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ABSTRACT

Yucca is an important source of biologically active
substances such as steroidal saponins and stilbenes pro-
viding many beneficial effects when administered to hu-
mans and other animals. These substances offer a great
potential in the prevention and treatment of current
civilized diseases as well as to their: antioxidant, hypo-
cholesterolaemic, anti-inflammatory, phytoestrogenic,
pro-apoptotic, anti-proliferative, and anti-carcinogenic
properties. This review focuses on the roles of two main
yucca constituent groups and their ability to modulate
ovarian functions and female reproductive performance.
Both the biological activity of yucca substances and the
mechanisms of their actions on ovaries are still incom-
pletely understood. Thus, the direct effects of yucca ex-
tract on ovarian cells in animal models under in vitro
conditions, as well as actions after yucca consumption

will be discussed.
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INTRODUCTION

In the past, yucca had great ethno-botanical impor-
tance for Native Americans in the southwestern regions
of the USA and Mexico due to its remedial effects. Mojave
yucca (Yucca schidigera Roezl; Agavaceae) extracts were
used in folk medicine to relieve bleeding, joint pain, in-
flammatory processes in the male urogenital tract as well
as skin problems [52]. Nowadays, yucca extract is widely
used in cosmetics, pharmaceuticals, and in the food indus-
tries [57, 77]. It is widely used for improving the microcli-
mate in breeding houses of several animal species [8]. The
anti-deteriorating effect of yucca extract on food products
is used for extending their shelf life [40, 57, 72]. Currently,
yucca enjoys its comeback as a potential functional food
in human nutrition and is commercially offered in various
forms, such as capsules, herbal tea and beverages [52]. The
consumption of yucca in any form can improve the func-
tioning of many organs and tissues in the body through the
activation or inhibition of various pathways.

Yucca is a source of many types of biologically active

substances such as steroidal saponins and stilbenes [9, 78].



These constituents of yucca can act through: changing tis-
sue metabolism, uptake of some chemical substances in the
body, activation or competition of receptor ligands on cell
membranes, prevention of oxidation of membrane lipids,
as well as the activation of cell apoptosis and prevention of
cell proliferation. Therefore, yucca have demonstrated many
beneficial effects on animal and human organisms encom-
passing: anti-mutagenic [79], anti-inflammatory [4, 9, 37],
anti-arthritic [9], hypocholesterolaemic in humans [27, 29],
hens [3], goats [28], sheep [1, 80], and quails [2], hypogly-
caemic [14], anti-proliferative and pro-apoptotic [4, 73],
anti-platelet [46, 48], anti-microbial [43] and anti-carcino-
genic [47] effects. Besides those beneficial effects on health,
some adverse effects on the liver of rabbits after long-term
(almost one year) consumption of yucca powder have oc-
curred [15]. Moreover, the consumption of Y. schidigera ex-
tract may influence female reproduction by the modulation
of ovarian functions; however, research studies for various
animal models seem to be inconsistent and the data are not
complete or sufficient to clarify the mechanisms of action.
Many articles have described the chemical structure of
compounds contained in yucca powder [4, 9, 32, 37, 40, 48,
49, 56, 57, 65, 77]. For this reason, this current review will
omit this topic and focus rather on the known and novel
effects of Y. schidigera products and bioactive substances on
female reproductive performance and ovarian functions.
We will also briefly describe the main physiological actions
of ovarian and their upregulating hormones. These known
physiological pathways of hormone actions and the actions
of yucca used in in vivo and in vitro studies (Table 1) pro-
vide us an outline of the possible mechanisms of how yucca

could act on female reproduction.

Saponins—representation and roles

Yucca extracts are characterized by their strong foaming
activity due to high (10—12 %) saponin content [21, 49]. Sa-
ponins of yucca bark are steroidal saponins, which include
spirostanol and furostanol glycosides [32, 40, 49, 57, 77].
Spirostanol glycosides are predominant in the Mojave yucca
bark, from which the following have been isolated so far:
smilogenin, sarsapogenin, markogenin, samogenin, glorio-
genin, convallamarogenin [40, 49], macranthogenin, schi-
degeragenin C, 583-spirost-25(27)-ene-313-ol-12-one [40],
gitogenin and neogotogenin [77]. There are three types of
furostanol glycosides in yucca that have been isolated so far

which are in the lesser proportion (~6.8 %) to the total sa-

ponins in yucca [49, 57]: 3-O-B-d-glucopyranosyl-(1>2)-
[B-d-xylopyranosyl-(1-3)]-B-d-glucopyranosyl-5B(25R)-
furostan-3f,22a,26-triol 26-O-p-d-glucopyranoside,
3-O-B-d-glucopyranosyl-(1->2)-[B-d-xylopyranosyl-
(1->3)]-p-d-glucopyranosyl-5B(25R)-furost-20(22)-en-
3B,26-diol-12-one 26-0-p-d-glucopyranoside, and 3-O--
d-glucopyranosyl-(1>2)-B-d-glucopyranosyl-5B(25R)-
furostan-3,22a,26-triol 26-O-B-d-glucopyranoside. Sa-
ponins form insoluble complexes with cholesterol, other
sterols and bile acids and prevent their absorption in the
intestine resulting in a decreased level of cholesterol in the
blood of people and farm and laboratory animals [1, 3, 27,
28, 29, 57, 80]. Steroidal saponins have been found to have
anti-proliferative [4] and phytoestrogenic [60] activity.

Stilbenes—representation and roles

Natural stilbenes are a group of phenolic phytochemi-
cals with a characteristic 1,2-diphenylethylene nucleus
[65]. Stilbenes found in yucca include: resveratrol, trans-
3,37,5,5 -tetrahydroxy-4"-methoxystilbene, larixinol, yuc-
caols A, B, C,D, E [4, 9, 37, 48, 49, 56] and yuccaone A [49,
57]. Natural polyphenols are secondary metabolites of plants
produced for their own protection against stressful envi-
ronmental conditions [58]. Phenolic compounds of yucca
extracts have demonstrated antioxidant activity on the au-
toxidation of membrane lipids, especially of linoleic acid
C18:2n-6 [22], which is the precursor of inflammatory
2-series prostaglandins (PG), such as PGE2 [12]. Stilbenes
have been shown to inhibit NF-xB [9], the inducible tran-
scription factor linked to inflammatory and immune re-
sponses, through the activation of cyclooxygenase 2 (COX-
2) expression and the production of PGE2 [10, 61]. The
synthesis of PGs and massive production of reactive oxygen
species (ROS) is also linked with the ovulation of the domi-
nant follicles on the ovary [63]. Resveratrol, yuccaols A and
C, and trans-3,3’, 5,5 -tetrahydroxy-4'-methoxystilbene
reduce excessive levels of reactive oxygen species (ROS),
thus exhibiting strong protective activity against oxidative
stress [48], that is inter alia, associated with carcinogenesis
in several organs [26], including ovaries [33] and breasts
[7] of women. The most studied biological effects and
mechanisms of action are that of resveratrol particularly
due to its high presence in some other plants with higher
consumption by people, such as grapevines and their prod-
ucts. Resveratrol is known as a very promising antioxidant

and anti-cancer compound and it has a perspective use in
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Table 1. Summary of in vitro and in vivo studies on the effect
of Yucca schidigera on female reproduction

Anln}al Study Y. schidigera Effects Reference
species dose
Cow in vivo Increased conception rates Cheeke, 2000 [8]
Pig invivo 1209 yucca powder per tonne feed; Reduction in stillbirths and pre-weaning mortality. Herpin et al., 2004 [21]
3 weeks prior to and 3 weeks after
parturition
Goat invivo 250 and 500mg yucca powder per  Shortening of oestrous cycle, increasing fertility rate and  Khalifa et al., 2014 [28]
head per day; 21 days pre-mating  kidding rate.
up to end of lactation
Pig invitro 1,10 and 100 pg yucca extract cul-  Inhibited T (at 1 and 10 ug) release, proliferation (PCNA), Stochmalova et al., 2014 [73]
tured with ovarian granulosa cells  and promoted P4 release (at 100 pg) and apoptosis
(bax).
Rabbit invitro 1 g yucca extract cultured with Stimulation of P4 release, no significant effect on Tor E2  Stochmalova et al., 2015 [74]
ovarian fragments release.
Rabbit invivo  50r20gyucca powder per 100kg  Higher fecundity, conception rates and kindling rates as  Stochmalova et al., 2015 [74]
feed; 50 days well as the blood levels of OT, P4, and PGF.
Sheep invitro 1 and 100 g yucca extract cultured  Stimulation of P4 release at 100 ug and inhibition of IGF-  Vi¢kova et al., 2017 [81]
with ovarian fragments | release at 1 pg. No significant effect on T or E2 release.
Sheep invivo  1.5gyucca powder per head in diet; Suppression of follicular growth, steroidogenesis (re- Vickova et al., 2017 [81]
30 days duced serum P4 and E2), promotion of ovarian apoptosis
(bax), and alteration of responsiveness of ovarian cells
to FSH (reduced P4). No significant effect on T or IGF-I
levels, responsiveness to FSH or cell proliferation.
Rabbit invitro  0.1% benzene cultured with ovarian Supplemental yucca reduced ovary resistance to ben-  Foldesiova et al., 2017 [15]
fragments collected from does fed  zene via inhibition of PGF release.
on diet supplemented with 5 or 20g
yucca powder per 100kg feed for
350 days
Rabbit invivo 5 o0r20gyucca powder per 100kg  Increased conception rates and kindling rates as wellas ~ Foldesiova et al., 2017 [15]
feed; 350 days the blood levels of OT and PGF. Level of P4 in the blood
was dose-dependent Stimulation of P4 and PGF release
and reduction of IGF- release, although no significant
effect on OT release.
Mouse  invitro 10 pgyucca extract Stimulation of P4 release in lean, normal and slightly Sirotkin et al. 2017 [71]
cultured with whole ovaries obese mice. No significant effect on T or IGF- release or
on obese mice.
Quail invivo 100 or 200 mg per kg lead diet; 6 Increase in fertility rate and hatchability rate. Alagawany et al., 2018 [2]
weeks
Horse invitro 1,10, 100 ug yucca extract cultured  Stimulation of P4 release at each dose compared to VIckova, Sopkova, Valocky

with ovarian fragments

control although with gradual decreasing tendency at
doses 10 and 100 pg

(unpublished data)
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E2 — oestradiol-178; FSH—follicle-stimulating hormone; IGF-I— insulin-like growth factor; OT — oxytocin

P4 —progesterone; PCNA — proliferating cell nuclear antigen; PGF — prostaglandin F; T—testosterone



the prevention and reversal of many civilized diseases. Res-
veratrol induces intranuclear accumulation of COX-2 and
facilitates p53-dependent and p53-independent apoptosis
of cancer cells [33] as well as induces caspase 3 and up-
regulates bax levels [18]. Since studies on its pro-apoptotic
properties in normal ovarian cells are contradictory [35,
36, 41, 50], the mechanism is still not clearly explained yet.
The inhibitory influence of resveratrol on the proliferation
of ovarian cells has been demonstrated [50]. In addition,
resveratrol was shown: to affect transcriptional activity of
estrogen receptors (ER) [6], to have limited anti-oestrogen-
ic activity [42], to reduce the levels of plasma IGF-I [13],
to promote expression of genes encoding the LH receptors
[41], steroidogenic enzymes and P4 production [31]; how-
ever, some studies opposed to anti-steroidogenic properties

of resveratrol have been found [50].

Effects of Y. schidigera on THE reproductive
performance of females and THE morphology
of THE reproductive organs

The dietary supplemental yucca increased conception
rates in cattle [8], dairy goats [28], and rabbit does [74].
Yucca contains high levels of calcium and after ingestion,
it can decrease the plasma levels of urea [8, 28], shorten
the oestrous cycle, and increase the fertility rate and kid-
ding rate in goats [28]. Herpin etal. [21] observed the
positive effect of the application of Mojave yucca powder
on pregnant sows for 3 weeks prior to parturition and
3 weeks after parturition by the reduction of stillbirths and
pre-weaning mortality with an improvement of the overall
health in piglets. Fifty-day feeding of a diet enriched with
yucca powder positively influenced the kindling rate in
rabbit does with no significant effect on the number of live
born, stillborn or weaned pups per doe [15, 73]. Alaga-
wany etal [2] observed the improvement in fertility and
hatchability percentage in Japanese quails fed a lead diet
supplemented with Yucca schidigera extract.

Regarding the yucca influence on reproductive organs
morphology, there are few research articles available. In our
previous study in ewes [81], yucca powder feeding for
30 days reduced ovarian folliculogenesis in the early antral
follicle stage by reducing the size of these follicles; although
it had no significant effect on the size or number of larger
follicles and therefore the size or weight of the ovaries. The

weight and length of oviducts were also unaffected.

PHYSIOLOGICAL ACTION OF OVARIAN
AND GONADOTROPIC HORMMONES

The key regulators of ovarian activity are female steroid
(progesterone, P4; oestradiol-1713, E2) and peptide (insu-
lin-like growth factor I, IGF-I) hormones [20, 66], which
play important roles in the growth and differentiation of re-
productive tissue and in the maintenance of fertility [11,
20]. Cholesterol is a substrate for the production of steroid
hormones de novo. All steroid hormones signal via nuclear
receptors to regulate transcriptional events [11].

Progesterone is a hormone with a key role in ovula-
tion, luteinisation, implantation and the maintenance of
pregnancy [11, 19], even though it also has a great impor-
tance in the induction of ovarian steroidogenesis, suppres-
sion of apoptosis in ovarian cells [66, 68], and together
with IGF-I, promotes granulosa cells proliferation [64, 68,
82]. Progesterone receptors can be detected on theca cells
of small antral follicles and the granulosa cells of preovula-
tory follicles exposed to LH surge [45], thus strongly regu-
lating the process of ovulation [30].

Androgens (androstenedione and testosterone) act via
androgen receptors on granulosa, stromal, and theca cells
and oocytes of rat, pig and mice [16, 17]. On one hand,
androgens have been reported to enhance granulosa cells
proliferation, promote the growth of follicles in the early
stages of folliculogenesis, promote steroidogenesis, and
maturation of oocyte [11, 16]. However, on the other hand,
androgens prevent the development of the follicles by stim-
ulating apoptosis and atresia [11, 66]. Androgen receptor
activation increases IGF-I and its receptor gene expression
in the granulosa and theca cells of growing follicles and
in the oocytes of primordial follicles [16].

Oestrogens are essential for folliculogenesis beyond the
antral stage depending on the action of follicle stimulating
hormone (FSH) and are necessary for maintaining the fe-
male phenotype of ovarian somatic cells [11]. Oestrogens
signal via two forms of oestrogen receptors, o and 3, where
in the ovary the latter is predominant [53, 55] and is essen-
tial for the follicle development and maturation [11].

The production of steroids in the ovaries depends
on the cooperation between granulosa and theca cells
(classical two-cell-two-gonadotropins model of steroido-
genesis) [11, 66] accumulating in the follicular fluid. This

allows steroids to act as paracrine factors, although various
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amounts enter the systemic circulation and actively partici-
pate in the regulation of pituitary gonadotropins (FSH and
LH) secretion [11].

FSH has an important role in the promotion of follicu-
logenesis through the stimulation of the growth of antral
follicle/s to the pre-ovulatory stage, oocyte maturation, and
the formation of LH receptors (in that follicle/s enabling
LH to proceed to ovulation in the most sensitive follicle/s,
luteinisation and formation of corpus luteum/corpora lu-
tea) [39, 51]. FSH also positively influences the prolifera-
tion of ovarian cells [69], probably through the positive ac-
tion on IGF-I production [68], which reduces the apoptosis
of ovarian cells [25], and promotes the release of steroid
hormones [25, 68].

In contrast to FSH, LH stops the proliferation of ovar-
ian cells and induces their resistance to apoptosis via the
induction of P4 receptors formation [59]. In cultured ovar-
ian cells LH addition to the medium stimulated P4, E2, and
IGF-1 [68, 70].

IGF-1, a peptide hormone produced, inter alia, in the
ovaries, is known to have stimulatory effects on folliculo-
genesis via stimulatory (proliferation of granulosa cells, fol-
licular steroidogenesis, control of ovulation) and inhibitory
(apoptosis of granulosa cells) actions [38, 39, 64, 68, 82].
It also can augment the expression of both FSH and LH
receptors and the response of ovarian cells [44] and oocytes
[54] to gonadotropins. All these physiological actions of
hormones can be modulated by the use of medicinal plants,
their extracts or active substances in vivo and in vitro; al-
though the mechanisms of possible modulatory pathways

remain unclear and require further studies for elucidation.

Effects of Y. schidigera on the release of ovarian hormones
and their response to upstream hormonal regulators
Fifty-day dietary enrichment with yucca powder in-
creased the levels of oxytocin (OT) and prostaglandin
(PG) Fin the plasma of rabbit does [15, 73] as well as P4
whose level depended on a dose of yucca fed to these ani-
mals or added to the culture medium. However, the change
of OT release was not proven in in vitro experiments on rab-
bit ovarian fragments [15]. On the contrary, a thirty-day diet
supplementation with yucca powder decreased the serum
levels of P4 and E2 in ewes in late luteal phase of the oestrous
cycle, but did not affect the levels of testosterone (T) and
IGF-I; however, yucca promoted the release of IGF-I when
responding to FSH added in the culture medium [81].
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Yucca consumption have shown a significant hypocho-
lesterolaemic effect in humans [27, 29], poultry [3], goats
[28] and sheep [1, 80] that may relate to the reduction
of substrate for the production of steroid hormones result-
ing in the suppression of P4 release by the ovaries [81].

It was found that yucca directly stimulated the release
of P4 by porcine [73], rabbit [74], ovine [81], and murine
[71] ovaries. The release of T was inhibited by yucca ad-
dition to cultured porcine granulosa cells [73], although
it was not altered when added to rabbit [74] and ovine [81]
ovarian fragments or mouse ovaries [71]. The E2 output by
ovarian fragments of rabbits [74] and sheep [81] was not
influenced markedly. The release of IGF-I by rabbit [15]
or ovine [81] ovaries was inhibited, although not affected
in mice ovaries [71]. This contradictory research shows that
there could be species-specific actions of yucca on ovarian
steroidogenesis and that these effects are dose-dependent
(Table 1).

Effects of Y. schidigera on proliferation
and apoptosis of ovarian cells

The influence of yucca on cell proliferation and apopto-
sis of ovarian cells in vitro and in vivo has been document-
ed. In vitro studies reported a direct anti-proliferative and
pro-apoptotic effect of yucca extract on cultured porcine
granulosa cells through the reduced expression of PCNA
and enhanced expression of bax, respectively [73]. The
pro-apoptotic effect was also observed after a 30-day feed
supplementation in ewes, whose granulosa cells contained
high proportion of bax antigens, although no effect was
proven on the proliferation of granulosa cells [81]. Since
the findings on the proliferation of granulosa cells are in-
consistent in these two animal models, additional experi-

ments will be required.

Phytoestrogenic and nonestrogenic effects
of yucca constituents

Stilbenes and steroidal saponins of yucca have shown
mainly antioxidant properties [9, 10, 48] (which can affect
folliculogenesis and steroidogenesis as reported in the stud-
ies using different plant additives [24, 75, 76]. Saponins are
involved in the reduction of blood cholesterol, the substrate
for steroidogenesis, and stilbenes can affect transcriptional
activity of ERs [6]. Both the steroidal saponins and stil-
benes have been shown to have phytoestrogenic activity by

mimicking endogenous oestradiol-17p due to the fact they



In vitro studies— direct effects

Fig. 1. Direct effects of yucca extract on ovine, rabbit, porcine, and murine ovaries
E2—oestradiol-1783; FSH—follicle-stimulating hormone; IGF-I—insulin-like growth factor; OT—oxytocin; P4—progesterone
PCNA—proliferating cell nuclear antigen; PGF—prostaglandin F; T—testosterone; T —increase; | —decrease; ns—non-significant effect

In vivo studies — metabolic effects

Fig. 2. Supplemental yucca effects in sheep and rabbit does
CHOL—cholesterol; E2—oestradiol-178}; FSH—follicle-stimulating hormone; IGF-I—insulin-like growth factor
OT— oxytocin; P4—progesterone; PGF—prostaglandin F; ER—estrogen receptors

have similar chemical structure and can bind to ERa and
ERP [53, 60, 67, 84]. Phytoestrogens can competitively in-
hibit the production of oestradiol by aromatase [62] result-
ing in lower levels of endogenous oestrogen [23]. Besides
this oestradiol-modulatory properties, phytoestrogens can
moreover act via nonestrogenic mechanisms — directly ac-
tivate intracellular regulators of the cell cycle and apoptosis,
including IGF-I receptors [5] and mitogen-activated pro-
tein kinase (MAPK; ERK1/2) signal transduction cascade
[5, 34, 83]. Such properties predetermine yucca to be the

promising plant used in the prevention or therapy of vari-

ous hormone-dependent diseases.

CONCLUSIONS

The effects of Mojave yucca (Y. schidigera) researched
in vitro and in vivo on several animal models have been
reviewed. Yucca contains biologically active substances

such as steroidal saponins and stilbenes that can influence
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reproductive functions via oestrogenic and nonestrogenic
mechanisms. However, these effects seem to be species-
specific and dose-dependent. In vitro studies (Fig. 1) re-
vealed the positive effect of yucca extract administration
on the release of P4 by ovine, rabbit, porcine, and murine
ovarian cells, however this direct effect depended on the
dose of yucca added to the culture medium in ovine and
pig ovarian fragments. Activation of these mechanisms
or pathways results in initiation of bax-dependent apop-
tosis in ovarian cells (probably via blockage of cell prolif-
eration through IGF-I receptors). On the one hand, in vivo
studies (Fig. 2) performed in rabbit does, cows, goats, and
quails showed a positive effect of supplemental yucca on re-
productive performance, steroidogenesis and the produc-
tion of PGF and OT; but on the other hand, yucca admin-
istration in sheep negatively influenced the development
of small antral follicles and steroidogenesis. Due to the
wide use of yucca in livestock breeding programs of farm
animals and its use in the food industry, all of these effects
of yucca on reproduction should be taken into account.
Therefore, yucca actions on females require further studies
aimed at the elucidation of the possible mechanisms of ac-

tion in various animal models and women.
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