems
that no significant toxic side effects have been shown. Therefore, as a
drug, rosemary may be considered relatively safe.

Table 1 [21, 26, 43, 45, 62, 63], Table 2 [29, 32, 33], and Table 3
[35, 36, 60] present the pharmacokinetic parameters of the three
substances mentioned above in some studies.

The role of rosemary in the treatment of CVDs

Blood pressure regulation. RA controls blood pressure through
various mechanisms. Alegria-Herrera et al. evaluated the
antihypertensive effect of RA in a rat model, showing that the
antihypertensive effect of RA is similar to that of telmisartan [64]. In
rats with myocardial infarction (MI), After a four-week period of oral
administration of RA, there was a notable decrease in ACE expression
and a corresponding increase in ACE2 expression [65]. Further
research indicates that RA exerts its antihypertensive effect by
inhibiting the enzymatic activity of ACE. On one hand, it inhibits the
activation of the RAAS system to reduce vasoconstriction. On the
other hand, it activates the bradykinin system, increasing the release
of vasodilator substances such as NO and prostaglandins [64, 66-68].
In isolated rat thoracic aorta, RA exhibited an endothelium-dependent
vasodilatory effect [68]. Endothelin-1 (ET-1) can bind to vascular
endothelial cells, induce the release of Ca®>* from the sarcoplasmic
reticulum, and enhance the contraction of vascular smooth muscles.
ET-1 can also mediate the production of reactive oxygen species (ROS)
through NADPH oxidase, thereby inhibiting the efficacy of NO [69].
Research has shown that RA can inhibit the production of ET-1 in
endothelial cells and the expression of the NADPH oxidase p22 phox
subunit, exerting an endothelium-dependent antihypertensive effect
[66]. RA can cause relaxation in rat endothelial-denuded aortic rings,
suggesting that RA can also lower blood pressure in a
non-endothelium-dependent manner. Wicha et al. confirmed that RA
ethyl ester opens K* (Kv) channels and further hyperpolarizes
membrane potential, thereby inhibiting voltage-operated calcium
channels and receptor-operated calcium channels mediated Ca>*
influx. Additionally, inositol triphosphate-mediated sarcoplasmic
reticulum Ca®" release is also inhibited, through the aforementioned
pathways, endothelial-independent antihypertensive effects are
achieved [70].
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Table 1 Pharmacokinetic parameters of rosmarinic acid in different experiments

The route of Sample CL
Sample application Drugs name Dosages capacity Cinax Toax (H) Ty (H) (L/h/kg) Reference
Iihxmf,fs containing 56 mg 6maleand 174,00 ng/mL  0.47 0.23 -
Human = 4.5% RA 6 female
body Intravenous healthy [43]
Mixtures containin
o A & 200 mg volunteers ~ 308.00 ng/mL  0.54 0.58 -
6 male
Human Perilla extract
body Peroral containing 20% RA 200 mg healthy 1.20 pmol/L 0.50 - - [21]
volunteers
RA 250 mg
(fasted) 72.20 nmol/L 1.00 - -
Human Plant extracts RA 500 mg 6 healthy
body Peroral containing RA (fasted) volunteers 162.20 nmol/L  1.00 B B [45]
RA 500 mg
(fed) 142.20 nmol/L.  3.00 - -
Salviae miltiorrhiza
Rat Intravenous extracts containing 60 mg/kg 6 male rats - - 0.75 1.02 [62]
>10.1% RA
Rat Gastric RA 100 3malerats 1.36 umol/L  0.17 0.95 - [26]
intubation umol/kg
Intravenous  Salviae miltiorrhiza 80 mg/kg - - 0.94 -
Rat extracts containing 6 male rats [63]
Oral >3.92% RA 800 mg/kg 1.86 ug/mL 0.17 1.06 -

Cpax, Maximum serum concentration; T, time to reach the C.,; T/, half-life period; CL, clearance (values of CL and C,,, are the mean); RA,
rosmarinic acid.

Table 2 Pharmacokinetic parameters of carnosic acid in different experiments

The route of Sample CL
Sample application Drugs name Dosages capacity Crnax Toax (H) Ty, (H) (L/min/kg) Reference
. Rosmarinus officinalis
Rat giitl;r;ction L. extract containing 571 mg/kg 3 male rats 2;2;)/1_‘ 0.40 - - [32]
38.9% CA H
. Rosmarinus officinalis
Rat i(;isut;;ction L. extract containing 100 mg/kg 6 male rats 5;41;212/L 0.25 3.50 - [33]
40% CA "
154.40
Intravenous Rosmarinus officinalis 10 mg/kg 5 male rats mg/L - 1.13 0.003
Rat Gastri L. extract containing [29]
astric > 98% CA 90 mg/kg  8malerats 42.52mg/L  2.09 16.03  0.003
intubation

Cpax, Maximum serum concentration; Ty, time to reach the C,,; T,/,, half-life period; CL, clearance (values of CL and Cmax are the mean); CA,
carnosic acid.

Table 3 Pharmacokinetic parameters of ursolic acid in different experiments

The route of

Sample

Sample application Drugs name Dosages capacity Cinax Thax (H) Ty, (H) CL Reference
UA  nanoliposomes ., 1,835 ng/mL  4.03 4.59 8.67 L/h/m?
containing 99.5% UA & ’ & ’ ’ ’

Human UA li 8 male 10.20

nanoliposomes 2 E
Intravenous health: . . 60
body containing 99.5% UA 74 mg/m Y 2,865 ng/mL  4.02 4.46 L/h/m? 60l
volunteers
UA nanoliposomes 5 2
containing 99.5% UA 98 mg/m 3,457 umol/L  4.00 3.90 9.94 L/h/m
Rat Oral UA 10 mg/k: 6 male rats  1.10 pg/mL 0.42 0.71 20.93 [35]
/X8 s ’ ’ mL/h/mg
. Lu-Ying Extract
Gastric e 1,130.1
Rat intubation Containing UA 80.32 40 g/kg 6 male rats 294.8 ng/mL  1.00 4.30 mL/min/kg [36]

mg/kg

Cpax, Maximum serum concentration; Ty, time to reach the C,; T, ,, half-life period; CL, clearance (values of CL and C,,, are the mean); UA,
ursolic acid.
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RA also demonstrates selectivity in regulating blood pressure. Upon
administration to both normotensive and hypertensive mice, RA was
observed to selectively induce a decrease in systolic blood pressure
solely among hypertensive rats, whereas it failed to exert any notable
influence on the blood pressure levels of normotensive rats [67].
Another distinct clinical study, centered on patients diagnosed with
primary hypotension, uncovered that the administration of rosemary
essential oil was found to elicit a gradual and consistent elevation in
blood pressure among the hypotensive patient population. This
increase gradually stabilized and reverted to baseline levels upon
discontinuation of the medication, without any alterations in heart
rate observed throughout the duration of the study [71]. Overall,
these experiments suggest that rosemary not only has significant
effects on blood pressure control but also demonstrates unique safety
profiles.

Many animal experiments have shown that UA possesses an
endothelium-dependent vasodilatory function [72, 73]. As mentioned
above, NO exerts a vasodilatory effect, whereas NADPH oxidase can
inhibit its function. Specifically, factors like oxidative stress can
stimulate the expression of endothelial nitric-oxide synthase (eNOS) in
endothelial cells, thereby enhancing NO production and relaxing
smooth muscles via the NO/cGMP pathway. Under the influence of
endothelin, NADPH oxidase expression is upregulated. On the one
hand, the produced superoxide elevates eNOS expression. On the
other hand, superoxide promptly combines with NO to generate
nitrite, which inactivates eNOS and ultimately results in the
decoupling of NO and eNOS. UA increases eNOS production and
phosphorylation by elevating p-AKT (protein kinase B) levels while
reducing NADPH oxidase levels to lower blood pressure [74-77]. In
stark contrast, a meticulous meta-analysis encompassing a broad
spectrum of human studies failed to uncover any noteworthy influence
of UA on either diastolic or systolic blood pressure [78].
Anti-myocardial hypoxia/reoxygenation (H/R). In the study of
H9c2 cardiomyocyte apoptosis, RA inhibited the activation of
transcription factor AP-1 by downregulating the expression of c-Jun
N-terminal kinase and extracellular regulated protein kinase, thereby
reducing the phosphorylation of JUN-B, c-JUN, Fos, and preventing
the activation of downstream apoptotic genes, ultimately reducing
cardiomyocyte apoptosis. Additionally, the study also found that RA
has the effects of stabilizing mitochondrial membrane potential,
regulating the expression of superoxide dismutase (SOD) and
glutathione, and improving myocardial cell energy metabolism [79].

Myocardial injury often accompanies the accumulation of ROS,
which can activate the expression of various substances such as
Caspase-3 and nod-like receptor protein 3 (NLRP3), ultimately leading
to apoptosis [80]. Nuclear factor erythroid-2 related factor 2 (Nrf2)
can exert antioxidant effects by upregulating the expression of various
substances. Previous studies have shown that Nrf2 can activate heme
oxygenase-1 (HO-1) to inhibit oxidative stress-induced thermal
degradation, thereby reducing renal ischemia-reperfusion injury [81].
CA enhances the expression of HO-1 by activating Nrf2, thereby
antagonizing NLRP3-mediated apoptosis; CA also reduces oxidative
stress by increasing SOD and glutathione peroxidase levels, and
decreasing malondialdehyde and lipid ROS levels, thereby exerting
cardioprotective effects [82].

Anti-myocardial ischemia/reperfusion injury. During MI, there is
an increase in the ACE/ACE2 ratio and the expression of angiotensin
2. Angiotensin 2 can activate the ATIR/p38 MAPK (mitogen-activated
protein kinase) pathway, leading to matrix fibrosis in cardiac cells and
ultimately resulting in ventricular remodeling. After four weeks of
treatment with RA in rats with MI, cardiac function improved and
myocardial fibrosis was reduced. Research indicates that the use of RA
can correct the alterations of ACE/ACE2 and angiotensin 2 in MI.
During this process, both AT1R expression and phosphorylation of p38
MAPK are inhibited, suggesting that RA may exert its anti-myocardial
infarction effect through this pathway [65]. The effectiveness of RA in
combating ischemic reperfusion injury is intimately tied to its potent
antioxidant properties. Molecular research conducted using AutoDock
Vina software revealed that RA can closely binds to nuclear factor kB
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(NF-kB) p65, a key protein in the NF-kB pathway, inhibiting the
activation and nuclear translocation of NF-«B, thereby reducing the
key source of ROS in cells, the transcription and translation of
ketoglutaric acid dehydrogenase, and ultimately alleviating
myocardial ischemia-reperfusion injury [83].

In rat models, UA has been proved to reverse vascular cell ischemia
in mice and improve heart failure in animals [72, 84]. Apoptosis,
autophagy, and oxidative stress are involved in the process of
myocardial ischemia-reperfusion injury. Radhiga et al.’s study showed
that UA upregulates anti apoptotic molecules (such as Bcl-2 and Bcl
xL) and downregulates proapoptotic proteins (including Bax
caspase-3, -8, -9, Cytochrome ¢, TNF-a, and FAS) to inhibit apoptosis;
By clearing superoxide radicals, the workload of SOD, catalase,
glutathione peroxidase, glutathione-S-transferase, and glutathione
reductase is reduced; Exert anti fibrotic effects by downregulating the
expression of matrix metalloproteinases (MMP-2, MMP-9), type I
collagen, alpha smooth muscle actin, and transforming growth
factor-p (TGF-B) [85, 86]. Senthil et al. pointed out that UA can
reduce the activity of myeloperoxidase and inhibit the infiltration of
neutrophils into damaged myocardium; in addition, UA also has a
membrane stabilizing effect [87]. Nonetheless, certain experimental
findings indicate that UA may exacerbate myocardial tissue injury by
fostering the infiltration of inflammatory cells at the infarct site [86].
Therefore, further research is still needed.

Following ischemia/reperfusion injury, various arrhythmias often
occur. Although Somova et al.’s experiment did not reveal that UA
could decrease the incidence of arrhythmias in rats post-ischemic
treatment, UA demonstrated remarkable antiarrhythmic effects in
mice with arrhythmias induced by calcium chloride and adrenaline,
comparable to amiodarone and propranolol, respectively. This could
potentially offer a novel strategy for antiarrhythmic therapy [72].

In the isoproterenol induced myocardial stress model in mice, CA
preconditioning attenuated the increases in serum troponin I, CK-MB,
lactate dehydrogenase, and transaminase levels, as well as the
pathological changes in cardiac tissue. In the myocardium, CA
treatment inhibited the expression of apoptosis proteins Bax,
caspase-3, caspase-9, and p53, and restored the activity of Bcl-2. In
addition, the activation of Nrf2 and HO-1 was detected [88]. The
aforementioned experiments underscore the pivotal function of the
Nrf2 and HO-1 signaling cascades in mediating the cardioprotective
effects of CA, a finding that has been corroborated in vitro as well
[82].

Supplementation of rosemary after MI in rats improved diastolic
function, left ventricular hypertrophy, and left ventricular diameter;
In addition, the damaged myocardium exhibited an energy
metabolism similar to that of a normal heart, demonstrating the
protective effect of rosemary leaves on the heart [89]. However, in
this experiment, the expression of Nrf2 and HO-1 was not affected,
which is different from previous studies [82, 88]. Interestingly,
rosemary also showed an antiplatelet effect in rats, which may help
prevent MI [7].

Improve cardiac function. In eukaryotes, the universally preserved
serine/threonine  protein  kinase = known as  adenosine
5’-monophosphate (AMP)-activated protein kinase (AMPK) holds a
paramount position as a sentinel of cellular energy status, intricately
orchestrating the maintenance of energy equilibrium within cells
through its regulatory mechanisms. Smad3 is one of the key
transcription factors mediating the pathogenesis of cardiac fibrosis,
and targeting Smad3 can inhibit the occurrence and progression of
cardiac fibrosis [90]. Research by Zhang X and others has shown that
in mice with long-term pressure overload, RA, with the help of the
nuclear receptor PPAR-y, activatess AMPK to inhibit the
phosphorylation and nuclear translocation of Smad3, thereby
alleviates myocardial fibrosis and improves cardiac function [91],
however ventricular hypertrophy was not improved in this process.
Studies on the anti-fibrotic effect of RA on liver cells also found an
increase in PPARy levels [92]. Similarly, research by Joardar S has
confirmed that the AMPK-Smad3 pathway plays an important role in
RA’s anti-fibrotic effects, however, the results of this experiment
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showed that PPAR-y was not involved in this process [93]. The MAPK
and AKT signaling pathways are crucial regulators of cardiac
hypertrophy and fibrosis. They mediate various cellular processes
involved in the development and progression of these pathological
conditions. Studies have shown that RA can regulate their activity [65,
79, 94], suggesting that RA can improve cardiac function through
multiple pathways. In fructose-fed hypertensive rats, RA exerts
cardioprotective and antihypertensive effects by inhibiting the
expression of the NADPH oxidase p22phox subunit. But the
mechanism remains unclear [66]. RA also exhibits a beneficial impact
on diabetic cardiomyopathy (DCM). Research by Diao J has shown
that RA activates the SIRT 1/PGC-1a pathway (regulators of sugar and
lipid metabolism), stabilizing mitochondrial membrane potential and
inhibiting cell apoptosis, thereby improving cardiac function and
mitochondrial damage in DCM mice [95].

Heat stress can induce cardiac dysfunction and lead to death, and
the activation of the PERK/elF2a/CHOP unfolded protein response
mediates cell apoptosis. UA can inhibit the activation of CHOP protein
at the transcriptional level. At the same time, UA induces the
expression of anti-apoptotic protein Mcl-1, thereby suppressing the
expression of CHOP downstream protein Puma, ultimately inhibiting
cardiomyocyte apoptosis. In a heat shock mouse model, mice
pretreated with UA for two days showed significantly improved
survival rates compared to the control group [96]. Doxorubicin, a
widely utilized anthracycline chemotherapeutic agent, is notorious for
its adverse effect of triggering cardiomyocyte apoptosis via the
activation of ROS. UA improved the left ventricular fractional
shortening and left ventricular ejection fraction in doxorubicin-treated
mice, the mechanism is similar to the above-mentioned increase in
eNOS expression and decrease in NADPH (NOX4) oxidase [77], a
major source of ROS [74, 97]. In DCM rats, the administration of UA
directly and indirectly reduced the expression of the pro-fibrotic factor
TGF-B1, suggesting that UA has anti-fibrotic potential [98]. UA also
has an anti-pulmonary arterial hypertension effect. After 4 weeks of
treatment with UA in monocrotaline-induced PAH rats, myocardial
hypertrophy and fibrosis improved, and right ventricular
hemodynamic parameters were improved. Proteomic analysis
indicated that UA potentially altered lipid metabolism in pulmonary
arterial hypertension mice. Subsequent research demonstrated that
UA notably boosted the expression of lipid metabolism genes, namely
PPARa and CPT1b. Additionally, PPARa agonist fenofibrate has been
shown to reduce ventricular hypertrophy, implying that UA might
hinder ventricular remodeling through lipid metabolism regulation
[99].

Cardiac remodeling, intricately linked to oxidative stress, disrupts
the heart’s normal pumping function, progressively impairing its
ability to effectively circulate blood and ultimately predisposing
individuals to heart failure [100]. Studies have shown that Nox2 can
induce ROS production in rats, promote myocardial cell hypertrophy,
and lead to cardiac fibrosis [101, 102]. Activated AKT stimulates
downstream GSK3f, which also participates in the pathophysiology of
cardiac hypertrophy [103, 104]. Investigations conducted on murine
models of ventricular remodeling induced by pressure overload have
revealed that CA exerts a protective effect by mitigating cardiac
hypertrophy, fibrosis, oxidative stress, and apoptotic cell death
through the inhibition of the AKT/GSK3[3/NOX4 signaling cascade
[105].

Anti-atherosclerosis. RA has the effects of regulating blood lipids
and anti-atherosclerosis. In experiments on mice, the levels of TNF-a,
IL-1B, and CRP in RA-fed mice decreased, and the plaque area and
arterial stenosis also improved, showing similar effects to atorvastatin
[106]. The onset of atherosclerosis is often regarded as initiating with
endothelial damage, which marks the initial stage in its
developmental cascade [107]. RA can potently suppress the triggering
of the NLRP3 inflammasome and the subsequent development of
endothelial dysfunction, achieved by modulating the downregulation
of the p38-foxO1-TXNIP signaling axis [108]. The transformation of
macrophages into foam cells represents a crucial milestone in the
advancement of atherosclerosis. RA can differentially regulate the
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expression of ATP-binding cassette transporter Al through JAK
2/STAT 3, c-Jun N-terminal kinase, and PKC-p38, and reduce the
degradation of ATP-binding cassette transporter Al, thereby
promoting macrophage cholesterol efflux and hindering the
progression of atherosclerosis [109]. Diabetes and obesity also figure
prominently among the various risk factors that contribute to the
development of atherosclerosis. In hyperlipidemic C57BL/6J mice
induced by a high-fat diet, RA augmented the expression of hepatic
receptors involved in cholesterol uptake, specifically scavenger
receptor class B type 1 and low-density lipoprotein receptor, while
concurrently  upregulating the expression of cholesterol
efflux-mediating molecules such as ATP-binding cassette transporters
G5 and G8, as well as cholesterol 7a-hydroxylase Al. And it also
promoted fatty acid B-oxidation through AMPK-mediated carnitine
palmitoyltransferase 1A induction, thereby promoting cholesterol
uptake, efflux, and fatty acid oxidation, reducing the body weight,
blood glucose, plasma, and liver cholesterol and triglycerides in mice.
During this process, RA also showed a better cholesterol efflux
capacity than metformin [110]. Adiponectin is a lipid factor produced
and secreted by adipocytes, playing an important role in lipid
reduction, anti-atherosclerosis, and enhancing insulin sensitivity
[111], its level increases during adipocyte differentiation [112].
Research has demonstrated that RA exerts a down-regulatory effect on
the expression of transcription factors C/EBPa and PPARYy, thereby
reducing adiponectin levels through post-transcriptional regulation
and inhibiting the formation of adipocytes. This process involves the
engagement of both TGF-f and IL-17A. Although the regulatory effect
of RA on PPARYy is inconsistent with that observed in hypertension
studies, there is no doubt that RA’s regulation of body weight makes it
a potential new weight loss drug [113].

The influence of UA on atherosclerosis has been a subject of ongoing
debate and remains inconclusive. In mice administered with UA, a
reduction in plaque area was observed, and UA was more effective
than resveratrol in reducing plaques [114-116]. The MAPK pathway
can stimulate the adhesion and chemotactic activity of monocytes,
monocytes release inflammatory factors and ROS, which can lead to
inflammation and fibrosis of the vascular wall, promoting the
progression of atherosclerosis. MAPK phosphatase 1 can inversely
regulate the MAPK pathway. In LDLR ™/~ mice administered with a
high-fat diet, UA has been observed to mitigate atherosclerotic plaque
formation by safeguarding MAPK phosphatase 1 against oxidative
degradation, thereby exerting a protective effect. Experiments in cell
culture have shown that UA increases the mRNA expression of
autophagy-related proteins (Atg 5 and Atg 1611), promoting
autophagy in macrophages; Furthermore, UA enhances the efflux of
cholesterol from macrophages loaded with low-density lipoprotein
towards apolipoprotein A-1 [116]. Research on rat primary cultured
smooth muscle cells reveals that UA exerts a significant
anti-proliferative effect by inhibiting the expression of miRNA-21 and
enhancing the expression of the tumor suppressor gene PTEN [117].
Numerous studies have demonstrated that UA, acting through
multiple pathways, such as inhibiting the degradation of IkBs
(inhibitors of kB) by TNF-a and suppressing ROS production,
effectively blocks NF-kB activity. This results in a reduction of
adhesion molecules, including VCAM-1, ICAM-1, and E-selectin,
which facilitate the aggregation of inflammatory cells during the early
stages of atherosclerosis. Simultaneously, the expression of proteins
that promote inflammatory cell aggregation and vascular smooth
muscle cell migration, such as MMP-2, also decreases. Ultimately, this
slows down the progression of atherosclerosis [116, 118-121].
Furthermore, RA can inhibit cholesterol ester transfer protein
mediated cholesterol ester transfer (HDL-C to VLDL) [122, 123]. The
above studies suggest that UA has anti-atherosclerotic effects, yet no
changes in blood lipids were observed in previous studies [114-116,
124]. Messner’s research showed that supplementation with UA in
mice resulted in a marked augmentation of atherosclerotic plaques,
with the extent of this increase being directly proportional to the
administered dose; for human umbilical vein endothelial cells, UA
induces apoptosis [124]. Research by Hua et al. also showed that UA


https://orcid.org/0000-0002-4549-1611

REVIEW

Traditional Medicine Research 2025;10(8):50. https://doi.org/10.53388/TMR20241005001

reduces the uptake of rosuvastatin by inhibiting the OATP1B1
transporter [125]. Indeed, given the promising findings regarding the
anti-atherosclerotic effects of UA, conducting further research is
imperative to comprehensively evaluate its efficacy and potential
clinical applications. This could involve studying its mechanisms of
action in more detail, assessing its safety and tolerability in various
populations, and determining optimal dosing strategies.

CA regulates atherosclerosis through multiple pathways. CA can
inhibit the activity of gastric lipase [126], and regulate the gut
microbiota, increasing fecal excretion, thereby reducing body weight
in mice and rats without altering food intake [126, 127]. In vitro
experiments have shown that the fat production in preadipocytes
treated with CA is suppressed, which may be related to the
suppression of the expression of key transcription factors C/EBPa and
PPARy involved in fat production [128], this effect has been
confirmed in mice, mediated by the EGFR/MAPK pathway [129].
Research by Liao et al. indicates that CA exerts anti-adipogenic effects
in liver tissues of mice treated with bisphenol A by reducing
adipogenic proteins FAS and aP2 and increasing lipolytic protein
adipose triacylglyceride lipase, possibly through the SIRT1/FoxO1
pathway [130]. All these experiments observed a decrease in blood
lipid levels. However, reports of CA directly acting on atherosclerosis
are limited, and there is a lack of comparison with traditional
lipid-lowering drugs. In the limited data, CA appears to demonstrate
stronger weight loss effects rather than anti-atherosclerosis effects.
Therefore, more experiments are needed to understand the
characteristics of this substance.

The anti-atherosclerosis effect of rosemary has been widely reported
[16, 131-135]. In rats treated with rosemary, rosemary extract
reduced total cholesterol, phospholipids, triglycerides, and the
atherosclerosis index. Its lipid-lowering effect may be related to
promoting insulin secretion and inhibiting the activity of
3-hydroxy-3-methylglutaryl coenzyme A reductase [133]. Reports
indicate that rosemary extract can regulate lipid metabolism by
inhibiting the activity of sterol-regulatory element binding proteins
(SREBPs) [16]. The mechanism has been further elucidated in the
extract of Melissa officinalis containing RA. Studies have shown that
the Melissa officinalis extract reduces blood lipids by inhibiting the
expression of SREBP-1c and response genes in fatty acid synthesis
(including FAS, SCD1, and ACC1), reducing the nuclear abundance of
the key transcription factor SREBP-2 for liver cholesterol synthesis,
and inducing bile acid synthesis [134].

In addition, since RA, UA, and CA are all effective components of
rosemary, the pathways involved in the above studies, such as AMPK
and PPARy, may also mediate the anti-atherosclerosis effect of
rosemary [134, 135].

Discussion and conclusion

In recent years, commonly used cardiovascular drugs gradually can
not meet people’s needs, and natural ingredients in plants have
attracted much attention due to their low side effects and stability. As
a traditional herb, rosemary was considered to have the effects of
sweating, strengthening the spleen, calming the nerves, and relieving
pain in ancient times. In the past 20 years, the number of studies on
rosemary has increased significantly. A large number of studies have
shown that rosemary has unique pharmacological effects, especially in
the field of cardiovascular health. Currently, there are some articles
summarizing the pharmacological effects of rosemary and its
components, with most of them mentioning the therapeutic effects of
rosemary on heart disease. Nevertheless, a systematic review
specifically addressing the application of rosemary in the
cardiovascular field is still lacking. This paper summarizes the
pharmacokinetic characteristics of the main components of rosemary
and their pharmacological effects in the treatment of CVDs for the first
time, elucidating its mechanism in addressing a range of conditions
including hypertension, myocardial ischemia, cardiac insufficiency,
and atherosclerosis. It highlights its efficacy in managing diverse
conditions including hypertension, myocardial ischemia, cardiac
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insufficiency, and atherosclerosis. Specifically, rosemary primarily
lowers blood pressure by inhibiting the RAAS system and vascular
endothelium. It enhances cardiac function via antioxidant activity,
suppression of apoptosis, and inhibition of myocardial fibrosis.
Additionally, it combats atherosclerosis through multiple mechanisms,
including promoting fat excretion, augmenting liver uptake,
preventing fat deposition in blood vessels, and bolstering fat
oxidation. In numerous studies, rosemary has demonstrated efficacy
comparable to existing medications, highlighting its potential as a
viable substitute or complement to current therapeutic agents.
Nevertheless, several limitations persist. The majority of current
experiments are conducted on animals, with a notable absence of
long-term human trials involving large populations. This absence
hinders thorough evaluation of rosemary’s safety and potential
adverse effects, and the drug’s interactions with various medications
remain unclear. Further investigation into this promising drug could
yield significant benefits for clinical practice.
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