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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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, BSTIJF, 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].
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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
ofxenobiotics [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

[ Identification of studies via databases ]
= Records identified from (n = 21421):
% Scopus (n = 2017)
2 Wos (n = 8079) L 2015-2025 (n = 10307)
5 Cochrane (n = 813) i Duplicates records removed (n = 103)
5 PubMed (n = 3762)
E Google Scholar (n = 6750)
- Records excluded (n = 10177)
= Criteria applied:
S e E - Non-herbal interventions -3,245
g (n = 10204) »- Non-toxicant exposure -2,876
7] - Mon-animal models -1.524
- lrelevant outcomes -1,892
l - Review articles, editorials, or non-experimental studies -640
= Records excluded (n = 21)
= Criteria applied:
% Record eligible for assessment ,|- Review/conceptual only -6
ﬁ (n=27) - Mon-rodent models -4
- Imrelevant outcomes -5
- No mutation/epigenetic data -4
l - Mechanistic without mutagenesis -2
k-] o
2 Included studies in
E Systematic Review
£ (n=6)

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., ERa, H19/1gf2).
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
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Figure 2. SYRCLE's Risk of bias graph.
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Figure 3. SYRCLE's Risk of bias summary.

Table 1. Included Studies Overview.

(VE)

Study Study Design Species/ Population Sample Size Type of Exposure
Ghorbaninejad et al. 2023 Experimental animal NMRI mice, 8-10 weeks old 4 mice Busulfan (45 mg/kg intraperitoneally to
[43] induce azoospermia)
. . Sprague-Dawley rats .
Zhang et al. 2021 [44] Experimental animal (neonatal, adult rats) 45 rats Testosterone propionate (PCOS)
Lopez et al. 2015 [45] Experimental animal BALB/c mice 9 mice OVA sensitization (asthma model)
P : p (6-week-old)
Zamani et al. 2017 [46] Experimental animal }Z;j:gsr; fs (pregnant 40 rats Hydro-alcoholic ginger extract
. . . Kunming mice . .
Wei et al. 2020 [47] Experimental animal (9-week-old) 100 mice Bisphenol A (BPA)
Lee et al. 2016 [48] Experimental animal Sprague-Dawley rats 16 rats Prenatal stress (PNS)
(pregnant)
Table 2. Dosage, administration, and timing on included studies.
. Route of Duration Timing Relative to

Study Herb/ Intervention Dosage Administration of Treatment Exposure
Ghorbaninejad et al. | Carob extract (Ceratonia 3 After azoospermia
2023 [43] siliqua) 75-600 mg/kg Oral gavage 5 weeks induction

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

, ASHMI (Ganoderma,

Lopez et al. 2015 [45] Sophora, Glycyrrhiza) 4.5 mg Oral gavage 6 weeks Post-OVA challenge
Zamani et al. 2017 . L . Intraperitoneal . .
[46] Ginger (Zingiber officinale) |50-100 mg/kg injection 8 weeks Daily during pregnancy
Wei et al. 2020 [47] (Ccu é;ust)a chinensis flavonoids 2040 mg/kg Oral gavage 2.5 weeks Prenatal exposure
Lee et al. 2016 [48] Valeriana fauriei extract 100 mg/kg Oral administration |3 weeks Postnatal stress exposure
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Table 3. Mutation Outcome and Measurement Method.

Mutation Outcome

Measured

Spermatogenesis recovery, sperm count,
motility, DNA integrity

Neurobehavioral changes, dendritic spine
density

Study

Ghorbaninejad et al. 2023
[43]

Zhang et al. 2021 [44]
Lopez et al. 2015 [45] Airway inflammation, immune response

Zamani et al. 2017 [46] cells

Wei et al. 2020 [47] DNA methylation of ERa and H19/1gf2

Lee et al. 2016 [48] Behavioral patterns, protein expression

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

Study Effect Size SFatl.s tical
Significance

Significant dose-dependent

Ghorbaninejad et improvement in sperm count P <0.05

al. 2023 [43] and DNA integrity (P < 0.05, ’
P <0.001)
Improved neurobehavioral

[Z411‘a]ng etal. 2021 performance and dendritic |P <0.05
spine density (P <0.05)

Lopez et al. 2015 Reduced 1nﬂammat19n apd

[45] mucus hyperproductionin P <0.05
offspring (P < 0.05)

. Increased hormone levels
Zamani et al. 2017 and spermatogenesis in P<0.01

[46] offspring (P <0.01)

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

Wei et al. 2020
[47]

Lee etal. 2016
[48]

Improved behavioral

responses (P < 0.05) P <0.05

Table 5. Summary of Results and Implications.

Testosterone, LH, FSH in serum, sperm lineage

Measurement Method

Mutagenesis Type

CASA, SDFA, histology, ROS Spontaneous mutagenesis

Morris Water Maze, Nissl
Staining

Transgenerational mutagenesis

BALF, serum assays, histology Transgenerational mutagenesis

BSP, RT-qPCR, hormone
assays
Behavioral tests, Western blot

DNA/Genetic Epigenetic

Integrity Changes

Improved sperm .

DNA integrity Changes in .
spermatogenesis-

with reduced related genes

fragmentation

Improved Changes in neuronal
neurodevelopment  protein expression
No DNA damage  Changes in cytokine
observed production

ELISA, cell counts, histology  Transgenerational mutagenesis

Transgenerational mutagenesis

Epigenetic programming

Transgenerational
Analysis

Yes, male sperm production
after busulfan-induced
infertility

Yes, offspring behavior
and protein expression in
hippocampus

Yes, immune response
in offspring from treated
mothers

Improved sperm cell Epigenetic regulation Yes, maternal effects on

lineage

Down-regulated

loci
Epigenetic
No significant DNA regulation of
damage

promoter regions

genes

Cancer Prevention

Study Effect on Mutagenesis

Implications

Key Findings

of spermatogenesis

Epigenetic changes
DNA methylation at at ERa and H19/1gf2

Ghorbaninejad et al.
2023 [43]

Zhang et al. 2021 [44]

Loépez et al. 2015 [45]

Zamani et al. 2017 [46]

Wei et al. 2020 [47]

Lee et al. 2016 [48]
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Significant improvement in
spermatogenesis recovery

Improved neurodevelopment
in offspring

Reduced inflammation in
offspring

Supports Carob extract in
sperm recovery from toxic
exposure

BSTIJF could help reverse
epigenetic damage from
PCOS exposure

ASHMI could reduce
inflammation and prevent
immune-related mutations
Ginger extract (HEG) may

Improved hormone levels and prevent transgenerational

spermatogenesis

Significant decrease in DNA
methylation

Improved behavior and
protein expression

mutagenesis in male
offspring

Cuscuta chinensis flavonoids
can reverse BPA-induced
mutations

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

Improved sperm count,
motility, morphology, and
DNA integrity

Improved neurobehavioral
performance and dendritic
spine density

Reduced inflammation
and immune response in
offspring

Increased testosterone, LH,
FSH, and spermatogenesis
in offspring

Restored DNA methylation
at ERo and H19/1gf2 loci

Improved behavioral
responses and protein
expression in offspring

offspring spermatogenesis

Yes, BPA-induced DNA
methylation in offspring

Yes, maternal prenatal

neurodevelopmental stress effects on offspring

Limitations

Small sample size, no long-
term follow-up

Limited focus on
neurodevelopment; no
epigenetic markers assessed

Limited to immune responses;
no broader epigenetic analysis

Focus on hormonal levels, no
epigenetic data

Short follow-up; lacks
behavioral analysis in
offspring

Focus on protein expression;
no direct mutagenesis
assessment



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
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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.



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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