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Introduction

Menopause is a natural physiological stage in a woman's life, but the hormonal
changes associated with it can cause a series of unpleasant manifestations that affect the
quality of life.

This thesis aims to develop an innovative product based on standardized plant extracts,
intended for menopausal women, as a complement to conventional therapies. The proposed
solution has the following main attributes:

1. Using advanced nanotechnology-based technology to improve the absorption and
efficacy of active compounds.

2. Integrating the product into the eating plan, providing an optimal intake of essential
nutritional principles in the form of a dietary supplement.

3. Preventive role in health, by supporting hormonal balance and protection against
complications associated with menopause.

4. Accessibility, so that the benefits of the product are available to as many people as
possible.

The thesis is structured in two main parts: the general part, which includes the
theoretical foundations and the analysis of the specialized literature, and the personal
contributions part, which brings together the working hypothesis, the general and specific
objectives of the research, the applied methodology and the presentation of the results

obtained within the experimental studies carried out, during the 8 chapters.



I. GENERAL PART



1. Current strategy in hormonal and nonhormonal therapies in
menopause

1.1. Hormonal and non-hormonal therapy

Most menopausal women experience a range of symptoms, accompanied by
physiological changes in the reproductive organs and psycho-affective disorders, with
significant negative implications. This change is perceived negatively for a woman's
behavior and is associated with the aging process [1].

The present analysis aims to investigate the most recent published research on (a) the
evaluation of epidemiological data in menopausal women, through the reports recorded in
the last ten years; (b) recent studies on HRT and new emerging medical therapies.

Studies that have determined the risks and benefits of hormone replacement therapy
have had inconsistent results. A recent systematic review and meta-analysis, published in
2015, indicates that HRT does not increase all-cause or cause-specific mortality
(cardiovascular, stroke, cancer) [11].

1.1.1. Estrogens in Menopausal Hormone Therapy

Sexual dysfunction is common in women with urogenital menopausal syndrome.
Thus, vaginal estrogen can be an effective treatment for genitourinary syndrome.

Thus, there are several therapeutic schemes to relieve urogenital symptoms. Current
treatment is based on topical estrogens alone [18-22] or combined with testosterone [14,23],
which have shown improvements over time in the areas of vaginal trophicity, arousal,
orgasm, and satisfaction (Appendix 1-Table 1.). The combined estrogen-progesterone
regimen decreased the rate of symptoms of urogenital atrophy and the frequency and severity
of hot flashes [31].

The endocrine and metabolic changes that occur in the transition to menopause can
accelerate the risk of cardiovascular disease induced by high blood pressure. According to
the American Heart Association, initiating menopausal hormone therapy in women under 60
years of age or within 10 years of menopause is the only prophylactic method of reducing
the risk of cardiovascular disease [32].

Although data indicate that HRT 1is associated with positive effects on the
cardiovascular system in menopausal women, it remains a question whether these effects
vary depending on when treatment is initiated.

The ELITE-Cog study (class I evidence) investigated whether estradiol therapy
initiated in the first six years of menopause has a different impact on  the

neuropsychological symptoms of menopause than when initiated ten or more years later.
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Participants received oral 17p-estradiol (1 mg/d) or a placebo at a single academic medical
center (University of Southern California). In addition, women with a uterus were also
assigned to micronized cyclic progesterone (45 mg) as a 4% vaginal gel or placebo gel, a
daily application for ten days per 30-day cycle. The study showed that estradiol initiated
within six years of menopause does not affect verbal memory, executive functions, or overall
cognition differently than treatment that began ten or more years after menopause. In
addition, estradiol does not improve or harm these cognitive abilities regardless of how long
it has elapsed since menopause [53].

1.1.2. Progestogens in menopausal hormone therapy

Progesterone is usually taken in combination with estrogen in hormonal treatment.
Few studies have investigated the effects of progesterone alone on menopausal symptoms.
Most of these studies have focused on the effects of progestogens on sleep quality.

1.1.3. Ospemiphene or Bazedoxifene/Estrogen Therapy

Ospemifene is an FDA-approved selective oral estrogen receptor agonist/antagonist.
Indications for the use of ospemifene are moderate or severe dyspareunia, and the drug has
recently been approved for moderate/severe vaginal dryness, which is a common symptom
of vulvovaginal atrophy [72].

Bazedoxifen/estrogen conjugate form (CE/BZA) is the first FDA-approved drug to
include estrogen conjugated to an estrogen agonist/antagonist (basedoxifen) [74]. Various
studies have investigated how EC/BZA influences both quality of life and health, showing
that the drug complex has beneficial effects on various menopause-related symptoms.

1.1.4. Non-hormonal therapy

Bisphosphonates (BPs) are key pharmaceutical agents that act against osteoclast-
mediated bone loss. Thus, the most common medical condition for which BP is used is
osteoporosis in menopause - a pathology that in Romania has been shown to occur ten years
earlier than the internationally accepted limit [78].

Kisspeptins regulate the release of reproductive hormones, peptides encoded by the
KISS1 gene [92], a key regulator of hypothalamic gonadotropin-releasing hormone (GnRH)
neurons; their discovery led to the investigation of kisspeptin's role in reproductive disorders
and the potential for therapeutic targeting of the kisspeptin system (KISS1R) [93]. Currently,
the investigated GnRH/gonadotropins are Fezolinetant, MVT-602, Linzagolix.

Standardized herbal extracts beneficial in menopausal therapy

Interest in the use of plant extracts in the management of menopausal symptoms has

increased significantly in recent decades, amid concerns about the safety of conventional
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hormone therapies. Many medicinal plants contain active ingredients, especially
phytoestrogens, flavonoids or triterpene glycosides, which can mimic the effects of
endogenous estrogens, helping to relieve vasomotor, metabolic or psychoneurological
symptoms associated with menopause.

The extracts on which we have focused in the present paper, as well as the active
principles underlying their standardization, together with their codification that will be

found throughout the paper, are presented in table 2.1. below.

Table 2.1. Standardized plant extracts studied

Plant extract Scientific Active Standardization
Cod . . o
name name ingredient (%)
Black  Cohosh
EVeg 1 - % Cimicifuga Tr.1terpen01de 2.5%
racemosa glicozide
Extract
Red . P Isoflavone
EVeg2 clover @ VoM qiochanin A, B- 40%
pratense .
Extract formononetin)
Extract 2
from ' @ Polygonum
EVeg 3 . Resveratrol 50%
cane cuspidatum
root asiatica
Extract | .
EVeg4 of LS Glycine Izoﬂa vone 40%
max (genistein)
soybeans
Extract # .
EVeg5 de Glyeyrrhiza 4 olicirizic 10%
glabra
lemn dulce
Extract o ; 8-
EVeg 6  hops é luw:;:tsus prenilnaringenin -
P (8-PN)
Extract m Dioscorea
DSG ofwild : Diosgenin 6% / 95% (DSG)
yam villosa




1.2. Conclusions

Menopause is a physiological period during a woman's life, accompanied by a wide
spectrum of symptoms that can alter the quality of life of a fully active adult; The use of
TSH, the most valuable therapeutic resource for increasing the quality of life in menopausal
women, is limited to moderate and severe symptoms. Additionally, many women choose not
to use MHT because of fear of cancer or other negative effects. Unfortunately, there is no
fully satisfactory therapy, so the future search for better or complementary options is
essential. Knowing the latest updates on these topics will help healthcare professionals better
get the benefit of therapy, treat women within safe limits, and access all available menopause
therapeutic resources to address the still unresolved health problem of the active adult
woman.

Early menopausal women with symptoms present can benefit from TSH safely and
with clinically proven effectiveness, allowing for improved quality of life. An important role
in menopause in terms of therapeutic strategy is represented by confidence in the

administration of hormone therapy among both patients and doctors.
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1. PERSONAL CONTRIBUTIONS.
EXPERIMENTAL PART
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2. Working hypothesis and general objectives

In the context of the growing need for natural, safe and effective alternatives for the
management of menopausal symptoms, this research starts from the hypothesis that the use
of nanolipid structures (NLCs) as vectors for plant active ingredients may represent an
innovative strategy for the development of an oral dietary supplement with increased
bioavailability and optimized pharmacological profile.

The gaps identified in the literature — related to the technological feasibility of
simultaneous incorporation of lipophilic and hydrophilic active compounds in solid NLC-
based formulations, the scalability of these formulations, the dissolution profile in
biorelevant or conventional media and their safety in oral administration — guided the
establishment of the main scientific objective:

The general objective of the research is to develop, characterize, optimize and
evaluate in vitro and in vivo a finished product in oral solid pharmaceutical form,
containing a nanolipid matrix loaded with active ingredients of plant origin —
diosgenin, glycyrrhizic acid, glycyrzidal triterpenes, polyphenols, isoflavones —

intended to support health during menopause.
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3. General research methodology

The research was structured in a logical succession of stages, from the theoretical and

conceptual level to the experimental validation of the proposed formulation. The general

research plan included the following major components:

1.

Systematic scientific documentation on menopause, phytogenic therapy,
standardized extracts of wild Yam - Dioscorea villosa, Licorice - Glycyrrhiza glabra,
Red clover - Trifolium pratense, Black Cohosh - Cimicifuga racemosa, Japanese
Scrooge - Polygonum cuspidatum, Soybean - Glycine max, Hops - Humulus lupulus
as well as modern formulation technologies (especially on solid oral pharmaceutical
formulations containing nanolipid systems).
Experimental formulation of nanolipid structures (NLC): Stage that involved (1)
Selection of lipid excipients, emulsifiers and setting of technological conditions, (2)
Obtaining  colloidal  dispersion by  high-pressure  homogenization/shear
homogenization, (3) Simultaneous encapsulation of diosgenin and glycyrrhizinic
acid; (4) Stabilization of the formulation by freeze-drying.
Obtaining the oral solid pharmaceutical form: the main activities focused on
(1)Selection of suitable excipients for compression;( 2) Evaluation of the
technological process of transformation of the lyophilized powder into solid form
(tablet/capsule); (3) Testing the scalability of the manufacturing process.
Physicochemical and biopharmaceutical characterization of formulas by (1)
Analysis of particle size, zeta potential, morphology and degree of encapsulation —
on NLC; (2) Study of the dissolution profile in conventional and biorelevant media;
(3) Evaluation of the stability of the formula.
Evaluation of preclinical safety by: (1) Genotoxicity tests (e.g. micronucleus test)
and (2) Determination of the influence of the product on the biochemical parameters
of ovariectomized rats, aiming at:

Profilul lipidic (TG, Chol, HDL)

Glycemic markers (Gli)

Bone markers (Pac, Palc, Ca, phosphorus)

Markerii renali (Crea, uree, URAC)

Inflammation (TNF)

Stealth oxidative (GSH, MDA)

Profilul hormonal estrogen-progesteron.
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4. Limits of research and future directions

The current research has demonstrated the technological feasibility of formulating a

solid oral dosage form containing a nanolipid structure (NLC) based on plant extracts, as

well as their therapeutic potential in the context of menopause. However, certain limitations

should be noted:

1.

Lack of restoration of hormonal homeostasis: Although the treatments tested positively
influenced inflammatory and metabolic markers, they failed to normalize hormone
levels
Limited assessment of biological markers: The study focused on a small number of
biomarkers, which provides partial insight into systemic effects.
Reduced duration of the in vivo study, without capturing possible cumulative effects,
or long-term adverse effects.
Lack of detailed histopathological analyses:

Prospects for further research
Based on the results obtained and the mentioned limitations, the following directions
can be outlined for future research:
Optimization of nanolipid formulations
Extension of preclinical assessments
Exploring a broader spectrum of biomarkers, including: IL-6, CRP, IL-10 for the
complete assessment of the inflammatory response; additional oxidative stress markers
(e.g. SOD, catalase, GPx); advanced metabolic markers (e.g. leptin, adiponectin,
HOMA).

Study of the impact on quality of life, by extending research to human clinical models

14



5. Pharmaceutical studies on the development of a dietary supplement
with a nanolipid structure, beneficial in menopausal therapy.

5.1. Working case and specific objectives

Working hypothesis
The formulation of diosgenin in a nanostructured lipid matrix (NLC) and its conversion into
an oral solid pharmaceutical form (tablets or capsules) can lead to a significant improvement
in bioavailability and therapeutic efficacy, thus representing a promising alternative for
addressing the specific symptoms of menopause.

Specific objectives of the study
l. Formulation objective:

To incorporate the diosgenin-containing NLC lipid matrix into a powdery mixture
suitable for compression or filling in capsules, in order to obtain a stable oral solid
pharmaceutical form (tablets or capsules).

2. Technological objective:

To carry out the technological transfer of the selected solid NLC forms, from the

laboratory stage to pilot scale, in order to assess the industrial feasibility.
3. Validation objective:
To perform process validation and quality control for the selected final formulas in

order to ensure their compliance for subsequent inclusion in in vivo studies.

5.2. Results and conclusions

Solid finished pharmaceuticals containing nanoforms of plant active ingredients -
diosgenin - manufactured after the preformulation and formulation studies presented in the
study were evaluated according to the critical parameters of the physicochemical analysis.
All tested parameters were in accordance with the requirements. The diosgenin
content/pharmaceutical form was within limits, demonstrating that the manufacturing
process (from obtaining NLCs to finished products in the form of tablets/capsules) is well
controlled, reliable and reproducible. The dissolution results were above the imposed limit
of 70%, and this quality attribute was achieved in terms of the release of the active
ingredients, respectively in vitro testing

This process illustrates a complete and efficient innovative approach and process for
the transformation of lipid-based nanoforms into solid pharmaceutical forms to obtain tablets

or capsules with nanostructured lipid carriers, ensuring the quality, consistency and efficacy
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of the final product. The preformulation and formulation studies described were monitored
in accordance with quality requirements, including active ingredient testing, dissolution,
microbiological quality and stability.

The findings of our study demonstrate significant advances in the formulation and
development of solid dosage forms using nanolipid 'carriers' (NLCs). The successful
transformation of NLCs that encapsulate active plant ingredients into a stable powder form
is an essential step in pharmaceutical technology.

The physicochemical analysis of the finished products concluded that (a) uncoated,
round, biconvex shaped tablets with uniform appearance, compact and homogeneous
structure, intact edges, d = 13 mm - figure 5.1 were obtained. and (b) Suitable hard, hard,
cylindrical gelatinous capsules with hemispherical ends, uniform on the surface, transparent,

size "0" — Figure 5.2.

Final product Final product Final product Final product

S1 S2 (lot: S3 S4 (lot:

(lot: S081021) S071021) (lot: P261022) P331122)
~ : 7

.
4

Fig.5.1. Final Final product S Final product S Final product S
product in the 2 (Lot: 3 (Lot: 4 (Lot:
form of tablets. S050521) P251022) P321122)

Produs finit care
contine S1
(Lt: S060521)

V7

Fig.5.2. Final product in the form of hard gelatinous capsules.
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6. Safety of nanoencapsulated oral formulations with bioactive

molecules used in the treatment of menopause

6.1. Working case and specific objectives
Working hypothesis
Pharmaceutical formulations based on nanolipid structures (NLC) loaded with natural
active molecules can represent an effective and safe pharmaceutical alternative for relieving
menopausal symptoms, with increased bioavailability and beneficial effects on biochemical,
metabolic and hormonal parameters.
Research objectives
1. Evaluation of cytotoxicity and genotoxicity of pharmaceutical products tested by in
vitro toxicity studies
2. Evaluation of the influence of treatment with pharmaceutical formulations based on
nanolipid structures loaded with active principles from plants, on the biochemical
parameters of ovarian rat females ovaricantized — in vivo study , aiming at:
- profilul lipidic ( TG, Chol, HDL)
- glycemic markers (Gli)
- bone markers (Pac, Palc, Ca, phosphorus)
- renal markerii (creatinine, ureas, URAC)
- inflammation (TNF)
- stressful oxidative (GSH, MDA)
- hormonal profile
6.2. Results and conclusions
During the present study, as part of a larger research, we investigated during the first
stage the cytotoxicity (cell viability) and genotoxicity (micronucleus assay) of NLCs tested
using culture cells. In the second part, we tested (1) the influence of NLCs on the
biochemical parameters of surgically induced Wistar rat females, following the lipid profile
(TG, Chol, HDL), bone markers (Pac, Palc, Ca, phosphorus), glycemic markers (Gli), renal
markers (Crea, urea, URAC), general condition and body weight, inflammation parameters
(TNF), oxidative stress (GSH, MDA) and, since the formulas target hormonal load, (2)
hormonal markers-progesterone and serum estradiol.
The main findings of our study are that (a) diosgenin (Dioscorea villosa L.
standardized extract) formulated in various lipid nanocapsule (NLC) structures in

combination with glycicric acid (standardized extract Glycyrrhiza glabra, Eveg 1 and Eveg
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2), TTG (triterpene glycosides) (standardized extract Actaea racemosa, Eveg 3 and Eveg 4),
and resveratrol polyphenols (standardized extract of Polygonum cuspidatum, Eveg 5 and
Eveg 6) tested on cell cultures by the micronucleus method did not show the genotoxicity
of the tested compounds, the values obtained being similar to those of negative control and
untreated cell cultures; (b) the NLC pharmaceutical formulations tested (Eveg 1-6)
administered orally in the female rat model with surgically induced menopause showed no
influence on bone metabolism, carbohydrate metabolism, liver and biliary markers, blood
lipid profile, acid phosphatase or inflammatory markers; (c) NLC formulas tested (Eveg 1-
6) in the menopausal model also did not influence oxidative stress markers or hormonal
markers.

In addition, plasma levels showed the hypoglycemic, hyporicemic and antioxidant
potential of a tested pharmaceutical formula containing nano diosgenin and glycyrrhizic acid
encapsulated in the lipid phase based on Nightrose Oil. Further studies on models of
metabolic diseases could be carried out on the selected formula.

Limitations

The present study has limitations. The induced menopause pattern was surgically
induced, which can be considered a trauma compared to physiological menopause.

Another limitation is the duration of the treatment of 30 days, both for the tested
formulas and for the positive control treated with the conventional combination of hormone

replacement.

18



7. Comparative study of dissolution of a pharmaceutical form
containing a disogenin-based nanostructured lipid carrier (NLC) -

conventional versus biorelevant dissolution media

7.1. Working hypothesis and specific objectives

Working hypothesis

The incorporation of diosgenin (DSG) into a nanostructured lipid matrix (NLC) will
improve its bioavailability by increasing the rate of dissolution and gastrointestinal
absorption. The comparative study of the dissolution process in conventional versus
biorelevant media will provide a clearer understanding of the in vivo behavior of DSG
encapsulated in NLC, allowing the optimization of the final pharmaceutical formula.

The specific objectives of the study were

(1) determination of the optimal place of absorption of diosgenin encapsulated in a
nanolipid structure (gastric environment, intestinal or colonic mucosa) and timing: before or
after a meal - using dissolution in special media as a tool;

(2) selection of the appropriate dissolution medium to determine the bioavailability of
diosgenin using conventional in vitro dissolution media — on the standardized crude
extract, crude nanocapsules and the final form of the oral finished product (nanoproduct-
filled capsules)

(3) the development of the analysis method that will be used later in the analysis of
the batch of finished product.

7.4. Results and conclusions

The intestinal environment after a meal is the optimal place and time of absorption of
the active ingredient diosgenin encapsulated in the nanolipid structure, measured in
biorelevant dissolution media that simulate physiological conditions in vivo.

The recommended dissolution media for routine laboratory analyses included in the
finished product specification for interphase scaling tests, with a pH close to that of the
special media, are 1.0 g/L sodium lauryl sulfate, 2.0 g/L sodium lauryl sulfate and 4.0 g/L
cetrimide, the results obtained in these media respecting the minimum limit imposed by 70%
dissolved DSG.

The recommended pharmaceutical form for products containing diosgenin
encapsulated in a nanolipid structure is the delayed-release (gastroresistant) form, and the

optimal absorption of the active ingredient takes place in the upper intestine.

19



8. Conclusions and personal contributions

The scientific research objectives set by the three studies allowed

(1) the manufacture of a solid pharmaceutical form, with oral administration,
based on a nanolipid structure that incorporated in its structure active ingredients from plants
beneficial in menopausal therapy, respectively disogenin from wild yam extract and
glycyrrhizic acid from Licorice.

The development of the pharmaceutical form went through all the technological and
research and development stages, namely the scientific documentation stage,
preformulation, formulation and optimization, as well as the scaling stages, by transposing
from laboratory scale to pilot scale and physico-chemical and microbiological control.

By examining the results of the pre-formulation tests of the nanolipid mold with
evening primrose oil, diosgenin and licorice extract (S1) and the nanolipid matrix with
soybean oil, diosgenin and licorice extract (S2), we obtained adequate results by which it
became possible to transform an oily structure into a powder suitable for obtaining a solid
pharmaceutical form. Thus, excipients such as spray-dried amorphous granular silicon
(Fujisil) and magnesium aluminometasilicate (Neusilin) were selected as lead candidates in
the formulation of finished products in the form of capsules or tablets.

Depending on the amount of active ingredient in a dosage form required for
administration, we can choose either a tablet (for a higher therapeutic dose) or a capsule (for
a lower therapeutic dose). In this study, the manufacturing process and quality results were
compliant for both shapes.

All tested parameters met the requirements. The content of diosgenin/pharmaceutical
form was within limits, proving that the manufacturing process (from obtaining NLC to
finished products in the form of tablets/capsules) is well controlled, reliable and
reproducible. The dissolution results were above the imposed limit of 70%, and this quality
attribute was achieved in terms of the release of the active ingredients, respectively, in vitro
festing.

(2) study of the dissolution profile on three categories of samples:

- extract de yam salbatic standardizat 1a 95% DSG,

- NLCs containing wild yam extract standardized to 6%DSG

- finished product formulated in the form of a hard gelatin capsule containing NLC with
standardized extract of wild yam DSG, tested in two types of dissolution media: (a)

conventional and (b) special (biorelevant) media, achieving the scientific objectives of the
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study, respectively 1) determining the optimal site of absorption of diosgenin encapsulated
in a nanolipid structure (gastric environment, intestinal or colonic mucosa) and the timing:
before or after a meal - using as a tool dissolving in special media that reproduce real
conditions in the human body; (2) the establishment of routine dissolution tests (QC
control) of diosgenin encapsulated in a nanolipid structure, which are the recommended
conventional dissolution media and which have a pH closer to that of the special media in
which consistent results have been obtained.

With the help of biorelevant dissolution media simulating physiological conditions in
vivo, it has been demonstrated that the intestinal environment after a meal is the optimal
place and time for the absorption of the active ingredient diosgenin encapsulated in the
nanolipid structure.

The recommended dissolution media for routine laboratory analyses included in the
finished product specification for interphase scaling tests, with a pH close to that of the
special media, are 1.0 g/L sodium lauryl sulfate, 2.0 g/L sodium lauryl sulfate and 4.0 g/L.
cetrimide, the results obtained in these media respecting the minimum limit imposed by 70%
dissolved DSG.

The recommended pharmaceutical form for products containing diosgenin encapsulated in
a nanolipid structure is the delayed-release (gastroresistant) form, and the optimal
absorption of the active ingredient takes place in the upper intestine.
(3) Establishing the safety profile
Through in vitro testing on the cytotoxicity and genotoxicity of the developed dosage
forms, we have shown that the cytotoxic effect occurs from doses of 1 mg/ml for some
compounds (NN control) or even higher amounts for others (NLC-Eveg 3). Given that the
body expects those substances to reach a maximum dose of 10 mg/kg, which would
correspond in vitro to 10 pg/ml, the therapeutic dose can be considered to be far from
producing cytotoxic effects.
Also, the micronucleus method did not highlight the genotoxicity of the test compounds,
the values obtained being similar to those of the negative control and untreated cell
cultures.

Biochemical determinations from the in vivo study on a female rat model with
induced menopause showed that of the six nanolipid structure-based dosage forms studied,
NLC-Eveg 1, formulated with DSG as the active ingredient and licorice extract encapsulated

in Nightlight oil, showed the best effects in maintaining biochemical parameters close to the

21



non-operated control batch, different from Eveg 2, which contained the same active
ingredients, but encapsulated in soybean oil.

The treatments administered failed to restore hormone levels, but they influenced
metabolic and inflammatory markers, which makes them interesting candidates for adjuvant
therapies.

These results provide a solid basis for the development of new therapeutic strategies
aimed at managing the effects of menopause, with a focus on reducing oxidative stress and
optimizing carbohydrate and lipid metabolism.

Recommendations for future research

1. Optimization of formulations to improve bioavailability and therapeutic
effects.

2. Further long-term studies, including histopathological analyses, to confirm
the safety of treatments.

3. Evaluation of other inflammatory and oxidative stress markers to better

understand the effects on physiological balance.
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