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Abstract
Medicinal  plants,  as  a  core  constituent  of  traditional  medicine,  provide  an  essential
foundation  for  preventing  and  treating  human  diseases.  Research  on  their
pharmacologically  active  constituents  has  long  focused  on  secondary  metabolites,
including alkaloids, terpenoids, flavonoids, and other compounds. However, with the rapid
advancement  of  molecular  biology  techniques,  nucleic  acids  have  gradually  become  a
research focus as a novel class of active components in medicinal plants that possess both
nutritional  and  regulatory  functions.  This  paper  systematically  reviews  the  types,
characteristics, extraction techniques, pharmacological actions, and mechanisms of nucleic
acids (including coding and non-coding RNAs) in medicinal plants. It also discusses current
challenges  and  future  directions  for  medicinal  plant-derived  nucleic  acids  in  new  drug
development, providing a theoretical reference and technical basis for in-depth research
and industrial application in this field.
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INTRODUCTION
Medicinal plants, as a primary source of natural metabolites with specific pharmacological activities for

humans, have long been a research focus
[1]

. In ancient civilizations such as China, India, and Egypt, the use of

medicinal plants to treat various diseases dates back 5,000 years. Even in the current era of widespread

modern pharmaceuticals, they remain widely used
[2]

, playing an essential role in disease prevention,

treatment, and health maintenance. Traditionally, research on the active components of medicinal plants has

primarily focused on secondary metabolites, such as alkaloids
[3]

, flavonoids
[4]

, quinones
[5]

, and terpenoids
[6]

,

while nucleic acids have long been regarded solely as genetic material. These nucleic acids (including DNA,

mRNA, siRNA, miRNA, and so on) carry plant cells’ genetic information and participate in key physiological

processes such as gene expression, protein synthesis, and cell proliferation and differentiation. During

processing or digestion, these nucleic acids are degraded into smaller molecules like nucleotides and

deoxyribonucleotides, which are then absorbed and utilized by the human body (as shown in Figure 1).

However, in recent years, researchers increasingly recognize that nucleic acids in medicinal plants may

represent one of the key active components responsible for their pharmacological effects
[7]

.

Research on medicinal plant-derived nucleic acids as active components has gradually deepened, from basic

discovery to functional verification. In 1998, Fire et al. discovered the phenomenon of double-stranded RNA

interference. They found that exogenous double-stranded RNA introduced into Caenorhabditis elegans

triggers gene silencing by binding to endogenous messenger RNA (mRNA) transcripts, and this inhibitory

effect is markedly stronger than that induced by purified single-stranded RNA. This landmark finding

revealed that nucleic acids serve not only as genetic carriers but can also participate in regulatory biological

processes
[8]

. In 2011, Zhang et al. discovered that plant-derived small nucleic acids can enter human blood

and tissues through dietary intake. Once internalized, these small nucleic acids influence physiological

functions by regulating target gene expression, thereby exerting biological effects and, for the first time,

confirming the cross-kingdom regulatory effect of plant-derived small RNAs in mammals
[9]

. In 2019, Huang

et al. demonstrated that small nucleic acids can be fully extracted from various medicinal plants even after

boiling decoction, which provided experimental support for the clinical application of medicinal plant-

derived nucleic acids through oral administration
[10]

. Extensive research has now confirmed that nucleic acids

show significant therapeutic efficacy and pharmaceutical potential in immune modulation
[11]

, antitumor

activity
[12]

, antiviral effects
[13]

, and other areas. This review summarizes the types of nucleic acids in medicinal

plants, their extraction techniques, pharmacological properties, mechanisms of action, and future research

and development prospects, and it is intended to provide a scientific reference for further in-depth

investigations in this emerging field.

NUCLEIC ACIDS IN MEDICINAL PLANTS
Medicinal plants contain a rich repertoire of nucleic acids, including both DNA and RNA. As functional

molecules with remarkable regulatory potential and pharmaceutical value, RNAs have emerged as the core

focus of current research on medicinal plant-derived bioactive nucleic acids. Based on their protein-coding

capacity, cellular RNAs can be broadly classified into coding RNAs (mRNA) and non-coding RNAs

(ncRNAs)
[14]

. NcRNAs refer to RNA molecules that do not encode proteins, and according to their length,

they can be divided into small ncRNAs (sncRNAs, <​ 200 nt) and long ncRNAs (lncRNAs, > 200 nt). Among

these, small regulatory RNAs, typically composed of 20-40 nucleotides, have attracted extensive attention

and become key targets for identifying novel active components from medicinal plants
[15]

.

Current research primarily focuses on two major sRNAs: small interfering RNA (siRNA) and microRNA

(miRNA)
[16]

. RNA interference (RNAi) represents an evolutionarily conserved post-transcriptional gene

regulatory mechanism. Since its discovery in Caenorhabditis elegans in 1998, it has reshaped the landscape of

drug development
[8,17]

. siRNAs selectively degrade targeted mRNAs before translation, preventing their
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Figure 1. Research status of active substances in medicinal plants. sRNA: Small RNA; miRNA: microRNA; mRNA: messenger RNA.

translation into amino acids and subsequent protein synthesis. By silencing the gene encoding these mRNAs,

it blocks the production of abnormal or harmful proteins
[18]

. In contrast, miRNAs modulate gene expression

by base-pairing with target mRNAs, leading to suppressed translation or accelerated degradation of target

transcripts at the post-transcriptional level. This regulatory mode ultimately shapes various physiological

processes in organisms
[14]

.

However, it is noteworthy that in contrast to the extensive mismatches observed for most animal miRNA

binding sites, many plant miRNAs bind their targets with perfect or near-perfect complementarity
[19]

.

Accumulating evidence suggests that plant-derived miRNAs from medicinal plants can survive in the human

body and exert pharmacological effects via cross-kingdom regulation of human gene expression
[20]

.

Furthermore, combined comparative genomic analysis revealed that more than 60% of human protein-

coding genes harbor miRNA binding sites maintained by evolutionary purifying selection
[21]

, providing a

theoretical basis for multi-target regulation by exogenous plant-derived miRNAs. Accordingly, plant-derived

miRNAs may participate in diverse human physiological and pathological processes and represent promising

novel active constituents from medicinal plants
[22,23]

. These discoveries have sparked widespread research

interest in medicinal plant-derived miRNAs. Meanwhile, imbalances in endogenous miRNA expression are a
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Table 1. Identification status of miRNAs in common medicinal plants

Medicinal plants Number of identified miRNAs Ref.

Pinellia ternata 54 miRNAs [26]

Pinellia pedatisecta 101 miRNAs [27]

Xanthium strumarium L. 1,222 miRNAs [28]

Panax notoginseng 368 miRNAs [29]

Aquilaria sinensis 74 miRNAs [30]

Panax ginseng C.A.Meyer 280 miRNAs [31]

Rehmannia glutinosa 201 miRNAs [32]

Lilium lancifolium Thunb 82 miRNAs [33]

Elettaria cardamomum Maton 161 miRNAs [34]

Papaver somniferum 327 miRNAs [35]

Taxus mairei
871 miRNAs
869 miRNA precursors

[36]

Ganoderma lucidum 168 miRNAs [37]

Panax ginseng 71 miRNAs [38]

Salvia miltiorrhiza Bunge 492 miRNAs [39]

Lonicera japonica 256 miRNAs [40]

miRNAs: MicroRNAs.

key factor in the onset and development of numerous diseases, including malignant tumors. Exogenous

miRNA supplementation to restore regulatory effects offers novel therapeutic strategies for disease

treatment. Furthermore, based on the property that a single miRNA can bind multiple target sequences, a

single miRNA can simultaneously act on multiple critical nodes in disease pathways. This feature suggests

the therapeutic potential of miRNA therapy against various diseases
[14]

. Accordingly, this review focuses on

recent research progress on miRNAs derived from medicinal plants, and also supplements the research status

of other ncRNAs and functional DNA fragments in medicinal plants.

Distribution of miRNAs in medicinal plants

As the most representative bioactive nucleic acid component in medicinal plants, miRNA has characteristic

distribution patterns that underlie studies of its biological function. Since the first report of miRNAs in

1993
[24]

, by 2026, the miRBase 22.1 database has cataloged a total of 48,885 mature miRNA sequences from

271 species, including numerous medicinal plant and animal species. Medicinal plant materials contain

abundant miRNAs that play crucial roles in regulating plant physiology. These miRNAs show clear tissue-

and developmental-stage specificity in medicinal plants, and their expression levels are closely related to

secondary metabolite synthesis and the pharmacological activity of medicinal plants. For instance, high-

throughput sequencing of miRNAs extracted from the roots, stems, and leaves of Rehmannia glutinosa

revealed 89 conserved miRNAs and six novel miRNAs. KEGG (Kyoto Encyclopedia of Genes and Genomes)

enrichment analysis indicated that these miRNAs primarily function in transcriptional regulation, plant

growth and development, and signal transduction. The expression level of miR156 in Rehmannia glutinosa

roots is markedly higher than that in stems and leaves. By targeting squamosa promoter-binding protein-like

(SPL) genes, high miR156 levels can prolong the development of tuberous roots and thereby indirectly

influence the biosynthesis and accumulation of catalpol, the primary bioactive constituent of Rehmannia

glutinosa, which is one of the important reasons for the high pharmacological activity of Rehmannia

glutinosa roots
[25]

. The identification status of common medicinal plant-derived miRNAs is shown in Table 1.
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Extraction of miRNAs from medicinal plants

Extracting high-purity, high-integrity RNA from medicinal plants is a fundamental step for high-throughput

sequencing, bioinformatics analysis, and pharmacodynamic evaluation. Currently, the primary method for

extracting total RNA from plants relies on reagent kits. According to different reagents and principles, these

methods  are  mainly  divided into  Trizol ,  RNAiso Plus ,  sodium dodecyl  sul fate  (SDS),  and

Cetyltrimethylammonium Bromide (CTAB)
[41]

 methods. However, the composition, structure, content, and

distribution of RNA vary significantly between different plant species, among different tissues in the same

plant, and even across developmental stages of the same tissue or organ
[42-44]

. Consequently, different

extraction methods may yield remarkably different RNA quality from the same tissue sample. After

processing and boiling, RNA content in medicinal plant slices may decrease. Certain plant tissues, rich in

phenolic compounds, polysaccharides, or other unidentified secondary metabolites, can interfere with the

extraction process, thereby affecting both RNA quantity and quality
[45]

. For instance, when extracting small

RNAs from the tropical fruit papaya, using a lithium chloride (LiCl) extraction buffer yields small RNAs of

poor quality and low quantity; it is more appropriate to use Trizol and CTAB together for extraction
[46]

.

Therefore, when extracting RNA from medicinal plants, different methods are typically selected based on the

species, origin, tissue type, and processing conditions of the dried medicinal materials, and targeted

optimization schemes are formulated according to the characteristics of different medicinal plants. The

principles, advantages, and disadvantages of commonly used methods are summarized in Table 2. The core

challenges of miRNA extraction from medicinal plants are the interference of secondary metabolites

(polyphenols/polysaccharides) and the degradation of RNA after thermal processing; thus, the optimal

extraction method should be selected based on the plant tissue type and processing status, and combined

with purification steps (e.g., LiCl precipitation) to improve RNA purity and integrity.

Stability of miRNAs in medicinal plants

Stability of medicinal plant-derived miRNAs during steaming and cooking

Many medicinal plants need to be decocted before application; thus, partial plant miRNAs with

pharmacological activity should maintain stability after high-temperature processing. Current studies

support this notion and have obtained substantial quantitative data on the stability of medicinal plant-

derived miRNAs during thermal processing. For instance, researchers identified 43 miRNAs from 71 miRNA

families in this decoction using high-throughput sequencing and the research results showed that the average

retention rate of miRNAs in ginseng decoction after boiling for 30 min was 65.2%, the retention rate after

boiling for 60 min was 42.8%, and the retention rate after boiling for 90 min was 28.5%
[55]

, indicating that the

retention rate of miRNAs decreases with the extension of boiling time and some miRNAs from medicinal

plants can remain stable during soaking and boiling processes. In an analysis of miRNA concentrations in

cooked corn feed, although levels decreased to 1/30 of those in fresh corn after boiling for 60 min, 18 corn

miRNAs remained detectable across different corn feeds and even after severe puffing processing, indicating

a certain degree of resistance to harsh cooking conditions
[56]

. Subsequent experiments with Viscum album

(mistletoe) also confirmed the stability of plant-derived miRNAs (including miR-166a-3p, miR-159a,

miR-831-5p, val-miR-218, and val-miR-11) during medicinal plant extraction, supporting that bioactive

medicinal plant-derived miRNAs can persist in mammalian organisms
[57]

. Some representative examples are

shown in Table 3.

Stability of medicinal plant-derived miRNAs in the digestive tract and circulatory system

The miRNAs of medicinal plants mostly enter the human body through oral administration to exert their

effects. Therefore, maintaining the stability of miRNAs in the body is an important prerequisite for them to

function, this section further explores the stability maintenance mechanisms of medicinal plant-derived

miRNAs in the human digestive tract and circulatory system.
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Table 2. Principles, advantages and disadvantages of different methods for plant total RNA extraction

Extraction
method

Principle Advantages Disadvantages Ref.

Trizol method

Utilizing the strong denaturing and oxidizing
capacity of guanidine isothiocyanate or phenol in
the extraction solution to break down cell
membranes and denature proteins, thereby
inhibiting the activity of endogenous RNase. This
process simultaneously releases nucleic acids into
the aqueous phase, enabling RNA recovery via
precipitation

Simple operation and high RNA
extraction integrity make it
suitable for plant tissues with low
secondary metabolite content

Polyphenolic compounds
undergo oxidation during
extraction, forming irreversible
bonds with nucleic acid
macromolecules. While
chloroform extraction removes
these polyphenolic
compounds, it simultaneously
causes RNA loss

[47]

SDS-phenol
method

Using SDS and phenol can denature proteins,
inhibit endogenous RNase activity, and break down
cell membranes. This allows proteins,
polysaccharides, and DNA in the solution to be
separated into the organic phase, while RNA
remains in the supernatant

Simple operation, short
extraction time, capable of
removing polysaccharides and
phenolic compounds from
samples

This process generates a high
content of polyphenolic
impurities, and the extracted
plant total RNA cannot be used
for reverse transcription
experiments

[48]

SDS-LiCl
method

The SDS-LiCl method uses high-concentration urea
to denature proteins and inhibit ribonuclease
activity, then selectively precipitates RNA with LiCl

For plant tissues rich in starch
and other secondary metabolites,
yielding high-yield, high-quality
RNA free from protein
contaminants, organic solvents,
and other byproducts

RNA degradation may occur [49]

CTAB method

CTAB is a cationic surfactant. In solutions with high
ionic strength, CTAB forms complex precipitates
with proteins, polyphenols, and neutral
polysaccharides, allowing nucleic acids to dissolve
in the aqueous phase, thereby achieving nucleic
acid separation

High RNA purity, excellent
integrity, and high success rate

65 °C causes severe structural
damage to RNA, leading to its
degradation and reduced yield

[50]

HB

Boric acid can form complexes with phenolic
compounds via hydrogen bonding. DTT acts as a
reducing agent, NP-40 prevents oxidation of
phenolic substances, and PVP forms complexes
with polyphenolic compounds. Residual phenolic
substances are precipitated using LiCl, thereby
separating them from RNA

High concentrations of borate
inhibit oxidase enzymes,
protecting RNA from
interference by polyphenols.
Additionally, proteinase K
degrades phenolic compounds
and secondary metabolite
oxidases, resulting in RNA of the
highest purity and generally good
integrity

The required drugs are
numerous, expensive, and
time-consuming to extract,
with complex procedures that
make them susceptible to
degradation by exogenous
RNases

[51]

GT

Guanidine isothiocyanate acts as a potent
denaturant, inducing structural changes in nucleic
acid-protein complexes and effectively dissociating
nucleoprotein-nucleic acid complexes. In
combination with β-mercaptoethanol, it strongly
inhibits RNase activity, breaks down cells, and
rapidly releases nucleic acids. DNA is then
removed via CsCl density gradient centrifugation,
effectively yielding total RNA

Guanidine isothiocyanate
strongly inhibits RNase activity in
samples. The method is simple to
perform, ensures high integrity,
yields high output, requires
minimal time, and is cost-
effective

The extracted RNA has low
purity and requires further
purification

[52]

LiCl extraction
method

This method denatures proteins with high-
concentration urea, inhibits ribonuclease activity,
and selectively precipitates RNA with LiCl

Suitable for extracting small
amounts of tissue RNA from a
large number of samples, with
the advantage of being fast and
straightforward

Minor DNA contamination and
low RNA yield, with loss of
small RNA fragments

[53]

Spin column-
based RNA
extraction

Guanidine hydrochloride breaks down samples and
inhibits RNase activity; β-mercaptoethanol
denatures proteins. RNA is specifically adsorbed
onto the membrane in the spin column

Simple and rapid operation, safe,
high product purity, ready for
immediate use in downstream
experiments

Most require manual
operation, may cause
membrane clogging, and have
specific size requirements for
RNA

[54]

PVP: Polyvinylpyrrolidone; RNase: ribonuclease; RNA: ribonucleic acid; DNA: deoxyribonucleic acid; CTAB: cetyltrimethylammonium bromide; SDS:
sodium dodecyl sulfate; LiCl: lithium chloride; DTT: dithiothreitol; NP-40: nonidet P-40; GT: guanidine thiocyanate method; HB: hot boric acid
method.

From a biochemical perspective, exogenous biomolecules such as proteins, lipids, and nucleic acids are

broken down into their most fundamental components - including amino acids, glycerol, nucleotides, and

other minimal units - after entering the digestive tract for absorption. Accordingly, it has traditionally been
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Table 3. Stability of miRNAs under different treatment conditions

Plant source Processing conditions Description Ref.

Maize Harsh puffing treatment
The total miRNA content dropped to one-thirtieth of
that in fresh samples, yet all 18 miRNAs remained
detectable

[56]

Viscum album L.
(European mistletoe)

Incubation at 100 °C for 30 min/intensive mechanical
treatment/be exposed to RNase

Some miRNAs, such as miR-166a-3p and miR-159a,
showed a significant decrease

[57]

Peanut, tomato, sorghum,
cabbage, soybean, rice

Simulated digestive system: add gastric fluid and
intestinal fluid (pH = 7.8) at a 1:1 ratio and incubate at
37 °C

Six plant miRNAs (miR-157a, miR-172a, miR-894,
miR-159, miR-160, miR-168a) underwent severe
degradation within 120 min

[58]

Fruits, vegetables, nuts,
legumes, and cereals

Pressure-cooked for 5-30 min
miR-156e, miR-159, and miR-162 can still be detected
after high-pressure heat treatment

[59]

Lonicera japonica
(honeysuckle)

Boiled in water for 30 min MIR-2911 was found to be largely intact [60]

Artichoke Boiled in sterile water for 15 min at 100 °C
Cooking reduced the total RNA content by
approximately 39%

[61]

Artichoke
Salivary-gastric step (SG)/salivary-gastric-intestinal
step (SGI)

No significant difference in RNA concentration
between the 2 digestion steps, and the amount of RNA
found after the digestive process was 20 times less
than the amount of RNA in the raw samples

[61]

Citrus sinensis Salivary nuclease incubation
There was almost no degradation of the miRNA after
mixing with the food matrix

[62]

miRNA: MicroRNA; miRNAs: microRNAs; RNase: ribonuclease.

believed that proteins, lipids, and nucleic acids lose their biological activity through digestion and

degradation in the gastrointestinal tract upon entering the human body. However, recent studies have

revealed that miRNAs can maintain stability in the digestive tract and circulatory system [Table 3],

subsequently entering animals or humans to exert pharmacological effects
[63]

. These indicate that nucleic acid

degradation pathways are not the only mechanism underlying their absorption.

As illustrated in Figure 2, from a chemical structural perspective, 2’-O-methylation at the 3’ end of plant

miRNAs protects them, thereby enhancing their stability and enabling stable persistence in animal

organisms
[64]

. Furthermore, the intrinsic base composition and spatial secondary structure of miRNAs are

critical factors that may regulate their stability in vivo. Regarding base composition, the guanine-cytosine (G-

C) content significantly influences a miRNA’s resistance to degradation; CG base pairs - stabilized by three

hydrogen bonds - offer greater binding stability than the two hydrogen bonds found in adenine-uracil (A-U)

pair. Consequently, medicinal plant-derived miRNAs with high CG content exhibit more robust base

pairing, enabling them to effectively withstand cleavage by gastrointestinal nucleases and physicochemical

disruption in body fluids
[65]

. Regarding spatial structure, miRNAs can form stable secondary structures - such

as stem-loops and hairpins - through complementary base pairing. These folded conformations can shield

the core nucleic acid sequence, limiting the binding sites available for nucleases and evading recognition and

degradation by various hydrolases in digestive fluids and the circulatory system
[56,66]

.

Regarding transport pathways, researchers have uncovered unique absorption mechanisms for dietary

miRNAs. In the stomach, dietary miRNAs are taken up by pit cells via the endogenous transporter SID-1

transmembrane family member 1 (SIDT1) and subsequently released within extracellular vesicles. These

vesicles shelter miRNAs from degradation in circulation and facilitate subsequent cellular uptake, and this

absorption process relies on low-pH conditions
[67,68]

. In addition, plant miRNAs exhibit markedly slower

degradation rates than animal miRNAs under extreme gastric acid conditions (pH 2.0)
[64,69]

. Beyond this,

vesicle encapsulation enhances miRNA resistance against harsh gastrointestinal stress
[70]

. Notably, plant-

derived exosome-like nanovesicles offer superior protection of cargo miRNAs against ribonuclease (RNase)
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Figure 2. Stability maintenance mechanisms of medicinal plant-derived miRNAs in the digestive tract and circulatory system. SIDT1: SID-1
transmembrane family member 1; miRNA: microRNA.

digestion, gastric acid, and intestinal alkaline environments compared with mammalian milk exosomes
[71]

.

Consistent with in vitro degradation experiments, acerola-derived exosome-like nanovesicles (AELNs)

confer significantly stronger shielding effects on miRNAs than milk exosomes. Such powerful protective

properties limit miRNA breakdown during gastrointestinal transit, promote transepithelial absorption, and

support systemic delivery of intact miRNAs to distal tissues following oral administration
[70]

. Collectively,

these mechanisms account for the favorable stability of medicinal plant-derived miRNAs within the digestive

tract and circulatory system.

In summary, the terminal chemical modifications, CG content characteristics, spatial secondary structures,

transport pathways of plant miRNAs, and the protective effects of vesicles collectively form the structural

basis for their stable persistence in vivo, allowing them to overcome the limitations of conventional nucleic

acid degradation mechanisms and maintain biological activity within the digestive tract and circulatory

system.

Cross-regulation of medicinal plant-derived miRNAs

In recent years, the cross-kingdom regulation of miRNAs has become a hot topic among researchers. As a

class of broadly functional molecular regulators, exogenous plant-derived miRNAs not only regulate the

expression of their own genes, but also can enter mammalian cells via dietary intake and modulate the

expression of specific genes or biological processes associated with human disease therapy.

Extensive experiments have shown that medicinal plants contain miRNAs that share a high degree of

homology with human miRNAs. For instance, the 21-nucleotide aba-miRNA-9497 extracted from Atropa

belladonna exhibits 76% homology with the 21-nucleotide human brain hsa-miRNA-378
[72]

. Although still

under debate, some evidence supports that such plant-derived miRNAs may enter the systemic circulation

via oral administration and the digestive tract, thereby exerting biological effects
[9]

. Both in vitro and in vivo
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experiments have also confirmed that heat-stable miRNAs extracted from medicinal plants exhibit superior

therapeutic activity
[69]

. Distinct from the molecular mechanisms by which natural compounds typically

regulate disease pathways, miRNAs can directly modulate the expression of target mRNAs in the human

body. This occurs through specific complementary binding to the 3’-untranslated region (UTR) of the

targeted mRNA
[73]

, guiding the RNA-induced silencing complex (RISC, a protein complex composed of

AGO protein, Dicer protein, and other components) to bind to the mRNA, thereby cutting and degrading it.

This leads to decreased expression of the target gene or translational inhibition, ultimately reducing target

protein expression and regulating pathophysiological activities. This provides a new direction for research on

active substances in medicinal plants
[74]

.

Typically, in animal organisms, a single miRNA can regulate multiple target mRNAs, while a single mRNA

may also be co-regulated by multiple miRNAs. In contrast to animal miRNAs, most plant miRNAs require a

higher degree of sequence matching with their target mRNAs for binding
[19]

. Recent studies have revealed

that some plant miRNAs can be selectively packaged into vesicles, which supports their stability during

interspecies transport. Upon entering the human body, they are not degraded but instead transported to

target sites where they bind to specific mRNAs, thereby regulating target genes and cellular functions. For

example, plant miR-168a specifically targets and binds to the mRNA of low-density lipoprotein receptor-

associated protein 1 (LDLRAP1), suppressing its expression in mice and thereby cross-species regulating

lipid metabolism
[9]

. MiR-2911 from honeysuckle (Lonicera japonica) can be absorbed by the mouse

gastrointestinal tract and directly target influenza A virus in the mouse body, inhibiting the expression of

polymerase basic protein 2 (PB2) and non-structural protein 1 (NS1) proteins encoded by the virus, thereby

suppressing viral replication
[60]

. Sal-miR-1 and Sal-miR-3 derived from Salvia miltiorrhiza target and regulate

the expression of the OTU deubiquitinase 7B (OTUD7B)/Krüppel-like factor 4 (KLF4)/non-muscle myosin

heavy chain IIA (NMHC IIA) axis in the OTUD7B gene of both mice and humans, thereby inhibiting

vascular remodeling
[75]

. Prunus mume derived extracellular vesicle-like particles (PM-EVLPS) inhibit NIMA-

related kinase 7 (NEK7)-NOD-like receptor protein 3 (NLRP3) interaction by delivering active miR-159,

blocking NLRP3/apoptosis-associated speck-like protein containing a caspase recruitment domain

(ASC)/pro-caspase-1 complex assembly
[76]

, and thereby ameliorating experimental colitis (the underlying

mechanism is illustrated in Figure 3). These studies collectively demonstrate the targeted regulatory effects of

plant miRNAs [Table 4]. Notably, although accumulating evidence has demonstrated that numerous plant

miRNAs can exert biological functions in humans
[82]

, not all plant miRNAs are able to be taken up and

utilized by animals. The mechanisms underlying the selective uptake and utilization of plant miRNAs by

animals remain to be fully elucidated
[83]

.

PHARMACEUTICAL POTENTIAL AND CHALLENGES OF NUCLEIC ACIDS IN MEDICINAL
PLANTS
miRNAs are critical regulatory nucleic acids controlling extensive gene expression networks in organisms.

Combined comparative genomic analysis revealed that more than 60% of human protein-coding genes

harbor miRNA binding sites maintained by purifying selection
[21]

, making miRNA-based therapeutics an

attractive research hotspot. To date, multiple types of approved synthetic nucleic acid therapeutics, such as

antisense oligonucleotides (ASOs), siRNAs, and mRNA vaccines, have validated the druggability of nucleic

acid molecules [Supplementary Table 1]
[ 8 4 ]

. Meanwhile, a series of synthetic miRNA-targeted

oligonucleotides have advanced into clinical trials, including miRNA mimics and anti-miR inhibitors [Table

5].

Two mainstream design strategies are adopted for synthetic miRNA therapeutics: supplementation of

miRNAs with active functions via miRNA mimics, and silencing pathogenic miRNAs using synthetic

antisense inhibitors
[94]

. Nevertheless, although these candidates exhibit promising effects in preclinical

                                                                                         

https://file.oaecenter.com/published/pdf/a81840c9699decfa9c632a5d89c5e788/1789716568/evcna7057-SupplementaryMaterials.pdf
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Figure 3. Cross-kingdom regulatory mechanisms of typical medicinal plant-derived miRNAs. (A) Rice-derived miR-168a targets LDLRAP1
mRNA to suppress lipid metabolism; (B) Honeysuckle miR-2911 inhibits viral replication by repressing viral PB2 and NS1 protein expression
in vivo; (C) Salvia miltiorrhiza Sal-miR-1/3 targets OTUD7B to modulate the OTUD7B/KLF4/NMHC IIA axis and inhibit pathological
vascular remodelling; (D) PM-EVLP deliver miR-159 to disrupt NEK7-NLRP3 interaction and block NLRP3 inflammasome assembly.
LDLRAP1: Low-density lipoprotein receptor-associated protein 1; miRNA: microRNA; PB2: polymerase basic protein 2; NS1: non-structural
protein 1; Sal-miR-1/3: Salvia miltiorrhiza-derived microRNA 1/3; OTUD7B: OTU deubiquitinase 7B; KLF4: Krüppel-like factor 4; NMHC
IIA: non-muscle myosin heavy chain IIA; PM-EVLP: plant-derived extracellular vesicle-like particles; NEK7: NIMA-related kinase 7; NLRP3:
NOD-like receptor protein 3; ASC: apoptosis-associated speck-like protein containing a caspase recruitment domain; pro-caspase-1: pro-
cysteinyl aspartate-specific protease 1.

experiments, their clinical translation is hampered by multiple in vivo obstacles. Naked synthetic miRNAs

are rapidly degraded by nucleases and undergo fast renal clearance, leading to low bioavailability and

suboptimal pharmacokinetic profiles
[95-98]

. Widely explored delivery carriers, including lipid nanoparticles,

conventional liposomes, and extracellular vesicles, still have inherent limitations such as restricted tissue

targeting, circulation instability, and barriers to standardized large-scale manufacture
[99-101]

. Furthermore, off-

target effects, potential immunogenicity, and imperfect industrial and clinical evaluation frameworks further

restrict their broad clinical application
[102-107]

.

Against this background, naturally occurring nucleic acids derived from medicinal plants represent a

promising alternative resource. Growing evidence confirms that plant endogenous miRNAs can achieve

cross-kingdom regulation and modulate gene expression within mammalian cells. Distinct from chemically

synthesized miRNA oligonucleotides, plant-derived nucleic acids exist within complex herbal matrices.

Coexisting phytochemical constituents in medicinal plant extracts may naturally improve nucleic acid

stability and facilitate in vivo delivery. In addition, plant-originated miRNAs generally possess relatively low

immunogenicity and multi-target regulatory characteristics, matching the holistic pharmacological features

of herbal medicines.

Even so, the exploitation of nucleic acids from medicinal plants remains in the preliminary stage. Systematic

in vivo studies are still required to characterize the absorption, distribution and functional persistence of

plant miRNAs after administration, verify cross-kingdom bioactivity, and develop suitable preparation

strategies. Breaking through these limitations will help unlock the pharmaceutical potential of native nucleic

acids in medicinal plants and provide new candidates to complement synthetic miRNA therapeutics.
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Table 4. The efficacy and mechanism of action of exogenous plant-derived miRNAs

Efficacy Source Sequence Model/dose Mechanism Ref.

Antiviral Honeysuckle miR-2911 HEK293T/10.5 pmol
miR-2911 can inhibit SARS-CoV-2 replication and
accelerate the negative conversion of infected
patients

[13]

Protect
cardiovascular health

Salvia
miltiorrhiza
Bge.

Sal-miR-1, Sal-
miR-3

VSMC, HEK293T,
THP-1/50 nM;
C57BL/6J mice/10
mg/kg

Sal-miR-1 and Sal-miR-3 counteract thrombin-driven
OTUD7B upregulation by binding to distinct sites
within the OTUD7B 3’UTR and attenuate KLF4
protein abundance through suppressing its
deubiquitylation. Reduced KLF4 alleviates
transcriptional repression of the NMHC IIA gene,
thereby increasing NMHC IIA expression. This event
represses VSMC migration and monocyte-VSMC
adhesion by sustaining the VSMC contractile
phenotype

[75]

Regulate lipid
metabolism

Tea leaves
miR-21-5p,
miR-17-3p,
miR-107

HepG-2/100 µg/mL

These miRNAs interact with the corresponding exon
of the target gene mRNA in the liver (LDLRAP1) and
inhibit the translation of its protein, thereby affecting
lipid metabolism and reducing the clearance rate of
low-density lipoprotein in plasma

[77]

Microbial regulation Tomato miR1001 Botrytis cinerea/10 µM

Downregulation of the Bcin03g02170.1 gene
encoding an ATP-dependent metallopeptidase and
the Bcin10g01400.1 gene encoding a cysteine
endopeptidase in Botrytis cinerea inhibits conidial
germination and pathogenicity, thereby preventing
self-infection by the fungus

[78]

Anti-inflammatory Ginger Osa-miR-164d

RAW264.7
macrophages/40 and
80 µg/mL; C57BL/6
mice/200 µg/day

Targets three key inflammation-related genes on a
pathway activated by nuclear factors in B cells,
thereby participating in important physiological
processes such as immune and inflammatory
responses in animals

[79]

Anti-fibrosis
Rhodiola
crenulata

HJT-sRNA-m7

MRC-5, A549, NCI-
N87, HEK293T;
C57BL/6J mice/250
µg/kg

Targeting key proteins involved in the development
and progression of pulmonary fibrosis: α-SMA,
fibronectin, and COL3A1

[80]

Regulate gut
microbiota

Rehmanniae
Radix

miR-7972
BALB/c mice/200
nmol

miR-7972 downregulated the expression of GPR161,
activating the Hedgehog pathway, and inhibited the
biofilm formation of Escherichia coli via targeting the
virulence gene sxt2

[81]

miRNA: MicroRNA; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; VSMC: vascular smooth muscle cell; mRNA: messenger RNA;
LDLRAP1: low-density lipoprotein receptor-associated protein 1; UTR: untranslated region; OTUD7B: OTU deubiquitinase 7B; KLF4: Krüppel-like
factor 4; NMHC IIA: non-muscle myosin heavy chain IIA; ATP: adenosine triphosphate; α-SMA: alpha-smooth muscle actin; COL3A1: collagen type
III alpha 1; GPR161: G protein-coupled receptor 161; sRNA: small non-coding RNA.

Table 5. Selected miRNA drugs entering clinical trials

Drugs Target Disease Stage of development Ref.

Miravirsen miR-122 HCV Phase 2 study [85]

TargomiRs
(MesomiR-1)

miR-16 Malignant pleural mesothelioma Phase 1 study [86]

MRX34 miR-34a Advanced solid tumors Phase 1 study [87]

Lademirsen miR-21 Alport syndrome Phase 2 study [88]

Cobomarsen
(MRG-106)

miR-155 CTCL/mycosis fungoides Phase 2 study [89]

AMT-130 miHTT Huntington’s disease Phase 2 study [90]

MRG-110 miR-92a Cardiovascular disease and wound healing Phase 1 study [91]

RGLS4326 miR-17 ADPKD Phase 1 study [92]

CDR132L miR-132 Heart failure Phase 1b study [93]

HCV: Hepatitis C virus; miR: microRNA; CTCL: cutaneous T-cell lymphoma; ADPKD: autosomal dominant polycystic kidney disease; miHTT:
microRNA targeting huntingtin mRNA.
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CONCLUSION AND FUTURE DIRECTIONS
This review systematically sorts out the classification, tissue distribution, optimized extraction strategies,

multi-layered in vivo stabilization mechanisms, and cross-kingdom pharmacological regulatory activities of

nucleic acids represented by miRNAs derived from medicinal plants. Whereas long-standing research has

focused on herbal secondary metabolites such as flavonoids and terpenoids, plant-endogenous miRNAs have

emerged as a novel class of orally bioactive natural components that may mediate interspecies gene

regulation in mammals. Multiple intrinsic structural features and extrinsic transport pathways jointly

maintain their biological activity amid harsh gastrointestinal and circulatory environments, including

terminal 2’-O-methylation, high CG base composition, stable hairpin secondary conformations, low-pH-

dependent SIDT1-mediated gastric epithelial absorption, and lipid encapsulation within plant exosome-like

nanovesicles.

Cumulative experiments have validated the broad-spectrum therapeutic potential of medicinal plant

miRNAs covering antitumor, lipid metabolism regulation, antiviral, anti-inflammatory, and cardiovascular

protective effects. Currently, two core development frameworks dominate synthetic miRNA therapeutics:

supplementing tumor-suppressive signals via chemically modified miRNA mimics, and silencing oncogenic

transcripts through synthetic complementary miRNA inhibitors. Despite their preclinical efficacy, synthetic

nucleic acid drugs face prominent translational obstacles, including rapid nuclease degradation, low oral

bioavailability, off-target interference, and immunogenic risks. In contrast, medicinal plant miRNAs possess

unique translational advantages after thousands of years of oral screening in traditional Asian herbal therapy,

featuring superior biocompatibility, low adverse reaction rates, and minimal immunogenicity relative to

artificially synthesized RNA agents. Nevertheless, prominent research bottlenecks still restrict their clinical

translation: synergistic regulatory networks between plant miRNAs and coexisting herbal secondary

metabolites remain insufficiently clarified, and standardized oral delivery carriers that sustain miRNA

stability during in vivo circulation have not been fully established.

Building on the current research gaps summarized above, future work should prioritize several

interconnected research orientations to advance the translational development of medicinal plant-derived

miRNA therapeutics. First, multi-omics analytical systems combining transcriptomics, proteomics, and

metabolomics should be deployed to systematically decode the synergistic cross-regulatory relationships

between plant miRNAs and herbal phytochemicals, while rigorous in vivo trials are required to resolve

ongoing academic disputes regarding the oral bioavailability, intestinal absorption efficiency, and tissue

distribution characteristics of dietary plant miRNAs. Second, species-specific extraction workflows tailored

to diverse medicinal herbs and traditional decoction processing modes need to be standardized to eliminate

interference from polyphenols and polysaccharides and improve the yield and integrity of recovered

miRNAs; drawing on the outstanding protective performance of natural nanovesicles, low-cost natural

vesicle delivery platforms should be developed to strengthen miRNA tolerance to digestive stress. Third,

scalable isolation, surface modification, and tissue-targeted transformation technologies for plant-derived

exosome-like nanovesicles should be explored, and quantitative pharmacokinetic assessments of

encapsulated plant miRNAs need to be performed in mammalian models to characterize their intestinal

uptake and systemic metabolic profiles. Fourth, a complete preclinical safety evaluation system dedicated to

oral plant miRNA preparations must be constructed to systematically assess acute and chronic toxicity,

immunogenicity, and long-term off-target gene interference; unified quality control indicators, mass

production specifications, and clinical trial evaluation criteria also need to be formulated to support the

industrialization of natural plant nucleic acid drugs as complementary alternatives to synthetic RNA

therapeutics. Additionally, high-throughput small RNA sequencing and degradome analysis should be

applied to excavate novel functional miRNAs from underexplored medicinal plant varieties, enriching the

resource library of natural regulatory nucleic acids for new drug screening and development.
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