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Abstract:

Diabetic Cardiomyopathy (DCM) is the condition when people with diabetes mellitus have aberrant myocardial
structure and function without accompanying heart risk factors include severe valve disease, hypertension, and
coronary artery disease. The main goals of conventional treatments for DCM are cardiovascular support and
glycemic management, however new study shows that herbal therapy may be used as an adjunct. Recent
developments in this research looks at the utilisation of phytochemicals and medicinal plants for DCM prevention
and therapy. Many bioactive compounds, including polyphenols, alkaloids, flavonoids, and saponins, have shown
cardioprotective benefits via glucose-lowering, anti-inflammatory, anti-fibrotic, and antioxidant processes.
Prominent herbal ingredients such ginsenosides, resveratrol, curcumin, and berberine have demonstrated
encouraging preclinical and clinical results in reducing oxidative stress, enhancing mitochondrial function, and
modifying signaling pathways related to cardiac remodeling. Standardization, bioavailability, and safety concerns
are among the difficulties in integrating herbal medicines into conventional clinical practice. Novel, integrative
therapy approaches for DCM might be made possible by a better understanding of the molecular targets and
synergistic effects of phytoconstituents. Mechanistic studies and extensive clinical trials should be the main focus

of future research to determine herbal remedies’ efficacy and safety in treating diabetic cardiomyopathy.
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Introduction:

Diabetic Cardiomyopathy (DCM) is a precise myocardial ailment that alter sufferer with diabetes
mellitus (DM) while it is unlinked to ischemic heart disease, high blood pressure, additional other heart
diseases [1]. The characteristics of DCM are structural and functional modification in the heart such as
diastolic and systolic dysfunction, left ventricular hypertrophy, and myocardial fibrosis, and heart attack
risk [2]. The fundamental physiopathological pathway of DCM comprise chronic hyperglycemia,
insulin resistance, oxidative stress, inflammation, mitochondrial dysfunction, endothelial dysfunction,
and cardiomyocyte apoptosis [3]. These pathophysiological modification out-turn in level down of

oxygen supply to the heart, arrhythmias, diastolic dysfunction, endothelial dysfunction, and systolic
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dysfunction & a significant danger of heart attack [4,5]. Intial intervention with glucose management,
heart protective strategy, and phototherapy is important to elude the starting of DCM and its issue, that
can cause heart failure, atrial fibrillation, ventricular tachycardia, and sudden cardiac death [6]. Diabetic
cardiomyopathy (DCM) is associated with the increase in diabetes mellitus, especially type 2 diabetes.
30-60% of diabetic patients exhibit some extent of cardiac dysfunction, and the earliest change is
diastolic dysfunction [7]. Diabetic patients are 2.5-5 times more susceptible to heart failure than non-
diabetic patients. DCM is common in regions where diabetes is common, i.e., South Asia, the Middle
East, and North America, and it is age-related as a consequence of chronic hyperglycemia and metabolic
stress [8]. Traditional treatments of diabetic cardiomyopathy (DCM) are limited by their failure to treat
the multifactorial nature of the disease. The usual treatments target blood glucose levels, blood pressure,
and cholesterol but are not able to totally prevent disease progression or reverse cardiac damage [9].
Taking long term drugs can give complication and is not possible to increase diastolic activity.

Alternative therapies like phototherapy and superfood are best option in the handling of DCM [10].

Therapy of Diabetic Cardiomyopathy with phytochemicals:

As potential pharmaceuticals medications, for the Treatment of diabetic cardiomyopathy (DCM),
phototherapy have improved higher attention due to their ability to target a broad range of
pathophysiological pathway. In research phase and patient trial report, many phytochemical extract
from medicinal plants such as terpenoids, alkaloids, polyphenols, and flavonoids, has confirmed
cardiovascular-friendly [11]. In preclinical and clinical studies, various bioactive compounds derived
from medicinal plants, such as terpenoids, alkaloids, polyphenols, and flavonoids, have shown

cardioprotective properties. [12].

1. Flavonoid

Flavonoids, found in plant-based medicines, have potential in therapy diabetic cardiomyopathy due to
their antioxidant, anti-inflammatory, anti-fibrotic, and heart friendly effects [13]. The phytochemical
found in flavonoids have the strength to resist the oxidative stress and inflammation occur by removing

ROS and control important signaling mechanism such as Nrf2, NF-kB, and PI3K/Akt [14].

Dihydromyricetin (DHM), a flavonoid among Ampelopsis grossedentata, have potent effect for
managing diabetic cardiomyopathy due to its anti-inflammatory, antioxidant, and mitochondrial-
protective features [15]. It stimulates Sirtuin 3, a mitochondrial deacetylase, recover mitochondrial

efficiency and decrease ROS generation [16]. DHM also suppress the NF-xB mechanism, decrease
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sensitivity pro-inflammatory cytokines, and increases glucose and lipid metabolism, suppress lipid

accumulation and insulin resistance [17,18].

2. Polyphenols

Polyphenols, plant compounds with antioxidant, anti-inflammatory, anti-fibrotic, and cardioprotective
activities, are observed to be favorable in the therapy of diabetic cardiomyopathy (DCM) [19,20,21].
They reduce oxidative stress, stimulate glucose metabolism, enhance endothelial function, and depress

myocardial fibrosis. More clinical trials are necessary [22].

Resveratrol, a polyphenol occurs in grapes, red wine, and berries, studies found it has effective against
diabetic cardiomyopathy (DCM) because of its antioxidant, anti-inflammatory, and cardioprotective
activities [23]. Resveratrol initiates the activation of AMP-activated protein kinase, enhances glucose
uptake, and diminishes lipotoxicity, which are essential for DCM therapy [24]. Resveratrol also defends
against mitochondrial function by inducing Sirtuin 1 activity, decreases reactive oxygen species, and

retards the development of DCM [25,26].

Curcumin, one of the predominant turmeric polyphenols, exerts therapeutic effects in diabetic
cardiomyopathy by virtue of its antioxidant, anti-inflammatory, and cardioprotective activities [27,28].
Curcumin activates Nrf2, elevates the activity of antioxidant enzymes, modulates glucose and lipid
metabolism, and suppresses TGF-B/Smad signalling, increasing insulin sensitivity and reducing
myocardial lipotoxicity [29]. Curcumin is also anti-fibrotic in action and attenuates collagen deposition

and myocardial stiffness [30].

3. Terpenoids

Potential treatment drugs for diabetic cardiomyopathy are terpenoids, natural compounds found in
plants with cardioprotective, antioxidant, anti-inflammatory, and anti-fibrotic properties [31]. They
modulate mitochondrial function, lipid metabolism, inflammation, oxidative stress, and cardiac fibrosis
[33]. The main bioactive ginsenoside triterpenoids of Panax ginseng, namely, ginsenosides, in many
researches have proven to possess anti-apoptotic, antioxidant, cardioprotective, and calcium-regulating
effects [33]. Through the modulation of calcium homeostasis, free radical scavenging, and inhibition
of cardiomyocyte apoptosis, these drugs exert beneficial effects on diabetic cardiomyopathy (DCM)
[34]. Ginsenosides help improve heart function and inhibit myocardial fibrosis by reducing oxidative

stress and inflammation [35].
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Astragaloside IV, a bioactive saponin of Astragalus membranaceus, possesses promising
cardioprotective activities in diabetic cardiomyopathy (DCM) by suppressing myocardial fibrosis,
promoting glucose and lipid metabolism, and relieving cardiac damage caused by oxidative stress,

which is the prevalent pathological feature in DCM [36, 37].

4. Alkaloid

Alkaloids, naturally occurring bioactive molecules, have significant therapeutic potential in diabetic
cardiomyopathy due to their cardioprotective, anti-inflammatory, and metabolic modulating properties
[38]. Berberine is a plant isoquinoline alkaloid that has broad research application in its anti-diabetic,
lipid-lowering, anti-inflammatory, and cardioprotective properties. In recent studies, it has been
established that berberine takes part in protecting and treating diabetic cardiomyopathy (DCM) by
amplified glucose metabolism, reduced lipid accumulation [39]. Chronic inflammation and oxidative
stress induce the onset of diabetic cardiomyopathy, leading to fibrosis, apoptosis, and disturbed cardiac
performance. Berberine is an efficacious anti-inflammatory compound in inhibiting limiting the
production of pro-inflammatory cytokines as TNF-a, IL-6, and IL-1f by inhibiting NF-kB signalling
[40]. By raising the levels of glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase
(SOD), berberine also promotes Nrf2-mediated antioxidant activities, and reduces oxidative stress and

ROS-induced cardiomyocyte damage [41].

Other Herbal Extracts and Polyherbal Formulations in the Treatment of Diabetic
Cardiomyopathy:

In addition to individual bioactive molecules such as flavonoids, polyphenols, terpenoids, and alkaloids,
certain other polyherbal and herbal extracts have also been explored for their therapeutic properties in
diabetic cardiomyopathy (DCM) treatment. Such preparations have the potential for synergistic effects,
regulating many of the pathological processes involved in the etiopathogenesis of DCM such as
oxidative stress, inflammation, fibrosis, dyslipidemia, and mitochondrial dysfunction [42,43]. Some

herbal extract discuss below:

1. Panax Notoginseng (Sanqi) — Cardioprotective and Anti-Fibrotic Effects

Panax notoginseng, widely used traditional Chinese medicine, contains notoginsenosides possessing
anti-inflammatory, antioxidant, and anti-fibrotic functions [42]. Notoginsenoside R1, for example,
suppressed TGF-B1/Smad3 signaling and blocked collagen accumulation and myocardial fibrosis of

diabetic hearts [44].
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2. Withania Somnifera (Ashwagandha) — Antioxidant and Anti-Apoptotic Properties

Withania somnifera, also known as Ashwagandha, has been investigated for its adaptogenic and
cardioprotective activities. Ashwagandha is characterized by the presence of withanolides, which
exhibit antioxidant, anti-inflammatory, and anti-apoptotic activity [45]. Research shows that
Ashwagandha modulates Nrf2 signaling, enhancing endogenous antioxidant gene expression such as
SOD, catalase, and glutathione. Ashwagandha also inhibits JNK/p38 MAPK pathways, reducing

cardiomyocyte apoptosis and fibrosis in diabetic hearts [46].

3. Gymnema Sylvestre — Anti-Hyperglycemic and Lipid-Lowering Effects

Gymnema sylvestre, a traditional antidiabetic medicine, contains gymnemic acids that enhance insulin
release, enhance glucose absorption, and reduce lipid levels. Current studies have shown that Gymnema
sylvestre has impacts on AMPK activation regulation, inhibiting cardiac lipid accumulation and

oxidative stress in diabetic cardiomyopathy models [47].

Synergistic effects of polyherbal combinations:

Besides, polyherbal formulations provide synergistic activity, enhancing therapeutic effect by targeting
multiple pathways in DCM. For example, a combination of Moringa, Curcumin, and Tulsi has
antioxidant, anti-inflammatory, and lipid-lowering activity and provides holistic cardioprotection [48].
Similarly, Ashwagandha and Terminalia arjuna synergistically enhance cardiac contractility, reduce
stress-induced damage, and block myocardial hypertrophy. Additionally, formulations like Ayush-82
and Dashmool decoction have been found to be effective in modulating glucose metabolism, blocking
myocardial inflammation, and blocking fibrosis [49]. Synergistic activity of multiple bioactive
molecules in polyherbal formulations not only enhances efficacy but also bioavailability and reduces
side effects, making them a likely alternative in the holistic treatment of diabetic cardiomyopathy.
Clinical confirmation and standardization are, however, essential to ensure universal therapeutic use

[50].
Conclusion:

Herbal therapy has been shown to have potential in the management of diabetic cardiomyopathy due to
its antioxidant, anti-inflammatory, and metabolic effects. Notwithstanding this, poor bioavailability,
lack of standardization, herb-drug interaction, and limited clinical trials remain a challenge. The future

should be directed towards the manufacture of standardized products, extensive trials, and better
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regulatory control. The combination of herbal therapy and standard drug may provide an integrated

modality to the treatment of DCM.
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