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Uterine fibroid or leiomyoma is the most common gynecological disorder affecting women.
Treatment of symptomatic fibroids to date has been surgical, consisting of total abdominal
hysterectomy or myomectomy. To decrease surgery’s impact, patients are progressively looking
for uterus-protecting, negligibly obtrusive therapies/prevention for asymptomatic/symptomatic
uterine fibroids. Medicinal plants/herbs and their active phytoconstituents have been used for the
therapy of fibroids and associated uterine complications. Therefore this review highlights
mechanisms by which phytochemicals modulate fibroid growth pathways. To achieve this aim,
we performed a systematic search within the two largest medical-related scientific databases,
PubMed and SCOPUS. We considered all papers representing original research and reporting
specific phytochemicals used in the studies. Of the 227 papers identified, only twenty-six of
these met the required considerations: 80.77% in vitro, 15.39% in vivo, and 3.84% in silico. The
most studied plants and phytoconstituents used in treatment/prevention to inhibit fibroid
growth/proliferation pathways were: Scutellaria barbata D. Don, Curcuma longa L. (Turmeric),
and resveratrol, curcumin, and anthocyanins, respectively. Also, the main pathways of target for
fibroid inhibition were cell-cycle arrest, apoptosis through an increase in ROS above cell
viability thresh-hold, and inhibition of ECM proteins via reduction of growth factors. This
review highlights natural anti-fibroid phytoextracts and the pharmacological mechanism by
which they modulate fibroid pathways, thus providing key insights to developing new and
innovative therapeutic options for the management of symptoms in women with uterine fibroids.

Keywords: Phytochemicals/phytoconstituents, uterine fibroids, signaling pathways, cell cycle,
medicinal plants.

Introduction

Uterine fibroids (leiomyomas) are typical benign smooth

differentiation, extracellular matrix (ECM) production, and cell
proliferation genes.*'* These dysregulated genes could then be
secondarily induced by other synergistic pathways, indirectly leading

muscle pelvic tumors in women of reproductive years.'? Its
occurrence depends on agefrace, occurs after menarche,™ ** and has
been found to arise in about 4% of women 20-30 years of age, 11%-
18% in those that were 30-40years, and 33% in women between 40—
60 years.” In South-Western Nigeria, a prevalence of 6.83%,° and
35%—40%" was reported in Akure and lle-Ife, respectively. Similarly,
in the eastern part of Nigeria, a prevalence of 25% in Enugu State,®
and 41.95% in Calabar were also recorded.” Fibroids present as
symptomatic or asymptomatic forms, with a larger percentage of
fibroid patients being asymptomatic and having multiple/solitary
neoplastic growths. Symptomatic fibroids, on the other hand, accounts
for about 25-50% of presented cases,”> ° characterized by
reproductive complications, pelvic pressure (bladder and bowel),
abnormal uterine bleeding/acute pelvic pain, hemorrhage or infection,
?lbldzominal protrusion, frequent urination and bloating as symptoms.?

Leiomyomas stem from the excessive growth of connective and
smooth muscle uterine tissues due to an alteration of normal
myocytes, as well as high levels of genomic instability in
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to fibroid growth.">® Implicated pathways are a complex network of
intracellular and extracellular signaling, involving growth factors,
membrane-bound receptors of estradiol and progesterone-like receptor
tyrosine kinases (RTKSs), and PI3K/Akt/mTOR pathways.

While early inception of menstrual cycles may multiply myometrium
cell divisions during reproductive years, leading to an increased risk of
the dysregulated gene(s) that mediate myometrial proliferation, age,
epidermal/epigenetic growth factors, positive family history,
hormonal/genetic factors associated with pre-menopause, obesity,
exercise, racial/geographic differences, diet and use of oral
contraceptives play facilitative or synergistic roles in fibroid growth.?*
2 Hyper-insulinemia is also regarded as a risk factor, as insulin affects
fibroid growth by a direct trigger of myometrial smooth muscle cells
or indirectly by an elevation in circulating ovarian hormone
amounts. 2%

First-line therapies for uterine fibroid (UF) treatments are medical, and
the choice of treatment is individualized based on symptoms, desire
for subsequent fertility, fibroid size/location, and history of past
therapies.? % Presently, there are three main classes of treatments: 1)
Drugs, which help to reduce/manage pain and discomfort associated
with heavy menstrual bleeding and also shrink the tumors.?” % 2)
Surgery, the gold standard for UF management, ranging from partial
to total uterus removal, abscission of the tumor, and anatomical re-
modeling of the uterus.?®3* 3) The use of non-invasive methods such
as laser and radiofrequency for fibroid annihilation and reduction of
blood supply to the uterus/fibroid cells.****

Although there is a wide range of treatment options for UFs, various
issues such as infections, discomfort/pain, need for surgical
intervention following non-surgical/surgical options, and fibroid
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regrowth has been recorded.®*® These complexities resulting from
existing fibroid therapies and the cost of conventional treatments,
necessitated the need for other novel options. Also, there is a rising
commercial/scientific interest to develop novel antifibroid drugs from
plants as naturally derived options having inherent properties.
Plants produce a wide spectrum of bioactive compounds known as
secondary metabolites. Flavonoids, terpenes, and phenol compounds
are three main phytoconstituents with various biological roles in
disease therapy that have been used together with existing medical
treatments.® Despite prevailing prevention and fibroid management
methods, identification of phytoconstituents with antifibroid abilities
that have little/no adverse effects remains a major issue to the
scientific and biomedical community, and in some cases, the
mechanism of action of the recognized phytoconstituents is unclear.
Hence, this study discusses scientifically validated medicinal
plants/phytoconstituents that possess potential therapeutic effects in
fibroid management, growth/proliferation, and their mechanisms of
action. This study would increase awareness and awaken the
intervention of researchers for further scientific research in less
invasive/absolute preventive fibroid treatment and prevention
therapies, especially in Nigeria and Africa at large.

Materials and Methods

We carried out a comprehensive systematic literature search of the two
largest medical-related databases: PubMed and Scopus till July 2020,
using different combinations of the following keywords; plants OR
phytochemicals OR "medicinal plants” OR "medicinal herbs" OR
herbs AND fibroid OR leiomyoma OR "uterine leiomyoma" OR
"uterine leiomyosarcoma” OR "uterine myomatosis" OR "uterine
leiomyomata® OR  fibromyoma OR fibroleiomyoma OR
leiomyosarcoma. The articles were screened independently by KOD
and AEN, first by title and abstracts followed by full-text screening.
Discrepancies were resolved by discussion with OAR. The peer-
reviewed/original articles reporting the use of medicinal plants/herbs
and their respective phytoconstituents for the prevention and treatment
of fibroids cells/cell lines were selected. Also, only those papers that
showed the antifibroid effects of these plants/mechanisms by which
they exerted their effects were included in this study.

We excluded review articles, case studies, letters to the editor, articles
without full texts, and non-English articles. Studies that utilized other
pharmacological administration methods from medicinal plants were
also excluded.

The following data were obtained from included studies and used to
collate a predesigned data collection table: author/year of publication,
plants, phytochemicals, cell lines, treatment mechanisms/signaling
pathways, and study type. Plants' names were also properly identified
and authenticated by an experienced botanist.

Results and Discussion

Of the 26 articles selected from the databases following the search
strategies described in Fig 1, 80.77% were in vitro studies on specific
rat and human cell lines, 15.39% were in vivo studies, and 3.84% in
silico. The plants and phytochemicals from the selected articles are
listed in Table 1. Most of the identified articles had their studies
conducted in China, Japan, and Korea. Many of the in vitro studies,
involved leiomyoma and normal (myometrial) tissues cultured
differently to study and compare the effects of the various
phytochemicals on inhibition and protection from fibroid growth
respectively. Also, the identified mechanisms targeted in fibroid
reduction were: growth arrest via cell cycle inhibition (G2/M arrest,
cyclin Al, cyclin B1, CDK1, CDK,, BCL, BIM, BAX, p53, p21,
TP5313), AKT-mTOR, PARP, growth factors (VEGFRy), glycolysis
inhibition, induction of apoptotic pathways via caspase activation, and
inhibition of ECM proteins (collagen1A1, fibronectin, and versican).

For the in vivo studies, experimental models used included female
rodents: (BALB/cAJC female nude mice 5-6 weeks old, Sprague
Dawley rats, Wistar rats), and 3 months old Japanese quails (Coturnix
japonica). Japanese quail is a great experimental model for human
uterine leiomyoma research because tumor occurs randomly in the
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bird’s oviduct, an organ comparable to the human uterus.”” The
methods used for inducing fibroids in the in vivo studies included
administration of diethylstilbestrol (DES),®*%* and subcutaneous
implantation of SK-UT-1 tumor cells in mice,*”* The duration of DES
exposure varied from 14-20 weeks in rats to 365 days in the Japanese
quail.”® Also, 95% and 60% ethanol extraction, respectively, were
used in two of the studies.**** The methods of treatment
administration also varied from intragastrical/gavage®* to
intraperitoneal.*In some of these studies, more than one plant was
used jointly, whether as a measured concoction, or a mixture to test
the synergistic effects of the combined plants. As shown in Figure 2,
plants in the family of the Zingiberaceae and Paeoniaceaeoccurred the
most in this review with a frequency of 13%, followed by plants from
these families: Berberidaceae, Lauraceae, Rosaceae, Lamiaceae,
Fabaceae, and the Vitaceae, with a frequency of 6% each. Similarly,
Curcuma  longa(Turmeric)®*  Fragaria x ananassaDuch.
(Strawberry)***® and Scutellariabarbata D. Don (SB)**° were used in
more than one study, with anthocyanins®“*curcumin" ** fisetin,”® and
resveratrol*"***5%showing great antifibroid phytochemical abilities.
From the included studies as well, induced oxidative stress, induction
of apoptotic pathways via caspase activation and mitochondrion
pathways, PCNA/HSF-1 downregulation, growth factor modulation,
glycolysis inhibition, and inhibition of ECM components
(collagen1Al, fibronectin, and versican) were molecular mechanisms
of the target for anti-fibroid treatment/prevention
(plants/phytochemicals).*® 5354

Medicinal plants are plants, which have inherent bio-active substances
that can be utilized for treatment or which are precursors for
producing drugs.> % Phytochemicals, on the other hand, are plant-
based chemical constituents with disease-preventive properties.*®
Curcumin, EGCG (epigallocatechin gallate), resveratrol, anthocyanin,
and quercetin®%® are only part of the wide range of phytochemicals
that are still being studied in fibroid therapy/prevention, and although
mostly known for their antiproliferative effects, the efficacy of these
phytochemicals on signaling pathways is yet to be addressed
sufficiently in leiomyoma cells.

Plants and phytochemicals targeting oxidative stress

Reactive oxygen species (ROS) are extremely reactive short-lived
molecules whose production exists in equilibrium with several
antioxidant defenses.”® Oxidative stress is a key modulator of
profibrotic gynecologic disorders such as fibroids and entails the
accumulation of newly produced ECM components rising from a
connective tissue manufacturing/degradation imbalance, including
multiplication of distinct fibroblastic cells which contribute to ECM
homeostasis/turnover and thus fibroid growth.®? In physiological
conditions, ROS production has double-edged sword features
regarding its low-level cell signaling modulation, and its high-level
cytotoxicity.® Therefore, ROS-inducing methods are based on the
principle that raising ROS levels above cytotoxic thresholds breaks the
redox homeostasis selectively to kill cancer cells. Thus, if exogenous
ROS-producing factors are stimulated, the tumor cells that are redox-
imbalanced are made more susceptible than normal cells, accordingly
prompting cytotoxic effects by oxidative stress-dependent pathways to
induce necroptosis, apoptosis, ferroptosis, anoikis, and autophagic cell
death.®*** This mechanism poses an important apoptotic regulatory
mechanism in  fibroid prevention/therapy. In this review,
Anthocyanins, in particular, induced fibroid cell death by the dual
mechanisms via which ROS exerts therapeutic effects both at low and
high concentrations, but especially by an overproduction of ROS in
leiomyoma cells, resulting in apoptosis induction. Conversely, a
different effect was observed in myometrial cells by the reduction in
ROS concentrations that resulted in an improvement of cellular
viability, thus indicating the preventive potential of strawberry extract
in maintaining normal homeostatic cell conditions.*® *

Plants and phytochemicals targeting apoptosis

Apoptosis  (programmed cell death), is a highly regulated
morphological and biochemical process essential for cell proliferation
and cell cycle maintenance, as well as a defense mechanism during
immune responses/cell damage by diseases.®®” Several critical cell
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death checkpoints, occur during immune development and are under
surveillance by the Bcl-2 protein members. These classes of proteins
include both anti and pro-apoptotic members as well as the tumor
necrosis factor death receptor family.®Alterations in the proper
expression or functioning of these cell death modulators bring about
pathological conditions, one of which is tumor growth.®

Therefore, the effect of cell proliferation in opposition to sustained
cell survival in fibroid pathogenesis is of growing interest in the
treatment of fibroids.**™

Both BAX (Bcl-2-associated X) and Bcl-2 (B-cell lymphoma/leukemia-2)
are apoptosis-regulating proteins. While Bcl-2 expression leads to
extended cell survival by limiting caspase stimulation,”>" BAX
overexpression leads to an increased speed in programmed cell
death.”*™ Based on earlier studies, the anti-apoptotic mechanism
implicated in fibroid growth have shown an increased expression of
the anti-apoptotic, Bcl-2, compared to homologous myometrium,
which could be affected by the endocrine environment® ™ The
apoptotic process is also associated with a group of cysteine proteases
(the caspases) that serve key apoptosis control functions.
Phytochemicals reviewed below triggered apoptosis in fibroids by
raising ROS levels, which in turn stimulates the release of p53 to
regulate apoptosis.

From the papers included in this review, apoptotic cell death was
induced through the intrinsic apoptotic pathway. Curcumin induced
apoptosis as shown by DNA fragmentation: a late apoptotic event,*
while Euonymus alatus (Thunb.) Siebold (EA) induced GSH-
depletion, thus facilitating the release of cytochrome c, which suggests
that EA-induced apoptosis was by intracellular redox. EA has also
shown to act as a pro-oxidant, inducing activation of caspase-3 and
thus apoptosis through the mitochondrial pathway.”

Fisetin-induced apoptosis on the other hand was not by a solitary
pathway, but by several established apoptotic pathways including
extrinsic, intrinsic, MARK, autophagy, and p53-mediated pathways,’’
while growth inhibition of Flavokawain B (FKB) was by the elevation
of pro-apoptotic proteins: BIM, p53 upregulated modulator of
apoptosis (PUMA) and death receptor-5 (DR5) and a reduction of
Survivin, an inhibitor of apoptosis protein (IAP).”
Gyejibongnyeong-hwan (GBH) consisting of Poriacocos (Schw.)
Wolf., Cinnamomum cassia Blume, Paeonia suffruticosa Andrews,
Paeonialactiflora Pallas, and Prunus semen greatly altered Bax to
Bcl-2 ratio, thus initiating intrinsic p53-dependent apogatosis by an
increased level of mitochondrial superoxide anions.”” GBH also
amplified procaspase-9 expression and activated caspase-9/-3, thus
stirring up apoptosis using caspase fragmentation in treated cells.
Orthosiphon stamineus Benth. extracts inhibited proliferation and
induced apoptosis against SK-UT-1 fibroid cells by the involvement
of the Bcl-2/Bax signaling pathway, phase GO/G1 cell cycle arrest,
and fibroid growth-related gene suppression.®

S. barbata triggered apoptosis by Caspase 3/Caspase 3-like protease
activation.”® Resveratrol treated cells proceeded to apoptosis, as the
release of cytochrome ¢ from the mitochondria activated pro-caspases,
thus converting poly-ADP ribose polymerase (PARP) to cleaved
PARP (inactive form).>* Thus, DNA repair is affected, and apoptosis
is induced. Berberine treatment also stimulated p53 expression, thus
causing BAX-dependent apoptosis in fibroid cells, with little influence
on the expression of similar genes and apoptosis in normal human
uterine smooth muscle cells (UtSMCs). This suggests that (Berberine)
BBR induces apoptosis via the p53-dependent pathway.” Labisia
pumila (Blume) Fern.-Vill. was also found to moderately induce
apoptotic cell death against SK-UT-1 in a concentration-dependent
pattern.

Plants and phytochemicals inducing cell cycle arrest

Induced cell cycle arrest is genetic manipulation or application of
chemicals to halt cell cycle progression artificially.22 Cell processes
(genome duplication and cell division) could be halted either
temporarily/permanently in the G1, S, or G2/Mitotic phases, where an
induction by exogenous stimuli is required for the controlled artificial
cell cycle checkpoint activation.®2*

Studies included in this review have shown antiproliferative effects of
phytochemicals like EGCG, a green tea extract, flavokawain, and
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berberine. In vitro, EGCG dose-dependently increased apoptosis
factors like BCL-2 and BCL-2A;,% and decreased CDK4 expression in
EGCG- treated HULM cells, thus leading to cell-cycle arrest caused by
a reduction in cyclin D; mRNA and CDK, protein, thus impairing
cyclin Di-CDK, complex kinase function.®® An elevation in cyclin-
dependent kinase inhibitor 1A (CDKN'A) mRNA levels is also
noticed following treatment with EGCG. Studies with Eker rat tumor-
derived uterine leiomyoma (ELT)-3 cells in vivo showed that EGCG
also arrested fibroid enlargement and reduced uterine fibroid mass in
Eker rats two weeks after treatment began.** Clinical trials are ongoing
to evaluate EGCG efficacy in women with presented uterine
fibroids.*" #%

BBR has been shown to significantly stimulate cell cycle arrest in the
G2/M phase by an alteration in Go/M cell cycle arrest-related genes
(cyclin By, A;, CDK) and caused p53 and p21 overexpression, thus
leading to G2/M cell-cycle arrest,*” ™ while fibroid escalation
inhibitory outcome of Flavokawain B (FKB) is coupled to G,/M
arrest. Similarly, SB treatment is characterized by a rise of cells in the
G1 cell cycle phase, thus suggesting an inhibition of the G;-S
transition or a G; anti-proliferative arrest on human myometrium and
leiomyoma SMCs.™ Resveratrol also favored S and G2/M phase cell
cycle arrest in ELT3 cells and S phase arrest in UtSMCs and inhibited
CDK,4, CDKy/N cyclin D;1 protein expression in ELTs cells and
UtSMCs.*

Plants and phytochemicals targeting PCNA/HSF-1

Heat Shock Transcription Factor 1 (HSF-1) is a stress-inducible DNA-
binding transcription factor that mediates heat shock response (HSR)
transcriptional activation, thus producing heat shock proteins
(HSPs).¥® It is involved in cancer growth regulation, with a
constitutive expression in HelLa cells leading to Fas-mediated
killing.®*®° Thus, an increased HSF-1expression in tumor cells through
either gene therapy or pharmacologic approaches results in fibroid
shrinking through the Fas receptor.®®* From the reviewed papers,
only EGCG regulated heat-shock factorl (HSF1).%

Proliferating cell nuclear antigen (PCNA) is a DNA clamp that serves
processivity functions in eukaryotic cells, essential for DNA repair,
chromatin remodeling, replication, and epigenetics.”** PCNA is a
homotrimer that encircles the DNA, thus acting as a protein recruit
scaffold through two PCNA-interacting motifs: AIkB homolog 2
PCNA interacting motif (APIM) (mainly important in the context of
genotoxic stress) and PCNA-interacting peptide (PIP) box (concerned
in DNA replication).”*® PCNA labeling techniques, which is effective
for evaluating cell proliferation rates in leiomyoma tissues was
significantly elevated compared to typical myometrial tissues, and is
associated with a cell's proliferative state, depth of invasion, vascular
invasion, tumor stage, and organ metastasis, and is thus be used as a
prognostic factor.®® From the included invitro papers, EGCG,
S.barbata, resveratrol, and berberine were reported to decrease PCNA
levels.

Plants and Phytochemicals Targeting Extracellular Matrix (ECM)
Reduction and Modulating Growth Factors

Increased ECM deposition of proteoglycans (fibromodulin/versican)
and associated proteins (collagens/fibronectin) serve as key
characteristics of uterine fibroids.”®® While collagen serves ECM’s
central structural role, maintaining cellular morphology and playing
important roles in migration, proliferation, and fibrotic processes,
Fibronectin, a glycoprotein, functions in cell growth, differentiation,
and adhesion. Versican, a chondroitin sulfate proteoglycan, on the
other hand, functions in cell adhesion, tissue stabilization, cell
migration, tissue homeostasis, and inflammation.*® Growth factor
signaling can be controlled outside of cells by extracellular matrix
proteins and proteolytic catalysts. Therefore, arising amount of growth
factors, including TGF-beta's, FGFs, IGFs, and HGF, are associated
with extracellular matrix proteins. These growth factors, then regulate
cell differentiation, remodeling, synthesis, and proliferation of the
extracellular matrix. From this review, Anthocyanins,50 Quercetin,
indole-3-carbinol,*® and joint Curcumae rhizoma-Sparganii rhizoma
(CRSR) herb extracts inhibited ECM components (fibronectin,
versican, and collagen1A1).*? Resveratrol also regulated fibronectin,
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a-SMA, vimentin, COL1A1, and B-catenin proteins in vitro by
interacting with these proteins, thus resulting in a downregulated
expression.®

From this review, strawberry extracts down-regulated activin A-
induced mRNA expression of ECM proteins in fibroid cells, thus
suggesting  potential ~ antifibroid potentials of anthocyanins.*®
Stigmasterol reduced VEGFR; expression, thereby suppressing the
activity of downstream signaling molecules through anti-
inflammatory, ~ anti-genotoxic, and anti-oxidant properties.*™
Berberine also reduced pituitary tumor-transforming gene-1 (PTTG-1)
expression in vitro, containing bFGF, thus halting the interaction
between PTTG-1 and bFGF and thus fibroid reduction.” SB also
reduced the expression of IGF-I, thus suggesting that SB-induced
fibroid reduction was by IGF-I reduction in the uterus.* CRSR
combined extracts also regulated important fibroid signaling
pathways: TGFbeta/Smad, MAPK, and PPAR signaling pathways.*

Plants and phytochemicals targeting glycolysis and cycloxygenase-2
Glycolysis and  Oxidative  phosphorylation (OXPHOS)  work
synergistically to maintain energetic and cellular balance. In normal
conditions, OXPHOS supplies 70% of the energy consumed by the cell;
however, in hypoxia conditions (inadequate oxygen su&ply), glycolysis is
enhanced to repay the impaired OXPHOS function.’®*® Fibroid cells are
severely hypoxic than normal myometrium, thus indicating an elevated
glycolytic action in these cells. The reliance of tumors on glycolytic
pathways to generate ATP as a major energy supply serves as a
biochemical basis for the formulation of treatments that selectively lead to
tumor cell death by glycolytic inhibition. From this review, anthocyanins
reduced glycolytic rates in fibroid cells.® Also, both leiomyoma and
myometrial cells indicated no clear oxygen consumption rate (OCR)
difference after anthocyanin treatment, which suggests that fibroid cell
death, at least in part, by inhibiting glycolysis.*

Cycloxygenase-2 is an important enzyme that forms prostaglandin E;
(PGE2) from arachidonic acid and is mostly up-regulated in solid
tumors. Increased COX-2 expression significantly enhances cell
proliferation/tumorigenesis and has been found significantly elevated
in fibroid cells.*®*® From this review, BBR down-regulated COX-2
expression in fibroid cells. Thus COX-2 reduction functions in BBR-
induced apoptosis in fibroid cells.”

Records identified through
database searching
PubMed =110
Scopus = 116
(n=226)
Records after duplicates removed
(n=160)
i Records screened Records excluded
(n=160) (n=90)
l Full-text articles excluded,
Full-text articles with reasons: Paper not
assessed for eligibility relevant (case studies/letter
0=70) to the editor), no access to
full paper, out of study
scope/consideration
(n=8)
Review articles: (n=30)
Studies incl.uded inthe Non-English article (n= 6)
TEVIEW
(n=26)

Figure 1: Flowchart of search and selection process
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Figure 3: Summary of Phytochemical Target Mechanisms
against Fibroids
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Table 1: Plants and Phytochemicals with Anti-fibroid Properties

References Plants Families Bioactive Cell FindingssMOA
Compounds Lines
1. Linetal™ Adlay (Coxilachrtma-  Poaceae Stigmasterol, - Eker rat-derived uterine  Ethyl acetate fraction of the hull extract
(invitro)  jobi L. var. ma- sitosterol, leiomyoma (ELT3) cell ~ was used. Stigmasterol suppressed hUL
yuenStapf.), Campesterol line and primary human  cells and caused less toxicity in primary
seeds of Coixlacryma- uterine smooth muscle human normal uterine smooth muscle cells
jobi L. var. ma- (UtSMC) cells (UtSMC) compared to B-sitosterol
yuenStapf
Expression of VEGFR; was also decreased
(Adlay seeds in this by stigmasterol, thus suppressing other
study were separated signaling activity
into four parts: testa, via its anti-inflammatory, anti-oxidant, and
bran, hull, and anti-genotoxic properties.
polished adlay).
2. Zenget Guizhi Fuling Wan Cinnamic aldehyde, Network pharmacology showed several
al.’%® (GFW) comprises of: oxypaeoniflorin, new signaling biological pathways
(insilico)  Poria/ Indian bread polyporenic acid C, mediating GFW efficacy on UFs, which
(Fuling), a fungal herb  Lauraceae 3-(2-methoxyphenyl supports  studies on herbal formulae
from the dry )-2-propenal, combinations,  thus increasing  the
sclerotium of mudanpioside H, outcomes for TCM drug discovery.
Poriacocos (Schw.) pachymic acid,
Wolf. trametenolic acid,
paeoniflorin, gallic
Cinnamomi Ramulus Paeoniaceae  acid, cinnamic acid,
(Gui Zhi), the dried apiopaeonoside,
young stem of suffruticoside B/D,
Cinnamomum cassia Paeoniaceae  paeonilide, galloylp
(L.) J.Presl. aeoniflorin, benzoic
Cortex Moutan (Mu acid, hexagalloyl-
Dan Pi), the root bark glucopyranose,
of Paeonia mudanpioside C,
suffruticosa Andr. benzoylalbiflorin,
paeonol, albiflorin
Radix PaeoniaeRubra and amygdalin.
(Chi Shao), dried root ~ Paeoniaceae
of the plant
Paeonialactiflora Pall.
and Paeoniaveitchii
Lynch
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3.

4.

Islam et
al.®

(in vitro)

Zhang

etal.®®

(in vitro)

5. Kimetal®

6.

(in vitro)

Zakaria et
al 81

(in vitro)

Strawberry of Alba Rosaceae
cultivar
(Fragaria x

ananassa Duch.)

(Whole fruit)

Green tea. Theaceae
Green tea is derived
from Camellia

sinensis(L.) Kuntze

Scutellaria barbata Lamiaceae

D. Don

(Rhizomes)

Labisia Primulaceae
pumila (Blume) Fern.-
Vill.

(whole plant)

Quercetin,

kaempferol, Ellagic

acid, catechins and,

flavonols,
anthocyanins,
flavanols,
condensed tannins
(gallotannins, and
ellagitannins)
hydroxycinnamic
acid, and
hydrolyzable

tannins

Epigallocatechin
gallate (EGCG)

Alkaloids and
flavones, Apigenin
and Luteolin

Caffeic acid and

Gallic acid

Myometrial and

leiomyoma cells

Human leiomyoma cells
(HuLM)

Human uterine LM cells
and normal human

myometrial SMCs

Uterine
leiomyosarcoma SK-
UT-1 cells and normal
ATr5 smooth muscle

cell

ROS production led to an elevation in the
amount of dead and apoptotic cells, thus
signifying an initiation of cell death via
anthocyanins due to ROS overproduction.

Anthocyanins also reduced
ROS production in myometrial cells, as no
major disparity was seen in the levels of
the dead, live, and apoptotic myometrial
cells, indicating their ability to regulate

normal homeostatic cell conditions.

Strawberry decreased glycolytic rate, and
inhibited ECM proteins
and

(fibronectin,

versican, collagen1Al),  while
A-induced mRNA

expression of these proteins in leiomyoma

inhibiting  activin
cells,
glycolytic
candidate for uterine leiomyoma treatment

these suggest strawberry as a

inhibiting and antifibrotic
and/or prevention.

The anti-proliferative effects of EGCG
were shown to be both dose and time-
dependent, leading to a significant PCNA
and CDK4 reduction in HuLM cells. The
initiation of apoptosis was shown by a
BCL, down-regulation at RNA and protein
levels. BAX was also elevated, while a
in BCL>A;and BCL,mRNA was
observed.

EGCG treated HuLM cells upregulated

expression in genes that mediated the p53

rise

pathway: cyclin-dependent  kinase
(CDKN2B, CDKN1A) and
tumor protein p53 inducible protein 3

(TP5313).

inhibitors

Leiomyomas treated with SB led to
reduced Bcl-2 protein expression in
cultured leiomyoma cells than in the
control, as SB halted the transcription of

Bcl-2 protein in leiomyoma cells.

L. pumila initiated apoptotic cell death
against SK-UT-1

dependent pattern and was thus able to

in a concentration-

shrink tumor cells due to the synergistic
effect of both Phytochemicals isolated

from L. pumila extracts.
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7. Kimetal.®

(in vitro)

8.  Wuetal.®

(in vitro)

9. Juand Xiao,*

(in vivo)

10. Wong et
a|.44

(in vitro)

11. Wong et
al?
(in vivo)
12. Sahinetal.®

(in vivo)

Euonymus alatus
(Thunb.) Siebold

(Whole plant)

Berberis aristata DC.

and Berberis

aquifoliumPursh

Xiang Fu (Cyperus
rotundus L.)

(Dried rhizomes)

Turmeric (Curcuma

longa L.)

Turmeric (Curcuma

longa L.)

Tomato and tomato-
based products
(Solanum

lycopersicum L.)

Celastraceae

Berberidace

ae

Berberidace

ae

Cyperaceae

Zingiberace

ae

Zingiberace
ae

Solanaceae

Cardenolides, 3,4-
dihydroxycinnamic

acid (caffeic acid)

Berberine (BBR)

Biflavone
constituents:
Amentoflavone,
ginkgetin,
isoginkgetin and
sciadopitysin

Curcumin

Curcumin

Lycopene,
phytoene,
phytofluene, and the
provitamin A
carotenoid (B-

carotene)

Human ULSMC and
human myometrial

smooth muscle cells

Immortalized UtLM and
(UtSMC) human

myometrial cell lines

Human uterine LMS
cell line- SKN

Uterine LMS cell line,
SK-UT-1

Results showed that EA functioned as a

pro-oxidant, inducing apoptosis and

caspase-3  activation  through  the

mitochondrial pathway.

BBR inhibited human leiomyoma cells by
apoptosis and cell growth inhibition. This
was stimulated by G2/M phase cell arrest
through the p53 dependent cell death
pathway.

BBR inhibited UtLM cell
proliferation and blocked the P4 and E2-

treatment

induced proliferation of these cells. The
study was not performed on the

myometrium

BBR also downregulated E,F; and COX-2
expression in normal myometrial cells,
thus indicating the preventive ability of
BBR in transforming normal myometrial
cells. Alternatively, in UtSMC cells, BBR
did not affect PTTG1 expression but

decreased E,F; and COX-2 expression

Amentoflavone reduced serum

progesterone and estrogen levels and
inhibited uterine fibroids by upregulation
of Bax, and a down-regulation of Bcl-2

levels in rats.

Curcumin induced both early and late
apoptotic events in uterine LMS cells by
PARP cleavage as an early apoptotic
event, and DNA fragmentation
respectively.

also

Curcumin inhibited growth by

modulating the AKT-mTOR pathway.

Curcumin suppressed tumor growth by
modulating AKT-mTOR pathway in vivo.

Lycopene in tomato powder
supplementation decreased the frequency
and size of tumors in Japanese
quail through an increase in antioxidant

vitamins/maintenance of its serum levels.
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13. Leeetal”

(in vitro)

14. Leeetal*®

(in vitro)

15. Leeetal.”

(in vitro)

16. Giampieri et

al.*® (in vitro)

17. Leeetall”

(in vitro)

18. Wu et al.®

(in vitro)

19. Eskander et
a|.78

(in vitro)

Scutellaria barbata D.

Don (Lamiaceae)

(Rhizomes)

Scutellariabarbata D.

Don

Rhusverniciflua Stokes
(RVS). Its accepted
name is
Toxicodendronvernicif
luum (Stokes) F.A.
Barkley

Strawberries
(FragariaxananassaD
uch.)

(Whole fruit)

Red clover
[Trifoliumpratense L.]

Red wine, red grapes,
and grape skin
(Vitis spp. L.)

Kava Plant (Piper
methysticum G.
Forst.) and

Alpiniapricei Hayata

Lamiaceae

Lamiaceae

Anacardiace
ae

Rosaceae

Fabaceae

Vitaceae

Piperaceae

Zingiberace

ae

Steroidal saponins

Fisetin, Fustin,
butein, gallic acid,
butin, sulfuretin,
quercetin,
kaempferol-3-O-

glucoside,coumaric
acid and kaempferol

Anthocyanin,
Flavonol, vitamin

C, and folic acids.

Irilone, prunetin,
formononetin, and

biochanin A

Resveratrol

Flavokawain-B
(FKB)

Leiomyoma cells and
normal SMC

Uterine LMs and
adjacent myometrial

tissues

Uterine leiomyomas and
normal myometrium

cells

Myometrial and

leiomyoma tissue

Ishikawa cells that
stably expressing
progesterone receptor B
(PR-B)

Eker uterine leiomyoma
cell line (ELT-3)

SK-LMS-1, ECC-1
(endometrial
adenocarcinoma), and
T-HESC (normal

SB significantly decreased the HCG-
stimulatory effect on both myometrial and
leiomyoma cells and decreased the
production of cell cycle-related proteins in
HCG-treated

myometrial cells, there was no effect on

leiomyoma cells. In
proliferating cell nuclear antigen (PCNA),
cyclin-E, CDC,, or CDK; levels between

HCG-treated cells and controls.

SB induced apoptosis through caspase 3
activation in leiomyomal LM-1 and LM-2

cell lines

Fisetin induced cytotoxicity, apoptosis,
and cell cycle arrest on leiomyoma cells
but by all known apoptotic pathways:
extrinsic, intrinsic, p53, autophagy, and
MARK pathways.

Outcome proved that strawberries reduced
cellular viability in leiomyoma cells by
increasing the rate of apoptotic and raising
ROS concentration in leiomyoma cells.

Strawberry also decreased the expression

of fibronectin in leiomyoma cells.

Irilone exhibited synergistic interaction
with progesterone to extenuate fibroids
and endometriosis.

Biochanin A, and formononetin, however,
showed mixed antagonist action, while
prunetin acted only as an antagonist
against the progesterone-induced increase
in Progesterone-response element
(PRE/Luc) activity, which could increase
endogenous PR expression.

Resveratrol  induced apoptosis  while
reducing procaspase-3 and cytochrome c
amounts in ELT3 cells and S phase in
UtSMCs
fibronectin, fibromodulin, and biglycan
levels in ELT-3 and UtSMCs.

FKB preferentially repressed the growth of

and decreased collagen |,

uterine LMS by apoptosis and exhibited
synergistic inhibitory effects on uterine

LMS growth when combined with anti-
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20. Kimetal.®

(in vitro)

21. Leeetal.”®

(in vitro)

22. Lee etal.”’

(in vitro)

23. Chenetal.*

(in vitro/in vivo)

24. Pauzi et al.%°

(in vitro)

25. Yu et al.*

(in vivo)

26. Greco et al.*®

(in vitro)

Scutellaria barbata D.  Lamiaceae

Don

(Stem)

Gyejibongnyeong- Lauraceae
hwan (GBH):
Cinnamomum cassia
(L.) J.Presl.,

Poriacocos (Schw.)

Paeoniaceae
Paeoniaceae
Wolf., Paeonia Rosaceae
suffruticosaAndr.,

Paeonia lactiflora

Pall., and

Prunusarmeniaca L.

Scutellaria barbata D.  Lamiaceae
Don (SB)

(Rhizomes)

Blueberries Ericaceae
(Vaccinium L.),

peanuts (Arachishy Fabaceae
pogaea L.), and Vitaceae

grapes (Vitis spp. L.)

Orthosiphonstamineus ~ Lamiaceae /

Benth. Labiatae

Curcumaerhizoma-
Sparganiirhizoma(CR
SR)

(Dried herbs)

Curcumaerhizoma is Zingiberace
the rhizomes derived ae

from Curcuma

Resveratrol,
baicalin, berberine,
apigenin, and

luteolin

Vanillic acid,
cinnamic acid,
caffeic acid, ferulic
acid, quercetin and

gallic acid.

Emodin-8-O-
glucopyranoside,
baicalin, emodin,
resveratrol and

berberine

Resveratrol (RSV;
trans-3,5,40 -
trihydroxystilbene)

Terpenoid,
phenolic, flavonoid,
saponin, essential
oil, and organic
acids

Grailsine-Al-
glycoside,
Sparstolonin-B,

Curcumenol

Quercetin and

indole-3-carbinol

endometrial fibroblasts)

cells

Uterine leiomyoma
tissues and adjacent
normal myometrial

tissues

Human uterine myoma
cells (hUtMCs)

Myometrial and

leiomyomal SMCs

Eker rat-derived uterine
leiomyoma (ELT-3) cell

lines

Uterine
leiomyosarcoma (SK-
UT-1) cells

Myometrial and

leiomyoma cells

tumor agents like docetaxel, and

gemcitabine.

SB inhibited cell growth by blocking cells
in GO/G1 phase of the cell cycle, thus
inducing maximum apoptosis. SB also
repressed leiomyomal cell expansion by

IGF-I reduction in the human uterus.

GBH elevated and reduced Bax and Bcl-2
proteins respectively, while caspase -3 and
p53 were upregulated.

SB showed anti-proliferative activity on
leiomyoma cells through a G1 cell cycle

arrest.

RSV repressed primary human leiomyoma
cell viability, mediated ECM genes
(fibronectin) and proteins (vimentin, o-
SMA, B-catenin, COL1AL) expression,

and induced apoptosis in vitro.

RSV also exhibited pleiotropic (pro-
apoptosis, anti-proliferation, anti-oxidant,
and anti-carcinogenic) effects both in vitro
and in vivo

OS extracts inhibited proliferation and
induced apoptosis against SK-UT-1 cells
through the involvement of the Bcl-2/Bax

signaling pathway.

Lowered serum levels of progesterone and
estrogen and in CRSR-treated rats and
markedly reduced uterine size by altering
ECM-associated genes and/or their related

pathways.
13C and Quercetin reduced
fibronectin/collagen 1A1 mRNA

expression in myometrial and leiomyoma
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wenyujin Zingiberace
ae

Rhizoma Sparganii is

the dried rhizome of Theaceae
Sparganium
stoloniferum Rutaceae

(Buch.-Ham. ex
Graebn.) Buch. Ham.

ex Juz

Solanaceae

Amaryllidac
Most edible vegetables  eae
and fruits, such as tea
(Camellia sinensis (L.)  Rosaceae
Kuntze), lemon (Citrus
x limon (L.) Burm. f.
(pro. sp.), tomato
(Solanum
lycopersicum L.),
onion leaves (Allium
spp. L.) and strawberry
(Fragaria x ananassa
Duch.)

cells, and reduced cell migration.

MOA=Mechanism of Action

Suggestions for future research

As established from this review, phytochemicals present as promising
anti-fibroid agents. Nevertheless, increased attention is required to
shed light on the following key issues:

(i) Despite Africans being at risk, we did not find plants indigenous to
Africa in this review, and the cell lines were also not of African origin
so future studies should include plants and cell lines of Africans.
(ii)Need to overcome the limitations of poor bioavailability and
potency of some phytochemicals. (iii) Most of the studies were in vitro.
Therefore, there is a need for more in vivo and clinical studies on the
therapeutic  efficacy/mechanisms and dose intake of these
phytochemicals. (iv) Targeted anti-fibroid therapy methods which
selectively destroy fibroid cells while sparing the normal cells.

Limitation

This review was based on only two databases, and therefore may not be a
total representation of all possible antifibroid plants and phytochemicals.
Some target mechanisms might have also been left out.

Conclusion

Throughout this review, we discussed the inherent potentials of
bioactive compounds as promising effective therapeutic agents via (i)
halting cell proliferation via stimulation of cell cycle arrest, growth
factors or their receptors, and the apoptotic pathway (ii) fibrosis
inhibition through reducing expression of profibrotic growth factors,
ECM deposition, arresting initiated cells that mediate myofibroblastic
alteration; and (iii) downregulation of inflammatory mediators/glycolytic
pathways. Based on the presented facts, these compounds modulated and
regulated essential biological activities responsible for fibroid growth and
development. Alone, these phytoconstituents are promising, but a
combination of these could translate to additive therapeutic effects of
substantial magnitude, which could result in a significant clinical
therapy.
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