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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim of the Study: To systematically evaluate preclinical 

evidence on the protective effects of herbal interventions against 
toxicant-induced genetic and epigenetic alterations in animal 
models.

Materials and Methods: A systematic review (2015-2025) 
across PubMed, Scopus, Web of Science, Cochrane, and Google 
Scholar identified six animal studies on herbal protection against 
toxicant-induced mutations. SYRCLE’s tool showed generally 
robust designs.

Results and Discussion: Six rodent studies investigated 
exposures such as BPA, busulfan, testosterone propionate, 
OVA, and prenatal stress. Herbal treatments (carob, ginger, 
ASHMI, BSTJF, Cuscuta flavonoids) were administered via 
diverse routes and durations. All studies reported significant 
improvements (P < 0.05 to P < 0.001) in genetic and epigenetic 
outcomes, including enhanced sperm DNA integrity, reduced 
inflammation, improved neurobehavior, hormonal regulation, 
and restored DNA methylation patterns. Transgenerational 
assessments consistently supported the potential of herbal 
therapies to mitigate inheritable mutation risks. Herbal 
medicines show protective effects against toxicant-induced 
genetic and epigenetic changes in animal models, suggesting 
potential preventive strategies, while long-term and mechanistic 
studies are needed to confirm human applicability.

Key words. Herbal medicine, environmental toxicants, genetic 
mutations, epigenetics, cancer prevention, rodent models.
Introduction.

Cancer remains a leading cause of morbidity and mortality 
worldwide, with genetic mutations playing a central role in 
its development [1,2]. Environmental toxicants such as heavy 
metals, pesticides, and industrial chemicals can induce genetic 
alterations not only in directly exposed individuals but also 
in their offspring, raising concerns about transgenerational 
health risks [3]. Herbal medicines, known for antioxidant and 
anti-mutagenic activities, have been investigated for their 
potential to reduce radiation- or toxicant-induced genomic 
damage. Constituents of turmeric, green tea, and garlic have 
demonstrated the ability to preserve DNA integrity across 
multiple experimental models [4-7].

Despite encouraging findings, the literature reveals 
inconsistencies. While some studies report strong protective 
effects of specific herbal extracts, others show minimal benefits. 
Variations in toxicant type, herbal preparation, study design, 
and outcome measures contribute to these discrepancies [8]. 

Toxicant exposure during gestation and early postnatal life is 
of particular concern, as it can compromise genomic integrity, 
promote oxidative stress, and induce epigenetic reprogramming, 
thereby increasing cancer susceptibility in progeny [9-11]. 
Protecting early developmental stages is therefore a priority in 
environmental health.

Herbal medicines, long valued in traditional practice, have 
gained attention for mitigating genotoxic and carcinogenic effects 
of xenobiotics [12]. Evidence indicates that phytochemicals such 
as flavonoids, polyphenols, and alkaloids exhibit antioxidant, 
anti-inflammatory, and DNA repair-enhancing properties, 
intervening in key steps of carcinogenesis [13-16]. In vivo and 
in vitro studies show that herbal preparations can prevent DNA 
lesions, chromosomal aberrations, and epigenetic changes such as 
DNA methylation and histone modification, events particularly 
harmful during embryonic development [17-19].

Epigenetic inheritance further complicates mutagenic risks. 
Prenatal toxin exposure can imprint signatures that affect gene 
expression across generations [20-23]. Herbal compounds that 
can reverse or stabilize these epigenetic alterations present 
a unique and timely opportunity for cancer prevention at the 
germline level [24-26]. Herbs like Cuscuta chinensis, ginger, 
Ganoderma lucidum, and Valeriana Fauriei showed protective, 
restorative effects in animal models [27-30]. However, 
mechanistic insights remain fragmented, with only limited 
exploration of ROS regulation, DNA repair, or modulation of 
oncogenes and tumor suppressors [31-34].

Challenges also include variability in herbal formulation 
quality, concentrations of active compounds, and safety profiles, 
complicating reproducibility and translation to humans [35,36]. 
Another challenge is the absence of long-term follow-up in most 
studies, which mainly assess short-term outcomes after prenatal 
toxicant exposure and herbal treatment [37,38]. Longitudinal 
research is needed to confirm whether benefits such as improved 
neurodevelopment, hormonal balance, or immune function 
translate into reduced heritable cancer mutations, requiring 
molecular validation like mutation burden reduction or restored 
epigenetic marks [39-41].

A systematic evaluation of the evidence is therefore warranted. 
The objectives of this review are to assess the protective effects 
of herbal medicines against toxicant-induced genetic and 
epigenetic alterations in animal models, focusing on DNA 
integrity, gene expression, hormonal regulation, and prevention 
of transgenerational inheritance. The review also examines 
dosage, timing, administration, and existing research gaps to 
guide future investigations.
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Research Question.
This review examines herbal medicines’ role in preventing 

toxicant-induced mutagenesis in animal models, focusing on 
DNA integrity, gene expression, hormonal regulation, dosage, 
timing, administration, transgenerational effects, and evidence 
gaps.
Materials and Methods.

Study design: A systematic review from 1 January 2015 - 20 
July 2025.
PICO Criteria.

Population: animal models (including progeny or 
transgenerational effects) exposed to environmental toxicants.

Intervention: Herbal medicines (e.g., Carob, Ginger, 
ASHMI, Cuscuta flavonoids, Valeriana fauriei, Bu-Shen-Tian-
Jing formula) administered during or post-toxicant exposure to 
prevent genetic mutations or epigenetic modifications.

Comparison: No herbal intervention or placebo treatment.
Outcome: Reduction in cancer-related genetic mutations 

in animal models, improved DNA integrity, epigenetic 
modifications (e.g., DNA methylation), and overall health 
outcomes related to mutagenesis.
Inclusion Criteria:

Experimental rodent studies (mice or rats) published in 
English between 2015 and 2025 assessing herbal medicines 
against toxicant-induced genetic mutations, DNA damage, or 
epigenetic alterations were included. Outcomes considered 

were genetic integrity, epigenetic changes, transgenerational 
effects, and related endpoints (e.g., sperm DNA integrity, 
neurodevelopment, immunity, behavior).
Exclusion Criteria:

Review articles, editorials, conceptual papers, non-
experimental studies, non-rodent or human research, non-
herbal interventions, irrelevant outcomes, studies without direct 
mutation or epigenetic data, or articles not peer-reviewed or 
without full-text access were excluded.
Comprehensive Search Strategy:

A comprehensive search was conducted across PubMed, 
Scopus, Web of Science, Cochrane Library, and Google Scholar 
for studies (1 July 2015 to 31 July 2025) on herbal medicines 
preventing toxicant-induced cancer mutations in animal 
models. Both MeSH and free-text terms were used, applying 
Boolean operators (AND, OR). The primary search string 
was: “herbal medicine” AND (“offspring” OR “progeny” OR 
“transgenerational”) AND “cancer”, ensuring broad coverage of 
herbal interventions, toxicant exposures, mutagenic outcomes, 
and transgenerational effects.
Study Selection Process:

The study selection process, outlined in Figure 1 (PRISMA), 
followed predefined inclusion criteria to identify evidence 
on herbal medicines mitigating toxicant-induced cancer-
related mutations. Titles and abstracts were screened by 
two independent reviewers, followed by full-text eligibility 

Figure 1. Study Selection Process.
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assessment. Interventions were tabulated by type, dosage, route, 
timing, and matched against synthesis groups. Filters included 
publication period (2015-2025), peer-reviewed English articles, 
and open-access availability. From 21,421 records across Scopus 
(2,017), Web of Science (8,079), Cochrane Library (813), 
PubMed (3,762), and Google Scholar (6,750), the number was 
reduced to 10,307 after applying the publication period filter, 
with 103 duplicates subsequently removed. After screening 
10,204 records, 10,177 were excluded (non-herbal interventions 
= 3,245; non-toxicant exposure = 2,876; non-animal models = 
1,524; irrelevant outcomes = 1,892; reviews/editorials/non-
experimental studies = 640). A total of 27 full-text articles 
were assessed, of which 21 were excluded (review/conceptual 
only = 6; non-rodent models = 4; irrelevant outcomes = 5; no 
mutation/epigenetic data = 4; mechanistic without mutagenesis 
= 2). Ultimately, 6 studies were included, addressing genetic, 
epigenetic, and transgenerational outcomes.
Data Extraction:

Data extraction was performed independently by two 
reviewers, with disagreements resolved by consensus or 
third reviewer (Cohen’s kappa = 0.87). Extracted variables 
included study design, animal model, sample size, toxicant 
type, herbal intervention (type, dosage, route, duration, 
timing), and outcomes. Outcomes encompassed mutation 
type (genetic/epigenetic), DNA integrity, epigenetic changes, 
transgenerational effects, methods (e.g., comet assay, PCR, 
methylation assays), statistical significance, effect size, findings, 
limitations, and cancer-prevention implications. For multiple 
measures, preference was given to primary endpoints, longest 
follow-up, and complete statistical reporting.
Risk of Bias Assessment:

Risk of bias (Figure 2) showed low risk in randomization, 
baseline balance, allocation concealment, random housing, and 
completeness of outcome data. However, unclear risk remained 
for blinding and selective reporting. Using GRADE, most 
outcomes were rated moderate confidence, constrained by small 
sample sizes and some methodological limitations, though 

consistency across studies strengthened reliability of findings.
Figure 3 outlines bias risk in six studies most domains 

were low risk, but blinding and selective reporting remained 
unclear. Together with GRADE, this provides integrated 
quality appraisal for interpreting findings. Risk of bias was 
systematically assessed using SYRCLE’s Risk of Bias tool [42] 
ensuring a comprehensive evaluation of methodological rigor 
across included studies.
Results.

Table 1 summarizes six experimental rodent studies (sample 
sizes 4–100) on herbal medicines against toxicant-induced 
effects. Exposures included busulfan, BPA, testosterone 
propionate, OVA, ginger extract, and prenatal stress, providing 
foundational evidence for herbal interventions reducing 
mutation risk and improving outcomes.

Table 2 outlines herbal interventions across studies, detailing 
dosage (20–600 mg/kg), route (mostly oral gavage, one 
intraperitoneal), and duration (2.5–8 weeks). Administration timing 
varied (prenatal, post-exposure, or continuous), reflecting diverse 
strategies yet consistently supporting protective herbal effects.

Table 3 summarizes mutation-related outcomes and 
methods. Most studies assessed transgenerational effects via 
neurobehavior, DNA methylation, hormones, and immunity, 
using ELISA, RT-qPCR, histology, SDFA, and behavioral tests. 
Findings highlight diverse evaluations of herbal interventions 
against toxicant-induced genetic and functional disruptions.

Table 4 presents effect sizes, significance, and epigenetic 
impacts. All studies showed improvements (P < 0.05–0.001) 
in sperm DNA integrity, neurodevelopment, immunity, and 
hormones, with epigenetic changes (e.g., ERα, H19/Igf2). 
Transgenerational analyses confirmed herbal interventions 
influence health and gene regulation post-toxicant exposure.

Table 5 summarizes findings from six studies, all showing 
protective herbal effects against toxicant-induced mutagenesis, 
improving sperm recovery, neurodevelopment, immunity, 
hormones, DNA methylation, and behavior. Herbs like 
Carob, Ginger, ASHMI, and Cuscuta showed promise, though 

Figure 2. SYRCLE's Risk of bias graph.
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Figure 3. SYRCLE's Risk of bias summary.

Study Study Design Species/ Population Sample Size Type of Exposure
Ghorbaninejad et al. 2023 
[43] Experimental animal NMRI mice, 8-10 weeks old 4 mice Busulfan (45 mg/kg intraperitoneally to 

induce azoospermia)

Zhang et al. 2021 [44] Experimental animal Sprague-Dawley rats 
(neonatal, adult rats) 45 rats Testosterone propionate (PCOS)

López et al. 2015 [45] Experimental animal BALB/c mice
(6-week-old) 9 mice OVA sensitization (asthma model)

Zamani et al. 2017 [46] Experimental animal Wistar rats (pregnant 
females) 40 rats Hydro-alcoholic ginger extract

Wei et al. 2020 [47] Experimental animal Kunming mice
(9-week-old) 100 mice Bisphenol A (BPA)

Lee et al. 2016 [48] Experimental animal Sprague-Dawley rats 
(pregnant) 16 rats Prenatal stress (PNS)

Table 1. Included Studies Overview.

Study Herb/ Intervention Dosage Route of 
Administration

Duration
of Treatment

Timing Relative to 
Exposure

Ghorbaninejad et al. 
2023 [43]

Carob extract (Ceratonia 
siliqua) 75–600 mg/kg Oral gavage 5 weeks After azoospermia 

induction

Zhang et al. 2021 [44] Bu-Shen-Tian-Jing formula 
(BSTJF) 333 mg/200 g Oral gavage 4 weeks After PCOS induction

López et al. 2015 [45] ASHMI (Ganoderma, 
Sophora, Glycyrrhiza) 4.5 mg Oral gavage 6 weeks Post-OVA challenge

Zamani et al. 2017 
[46] Ginger (Zingiber officinale) 50–100 mg/kg Intraperitoneal 

injection 8 weeks Daily during pregnancy

Wei et al. 2020 [47] Cuscuta chinensis flavonoids 
(CCFs) 20–40 mg/kg Oral gavage 2.5 weeks Prenatal exposure

Lee et al. 2016 [48] Valeriana fauriei extract 
(VF) 100 mg/kg Oral administration 3 weeks Postnatal stress exposure

Table 2. Dosage, administration, and timing on included studies.
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Study Mutation Outcome
 Measured Measurement Method Mutagenesis Type

Ghorbaninejad et al. 2023 
[43]

Spermatogenesis recovery, sperm count, 
motility, DNA integrity CASA, SDFA, histology, ROS Spontaneous mutagenesis

Zhang et al. 2021 [44] Neurobehavioral changes, dendritic spine 
density

Morris Water Maze, Nissl 
Staining Transgenerational mutagenesis

López et al. 2015 [45] Airway inflammation, immune response BALF, serum assays, histology Transgenerational mutagenesis

Zamani et al. 2017 [46] Testosterone, LH, FSH in serum, sperm lineage 
cells ELISA, cell counts, histology Transgenerational mutagenesis

Wei et al. 2020 [47] DNA methylation of ERα and H19/Igf2 BSP, RT-qPCR, hormone 
assays Transgenerational mutagenesis

Lee et al. 2016 [48] Behavioral patterns, protein expression Behavioral tests, Western blot Epigenetic programming

Table 3. Mutation Outcome and Measurement Method.

Study Effect Size Statistical 
Significance

DNA/Genetic 
Integrity

Epigenetic
Changes

Transgenerational 
Analysis

Ghorbaninejad et 
al. 2023 [43]

Significant dose-dependent 
improvement in sperm count 
and DNA integrity (P < 0.05, 
P < 0.001)

P < 0.05

Improved sperm 
DNA integrity 
with reduced 
fragmentation

Changes in 
spermatogenesis-
related genes

Yes, male sperm production 
after busulfan-induced 
infertility

Zhang et al. 2021 
[44]

Improved neurobehavioral 
performance and dendritic 
spine density (P < 0.05)

P < 0.05 Improved 
neurodevelopment

Changes in neuronal 
protein expression

Yes, offspring behavior 
and protein expression in 
hippocampus

López et al. 2015 
[45]

Reduced inflammation and 
mucus hyperproduction in 
offspring (P < 0.05)

P < 0.05 No DNA damage 
observed

Changes in cytokine 
production

Yes, immune response 
in offspring from treated 
mothers

Zamani et al. 2017 
[46]

Increased hormone levels 
and spermatogenesis in 
offspring (P ≤ 0.01)

P ≤ 0.01 Improved sperm cell 
lineage

Epigenetic regulation 
of spermatogenesis

Yes, maternal effects on 
offspring spermatogenesis

Wei et al. 2020 
[47]

Decreased DNA methylation 
at ERα and H19/Igf2 loci (P 
< 0.01)

P < 0.01
Down-regulated 
DNA methylation at 
promoter regions

Epigenetic changes 
at ERα and H19/Igf2 
loci

Yes, BPA-induced DNA 
methylation in offspring

Lee et al. 2016 
[48]

Improved behavioral 
responses (P < 0.05) P < 0.05 No significant DNA 

damage

Epigenetic 
regulation of 
neurodevelopmental 
genes

Yes, maternal prenatal 
stress effects on offspring

Table 4. Effect Size, Statistical Significance, and Epigenetic Changes.

Study Effect on Mutagenesis Cancer Prevention 
Implications Key Findings Limitations

Ghorbaninejad et al. 
2023 [43]

Significant improvement in 
spermatogenesis recovery

Supports Carob extract in 
sperm recovery from toxic 
exposure

Improved sperm count, 
motility, morphology, and 
DNA integrity

Small sample size, no long-
term follow-up

Zhang et al. 2021 [44] Improved neurodevelopment 
in offspring

BSTJF could help reverse 
epigenetic damage from 
PCOS exposure

Improved neurobehavioral 
performance and dendritic 
spine density

Limited focus on 
neurodevelopment; no 
epigenetic markers assessed

López et al. 2015 [45] Reduced inflammation in 
offspring

ASHMI could reduce 
inflammation and prevent 
immune-related mutations

Reduced inflammation 
and immune response in 
offspring

Limited to immune responses; 
no broader epigenetic analysis

Zamani et al. 2017 [46] Improved hormone levels and 
spermatogenesis

Ginger extract (HEG) may 
prevent transgenerational 
mutagenesis in male 
offspring

Increased testosterone, LH, 
FSH, and spermatogenesis 
in offspring

Focus on hormonal levels, no 
epigenetic data

Wei et al. 2020 [47] Significant decrease in DNA 
methylation

Cuscuta chinensis flavonoids 
can reverse BPA-induced 
mutations

Restored DNA methylation 
at ERα and H19/Igf2 loci

Short follow-up; lacks 
behavioral analysis in 
offspring

Lee et al. 2016 [48] Improved behavior and 
protein expression

Valeriana fauriei (VF) may 
reverse prenatal stress-
induced mutagenesis

Improved behavioral 
responses and protein 
expression in offspring

Focus on protein expression; 
no direct mutagenesis 
assessment

Table 5. Summary of Results and Implications.
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limitations included small samples, short follow-ups, and 
narrow outcome focus.
Discussion.

This SLR of six rodent studies shows herbal medicines 
(Ceratonia siliqua, ASHMI, Zingiber officinale, Cuscuta 
chinensis) protected against toxicant-induced mutagenesis, 
enhancing DNA integrity, spermatogenesis, neurobehavior, 
airway inflammation, hormone balance, immunity, and 
epigenetics. Broader evidence links phytochemicals like 
curcumin, resveratrol, ginsenosides, and berberine to anticancer 
effects [49,50]. Similarly, animal and in vitro studies confirm 
herbal bioactive reduce DNA mutations [51,52], while multi-
component formulations from traditional medicine mitigate 
chemotherapy-induced toxicity [53,54]. 

To further support the review examined dosage, timing, and 
administration of herbal interventions. Most were delivered 
orally at 20-600 mg/kg for 2.5-8 weeks, used either preventively 
or therapeutically. Early or continuous supplementation during 
critical windows appeared most effective. Similar to preclinical 
studies on curcumin, resveratrol, and green tea polyphenols, 
oral routes ensured clinical relevance and safety [55]. The 
dose range aligns with prior reports (e.g., curcumin 50–500 
mg/kg) [56] Preventive use likely modulates early mutagenic 
events or strengthens antioxidant defenses [57]. Yet, lack of 
extract standardization raises reproducibility concerns, while 
metabolomics offers mechanistic insights complementing 
efficacy assessments [58,59].

Expanding to Outcomes included ELISA, RT-qPCR, comet 
assays, and behavior tests. Studies assessed transgenerational 
mutagenesis, DNA damage, and epigenetic programming. 
Herbs like luteolin and triptolide modulate DNMTs/HDACs, 
suppress oncogenes, and enhance genomic stability [60]. 
Epigenetic modifications from phytochemicals may be heritable 
[61], with paternal exposures also affecting germline mutations 
[62]. Yet effects are context-dependent; some extracts show 
mutagenicity or genotoxicity under certain conditions, such as 
the Ames test [63-67]. Spermatogenesis outcomes highlight 
germline protection against heritable mutations linked to cancer. 
Neurobehavioral improvements indicate reduced neurotoxicity 
and oxidative stress, integral to systemic cancer pathways. 
Herbal modulation of airway inflammation mitigates tumor-
promoting chronic inflammation, while hormone normalization 
prevents endocrine disruption, reducing risks of breast, ovarian, 
and prostate cancers. Together, these outcomes demonstrate 
preventive mechanisms.

Overall, findings suggest herbal medicines act as promising 
chemopreventive agents with multi-targeted effects. However, 
the six included studies displayed considerable variability in 
target species, toxicant exposures (e.g., BPA, busulfan, stress), 
herbal remedies (e.g., carob, ginger, ASHMI), dosages, and 
treatment durations. This heterogeneity complicates direct 
comparison and limits generalizability, making it inappropriate 
to conclude that herbal medicines are broadly effective 
against all mutagenic exposures. Instead, efficacy has been 
demonstrated only for specific herb–toxicant combinations under 
defined conditions. Small sample sizes, inconsistent extract 

standardization, and limited clinical validation further restrict 
reliability, emphasizing the necessity for deeper mechanistic 
exploration and rigorous human trials [68-70]. Many acts via 
epigenetic pathways in parallel with regulation of reproductive, 
neurological, inflammatory, and endocrine functions, thereby 
supporting the potential to reverse inherited genomic risks and 
lower systemic cancer susceptibility [71]. However, evidence 
remains incomplete; most studies address anticancer effects in 
cell lines or adult models, not transgenerational impacts [72,73]. 
Standardization issues, compound complexity, and toxicity 
risks also limit translation, and safety in preventing inherited 
mutations requires further validation [74,75]. 

Current SLR demonstrates that herbal medicines mitigate 
toxicant-induced mutagenesis via genetic and epigenetic 
pathways, supporting cancer prevention, DNA repair, and 
immune regulation. Despite promising effects, limited 
mechanistic depth and small samples warrant standardized 
formulations, metabolomic profiling, and human trials [76]. A 
meta-analysis reported that traditional herbal medicines alleviate 
chemotherapy-induced side effects while enhancing efficacy, 
though it stressed the need for RCTs and safety data [77]. 
Similarly, trigonelline inhibits tumor growth and chemotherapy 
toxicity but requires further mechanistic insight [78,79]. 
Biological mechanisms include antioxidant defense, DNA 
repair modulation, apoptosis regulation, immune enhancement, 
and epigenetic remodelling (e.g., Cuscuta chinensis). These 
reduce heritable mutations and cancer risk. Strengths were 
controlled toxicant exposures and validated assays, though 
limitations sample size, blinding, and heterogeneity restrict 
generalizability.
Conclusion.

Herbal medicines demonstrate potential in mitigating toxicant-
induced mutagenesis through multiple pathways, including 
antioxidant defense, epigenetic remodelling, and immune 
modulation. By influencing DNMTs, HDACs, and oncogene 
expression, compounds like luteolin, triptolide, and curcumin 
can restore genomic stability. Transgenerational studies 
further highlight their ability to reduce inherited DNA damage 
and normalize gene regulation, offering a unique avenue for 
cancer prevention. Nonetheless, considerable variation in 
toxicants, herbal formulations, and experimental designs across 
studies constrains external validity. Efficacy should therefore 
be interpreted as context-specific, rather than universally 
applicable across all herbal medicines and exposures. 
Integrating standardized experimental designs, advanced 
omics-based profiling, and human studies will be essential to 
confirm reproducibility, optimize therapeutic formulations, and 
strengthen translational evidence for clinical applications.
Implications for Clinical Practice and Public Health.

Herbal formulations like Carob, Ginger, and ASHMI may 
aid reproductive and neurodevelopmental health in toxicant-
exposed groups. Yet, clinical translation must proceed 
cautiously, given that current evidence supports only certain 
herb exposure pairings. Clinical trials remain essential, but 
public health messaging could emphasize safe prenatal use and 
epigenetic protection.
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Recommendations for Future Research.
Future studies should use larger, blinded, randomized designs, 

assess multigenerational effects, and standardize dosages. 
Integrating omics-based biomarkers and conducting human 
cohorts or phase I trials are urgently needed to translate 
promising animal evidence into preventive strategies.

This study was funded by the Science Committee, Ministry 
of Science and Higher Education of Kazakhstan (Grant 
AR19678225; reg. no. 0123RK00613), focused on oncogenesis 
prevention in irradiated rat offspring.
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