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Abstract  

Type 2 diabetes mellitus (T2DM) is a multifactorial metabolic disorder characterized by insulin resistance, chronic 

low-grade inflammation, β-cell dysfunction, oxidative stress, and progressive tissue damage. Emerging evidence 

highlights microRNAs (miRNAs) as key epigenetic regulators integrating metabolic and inflammatory signaling 

networks. However, the miRNA-centered mechanisms underlying many traditional antidiabetic medicinal plants 

remain largely unexplored. The present review proposes a systems biology–based, hypothesis-driven framework 

linking bioactive phytochemicals from five traditional medicinal plants—Urtica dioica (nettle), Eryngium spp. 

(Boughnagh), Cinnamomum spp. (Cinnamon), Silybum marianum (milk thistle), and Citrullus colocynthis (bitter 

apple)—to microRNA-regulated signaling networks involved in T2DM pathophysiology. A narrative systems biology 

approach was employed based on the integration of phytochemical evidence (polyphenols, flavonoids, lignans, 

triterpenoids, and saponins) with experimentally validated miRNA–target interactions reported in metabolic, 

inflammatory, and oxidative stress–related diseases. Indirect mechanistic inference was used to map plant-derived 

compounds onto key miRNA nodes and downstream signaling pathways. The selected medicinal plants are 

hypothesized to modulate a convergent set of miRNAs, including miR-155, miR-146a, miR-21, miR-103/107, miR-

375, miR-34a, miR-122, and miR-29 family. These miRNAs collectively regulate major signaling axes implicated in 

T2DM, including NF-κB, PI3K/Akt, AMPK, TGF-β/Smad, and Nrf2/ARE pathways. The integrative network 

suggests that these phytochemicals may act as multi-target epigenetic modulators rather than single-target agents, 

potentially restoring metabolic homeostasis and attenuating diabetic complications. This review introduces a 

hypothesis-driven microRNA-regulated network pharmacology framework for five traditional antidiabetic medicinal 

plants, providing a conceptual bridge between phytochemistry and systems-level epigenetic regulation in T2DM. 
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Introduction 

Diabetes mellitus (DM) comprises a 

heterogeneous group of metabolic disorders 

characterized primarily by chronic 

hyperglycemia (1). The pathogenesis of DM is 

broadly classified into two major forms: type 1 

diabetes mellitus (T1DM) and type 2 diabetes 

mellitus (T2DM). The T1DM is defined by an 

absolute deficiency of insulin secretion resulting 

from autoimmune-mediated destruction of 

pancreatic β-cells, whereas T2DM, which 

accounts for more than 90% of all diabetes cases 

worldwide, is characterized by peripheral insulin 

resistance accompanied by an inadequate 

compensatory insulin secretory response (2, 3). 

The etiology of T2DM is multifactorial and 

involves a complex interplay between genetic 

predisposition, epigenetic regulation, gut 

microbiota dysbiosis, and acquired risk factors, 

such as obesity, physical inactivity, and 

unhealthy dietary patterns (4). Persistent 

hyperglycemia leads to endothelial dysfunction, 

oxidative stress, and chronic low-grade 

inflammation, thereby contributing to the 

progression of severe diabetic complications. 

These include microvascular complications, such 

as diabetic nephropathy, retinopathy, and 

neuropathy, as well as macrovascular 

complications including cardiovascular and 

cerebrovascular diseases. Collectively, these 

complications represent major determinants of 

increased morbidity, mortality, and reduced 

quality of life in patients with DM (5). At the 

molecular level, the pathophysiology of DM is 

associated with profound alterations in gene 

expression, in which the microRNA -mediated 

regulatory network plays a central role (6, 7). 

MicroRNAs are small non-coding RNA 

molecules, approximately 22 nucleotides in 

length, that regulate gene expression post-

transcriptionally by repressing translation or 

promoting degradation of target messenger 

RNAs (mRNAs) in a sequence-specific manner 

(8). In the diabetic state, this tightly regulated 

epigenetic network becomes dysregulated, 

contributing to widespread metabolic and 

inflammatory disturbances. In particular, the 

downregulation of miRNAs that normally 

restrain inflammatory signaling pathways leads 

to sustained activation of pro-inflammatory 

cascades and excessive production of cytokines, 

thereby exacerbating insulin resistance and tissue 

dysfunction (9, 10). Conversely, aberrant 

upregulation of miRNAs targeting key 

components of the insulin signaling pathway—

including the insulin receptor (INSR) and 

downstream effectors—further impairs insulin 

sensitivity at the cellular level (10). Collectively, 

these dysregulated miRNA profiles establish a 

self-amplifying molecular feedback loop that 

integrates metabolic stress, inflammation, and 

insulin signaling impairment, thereby 

contributing to the initiation and progression of 

diabetic pathology (11). Current pharmacological 

therapies for DM, including metformin, 

sulfonylureas, and glucagon-like peptide-1 

(GLP-1) receptor agonists, exert their therapeutic 

effects through distinct mechanisms, such as 

suppression of hepatic gluconeogenesis, 

stimulation of insulin secretion, and improvement 

of peripheral insulin sensitivity (12-14). 

Although these agents demonstrate well-

established clinical efficacy, their long-term use 

is frequently associated with adverse effects, 

progressive decline in therapeutic responsiveness 

(secondary failure), and limited capacity to fully 

prevent the onset and progression of chronic 

diabetic complications (15). These limitations 

highlight the need for complementary or 

alternative therapeutic strategies with improved 

safety profiles and broader mechanistic coverage. 

In this context, medicinal plants—long utilized in 

traditional, regional, and indigenous medical 

systems, represent a rich source of structurally 

diverse bioactive phytochemicals with potential 

therapeutic relevance in complex metabolic 

disorders, such as DM (16). In contrast to 

conventional single-target drugs, plant-derived 
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extracts typically exert pleiotropic biological 

effects through the simultaneous modulation of 

multiple interconnected signaling pathways. This 

multitarget pharmacological behavior is 

particularly advantageous in the context of 

diabetes, a multifactorial disease driven by 

dysregulated metabolic, inflammatory, and 

oxidative stress networks (17). However, the 

molecular mechanisms underlying the broad 

biological activities of these medicinal plants 

remain incompletely characterized. Accordingly, 

the present review aims to systematically explore 

the signaling pathways regulated by five widely 

used antidiabetic medicinal plants in traditional 

Persian medicine—Urtica dioica (nettle), 

Eryngium spp., Cinnamomum spp. (Cinnamon), 

Silybum marianum (milk thistle), and Citrullus 

colocynthis (bitter apple)—with particular 

emphasis on microRNAs as central epigenetic 

regulators of metabolic and inflammatory 

homeostasis. According to converging evidence 

from phytochemical profiling and the established 

role of microRNA-regulated signaling networks 

in the pathophysiology of T2DM, we propose that 

the therapeutic effects of these plants are unlikely 

to be mediated by single-target pharmacological 

mechanisms. Instead, they may act through 

coordinated, multi-target modulation of 

microRNA-centered regulatory networks. In this 

hypothesis-driven framework, bioactive 

phytochemicals—including polyphenols, 

flavonoids, lignans, triterpenoid saponins, and 

cinnamaldehyde derivatives—are suggested to 

indirectly modulate key microRNAs implicated 

in T2DM, including those involved in 

inflammatory signaling (e.g., miR-155, miR-

146a), insulin resistance (e.g., miR-103/107, 

miR-21), β-cell dysfunction and survival (e.g., 

miR-375, miR-34a, miR-7), oxidative stress 

regulation (e.g., miR-200a), and metabolic 

homeostasis (e.g., miR-122, miR-29 family). 

These microRNAs converge on major signaling 

pathways central to T2DM progression, including 

NF-κB, PI3K/Akt, AMPK, TGF-β/Smad, and 

Nrf2/ARE. Collectively, we hypothesize that 

these medicinal plants function as natural multi-

component network modulators capable of 

partially reprogramming dysregulated epigenetic 

and signaling landscapes in T2DM, thereby 

simultaneously targeting hyperglycemia, insulin 

resistance, chronic inflammation, oxidative 

stress, and diabetic complications. 

 

Methods 

This study was designed as a narrative conceptual 

review based on a structured and comprehensive 

literature search of the scientific evidence. A 

systematic search was conducted across major 

electronic databases, including PubMed, Scopus, 

Web of Science, and Google Scholar, to identify 

relevant publications available up to 2026. To 

capture recent advances in the field, particular 

emphasis was placed on studies published from 

2018 onward. The literature search strategy was 

developed using combinations of controlled 

vocabulary and free-text keywords, including but 

not limited to: “diabetes mellitus,” “type 2 

diabetes,” “microRNA,” “miRNA,” “medicinal 

plants,” “phytochemicals,” “Urtica dioica,” 

“Eryngium,” “Cinnamomum,” “Silybum 

marianum,” “Citrullus colocynthis,” “insulin 

signaling,” “inflammation,” “oxidative stress,” 

and “signal transduction.” Boolean operators 

(AND/OR) were applied to refine and optimize 

search sensitivity and specificity. Eligible studies 

included original research articles, experimental 

studies, and review articles investigating the 

molecular mechanisms, signaling pathways, 

and/or microRNA-associated effects of the 

selected medicinal plants in the context of DM. 

Priority was given to peer-reviewed publications 

with robust experimental design and clear 

mechanistic insights. Studies lacking sufficient 

molecular or mechanistic relevance to the scope 

of this review were excluded. The retrieved 

literature was critically evaluated and 

qualitatively synthesized to generate an 

integrated framework describing the signaling 
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pathways modulated by the selected medicinal 

plants, with a particular focus on microRNA-

mediated regulatory mechanisms in glucose 

homeostasis, insulin signaling, inflammation, and 

oxidative stress. 

 

Results 

MicroRNA-Regulated Network 

Pharmacology of Selected Antidiabetic 

Medicinal Plants 

 

Urtica spp. (Nettle) 

Phytochemical Profile and Bioactive 

Constituents 

Urtica spp. (nettle) has long been recognized in 

traditional medicine for its anti-inflammatory, 

diuretic, and anti-arthritic properties and is 

currently considered one of the most promising 

medicinal plants for the phytotherapeutic 

management of T2DM (18). The genus Urtica 

comprises approximately 50 species, among 

which Urtica dioica and Urtica urens are the 

most widely distributed and extensively studied 

(19). The therapeutic efficacy of Urtica is 

attributed to a synergistic phytochemical network 

rather than a single active constituent. Both aerial 

and root parts contain diverse bioactive 

metabolites, including flavonoids (notably 

quercetin and kaempferol glycosides), phenolic 

acids (e.g., caffeic and chlorogenic acid 

derivatives), phytosterols (particularly β-

sitosterol), lectins, such as Urtica dioica 

agglutinin (UDA), and trace elements, including 

chromium (20-23). Collectively, these 

compounds contribute to its pleiotropic 

pharmacological profile. 

 

Metabolic and Insulin-Signaling Effects 

The antidiabetic effects of Urtica involve 

multiple complementary mechanisms. In the 

gastrointestinal tract, phenolic constituents 

inhibit α-amylase and α-glucosidase, thereby 

delaying carbohydrate digestion and attenuating 

postprandial hyperglycemia (24, 25). At the 

cellular level, flavonoids, such as quercetin, 

enhance insulin signaling via activation of the 

PI3K/Akt pathway, promoting IRS-1 

phosphorylation and GLUT4 translocation, 

which increases peripheral glucose uptake and 

improves insulin sensitivity (26, 27). In parallel, 

Urtica exerts anti-inflammatory effects through 

inhibition of the NF-κB signaling cascade. 

Specifically, suppression of IκB kinase (IKK) 

activity prevents NF-κB nuclear translocation 

and reduces the expression of pro-inflammatory 

cytokines, including TNF-α, IL-6, and IL-1β, 

thereby mitigating inflammation-induced insulin 

resistance (28). In addition, chromium may 

further enhance INSR kinase activity via 

chromodulin-mediated potentiation of insulin 

signaling (29). 

 

microRNA-Mediated Regulatory Effects 

The multitarget pharmacological actions of 

Urtica are likely associated with indirect 

modulation of diabetes-related microRNA 

networks. Rather than directly targeting 

microRNAs, these effects appear to be mediated 

through upstream regulation of inflammatory, 

oxidative, and metabolic signaling pathways 

(30). The proposed miRNA-centered 

mechanisms of Urtica dioica are summarized in 

Figure 1, highlighting its potential indirect 

modulation of miRNAs involved in 

inflammation, insulin resistance, hepatic 

metabolism, and oxidative stress. 

Suppression of NF-κB signaling may restore the 

functional balance of the miR-146a regulatory 

axis (IRAK1/TRAF6), thereby reinforcing 

endogenous anti-inflammatory feedback 

mechanisms in pancreatic islets (31-33). In 

addition, preservation of miR-375 expression 

supports β-cell survival and insulin secretion, 

whereas attenuation of endoplasmic reticulum 

stress may counteract miR-204 upregulation 

associated with β-cell dysfunction (34, 35). At the 

systemic level, Urtica may influence key 

metabolic microRNAs, including miR-223 
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(GLUT4-mediated glucose uptake), miR-21 

(PTEN/PI3K/Akt axis), and miR-200a 

(Nrf2/ARE antioxidant pathway), collectively 

improving insulin responsiveness and oxidative 

stress control (36-42). Endothelial protection may 

involve restoration of miR-126 and miR-145, 

contributing to vascular homeostasis (43-47), 

whereas regulation of miR-29 and miR-122 may 

attenuate fibrosis and improve lipid metabolism 

in renal and hepatic tissues (48-55). 

 

 

 

Cellular Stress and Senescence Pathways 

By reducing oxidative stress and chronic 

inflammation, Urtica may also modulate 

senescence-associated microRNAs, particularly 

miR-34a, a p53-responsive regulator of apoptosis 

and mitochondrial dysfunction (56-59). 

Concurrently, restoration of the let-7 family may 

contribute to improved cellular differentiation, 

insulin sensitivity, and metabolic stability in 

diabetic conditions (60-62). Table 1 presents the 

predicted microRNA-mediated regulatory 

network of Urtica dioica in T2DM.  

  

Table 1. Predicted microRNA-mediated regulatory network of Urtica dioica in T2DM 

microRNA 

Role in T2DM 

pathophysiology (in untreated 

state) 

Hypothesized modulation by Urtica 

dioica 

Main signaling 

pathway 

miR-146a Downregulated; contributes to 

NF-κB overactivation and 

chronic inflammation 

Upregulated; suppresses TRAF6/IRAK1 

signaling and inflammatory response NF-κB 

miR-375 Dysregulated; decreased 

expression promotes β-cell 

apoptosis 

Stabilization/restoration; supports β-cell 

survival and insulin secretion 

β-cell 

function/insulin 

secretion 

miR-126 Reduced; associated with 

endothelial dysfunction and 

vascular complications 

Upregulated; suppresses VCAM-1 and 

improves endothelial integrity 

Endothelial 

function/VEGF 

signaling 

miR-21 Upregulated; suppresses PTEN 

and impairs insulin signaling 

Downregulated; restores PTEN activity 

and improves insulin sensitivity 
PI3K/Akt 

miR-29 

family 

Downregulated; promotes 

extracellular matrix 

accumulation and fibrosis 

Upregulated; inhibits pro-fibrotic gene 

expression 
TGF-β/anti-fibrotic 

pathway 

miR-223 Dysregulated; impairs GLUT4-

mediated glucose uptake 

Modulated toward physiological levels; 

improves glucose transport 

Glucose 

uptake/GLUT4 

miR-200a Upregulated; suppresses Nrf2-

mediated antioxidant defense 

Downregulated; restores Nrf2 activity 

and antioxidant response 
Nrf2/ARE 

miR-122 Reduced; associated with 

hepatic steatosis and lipid 

dysregulation 

Upregulated; improves hepatic lipid 

metabolism 
Hepatic lipid 

metabolism 

let-7 family Downregulated; linked to 

metabolic instability and 

impaired homeostasis 

Upregulated; supports metabolic 

regulation and cellular homeostasis 
Ras/metabolic 

regulation 
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miR-204 Upregulated; promotes β-cell 

apoptosis via ER stress 

pathways 

Downregulated (putative); alleviates ER 

stress and oxidative damage ER stress/UPR 

miR-34a Upregulated; associated with 

cellular senescence and 

mitochondrial dysfunction 

Downregulated (putative); mediated via 

AMPK/Nrf2 activation p53/oxidative stress 

miR-145 Downregulated; contributes to 

vascular dysfunction and plaque 

instability 

Upregulated (putative); improves 

vascular homeostasis and reduces AGE–

RAGE signaling 

AGE–

RAGE/vascular 

function 

 

 

Figure 1. Network-based phytotherapy and microRNA-regulated network pharmacology model of five traditional 

antidiabetic medicinal plants in T2DM. 

This schematic represents a systems biology framework underlying the multi-target antidiabetic effects of five traditional medicinal 

plants (Urtica dioica, Eryngium spp., Cinnamomum spp., Silybum marianum, and Citrullus colocynthis). The model illustrates 

plant-derived bioactive phytochemical classes, including polyphenols, flavonoids, triterpenoid saponins, lignans, and cucurbitacins, 

as upstream modulators of epigenetic regulation in key metabolic organs, including pancreatic β-cells, liver, adipose tissue, skeletal 

muscle, and vascular endothelium. Central to this framework is a microRNA (miRNA)-mediated regulatory network comprising 
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pro-diabetic miRNAs (e.g., miR-155, miR-21, miR-103/107, and miR-34a) and protective metabolic miRNAs (e.g., miR-146a, 

miR-375, miR-200a, miR-122, and the miR-29 family). These miRNAs integrate major pathological processes in T2DM, including 

inflammation, insulin resistance, β-cell dysfunction, oxidative stress, and metabolic dysregulation. Downstream of this regulatory 

layer, the miRNA network converges on key signaling pathways such as NF-κB, JAK/STAT, PI3K/Akt, AMPK, Nrf2/ARE, and 

TGF-β/Smad, which collectively modulate metabolic homeostasis across target organs. Overall, the model emphasizes a multi-

target, network-based pharmacological mechanism in which phytochemical combinations from traditional medicinal plants act as 

epigenetic regulators, restoring insulin sensitivity, attenuating inflammation and oxidative stress, and reducing the progression of 

diabetic complications through coordinated modulation of miRNA-centered signaling networks. 

 

Eryngium spp. (Booghnagh) 

Phytochemical Profile and Bioactive 

Constituents 

The genus Eryngium (family Apiaceae), 

commonly known as Booghnagh or Zool in 

traditional Persian medicine, is among the most 

extensively used medicinal plants for the 

management of DM (63). Unlike typical soft-

stemmed members of Apiaceae, Eryngium 

species are characterized by a rigid, leathery, and 

spiny morphology with compact globular 

inflorescences surrounded by blue, silver, or 

purple bracts (64). The genus comprises 

approximately 250 species distributed across 

diverse ecological regions worldwide, with more 

than ten species reported in Iran. Among these, 

Eryngium billardieri and related taxa are most 

commonly cited in traditional Iranian medicine as 

“Booghnagh” (64). The phytochemical profile of 

Eryngium is dominated by triterpenoid saponins 

and a wide range of phenolic compounds, 

including flavonoids (e.g., quercetin and rutin) 

and phenolic acids, such as rosmarinic and caffeic 

acid. Inulin-type fructans are highly concentrated 

in the roots, along with minor polyacetylenes and 

volatile terpenoids, collectively forming a 

complex synergistic phytochemical matrix (65, 

66). This chemical diversity underlies its broad 

pharmacological potential. 

 

Metabolic and Antidiabetic Mechanisms 

The antidiabetic effects of Eryngium are 

mediated through multiple complementary 

pathways. Triterpenoid saponins exert 

insulinotropic effects via modulation of ATP-

sensitive potassium (KATP) channels in 

pancreatic β-cells, leading to membrane 

depolarization, Ca²⁺ influx, and enhanced insulin 

secretion. Concurrently, phenolic constituents 

protect β-cells against glucotoxicity- and 

lipotoxicity-induced dysfunction, preserving 

insulin secretory capacity (63). In addition, 

Eryngium attenuates oxidative stress and 

inflammation, key contributors to insulin 

resistance. Flavonoids and phenolic acids 

scavenge reactive oxygen species (ROS) and 

activate the Nrf2/ARE pathway, increasing 

antioxidant enzymes, such as superoxide 

dismutase (SOD) and catalase (CAT). 

Simultaneously, suppression of NF-κB signaling 

reduces pro-inflammatory cytokines including 

TNF-α and IL-6, thereby improving insulin 

sensitivity (63, 64, 67). Within the 

gastrointestinal tract, inhibition of α-amylase and 

α-glucosidase delays carbohydrate absorption 

and reduces postprandial hyperglycemia (68). 

Inulin further acts as a prebiotic, promoting short-

chain fatty acid (SCFA) production and 

stimulating GLP-1 secretion, thereby enhancing 

glucose-dependent insulin release (69). At the 

hepatic level, Eryngium may suppress 

gluconeogenesis via downregulation of glucose-

6-phosphatase (G6Pase) and 

phosphoenolpyruvate carboxykinase (PEPCK). 

Additionally, activation of the PI3K/Akt pathway 

enhances GLUT4 translocation in peripheral 

tissues, improving glucose uptake and systemic 

insulin sensitivity (27). 

 

MicroRNA-Related Mechanistic Hypothesis 

Despite strong experimental evidence supporting 

the antidiabetic effects of Eryngium, no direct 

studies have yet examined its effects on 

microRNA expression profiles in diabetes-related 
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systems. However, its phytochemical 

constituents—particularly quercetin, caffeic acid, 

and rosmarinic acid—have been shown in 

independent studies to modulate key diabetes-

associated microRNAs (70-73).  Accordingly, as 

illustrated in Figure 1, part of the antidiabetic 

activity of Eryngium may be mediated through 

indirect epigenetic regulation of microRNA 

networks, primarily via upstream modulation of 

inflammatory, oxidative, and metabolic 

pathways. 

 

Inflammation-Related microRNA Modulation 

One proposed mechanism involves suppression 

of miR-155, a central pro-inflammatory 

microRNA that enhances JAK/STAT and NF-κB 

signaling through targeting SOCS1 (74-77). 

Downregulation of miR-155 may therefore 

attenuate chronic inflammatory responses. 

Conversely, upregulation of miR-146a may 

establish a negative feedback loop by inhibiting 

NF-κB activity, thereby limiting excessive 

inflammation (78). Furthermore, combined 

evidence suggests that microbial metabolites, 

such as butyrate, particularly when co-

administered with inulin, can increase miR-146a-

5p and miR-9-5p expression while suppressing 

TLR2/4, NF-κB1, and inflammasome 

components. These effects collectively reduce 

pyroptosis via targeting of TLR2 and NF-κB 

signaling pathways (79). Although promising, the 

direct relevance of these mechanisms to 

Eryngium phytocomplexes remains unconfirmed. 

 

β-Cell Protection and Stress-Related microRNAs 

Reduction of oxidative stress may indirectly 

suppress miR-34a, a stress-responsive microRNA 

involved in β-cell apoptosis and dysfunction (56-

59). This effect is likely mediated through ROS 

scavenging, Nrf2 activation, and anti-

inflammatory signaling. In parallel, maintenance 

of miR-375 expression may support β-cell 

identity and insulin secretion, although direct 

evidence in Eryngium is currently lacking (80). 

 

Nrf2/miR-200a Regulatory Axis 

Another proposed mechanism involves miR-

200a, which negatively regulates the Nrf2 

antioxidant pathway (42). Suppression of miR-

200a could theoretically enhance endogenous 

antioxidant defenses. However, this interaction 

has only been confirmed for isolated compounds 

and requires further validation in the context of 

the full Eryngium phytochemical matrix. 
 

 

Additional microRNA Networks and Systemic 

Effects 

The pleiotropic effects of Eryngium on 

inflammation, oxidative stress, and metabolic 

regulation may secondarily influence additional 

diabetes-associated microRNAs, including miR-

122 (51, 54), miR-33a/b (81, 82), and members 

of the miR-29 family (48-50). These effects are 

likely indirect, mediated by improved hepatic 

metabolic function, activation of AMP-activated 

protein kinase (AMPK), and suppression of 

fibrotic signaling pathways. Table 2 presents the 

predicted microRNA-mediated regulatory 

network of Eryngium spp. in T2DM. 

Table 2. Predicted microRNA-mediated regulatory network of Eryngium spp. in T2DM 

microRNA 
Role in T2DM pathophysiology 

(untreated state) 

Hypothesized modulation by 

Eryngium spp. 

Main signaling 

pathway 

miR-146a 

Downregulated; associated with 

NF-κB overactivation and chronic 

inflammation 

Upregulation via suppression of 

NF-κB signaling mediated by 

flavonoids and phenolic acids 

NF-κB 

miR-375 

Dysregulated; reduced expression 

promotes β-cell apoptosis and 

impaired insulin secretion 

Stabilization/restoration through 

reduction of oxidative stress and β-

cell protection 

β-cell survival/insulin 

secretion 
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miR-155 

Upregulated; enhances 

inflammatory responses and 

tissue injury 

Downregulation via inhibition of 

pro-inflammatory signaling 

pathways (NF-κB, AP-1) by 

polyphenols 

NF-κB/AP-1 

miR-29 

family 

(a/b/c) 

Downregulated; contributes to 

extracellular matrix accumulation 

and organ fibrosis 

Upregulation via attenuation of 

TGF-β/Smad signaling, potentially 

mediated by quercetin and 

kaempferol 

TGF-β/anti-fibrotic 

pathway 

miR-200a 

Upregulated; suppresses Nrf2 

signaling and weakens 

antioxidant defense 

Downregulation leading to 

restoration of Nrf2/ARE 

antioxidant response 

Nrf2/ARE 

miR-122 

Downregulated; associated with 

hepatic lipid accumulation and 

dyslipidemia 

Upregulation via AMPK activation 

and improved lipid metabolism 
Hepatic lipid 

metabolism/AMPK 

miR-34a/b 

Upregulated; promotes cellular 

senescence and β-cell/ endothelial 

apoptosis 

Downregulation through 

antioxidant effects and potential 

activation of SIRT1 signaling 

p53/SIRT1/oxidative 

stress 

miR-221/222 

Upregulated; associated with 

pathological angiogenesis and 

vascular smooth muscle 

proliferation 

Downregulation potentially 

reducing VEGF-driven abnormal 

angiogenesis 
VEGF/angiogenesis 

 

Cinnamomum spp. (Cinnamon) 

Phytochemical Profile and Bioactive 

Constituents 

Cinnamon is the dried inner bark of trees 

belonging to the genus Cinnamomum (family 

Lauraceae) and represents one of the most 

important medicinal-food spices with a long 

history in traditional and modern pharmacopoeias 

(83). Beyond its culinary applications, cinnamon 

has been extensively investigated as an 

adjunctive agent in the management of 

dysglycemia and metabolic syndrome, 

particularly T2DM (84). From a pharmacognostic 

perspective, distinguishing between commercial 

species is of clinical relevance. Cinnamomum 

verum (C. zeylanicum), known as Ceylon 

cinnamon or “true cinnamon,” differs 

substantially from cassia species, including C. 

burmannii, C. cassia, C. loureiroi, and C. 

citriodorum (85). A key distinction lies in 

coumarin content, which is significantly higher in 

cassia species and may pose hepatotoxicity risks 

upon long-term high-dose consumption; 

therefore, C. verum is generally preferred for 

therapeutic applications (85). The phytocomplex 

of cinnamon is highly complex and consists of 

volatile and non-volatile fractions. The volatile 

fraction is dominated by cinnamaldehyde (60–

90%), along with eugenol and cinnamic acid 

derivatives, contributing to antimicrobial, anti-

inflammatory, and organoleptic properties (86). 

The non-volatile fraction contains key bioactive 

compounds, including type A proanthocyanidins 

and methylhydroxychalcone polymers (MHCP), 

which are proposed to exert insulin-mimetic 

effects. Additional constituents, such as catechin, 

epicatechin, quercetin, and kaempferol, further 

contribute to antioxidant and anti-inflammatory 

activity. Trace elements, including manganese, 

calcium, iron, and chromium, may also support 

insulin signaling, potentially via glucose 

tolerance factor (GTF)-related mechanisms (86). 

 

Insulin Signaling and Metabolic Regulation 

Experimental evidence suggests that cinnamon 

and its bioactive constituents modulate multiple 

pathways involved in glucose homeostasis. One 

proposed mechanism involves enhancement of 

insulin signaling through increased 

phosphorylation of the INSR and downstream 

effectors. This effect has been partly attributed to 

inhibition of negative regulators, such as protein 

tyrosine phosphatase 1B (PTP1B), resulting in 

prolonged INSR activation; however, clinical 
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validation remains limited (87, 88). In addition, 

activation of AMPK has been proposed as an 

insulin-independent mechanism. 

Cinnamaldehyde and polyphenolic compounds 

may activate AMPK by modulating cellular 

energy status or upstream kinases, leading to 

increased glucose uptake and suppression of 

gluconeogenesis (89, 90). Cinnamon may also 

influence the Akt signaling pathway, where 

enhanced Akt activity inhibits glycogen synthase 

kinase-3β (GSK-3β), thereby promoting 

glycogen synthesis and storage (91, 92). 

However, most evidence is derived from 

preclinical models, and translational relevance 

requires further confirmation. 

 

Gastrointestinal Effects on Glucose Homeostasis 

At the intestinal level, cinnamon polyphenols 

inhibit α-amylase and α-glucosidase, thereby 

delaying carbohydrate digestion and glucose 

absorption. This mechanism contributes to 

attenuation of postprandial hyperglycemia and 

represents one of the most physiologically 

relevant and well-supported antidiabetic actions 

of cinnamon (93). 

 

microRNA-Mediated Regulatory Effects 

Emerging evidence suggests that cinnamon may 

modulate microRNA networks involved in 

insulin signaling, inflammation, lipid 

metabolism, and oxidative stress. 

The proposed molecular mechanisms of 

Cinnamomum spp. are illustrated in Figure 1, 

emphasizing potential miRNA-mediated 

regulation of insulin signaling, pancreatic β-cell 

function, inflammation, and oxidative stress. 

 

 However, the current body of evidence is 

primarily derived from preclinical studies, and 

clinical validation is still lacking. Among the 

most studied targets, miR-103 and miR-107 have 

been implicated in insulin resistance through 

suppression of INSR expression. Experimental 

studies indicate that polyphenol-rich cinnamon 

extracts may reduce the expression of these 

miRNAs in metabolic tissues, accompanied by 

improvements in insulin signaling; however, 

causality in humans has not been established (89, 

94-97). Cinnamon polyphenols have also been 

associated with modulation of miR-223, a 

microRNA involved in glucose uptake and 

insulin responsiveness (98). In addition, 

alterations in miR-122 expression have been 

reported in animal models, suggesting potential 

effects on hepatic lipid metabolism and steatosis 

(99). Nonetheless, translational evidence remains 

insufficient. From an inflammatory perspective, 

upregulation of miR-146a has been observed 

following cinnamaldehyde, a bioactive 

compound derived from cinnamon, treatment in 

experimental systems, potentially contributing to 

negative regulation of NF-κB signaling and 

attenuation of inflammatory responses (100). 

Conversely, downregulation of miR-155 has been 

reported in preclinical models, suggesting a 

potential anti-inflammatory mechanism (101). 

However, these effects require confirmation in 

well-designed clinical trials. Overall, available 

evidence supports the hypothesis that epigenetic 

modulation of diabetes-associated miRNAs may 

contribute to the pleiotropic metabolic effects of 

cinnamon. Nevertheless, current findings remain 

predominantly preclinical, and further 

mechanistic and clinical studies are required to 

clarify the causal relationships between 

cinnamon supplementation, miRNA regulation, 

and metabolic outcomes in T2DM. Table 3 

presents the predicted microRNA-mediated 

regulatory network of Cinnamomum spp. in 

T2DM. 

 

Table 3. Predicted microRNA-mediated regulatory network of Cinnamomum spp. in T2DM 
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microRNA 

Role in T2DM 

pathophysiology (untreated 

state) 

Hypothesized modulation by 

Cinnamon 
Main signaling pathway 

miR-146a 

Downregulated; associated 

with NF-κB overactivation and 

chronic low-grade 

inflammation 

Upregulation and functional 

restoration, potentially 

secondary to reduced 

inflammatory burden mediated 

by cinnamon polyphenols 

NF-κB 

miR-155 

Upregulated; promotes 

inflammatory signaling and 

tissue damage 

Downregulation through 

attenuation of NF-κB– and 

JAK/STAT–mediated 

inflammatory pathways 

NF-κB/JAK-STAT 

miR-122 

Downregulated; associated 

with hepatic lipid 

accumulation and dyslipidemia 

Upregulation via improvement of 

insulin sensitivity and regulation 

of lipid metabolism (e.g., 

SREBP-1c axis) 

Hepatic lipid 

metabolism/SREBP-1c 

miR-223 

Dysregulated; contributes to 

low-grade inflammation in 

metabolic tissues and insulin 

resistance 

Modulation toward physiological 

levels, associated with reduced 

inflammatory signaling in 

adipose and hepatic tissues 

NLRP3 

inflammasome/inflammation 

miR-

103/107 

Upregulated; implicated in 

insulin resistance through 

targeting caveolin-1 (Cav-1) 

and impairing INSR signaling 

Downregulation, potentially 

restoring Cav-1 expression and 

improving insulin signaling 

sensitivity 

Insulin signaling/Cav-1/IRS 

pathway 

Silybum marianum (Milk thistle) 

Phytochemical Profile and Bioactive 

Constituents 

Silymarin is an important plant-derived bioactive 

compound obtained from the seeds and fruits of 

Silybum marianum (milk thistle). It is a complex 

mixture of flavonolignans, with silybin (also 

known as silibinin) being the major and most 

biologically active component. Other 

constituents of silymarin include silydianin, 

silychristin, and isosilybin. Due to its diverse 

pharmacological properties, including 

antioxidant, anti-inflammatory, hepatoprotective, 

and cytoprotective effects, silymarin has attracted 

considerable attention in the prevention and 

treatment of various pathological conditions 

(102, 103).  Beyond its traditional applications, 

this species has gained considerable attention in 

metabolic disorders, particularly T2DM, due to 

its pleiotropic bioactive profile (104). The 

principal bioactive complex of S. marianum is 

silymarin, a lipophilic mixture of flavonolignans 

predominantly concentrated in the fruits (seeds), 

accounting for approximately 1.5–3% of dry 

weight. Silymarin consists of several structural 

isomers, including silybin (silibinin A and B, the 

most abundant and biologically active 

component), isosilybin, silychristin, and 

silydianin, along with minor flavonoids, such as 

taxifolin. The plant also contains 20–30% fixed 

oil rich in unsaturated fatty acids (linoleic and 

oleic acids), sterols, and other lipophilic 

constituents that collectively contribute to its 

pharmacological activity (102, 103). 

 

Pharmacological Mechanisms in Metabolic 

Regulation 

Silymarin exerts multitarget metabolic effects 

through complementary mechanisms involved in 

glucose homeostasis, insulin sensitivity, 

oxidative stress, and inflammation. At the 

gastrointestinal level, silymarin may indirectly 
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attenuate postprandial hyperglycemia by 

improving systemic insulin sensitivity and 

modulating carbohydrate metabolism (105). At 

the cellular level, silymarin enhances insulin 

signaling by increasing phosphorylation of 

insulin receptor substrate-1 (IRS-1) and 

activating the PI3K/Akt pathway. This results in 

enhanced translocation of GLUT4 to the plasma 

membrane in skeletal muscle and adipose tissue, 

thereby improving peripheral glucose uptake and 

glycemic control (106). Furthermore, silymarin 

acts as a partial agonist of peroxisome 

proliferator-activated receptor gamma (PPAR-γ), 

a nuclear receptor targeted by thiazolidinedione 

drugs, playing a central role in adipocyte 

differentiation, lipid metabolism regulation, and 

improvement of insulin sensitivity (105-108). In 

the liver, silymarin suppresses gluconeogenesis 

through downregulation of key enzymes, 

including PEPCK and G6Pase. These effects are 

partly mediated via activation of AMPK, 

contributing to improved hepatic glucose 

homeostasis (109). Silymarin also exhibits potent 

antioxidant and anti-inflammatory activities 

through activation of the Nrf2 signaling pathway, 

leading to upregulation of endogenous 

antioxidant enzymes, such as SOD, CAT, and 

glutathione peroxidase (GPx). Concurrently, it 

inhibits NF-κB activation, thereby reducing pro-

inflammatory cytokines including TNF-α and IL-

6, which collectively protect against insulin 

resistance and β-cell dysfunction (110, 111). 

Additionally, silymarin inhibits non-enzymatic 

protein glycation, contributing to the prevention 

of long-term diabetic complications such as 

nephropathy and retinopathy (112). 

 

Epigenetic Regulation via microRNAs 

The molecular mechanisms underlying the effects 

of silibinin, the most active constituent of 

silymarin, on microRNAs in the context of 

diabetes and its complications represent a 

relatively new and rapidly evolving area of 

research. Emerging evidence suggests that part of 

the metabolic and anti-inflammatory effects of 

silymarin may be mediated through the regulation 

of microRNA expression. Among these, miR-34a 

and miR-122 have been directly investigated in 

experimental models (113-115). Downregulation 

of miR-34a has been associated with increased 

expression of Bcl-2 and reduced cellular 

apoptosis, whereas normalization of miR-122 

expression contributes to improved lipid 

homeostasis and attenuation of hepatic steatosis. 

In addition, silymarin has been shown to 

modulate inflammation-related microRNAs, 

including miR-21 and members of the miR-29 

family (116). 

As summarized in Figure 1, Silybum marianum 

may influence miRNA-centered regulatory 

networks involved in hepatic metabolism, 

inflammation, oxidative stress, and tissue 

fibrosis, particularly through pathways associated 

with miR-122, miR-21, and the miR-29 family. 

Inhibition of miR-21, a well-characterized pro-

fibrotic and pro-inflammatory microRNA (40), 

together with upregulation of miR-29, a negative 

regulator of extracellular matrix gene expression 

(48), may represent a plausible mechanism 

underlying the protective effects of silymarin 

against chronic diabetic complications, such as 

nephropathy and tissue fibrosis. Mechanistically, 

this effect may be linked to silymarin-mediated 

suppression of NF-κB signaling and attenuation 

of oxidative stress, which in turn could lead to 

downstream regulation of miR-21 and miR-29 

expression, ultimately reducing extracellular 

matrix accumulation and fibrotic remodeling. 

Other microRNAs, including miR-155, miR-

146a, and the miR-221/222 cluster, may also be 

indirectly involved in the metabolic effects of 

silymarin. These actions are thought to occur 

primarily through modulation of inflammatory 

signaling pathways and endothelial function. 

However, the current evidence is largely indirect 

and predominantly derived from preclinical 

studies, and therefore requires further validation 

in clinical settings. Table 4 presents the predicted 
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microRNA-mediated regulatory network of 

Silybum marianum in T2DM. 

 

Citrullus colocynthis (Bitter apple) 

Phytochemical Profile and Bioactive 

Constituents 

Citrullus colocynthis (L.) Schrad., commonly 

known as bitter apple, colocynth, or desert gourd, 

is a perennial herbaceous plant belonging to the 

family Cucurbitaceae. It is a drought-tolerant 

desert species characterized by long, angular, 

creeping stems that spread extensively across the 

ground (117). The plant is distinguished by 

spherical fruits measuring approximately 5–10 

cm in diameter, with a smooth, hard rind that 

changes from green with pale stripes to uniform 

yellow upon maturation. The fruit contains a 

spongy, white, intensely bitter pulp enclosing 

numerous flattened, ovoid seeds (117). From a 

pharmacognostic perspective, the medicinal 

material known as colocynth consists of the dried 

pulp of fully developed but unripe fruits after 

removal of the seeds. The remarkable 

pharmacological activity, as well as the well-

recognized toxicity of the plant, is primarily 

attributed to highly bitter tetracyclic triterpenoids 

known as cucurbitacins, particularly cucurbitacin 

E and cucurbitacin I glycosides. These 

compounds are responsible for the potent 

cathartic effects of the plant through intense 

irritation of the gastrointestinal mucosa (118, 

119). In addition to cucurbitacins, C. colocynthis 

contains small amounts of alkaloids, flavonoids, 

phenolic compounds, and fixed oils rich in 

unsaturated fatty acids, particularly linoleic and 

oleic acids. Unlike cucurbitacins, these lipid 

constituents are considered non-toxic and, in 

certain regions, are used as edible oils (119). 

Although C. colocynthis has been used since 

antiquity as a traditional hypoglycemic remedy, 

modern pharmacological studies have also 

demonstrated its potential antidiabetic, 

hypolipidemic, cytotoxic, and anticancer 

properties (120, 121). Nevertheless, because 

cucurbitacins possess a considerably narrow 

therapeutic index, with excessive exposure 

capable of inducing severe gastrointestinal 

inflammation and potentially life-threatening 

systemic toxicity, the therapeutic application of 

C. colocynthis requires careful extract 

standardization and rigorous clinical safety 

evaluation. 

 

Table 4. Predicted microRNA-mediated regulatory network of Silybum marianum in T2DM 

microRNA 

Role in diabetic 

pathophysiology 

(in untreated state) 

Proposed modulation by 

Silybum marianum 

Main signaling 

pathway 

miR-146a 

Downregulated; contributes to 

sustained activation of NF-κB and 

chronic inflammation 

Upregulation; restoration of this 

negative feedback regulator 

attenuates inflammatory signaling. 

NF-κB 

miR-155 

Upregulated; promotes 

inflammatory cytokine production 

and insulin resistance 

Downregulation; reduction of 

inflammatory burden and partial 

preservation of insulin signaling 

integrity. 

NF-κB/JAK-

STAT/insulin signaling 

miR-29 

family 

(a/b/c) 

Downregulated; associated with 

enhanced extracellular matrix 

deposition and fibrosis 

Upregulation; suppression of 

ECM-related gene expression and 

attenuation of fibrotic remodeling 

TGF-β/Smad 
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miR-122 

Downregulated; linked to 

dysregulated lipid metabolism and 

hepatic steatosis 

Normalization/upregulation; 

improvement of hepatic lipid 

homeostasis and reduction of 

steatosis 

SREBP-1c/lipid 

metabolism 

miR-34a 

Upregulated; promotes β-cell 

dysfunction, apoptosis, and 

cellular senescence 

Downregulation; enhanced cell 

survival through reduced p53-

associated apoptotic signaling and 

increased Bcl-2 activity 

p53/Bcl-2 apoptosis axis 

miR-

221/222 

Upregulated; associated with 

vascular dysfunction and 

pathological angiogenesis 

Downregulation; suppression of 

abnormal endothelial proliferation 

and vascular remodeling 

PI3K/Akt/MAPK 

miR-21 Upregulated; promotes fibrosis, 

inflammation, and metabolic 

dysfunction via PTEN suppression 

Downregulation; restoration of 

PTEN activity and inhibition of 

profibrotic signaling 

PTEN/PI3K/Akt/TGF-β 

 

Pharmacological Mechanisms of Citrullus 

colocynthis in Diabetes Signaling 

Available evidence suggests that C. colocynthis 

exerts multitarget antidiabetic effects through 

bioactive constituents, particularly cucurbitacins, 

acting on the pancreas, liver, and peripheral 

insulin-responsive tissues. Collectively, these 

mechanisms contribute to improved glucose 

homeostasis and glycemic control. The proposed 

miRNA-mediated mechanisms of Citrullus 

colocynthis are presented in Figure 1, illustrating 

its potential indirect effects on inflammatory, 

metabolic, oxidative stress, β-cell, and vascular 

regulatory networks. Within the pancreas, 

experimental studies have demonstrated that C. 

colocynthis extracts stimulate insulin secretion 

(120). This insulinotropic activity has been 

proposed to involve KATP channel-dependent 

signaling in pancreatic β-cells, leading to 

membrane depolarization, increased Ca²⁺ influx, 

and calcium-dependent exocytosis of insulin-

containing granules. However, the precise 

molecular pathways remain incompletely 

characterized and require further investigation 

(121, 122). Concurrently, the potent antioxidant 

activity of C. colocynthis protects pancreatic β-

cells against glucotoxicity- and lipotoxicity-

induced oxidative stress, thereby supporting β-

cell survival and functional integrity. These 

cytoprotective effects appear to be mediated 

through enhancement of endogenous antioxidant 

defense systems, including increased activities of 

SOD, CAT, and GPx (123, 124). In peripheral 

tissues, constituents of C. colocynthis may 

alleviate insulin resistance through enhancement 

of insulin signaling, particularly via activation of 

the PI3K/Akt pathway. Activation of this 

signaling cascade promotes GLUT4 translocation 

to the plasma membrane in skeletal muscle and 

adipose tissue, thereby increasing peripheral 

glucose uptake and contributing to attenuation of 

postprandial hyperglycemia (125, 126). At the 

hepatic level, suppression of endogenous glucose 

production represents another important 

mechanism of action. Activation of AMPK 

inhibits key gluconeogenic regulators, including 

PGC-1α and FOXO1, resulting in reduced 

expression of PEPCK and G6Pase, and 

consequently decreasing hepatic glucose output 

(127). In addition, inhibition of digestive 

enzymes α-amylase and α-glucosidase slows 

carbohydrate digestion and glucose absorption, 

thereby attenuating postprandial glycemic 

excursions. Furthermore, the anti-inflammatory 

properties of cucurbitacins, mediated through 

suppression of NF-κB signaling and reduced 
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production of pro-inflammatory cytokines, such 

as tumor necrosis factor-alpha (TNF-α) and 

interleukin-6 (IL-6), may indirectly improve 

insulin sensitivity (128). 

 

Epigenetic Modulation of Citrullus colocynthis 

Through microRNAs 

Direct evidence regarding the epigenetic effects 

of whole Citrullus colocynthis extracts on 

microRNA  expression in diabetes remains 

limited and fragmented. Nevertheless, based on 

available evidence concerning cucurbitacins, a 

hypothesis-driven framework can be proposed to 

explain the potential miRNA-mediated 

mechanisms underlying the antidiabetic effects of 

this medicinal plant. Since many miRNAs and 

signaling pathways targeted by cucurbitacins in 

cancer are also implicated in metabolic disorders, 

including DM, cautious extrapolation of these 

findings appears biologically plausible. 

Accordingly, cucurbitacins may improve insulin 

signaling by modulating miRNAs involved in 

insulin resistance and chronic inflammation, 

particularly miR-21 and miR-155. 

Downregulation of miR-21 may restore the 

expression of its target gene PTEN, thereby 

modulating the PI3K/Akt signaling pathway and 

improving insulin responsiveness (40). Likewise, 

suppression of miR-155, a key regulator of 

inflammatory signaling, may attenuate chronic 

inflammation and consequently enhance insulin 

sensitivity (74). In addition, activation of AMPK 

by C. colocynthis has been hypothesized to occur, 

at least in part, through inhibition of miR-451, 

leading to derepression of its upstream kinase 

LKB1 and subsequent activation of AMPK 

signaling (129). Conversely, C. colocynthis may 

promote the expression of protective miRNAs 

involved in pancreatic β-cell homeostasis. 

Upregulation of the let-7 family (130), miR-7 

(131), and miR-375 (34) could contribute to the 

preservation of β-cell survival, differentiation, 

and insulin secretory function under diabetic 

conditions. Furthermore, increased expression of 

the miR-29 family may represent an epigenetic 

mechanism through which cucurbitacins 

attenuate extracellular matrix deposition and 

tissue fibrosis, thereby slowing the progression of 

chronic diabetic complications (49). At the 

vascular level, modulation of miRNA networks 

may also contribute to the protective effects of C. 

colocynthis. Suppression of the miR-17–92 

cluster (132), together with enhanced expression 

of the vasculoprotective miR-143/145 cluster (46, 

47, 133), could potentially improve vascular 

homeostasis and mitigate the development of 

diabetic microvascular complications. Taken 

together, these proposed mechanisms are based 

primarily on indirect evidence derived from 

studies of purified cucurbitacins and related 

experimental models, rather than investigations 

using standardized C. colocynthis extracts in 

diabetes. Therefore, these hypotheses require 

validation through well-designed mechanistic 

studies integrating transcriptomic, epigenetic, 

and functional analyses. Table 5 presents the 

predicted microRNA-mediated regulatory 

network of C. colocynthis in T2DM.  

Table 5. Predicted microRNA-mediated regulatory network of Citrullus colocynthis (bitter apple) in T2DM 

microRNA 
Role in diabetic pathophysiology  

(untreated state) 

Proposed modulation by 

Citrullus colocynthis 

Main signaling 

pathway 

miR-

143/145 

cluster 

Downregulated; associated with 

vascular smooth muscle phenotypic 

switching and diabetic 

atherosclerosis 

Upregulation; potential restoration 

of vascular contractile phenotype 

and endothelial stability via anti-

inflammatory effects 

Vascular smooth 

muscle phenotype 

regulation 

miR-375 

Dysregulated; reduced expression 

contributes to β-cell apoptosis and 

impaired insulin secretion 

Normalization; β-cell protective 

effects may indirectly support 

physiological expression levels 

β-cell function/insulin 

exocytosis (MTPN, 

PDK1) 
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miR-155 
Upregulated; promotes chronic 

inflammation and tissue injury 

Downregulation; likely mediated 

through suppression of NF-κB- 

and STAT3-associated 

inflammatory signaling by 

cucurbitacin-rich constituents 

NF-κB/JAK-STAT 

miR-29 

family 

(a/b/c) 

Downregulated; contributes to 

extracellular matrix accumulation 

and tissue fibrosis 

Upregulation; potential 

antifibrotic effect via inhibition of 

profibrotic signaling cascades 

TGF-β/Smad/ECM 

regulation 

miR-21 

Upregulated; promotes fibrosis, 

inflammation, and insulin 

resistance via PTEN suppression 

Downregulation; may restore 

PTEN activity and attenuate 

PI3K/Akt-driven profibrotic 

signaling 

PTEN/PI3K/Akt 

let-7 family 

Downregulated; associated with 

insulin resistance and increased 

inflammatory signaling 

Upregulation; may contribute to 

improved insulin sensitivity and 

reduced inflammatory tone 

Ras/IL-6 

signaling/metabolic 

regulation 

miR-7 

Downregulated; loss contributes to 

β-cell dysfunction and impaired 

insulin secretion 

Upregulation; proposed β-cell 

protective and insulin secretory 

support 

β-cell identity and 

insulin secretion 

miR-451 

Dysregulated under metabolic 

stress; associated with impaired 

AMPK activation 

Downregulation; potentially 

relieves inhibition of the 

LKB1/AMPK axis, enhancing 

metabolic stress adaptation 

LKB1/AMPK 

miR-17-92 

cluster 

Upregulated in proliferative 

diabetic complications; promotes 

angiogenesis and abnormal cell 

proliferation 

Downregulation; may suppress 

pathological angiogenesis and 

proliferative signaling 

PI3K/Akt/angiogenesis 

pathways 

 

Concluding Remarks and Future Directions 

Numerous studies have demonstrated that 

miRNAs play crucial biological roles in the 

pathogenesis, diagnosis, and management of 

various diseases. Due to their ability to regulate 

the expression of multiple target genes at the 

post-transcriptional level, miRNAs are involved 

in a wide range of cellular and molecular 

processes, including cell proliferation, 

differentiation, apoptosis, metabolism, and 

immune responses. Moreover, their remarkable 

stability in biological fluids and their disease-

specific expression patterns have highlighted 

their potential as valuable and non-invasive 

biomarkers for the early detection, diagnosis, 

prognosis, and monitoring of various diseases. In 

addition to their diagnostic and prognostic 

applications, miRNAs have emerged as 

promising therapeutic targets, as modulation of 

their expression may contribute to the prevention 

or treatment of disease-associated molecular 

abnormalities (134-136). The present review 

examined the molecular mechanisms underlying 

the antidiabetic effects of five medicinal plants 

widely used in traditional medicine (Urtica, 

Eryngium, Cinnamomum, Silybum marianum, 

and Citrullus colocynthis), with particular 

emphasis on the regulatory role of microRNAs 

(miRNAs). The findings of this conceptual 

review suggest that these medicinal plants may 

exert multitarget therapeutic effects by 

modulating a network of key miRNAs implicated 

in the pathophysiology of DM, particularly type 

2 diabetes and its associated complications. 

Unlike conventional single-target 

pharmacotherapy, this network-oriented 

framework provides a plausible molecular 

explanation for the pleiotropic actions of 
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phytotherapeutic interventions in metabolic 

disease. One of the most notable observations is 

the convergence of different phytocomplexes on 

a limited set of miRNAs involved in 

inflammation, pancreatic β-cell survival, tissue 

fibrosis, and energy metabolism. In particular, 

miR-146a and miR-155, two central regulators of 

chronic inflammation, were repeatedly identified 

as potential regulatory nodes. Increased 

expression of miR-146a together with 

suppression of miR-155 may attenuate NF-κB 

and JAK/STAT signaling pathways, thereby 

reducing systemic inflammation and improving 

insulin sensitivity (137-139). Collectively, these 

findings suggest that the anti-inflammatory 

effects of medicinal plants may primarily involve 

epigenetic reprogramming through modulation of 

miRNA regulatory networks rather than direct 

inhibition of individual molecular targets. 

Therefore, a comprehensive understanding of 

miRNA-mediated mechanisms in metabolic 

inflammation may help overcome current 

translational barriers and provide a strong 

theoretical foundation for the development of 

novel diagnostic biomarkers and targeted 

therapeutic strategies for metabolic disorders, 

including T2DM. At the level of pancreatic β-

cells, miRNAs such as miR-375, miR-7, and 

miR-30d are critical regulators of insulin 

secretion and β-cell survival. Experimental 

evidence indicates that silymarin and related 

phytocomplexes may enhance insulin secretion 

through modulation of β-cell signaling pathways, 

including KATP channel activity and PI3K/Akt 

activation (140-142). These effects support the 

hypothesis that phytochemicals may protect both 

peripheral insulin sensitivity and pancreatic β-

cell integrity. Regarding chronic diabetic 

complications, the miR-29 family and miR-

143/145 cluster emerged as key regulatory nodes 

associated with fibrosis and vascular dysfunction. 

Reduced miR-29 expression has been strongly 

linked to TGF-β/Smad activation and 

extracellular matrix accumulation (143, 

144).Among the studied plants, Silybum 

marianum is particularly notable, as it has been 

associated with antifibrotic and antioxidant 

effects that may indirectly restore miR-29 

expression and reduce tissue fibrosis (116, 145). 

Similarly, modulation of miR-143/145 may 

contribute to vascular smooth muscle 

homeostasis and attenuation of atherosclerosis in 

diabetes (133, 146). In hepatic metabolism, miR-

122 represents a central regulator of lipid and 

glucose homeostasis. Restoration of miR-122 

expression has been associated with improved 

hepatic insulin sensitivity and reduced steatosis 

(147, 148). Silymarin, in particular, demonstrates 

strong hepatotropic activity, which may explain 

its prominent metabolic effects in diabetic 

models. Another important observation concerns 

context-dependent regulation of miRNAs such as 

miR-221/222. Rather than directly targeting 

miRNAs, phytochemicals may act upstream by 

reducing oxidative stress and inflammatory 

signaling, thereby indirectly normalizing aberrant 

miRNA expression in metabolic tissues (149). 

Oxidative stress and cellular senescence 

represent additional mechanistic axes in diabetes 

progression. The miRNAs, such as miR-34a and 

miR-200a, are involved in the suppression of 

antioxidant defenses and activation of pro-

apoptotic pathways. Phytochemical-rich extracts 

may counteract these effects through activation of 

Nrf2 and SIRT1 signaling pathways (150, 151). 

Despite the conceptual coherence of this 

framework, most evidence remains indirect and 

derived from experimental models rather than 

clinical studies. In addition, variability in extract 

composition, dosage, and bioavailability limits 

direct translation to human disease. 

 

Conclusion 

The medicinal plants Urtica, Eryngium, 

Cinnamomum, Silybum marianum, and Citrullus 

colocynthis exhibit significant therapeutic 

potential in DM. Current evidence suggests that 

these phytocomplexes may simultaneously 
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suppress pathogenic miRNAs, such as miR-155, 

miR-21, and miR-17–92, while restoring 

protective miRNAs including miR-146a, miR-

29, miR-375, miR-143/145, and let-7 family 

members. Through coordinated modulation of 

these epigenetic regulators, medicinal plants may 

target multiple pathological processes, including 

chronic inflammation, insulin resistance, β-cell 

dysfunction, fibrosis, and vascular injury. This 

miRNA-centered framework bridges traditional 

phytotherapy with modern molecular medicine 

and supports the concept that multitarget 

botanical interventions may represent a rational 

therapeutic strategy for complex metabolic 

disorders, such as DM. However, these 

mechanisms remain largely hypothetical and 

require confirmation through rigorous 

mechanistic studies and well-designed clinical 

trials. 

 
 

Author Contributions  

---- YY: Conceptualization, original draft 

writing, investigation, MM: Conceptualization, 

supervision, project administration, reviewing, 

and editing. 

 

 

 

Funding Statement 

This study received no specific funding. 

 

Conflict of Interest 

The authors declared no conflicts of interest.  

 

Acknowledgments 

None 

 

Artificial Intelligence Statement 

The authors used AI-assisted tools for English 

language editing, grammar improvement, and the 

initial design of the figure. The figure was 

subsequently further developed, reviewed, and 

approved. 

 

References 

1. Yameny AA. Diabetes mellitus overview 2024. J 

Biosci Appl Res. 2024;10(3):641-645. DOI: 

10.21608/jbaar.2024.382794  

2. Kumar R, Saha P, Kumar Y, Sahana S, Dubey A, 

Prakash O. A review on diabetes mellitus: type 1 

& type 2. World J Pharm Pharm Sci. 

2020;9(10):838-850. DOI: 

10.20959/wjpps202010-17336 

3. Cho NH, Shaw JE, Karuranga S, Huang Y, da 

Rocha Fernandes JD, Ohlrogge A, et al. IDF 

Diabetes Atlas: global estimates of diabetes 

prevalence for 2017 and projections for 2045. 

Diabetes Res Clin Pract. 2018;138:271-281. 

DOI: 10.1016/j.diabres.2018.02.023  

4. Cole JB, Florez JC. Genetics of diabetes mellitus 

and diabetes complications. Nat Rev Nephrol. 

2020;16(7):377-390. DOI: 10.1038/s41581-020-

0278-5  

5. Suryasa IW, Rodríguez-Gámez M, Koldoris T. 

Health and treatment of diabetes mellitus. Int J 

Health Sci. 2021;5(1):572192. DOI: 

10.53730/ijhs.v5n1.2864  

6. Zhu H, Leung SW. MicroRNA biomarkers of 

type 2 diabetes: evidence synthesis from meta-

analyses and pathway modelling. Diabetologia. 

2023;66(2):288-299. DOI: 10.1007/s00125-022-

05809-z  

7. Margaritis K, Margioula-Siarkou G, Giza S, 

Kotanidou EP, Tsinopoulou VR, Christoforidis 

A, et al. Micro-RNA implications in type-1 

diabetes mellitus: a review of literature. Int J Mol 

Sci. 2021;22(22):12165. DOI: 

10.3390/ijms222212165  

8. Ghaffari M, Razi S, Zalpoor H, Nabi-Afjadi M, 

Mohebichamkhorami F, Zali H. Association of 

microRNA-146a with type 1 and 2 diabetes and 

their related complications. J Diabetes Res. 

2023;2023:2587104. DOI: 

10.1155/2023/2587104  

9. Gramantieri L, Giovannini C, Piscaglia F, 

Fornari F. MicroRNAs as modulators of tumor 

metabolism, microenvironment, and immune 

response in hepatocellular carcinoma. J 

Hepatocell Carcinoma. 2021;8:369-385. DOI: 

10.2147/JHC.S268292  

https://doi.org/10.21608/jbaar.2024.382794
https://doi.org/10.21608/jbaar.2024.382794
https://doi.org/10.20959/wjpps202010-17336
https://doi.org/10.20959/wjpps202010-17336
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1038/s41581-020-0278-5
https://doi.org/10.1038/s41581-020-0278-5
https://doi.org/10.53730/ijhs.v5n1.2864
https://doi.org/10.53730/ijhs.v5n1.2864
https://doi.org/10.1007/s00125-022-05809-z
https://doi.org/10.1007/s00125-022-05809-z
https://doi.org/10.3390/ijms222212165
https://doi.org/10.3390/ijms222212165
https://doi.org/10.1155/2023/2587104
https://doi.org/10.1155/2023/2587104
https://doi.org/10.2147/JHC.S268292
https://doi.org/10.2147/JHC.S268292


MicroRNA-Regulated Network Pharmacology of Five Traditional Antidiabetic Medicinal Plants …  

Herbal Medicines Journal. 2026, 11(2) 61 
 

10. López-Pastor AR, Infante-Menéndez J, 

Escribano Ó, Gómez-Hernández A. miRNA 

dysregulation in the development of non-

alcoholic fatty liver disease and the related 

disorders type 2 diabetes mellitus and 

cardiovascular disease. Front Med (Lausanne). 

2020;7:527059. DOI: 

10.3389/fmed.2020.527059  

11. Zarch SMA, Tezerjani MD, Talebi M, Mehrjardi 

MYV. Molecular biomarkers in diabetes mellitus 

(DM). Med J Islam Repub Iran. 2020;34:28. 

DOI: 10.34171/mjiri.34.28  

12. Dhankhar S, Chauhan S, Mehta DK, Nitika, 

Saini K, Saini M, et al. Novel targets for 

potential therapeutic use in diabetes mellitus. 

Diabetol Metab Syndr. 2023;15(1):17. DOI: 

10.1186/s13098-023-00983-5  

13. Syed FZ. Type 1 diabetes mellitus. Ann Intern 

Med. 2022;175(3):ITC33-ITC48. DOI: 

10.7326/AITC202203150  

14. Padhi S, Nayak AK, Behera A. Type II diabetes 

mellitus: a review on recent drug based 

therapeutics. Biomed Pharmacother. 

2020;131:110708. DOI: 

10.1016/j.biopha.2020.110708  

15. Baker C, Retzik-Stahr C, Singh V, Plomondon R, 

Anderson V, Rasouli N. Should metformin 

remain the first-line therapy for treatment of type 

2 diabetes? Ther Adv Endocrinol Metab. 

2021;12:2042018820980225. DOI: 

10.1177/2042018820980225  

16. Sitobo Z, Navhaya LT, Makhoba XH. Medicinal 

plants as a source of natural remedies in the 

management of diabetes. INNOSC Theranost 

Pharmacol Sci. 2024;7(3):1885. DOI: 

10.36922/itps.1885  

17. Balbaa M, El-Zeftawy M, Abdulmalek SA. 

Therapeutic screening of herbal remedies for the 

management of diabetes. Molecules. 

2021;26(22):6836. DOI: 

10.3390/molecules26226836  

18. Moradi B, Abbaszadeh S, Shahsavari S, Alizadeh 

M, Beyranvand F. The most useful medicinal 

herbs to treat diabetes. Biomed Res Ther. 

2018;5(8):2538-2551. DOI: 

10.15419/bmrat.v5i8.463  

19. Kregiel D, Pawlikowska E, Antolak H. Urtica 

spp.: ordinary plants with extraordinary 

properties. Molecules. 2018;23(7):1664. DOI: 

10.3390/molecules23071664  

20. Grauso L, De Falco B, Lanzotti V, Motti R. 

Stinging nettle, Urtica dioica L.: botanical, 

phytochemical and pharmacological overview. 

Phytochem Rev. 2020;19(6):1341-1377. DOI: 

10.1007/s11101-020-09680-x  

21. Uğur Y, Güzel A. Determination of 

phytochemical content by LC-MS/MS, 

investigation of antioxidant capacity, and 

enzyme inhibition effects of nettle (Urtica 

dioica). Eur Rev Med Pharmacol Sci. 

2023;27(5). DOI: 

10.26355/eurrev_202303_31540  

22. Elsherif K. Phytochemical analysis and 

antioxidant activity of Urtica urens leaves from 

Msallata, Libya. Mediterr J Chem. 2023. DOI: 

10.13171/mjc02310181757elsherif  

23. Ibrahim M, Rehman K, Razzaq A, Hussain I, 

Farooq T, Hussain A, et al. Investigations of 

phytochemical constituents and their 

pharmacological properties isolated from the 

genus Urtica: critical review and analysis. Crit 

Rev Eukaryot Gene Expr. 2018;28(1). DOI: 

10.1615/CritRevEukaryotGeneExpr.2018020389  

24. Zamani-Garmsiri F, Akmali M, Gohari A, Zal F, 

Seghatoleslam A. Urtica dioica (Gazaneh) 

distillate restores glucose metabolism in diabetic 

rats. Int J Prev Med. 2023;14:68. DOI: 

10.4103/ijpvm.ijpvm_293_21  

25. Altamimi MA, Abu-Reidah IM, Altamimi A, 

Jaradat N. Hydroethanolic extract of Urtica 

dioica L. (stinging nettle) leaves as 

disaccharidase inhibitor and glucose transport in 

Caco-2 hinderer. Molecules. 2022;27(24):8872. 

DOI: 10.3390/molecules27248872  

26. Jin DX, He JF. PI3K/Akt signaling pathway-

mediated three flavonoids’ modulation on 

glucose metabolism. Rev Bras Farmacogn. 

2022;32(5):834-839. DOI: 10.1007/s43450-022-

00291-5  

27. Jiang H, Yamashita Y, Nakamura A, Croft K, 

Ashida H. Quercetin and its metabolite 

isorhamnetin promote glucose uptake through 

different signalling pathways in myotubes. Sci 

Rep. 2019;9(1):2690. DOI: 10.1038/s41598-019-

38711-7  

28. Parente R, Paiva-Santos AC, Cabral C, Costa G. 

Comprehensive review of Urtica dioica L. 

(Urticaceae) phytochemistry and anti-

inflammatory properties. Phytochem Rev. 

https://doi.org/10.3389/fmed.2020.527059
https://doi.org/10.3389/fmed.2020.527059
https://doi.org/10.34171/mjiri.34.28
https://doi.org/10.1186/s13098-023-00983-5
https://doi.org/10.1186/s13098-023-00983-5
https://doi.org/10.7326/AITC202203150
https://doi.org/10.7326/AITC202203150
https://doi.org/10.1016/j.biopha.2020.110708
https://doi.org/10.1016/j.biopha.2020.110708
https://doi.org/10.1177/2042018820980225
https://doi.org/10.1177/2042018820980225
https://doi.org/10.36922/itps.1885
https://doi.org/10.36922/itps.1885
https://doi.org/10.3390/molecules26226836
https://doi.org/10.3390/molecules26226836
https://doi.org/10.15419/bmrat.v5i8.463
https://doi.org/10.15419/bmrat.v5i8.463
https://doi.org/10.3390/molecules23071664
https://doi.org/10.3390/molecules23071664
https://doi.org/10.1007/s11101-020-09680-x
https://doi.org/10.1007/s11101-020-09680-x
https://doi.org/10.26355/eurrev_202303_31540
https://doi.org/10.26355/eurrev_202303_31540
https://doi.org/10.13171/mjc02310181757elsherif
https://doi.org/10.13171/mjc02310181757elsherif
https://doi.org/10.1615/CritRevEukaryotGeneExpr.2018020389
https://doi.org/10.1615/CritRevEukaryotGeneExpr.2018020389
https://doi.org/10.4103/ijpvm.ijpvm_293_21
https://doi.org/10.4103/ijpvm.ijpvm_293_21
https://doi.org/10.3390/molecules27248872
https://doi.org/10.1007/s43450-022-00291-5
https://doi.org/10.1007/s43450-022-00291-5
https://doi.org/10.1038/s41598-019-38711-7
https://doi.org/10.1038/s41598-019-38711-7


 Yasra Yousefi et al. 

 
62 Herbal Medicines Journal. 2026, 11(2) 

 

2025;24(2):1591-1628. DOI: 10.1007/s11101-

024-09980-6  

29. Chen G, Liu P, Pattar GR, Tackett L, Bhonagiri 

P, Strawbridge AB, et al. Chromium activates 

glucose transporter 4 trafficking and enhances 

insulin-stimulated glucose transport in 3T3-L1 

adipocytes via a cholesterol-dependent 

mechanism. Mol Endocrinol. 2006;20(4):857-

870. DOI: 10.1210/me.2005-0255  

30. Nigi L, Grieco GE, Ventriglia G, Brusco N, 

Mancarella F, Formichi C, et al. MicroRNAs as 

regulators of insulin signaling: research updates 

and potential therapeutic perspectives in type 2 

diabetes. Int J Mol Sci. 2018;19(12):3705. DOI: 

10.3390/ijms19123705  

31. Tsalamandris S, Antonopoulos AS, Oikonomou 

E, Papamikroulis GA, Vogiatzi G, Papaioannou 

S, et al. The role of inflammation in diabetes: 

current concepts and future perspectives. Eur 

Cardiol. 2019;14(1):50. DOI: 

10.15420/ecr.2018.33.1  

32. Feng Y, Chen L, Luo Q, Wu M, Chen Y, Shi X. 

Involvement of microRNA-146a in diabetic 

peripheral neuropathy through the regulation of 

inflammation. Drug Des Devel Ther. 

2018;12:171-177. DOI: 10.2147/DDDT.S157109  

33. Maratni NPT, Saraswati MR, Ayu Dewi NN, 

Suastika K. miRNA146a and diabetes-related 

complications: a review. Curr Diabetes Rev. 

2023;19(9):71-85. DOI: 

10.2174/1573399819666221014095715  

34. Dumortier O, Fabris G, Pisani DF, Casamento V, 

Gautier N, Hinault C, et al. MicroRNA-375 

regulates glucose metabolism-related signaling 

for insulin secretion. J Endocrinol. 

2020;244(1):189-200. DOI: 10.1530/JOE-19-

0180  

35. Xu G, Thielen LA, Chen J, Grayson TB, Grimes 

T, Bridges SL Jr, et al. Serum miR-204 is an 

early biomarker of type 1 diabetes-associated 

pancreatic beta-cell loss. Am J Physiol 

Endocrinol Metab. 2019;317(4):E723-E730. 

DOI: 10.1152/ajpendo.00122.2019  

36. Sánchez-Ceinos J, Rangel-Zuñiga OA, 

Clemente-Postigo M, Podadera-Herreros A, 

Camargo A, Alcalá-Diaz JF, et al. miR-223-3p as 

a potential biomarker and player for adipose 

tissue dysfunction preceding type 2 diabetes 

onset. Mol Ther Nucleic Acids. 2021;23:1035-

1052. DOI: 10.1016/j.omtn.2021.01.014  

37. Da’as SI, Ahmed I, Hasan WH, Abdelrahman 

DA, Aliyev E, Nisar S, et al. The link between 

glycemic control measures and eye 

microvascular complications in a clinical cohort 

of type 2 diabetes with microRNA-223-3p 

signature. J Transl Med. 2023;21(1):171. DOI: 

10.1186/s12967-023-03893-2  

38. Palihaderu PADS, Mendis B, Premarathne J, 

Dias W, Yeap SK, Ho WY, et al. Therapeutic 

potential of miRNAs for type 2 diabetes 

mellitus: an overview. Epigenetics Insights. 

2022;15:25168657221130041. DOI: 

10.1177/25168657221130041  

39. Khokhar M, Roy D, Modi A, Agarwal R, Yadav 

D, Purohit P, et al. Perspectives on the role of 

PTEN in diabetic nephropathy: an update. Crit 

Rev Clin Lab Sci. 2020;57(7):470-483. DOI: 

10.1080/10408363.2020.1746735  

40. Roy D, Modi A, Khokhar M, Sankanagoudar S, 

Yadav D, Sharma S, et al. MicroRNA 21 

emerging role in diabetic complications: a 

critical update. Curr Diabetes Rev. 

2021;17(2):122-135. DOI: 

10.2174/1573399816666200503035035  

41. Jiang Z, Wu J, Ma F, Jiang J, Xu L, Du L, et al. 

MicroRNA-200a improves diabetic endothelial 

dysfunction by targeting KEAP1/NRF2. J 

Endocrinol. 2020;245(1):129-140. DOI: 

10.1530/JOE-19-0414  

42. Razliqi RN, Ahangarpour A, Mard SA, 

Khorsandi L. Gentisic acid protects against 

diabetic nephropathy in nicotinamide-

streptozotocin administered male mice by 

attenuating oxidative stress and inflammation: 

the role of miR-200a/Keap1/Nrf2 pathway, 

renin-angiotensin system (RAS) and NF-κB. 

Chem Biol Interact. 2023;380:110507. DOI: 

10.1016/j.cbi.2023.110507  

43. Liao L, Tang Y, Zhou Y, Meng X, Li B, Zhang X. 

MicroRNA-126 (miR-126): key roles in related 

diseases. J Physiol Biochem. 2024;80(2):277-

286. DOI: 10.1007/s13105-024-01017-y  

44. Zhang D, Li Z, Wang Z, Zeng F, Xiao W, Yu A. 

MicroRNA-126: a promising biomarker for 

angiogenesis of diabetic wounds treated with 

negative pressure wound therapy. Diabetes 

Metab Syndr Obes. 2019;12:1685-1696. DOI: 

10.2147/DMSO.S199705  

45. Qu MJ, Pan JJ, Shi XJ, Zhang ZJ, Tang YH, 

Yang GY. MicroRNA-126 is a prospective target 

https://doi.org/10.1007/s11101-024-09980-6
https://doi.org/10.1007/s11101-024-09980-6
https://doi.org/10.1210/me.2005-0255
https://doi.org/10.3390/ijms19123705
https://doi.org/10.3390/ijms19123705
https://doi.org/10.15420/ecr.2018.33.1
https://doi.org/10.15420/ecr.2018.33.1
https://doi.org/10.2147/DDDT.S157109
https://doi.org/10.2174/1573399819666221014095715
https://doi.org/10.2174/1573399819666221014095715
https://doi.org/10.1530/JOE-19-0180
https://doi.org/10.1530/JOE-19-0180
https://doi.org/10.1152/ajpendo.00122.2019
https://doi.org/10.1016/j.omtn.2021.01.014
https://doi.org/10.1186/s12967-023-03893-2
https://doi.org/10.1186/s12967-023-03893-2
https://doi.org/10.1177/25168657221130041
https://doi.org/10.1177/25168657221130041
https://doi.org/10.1080/10408363.2020.1746735
https://doi.org/10.1080/10408363.2020.1746735
https://doi.org/10.2174/1573399816666200503035035
https://doi.org/10.2174/1573399816666200503035035
https://doi.org/10.1530/JOE-19-0414
https://doi.org/10.1530/JOE-19-0414
https://doi.org/10.1016/j.cbi.2023.110507
https://doi.org/10.1016/j.cbi.2023.110507
https://doi.org/10.1007/s13105-024-01017-y
https://doi.org/10.2147/DMSO.S199705
https://doi.org/10.2147/DMSO.S199705


MicroRNA-Regulated Network Pharmacology of Five Traditional Antidiabetic Medicinal Plants …  

Herbal Medicines Journal. 2026, 11(2) 63 
 

for vascular disease. Neuroimmunol 

Neuroinflammation. 2018;5. DOI: 

10.20517/2347-8659.2018.01  

46. Shahrokhi SZ, Saeidi L, Sadatamini M, 

Jafarzadeh M, Rahimipour A, Kazerouni F. Can 

miR-145-5p be used as a marker in diabetic 

patients? Arch Physiol Biochem. 

2022;128(5):1175-1180. DOI: 

10.1080/13813455.2020.1762657  

47. Zhang W, Tang XH, Zhang JJ, He Q. miR145 

regulates the proliferation and apoptosis of rat 

vascular endothelial cells under hyperglycemia 

by targeting the ANGPT2 gene and involving the 

NFκB signaling pathway. Diabetes Metab Syndr 

Obes. 2020;13:4435-4446. DOI: 

10.2147/DMSO.S273451  

48. Horita M, Farquharson C, Stephen LA. The role 

of miR-29 family in disease. J Cell Biochem. 

2021;122(7):696-715. DOI: 10.1002/jcb.29896  

49. Dalgaard LT, Sørensen AE, Hardikar AA, 

Joglekar MV. The microRNA-29 family: role in 

metabolism and metabolic disease. Am J Physiol 

Cell Physiol. 2022;323(2):C367-C377. DOI: 

10.1152/ajpcell.00051.2022  

50. Sun Y, Zhou Y, Shi Y, Zhang Y, Liu K, Liang R, 

et al. Expression of miRNA-29 in pancreatic β 

cells promotes inflammation and diabetes via 

TRAF3. Cell Rep. 2021;34(1):108576. DOI: 

10.1016/j.celrep.2020.108576  

51. Zeinali F, Aghaei Zarch SM, Jahan-Mihan A, 

Kalantar SM, Vahidi Mehrjardi MY, Fallahzadeh 

H, et al. Circulating microRNA-122, microRNA-

126-3p and microRNA-146a are associated with 

inflammation in patients with pre-diabetes and 

type 2 diabetes mellitus: a case-control study. 

PLoS One. 2021;16(6):e0251697. DOI: 

10.1371/journal.pone.0251697  

52. Wang J, Dong Z, Lou L, Yang L, Qiu J. miR-122 

participates in oxidative stress and apoptosis in 

STZ-induced pancreatic β cells by regulating 

PI3K/AKT signaling pathway. Int J Endocrinol. 

2021;2021:5525112. DOI: 

10.1155/2021/5525112  

53. He Y, Li Y, Zhai Z, Liu P, Nie L, Zheng Y, et al. 

Relationship of miRNA-126 and miRNA-122 

expression with type 2 diabetes mellitus and 

related glucose metabolism parameters: a 

systematic review and meta-analysis. Exp Ther 

Med. 2022;24(5):652. DOI: 

10.3892/etm.2022.11589  

54. Pastukh N, Meerson A, Kalish D, Jabaly H, 

Blum A. Serum miR-122 levels correlate with 

diabetic retinopathy. Clin Exp Med. 

2019;19(2):255-260. DOI: 10.1007/s10238-019-

00546-x  

55. Rashad NM, Ezzat TM, Allam RM, Soliman 

MH, Yousef MS. The expression level of 

microRNA-122 in patients with type 2 diabetes 

mellitus in correlation with risk and severity of 

coronary artery disease. Egypt J Intern Med. 

2019;31(4):593-601. DOI: 

10.4103/ejim.ejim_125_19  

56. Mone P, De Donato A, Varzideh F, Kansakar U, 

Jankauskas SS, Pansini A, et al. Functional role 

of miR-34a in diabetes and frailty. Front Aging. 

2022;3:949924. DOI: 10.3389/fragi.2022.949924  

57. Ibrahim AA, Wahby AA, Ashmawy I, Saleh RM, 

Soliman H. Association of exosomal miR-34a 

with markers of dyslipidemia and endothelial 

dysfunction in children and adolescents with 

T1DM. J Clin Res Pediatr Endocrinol. 

2020;12(4):401. DOI: 

10.4274/jcrpe.galenos.2020.2020.0134  

58. Duan B, Wang Y, Liao J, Kadeer A, Wang J, 

Wubuer P. Downregulation of miR-34a represses 

insulin resistance and mediates glucose 

metabolism by upregulating IGF2 to activate 

PI3K/AKT signaling pathway. Trop J Pharm 

Res. 2021;20(12). DOI: 10.4314/tjpr.v20i12.11  

59. Mohamed AA, Abdallah GM, Ibrahim IT, Ali 

NS, Hussein MA, Thabet GM, et al. Evaluation 

of miRNA-146a, miRNA-34a, and pro-

inflammatory cytokines as potential early 

indicators for type 1 diabetes mellitus. 

Noncoding RNA Res. 2024;9(4):1249-1256. 

DOI: 10.1016/j.ncrna.2024.06.001  

60. Liang Z, Gao KP, Wang YX, Liu ZC, Tian L, 

Yang XZ, et al. RNA sequencing identified 

specific circulating miRNA biomarkers for early 

detection of diabetes retinopathy. Am J Physiol 

Endocrinol Metab. 2018;315(3):E374-E385. 

DOI: 10.1152/ajpendo.00021.2018  

61. Barseem N, Mahasab M, Abd El Gayed E. 

Dysregulated circulating micro RNAs markers: 

new evidence into expression pattern in children 

with T1D among Egyptian population. 2020. 

DOI: 10.21203/rs.3.rs-39439/v2  

62. Garavelli S, Bruzzaniti S, Tagliabue E, 

Prattichizzo F, Di Silvestre D, Perna F, et al. 

Blood co-circulating extracellular microRNAs 

https://doi.org/10.20517/2347-8659.2018.01
https://doi.org/10.20517/2347-8659.2018.01
https://doi.org/10.1080/13813455.2020.1762657
https://doi.org/10.1080/13813455.2020.1762657
https://doi.org/10.2147/DMSO.S273451
https://doi.org/10.2147/DMSO.S273451
https://doi.org/10.1002/jcb.29896
https://doi.org/10.1152/ajpcell.00051.2022
https://doi.org/10.1152/ajpcell.00051.2022
https://doi.org/10.1016/j.celrep.2020.108576
https://doi.org/10.1016/j.celrep.2020.108576
https://doi.org/10.1371/journal.pone.0251697
https://doi.org/10.1371/journal.pone.0251697
https://doi.org/10.1155/2021/5525112
https://doi.org/10.1155/2021/5525112
https://doi.org/10.3892/etm.2022.11589
https://doi.org/10.3892/etm.2022.11589
https://doi.org/10.1007/s10238-019-00546-x
https://doi.org/10.1007/s10238-019-00546-x
https://doi.org/10.4103/ejim.ejim_125_19
https://doi.org/10.4103/ejim.ejim_125_19
https://doi.org/10.3389/fragi.2022.949924
https://doi.org/10.4274/jcrpe.galenos.2020.2020.0134
https://doi.org/10.4274/jcrpe.galenos.2020.2020.0134
https://doi.org/10.4314/tjpr.v20i12.11
https://doi.org/10.1016/j.ncrna.2024.06.001
https://doi.org/10.1152/ajpendo.00021.2018
https://doi.org/10.21203/rs.3.rs-39439/v2


 Yasra Yousefi et al. 

 
64 Herbal Medicines Journal. 2026, 11(2) 

 

and immune cell subsets associate with type 1 

diabetes severity. Int J Mol Sci. 2020;21(2):477. 

DOI: 10.3390/ijms21020477  

63. Pérez-Muñoz EP, Antunes-Ricardo M, Martínez-

Ávila M, Guajardo-Flores D. Eryngium species 

as a potential ally for treating metabolic 

syndrome and diabetes. Front Nutr. 

2022;9:878306. DOI: 10.3389/fnut.2022.878306  

64. Cárdenas-Valdovinos JG, García-Ruiz I, Angoa-

Pérez MV, Mena-Violante HG. Ethnobotany, 

biological activities and phytochemical 

compounds of some species of the genus 

Eryngium (Apiaceae), from the central-western 

region of Mexico. Molecules. 2023;28(10):4094. 

DOI: 10.3390/molecules28104094  

65. Sepanlou MG, Ardakani MM, Hajimahmoodi M, 

Sadrai S, Amin GR, Sadeghi N, et al. 

Ethnobotanical and traditional uses, 

phytochemical constituents and biological 

activities of Eryngium species growing in Iran. 

Trad Med Res. 2019;4(3):148. DOI: 

10.12032/TMR20190412114  

66. Roudbari M, Barzegar M, Sendra E, Casanova-

Martínez I, Rodríguez-Estrada M, Carbonell-

Barrachina ÁA. Characterization of the different 

chemical components and nutritional properties 

of two Eryngium species. Foods. 

2025;14(1):118. DOI: 10.3390/foods14010118  

67. Trejo-Hurtado CM, Landa-Moreno CI, de la 

Cruz JL, Peña-Montes DJ, Montoya-Pérez R, 

Salgado-Garciglia R, et al. An ethyl acetate 

extract of Eryngium carlinae inflorescences 

attenuates oxidative stress and inflammation in 

the liver of streptozotocin-induced diabetic rats. 

Antioxidants (Basel). 2023;12(6):1235. DOI: 

10.3390/antiox12061235  

68. Ghanadian M, Taslimi P. The inhibitory potential 

of natural compounds on α-amylase and α-

glucosidase in the management of type 2 

diabetes. Iran J Chem Chem Eng. 2024. DOI: 

10.30492/IJCCE.2024.2002119.6026  

69. Steinert R, Mueller M, Serra M, Lehner-Sigrist S, 
Frost G, Gero D, et al. Effect of inulin on breath 
hydrogen, postprandial glycemia, gut hormone 
release, and appetite perception in RYGB 
patients: a prospective, randomized, cross-over 
pilot study. Nutr Diabetes. 2024;14(1):9. DOI: 
10.1038/s41387-024-00267-5  

70. Dostal Z, Modriansky M. The effect of quercetin 

on microRNA expression: a critical review. 

Biomed Pap Med Fac Univ Palacky Olomouc 

Czech Repub. 2019;163(2). DOI: 

10.5507/bp.2019.030  

71. Prananda AT, Halim P, Syahputra RA. Targeting 

miRNA with flavonoids: unlocking novel 

pathways in cardiovascular disease management. 

Front Pharmacol. 2025;16:1532986. DOI: 

10.3389/fphar.2025.1532986  

72. Liu H, Guan H, He F, Song Y, Li F, Sun-

Waterhouse D, et al. Therapeutic actions of tea 

phenolic compounds against oxidative stress and 

inflammation as central mediators in the 

development and progression of health 

problems: a review focusing on microRNA 

regulation. Crit Rev Food Sci Nutr. 

2024;64(23):8414-8444. DOI: 

10.1080/10408398.2023.2202762  

73. Lorente-Cebrián S, Costa AG, Castillo-Rivas JA, 

Castro M, Arbonés-Mainar JM, Goñi S, et al. 

Phenolic compounds and epigenetic mechanisms 

regulating gene expression: effects on human 

health. J Physiol Biochem. 2025:1-18. DOI: 

10.1007/s13105-025-01105-7  

74. Hu J, Huang S, Liu X, Zhang Y, Wei S, Hu X. 

miR-155: an important role in inflammation 

DOI: 10.1155/2022/7437281  

75. Zanoaga O, Braicu C, Chiroi P, Andreea N, 

Hajjar NA, Mărgărit S, et al. The role of miR-

155 in nutrition: modulating cancer-associated 

inflammation. Nutrients. 2021;13(7):2245. DOI: 

10.3390/nu13072245  

76. Yu J, Mei J, Zuo D, Zhang M, Yu S, Li F, et al. 

Inflammatory factor-mediated miR-155/SOCS1 

signaling axis leads to Treg impairment in 

systemic lupus erythematosus. Int 

Immunopharmacol. 2024;141:113013. DOI: 

10.1016/j.intimp.2024.113013  

77. Prieto I, Kavanagh M, Jimenez-Castilla L, 

Pardines M, Lazaro I, Del Real IH, et al. A 

mutual regulatory loop between miR-155 and 

SOCS1 influences renal inflammation and 

diabetic kidney disease. Mol Ther Nucleic Acids. 

2023;34:102041. DOI: 

10.1016/j.omtn.2023.102041  

78. Zhao J, Chen B, Peng X, Wang C, Wang K, Han 

F, et al. Quercetin suppresses migration and 

invasion by targeting miR-146a/GATA6 axis in 

fibroblast-like synoviocytes of rheumatoid 

arthritis. Immunopharmacol Immunotoxicol. 

https://doi.org/10.3390/ijms21020477
https://doi.org/10.3389/fnut.2022.878306
https://doi.org/10.3390/molecules28104094
https://doi.org/10.12032/TMR20190412114
https://doi.org/10.12032/TMR20190412114
https://doi.org/10.3390/foods14010118
https://doi.org/10.3390/antiox12061235
https://doi.org/10.3390/antiox12061235
https://doi.org/10.30492/IJCCE.2024.2002119.6026
https://doi.org/10.30492/IJCCE.2024.2002119.6026
https://doi.org/10.1038/s41387-024-00267-5
https://doi.org/10.1038/s41387-024-00267-5
https://doi.org/10.5507/bp.2019.030
https://doi.org/10.5507/bp.2019.030
https://doi.org/10.3389/fphar.2025.1532986
https://doi.org/10.3389/fphar.2025.1532986
https://doi.org/10.1080/10408398.2023.2202762
https://doi.org/10.1080/10408398.2023.2202762
https://doi.org/10.1007/s13105-025-01105-7
https://doi.org/10.1007/s13105-025-01105-7
https://doi.org/10.1155/2022/7437281
https://doi.org/10.3390/nu13072245
https://doi.org/10.3390/nu13072245
https://doi.org/10.1016/j.intimp.2024.113013
https://doi.org/10.1016/j.intimp.2024.113013
https://doi.org/10.1016/j.omtn.2023.102041
https://doi.org/10.1016/j.omtn.2023.102041


MicroRNA-Regulated Network Pharmacology of Five Traditional Antidiabetic Medicinal Plants …  

Herbal Medicines Journal. 2026, 11(2) 65 
 

2020;42(3):221-227. DOI: 

10.1080/08923973.2020.1742732  

79. Roshanravan N, Alamdari NM, Jafarabadi MA, 

Mohammadi A, Shabestari BR, Nasirzadeh N, et 

al. Effects of oral butyrate and inulin 

supplementation on inflammation-induced 

pyroptosis pathway in type 2 diabetes: a 

randomized, double-blind, placebo-controlled 

trial. Cytokine. 2020;131:155101. DOI: 

10.1016/j.cyto.2020.155101  

80. Wu X, Li Y, Man B, Li D. Assessing microRNA-

375 levels in type 2 diabetes mellitus (T2DM) 

patients and their first-degree relatives with 

T2DM. Diabetes Metab Syndr Obes. 

2021;14:1445-1451. DOI: 

10.2147/DMSO.S298735  

81. Deng X, Qin S, Chen Y, Liu HY, Yuan E, Deng 

H, et al. B-RCA revealed circulating miR-33a/b 

associates with serum cholesterol in type 2 

diabetes patients at high risk of ASCVD. 

Diabetes Res Clin Pract. 2018;140:191-199. 

DOI: 10.1016/j.diabres.2018.03.024  

82. Ortega R, Liu B, Persaud SJ. Effects of miR-33 

deficiency on metabolic and cardiovascular 

diseases: implications for therapeutic 

intervention. Int J Mol Sci. 2023;24(13):10777. 

DOI: 10.3390/ijms241310777  

83. Błaszczyk N, Rosiak A, Kałużna-Czaplińska J. 

The potential role of cinnamon in human health. 

Forests. 2021;12(5):648. DOI: 

10.3390/f12050648  

84. Sierra-Puente D, Abadi-Alfie S, Arakanchi-

Altaled K, Bogard-Brondo M, Garcia-Lascurain 

M, Gutierrez-Salmean G. Cinnamon 

(Cinnamomum spp.) and type 2 diabetes 

mellitus. Curr Top Nutraceutical Res. 

2020;18(3):247-255. DOI: 10.37290/ctnr2641-

452X.18:247-255  

85. Sharifi-Rad J, Dey A, Koirala N, Shaheen S, El 

Omari N, Salehi B, et al. Cinnamomum species: 

bridging phytochemistry knowledge, 

pharmacological properties and toxicological 

safety for health benefits. Front Pharmacol. 

2021;12:600139. DOI: 

10.3389/fphar.2021.600139  

86. Pandey DK, Chaudhary R, Dey A, Nandy S, 

Banik R, Malik T, et al. Current knowledge of 

Cinnamomum species: a review on the bioactive 

components, pharmacological properties, 

analytical and biotechnological studies. In: 

Bioactive Natural Products in Drug Discovery. 

2020. p. 127-164. DOI: 10.1007/978-981-15-

1394-7_3  

87. Kostrzewa T, Przychodzen P, Gorska-

Ponikowska M, Kuban-Jankowska A. Curcumin 

and cinnamaldehyde as PTP1B inhibitors with 

antidiabetic and anticancer potential. Anticancer 

Res. 2019;39(2):745-749. DOI: 

10.21873/anticanres.13171  

88. Srividya N, Haldipur AC, Sanjeevi CB. Plant 

foods and their phytochemicals as DPP IV and 

PTP1B inhibitors for blood glucose regulation: a 

review. J Indian Inst Sci. 2023;103(1):149-165. 

DOI: 10.1007/s41745-023-00371-y  

89. Liu Y, Liu F, Xing D, Wang W, Yang Q, Liao S, 

et al. Effects of cinnamon powder on glucose 

metabolism in diabetic mice and the molecular 

mechanisms. Foods. 2023;12(20):3852. DOI: 

10.3390/foods12203852  

90. Peng F, Zhang JW, Wang Z, Yang JZ. 

Ultrasound-assisted optimisation of 

Cinnamomum cassia (L.) polyphenol extraction 

and their antidiabetic effects via AMPK-GLUT4 

activation. Acta Aliment. 2025;54(3):464-475. 

DOI: 10.1556/066.2025.00098  

91. Bagheri-Mohammadi S, Askari S, Alani B, 

Moosavi M, Ghasemi R. Cinnamaldehyde 

regulates insulin and caspase-3 signaling 

pathways in the sporadic Alzheimer’s disease 

model: involvement of hippocampal function via 

IRS-1, Akt, and GSK-3β phosphorylation. J Mol 

Neurosci. 2022;72(11):2273-2291. DOI: 

10.1007/s12031-022-02075-x  

92. El-Ashmawy NE, Khedr EG, Alfeky NH, 

Ibrahim AO. Upregulation of GLUT4 and PI3K, 

and downregulation of GSK3 mediate the anti-

hyperglycemic effects of proanthocyanidins. 

Med Int (Lond). 2022;2(3):14. DOI: 

10.3892/mi.2022.39  

93. Hayward NJ, McDougall GJ, Farag S, Allwood 

JW, Austin C, Campbell F, et al. Cinnamon 

shows antidiabetic properties that are species-

specific: effects on enzyme activity inhibition 

and starch digestion. Plant Foods Hum Nutr. 

2019;74(4):544-552. DOI: 10.1007/s11130-019-

00760-8  

94. Luo M, Xu C, Luo Y, Wang G, Wu J, Wan Q. 

Circulating miR-103 family as potential 

biomarkers for type 2 diabetes through targeting 

CAV-1 and SFRP4. Acta Diabetol. 

https://doi.org/10.1080/08923973.2020.1742732
https://doi.org/10.1080/08923973.2020.1742732
https://doi.org/10.1016/j.cyto.2020.155101
https://doi.org/10.1016/j.cyto.2020.155101
https://doi.org/10.2147/DMSO.S298735
https://doi.org/10.2147/DMSO.S298735
https://doi.org/10.1016/j.diabres.2018.03.024
https://doi.org/10.3390/ijms241310777
https://doi.org/10.3390/f12050648
https://doi.org/10.3390/f12050648
https://doi.org/10.37290/ctnr2641-452X.18:247-255
https://doi.org/10.37290/ctnr2641-452X.18:247-255
https://doi.org/10.3389/fphar.2021.600139
https://doi.org/10.3389/fphar.2021.600139
https://doi.org/10.1007/978-981-15-1394-7_3
https://doi.org/10.1007/978-981-15-1394-7_3
https://doi.org/10.21873/anticanres.13171
https://doi.org/10.21873/anticanres.13171
https://doi.org/10.1007/s41745-023-00371-y
https://doi.org/10.3390/foods12203852
https://doi.org/10.3390/foods12203852
https://doi.org/10.1556/066.2025.00098
https://doi.org/10.1007/s12031-022-02075-x
https://doi.org/10.1007/s12031-022-02075-x
https://doi.org/10.3892/mi.2022.39
https://doi.org/10.3892/mi.2022.39
https://doi.org/10.1007/s11130-019-00760-8
https://doi.org/10.1007/s11130-019-00760-8


 Yasra Yousefi et al. 

 
66 Herbal Medicines Journal. 2026, 11(2) 

 

2020;57(3):309-322. DOI: 10.1007/s00592-019-

01430-6  

95. Rafiee M, Sadeghi F, Mirzapour A, Khafri S, 

Korani B, Al-e-Ahmad A, et al. Association of 

microRNA-103 expression with type 2 diabetes 

mellitus. Caspian J Intern Med. 2024;16(1):106. 

DOI: 10.22088/cjim.16.1.106  

96. El-Ashmawy N, Gawaly A, Khedr N. 

Modulation of microRNA 103 and 107 in obese 

newly diagnosed diabetic and T2DM patients 

maintained on metformin. J Adv Med Pharm 

Res. 2023;4(1):19-26. DOI: 

10.21608/JAMPR.2023.163821.1046  

97. Li S, Tan HY, Wang N, Cheung F, Hong M, Feng 

Y. The potential and action mechanism of 

polyphenols in the treatment of liver diseases. 

Oxid Med Cell Longev. 2018;2018:8394818. 

DOI: 10.1155/2018/8394818  

98. Anderson M, Hrivnak W, Prak K, Stockert A. 

Potential effects of cinnamon on cancer 

prevention and progression. Front Nutr. 

2025;12:1717834. DOI: 

10.3389/fnut.2025.1717834  

99. Ngum JA, Tatang FJ, Toumeni MH, Nguengo 

SN, Simo USF, Mezajou CF, et al. An overview 

of natural products that modulate the expression 

of non-coding RNAs involved in oxidative stress 

and inflammation-associated disorders. Front 

Pharmacol. 2023;14:1144836. DOI: 

10.3389/fphar.2023.1144836  

100. Sankaranarayanan J, Lee SC, Kim HK, Kang JY, 

Kuppa SS, Seon JK. Cinnamaldehyde-mediated 

suppression of MMP-13, COX-2, and IL-6 

through MAPK and NF-κB signaling inhibition 

in chondrocytes and synoviocytes under 

inflammatory conditions. Int J Mol Sci. 

2024;25(23):12914. DOI: 

10.3390/ijms252312914  

101. Qu S, Shen Y, Wang M, Wang X, Yang Y. 

Suppression of miR-21 and miR-155 of 

macrophage by cinnamaldehyde ameliorates 

ulcerative colitis. Int Immunopharmacol. 

2019;67:22-34. DOI: 

10.1016/j.intimp.2018.11.045  

102. Wang X, Zhang Z, Wu SC. Health benefits of 

Silybum marianum: phytochemistry, 

pharmacology, and applications. J Agric Food 

Chem. 2020;68(42):11644-11664. DOI: 

10.1021/acs.jafc.0c04791  

103. Masoumi H, Anjomshoa M, Mohammadi M, 

Fallahi S, Rostamzadeh A. Clinical and 

pharmacological applications of silymarin 

components at cellular and molecular level: a 

review. Res J Med Sci. 2016;10:102-107. DOI: 

10.3923/rjmsci.2016.102.107  

104. Abenavoli L, Izzo AA, Milić N, Cicala C, 

Santini A, Capasso R. Milk thistle (Silybum 

marianum): a concise overview on its chemistry, 

pharmacological, and nutraceutical uses in liver 

diseases. Phytother Res. 2018;32(11):2202-2213. 

DOI: 10.1002/ptr.6171  

105. Tajmohammadi A, Razavi BM, Hosseinzadeh H. 

Silybum marianum (milk thistle) and its main 

constituent, silymarin, as a potential therapeutic 

plant in metabolic syndrome: a review. Phytother 

Res. 2018;32(10):1933-1949. DOI: 

10.1002/ptr.6153  

106. Bellavite P, Fazio S, Affuso F. A descriptive 

review of the action mechanisms of berberine, 

quercetin and silymarin on insulin 

resistance/hyperinsulinemia and cardiovascular 

prevention. Molecules. 2023;28(11):4491. DOI: 

10.3390/molecules28114491  

107. Hadi A, Pourmasoumi M, Mohammadi H, 

Symonds M, Miraghajani M. The effects of 

silymarin supplementation on metabolic status 

and oxidative stress in patients with type 2 

diabetes mellitus: a systematic review and meta-

analysis of clinical trials. Complement Ther 

Med. 2018;41:311-319. DOI: 

10.1016/j.ctim.2018.08.010  

108. Hüttl M, Markova I, Miklankova D, Zapletalova 

I, Poruba M, Racova Z, et al. The beneficial 

additive effect of silymarin in metformin therapy 

of liver steatosis in a pre-diabetic model. 

Pharmaceutics. 2022;14(1):45. DOI: 

10.3390/pharmaceutics14010045  

109. Cai J, Zhu Y, Li X, Deng G, Han Y, Yuan F, et al. 

Liposomal silybin improves glucose and lipid 

metabolisms in type 2 diabetes mellitus 

complicated with non-alcoholic fatty liver 

disease via AMPK/TGF-β1/Smad signaling. 

Tohoku J Exp Med. 2023;261(4):257-265. DOI: 

10.1620/tjem.2023.J050  

110. Vargas-Mendoza N, Morales-González Á, 

Morales-Martínez M, Soriano-Ursúa MA, 

Delgado-Olivares L, Sandoval-Gallegos EM, et 

al. Flavolignans from silymarin as Nrf2 

bioactivators and their therapeutic applications. 

https://doi.org/10.1007/s00592-019-01430-6
https://doi.org/10.1007/s00592-019-01430-6
https://doi.org/10.22088/cjim.16.1.106
https://doi.org/10.21608/JAMPR.2023.163821.1046
https://doi.org/10.21608/JAMPR.2023.163821.1046
https://doi.org/10.1155/2018/8394818
https://doi.org/10.3389/fnut.2025.1717834
https://doi.org/10.3389/fnut.2025.1717834
https://doi.org/10.3389/fphar.2023.1144836
https://doi.org/10.3389/fphar.2023.1144836
https://doi.org/10.3390/ijms252312914
https://doi.org/10.3390/ijms252312914
https://doi.org/10.1016/j.intimp.2018.11.045
https://doi.org/10.1016/j.intimp.2018.11.045
https://doi.org/10.1021/acs.jafc.0c04791
https://doi.org/10.1021/acs.jafc.0c04791
https://doi.org/10.3923/rjmsci.2016.102.107
https://doi.org/10.3923/rjmsci.2016.102.107
https://doi.org/10.1002/ptr.6171
https://doi.org/10.1002/ptr.6153
https://doi.org/10.1002/ptr.6153
https://doi.org/10.3390/molecules28114491
https://doi.org/10.3390/molecules28114491
https://doi.org/10.1016/j.ctim.2018.08.010
https://doi.org/10.1016/j.ctim.2018.08.010
https://doi.org/10.3390/pharmaceutics14010045
https://doi.org/10.3390/pharmaceutics14010045
https://doi.org/10.1620/tjem.2023.J050
https://doi.org/10.1620/tjem.2023.J050


MicroRNA-Regulated Network Pharmacology of Five Traditional Antidiabetic Medicinal Plants …  

Herbal Medicines Journal. 2026, 11(2) 67 
 

Biomedicines. 2020;8(5):122. DOI: 

10.3390/biomedicines8050122  

111. Tian MY, Fan JH, Zhuang ZW, Dai F, Wang CY, 

Hou HT, et al. Effects of silymarin on p65 NF-

κB, p38 MAPK and CYP450 in LPS-induced 

hoof dermal inflammatory cells of dairy cows. 

BMC Vet Res. 2019;15(1):127. DOI: 

10.1186/s12917-019-1868-y  

112. Karimi R, Bakhshi A, Dayati P, Abazari O, 

Shahidi M, Savaee M, et al. Silymarin reduces 

retinal microvascular damage in streptozotocin-

induced diabetic rats. Sci Rep. 

2022;12(1):15872. DOI: 10.1038/s41598-022-

20297-2  

113. Hosseinzadeh S, Nouhi KA, Mousavi ESM, 

Pakizehkar S, Naderi SA, Najafi F, et al. 

Inhibition of cancer stem cells growth with 

silibinin encapsulated in nanoparticles with 

deregulation of miR-34a, miR-221, and miR-

222. 2023. DOI: 10.32592/ircmj.2023.25.4.2476  

114. Zaczek A, Rodacka A. Investigating the 

epigenetic therapeutic potential of natural 

compounds in cancer. Int J Mol Sci. 

2025;26(21):10776. DOI: 

10.3390/ijms262110776  

115. Yang L, Liu Q, Zhang H, Wang Y, Li Y, Chen S, 

et al. Silibinin improves nonalcoholic fatty liver 

by regulating the expression of miR-122: an in 

vitro and in vivo study. Mol Med Rep. 

2021;23(5):335. DOI: 10.3892/mmr.2021.11974  

116. Hormozi M, Moulaee M, Alaee M, Boroujeni 

NB, Boroujeni MB. Effect of silymarin on 

expression of micro-RNA-21 and matrix 

metalloproteinase (MMP) 2 and 9 and tissue 

inhibitors of matrix metalloproteinase (TIMP) 1 

and 2 in hepatocellular carcinoma cell line 

(HepG2). Med J Islam Repub Iran. 2024;38:78. 

DOI: 10.47176/mjiri.38.78  

117. Almaghrebi E, Bik MA. Citrullus colocynth (L.) 

Schrad: a promising medicinal plant with health 

benefits and safety considerations: a 

comprehensive review. In: Traditional Medicine 

in North East Africa: Research on Traditional 

Healer Preparations and Herbs. 2025. p. 172-

199. DOI: 10.2174/9789815313178125010012  

118. Bourhia M, Bouothmany K, Bakrim H, Hadrach 

S, Salamatullah AM, Alzahrani A, et al. 

Chemical profiling, antioxidant, antiproliferative, 

and antibacterial potentials of chemically 

characterized extract of Citrullus colocynthis L. 

seeds. Separations. 2021;8(8):114. DOI: 

10.3390/separations8080114  

119. Bourhia M, Messaoudi M, Bakrim H, Mothana 

RA, Sddiqui NA, Almarfadi OM, et al. Citrullus 

colocynthis (L.) Schrad: chemical 

characterization, scavenging and cytotoxic 

activities. Open Chem. 2020;18(1):986-994. 

DOI: 10.1515/chem-2020-0124  

120. Jafarizadeh A, Raeisi SA, Ghassab-Abdollahi N, 

Yarani R, Araj-Khodaei M, Mirghafourvand M. 

Effect of Citrullus colocynthis on glycemic 

factors and lipid profile in type II diabetic 

patients: a systematic review and meta-analysis. 

J Diabetes Metab Disord. 2022;21(2):1785-1795. 

DOI: 10.1007/s40200-022-01045-9  

121. Abdulridha MK, Al-Marzoqi AH, Ghasemian A. 

The anticancer efficiency of Citrullus 

colocynthis toward the colorectal cancer therapy. 

J Gastrointest Cancer. 2020;51(2):439-444. DOI: 

10.1007/s12029-019-00299-6  

122. Rajizadeh MA, Aminizadeh AH, Esmaeilpour K, 

Bejeshk MA, Sadeghi A, Salimi F. Investigating 

the effects of Citrullus colocynthis on cognitive 

performance and anxiety-like behaviors in STZ-

induced diabetic rats. Int J Neurosci. 

2023;133(4):343-355. DOI: 

10.1080/00207454.2021.1916743  

123. Alsalihi ME, Awlqadr FH, Saeed MN, Faraj AM, 

Qadir SA, Salih TH. Antidiabetic and antioxidant 

effects of topically applied Citrullus colocynthis 

extract in type 2 diabetes: a clinical and 

phytochemical study. Metab Open. 2025:100401. 

DOI: 10.1016/j.metop.2025.100401  

124. Salimi F, Ashrafi MR, Rajizadeh MA. Impact of 

Citrullus colocynthis on BDNF levels and lipid 

profiles in rats with type 1 diabetes induced by 

STZ. J Kerman Univ Med Sci. 2025;32. DOI: 

10.34172/jkmu.4071  

125. Ostovar M, Akbari A, Anbardar MH, Iraji A, 

Salmanpour M, Ghoran SH, et al. Effects of 

Citrullus colocynthis L. in a rat model of diabetic 

neuropathy. J Integr Med. 2020;18(1):59-67. 

DOI: 10.1016/j.joim.2019.12.002  

126. Muhammed HE, Al-Mousawi UMN, Khamis 

AH. Investigation of DNA protective, 

antibacterial, and antidiabetic effects of 

cucurbitacin E from Citrullus colocynthis L. 

Iraqi plant with in vitro toxicity study. J Basrah 

Res Sci. 2025;51(1):15-. DOI: 

10.56714/bjrs.51.1.9  

https://doi.org/10.3390/biomedicines8050122
https://doi.org/10.3390/biomedicines8050122
https://doi.org/10.1186/s12917-019-1868-y
https://doi.org/10.1186/s12917-019-1868-y
https://doi.org/10.1038/s41598-022-20297-2
https://doi.org/10.1038/s41598-022-20297-2
https://doi.org/10.32592/ircmj.2023.25.4.2476
https://doi.org/10.3390/ijms262110776
https://doi.org/10.3390/ijms262110776
https://doi.org/10.3892/mmr.2021.11974
https://doi.org/10.47176/mjiri.38.78
https://doi.org/10.2174/9789815313178125010012
https://doi.org/10.3390/separations8080114
https://doi.org/10.3390/separations8080114
https://doi.org/10.1515/chem-2020-0124
https://doi.org/10.1007/s40200-022-01045-9
https://doi.org/10.1007/s12029-019-00299-6
https://doi.org/10.1007/s12029-019-00299-6
https://doi.org/10.1080/00207454.2021.1916743
https://doi.org/10.1080/00207454.2021.1916743
https://doi.org/10.1016/j.metop.2025.100401
https://doi.org/10.34172/jkmu.4071
https://doi.org/10.34172/jkmu.4071
https://doi.org/10.1016/j.joim.2019.12.002
https://doi.org/10.56714/bjrs.51.1.9
https://doi.org/10.56714/bjrs.51.1.9


 Yasra Yousefi et al. 

 
68 Herbal Medicines Journal. 2026, 11(2) 

 

127. Hussain AI, Rathore HA, Sattar MZ, Chatha SA, 

Sarker SD, Gilani AH. Citrullus colocynthis (L.) 

Schrad (bitter apple fruit): a review of its 

phytochemistry, pharmacology, traditional uses 

and nutritional potential. J Ethnopharmacol. 

2014;155(1):54-66. DOI: 

10.1016/j.jep.2014.06.011  

128. Alblooshi M, Devarajan AR, Singh BP, 

Ramakrishnan P, Mostafa H, Kamal H, et al. 

Multifunctional bioactive properties of 

hydrolysates from colocynth (Citrullus 

colocynthis) seeds derived proteins: 

characterization and biological properties. Plant 

Physiol Biochem. 2023;194:326-334. DOI: 

10.1016/j.plaphy.2022.11.026  

129. Costantino S, Mohammed SA, Ranocchi F, Zito 

F, Delfine V, Hamdani N, et al. miR-451 is a 

driver of lipotoxic injury in patients with diabetic 

cardiomyopathy. Cells. 2025;14(17):1401. DOI: 

10.3390/cells14171401  

130. Jiang S, Yan W, Wang SE, Baltimore D. Let-7 

suppresses B cell activation through restricting 

the availability of necessary nutrients. Cell 

Metab. 2018;27(2):393-403.e4. DOI: 

10.1016/j.cmet.2017.12.007  

131. López-Beas J, Capilla-González V, Aguilera Y, 

Mellado N, Lachaud CC, Martín F, et al. miR-7 

modulates hESC differentiation into insulin-

producing beta-like cells and contributes to cell 

maturation. Mol Ther Nucleic Acids. 

2018;12:463-477. DOI: 

10.1016/j.omtn.2018.06.002  

132. Ejaz M, Usman SM, Amir S, Khan MJ. Holistic 

expression of miR-17-92 cluster in obesity, 

kidney diseases, cardiovascular diseases, and 

diabetes. Mol Biol Rep. 2023;50(8):6913-6925. 

DOI: 10.1007/s11033-023-08549-4  

133. Rasmi Y, Mohamed YA, Alipour S, Ahmed S, 

Abdelmajed SS. The role of miR-143/miR-145 

in the development, diagnosis, and treatment of 

diabetes. J Diabetes Metab Disord. 

2024;23(1):39-47. DOI: 10.1007/s40200-023-

01317-y  

134. Mirzaei HR, Sahebkar A, Mohammadi M, Yari 

R, Salehi H, Jafari MH, et al. Circulating 

microRNAs in hepatocellular carcinoma: 

potential diagnostic and prognostic biomarkers. 

Curr Pharm Des. 2016;22(34):5257-5269. DOI: 

10.2174/1381612822666160303110838  

135. Mirzaei H, Khataminfar S, Mohammadparast S, 

Shahid Sales S, Maftouh M, Mohammadi M, et 

al. Circulating microRNAs as potential 

diagnostic biomarkers and therapeutic targets in 

gastric cancer: current status and future 

perspectives. Curr Med Chem. 

2016;23(36):4135-4150. DOI: 

10.2174/0929867323666160818093854  

136. Keshavarzi M, Sorayayi S, Jafar Rezaei M, 

Mohammadi M, Ghaderi A, Rostamzadeh A, et 

al. MicroRNAs-based imaging techniques in 

cancer diagnosis and therapy. J Cell Biochem. 

2017;118(12):4121-4128. DOI: 

10.1002/jcb.26012  

137. Jankauskas SS, Gambardella J, Sardu C, 

Lombardi A, Santulli G. Functional role of miR-

155 in the pathogenesis of diabetes mellitus and 

its complications. Noncoding RNA. 

2021;7(3):39. DOI: 10.3390/ncrna7030039  

138. Testa U, Pelosi E, Castelli G, Labbaye C. miR-

146 and miR-155: two key modulators of 

immune response and tumor development. 

Noncoding RNA. 2017;3(3):22. DOI: 

10.3390/ncrna3030022  

139. Wadhwa K, Pahwa R, Kumar M, Kumar S, 

Sharma PC, Singh G, et al. Mechanistic insights 

into the pharmacological significance of 

silymarin. Molecules. 2022;27(16):5327. DOI: 

10.3390/molecules27165327  

140. Mostafa EA, Ismail NA, El Din Abd El Baky 

AMN, ElShaer TF, Ashmawy I, Wahby AA, et al. 

MiR-375: it could be a general biomarker of 

metabolic changes and inflammation in type 1 

diabetes patients and their siblings. J Endocrinol 

Invest. 2025;48(3):757-764. DOI: 

10.1007/s40618-024-02474-4  

141. Mao J, Yang Y, Xiong Y, Wang X, Wu Q, Lin W, 

et al. MicroRNAs in obesity-associated 

metabolic inflammation: from molecular 

mechanisms to clinical translation. Diabetes 

Metab Res Rev. 2026;42(4):e70175. DOI: 

10.1002/dmrr.70175  

142. Guo C, Sun YQ, Li Q, Zhang JC. MiR-7, miR-9 

and miR-375 contribute to effect of Exendin-4 

on pancreatic β-cells in high-fat-diet-fed mice. 

Clin Invest Med. 2018;41(1):E16-E24. DOI: 

10.25011/cim.v41i1.29459  

143. Qin W, Chung AC, Huang XR, Meng XM, Hui 

DS, Yu CM, et al. TGF-β/Smad3 signaling 

promotes renal fibrosis by inhibiting miR-29. J 

https://doi.org/10.1016/j.jep.2014.06.011
https://doi.org/10.1016/j.jep.2014.06.011
https://doi.org/10.1016/j.plaphy.2022.11.026
https://doi.org/10.1016/j.plaphy.2022.11.026
https://doi.org/10.3390/cells14171401
https://doi.org/10.3390/cells14171401
https://doi.org/10.1016/j.cmet.2017.12.007
https://doi.org/10.1016/j.cmet.2017.12.007
https://doi.org/10.1016/j.omtn.2018.06.002
https://doi.org/10.1016/j.omtn.2018.06.002
https://doi.org/10.1007/s11033-023-08549-4
https://doi.org/10.1007/s40200-023-01317-y
https://doi.org/10.1007/s40200-023-01317-y
https://doi.org/10.2174/1381612822666160303110838
https://doi.org/10.2174/1381612822666160303110838
https://doi.org/10.2174/0929867323666160818093854
https://doi.org/10.2174/0929867323666160818093854
https://doi.org/10.1002/jcb.26012
https://doi.org/10.1002/jcb.26012
https://doi.org/10.3390/ncrna7030039
https://doi.org/10.3390/ncrna3030022
https://doi.org/10.3390/ncrna3030022
https://doi.org/10.3390/molecules27165327
https://doi.org/10.3390/molecules27165327
https://doi.org/10.1007/s40618-024-02474-4
https://doi.org/10.1007/s40618-024-02474-4
https://doi.org/10.1002/dmrr.70175
https://doi.org/10.1002/dmrr.70175
https://doi.org/10.25011/cim.v41i1.29459
https://doi.org/10.25011/cim.v41i1.29459


MicroRNA-Regulated Network Pharmacology of Five Traditional Antidiabetic Medicinal Plants …  

Herbal Medicines Journal. 2026, 11(2) 69 
 

Am Soc Nephrol. 2011;22(8):1462-1474. DOI: 

10.1681/ASN.2010121308  

144. Zhou L, Wang L, Lu L, Jiang P, Sun H, Wang H. 

Inhibition of miR-29 by TGF-beta-Smad3 

signaling through dual mechanisms promotes 

transdifferentiation of mouse myoblasts into 

myofibroblasts. PLoS One. 2012;7(3):e33766. 

DOI: 10.1371/journal.pone.0033766  

145. Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, 

Ma X, Macdonald PE, et al. A pancreatic islet-

specific microRNA regulates insulin secretion. 

Nature. 2004;432(7014):226-230. DOI: 

10.1038/nature03076  

146. Vacante F, Denby L, Sluimer JC, Baker AH. The 

function of miR-143, miR-145 and the miR-143 

host gene in cardiovascular development and 

disease. Vascul Pharmacol. 2019;112:24-30. 

DOI: 10.1016/j.vph.2018.11.006  

147. Locatelli C, Luz K, Andrade SF, Bellaver EH, 

Ogoshi RCS, Centa A, et al. MicroRNAs as key 

regulators in the progression of metabolic 

dysfunction-associated steatotic liver disease: a 

bioinformatics analysis. Biomedicines. 

2026;14(1):120. DOI: 

10.3390/biomedicines14010120  

148. Erceg S, Munjas J, Sopić M, Tomašević R, 

Mitrović M, Kotur-Stevuljević J, et al. 

Expression analysis of circulating miR-21, miR-

34a and miR-122 and redox status markers in 

metabolic dysfunction-associated steatotic liver 

disease patients with and without type 2 diabetes. 

Int J Mol Sci. 2025;26(6):2392. DOI: 

10.3390/ijms26062392  

149. Infante-Menéndez J, López-Pastor AR, 

González-López P, Gómez-Hernández A, 

Escribano O. The interplay between oxidative 

stress and miRNAs in obesity-associated hepatic 

and vascular complications. Antioxidants 

(Basel). 2020;9(7):607. DOI: 

10.3390/antiox9070607  

150. Thounaojam MC, Bartoli M. MicroRNA-34a 

and vascular senescence in diabetes. Aging 

(Albany NY). 2019;11(24):11799. DOI: 

10.18632/aging.102625  

151. Qadir MMF, Klein D, Álvarez-Cubela S, 

Domínguez-Bendala J, Pastori RL. The role of 

microRNAs in diabetes-related oxidative stress. 

Int J Mol Sci. 2019;20(21):5423. DOI: 

10.3390/ijms2021542 

 

https://doi.org/10.1681/ASN.2010121308
https://doi.org/10.1681/ASN.2010121308
https://doi.org/10.1371/journal.pone.0033766
https://doi.org/10.1038/nature03076
https://doi.org/10.1038/nature03076
https://doi.org/10.1016/j.vph.2018.11.006
https://doi.org/10.3390/biomedicines14010120
https://doi.org/10.3390/biomedicines14010120
https://doi.org/10.3390/ijms26062392
https://doi.org/10.3390/ijms26062392
https://doi.org/10.3390/antiox9070607
https://doi.org/10.3390/antiox9070607
https://doi.org/10.18632/aging.102625
https://doi.org/10.18632/aging.102625
https://doi.org/10.3390/ijms2021542
https://doi.org/10.3390/ijms2021542

