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Abstract 

Multiple modifiable lifestyle factors can positively or negatively affect the Women's health. 

Some of the negative effects are associated with the development of neoplastic diseases. 

Here, we have selected three factors from three different lifestyle areas: a pesticide, a diet 

choice, and an herbal remedy. The exposure to certain pesticides is associated with the 

development of endometrial cancer. Among pesticides, we are focused on glyphosate-based 

herbicides (GBHs), due to their high application in the world. In addition, the risk of 

endometrial cancer is associated with unhealthy diets. Considering that unhealthy diets are 

popular in a big part of the world, we are interested in the study of the cafeteria (CAF) diet, 

an unbalanced diet with predominantly fat energy content at the expense of lower protein 

content, which provides a highly relevant model in terms of mimicking human eating 

p✆✂✂✔✕✞✒✁ �✎✔ ✎✝✍✒ ✁✠✁✄✁✖✁✒ ✖✁✍✁✖✁✒ ✂✁✄ ✄✒ ✆✞ ✎✔✕✓✆✖ ✕✔✄✔☛✑ ✁✒✔☛ ✆✒ ✆ ☎✒✆✟✔✕✆ ✆✖✂✔✕✞✆✂✄☎✔ ✂✝

hormone replacement therapy (HRT). Thus, its characterization regarding potential 

beneficial health effects and risks has been on demand.  

In the FIRST CHAPTER, we proposed to study whether GBH exposure at a low dose alone 

or added to the CAF diet, predisposes to develop preneoplastic and/or neoplastic lesions in 

the uterus of Wistar rats. In the first part, we evaluated the long-term effects of GBH alone by 

using a neonatal exposure model. Female pups were injected with vehicle or GBH on 

postnatal day (PND) 1, 3, 5 and 7. On PND 600, serum samples were collected to assess 

✂✆✝-estradiol (E2) and progesterone (P4) levels, and uterine samples were obtained to 

determine proliferation index and the expression of steroid hormone receptors, by 

✄✄✄✁✞✝✎✄✒✂✝✁✎✔✄✄✒✂✕✑✁ �✞✄✄✆✖✒ ✔✝✍✝✒✔☛ ✂✝ ✞✟✠ ✄✞✁✕✔✆✒✔☛ ✂✎✔ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌ ✁☞✠✡✂✄

expression in the preneoplastic glandular lesions. In the second part, we evaluated the 

effects of subchronic GBH exposure in rats fed with CAF diet. Thus, rats were fed from PND 

21 until PND 240 with lab chow (Control) or CAF diet. On PND 140, one group of rats fed 

with CAF diet also received GBH through food, yielding three experimental groups: Control, 

CAF, and CAF+GBH. On PND 240, serum samples were collected to assess E2 and P4 

levels, fat depots were collected to determine adiposity and uterine samples were obtained 

for histological studies (morphometric and immunohistochemical analysis). CAF and 

CAF+GBH animals showed an increase in the adiposity index. The serum levels of P4 were 

increased in CAF+GBH group, respect to CAF one. In the uterus, CAF and CAF+GBH 

induced morphological and molecular changes associated with endometrial hyperplasia. The 

addition of GBH increased the thickness of subepithelial stroma and the density of abnormal 

gland in comparison with Control animals. Moreover, CAF+GBH rats showed reduced 

phosphatase and tensin homolog (PTEN) and p27 expression, respect to Control rats. 
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These results indicate that the addition of GBH exacerbates the CAF-effects on uterine 

preneoplastic lesions and that the PTEN/p27 signaling pathway seems to be involved.  

In the SECOND CHAPTER, we proposed to determine the estrogenic effects of hops extract 

by using in vivo and in vitro studies and to evaluate the molecular mechanisms of            

anti-carcinogenic process. In the first part, we evaluated the effects of hops extract and its 

bioactive compounds 6-prenylnaringenin (6-PN) and 8-prenylnaringenin (8-PN) on estrogen 

✕✔✁✔✍✂✝✕ ✌ ✁☞✡✌✄ ✆✞☛ ✆✕✑✖ ✎✑☛✕✝✁✆✕✓✝✞ ✕✔✁✔✍✂✝✕ ✁�✠✡✄ ✒✄✛✞✆✖✄✞✛ ✍✆✂✎✏✆✑✒ ✄✞ ✆ ✎✁✄✆✞

endometrial cancer cell line. Hops extract, 8-PN and 6-PN showed estrogenic activity. Hops 

extract and 6-✙✚ ✆✁✂✄☎✆✂✔☛ ✓✝✂✎ ☞✡✌ ✆✞☛ �✠✡ ✍✆✂✎✏✆✑✒✁ �-PN increased the expression of 

the tumor suppressor gene (AHRR), and that of genes involved in the estrogen metabolism 

(CYP1A1, CYP1B1). Although 6-PN might activate the detoxification and genotoxic 

pathways of estrogen metabolism, hops extract as a whole only modulated the genotoxic 

pathway by an up-regulation of CYP1B1 mRNA expression. These data demonstrate the 

relevant role of 6-PN contained in the hops extract as a potential modulator of estrogen 

✄✔✂✆✓✝✖✄✒✄ ☛✁✔ ✂✝ ✄✂✒ ☞✡✌ ✆✞☛ �✠✡ ✆✛✝✞✄✒✂ ✆✁✂✄☎✄✂✑✁ ✁✞ ✂✎✔ ✒✔✁✝✞☛ ✍✆✕✂✁ ✏✔ ✔☎✆✖✁✆✂✔☛ ✂✎✔

estrogenic effect of hops extract and an extract reduced in xanthohumol (named knock-out 

Hops: KO-Hops) by using a 3-day uterotrophic assay in Wistar rats. At PND 49, rats were 

subjected or not to ovariectomy or sham surgery. After 14 days, the animals were exposed 

for 72 h with vehicle (Control, SHAM and Ovx groups), E2 (4 µg/kg bw/day), Hops or       

KO-Hops at 8, 40 and 200 mg/kg bw/day, respectively. Animals were sacrificed 24 h after 

the last treatment day. The ovariectomy reduced the relative uterine weight and this effect 

was reversed by E2 treatment, validating the uterotrophic assay. In general, no estrogenic 

uterine effects at morphological and molecular levels (protein and mRNA) were observed in 

response to Hops extracts, independently of their composition (Hops and KO-Hops). 

However, we observed an increased glandular density by the exposure to Hops extract at 40 

mg/kg bw/day accompanied by a reduced protein ESR1 expression, and an increased 

glandular density by the exposure to KO-Hops at 8 mg/kg bw/day. Our results showing a 

weak estrogenic effect on the uterus suggest a minimal probability to induce endometrial 

hyperplasia and cancer associated. Thus, Hops compounds could be a safer alternative to 

the conventional HRT but this topic deserves more studies. 

In conclusion, since our lifestyle has a key role in our reproductive health and can influence 

the development of uterine pathologies, we encourage promoting a healthy lifestyle to 

minimize negative consequences on female human health. 
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Resumen 

Muchos factores que componen el estilo de vida pueden influir positiva o negativamente en 

la salud de las mujeres. Algunos de ellos son modificables y estan asociados al desarrollo 

de distintos tipos de cáncer. En la presente tesis, seleccionamos tres factores: un pesticida, 

un tipo de dieta considerada poco saludable y una hierba medicinal. La exposición a ciertos 

pesticidas está relacionada con el desarrollo de cáncer de endometrio. Entre los pesticidas, 

nos interesan particularmente los herbicidas a base de glifosato (HBG) por su gran uso a 

nivel mundial. Por otra parte, el riesgo de desarrollar cáncer de endometrio también está 

asociado con alimentación poco saludable, la cual es cada vez más frecuente a nivel 

mundial. A nivel experimental, la dieta de cafetería (CAF) es un tipo de dieta desequilibrada 

con un alto contenido graso a expensas de un menor contenido proteico que imita los 

hábitos alimentarios de las poblaciones occidentales. El hops (Humulus lupulus L.) es una 

hierba medicinal utilizada como una alternativa más segura a la terapia de reemplazo 

hormonal (TRH). Por lo tanto, es necesario realizar una exhaustiva caracterización para 

conocer sus posibles efectos sobre la salud. 

En el PRIMER CAPÍTULO, nos propusimos evaluar si la exposición a un HBG a bajas dosis 

suministrado solo o con una dieta CAF, predispone al desarrollo de lesiones preneoplásicas 

y/o neoplásicas en el útero de ratas Wistar. En la primera parte, evaluamos los efectos a 

largo plazo de la exposición a un HBG mediante un modelo de exposición aguda durante el 

periodo postnatal. Para ello, las crías hembras recibieron inyecciones subcutáneas en los 

días postnatales (DPN) 1, 3, 5 y 7 con vehículo o HBG. Los animales fueron sacrificados el 

DPN 600. En muestras de suero, se determinaron los niveles de 17✝-estradiol (E2) y 

progesterona (P4). En el tejido uterino, se determinó la proliferación celular y expresión de 

receptores de hormonas esteroides, mediante inmunohistoquímica. Los animales expuestos 

a HBG exhibieron una mayor expresión del receptor de estrógenos ✌ (ESR1) en lesiones 

glandulares preneoplásicas. En la segunda parte, nos propusimos evaluar si la exposición 

subcrónica a bajas dosis de un HBG exacerba los efectos inducidos por CAF. En DPN 21, 

las ratas hembras fueron asignadas al azar a uno de los siguientes grupos: Control 

(alimentadas con dieta estándar), CAF (alimentadas con CAF) y CAF+HBG (alimentadas 

con CAF y a partir del DPN 140 co-expuestas a un HBG a través del alimento). Los 

animales fueron sacrificados el DPN 240. Se obtuvieron muestras de suero para la 

determinación de niveles de E2 y P4, tejido adiposo para evaluar el índice de adiposidad y 

muestras uterinas para análisis morfológico y expresión de proteínas. Los grupos CAF y 

CAF+GBH presentaron un mayor índice de adiposidad respecto al grupo Control. El grupo 

CAF+HBG presentó mayores niveles de P4 respecto al grupo CAF. En el útero, CAF y 

CAF+GBH produjeron alteraciones morfológicas y moleculares asociadas con hiperplasia 
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endometrial. La adición de HBG incrementó el espesor del estroma subepitelial y la 

densidad de glándulas anormales respecto al grupo Control. A nivel de proteínas, la 

expresión de PTEN (del inglés phosphatase and tensin homolog) y p27, moléculas 

supresoras de tumor que inhiben la proliferación celular, fue menor en el grupo CAF+HBG 

que en el grupo Control. Por lo tanto, la adición del HBG exacerbó los efectos producidos 

por la dieta CAF sobre las lesiones preneoplásicas, posiblemente a través de la vía de 

señalización PTEN/p27. 

En el SEGUNDO CAPÍTULO, nos propusimos evaluar el efecto estrogénico del extracto 

hops mediante estudios in vivo e in vitro y evaluar mecanismos moleculares anti-

cancerígenos. En la primera parte, evaluamos los efectos del hops y sus compuestos 

bioactivos, 6-prenilnaringenina (6-PN) y 8-prenilnaringenina (8-PN) sobre las vías de 

señalización del receptor de estrógeno ✌ (RE✌) y del receptor de hidrocarburos de arilos 

(AHR), utilizando una línea celular de carcinoma endometrial humano. Hops, 8-PN y 6-PN 

mostraron actividad estrogénica. Hops y 6-PN activaron tanto la vía del RE✌ como la vía del 

AHR. A su vez, 6-PN incrementó la expresión del ARNm del gen supresor tumoral (AHRR) y 

de los genes involucrados en el metabolismo de estrógenos (CYP1A1, CYP1B1). Si bien el 

6-PN podría incrementar la activación de las vías de detoxificación y genotoxicidad del 

metabolismo de estrógenos, el hops tuvo efecto sólo sobre la vía genotóxica mediante la 

regulación hacia arriba de la expresión del ARNm del CYP1B1. Esto demuestra el potencial 

efecto del 6-PN en el hops como modulador de las vías de metabolización de estrógenos a 

través de la activación del AHR y del RE✌. En la segunda parte, evaluamos el efecto 

estrogénico del hops y un extracto reducido en xantohumol (llamado knock-out Hops: KO-

Hops) en ratas, mediante el ensayo uterotrófico. Para ello, ratas Wistar de 49 días de edad 

fueron o no ovariectomizadas, o sometidas a cirugía SHAM. Luego de 14 días, las ratas 

fueron alimentadas durante 72 horas con vehículo (grupos Control, SHAM y Ovx), Hops o 

KO-Hops a distintas dosis (8 mg/kg/día, 40 mg/kg/día o 200 mg/kg/día) o inyectadas con E2 

(4 µg/kg/día). Los animales fueron sacrificados 24 horas después de finalizado el 

tratamiento y se obtuvieron muestras uterinas. La ovariectomía redujo el peso relativo del 

útero, efecto revertido por la exposición a E2. De este modo, validamos el ensayo 

uterotrófico. En general, ambos extractos de Hops, independientemente de su composición, 

no produjeron efectos estrogénicos en el útero tanto a nivel morfológico como molecular 

(proteína y ARNm). Sin embargo, en los animales expuestos a Hops (40 mg/kg/día) se 

observó un incremento en la densidad glandular acompañada por una reducción en la 

expresión proteica del ESR1. A su vez, los animales expuestos a KO-Hops (8 mg/kg/día) 

también presentaron un aumento en la densidad glandular. Estos resultados muestran un 

efecto estrogénico débil en el útero por lo que la probabilidad de inducir hiperplasia y cáncer 
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endometrial sería muy baja. Por lo tanto, los suplementos a base de Hops podrían ser una 

alternativa segura a la TRH. Sin embargo, son necesarios más estudios para ser 

concluyentes respecto a su seguridad uterina.  

En conclusión, dado que nuestro estilo de vida puede influir en el desarrollo de patologías 

uterinas, fomentamos la promoción de un estilo de vida saludable para minimizar posibles 

consecuencias negativas sobre la salud humana femenina.
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Zusammenfassung 

Eine Reihe von Lifestyle-Faktoren können die Gesundheit von Frauen positiv oder negativ 

beeinflussen. Einige dieser negativen Wirkungen sind mit der Entwicklung neoplastischer 

Erkrankungen verbunden. Hierfür werden drei Faktoren aus drei unterschiedlichen Lifestyle-

Gebieten untersucht: ein Pestizid, eine Ernährungsform und eine Heilpflanze. Die Exposition 

gegenüber bestimmten Pestiziden wird mit der Entwicklung von Gebärmutterkrebs in 

Verbindung gebracht. Aufgrund der hohen weltweiten Anwendung von Herbiziden auf 

Glyphosatbasis (�✁✕✁ ✂GBH☎✗ Glyphosate-Based Herbicides) konzentriert sich die 

vorliegende Arbeit auf diese. Außerdem wird das Risiko für Gebärmutterkrebs  mit 

ungesunder Ernährung, welche auf der ganzen Wel immer häufiger anzutreffen ist, in 

Verbindung gebracht. In Anbetracht der Tatsache, dass ungesunde Ernährung weit 

verbreitet ist, wird die Cafeteria-Diät (CAF), eine unausgewogenen Ernährung mit 

überwiegendem Energieanteil auf Fettbasis, und niedrigerem Proteingehalt untersucht. 

Dieses Modell spiegelt die typischen Essgewohnheiten von Bevölkerungen in den 

westlichen Ländern wider. Beim Hopfen (Humulus lupulus L.) handelt es sich um ein 

pflanzliches Arzneimittel, welches als sinnvolle Alternative zur Hormonersatztherapie (HET) 

verwendet wird. Aus diesem Grund ist eine Charakterisierung hinsichtlich möglicher 

gesundheitsfördernder Wirkungen und Risiken nötig. 

Im ERSTEN KAPITEL wird untersucht, ob eine GBH-Exposition mit niedrigen Dosen auch in 

Kombination mit einer CAF-Diät, Wistar-Ratten für präneoplastische und/oder neoplastische 

Läsionen der Gebärmutter anfälliger macht. Im ersten Teil werden die langfristigen 

Auswirkungen der GBH-Exposition anhand eines Modells der akuten Exposition in der 

postnatalen Periode bewertet. Weiblichen neugeborenen Ratten wurden dafür am 

postnatalen Tag (PND) 1, 3, 5 und 7 entweder Vehikel oder GBH injiziert. Am PND 600 

wurden die Tiere getötet. Anhand von Serumproben wurden die 17✝-Östradiol (E2)- und 

Progesteron (P4)-Spiegel nachgewiesen. Durch die Durchführung imnmunhistochemischer 

Verfahren wurden im Gebärmuttergewebeder der Proliferationsindex und die Expression von 

Steroidhormonrezeptoren bestimmt. Bei Tieren, die GBH ausgesetzt waren, erhöhte sich die 

Expression des Östrogenrezeptors ✌ (ESR1) in den präneoplastischen Drüsenläsionen. Im 

zweiten Teil wurde untersucht, ob eine niedrig dosierte, subchronische GBH-Exposition die 

durch eine CAF-Diät hervorgerufenen Folgen bei Ratten verschlimmert. Bei dieser 

Untersuchung wurden Ratten von PND 21 bis PND 240 mit Standard-Laborfutter (Kontrolle) 

oder CAF-Diät gefüttert. Am PND 140 erhielt eine Gruppe von Ratten, die mit CAF-Diät 

gefüttert wurden, zusätzlich auch GBH über das Futter, wodurch sich drei experimentelle 

Gruppen ergaben: Kontrolle, CAF und CAF + GBH. Am PND 240 wurden die Tiere getötet. 

Darauf wurden Serumproben entnommen, um die E2- und P4-Spiegel zu bestimmen, 
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außerdem wurden Fettdepots entnommen, um Adipositas zu  quantifizieren und 

Uterusproben wurden für histologische Untersuchungen entnommen (für morphometrische 

und immunhistochemische Analyse). Die CAF- und CAF+GBH- Gruppen zeigten einen 

höheren Adipositas-Index als die Kontrollgruppe. Die Serumspiegel von P4 waren in der 

CAF+GBH-Gruppe im Vergleich zu der CAF-Gruppe erhöht. Im Uterus induzierten CAF und 

CAF+GBH morphologische und molekulare Veränderungen im Zusammenhang mit 

Endometriumhyperplasie. Die Zugabe von GBH erhöhte die Dicke des subepithelialen 

Stromas und die Dichte des anormalen Drüsenbereichs im Vergleich zu den Kontrolltieren. 

Darüber hinaus zeigten CAF+GBH-Ratten im Vergleich zu Kontrolltieren eine reduzierte 

Phosphatase- und Tensin-Homolog- (PTEN) sowie p27-Expression, daher 

Tumorsuppressoren, welche die Zellproliferation hemmen. Diese Ergebnisse verdeutlichen, 

dass die Zugabe von GBH die  Auswirkungen der CAF-Diät bezogen auf die Entstehung von 

präneoplastischen Läsionen verstärkt und dass der PTEN/p27-Signalweg beteiligt zu sein 

scheint. 

Im ZWEITEN KAPITEL wurden die östrogenen Auswirkungen von Hopfenextrakt durch In-

vivo- und In-vitro-Studien untersucht und die molekularen Mechanismen des potentiellen 

antikarzinogenen Prozesses bewerten. Im ersten Teil wurden die Auswirkungen von 

Hopfenextrakt und seinen bioaktiven Verbindungen, 6-Prenylnaringenin (6-PN) und 8-

Prenylnaringenin (8-PN), auf die Signalwege des Östrogenrezeptors ✌ (ER✌) und des Aryl-

Hydrocarbon-Rezeptor (AHR)  in einer humanen Endometriumkarzinom-Zelllinie untersucht. 

Der Hopfenextrakt, 8-PN und 6-PN, zeigten östrogene Aktivität. Der Hopfenextrakt und 6-PN 

aktivierten sowohl den ER✌- als auch den AHR-Weg. 6-PN hat die Expression des mRNA 

des Tumorsuppressorgens (AHRR) und der Gene, die am Östrogenstoffwechsel beteiligt 

sind (CYP1A1, CYP1B1), erhöht. Obwohl 6-PN die Entgiftungs- und genotoxischen Wege 

des Östrogenstoffwechsels aktivieren könnte,wirkte sich der Hopfenextrakt nur auf den 

genotoxischen Weg durch eine Hochregulierung der CYP1B1-mRNA-Expression aus. Diese 

Daten zeigen diepotenziellen Auswirkungen des im Hopfenextrakt enthaltenen 6-PN als 

Modulator des Östrogenstoffwechsels, durch seine ER✌- und AHR-agonistischen Aktivität. 

Im zweiten Teil wurde die östrogene Wirkung von Hopfenextrakt und einem Xanthohumol-

reduzierten Extrakt (genannt Knock-out-Hopfenextrakt: KO-Hopfen) mittels eines 3-tägigen 

uterotrophen Assay an Ratten untersucht. Bei PND 49 wurden die Wistar-Ratten einer 

Ovariektomie oder einer Sham-Operation unterzogen. Nach 14 Tagen wurden die Tiere 72 

Stunden lang mit dem Vehikel (Kontroll-, SHAM- und Ovx-Gruppen),  Hopfen- oder KO-

Hopfenextrakt in verschiedenen Dosen (8, 40 bzw. 200 mg/kg /Tag) behandelt oder mit E2 

(4 µg/Kg/Tag) injiziert. Die Tiere wurden 24 Stunden nach dem letzten Behandlungstag 

getötet und es wurden Gebärmutterproben entnommen. Die Ovarektomie verringerte das 
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relative Uterusgewicht; dieser Effekt wurde durch die E2-Behandlung umgekehrt, wodurch 

der uterotrophe Assay validiert wurde. Es wurden größtenteils keine östrogenen uterinen 

Wirkungen auf morphologischer und molekularer Ebene (Protein und mRNA) als Reaktion 

auf Hopfenextrakte beobachtet, unabhängig von ihrer Zusammensetzung. Wir beobachteten 

jedoch eine erhöhte Drüsendichte durch die Exposition gegenüber Hopfenextrakt bei 40 

mg/kg Körpergewicht/Tag, begleitet von einer reduzierten ESR1-Expression, so wie eine 

erhöhte Drüsendichte durch die Exposition gegenüber KO-Hopfen bei 8 mg/kg 

Körpergewicht/Tag. Anhand dieser Ergebnisse lässt sich eine schwache östrogene Wirkung 

auf den Uterus belegen, sodass die Wahrscheinlichkeit, dass Endometriumhyperplasie und 

ein damit verbundener Endometriumkrebs hervorgerufen wird, sehr gering ist. Daraus lässt 

sich die Schlussfolgerung ziehen, dass Hopfenverbindungen möglicherweise eine sicherere 

Alternative zur herkömmlichen Hormonersatztherapie (HET) sein könnten, aber dieses 

Thema bedarf noch weiterer Untersuchungen bezüglich der Gesundheit der Gebärmutter. 

Zusammenfassend lässt sich sagen, da unser Lebensstil eine Schlüsselrolle bei der 

Entwicklung von Gebärmuttererkrankungen spielt empfehlen wir abschließend, einen 

gesunden Lebensstil zu fördern, um negative Auswirkungen auf die Gesundheit von Frauen 

zu minimieren. 
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General introduction 

1. Gynecological tumors 

Cancer is among the leading causes of mortality worldwide, representing a major public 

health issue (Siegel et al., 2022). Ongoing research on cancer estimated that a large 

percentage of cancer is preventable by behavior modification (Anand et al., 2008; 

Friedenreich et al., 2021; Stewart, 2012). Despite this, the incidence of cancer in the world is 

expected to rise over the next years (Soerjomataram & Bray, 2021). 

Gynecological tumors are a group of tumors originated in the female reproductive tract (FRT) 

that includes uterine, ovarian, vulvar, vaginal, and fallopian tube cancer (Ledford & 

Lockwood, 2019). Uterine cancer of humans includes the cancer of the cervix uteri (cervical 

cancer) and the cancer of the corpus uteri (which includes mostly endometrial cancer) 

(Weiderpass & Labrèche, 2012). Cervical cancer is caused by persistent infection with 

human papilloma virus, whereas endometrial cancer is mainly due to hormonal imbalance 

(Memon & El-Turki, 2018). The incidence of ovarian, cervical and vaginal cancer has 

decreased over the years, whereas the incidence of endometrial and vulvar cancer has 

increased (Ledford & Lockwood, 2019). During the last decades, the cancer survival for the 

most common types of cancer has improved with an exception of uterine cancers. This 

reflects a lack of major treatment advances in this field (Siegel et al., 2022).  

Endometrial cancer is the most common gynecological tumor (Braun et al., 2016; Giordano 

& Macaluso, 2016) and affects mainly women between 55 and 64 years of age (Baiden-

Amissah et al., 2021). In 2020, 417,336 new cases and 97,000 deaths were reported 

worldwide (Baiden-Amissah et al., 2021; Sung et al., 2021). The incidence of endometrial 

cancer is predicted to continue to rise in the coming decades, owing to the increasing aging 

population and the effect of lifestyle factors on its development (Baiden-Amissah et al., 2021; 

Raglan et al., 2019). Given the high prevalence of endometrial cancer among women, it is 

necessary to improve prevention (as early detection and therapy), including education on 

risk factors that can be modified. Thus, the present thesis focuses on the mechanistic study 

of potential positive and negative lifestyle factors on the uterine lesions that can induce 

endometrial cancer. To understand the mechanism involved in this pathology we used in 

vitro and in vivo studies. For in vivo studies, we used a rodent model. Thus, in the following 

sections, readers will be introduced into the functional and morphological characterization of 

rat uterus.  
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2. The development of the rat uterus 

The FRT typical for rodents consists of a pair of ovaries, each attached to an oviduct 

connected to two bicornuate uterine horns, which are connected to a cervix to separate it 

from the vaginal canal (Herington et al., 2018). The FRT is derived from a pair of 

paramesonephric or Müllerian ducts (MDs) of mesodermal origin, which gives rise to the 

oviduct, uterus, cervix, and vagina (Spencer et al., 2012).  

The development of the rat uterus begins prenatally but is not fully developed or 

differentiated until the birth (Spencer et al., 2012). The process of postnatal uterine 

morphogenesis includes: (1) organization and stratification of endometrial stroma, (2) 

differentiation and growth of myometrium (Brody & Cunha, 1989), and (3) the development 

of endometrial glands from the luminal epithelium (LE) (Spencer et al., 2012). The origin of 

endometrial glands is not observed until postnatal day (PND 9) and concludes at PND 15 

(Guerrero Schimpf et al., 2021). Normal uterine growth and morphogenesis depend on cell 

proliferation (Guerrero Schimpf et al., 2021; Nanjappa et al., 2015). During this period, the 

uterus is highly sensitive to exposure to certain compounds that can alter the normal course 

of uterine development with lasting consequences (Guerrero Schimpf et al., 2021). 

2.1. Overview of the anatomy and histology of the rat uterus 

The uterus is an organ essential for the transport, storage, and maturation of spermatozoa. It 

provides an embryotrophic environment for conceptus (embryo/fetus and associated 

extraembryonic membranes), survival and development, and is necessary for the delivery of 

the offspring (Gray et al., 2001; Spencer et al., 2012). As shown in Figure 1, the histological 

organization of the adult rat uterus consists of the endometrium, the myometrium and 

perimetrium. The endometrium consists of a simple columnar LE surrounded by 

mesenchymal (i.e., stromal) cells that contain endometrial glands lined by simple cuboidal 

epithelial cells, blood vessels, and immune cells. The myometrium is the smooth muscle 

component and includes an inner circular layer and an outer longitudinal layer with an 

intervening vascular layer. The myometrium is surrounded by serosa, the perimetrium 

(Brody & Cunha, 1989; Gray et al., 2001; Spencer et al., 2012). 
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Figure 1. Representative photomicrograph of the longitudinal section of uterus stained with 

hematoxylin and eosin. The histological organization of adult rat uterus consists of the 

endometrium (luminal epithelium and stroma), the myometrium (circular and longitudinal) 

and perimetrium.  

3. Steroid hormone receptors in the uterus  

�✎✔ ✝☎✆✕✄✆✞ ✒✂✔✕✝✄☛✒✁ ✂✆✝-estradiol (E2) and progesterone (P4), are key regulators of 

growth, differentiation, and physiological functions of many tissues, including the 

reproductive tract (Björnström & Sjöberg, 2005). The biological effect of E2 is mediated by 

✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✁☞✡✄ ✌ ✆✞☛ ✝✁ ✆✞☛ ✂✎✔ ✓✄✝✖✝✛✄✁✆✖ ✔✟✟✔✁✂ ✝✟ ✙� ✄✒ ✄✔☛✄✆✂✔☛ ✓✑ ✍✕✝✛✔✒✂✔✕✝✞✔

receptor (PR).  

☞✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕✒✁ ✌ ✆✞☛ ✝✁ ✆✕✔ ✔✝✍✕✔✒✒✔☛ ✂✎✕✝✁✛✎✝✁✂ ✂✎✔ ☎✡� ✆✞☛ ✍✖✆✑ ✔✒✒✔✞✂✄✆✖ ✕✝✖✔✒ ✄✞

female reproduction, demonstrated by infertile in various knock-out and knock-in mice lines 
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(Peluso, 2018). In rat uterus, both ERs are expressed in epithelial, stromal, and myometrial 

cells.  

Progesterone receptor plays an important role in the differentiation of endometrium, control 

of implantation, maturation of mammary epithelium, and modulation of gonadotropin 

releasing hormone (GnRH) pulsatility (Ellmann et al., 2009). Its role in female fertility was 

confirmed in infertile mice that lack PR (Peluso, 2018). In the rodent uterus, the expression 

of PR is modulated by receptor-mediated E2 actions, depending on the uterine 

compartments (Binder et al., 2015). In ovariectomized rats, the exposure to exogenous E2 

reduces PR levels in the LE and the glandular epithelium (GE), whereas increases PR levels 

in the stroma (Binder et al., 2015; Varayoud & Durando et al., 2017). 

4. Uterine lesions: pre and neoplastic lesions 

Endometrial hyperplasia is one of the most common gynecological diseases in the world, 

with an incidence of 200,000 new cases per year in Western countries (Chandra et al., 2015; 

Singh, G., & Puckett, 2022). It is characterized by an increase in gland-to-stroma ratio 

compared to normal endometrium (Mills & Longacre, 2010; Sanderson et al., 2016). It is a 

proliferative process of endometrial glands with architectural alterations that result in variably 

shaped and irregularly distributed glands (Dixon et al., 2014; Refaie & El-Hussieny, 2017; 

Sanderson et al., 2016; Siegel et al., 2021; Sobczuk & Sobczuk, 2017). These alterations 

can be grouped into: I) glands with squamous metaplasia (stratified epithelium composed by 

two or three layers of cells), II) glands with cellular anomalies (cylindrical epithelium, low 

nuclei/cytoplasm ratio, cytoplasmic borders undefined, or cells with dispersed chromatin and 

atypical arrangement), III) cystic glands (enlarged lumen and flat epithelium), IV) glands with 

daughter glands (these glands have various sizes and shapes (round, elongated, tortuous) 

and formed daughter glands or glands inside the epithelium or inside the mother gland 

lumen, or on the outer surface of the mother gland) and V) conglomerate of glands 

(individual glands are closed to each other almost without intervening stroma) (Bosquiazzo 

et al., 2013; Gunin et al., 2001). The presence of these glandular alterations is considered 

preneoplastic lesions (Gunin et al., 2001). 

Endometrial hyperplasia can progress to the most common gynecological cancer, 

endometrial cancer (Dixon et al., 2014; Refaie & El-Hussieny, 2017; Sanderson et al., 2016; 

Siegel et al., 2022). Endometrial cancer occurs mainly in postmenopausal women 

(Weiderpass & Labrèche, 2012). Traditionally it has been divided, based on histological, 

clinical, and molecular behavior, into estrogen-dependent type I and the less common, but 

clinically more aggressive, estrogen-independent type II (Gibson & Saunders, 2014; 

Sanderson et al., 2016). The type I, which comprises approximately 80% of endometrial 
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cancer cases, is related to excess unopposed estrogenic stimulation of the endometrium 

(Sanderson et al., 2016). This type of tumor is frequently preceded by endometrial 

hyperplasia (Ryan et al., 2005). The prognosis of patients with endometrial cancer type I is 

favorable and is often amenable to surgical treatment (Sanderson et al., 2016). The type II or 

estrogen-independent is associated with endometrial atrophy and with a worse clinical 

prognosis (Huvila et al., 2021; Sanderson et al., 2016). Unlike type I, type II is usually not 

preceded by endometrial hyperplasia (Ryan et al., 2005). 

4.1. Proliferative signaling pathway involved in endometrial carcinogenesis  

Both endometrial cancer and endometrial hyperplasia are associated with high E2 and low 

P4 levels in circulation; which lead to an unopposed estrogen stimulation (Sanderson et al., 

2016; Sobczuk & Sobczuk, 2017). The estrogen stimulation induces cell proliferation, 

differentiation and growth through the ER (Wang et al., 2000). Estrogens induce DNA 

instability, cellular hyperplasia and neoplastic transformation of epithelial cells into 

carcinomas (Gibson & Saunders, 2014; Martin et al., 1973). The proliferative effects of E2 

are counteracted by P4, which asserts its actions via PR (Martin et al., 1973; Sanderson et 

al., 2016). The expression of PR in endometrial hyperplasia is variable with high, low or 

similar expression with respect to normal endometrium (Sanderson et al., 2016). 

The transition from normal endometrium to carcinoma involves a stepwise accumulation of 

alterations favoring cell proliferation (Enomoto et al., 1991). As the severity of endometrial 

lesions increases, the cell proliferation increases, too (Masjeed et al., 2017; Yoshida et al., 

2012). This proliferative process observed from benign to atypical and then to malignant 

uterine lesions is accompanied by ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌ ✁ESR1)-expressing cells (Yoshida et 

al., 2012). While, the expression of ESR1 is increased in endometrial hyperplasia (Kreizman-

Shefer et al., 2014; Masjeed et al., 2017), the ESR1 expression may increase or decrease 

as the hyperplasia progresses to malignancy (Kreizman-Shefer et al., 2014; Prat et al., 2007; 

Yoshida et al., 2012). Therefore, the diagnosis of these lesions is based on morphological 

criteria hand in hand with immunohistochemical markers (Dore et al., 2021; Sobczuk & 

Sobczuk, 2017). 

Since endometrial hyperplasia can progress to malignant endometrial lesions (Sanderson et 

al., 2016), it is useful to have a prognostic marker of cancer progression. One of them is the 

phosphatase and tensin homolog (PTEN), a tumor suppressor gene located on chromosome 

10q23.3 (Kimura et al., 2004). Its loss of immunohistochemical expression in endometrial 

hyperplasia is associated with an increased risk of endometrial cancer (Raffone et al., 2019). 

The role of PTEN in tumor suppression was confirmed by frequent endometrial abnormalities 

that develop in PTEN-deficient mice (Mutter et al., 2000a). In fact, PTEN is mutated in up to 
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80% of endometrial cancer and in up to 50% of premalignant endometrial lesions, such as 

endometrial hyperplasia (Mutter et al., 2000a).  

Several studies have suggested that the tumor suppression action of PTEN is through the 

activation of p27 (Erkanli et al., 2006; Hlobilková et al., 2003; Restuccia & Hemmings, 2010; 

Weng, 2001). p27 is a cyclin-dependent kinase inhibitor that acts on the cell cycle and 

controls cell proliferation, differentiation, and death (Abbastabar et al., 2018; An et al., 2002; 

Weng, 2001; Zhu et al., 2001). Zhu et al. (2001) showed that PTEN induces G1 cell cycle 

arrest and indirectly induces p27 activity in endometrial cancer cells line by modulating the 

levels of cyclin D3. This shows that p27 may be a target of the PTEN cell cycle arrest 

pathway (Zhu et al., 2001). p27 acts as a tumor suppressor too and its loss expression 

occurs in around 50% of endometrial hyperplasia and carcinoma (Erkanli et al., 2006). 

Therefore, the inactivation of PTEN and p27, which are known regulators of cell proliferation, 

are important early events in uterine carcinogenesis (Horree et al., 2007; Kimura et al., 2004; 

McCampbell et al., 2016).  

5. Lifestyle factors and endometrial carcinogenesis 

Multiple lifestyle factors, such as dietary habits, physical activity, weight management, 

medications, and environmental exposures can affect positively or negatively human health 

(Abbate et al., 2020; Griban et al., 2020; Sharma et al., 2013). The lifestyle factors can be 

grouped into non-modifiable and modifiable risk factors (Midha et al., 2016; Nindrea et al., 

2017; Tafrishi et al., 2020). Non-modifiable factors are those factors that cannot be 

voluntarily altered through lifestyle practices (Ng & Chew, 2020). They include age, gender, 

personal and family medical history, among others (Midha et al., 2016; Ng & Chew, 2020; 

Nindrea et al., 2017; Serre & Sasongko, 2012). In contrast, modifiable factors allow 

intervention and include dietary habits, physical activity, environmental chemicals, and 

medical treatments (Eid et al., 2019; Midha et al., 2016; Ng & Chew, 2020). However, in the 

case of environmental chemicals, in some cases are not possible to voluntarily choose 

whether or not to be exposed.  

Besides hormonal actions, many lifestyle factors are strongly associated with the incidence 

of different types of cancer (Anand et al., 2008; Friedenreich et al., 2021; Moore & Brewer, 

2017; Stewart, 2012). For female reproductive cancer, exposure to environmental pollutants, 

such as pesticides, increases the risk of developing cancer (Shah et al., 2018; Stewart, 

2012; Taketa et al., 2016). Among pesticides, we are interested in the herbicide glyphosate 

(N-(phosphonomethyl)-glycine), due to the high application in the world (Benbrook, 2016). If 

the glyphosate is a carcinogen is still under debate, because of conflicting data and 

interpretation (Guyton et al., 2015; Leon et al., 2019; IARC, 2015; Myers et al., 2016). 
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However, there is plenty of scientific evidence pointing to glyphosate as an agent that can 

modify the features of different hormone-dependent cells (Mesnage et al., 2017; Richard et 

al., 2005; Thongprakaisang et al., 2013). 

The risk of endometrial cancer is strongly associated with different dietary patterns, 

particularly those diets with a high content of sugar and/or additional fat (Dunneram et al., 

2019; Moore & Brewer, 2017; Si et al., 2017). Taking into account that the type of diet can 

be modified voluntarily, it seems more likely to reduce the incidence of cancer (Dunneram et 

al., 2019; Midha et al., 2016). Thus, and considering that unhealthy diets are popular in a big 

part of the world, we are interested in the study of the cafeteria (CAF) diet, which provides a 

highly relevant model in terms of mimicking human eating patterns (Lalanza & Snoeren, 

2021). 

On the other hand, and as we mentioned, medical treatment is one of the lifestyle factors 

that can be modified. It is known that during the menopausal period, women suffer 

uncomfortable symptoms attributed to the reduced secretion of E2 and P4 (Bruce & Rymer, 

2009; Nelson et al., 2005). The typical treatment to alleviate those symptoms is the hormone 

replacement therapy (HRT) (Angioli et al., 2018). However, the use of HRT is highly debated 

✆✟✂✔✕ ✂✎✔ �✝✄✔✞✂✒ ✠✔✆✖✂✎ ✁✞✄✂✄✆✂✄☎✔ ✁�✠✁✄ ✒✂✁☛✑✁ �✎✆✂ ✒✂✁☛✑ ✟✝✁✞☛ ✆✒✒✝✁✄✆✂✄✝✞✒ ✓✔✂✏✔✔✞ ✂✎✔

HRT and an increased risk of developing hormone-dependent cancer, including endometrial 

✁✆✞✁✔✕ ✁�✂�✖✝✞✁✝ ✔✂ ✆✖✁✁ ✄�✂☎✄✁ �✎✁✒✁ ✄✆✞✑ ✏✝✄✔n have turned to herbal remedies as an 

alternative to HRT (Moore et al., 2017). Based on the increased use of herbal remedies, 

their characterization regarding potential beneficial health effects and risks has been on 

demand. In such context, we are interested in hops (Humulus lupulus L.), which is a widely 

used agent to replace the HRT (Bolton et al., 2019; Dietz et al., 2016).  

In contrast to glyphosate and the CAF diet, which can be classified as clear negative lifestyle 

factors, we propose hops as a factor with a positive influence on women's health. 
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CHAPTER I: Evaluation of the carcinogenic effect of glyphosate-based herbicide on 

the rat uterus 

1. Introduction 

1.1. Glyphosate-based herbicide 

Glyphosate (N-phosphonomethyl glycine) is the active ingredient of broad-spectrum 

herbicide formulations commercially available as glyphosate-based herbicides (GBHs). 

These formulations consist of glyphosate in its salt form and polar surfactants, which 

enhance the herbicidal action of glyphosate by increasing its solubility in water as well as 

inducing its penetration and absorption in the plant (Soares et al., 2021). Currently, GBHs 

are the most frequently used herbicide in the world with more than hundreds of formulations 

commercialized under different brands (Soares et al., 2021). The uses of glyphosate vary 

greatly from one country to another. While the use of glyphosate has increased in the world, 

in some countries like Germany its use has been reduced (Antier et al., 2020). 

The GBHs have a wide spectrum of action (non-selective) and are used to control weeds in 

a wide array of crop lands and for post-harvest chemical desiccation. In addition to the 

traditional uses in agriculture, GBHs are used in homes, in the maintenance of public spaces 

and in the control of aquatic flora (Székács & Darvas, 2018). The use of GBHs has 

increased ✆100 times globally between 1974 and 2014, with an abrupt increase since 1996 

with the introduction of genetically modified herbicide-tolerant crops (such as soybeans, corn 

and cotton), and the consequent expansion of the areas planted in the world (Benbrook, 

2016). The expanded use of this herbicide has led to the appearance of weeds resistant to 

GBHs, leading to an increase in the doses and the number of applications of the herbicide 

(Fischer et al., 2014).  

1.1.1. Occupational and environmental exposure 

The presence of glyphosate and its primary metabolite, aminomethylphosphonic acid 

(AMPA), was found in several environmental matrices, such as water, soil, and air (Pérez et 

al., 2021; Van Bruggen et al., 2018). Despite the low persistence of glyphosate in the 

environment, the frequency of its application impacts on the magnitude of the environmental 

effect (Mamy et al., 2010). Climatic conditions and soil composition can influence on the 

persistence of glyphosate and it was suggested a typical half-life in the field of 47 days. In 

water, the half-life varies from a few days to 91 days (Henderson et al., 2010). In addition to 

the environmental contamination, glyphosate has also been detected in drinking water and 

several groups of food for human consumption including honey, cereals and cereal products, 

fruits and vegetables, animal-derived products and even in baby food (Bai & Ogbourne, 

2016; Rendon-von Osten & Dzul-Caamal, 2017; Rodrigues & de Souza, 2018; Soares et al., 
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2021; Zoller et al., 2018). Among them, the greatest concern is water contamination because 

glyphosate was found in levels that were higher than the maximum residue limits admitted 

(Soares et al., 2021). In Argentina, high levels of glyphosate, above the magnitude of mg/kg, 

were detected in transgenic soybean seeds and plants in fields of the Santa Fe and Salta 

provinces. Some of these products exceeded the maximum residue limit for food of 20 

mg/kg established by the European Union (Arregui et al., 2004; Test-Biotech, 2013). 

Glyphosate was also detected in the muscle tissue of fish living in the Salado river of Santa 

Fe (Lajmanovich et al., 2023). Therefore, this herbicide constitutes a real threat to humans, 

as confirmed in different biomonitoring studies by the presence of glyphosate residues in 

urine and serum samples of individuals living in urban (Gillezeau et al., 2019; Grau et al., 

2022) and rural areas (Gillezeau et al., 2019; Kongtip et al., 2017; Parvez et al., 2018). In 

fact, in Germany, a study conducted on children and adolescents found that half of the first-

void urine samples had glyphosate levels above the limit of quantification of 0.1 µg/L (Lemke 

et al., 2021).  All these antecedents alert us to the high risk of environmental and 

occupational exposure to glyphosate and highlight the need to evaluate the effects of GBH 

on human and animal health.  

1.1.2. Metabolism  

The high use of glyphosate and consequent accumulation in the environment has increased 

concerns about the possible side effects of this compound on animal and human health 

(Torretta et al., 2018). However, very few studies intended to explain the pharmacokinetics 

of glyphosate. Previous studies in rats showed that the absorption of orally administered 

glyphosate is low; with only about 20 to 30% of the administered dose being absorbed 

(WHO & FAO, 2017) and even at high dose, the absorption is lower (Williams et al., 2000). 

The elimination half-life of glyphosate from the plasma is between 10 and 15 h, depending 

on the route of administration (Anadón et al., 2009; WHO & FAO 2017). As an example, 

glyphosate is absorbed more slowly through the gastrointestinal tract after oral 

administration than intravenous dosing (Anadón et al., 2009). The elimination half-life of 

glyphosate found in the plasma of rats was comparable to that of human studies (Connolly et 

al., 2019; Zoller et al., 2020). The half-life of glyphosate in human urine samples was 

estimated between 3 and 14 h (Connolly et al., 2019). 

Glyphosate is excreted mostly unchanged in the feces and secondarily in the urine, and only 

1% undergoes metabolism, originating AMPA (WHO & FAO, 2017; Williams et al. 2000). 

Both glyphosate and its metabolite are excreted after 48 h, and after 7 days practically all of 

them have been eliminated from the body (EFSA, 2015; WHO & FAO, 2017). However, our 

knowledge of pharmacokinetic glyphosate is still incomplete. And it seems that more studies 
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are necessary to have a deeper understanding of the metabolic pathways of this compound; 

taking into account the extent of the usage of GBHs around the world. 

1.1.3. Glyphosate-based herbicides and carcinogenesis 

The potential carcinogenic effect of glyphosate has been in the center of debates, because 

of conflicting data and interpretation. In 2015, the International Agency for Research on 

Cancer (IARC) reclassified glyphosate as "probable carcinogenic to humans" (group 2A), 

including in its analysis more than 500 scientific works that used glyphosate and GBH 

(IARC, 2017). This classification was based on limited epidemiologic evidence in humans, 

mainly for non-Hodgkin lymphoma, and significant evidence of carcinogenicity in animal 

models (Novotny, 2022). In addition, genotoxic effects and oxidative stress were detected in 

cells of various species that were proposed as mechanisms of carcinogenicity (Novotny, 

2022). In contrast to the IARC, the European Food Safety Authority (EFSA) concluded that 

the herbicide does not exhibit mutagenic or carcinogenic properties, based on all available 

evidence for glyphosate, and also including unpublished data from the industry (Portier et al., 

2016; Tarazona et al., 2017). The EFSA stated that "glyphosate is unlikely to pose a cancer 

✕✄✒� ✂✝ ✍✔✝✍✖✔✆ ✆✞☛ ✆✁✁✝✕☛✄✞✛ ✂✝ �✠ ☞✞☎✄✕✝✞✄✔✞✂✆✖ ✙✕✝✂✔✁✂✄✝✞ �✛✔✞✁✑ ✁☞✙�✄ ✄✂ ✄✒ ☎✞✝✂

✍✕✝✓✆✓✖✔ ✂✝ ✓✔ ✁✆✕✁✄✞✝✛✔✞✄✁✆ (EFSA, 2015; 2021). However, the European Commission 

became more restrictive and the permission for glyphosate was renewed for a period of only 

5 years instead of the usual 10 years (Arcuri & Hendlin, 2019). Furthermore, the EFSA 

recommended new preventive measures regarding its use like, for example the application 

of glyphosate in public gardens and playgrounds is strongly discouraged (Arcuri & Hendlin, 

2019). 

But why are the evaluations done by the EFSA and the IARC so contrasting? It may be 

because of the different methodologies followed for each one. While the IARC examined 

only published studies, the EFSA relied mostly on unpublished studies funded by herbicide 

manufacturers (Portier et al., 2016). In addition, the IARC examined both glyphosate and 

GBH, whereas the EFSA examined only glyphosate as a pure substance (Portier et al., 

2016; Tarazona et al., 2017). Given that glyphosate formulations are regarded as more toxic 

than the compound in its technical grade (Benachour & Séralini, 2009; Defarge et al., 2016; 

Mesnage et al., 2014; Tsui & Chu, 2003), safety evaluations focused on glyphosate alone 

can consequently underestimate its toxicity (Vandenberg et al., 2017). Even though the 

EFSA and the US EPA have declared non-conclusive evidence of carcinogenic effects 

(EFSA, 2017; U.S. EPA, 2015), its use has been restricted and banned in some countries 

(Meftaul et al., 2020). This decision was based on some studies, including those of the 

IARC, suggesting that both glyphosate and GBHs have probable carcinogenic effects 

(Guyton et al., 2015; Leon et al., 2019; IARC, 2015; Myers et al., 2016). 
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Several studies in animal models have evaluated the potential carcinogenic effect of 

glyphosate; however, the results are highly variable and depend on time, route, and doses of 

herbicide exposure. Just as examples of the latest, rodents orally and chronically exposed to 

glyphosate have developed tumors in kidney, liver, skin and adrenal cortex (reviewed in 

Portier, 2020); but in mice exposed topically to GBH in a skin carcinogenicity test, George et 

al. (2010) showed a tumor-promoting effect, not an initiating one. In our own experience and 

by using an early postnatal exposure to GBH (during the first week of life), we showed an 

increased proportion of hyperplastic ducts associated with a fibroblastic-like stroma in the 

mammary gland of aging female rats (Zanardi et al., 2020). Furthermore, with the same 

experimental protocol, Guerrero Schimpf et al. (2017) detected uterine luminal epithelial 

hyperplasia in rats at early postnatal life. Such lesions found in the mammary glands and in 

the uterus are considered preneoplastic lesions (Sanderson et al., 2016; Singh et al., 2000).  

Another controversial point is the impact of glyphosate exposure on human populations. In a 

study on the health condition of the inhabitants of a city in Argentina, the cancer incidence, 

prevalence, and mortality was two or three times higher (Vazquez et al., 2017) than the 

reference values for the entire country (Globocan 2012, WHO). Breast, colon and prostate 

cancer were the most prevalent types of cancer found in that city, whose conspicuously the 

main economic activity is intensive agriculture (Vazquez et al., 2017). Many human 

epidemiological studies have evaluated the relationship between glyphosate and the risk of 

cancer. Some of those studies found no association between glyphosate exposure and 

melanoma, neither colon, rectum, bladder, kidney and blood cancer (Andreotti et al., 2018; 

De et al., 2005; Ward et al., 2023). Others found that glyphosate is associated with the 

development of multiple myeloma (De et al., 2005), and large B-cell lymphoma (Leon et al., 

2019). Regarding the link between glyphosate exposure and non-✠✝☛✛�✄✞✂✒ ✖✑✄✍✎✝✄✆✁ ✂✎✔

studies are not conclusive. Some studies (Eriksson et al., 2008; Hardell et al., 2002; Zhang 

et al., 2019) demonstrated that non-✠✝☛✛�✄✞✂✒ ✖✑✄✍✎✝✄✆ ✄✒ ✄✝✕✔ ✟✕✔�✁✔✞✂ ✄✞ ✍✝✍✁✖✆✂✄✝✞✒

highly exposed to glyphosate, whereas others found no association (Andreotti et al., 2018; 

De et al., 2005; Leon et al., 2019).  

The effect of glyphosate as an endocrine-disrupting chemical (EDC) has also been highly 

debated alongside the carcinogenic effect, but its classification is still unclear. First, the GBH 

was suggested to have endocrine disrupting properties by inhibiting aromatase activity in 

human placental and embryonic cell lines (Richard et al., 2005). In breast cancer cells lines, 

glyphosate mimics estrogen activit✑ ✂✎✕✝✁✛✎ ✄✞✂✔✕✆✁✂✄✝✞ ✏✄✂✎ ✄✂✒ ✂✏✝ ✕✔✁✔✍✂✝✕✒✁ ☞✡✌ ✆✞☛ ☞✡✝✁

based on the inhibited effect of ER antagonists on glyphosate action (Thongprakaisang et 

al., 2013). Similar activated ER pathway was observed in breast cancer cells too by 

Mesnage et al. (2017), but through a ligand-independent mechanism. In a human 
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endometrial cancer cells line, glyphosate promotes cell invasion and migration via ER 

pathway (Gastiazoro et al., 2020). The deregulation of the estrogen pathway by GBH has 

also been studied in vivo. In ovariectomized rat uterus, GBH is able to modulate the 

expression of estrogen sensitive genes (Varayoud & Durando et al., 2017) and enhances the 

uterine sensitivity to E2 (Guerrero Schimpf et al., 2018). Moreover, neonatal exposure to a 

GBH alters uterine morphology and the expression pattern of key proteins for uterine 

differentiation in pre-pubertal rats (Guerrero Schimpf et al., 2017), and impairs endometrial 

decidualization at adulthood (Ingaramo et al., 2016, 2017). However, no evidence of 

potential interaction of glyphosate with endocrine pathways has been detected in the 

Endocrine Disruptor Screening Program (EDSP) conducted by the US EPA (US EPA 2015). 

Thus, both the carcinogenic and endocrine disrupting potential of glyphosate and GBHs 

remains uncertain. 

1.2. Cafeteria diet 

Cafeteria (CAF) ☛✄✔✂✁ ✆✖✒✝ ✁✆✖✖✔☛ ☎�✁✞� ☎✝✝☛ �✄✔✂✆ ✝✕ ☎�✔✒✂✔✕✞ �✄✔✂✆ ✄✒ ✆ ✕✝☛✔✞✂ ☛✄✔✂✆✕✑ ✄✝☛✔✖

that reflects the variety of highly palatable and energy dense foods prevalent in Western 

society (Lalanza & Snoeren, 2021; Sampey et al., 2011). The composition of this diet implies 

an unbalanced diet with predominantly fat energy content (49%) at the expense of low 

protein content (7%) (Lazzarino et al., 2019). The CAF diet model is based on offering the 

animals balanced food (Standard Chow laboratory food) plus varied and highly palatable 

foods frequently consumed by humans. These items foods are changed periodically, to 

encourage the interest of the animals in new foods. Therefore, this diet has the advantage of 

allowing novelty, choice and variety (Lalanza et al., 2014; Lalanza & Snoeren, 2021). This 

diet provides a highly relevant model in terms of mimicking human eating patterns because 

laboratory rodents eat the same ultraprocessed, unhealthy but tasty, products that humans 

consume every day (Lalanza & Snoeren, 2021). 

1.2.1. Cafeteria diet and carcinogenesis 

Several studies have explored and produced evidence of the relationship between diet and 

endometrial cancer risk (Dunneram et al., 2019; Moore & Brewer, 2017; Si et al., 2017). The 

type of diet chosen can modify the susceptibility to develop uterine tumors. A prospective 

cohort study in women showed that one of the major risk factors of endometrial cancer is the 

high energy intake, associated or not with overweight (Furberg & Thune, 2003). Also, those 

diets with high fat content and glycemic load increase the risk of this type of cancer (Littman 

et al., 2001; Mulholland et al., 2008). In contrast, the Mediterranean diet, which is 

characterized by a combination of highly complex carbohydrates in fiber and 

polyunsaturated fatty acids, is associated with a decreased risk of endometrial cancer 

(Filomeno et al., 2015). Another controversial point was added to this topic, after the study of 
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the WHI. In that study it was demonstrated that the endometrial cancer risk is not associated 

with the quality of diet, at least in postmenopausal women (George et al., 2015; Prentice et 

al., 2007). Other studies of dietary influences on endometrial cancer risk have focused on 

specific foods or nutrients, separately. However, those studies failed to mimic the complexity 

of the human diet, and the interactions between all components were lost (Si et al., 2017). 

Thus, the evaluation of dietary patterns and their association with cancer risk could provide a 

better estimation of the relation between food habits and health (Si et al., 2017). 

In a previous work of our laboratories (Gastiazoro et al., 2018), CAF diet was administered 

to female rats from weaning until adulthood. Those females exhibited overweight respect to 

animals fed with standard diet accompanied by an increase in serum leptin levels 

(Gastiazoro et al., 2018). These high leptin levels were associated with high levels of leptin 

receptor in the uterus of CAF animals (Gastiazoro et al., 2018). Moreover, the animals fed 

with CAF diet exhibited endometrial hyperplasia (Gastiazoro et al., 2018), perhaps as a 

consequence of high leptin levels because of its role as regulator of endometrial proliferation 

(Villavicencio et al., 2010). It is important to highlight that endometrial hyperplasia is a central 

clinical topic, as it has the potential to transform into cancer (Sanderson et al., 2016). Also, 

some studies performed in animals and humans have demonstrated that this diet is 

associated with the development of some types of cancer, such as breast (Dianatinasab et 

al., 2020; Foroozani et al., 2022), urinary bladder (Dianatinasab et al., 2020) and colorectal 

(Benninghoff et al., 2020) cancer. Taking account that unhealthy diets like the CAF diet are 

widespread in Western society and might predispose to cancer, it is necessary to increase 

research efforts and investments in this field.  

Based on these antecedents, we hypothesize that: 

a) Proliferative process could be involved in the alterations observed in the morphology 

of glands in the uterus of aging female rats exposed to a low dose of GBH during the first 

week of life. 

b) The addition of subchronic GBH during adulthood could worsen the effect induced by 

the CAF diet alone.  
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2. Goals  

2.1. Main goal  

To evaluate whether the GBH exposure alone or added to the CAF diet, predispose to 

develop preneoplastic and/or neoplastic uterine lesions.  

2.2. Specific goals 

EXPERIMENT I. To study the carcinogenic effect of a GBH by using a neonatal exposure 

model in aging Wistar rats, we proposed: 

a)  to determine the effect of GBH on the body weight (bw) of the animals along the       

experiment; 

b)  to measure the ovarian steroid hormone levels at sacrifice; 

c) to determine the expression of some proteins involved in the proliferation process by 

immunohistochemistry, in the preneoplastic lesions. 

EXPERIMENT II. To study whether the addition of a subchronic low-dose of a GBH impacts 

on the endometrial hyperplasia induced by CAF diet in Wistar rats, we proposed: 

a) to determine the bw during and at the end of treatments; 

b) to calculate the adiposity index at sacrifice; 

c) to measure the ovarian steroid hormone levels at sacrifice; 

d) to analyze the incidence of uterine preneoplastic lesions; 

e) to quantify the uterine expression of steroid hormone receptors and their signaling 

pathways. 
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3. Materials and Methods 

3.1. Diet composition  

Laboratory rodent chow (Cooperación, ACA Nutrición Animal, Buenos Aires, Argentina) was 

used for the standard diet. This diet provided 3.00 kcal/g, containing 5% energy as fat, 23% 

as protein and 72% as carbohydrate. This diet is composed of 6% of raw fiber and 10% of 

minerals, with a relative humidity of 12% (Andreoli et al., 2015; Kass et al., 2012). 

The CAF diet was composed of standard chow plus parmesan cheese, cheese-flavored 

snacks, crackers, salty and sweet biscuits, cookies, pudding, peanut butter, and chocolate 

(Lazzarino et al., 2019). All these CAF items are low in essential micronutrient density 

(Gastiazoro et al., 2022). This diet provided an average of 4.85 kcal/g, containing 49% 

energy as fat, 7% as protein, and 44% as carbohydrate, in addition to that provided by the 

standard chow (Gastiazoro et al., 2022; Lazzarino et al., 2019). 

3.2. Glyphosate formulation  

The GBH used in this study was Roundup FULL II® (Monsanto, Argentina). This formulation 

is soluble in water and contains 66.2% glyphosate potassium salt (active ingredient), with an 

equivalent to 54% glyphosate acid. This formulation, as those of other GBHs, also contains 

coadjuvants and inert ingredients not specified in the herbicide label.  

Both in EXPERIMENT I and II, GBH was administered in a dose of 2 mg of glyphosate/kg 

bw/day, although in a different route of administration (as it is described in 3.4 item). The 

chosen dose is in the order of magnitude of the reference dose (RfD) of 1 mg/kg bw/day, 

which is based on maternal and developmental toxicity studies (U.S. EPA, 2017). Also, the 

evaluated dose is in the order of magnitude of the environmental levels detected in 

Argentina, including in soil, sediment and particulate matter (Bonansea et al., 2018; Mac 

Loughlin et al., 2022a, 2022b; Primost et al., 2017; Ramirez Haberkon et al., 2021), but also 

in soybean leaves and stems (Arregui et al., 2004). 

3.3. Animals 

Rats were housed and handled in accordance with the principles set out in the Declaration of 

Helsinki. The experiments were designed and performed to match closely to the 3R 

(replacement, reduction, refinement) principles of animal welfare. In addition, we complied 

with the ARRIVE guidelines. Beside this, all the experimental protocols used in this Chapter 

of the PhD thesis were approved by the Institutional Ethics Committee of the Facultad de 

Bioquímica y Ciencias Biológicas (FBCB) of the Universidad Nacional del Litoral (UNL), 

Santa Fe, Argentina, and performed in accordance with the principles and procedures 

outlined in the Guide for the Care and Use of Laboratory Animals issued by the U.S. 
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National Academy of Sciences. Animals were treated humanely and with regard for the 

alleviation of suffering. 

Rats of a Wistar-derived strain bred at the Instituto de Salud y Ambiente del Litoral (ISAL; 

UNL-CONICET) were used. Animals were maintained in a controlled environment (22 ± 2°C; 

14 h of light from 06:00 am to 08:00 pm) in stainless steel cages with sterile pine wood 

shavings as bedding. Rats had free access to pellet laboratory chow and tap water in glass 

bottles with rubber stoppers. We have previously tested the rat diet (pellet chow and water) 

for glyphosate residues by using ultra-high-performance liquid chromatography-tandem 

mass spectrometry and found no detectable levels (Milesi et al., 2018).  

3.4. Experimental procedures 

3.4.1. EXPERIMENT I 

Pups were obtained from eight timed-pregnant rats housed singly. After delivery (PND 0), 

pups were sexed according to the anogenital distance and litters of eight pups (preferably 

four males and four females) were left with each mother (Guerrero Schimpf et al., 2017). 

Female pups were cross-fostered among the mothers to minimize the use of siblings. This 

schedule allows including no more than two siblings in each group. Female pups from each 

foster mother were randomly assigned to one of the following postnatal treatment groups: 1) 

Control group, receiving saline solution (n = 11), and 2) GBH group, receiving a commercial 

formulation of glyphosate diluted with saline solution (2 mg glyphosate/kg bw/day, n = 10). 

The number of animals per group was determined according to previous works of the ISAL 

(Alarcon et al., 2020; Guerrero Schimpf et al., 2017, 2018; Zanardi et al., 2020).  

As shown in Figure 2, the treatments were administered by subcutaneous injections in the 

nape of the neck every 48 h from PND 1 to PND 7. On each treatment day, a glyphosate 

solution was prepared according to the average bw of the pups, so as to administer 2 mg 

glyphosate/kg ✓✏ ✄✞ ✆ ✟✄✝✔☛ ☎✝✖✁✄✔ ✝✟ �� ✂✂✁ �✒ ✍✕✔☎✄✝✁✒✖✑ ✕✔✍✝✕✂✔☛ (Guerrero Schimpf et 

al., 2017), the postnatal treatment with GBH did not alter the maternal care or nursing of the 

experimental groups. In addition, the treatment led to no signs of local reaction or acute or 

chronic toxicity. 

At weaning (PND 21), the offspring were kept under standard laboratory animal husbandry 

conditions. Along the experiment, animals were weighed on each treatment day (PND 1, 3, 5 

and 7) as well as 24 h after the end of the experiment (PND 8), and then weekly (from PND 

9 up to PND 30) or monthly (from PND 31 up to PND 600).  

To sacrifice all animals at the same stage of the estrous cycle, vaginal smears were 

performed every morning (Montes & Luque, 1988) starting on PND 570. Briefly, vaginal 
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✒✔✁✕✔✂✄✝✞ ✏✆✒ ✁✝✖✖✔✁✂✔☛ ✏✄✂✎ ✆ ✍✖✆✒✂✄✁ ✍✄✍✔✂✂✔ ✟✄✖✖✔☛ ✏✄✂✎ ��� ✂✂ ✝✟ ✒✆✖✄✞✔ ✒✝✖✁✂✄✝✞ ✁✚✆�✖ �✁☎✁✄

by inserting the tip of the pipette into the vaginal canal. The pipette bulb was firmly but gently 

depressed to expel the saline into the vagina and the saline was drawn back into the 

dropping pipette which was removed from the vaginal canal. Vaginal fluid was placed on 

glass slides and observed under an optical microscope to determine the stage of the estrous 

cycle, according to the predominant cells present (Montes & Luque, 1988; Manservisi et al., 

2018). All animals were sacrificed by decapitation in the morning at the estrus closest to 600 

days of age and the uterus was obtained. According to ethical rules, in those cases of 

possible suffering from the animal, the sacrifice was performed before, and during the 

course of the study. Trunk blood was collected, samples were centrifuged and serum was 

✒✂✝✕✔☛ ✆✂ ✂✄� ✄� ✁✞✂✄✖ ✎✝✕✄✝✞✔ ✆✒✒✆✑✒ ✏✔✕✔ ✍✔✕✟✝✕✄✔☛✁  

 

Figure 2. Schematic representation of the experimental protocol used in EXPERIMENT I, to 

study the effects of neonatal exposure to glyphosate-based herbicide (GBH) in aging female 

Wistar rats. Sc, subcutaneous.  

3.4.2. EXPERIMENT II 

The timeline of experimental handling is shown in Figure 3. The animals were fed either with 

the standard chow diet or with the CAF diet from weaning (PND 21) until PND 240. For the 

CAF diet treatment, together with the standard chow, three of the CAF food items were 

offered in excess quantities and changed every other day, by supplanting them with new 

items, in order to maintain the variety. Therefore, the animals did not receive the same food 

items for more than two consecutive days (Lazzarino et al., 2017).  

From PND 140, animals fed with standard chow received a pellet chow-based paste with 

added water (Control group, n=8). Animals fed with CAF diet were randomly divided into two 

groups: one group received a pellet chow-based paste with added water (CAF group, n=8) 
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and the other one received a pellet chow-based paste supplemented with GBH in a dose of 

2 mg of glyphosate/kg bw/day (CAF+GBH group, n=10). The number of animals per group 

was determined according to previous works of the ISAL (Ingaramo et al., 2019; Varayoud & 

Durando et al., 2017). 

The dose of glyphosate was calculated based on the average bw and food intake during the 

treatment period. The laboratory chow-based paste was prepared for each experimental 

group by blending optimized quantities of pellet chow and water, according to Milesi et al. 

(2018). For the GBH treatment, the glyphosate commercial formulation was diluted with 

water to obtain 2 mg of glyphosate/kg bw/day. The mixture was covered and left to stand 

overnight, and then homogenized to form a paste and prepare chow balls with the paste. 

This pellet-based paste was prepared the same day the food was replaced.  

 

Figure 3. Schematic representation of the experimental protocol used in EXPERIMENT II, to 

study the effects of the addition of a subchronic low dose of a glyphosate-based herbicide 

(GBH) in rats fed with cafeteria (CAF) diet. PND, postnatal day. 

The bw of each animal was recorded on PNDs 21, 140 and 240. The food intake was 

recorded every day and determined by the weight difference between the food offered and 

the remaining food, adjusted to the waste by collecting food spillage. Energy intake was 

calculated using the energy contents (kcal/g) and average intake of each food item. To 

sacrifice all animals at the same stage of the estrous cycle, vaginal smears were performed 

during the two weeks before sacrifice. All animals were sacrificed by decapitation in the 
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morning of the second day of diestrus closest to PND 240. Food was withdrawn 8 h before 

sacrifice. Trunk blood was collected and glucose concentration was measured using an 

Accu-Chek Performa Nano meter (Roche Diagnostics, Mannheim, Germany). Blood 

✒✆✄✍✖✔✒ ✏✔✕✔ ✁✔✞✂✕✄✟✁✛✔☛ ✆✞☛ ✒✔✕✁✄ ✏✆✒ ✒✂✝✕✔☛ ✆✂ ✂✄�✄� ✁✞✂✄✖ ✎✝✕✄✝✞✔ ✆✒✒✆✑✒✁ �✎✔ ✁✂✔✕✁✒

was sampled; and retroperitoneal, perigonadal, and subcutaneous fat depots were isolated 

and weighed to calculate the adiposity index (Rossi et al., 2013). 

We also performed a pilot experiment in order to determine the uterine effects of GBH alone. 

Animals were fed with standard diet from PND 21 until PND 140 and from PND 140 were 

also exposed to GBH in a dose of 2 mg of glyphosate/kg bw/day. At sacrifice, the 

morphology of the uterus of these animals was similar to that of Control animals. Thus, we 

decided not to include this experimental group in the thesis.    

3.5. Hormone assays 

The serum levels of E2 and P4 were determined by electrochemiluminescence 

immunoassay, using Elecsys Estradiol III and Elecsys Progesterone III (Cobas®, Roche 

�✄✆✛✞✝✒✂✄✁✒ ✞✄✓✠✁ �✆✞✞✎✔✄✄✁ ✞✔✕✄✆✞✑✄✁ ✟✝✖✖✝✏✄✞✛ ✂✎✔ ✄✆✞✁✟✆✁✂✁✕✔✕✂✒ ✒✍✔✁✄✟✄✁✆✂✄✝✞✒✁ 

3.6. Tissue processing 

The uterine biopsies were fixed for 6 h in buffer formalin 10% v/v in phosphate buffer saline 

(PBS) pH 7.5 to preserve the histological structures of the tissue. Then two washes with 

PBS (pH 7.5) of 10 min each were carried out, and finally the samples were preserved in a 

70% alcohol solution until they were processed by routine histological techniques for their 

inclusion in paraffin. During the histological processing, the samples were dehydrated in 

alcohols of increasing graduation, and placed in Bioclear (Biopack, Argentina) (non-

aqueous, non-polar solvent, miscible in molten paraffin). In this way, the alcohol present in 

the tissues was replaced by Bioclear, which allowed the samples to be cleared. For inclusion 

in paraffin, the samples were placed in an oven at 60ºC inside a bottle with molten paraffin. 

The heat caused the evaporation of the remaining solvent and the spaces occupied by 

Bioclear were impregnated by paraffin. Finally, the samples were placed in a container with 

molten paraffin that was allowed to solidify at room temperature (RT). This procedure 

allowed the obtaining of a paraffin block with the tissue inside.  

Uterine samples embedded in paraffin were longitudinally cut into 5 µm sections using a 

microtome (Leica, Jung RM2025, Leica Instruments GMT, Nussioch, Germany) and 

mounted on slides coated with 3-aminopropyl tri-ethoxysilane (Sigma✁Aldrich, Argentina 

S.A.) for histological studies (morphometric and immunohistochemical analysis).  
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3.7. Hematoxylin and eosin stain 

Following the protocol detailed in Table 1, uterine sections were deparaffinized and 

rehydrated in graded ethanol solutions to be then stained with Mayer hematoxylin and eosin. 

Then, the histological sections were dehydrated and mounted with a permanent mounting 

liquid (Eukitt®, Sigma✁Aldrich, Argentina S.A.). 

 

Table 1. Hematoxylin and eosin protocol staining. 

Deparaffinization and rehydration   

Bioclear 1, 2 and 3 5 min ea. 

Alcohol 100°, 96° and 70° 1 min ea. 

Water wash 2 min 

Staining   

Mayer hematoxylin 4 min 

Water wash 2 min 

Ammonia water 30 sec 

Water wash 2 min 

Eosin 2 min 

Dehydratation and mounting   

Alcohol 70° and 96° 2 sec ea. 

Alcohol 100°  30 sec  

Bioclear 1 and 2 5 min ea. 

Mount with permanent mounting liquid   

 

3.8. Immunohistochemistry 

A standard immunohistochemical technique was performed, following protocols previously 

described by us (Varayoud & Durando et al., 2017; Zanardi et al., 2020). Uterine longitudinal 

sections were deparaffinized and rehydrated in graded ethanol solutions. Then, the antigen 

retrieval was performed by immersion of the slides in 0.01 M citrate buffer pH 6.0 and 

subjected to heating in a microwave oven (the details of the procedure are described in 

Table 2). Next, the slides were placed in a 3% solution of hydrogen peroxide (H2O2) 30 

volumes (vol) diluted with methanol for 15 min to block the endogenous peroxidase activity. 

To block non-specific binding-sites, the sections were incubated 30 min at RT with a solution 

of normal horse serum (NHS, English: Normal Horse Serum) diluted 1/20 in PBS and added 

with 1.5% skim milk powder (Sigma✁Aldrich, Argentina S.A.). The sections were incubated in 

a humid chamber with the specific primary antibody (14 to 16 h at 4°C), and then with their 
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corresponding biotinylated secondary antibody for 30 min at RT. Finally, incubation was 

carried out with the streptavidin-peroxidase complex (Sigma✁Aldrich, Argentina S.A.) for 30 

min at RT. For the development of the reaction, a solution containing 2.3 mg of the 

chromogen diaminobenzidine (DAB, Sigma-Aldrich) dissolved in 3.3 ml of 0.05 M Tris-HCl 

buffer ✁✍✠ ✆✁�✄ ✆✞☛ ✆☛☛✔☛ ✏✄✂✎ � ✂✖ ✝✟ ✠2O2 30 vol were used. The reaction time was 10 min 

at RT. For Ki67 and p27 immunodetection, samples were counterstained with Mayer´s 

hematoxylin (Biopur, Rosario, Argentina). Finally, the histological sections were dehydrated 

and mounted with a permanent mounting liquid (Eukitt®, Sigma✁Aldrich, Argentina S.A.). In 

all cases, negative specificity controls were performed, replacing the primary antibody with a 

non-immune serum, and positive controls, including a tissue section whose positive reaction 

for the protein of interest was previously verified. The primary and secondary antibodies 

used in the immunohistochemical assays are detailed in Table 3. 
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Table 2. Immunohistochemical general protocol. 

Deparaffinization and rehydration   

Bioclear 1, 2 and 3 3 min ea. 

Alcohol 100°, 96° and 70° 3 min ea. 

PBS 5 min 

Antigen retrieval   

Microwave hot treatment using citrate buffer 
0.01M pH 6.0 

Warm the buffer alone for 3 min at 100% 
potency, add the samples and warm for 11 
min at 100% potency. Leave for 20 min with 
the microwave turned off. 

PBS  5 min  

Blocking endogenous peroxidase activity  

3% solution of hydrogen peroxide, 30 
volumes, diluted with methanol 

15 min 

PBS 15 min 

Blocking non-specific binding-sites   

Normal Horse Serum diluted 1/20 in PBS, 
with 1.5% skim milk powder 

30 min RT (humid chamber) 

Primary antibody   

Primary antibody incubation (see Table 3) 14 - 16 h 4°C (humid chamber) 

PBS 15 min 

Biotinylated Secondary antibody   

Secondary antibody incubation (see Table 
3) 

30 min RT (humid chamber) 

PBS 10 min 

Streptavidin-peroxidase complex   

Streptavidin-peroxidase complex incubation  30 min RT (humid chamber) 

PBS 10 min 

Developing   

2.3 mg of the chromogen 
diaminobenzidine (DAB) dissolved in 3.3 
ml of 0.05 M Tris-HCl buffer (pH 7.5) and 
� ✂✖ ✝✟ ✠2O2 30 vol. 

10 min 

Distilled water 5 min  

Counterstain with Mayer haematoxylin 
(optional) 

Dehydratation and mounting   

Alcohol 70°, 96° and 100° 1 min ea. 

Bioclear 1 and 2 2 and 5 min ea. 

Mount with permanent mounting liquid  
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Table 3. Antibodies used for immunohistochemistry.  

Antibodies Dilution Supplier 

Primary   

Anti-ESR1 (clone 6F-11) 1/200 Novocastra (Newcastle upon Tyne, UK) 

Anti-PR  1/400 Dako Corporation (Carpinteria, CA, USA) 

Anti-Ki67 (clone MIB-5) 1/50 Dako Corporation (Carpinteria, CA, USA)  

Anti-PTEN 1/1500 
Generated and validated in the ISAL 
(Bracho et al., 2020) 

Anti-p27  1/1200 Santa Cruz Biotechnology, Inc  

Secondary   

Anti-mouse (B8774) 1/100 Sigma-Aldrich (St. Louis, MO, USA) 

Anti-Rabbit (B8895) 1/200 Sigma-Aldrich (St. Louis, MO, USA) 

☞✠✡✂✁ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌✁ ✙✡✁ ✍✕✝✛✔✒✂✔✕✝✞✔ ✕✔✁✔✍✂✝✕✁ ✙�☞✚✁ ✍✎✝✒✍✎✆✂✆✒✔ ✆✞☛ ✂✔✞✒✄✞

homolog. 

3.9. Histological analysis 

EXPERIMENT II 

3.9.1. Determination of luminal epithelial hyperplasia  

The number of luminal epithelial layers was quantified using a Dplan 40× focusing eyepiece 

(numerical aperture=0.65; Olympus Optical Co., Ltd., Tokyo, Japan). Luminal epithelial 

hyperplasia was established as a LE with more than four cellular layers. A total of 15 fields 

were evaluated and the results were expressed as the percentage of incidence of luminal 

epithelial hyperplasia, as previously described (Guerrero Schimpf et al., 2017). 

3.9.2. Determination of stroma and myometrium thickness 

The thickness of the subepithelial stroma (SS), circular myometrium, and longitudinal 

myometrium layers was analyzed by image analysis, using the Fiji software (Figure 4). 

Briefly, the images were recorded with a Spot Insight V3.5 color video camera, attached to a 

microscope with a Dplan 20× focusing eyepiece (numerical aperture = 0.40). To spatially 

calibrate the Image Pro-Plus analyzer, square grids from Neubauer's chamber images were 

captured. The length of each uterine compartment (SS, circular myometrium, and 

longitudinal myometrium) was measured (Figure 4), on at least 10 fields per animal. 
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Figure 4. Determination of the thickness of stroma and myometrium in a longitudinal section 

of the uterus stained with hematoxylin and eosin. Following spatial calibration of the Image 

Pro-Plus software, point-to-point length measurements were made in the uterine 

compartment of interest. Blue lines L1, L2 and L3 represent the thickness of the subepithelial 

stroma, circular myometrium and longitudinal myometrium, respectively.  

3.9.3. Determination of the glandular density 

We evaluated the density of normal and altered glands: glands with cellular anomalies, 

cystic glands, glands with daughter glands, glands with squamous metaplasia and 

conglomerate of glands. To determine gland density, the images were recorded with a Spot 

Insight V3.5 color video camera, attached to a microscope with a Dplan 20× focusing 

eyepiece. The volume fraction of uterine glands was calculated by applying the formula 

given by Weibel (1969): Vv =Pi/P, where Vv is the estimated volume fraction of the object 

under study (glands), Pi is the number of incident points over glands, and P is the number of 

incident points over the stroma. To obtain the data for the point-counting procedure (Figure 

5), a square grid of Image Pro-Plus was used on at least 10 randomly selected fields per 

section and in two sections per animal (separated 50 µm from each other). The results were 

expressed as Vv x 1000 for each type of gland. 

3.9.4. Determination of the stromal nuclei density  

The images were recorded with a Spot Insight V3.5 color video camera, attached to a 

microscope with a Dplan 20× focusing eyepiece. Stromal nuclei density was determined by 

calculating the ratio between the area occupied by stromal nuclei and the total area of SS, 

defined as a 200 µm wide area adjacent to the epithelium, from the basement membrane 

toward the outer layer. As shown in Figure 6, areas were quantified using the Fiji software of 
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Image Pro-Plus (Schindelin et al., 2012), excluding uterine glands, on at least 15 randomly 

selected fields per animal (Guerrero Schimpf et al., 2018).   

 

Figure 5. Determination of glandular density by using the Fiji software of Image Pro-Plus in 

a longitudinal section of the uterus stained with hematoxylin and eosin. Pi indicates the 

incident points over glands, and P indicates the incident points over the stroma. 

 

 

Figure 6. Determination of stromal nuclei density in a longitudinal section of the uterus 

stained with hematoxylin and eosin. Following spatial calibration of the Image Pro-Plus 

software, the area of nuclei (green numbers) was evaluated respect to the total area in the 

stroma (inside the area delimited by the green line). 
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3.10. Quantification of protein expression  

3.10.1. Quantification of protein expression by image analysis 

The protein expression in the uterine cells was evaluated by image analysis using the Fiji 

software and expressed as integrated optical density (IOD), which is a dimensionless 

parameter that combines the average intensity and the relative area occupied by the positive 

cells (Ramos et al., 2001, 2002). Because the IOD is a dimensionless parameter, the results 

were expressed as arbitrary units. Images were recorded with a Spot Insight V3.5 color 

video camera attached to an Olympus BH2 microscope (Olympus). At least 15 fields of each 

histological compartment per animal were analyzed, covering similar areas in each 

experimental group.  

EXPERIMENT I. The protein expression of ESR1 and PR in the GE of each type of gland 

was evaluated using a Dplan 20× focusing eyepiece.  

EXPERIMENT II. The protein expression of ESR1, PR and PTEN in the LE was evaluated 

using a Dplan 40× focusing eyepiece, whereas that in the SS and that in the GE were 

evaluated using a Dplan 20× focusing eyepiece.  

3.10.2. Quantification of Ki67 and p27 expression 

EXPERIMENT I. The expression of Ki67 in the GE of each type of gland was evaluated 

using the Olympus BH2 microscope with a Dplan 40× focusing eyepiece, as a percentage of 

Ki67-positive cells over the total number of cells present in each type of gland. 

EXPERIMENT II. The expression of Ki67 and p27 in the LE and GE was evaluated using the 

Olympus BH2 microscope with a Dplan 40× focusing eyepiece, as a percentage of Ki67- or 

p27-positive cells over a total of 1500 cells per compartment. The p27 expression in the SS 

was evaluated using a Dplan 100× focusing eyepiece (numerical aperture = 1.25) on at least 

25 fields of each sample. Results were obtained considering the Vv of the p27-positive cells 

following the formula Vv =Pi/P, where Vv is the estimated volume fraction of the object under 

study; Pi is the number of incident points over p27-positive cells (brown cells), and P is the 

number of incident points over the stroma.  

3.11. Statistical analysis 

All data are shown as the mean ± SEM. Body weight was statistically analyzed by 

✠✂✁☛✔✞✂✂✒ t test. 

For EXPERIMENT I, a Mann-Whitney U test was performed.  

For EXPERIMENT II, the data of incidence of luminal epithelial cell hyperplasia were 

analyzed using Fisher's exact test. The energy intake and bw were statistically analyzed by 
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✠✂✁☛✔✞✂✂✒ t test. An exploratory analysis was first conducted to evaluate whether the data 

were normally distributed (Shapiro✁�✄✖� ✂✔✒✂✄ ✆✞☛ ☎✆✕✄✆✞✁✔✒ ✏✔✕✔ ✎✝✄✝✛✔✞✔✝✁✒ ✁✟✆✕✂✖✔✂✂✂✒

test). Then, the appropriate statistical analysis was selected. The followed parameters were 

eval✁✆✂✔☛ ✁✒✄✞✛ �✚�✁� ✂✝ ✝✓✂✆✄✞ ✂✎✔ ✝☎✔✕✆✖✖ ✒✄✛✞✄✟✄✁✆✞✁✔✁ ✟✝✖✖✝✏✔☛ ✓✑ �✁�✔✑✂✒ ✂✔✒✂ ✟✝✕

multiple comparisons:  

- Adiposity index,  

- glucose levels,  

- the thickness of SS and circular myometrium,  

- the densities of stromal nuclei and normal glands,  

- the expression of ESR1 in LE,  

- the expression of PR in LE and SS, in normal and altered glands, 

- the expression of Ki67 in all evaluated compartments (LE and GE, including normal 

and altered glands), 

- the expression of PTEN in all evaluated compartments (LE, SS and GE), 

- the expression of p27 in LE and SS.  

The analysis of the rest of the variables was conducted using Kruskal-Wallis test followed by 

�✁✞✞✂✒ ✄✔✂✎✝☛ ✟✝✕ ✄✁✖✂✄✍✖✔ ✁✝✄✍✆✕✄✒✝✞✒:  

- The serum levels of E2 and P4, 

- the thickness of longitudinal myometrium, 

- the density of altered glands, 

- the expression of PR and p27 in GE, 

- the expression of ESR1 and p27 in normal and altered glands. 

Statistical analyses of data were carried out using R statistical software (The R Foundation 

for Statistical Computing version 3.6.1, https://www.r-project.org/). Differences with p < 0.05 

were considered as significant. 
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4. Results  

4.1. EXPERIMENT I: Long-term effects of neonatal exposure to a low dose of GBH 
on the uterus of aging rats  

4.1.1. Neonatal exposure to GBH did not alter the body weight 

Taking into account that our experimental model aimed to evaluate the long-term 

consequences of GBH exposure, we first determined whether GBH exposure altered the bw 

of the animals. We found no significant differences in bw between Control and GBH-treated 

females from birth to adulthood (Figure 7). 

Figure 7. Body weight of rats exposed to saline solution (Control) or glyphosate-based 

herbicide (GBH) from postnatal day (PND) 1 to 600 (n = 10-11 rats per group). The values 

are expressed as the mean ± SEM (Mann-Whitney U test).  

4.1.2. Long-term effects of neonatal GBH exposure 

All Control animals survived until the end of the study, whereas three animals of GBH group 

died early. One of them died for unknown reasons at PND 540 and the others were 

sacrificed at PND 510 due to either vaginal bleeding or the presence of 

macroscopic/palpable tumors. 

4.1.3. GBH did not alter the ovarian steroid levels 

The serum levels of E2 and P4 were similar between Control and GBH-exposed rats (E2: 

Control: 38.97 ± 2.06 pg/ml vs GBH: 33.26 ± 4.10 pg/ml, p = 0.24; P4: Control: 10.09 ± 2.49 

ng/ml vs GBH: 10.61 ± 3.61 ng/ml, p = 0.89). 

4.1.4. GBH increased the ESR1 expression in the epithelium of glands with 
squamous metaplasia 

Considering that GBH induced morphological changes in the uterine glands (Guerrero 

Schimpf et al., 2022), we aimed to assess whether those alterations could be associated 
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with changes in steroid hormone receptors and if cells were proliferating. Thus, in the 

present PhD thesis we evaluated the protein expression of Ki67 as marker of cell 

proliferation, ESR1 and PR in normal and altered glands (namely: glands with cellular 

anomalies, glands with daughter glands, glands with squamous metaplasia and cystic 

glands). Animals exposed to GBH increased the expression of ESR1 in glands with 

squamous metaplasia respect to animals exposed to the vehicle (Figure 8 and Table 4). The 

expression of ESR1 in normal glands, glands with cellular anomalies, glands with daughter 

glands and cystic glands was similar between Control and GBH animals. The expression of 

PR and Ki67 was not affected by GBH treatment in all glandular epithelial cells (Table 4).  

Table 4. Protein expression and its distribution in different types of uterine glands from 

Control and GBH-treated rats. 

Type of gland Control GBH p-value 

 ESR1 (IOD)   

Normal glands 3.48 ± 0.56 3.89 ± 0.93 0.83 

Glands with cellular anomalies 1.63 ± 0.31 2.15 ± 0.81 0.78 

Glands with daughter glands 0.02 ± 0.01 0.48 ± 0.47 0.38 

Glands with squamous metaplasia 0.57 ± 0.24 1.67 ± 0.40 0.02 * 

Cystic glands 2.86 ± 1.06 1.24 ± 0.38 0.19 

  PR (IOD)   

Normal glands 2.84 ± 0.51 2.80 ± 0.73  0.85 

Glands with cellular anomalies 1.23 ± 0.30 1.84 ± 0.50 0.30 

Glands with daughter glands 1.41 ± 0.28 1.24 ± 0.32 0.72 

Glands with squamous metaplasia 1.43 ± 0.31 0.74 ± 0.16 0.08 

Cystic glands 0.56 ± 0.17 0.96 ± 0.49 0.95 

 Ki67 (%)   

Normal glands 13.82 ± 1.62 15.17 ± 2.37 0.95 

Glands with cellular anomalies 13.63 ± 4.30 22.85 ± 3.38 0.17 

Glands with daughter glands 36.12 ± 10.27 21.74 ±6.51 0.8 

Glands with squamous metaplasia 16.63 ± 4.48 9.23 ± 3.97 0.29 

Cystic glands 25.99 ± 7.66 10.79 ± 1.21 0.33 

Control, rats exposed to vehicle; GBH, rats exposed to glyphosate-based herbicide. Values 

are expressed as integrated optical density (IOD) or percentage (%) and showed as the 

mean ± SEM (Mann-Whitney U test). * p < 0.05 (n = 10-11 rats per group). 
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Figure 8. Effect of GB✠ ✝✞ ✂✎✔ ✁✂✔✕✄✞✔ ✔✝✍✕✔✒✒✄✝✞ ✝✟ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌ ✁☞✠✡✂✄✁

Representative photomicrographs of ESR1 immunoreactions on the glandular epithelium of 

glands with squamous metaplasia.  

With these results, we have finished a work, which previous results were published in 

Guerrero Schimpf, Milesi, Zanardi and Varayoud (Food and Chemical Toxicology 2022; 

159:112695). 

4.2. EXPERIMENT II: Effect of the subchronic exposure to a GBH on the uterus of 
adult rats fed with CAF diet 

4.2.1. The addition of GBH maintained the high adiposity index induced by 
CAF diet 

On PND 21, when rats were assigned to either the control diet (standard chow, Control 

group) or the CAF diet (CAF group), the average bw was similar across groups (Figure 9A). 

In contrast, on PND 140, the bw of CAF animals was higher than that of Control animals 

(Figure 9A). Finally, on PND 240, all experimental groups showed similar bw (Figure 9A), 

despite the energy intake in the CAF group was higher than that of the Control group (Figure 

9B). However, CAF and CAF+GBH animals showed an increased adiposity index, 

expressed as the sum of perigonadal, retroperitoneal, and subcutaneous fat pads (Figure 

9C). 
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Figure 9. (A) Body weight of female rats on postnatal day (PND) 21, 140 and 240. (B) 

Average energy intake during the dietary treatment of Control, CAF and CAF+GBH rats.  * 

indicates significant differences at p < 0.05, by ✠✂✁☛✔✞✂✂✒ t test. (C) Quantification of 

adiposity index (expressed as the sum of perigonadal, retroperitoneal and subcutaneous fat 
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pads). Data are presented as median and interquartile range (n = 8-10 rats per group). *, p < 

0.05 vs. the Control group (ANOVA followed by 

Tukey✂✒ ✍✝✒✂-hoc test).  

4.2.2. The addition of GBH increased the progesterone levels 

Among all parameters measured in serum samples, the levels of glucose were similar 

between Control, CAF and CAF+GBH rats (Control: 7.05 ± 0.20 mmol/L, CAF: 6.92 ± 0.12 

mmol/L, CAF+GBH: 7.45 ± 0.18 mmol/L, p = 0.08; ANOVA followed by 

Tukey✂✒ ✍✝✒✂-hoc test). Regarding steroid hormones, no differences were detected in E2 and 

P4 levels from CAF and CAF+GBH animals compared to those in Control animals (Table 5). 

However, the serum levels of P4 in CAF+GBH animals were higher than those in the CAF 

group (Table 5).  

Table 5. Hormonal serum levels of Control, CAF and CAF+GBH rats.  

 Control CAF CAF+GBH p-value 

E2 (pg/ml) 13.50 ± 2.49 7.00 ± 1.00 14.13 ± 3.98 0.21 

P4 (ng/ml)  5.75 ± 1.16 4.16 ± 0.94  13.32 ± 2.87# 0.02 

 Control, rats fed with standard chow diet; CAF, rats fed with cafeteria diet; CAF+GBH, rats 

fed with cafeteria diet plus glyphosate-based herbicide. The values are expressed as the 

mean ± SEM (n = 8-10 rats per group). # p < 0.05 vs. the CAF group (Kruskal-Wallis followed 

by Dunn✂✒ ✍✝✒✂-hoc test).  

4.2.3. The addition of GBH altered the glandular morphology inducing 
preneoplastic lesions  

The thickness of SS was increased in the CAF+GBH group respect to the Control group 

(Table 6). To determine whether this change was associated with changes in the number of 

cells, we evaluated the uterine cell density. The density of stromal nuclei was increased not 

only in the CAF+GBH group but also in the CAF group, compared to the Control group 

(Table 6). The incidence of luminal epithelial hyperplasia, longitudinal myometrium thickness 

and the circular myometrium thickness were not different between groups (Table 6). 

However, an interesting observation was that the density of normal glands was higher in 

both CAF and CAF+GBH animals than in Control animals (Figure 10A and D). 
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Table 6. Uterine histomorphological parameters of Control, CAF and GBH-treated rats. 

  Control CAF CAF+GBH p-value 

Incidence of luminal 
epithelial hyperplasia (%) 

1/8  2/8 4/10 0.31 

Subepithelial stroma (SS) 
✂✎✄✁�✞✔✒✒ ✁✂✄✄ 

320.4 ± 39.02   347.2 ± 48.55 518.8 ± 55.69* 0.03 

Longitudinal myometrium 
✂✎✄✁�✞✔✒✒ ✁✂✄✄ 

66.6 ± 6.85  92.9 ± 10.71 101.6 ± 19.91 0.14 

Circular myometrium 
✂✎✄✁�✞✔✒✒ ✁✂✄✄ 

116.7 ± 11.23 125.4 ± 12.42 152.5 ± 20.12 0.32 

Nuclear density 25.96 ± 2.67 37.27 ± 3.04* 36.48 ± 2.69* 0.01 

Control, rats fed with standard chow diet; CAF, rats fed with cafeteria diet; CAF+GBH, rats 

fed with cafeteria diet plus glyphosate-based herbicide. The values are expressed as the 

mean ± SEM (n = 8-10 rats per group). *, p < 0.05 vs. the Control group. The incidence of 

luminal epithelial cell hyperplasia was analyzed using Fisher's exact test; the thickness of SS 

and circular myometrium and the nuclear density were analyzed using ANOVA followed by 

Tukey✂✒ ✍✝✒✂-hoc test; the thickness of longitudinal myometrium was analyzed using Kruskal-

Wallis followed by Dunn✂✒ ✍✝✒✂-hoc test. 

Then, the analysis of altered glands (Figure 10A to D) showed that the density of glands with 

cellular anomalies, glands with daughter glands plus conglomerate of glands was increased 

in the CAF+GBH group compared to the Control group (Figure 10D). These results indicate 

that the combination of CAF and GBH exposure enhances the presence of these 

preneoplastic lesions.  
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Figure 10. Effects of CAF and CAF+GBH on the uterine glandular epithelium. 

Representative photomicrographs showing different types of endometrial glands observed in 

adult rats. (A) Glands with cellular anomalies (arrow) and normal glands (arrowhead), (B) 

gland with daughter glands and (C) glands forming conglomerates. (D) Quantification of the 

density of normal and altered glands, expressed as Vv x 1000. Altered glands include glands 

with cellular anomalies, glands with daughter glands plus conglomerate of glands. Data are 

presented as median and interquartile range (n = 8-10 rats per group). *, p < 0.05 vs. the 

Control group. The density of normal glands was analyzed using ANOVA followed by 

Tukey✂✒ ✍✝✒✂-hoc test; the density of altered glands was analyzed using Kruskal-Wallis 

followed by Dunn✂✒ ✍✝✒✂-hoc test. 

4.2.4. The addition of GBH did not alter the cell proliferation nor the ESR1 
expression induced by CAF diet 

To assess whether morphological alterations prompted by GBH and/or CAF diet were 

associated with changes in steroid hormone receptors, we evaluated the protein expression 

of ESR1 and PR. The CAF+GBH group showed an increase in the ESR1 expression in LE, 

SS and total glands (normal plus altered) compared to the Control group, whereas the CAF 

group only showed an increase in the SS and total glands (Figure 11). The expression of PR 

was not affected by CAF nor CAF+GBH in LE, SS and GE (Figure 11).  
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Figure 11. Effect of CAF and CAF+GBH on the uterine expression of estrogen rec✔✍✂✝✕ ✌

(ESR1) and progesterone receptor (PR). (A) Quantification of ESR1 and PR expression in 

luminal epithelium, glandular epithelium of total glands (normal plus altered), and 

subepithelial stroma, expressed as integrated optical density (IOD). Data are presented as 

median and interquartile range (n = 8-10 rats per group). *, p < 0.05 vs. the Control group. 

The expression of ESR1 in LE, and the expression of PR in LE and SS were analyzed using 

�✚�✁� ✟✝✖✖✝✏✔☛ ✓✑ �✁�✔✑✂✒ ✍✝✒✂-hoc test; the expression of ESR1 in GE and SS and that of 

PR in GE were analyzed using Kruskal-Wallis ✟✝✖✖✝✏✔☛ ✓✑ �✁✞✞✂✒ ✍✝✒✂-hoc test. (B) 

Representative photomicrographs of ESR1 and PR immunoreaction on uterine sections. LE, 

luminal epithelium; GE, glandular epithelium; SS, subepithelial stroma.  

Then, we evaluated if the treatments alter the cell proliferation. Both CAF and CAF+GBH 

groups showed an increased expression of Ki67 in the LE compared to the Control group 

(Figure 12). Furthermore, the proliferation index in the GE was higher in CAF group than in 

the Control group. 
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Figure 12. Cell proliferation by Ki67 immunodetection in the uteri from Control, CAF and 

CAF+GBH-treated rats. (A) Quantification of Ki67 expression in luminal epithelium and 

glandular epithelium of total glands (normal plus altered), expressed as percentage (%). 

Data are presented as median and interquartile range (n = 8-10 rats per group). *, p < 0.05 

vs. the Control rats (�✚�✁� ✟✝✖✖✝✏✔☛ ✓✑ �✁�✔✑✂✒ ✍✝✒✂-hoc test). (B) Representative images 

of immunohistochemical detection of Ki67 on uterine sections. LE, luminal epithelium; GE, 

glandular epithelium.  

4.2.5. The treatment with CAF+GBH reduced the expression of PTEN and p27 

The expression of both p27 and PTEN was lower in the SS of CAF+GBH animals than in 

that of Control animals (Figure 13). No differences were detected in the SS of CAF animals 

and Control animals. The expression of p27 and PTEN in the LE and GE was similar 

between all experimental groups (Figure 13).  
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Figure 13. PTEN and p27 protein expression in the uteri from Control, CAF and CAF+GBH-

treated rats. (A) Quantification of PTEN and p27 expression in luminal epithelium, glandular 

epithelium of total glands (normal plus altered) and subepithelial stroma. Values are 

expressed as integrated optical density (IOD), percentage (%) or Vv x 100. Data are 

presented as median and interquartile range (n = 8-10 rats per group). *, p < 0.05 vs. the 

Control rats (�✚�✁� ✟✝✖✖✝✏✔☛ ✓✑ �✁�✔✑✂✒ ✍✝✒✂-hoc test for PTEN in all evaluated 

compartments and for p27 in LE and SS; Kruskal-Wallis followed by Dunn✂✒ ✍✝✒✂-hoc test for 

p27 in GE). (B) Representative images of immunohistochemical detection of PTEN and p27 

on uterine sections. LE, luminal epithelium; GE, glandular epithelium; SS, subepithelial 

stroma.  
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4.2.6. Protein expresion in normal and altered glands 

Then, we evaluated if the morphological alterations in the uterine glands prompted by CAF 

and GBH were associated with changes at a protein level. In normal glands, the cell 

proliferation was higher in the CAF group than in the Control group (Table 7). In altered 

glands, the expression of ESR1 was higher in CAF and CAF+GBH animals than in Control 

animals (Table 7).  

Table 7. Protein expression and its distribution in different types of uterine glands from 
Control, CAF and CAF+GBH-treated rats. 

 Type of gland Control CAF CAF+GBH p-value 

  ESR1 (IOD) 

Normal glands 3.47 ± 0.41   6.40 ± 1.09 7.51 ± 1.62 0.06 

Altered glands 2.95 ± 0.39 7.22 ± 1.31** 6.36 ± 1.38* 0.01 

  PR (IOD) 

Normal glands 5.34 ± 0.95 11.06 ± 1.86 8.33 ± 1.48 0.05 

Altered glands 7.26 ± 2.08 9.30 ± 1.59 8.68 ± 1.90 0.76 

  Ki67 (%) 

Normal glands 20.26 ± 2.76 45.06 ± 7.12* 29.92 ± 5.59  0.02 

Altered glands 31.65 ± 6.24  52.77 ± 6.52 31.03 ± 6.10 0.05 

  p27 (%) 

Normal glands 36.51 ± 6.76 23.07 ± 2.77 19.80 ± 2.39 0.06 

Altered glands 29.5 ± 5.89 25.55 ± 2.92 20.18 ± 3.88 0.19 

Control, rats fed with standard chow diet (n=8); CAF, rats fed with cafeteria diet (n=8); 

CAF+GBH (n=10), rats fed with cafeteria diet plus glyphosate-based herbicide, ESR1, 

estrogen receptor ✌✁ ✙✡✁ ✍✕✝✛✔✒✂✔✕✝✞✔ ✕✔✁✔✍✂✝✕✁ �✖✂✔✕✔☛ ✛✖✆✞☛✒ ✄✞✁✖✁☛✔ ✛✖✆✞☛✒ ✏✄✂✎ ✁✔✖✖✁✖✆✕

anomalies, glands with daughter glands and conglomerate of glands. Values are expressed 

as integrated optical density (IOD) or percentage (%). *, p < 0.05 and **, p < 0.01 vs. the 

Control group (�✚�✁� ✟✝✖✖✝✏✔☛ ✓✑ �✁�✔✑✂✒ ✍✝✒✂-hoc test for PR and Ki67 expression and 

Kruskal-Wallis followed by Dunn✂✒ ✍✝✒✂-hoc test for ESR1 and p27 expression).  
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5. Discussion  

In the present Chapter, we aimed to evaluate the uterine effects of a low dose of GBH in 

rats, by using different times and routes of exposure. We were focused on growing and 

endometrial carcinogenesis-related process. In the EXPERIMENT I, we determined the long-

term effects of GBH on the uterus, at molecular level, of aging rats exposed during the first 

week of life. In the EXPERIMENT II, we evaluated whether the subchronic administration of 

a GBH during adulthood impacts on the uterine effects induced by CAF diet. The route of 

administration selected was different between EXPERIMENT I and II. We chose the 

subcutaneous via for EXPERIMENT I because it is the only administration route that 

warrants the incorporation of a chemical compound in newborn pups (Guerrero Schimpf et 

al., 2017; Milesi et al., 2012). In EXPERIMENT II, we selected the oral via because it is the 

most representative of natural exposure in humans. Indeed, a previous work proved that the 

effect of GBH on the uterus does not depend on the route of administration since similar 

responses were observed between the oral and subcutaneous via, at least in the same 

organ of study (Alarcón et al., 2019). 

For EXPERIMENT I, we selected a model of exposure during the first week of life, a period 

which has already been proved to be highly susceptibility to hormonal and chemical 

challenge for reproductive organs (Altamirano et al., 2018; Guerrero Schimpf et al., 2017; 

Ingaramo et al., 2020; Monje et al., 2009; Guerrero Schimpf et al., 2018). During the first 

week of life, the uterus continues with its development and differentiation processes, being a 

✂✄✄✔ ☎✒✔✞✒✄✂✄☎✔ ✏✄✞☛✝✏✆ ✂✝ ☞�� ✔✝✍✝✒✁✕✔ ✁✁✞✛✆✕✆✄✝ ✔✂ ✆✖✁✁ 2016, 2020; Luque et al., 2018; 

Newbold et al., 2009; Varayoud et al., 2014). The exposure to certain chemicals during this 

critical period of differentiation can cause uterine disorders later in life, including endometrial 

hyperplasia and even endometrial cancer (Milesi et al., 2021; Rochester, 2013; Varayoud et 

al., 2014; Walker, 2011).  

The idea that disease in adulthood may have an etiology that arises in prenatal and early 

neonatal life is not exclusive to the field of hormone-dependent cancer (González-Casanova 

et al., 2020; Newbold et al., 2009). Many researchers have demonstrated that perinatal 

exposure to certain environmental chemicals may provoke the global epidemic of obesity 

(Darbre, 2017; González-Casanova et al., 2020; Plagemann, 2005; Yilmaz et al., 2020). 

Concerning glyphosate, a previous work found induction of obesity in the second and the 

third generation of female rats exposed during gestation, showing a transgenerational obese 

phenotype in almost a half of the glyphosate lineage (Kubsad et al., 2019). However, we 

failed to find changes in the bw between animals exposed to vehicle and GBH, thus our 

current results do not support the hypothesis that glyphosate could act as environmental 
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✝✓✔✒✝✛✔✞✁ �✂✎✔✕ ✏✝✕�✒ ✆✖✒✝ ✟✝✁✞☛ ✞✝ ✁✎✆✞✛✔✒ ✁�✆✁✖✆✕ ✂ ✄✝✖✆✞�✆✑✆✁ ✄��☎✁ �✄✖✔✒✄ ✔✂ ✆✖✁✁

2018) in the bw of animals exposed to glyphosate or GBH, or even found a reduced bw gain 

(Beuret et al., 2005; Ren et al., 2018). Thus, it would be interesting to perform more studies 

evaluating the role of GBH as an environmental obesogen. 

The development of the uterus is tightly regulated by fluctuations in the levels of the ovarian 

steroid hormones (Dixon et al., 2014; Freeman, 2006) and an imbalance in their actions may 

cause uterine lesions, including endometrial hyperplasia and cancer (Dixon et al., 2014; 

Sanderson et al., 2016). In rodents and humans, the increased serum E2/P4 ratio is 

considered a risk factor for endometrial carcinogenesis (Dixon et al., 2014; Yoshida et al., 

2015). In relation to glyphosate effects, previous works reported that perinatal exposure 

induces steroidogenesis disruption (Lorenz et al., 2020; Ren et al., 2018). Thus, we planted 

to evaluate whether neonatal exposure to GBH impacts on steroidogenesis in aging rats. We 

found no changes in the E2 and P4 levels at the moment of the sacrifice of animals. 

However, GBH treatment induced an almost two-fold increase in the E2/P4 ratio earlier in life 

(PND 120) in these animals (Guerrero Schimpf et al., 2022). This result could be a possible 

mechanism underlying the long-term adverse effects detected in the uterus of GBH-exposed 

rats (Guerrero Schimpf et al., 2022). 

We have demonstrated that our model of short exposure to GBH induces preneoplastic 

lesions in aging rats, reflected by an increased incidence of glands with daughter glands 

(Guerrero Schimpf et al., 2022). Other alterations in the glandular morphology of these 

animals were observed, including glands with cellular anomalies, glands with squamous 

metaplasia and cystic glands (Guerrero Schimpf, 2018). The presence of these alterations in 

the morphology of glands is key factors defining the risk for progression to carcinoma 

(Chandra et al., 2015; Travaglino et al., 2020). Prompted by the alterations found in the 

glandular morphology, we decided to evaluate if these alterations were accompanied by 

molecular changes involved in endometrial carcinogenesis. We evaluated the protein 

expression of Ki67 as a proliferative marker and that of steroid hormone receptors in the 

epithelium of altered glands. Despite no changes in the incidence of glands with squamous 

metaplasia were found between Control and GBH-exposed rats, we observed an increased 

expression of ESR1 without changes in cell proliferation in this type of altered gland. 

According to this, in the mammary glands of these animals, we also observed an increased 

ESR1 expression without changes in cell proliferation, in moderate plus florid hyperplastic 

ducts (Zanardi et al., 2020). Both glands with squamous metaplasia and hyperplastic ducts 

are considered preneoplastic lesions (Gunin et al., 2001; Singh et al., 2000). In accordance 

with us, female rats exposed neonatally to diethylstilbestrol, a well-known xenoestrogen, 

developed endometrial hyperplasia without changes in cell proliferation between normal 
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endometrium and hyperplastic endometrium (McCampbell et al., 2008). In addition, in aging 

rats, the uterine ESR1 expression was similar between animals developing various 

proliferative lesions and even endometrial cancer (Yoshida et al., 2012). As it is evident by 

the mentioned results, some preneoplastic lesions can be detected without a simultaneous 

increase in the proliferation. Considering that animals are aging, we can speculate that the 

glandular cells have proliferated before the moment of sacrifice leading to these 

preneoplastic lesions. 

Overall, with the EXPERIMENT I we could demonstrate the involvement of ESR1 in uterine 

preneoplastic lesions of animals exposed to a low dose of GBH. The disruption of uterine 

ESR1 expression due to the glyphosate exposure was previously evaluated by using 

different experimental models, associated or not with fertility failures or endometrial 

carcinogenesis (Alarcón et al., 2020; Guerrero Schimpf et al., 2017; Ingaramo et al., 2016, 

2017; Lorenz et al., 2019, 2020; Varayoud & Durando et al., 2017). In addition, Fu et al. 

(2021) demonstrated that GBH alters the hypothalamic-pituitary-ovarian axis hormones and 

produces damage in the uterus of piglets with altered oxidative stress and antioxidant 

system, both processes involved in carcinogenesis. Despite the aforementioned studies 

showing a potential endocrine disruptive effect related to uterine carcinogenesis, GBH is still 

the most widely used herbicide in the world. 

Although many studies proposed to evaluate the effects of glyphosate on uterine 

carcinogenesis, the potential interaction with other environmental factors could not be 

considered. Given the prevalence of GBH in our environment, interactions between GBH 

and other exogenous exposures are highly possible (Barnett & Gibson, 2020). Thus, 

understanding GBH co-exposure effects with other factors is critical for understanding the 

real world risks associated with GBH exposure. In such context, CAF diet reflects the variety 

of highly palatable and energy-dense foods prevalent in Western society (Lalanza & 

Snoeren, 2021), where the incidence of endometrial hyperplasia is about 200,000 new cases 

per year (Chandra et al., 2015). Since endometrial hyperplasia might be related to 

environmental factors, including unhealthy diet and chemical exposure (Moore & Brewer, 

2017; Sanderson et al., 2016; Si et al., 2017; Yoshida et al., 2015), we consider that, to 

improve our understanding of the etiology of uterine disorders, it is necessary to evaluate the 

combination of risk factors (Moore & Brewer, 2017; Pronk et al., 2004; Si et al., 2017). In a 

previous study, we have detected that CAF diet induces endometrial hyperplasia in female 

Wistar rats fed from weaning to adulthood (Gastiazoro et al., 2018). Thus, the aim of 

EXPERIMENT II was to define whether the exposure to GBH added to CAF may exacerbate 

the effects induced by CAF alone on the rat uterus. Our model of CAF diet increased the bw 

of adult female rats, in agreement with that previously reported (Chen et al., 2014; da Costa 
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Estrela et al., 2015; Gastiazoro et al., 2018; Lalanza et al., 2014; Palframan & Myers, 2016). 

This result on its own is unsurprising given the high energy density and the palatability of the 

foods included in the CAF diet. The increased bw induced by the CAF diet was found on 

PND 140, but later, at PND 240, neither the CAF nor the CAF+GBH group showed 

differences in the bw in comparison with the Control group. These results related to the CAF 

diet are similar to those of Palframan & Myers (2016), who found an increased bw after three 

months of treatment with CAF diet, and a later dissipation of this effect. Regarding GBH 

exposure, this result is not correlated with the hypothesis that environmental compounds 

could act as obesogens (Darbre, 2017; González-Casanova et al., 2020; Yilmaz et al., 

2020). The lack of effect on bw has also been observed in rats co-treated with the EDC 

bisphenol A and a low-protein diet, at similar age (Varuzza et al., 2019). Perhaps the two 

factors here studied in combination (i.e. unhealthy diets and possible obesogens) behave 

like antagonists in this endpoint. Despite the similar bw found at PND 240 between all 

groups, CAF and CAF+GBH animals exhibited higher adiposity index than Control animals. 

Similar results have been reported in rodents fed with CAF diet (Andreoli et al., 2016; da 

Costa Estrela et al., 2015; Gastiazoro et al., 2018; Lalanza et al., 2014; Lazzarino et al., 

2017, 2019) and co-treated with high fat diet and bisphenol A or the pesticide imidacloprid 

(Stoker et al., 2020; Sun et al., 2017). Our data indicate that CAF diet is the main 

responsible for the increased adiposity index both in CAF and CAF+GBH animals, since no 

additional differences are raised after GBH exposure. The importance of focusing the study 

not only in bw but also in the adiposity index is based on the link between adipose tissue and 

endometrial carcinogenesis. Adiposity increases the peripheral conversion of androgens, 

resulting in high levels of estrogens. This estrogenic microenvironment is considered a risk 

factor for hormonal carcinogenesis (Dixon et al., 2014; Michalczyk et al., 2021). 

Prompted by these results, we next focused on the secretion of steroid hormones. The levels 

of P4 were higher in CAF+GBH animals than in CAF ones. Thus, the addition of GBH 

affected the P4 level or the combination of both factors had an impact on this parameter. 

Following the first of the mentioned theories, a previous study has shown that GBH 

interferes with the ovarian function by stimulating the production of P4 and inhibiting that of 

E2 in granulosa cells, a fact that could result in follicular atresia (Gigante et al., 2018). The 

altered steroidogenesis induced by GBH is also associated with altered aromatase activity 

(Richard et al., 2005). However, we cannot rule out that the addition of GBH in animals fed 

with CAF diet can alter steroidogenesis by directly affecting the ovarian tissue or indirectly 

interfering with the ovarian function, by acting on the hypothalamic-pituitary-gonadal axis 

(Serra et al., 2021), which is central for uterine function. On the other hand, since the 

coordinated actions of E2 and P4 regulate the proliferation and differentiation of uterine cells, 
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an imbalance in the E2 and P4 actions may cause uterine disorders (Dixon et al., 2014). In 

this sense, P4 is involved in the development of uterine fibroid (Kim et al., 2013a) and an 

increased E2/P4 ratio has been associated with the pathogenesis of endometrial 

carcinogenesis (Sanderson et al., 2016). In this PhD thesis, we did not detect changes in the 

E2 levels, at least at the moment of sacrifice of animals. We could propose that alterations in 

the E2/P4 ratio could occur before the end of the experiment, affecting the normal endocrine 

response of uterine cells.  

In the uterus, epithelial-stroma interactions are responsible for physiological functions and 

the emergence of several lesions. Endometrial hyperplasia is an uterine lesion representing 

a spectrum of morphological and molecular endometrial alterations (Chandra et al., 2015; 

Travaglino et al., 2020). This pathology is characterized by abundant cellular stroma and 

abnormal cell proliferation accompanied by high ESR1-expressing cells in the epithelium and 

stroma (Kreizman-Shefer et al., 2014; Masjeed et al., 2017; Sanderson et al., 2016; 

Travaglino et al., 2020; Yoshida et al., 2012). Such changes were found in both CAF and 

CAF+GBH animals. Specifically, we observed that the densities of stromal nuclei and normal 

glands were increased and that the cell proliferation in the epithelium and ESR1 expression 

in the epithelium and stroma were also increased. Similar results were observed by us in 

adult rats treated with the CAF diet (Gastiazoro et al., 2018). Based on our present and 

previous results, the CAF diet was apparently responsible for inducing endometrial 

hyperplasia in CAF and CAF+GBH animals. In addition, the co-treatment with CAF+GBH 

increased the SS thickness. Thus, the addition of GBH could be the responsible for this 

morphological alteration, as was previously observed in animals treated with this herbicide 

alone (Guerrero Schimpf et al., 2017; Ingaramo et al., 2019). Overall, these alterations 

detected here might promote the development of endometrial cancer (Sanderson et al., 

2016).  

The importance of glands in relation to preneoplastic and neoplastic lesions has been 

extensively described. All forms of hyperplasia share certain morphological features, 

showing an irregularity in both gland shape and size (Gunin et al., 2001; Sobczuk & 

Sobczuk, 2017). These glandular alterations are key factors defining the risk for progression 

to carcinoma (Chandra et al., 2015; Travaglino et al., 2020). Previous works have reported 

the presence of glandular abnormalities in rodents exposed to environmental chemicals, 

including GBH (Bosquiazzo et al., 2013; Ferreira et al. 2020; Guerrero Schimpf et al., 2022; 

Vigezzi et al., 2016, 2015), as well as in rodents fed with different types of unhealthy diet 

(Nakai et al., 2005; Shang et al., 2017). Therefore, we evaluated whether the CAF diet alone 

and in combination with GBH could alter the morphology of glands, a histological feature of 

endometrial hyperplasia. We observed alterations in the uterine gland morphology of all 
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experimental groups. Thus, these altered structures could be a consequence of the normal 

female aging process in rats (Bosquiazzo et al., 2013; Vigezzi et al., 2015, 2016). However, 

we also detected that CAF+GBH increased the altered gland area, specifically in glands with 

cellular anomalies, glands with daughter glands plus conglomerate of glands, in comparison 

with the Control animals. This allowed us to conclude that the combination of the CAF diet 

and GBH increases the development of preneoplastic lesions. In agreement with this 

observation, although in a different tissue, it has been shown that GBH added to a high fat 

diet had worse adverse effects associated with jejunum inflammation than the single 

treatments (Panza et al., 2021). Other studies have also found that the co-treatment with 

bisphenol A and unhealthy diet increases the susceptibility to mammary carcinogenesis 

(Leung et al., 2017; Varuzza et al., 2019) and alters the male reproductive function 

(Tarapore et al., 2017). In summary, our results and the mentioned studies indicate that the 

exposure to environmental compounds coupled with a non-healthy lifestyle worsens the 

effects of the threats to which we are habitually exposed.  

Some endometrial hyperplasias can progress to malignancy (Sanderson et al., 2016). A 

known molecule used as a prognostic marker to determine the risk of endometrial 

hyperplasia progression is the tumor suppressor gene PTEN (Mutter, 2000b). The loss of 

PTEN function represents an early event in endometrial carcinogenesis (Prat et al., 2007). 

Here, CAF+GBH animals, but not CAF animals, showed a reduction in PTEN expression, 

specifically in the SS of the endometrium. The involvement of PTEN in carcinogenic process 

has been observed not only in the uterus but also in other hormone-dependent tissues (Gao 

et al., 2019; Mutter et al., 2000a,b; Wise et al., 2017; Zhang et al., 2022). In this regards, in a 

previous study in female rats, bisphenol A predisposed to thyroid tumors and the addition of 

di-(2-ethylhexyl) phthalate, a probable human carcinogen, enhanced the effects of bisphenol 

A on cancer promotion by inhibiting PTEN (Zhang et al., 2022). In contrast, some natural 

compounds, such as curcumin and ginseng, have protective effects against bisphenol A or 

phthalate by reversing the reduced PTEN expression (Saadeldin et al., 2018; Sonavane & 

Gassman, 2019). 

Several studies have reported that PTEN blocks the cell proliferation by inhibiting the 

phosphatidylinositol 3-�✄✞✆✒✔ ✁✙✁✘✄✄��✄� ✒✄✛✞✆✖✄✞✛ ✍✆✂✎✏✆✑ ✁✄✄✄ ✔✂ ✆✖✁✁ ✄�✂✘✓✁ ✙✄✔✁✁✑✁✒�✆

et al., 2011; Sun et al., 2001; Vivanco & Sawyers, 2002). The loss of PTEN and subsequent 

AKT activation results in the activation of ESR1-dependent pathways associated with a 

possible induction of endometrial carcinogenicity. Interestingly, the PTEN/PI3K/AKT 

signaling pathway can also be activated by estrogen, suggesting a complex interaction 

between these two signaling pathways (Joshi & Ellenson, 2017; Kim et al., 2013b; Mutter, 

2000b✁ ✙✄✔✁✁✑✁✒�✆ ✔✂ ✆✖✁✁ ✄�✂✂✁ ✙✕✆✂ ✔✂ ✆✖✁✁ ✄��✆✁ ✠✆✄✂✝ ✔✂ ✆✖✁✁ ✄�✂✂✄✁ ✁✞ ✆✛✕✔✔✄✔✞✂ ✏✄✂✎ ✂✎✄✒✁
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the decreased expression of PTEN in CAF+GBH animals was coupled with an increased cell 

proliferation and ESR1 expression. Therefore, we can speculate that the proliferative event 

found in these animals may be a consequence of PTEN loss, whereas PTEN loss may lead 

or be a consequence of ESR1 increases. However, the loss of PTEN expression would 

explain the increased cell proliferation and ESR1 expression in CAF+GBH animals but not in 

CAF animals, suggesting the involvement of other pathways in CAF animals. 

The PTEN gene may act as a suppressor of tumor activity by the activation and increased 

expression of p27 (An et al., 2002). A positive correlation between PTEN and p27 protein 

expression has been observed in endometrial hyperplasia and endometrial cancer, 

supporting the idea that p27 might be the downstream target of PTEN in these pathologies 

(Erkanli et al., 2006). p27 is a down-regulator of cell proliferation (Zheng et al., 2018). Thus, 

the reduction of p27 indicates that, in CAF+GBH animals, one of the brakes of proliferation is 

down-regulated. Previous studies have demonstrated that p27 could act as a tumor 

suppressor and that its protein expression decreases as the severity of the endometrial 

lesion progresses from endometrial hyperplasia to cancer (Kacar Özkara & Corakci, 2004). 

Thus, the loss of p27 expression is an important step in the process of endometrial 

carcinogenesis (Erkanli et al., 2006). Finally, as we observed with PTEN protein expression, 

the endometrial hyperplasia found in CAF+GBH animals was accompanied by a reduced 

p27 expression, indicating the exacerbated effect of both treatments. Thus, the addition of 

GBH reduced the p27 and PTEN protein levels, which might indicate a poor prognosis of the 

endometrial hyperplasia. However, further studies are needed to evaluate the molecular 

mechanistic effects of the interaction between these factors on the uterine pathologies. 

Taking together all the results of EXPERIMENT II, we reinforced the findings that CAF diet 

induces endometrial hyperplasia (Gastiazoro et al., 2018), and provided evidence that the 

addition of GBH increases the effects of CAF diet alone. The co-treatment with CAF+GBH 

increased glandular abnormalities, SS thickness and reduced the expression of key proteins 

such as PTEN and p27. These results indicate that the interaction between unhealthy diet 

and environmental chemicals such as GBH could predispose to uterine pathological 

disorders. 
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CHAPTER II: Assessment of estrogenic effect of hops extract: in vivo and in vitro 

studies 

1. Introduction 

1.1. Botanical dietary supplements for women's health 

Menopause is the time of life when menstrual cycles cease, and it marks the end of the 

✏✝✄✆✞✂✒ ✕✔✍✕✝☛✁✁✂✄☎✔ capacity (Dunneram et al., 2019; Minkin, 2019). Menopause is caused 

by reduced secretion of the ovarian hormones E2 and P4, which occurs when the pool of 

ovarian follicles becomes depleted (Bruce & Rymer, 2009; Nelson et al., 2005).  

Many symptoms are attributed to menopause, as for example hot flashes, night sweats, 

vaginal dryness and/or insomnia (Dennerstein et al., 2000). To alleviate these symptoms 

and to protect women against estrogen-deficiency, the HRT used to be the primary 

treatment option (Angioli et al., 2018). However, its use is highly debated after the WHI 

study, which found associations between the use of HRT during a long time and an 

increased risk of developing hormone-☛✔✍✔✞☛✔✞✂ ✁✆✞✁✔✕ ✁�✂�✖✝✞✁✝ ✔✂ ✆✖✁✁ ✄�✂☎✄✁ �✎✔ ✁✍☛✆✂✔

of WHI trial outcomes with extended post-intervention follow-up of 13 years to those 

postmenopausal women found that combined therapy (estrogen plus progestin) increases 

the risk of developing breast cancer (Chlebowski et al., 2013; Manson et al., 2013) and that 

estrogens alone use increases the risk of developing endometrial cancer (Beral et al., 2005). 

Thus, the risk of endometrial cancer increases with enhanced exposure to estrogen, which 

often results from hormone therapy (Beral et al., 2005). Because of its potential carcinogenic 

effect, many women have turned to herbal remedies (Moore et al., 2017), making these 

botanical dietary supplements (BDS) increasingly popular (Dietz et al., 2016; Smith et al., 

2018). Among the BDS traditionally used to treat menopausal symptoms, we can mention 

black cohosh, valerian, isoflavons containing in soy and red clover, hops extracts, locorice, 

rhubarb, chasteberry, and alfalfa (Dietz et al., 2016). 

1.1.1. Hops extract 

Many herbal treatment protocols for menopausal symptoms contain hops (Humulus lupulus 

L.), an herbaceous climbing plant in the family of Cannabaceae (Aghamiri et al., 2016). Hops 

is native to central Europe, but today it is naturalized throughout the northern temperate 

regions, such as Asia and North America (Bocquet et al., 2018). The use of hops for the 

production of dietary supplements to treat menopausal symptoms is obtained from the 

female hop cones and is currently marketed, either as a single botanical or in combination 

with other botanicals (Krause et al., 2014; Tronina et al., 2020). In addition to its use as a 

☎✞✆✂✁✕✆✖✆ ✆✖✂✔✕✞✆✂✄☎e to HRT, hops is mainly used in beer brewing as preservative and 
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flavoring agent and as one of the ingredients of herbal sedative/sleeping pills (Aghamiri et 

al., 2016; Bolton et al., 2019; Keiler et al., 2013).  

The use of hops as an alternative to HRT is due to the presence of the estrogenic compound 

8-prenylnaringenin (8-PN), which is responsible for the reduction of menopausal symptoms 

(Bolton et al., 2019; Dietz et al., 2017). One of the most commonly experienced menopausal 

symptoms is hot flashes (Nelson, 2008). In a rat model of menopausal hot flashes, the 

administration of 8-PN, similar to E2, was able to restore the temperature into the normal 

range (Bowe et al., 2006). The effectiveness to reduce hot flashes was also observed in 

estrogen-deficient ovariectomized rats treated with a hops extract having a high content of 

8-PN (Ban et al., 2018) and with a combination of hops and red clover extracts (Kim et al., 

2020). In addition to the mentioned studies, hops extract alleviated menopausal symptoms in 

menopausal women by randomized, placebo-controlled clinical trials (Aghamiri et al., 2016; 

Erkkola et al., 2010; Heyerick et al., 2006).  

� Metabolism of hops extract 

Extracts from spent hops are composed of 8-PN, xanthohumol (XH), isoxanthohumol (IX), 

and 6-prenylnaringenin (6-PN). The proportion of the compounds in hop cones is very 

variable and depends on many factors including variety, climatic conditions, cultivation area, 

and storage conditions (Jelínek et al., 2010). Also, the amount of each compound can 

change due to the conversions during drying and brewing in the extract, and then in the 

organism (Bolton et al., 2019). By using ovariectomized rats treated with hops extract for 8 

and 20 weeks, Keiler et al. (2017a,b) have shown that despite the amount of 8-PN in the 

extract was 100 times lower than that of XH, 8-PN had the highest serum concentration, 

followed by XH.  

The major component of hops extract is XH, which has several anti-carcinogenic properties, 

shown in vitro at key stages of the carcinogenic process including initiation, promotion and 

progression phases (Cho et al., 2008; Gerhauser et al., 2002). Like the other hops 

compounds, XH is biochemically convertible in the organism. As shown in Figure 14, the 

pharmacokinetics of pure XH, as well as XH containing the extract, have been previously 

studied (Bai et al., 2022; Jirásko et al., 2010; Keiler et al., 2017b; Legette et al., 2012, 2014; 

Nookandeh et al., 2004; Nowak et al., 2020). In rats, the bioavailability of XH is low and 

dose-dependently with rapid absorption, metabolism and elimination (Bai et al., 2022; 

Legette et al., 2012). The concentration✁time curve of XH exhibits a double✁peak 

phenomenon with high concentrations at 0.5-2 h and 8-12 h postprandially (Bai et al., 2022; 

Legette et al., 2012). Similar response was observed in rats treated with XH containing the 

extract (Nowak et al., 2020). The double✁peak response evidences both small and large 
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Xanthohumol is mainly excreted as XH followed by IX, 8-PN and 6-PN, and the main 

excretion route of XH and its metabolites is through the feces and less through the urine 

(Avula et al., 2004; Bai et al., 2022; Nookandeh et al., 2004). The metabolism of XH and IX 

and the formation of 8-PN by metabolism were confirmed in the feces of rats fed with hops 

extracts (Jirásko et al., 2010). Similar to the pharmacokinetic in rats, the absorption pattern 

of XH in human is low, biphasic that involves an enterohepatic recirculation (Legette et al., 

2014; van Breemen et al., 2014), and XH and IX conjugates are the major circulating 

metabolites (Legette et al., 2014). The similarity in the metabolism between rats and 

humans, allows for the translation of animal study findings to future clinical studies (Liu et al., 

2015).  

As mentioned, hops extracts consist of a variety of components that affect a wide range of 

biological targets, leading to various pharmacological actions (Bolton et al., 2019). Once the 

individual pharmacological effects have been attributed to certain phytocomponents and the 

interactions of the compounds are known, specialized extracts can be developed (Bolton et 

al., 2019). Depending on the biological purpose, the extract can be created by eliminating 

✁☎�✞✝✁�✄✞✛-out/-☛✝✏✞✆✄ compounds that interfere with the desired bioactivity or are 

✕✔✒✍✝✞✒✄✓✖✔ ✟✝✕ ✁✞☛✔✒✄✕✆✓✖✔ ✔✟✟✔✁✂✒✁ ✝✕ ✓✑ ✔✞✕✄✁✎✄✞✛ ✁☎�✞✝✁�-✔☛✄✞✆✄ ✁✝✄✍✝✁✞☛✒ ✏✄✂✎ ✂✎✔

desired activities for an optimum efficiency (Bolton et al., 2019). In such context, Dietz et al. 

(2017) and Ramos Alvarenga et al. (2014) generated DESIGNER extracts (Deplete and 

Enrich Select Ingredients to Generate Normalized Extract Resources). These extracts were 

created to maximize beneficial results and limit possible adverse effects (Dietz et al., 2017; 

Ramos Alvarenga et al., 2014). In this sense, combined estrogenic and chemopreventive 

properties would be beneficial for postmenopausal women, whereas chemoprevention 

without estrogenic activities would be useful for premenopausal women. Thus, it is thought 

only postmenopausal women would likely benefit from the 8-PN estrogenic component 

(Bolton et al., 2019).  

1.2. Estrogen receptor and aryl hydrocarbon receptor signaling pathways  

1.2.1. Structural properties and mechanisms of signaling of estrogen 
receptors 

The ER is a ligand-induced nuclear transcription factor that is a member of the nuclear 

receptor family (Klinge, 2001; Swedenborg & Pongratz, 2010; Tarnow et al., 2019). There 

✆✕✔ ✂✏✝ ☞✡ ✄✒✝✟✝✕✄✒ ✂✎✆✂ ✒✎✆✕✔ ✒✄✛✞✄✟✄✁✆✞✂ ✒✔�✁✔✞✁✔ ✎✝✄✝✖✝✛✑✗ ☞✡✌ ✆✞☛ ☞✡�✁ The structure 

✝✟ ☞✡✌ ✆✞☛ ☞✡✝ ✄✒ ✁✝✄✍✝✒✔☛ ✝✟ ✂✎✕✔✔ ✄✆✄✞ ☛✝✄✆✄✞✒ ✁☎✄✛✁✕✔ ✂�✄✗ ✂✎✔ ✚-terminal domain 

(NTD), the DNA-binding domain (DBD), and the ligand-binding domain (LBD) (Fuentes & 

Silveyra, 2019; Klinge, 2001). The NTD or A/B domain, which contains activation function 1 

(AF-1), is responsible for protein-protein interactions and transactivation, and functions 
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independently of ligands (Ellmann et al., 2009). The DBD contributes to ER dimerization and 

binding to specific sequences in the chromatin. These canonical sequences are known 

collectively as estrogen response elements (ERE) (Ellmann et al., 2009; Fuentes & Silveyra, 

2019). The carboxy terminal domain, LBD (E domain), which contains activation function 2 

(AF-2), is a ligand-dependent domain that represents an interaction site for co-activators and 

co-repressors (Ellmann et al., 2009). The DBDs of both receptors share 97% sequence 

similarity, while the LBDs share only 60% of their sequences. However, both receptors have 

similar affinities for E2 (Hewitt & Korach, 2008). 

 

Figure 15. Structural organization of estrogen recep✂✝✕✒ ✁☞✡✌ ✆✞☛ ☞✡�✄✁ ☎✄✛✁✕✔ ✂✆�✔☛ and 

modified from Fuentes & Silveyra (2019). 

The mechanism of ER action involves different pathways, based on the outcome of cellular 

events, the so-called classical and non-classical pathways. In the classical or genomic 

pathway (Figure 16, 1), the binding of ligands with ERs in the cytoplasm of target cells 

induces a conformal change in the receptor that promote dimerization (Ellmann et al., 2009; 

Fuentes & Silveyra, 2019; Kumar & Thompson, 1999). The ligand bound ER dimer is 

translocated to the nucleus, where it binds to the chromatin at EREs sequences located in 

the promoters of target genes (Klinge, 2001). The ligand✁receptor complex interacts with co-

activator and co-repressor molecules and modulates the transcription rates of target genes 

(Fuentes & Silveyra, 2019; Klinge, 2001).  
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Figure 16. Schematic representation of estrogen receptors genomic and non-genomic 

pathways. Figure taked and modified from Björnström & Sjöberg (2005).  

In the non-classical (non-genomic) pathway (Figure 16, 2 to 4), the ERs do not operate as 

transcription factors in the nucleus and involve three different mechanisms:  

2. ERE independent genomic signaling: this mechanism invol☎✔✒ ✆ ☎✂✔✂✎✔✕✄✞✛✆ ✝✟ ✂✎✔

ligand-activated receptor to other transcription factors that are directly bound to DNA via 

their respective response elements. One of the best-described examples includes the 

interaction of ER with Fos and Jun proteins at the activator protein 1 (AP-1) binding sites in 

genes encoding ovalbumin, insulin-like growth factor 1 (IGF1), collagenase, cyclin D1 and 

choline acetyltransferase. Other transcription factors include Sp1 transcription factor, nuclear 

✟✆✁✂✝✕ ✂✟ ✁✚☎✂✟✄✁ ������✔✞✎✆✞✁✔✕ ✓✄✞☛✄✞✛ ✍✕✝✂✔✄✞ ✝ ✁��☞✟✙✝✄✁ ✞��� ✓✄✞☛✄✞✛ ✍✕✝✂✔✄✞ ✂

(GATA1) and signal transducer and activator of transcription 5 (STAT5) (Björnström & 

Sjöberg, 2005).  

3. Ligand-independent signaling: this mechanism causes ER activation and target gene 

transcription through phosphorylation of ERs or their associated co-regulators (Binder et al., 

✄�✂�✁ ✟�✁✕✞✒✂✕✁✄ ✂ ✠�✁✓✔✕✛✁ ✄���✁ ✁✕✂✆✄✞✄� ✔✂ ✆✖✁✁ ✄�✂�✄✁ 
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4. Non-genomic signaling: this pathway starts with the binding of ligands with ERs located at 

the plasma membrane resulting in the activation of various protein-kinase cascades 

✁✁✕✂✆✄✞✄� ✔✂ ✆✖✁✁ ✄�✂�✄✁ �✎✔ ✖✄✛✆✞☛✁receptor binding complex can cause not only activation of 

kinase signaling cascades, but also mobilization of intracellular calcium, stimulation of 

adenylate cyclase activity and cyclic adenosine monophosphate (cAMP) production (Binder 

✔✂ ✆✖✁✁ ✄�✂�✁ ✟�✁✕✞✒✂✕✁✄ ✂ ✠�✁✓✔✕✛✁ ✄���✁ ✁✕✂✆✄✞✄� ✔✂ ✆✖✁✁ ✄�✂�✄✁  

1.2.2. Structural properties and mechanisms of signaling of aryl hydrocarbon 
receptor 

Aryl hydrocarbon receptor (AHR) is a ligand-induced nuclear transcription factor that is 

member of the basic helix-loop-helix (bHLH) receptor family (Klinge, 2001; Swedenborg & 

Pongratz, 2010; Tarnow et al., 2019). The structure of AHR, AHR nuclear translocator 

(ARNT) and its regulator, AHR repressor (AHRR) is shown in Figure 17. The AHR is 

composed of three main domains: the bHLH domain at the N terminal region, PER-ARNT-

SIM (PAS) domain and the carboxy-✂✔✕✄✄✞✆✖ ☛✝✄✆✄✞✁ �✎✔ ✓✠✂✠✁ ✏✎✄✁✎ ✁✝✞✒✄✒✂✒ ✝✟ ✂✏✝ ✌-

helices separated by a non-helical loop, allows the dimerization with ARNT, the binding of 

DNA and the interactions with chaperones such as Hsp90 (Heat Shock Protein 90). The 

PAS domain consists of two structural repeats A and B. PAS A is involved in the 

dimerization with ARNT and PAS B also allows ligand binding (Larigot et al., 2018; 

Monostory & jean marc, 2008). The carboxy-terminal domain, which contains transcriptional 

activation domains, allows interaction with co-activators and co-repressors. The structure of 

ARNT is similar to that of AHR in terms of the bHLH and PAS A domains, which are involved 

in the dimerization with AHR and in DNA-binding. However, in spite of the presence of a 

PAS B domain, ARNT is not able to bind ligands (Larigot et al., 2018; Monostory & jean 

marc, 2008). The structure of AHRR is similar to the AHR and ARNT structures but lacks a 

ligand-binding domain (PAS B) and a transactivation domain. The AHRR binds to co-

repressors, which are involved in a negative regulatory loop for AHR (Larigot et al., 2018). 
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Figure 19. Proposed mechanisms of crosstalk between aryl hydrocarbon receptor (AHR) 

and estrogen receptor (ER) signaling pathways. Figure taked from Swedenborg & Pongratz 

(2010). 

1.2.4. Modulation of estrogen receptor and aryl hydrocarbon receptor by hops 
compounds 

Different in vivo and in vitro studies have demonstrated that 8-PN is the most estrogenic 

compound in the extract (Krause et al., 2014; Milligan et al., 1999; Nasri & Pohjanvirta, 2021; 

Overk et al., 2005, 2008; Zierau et al., 2002). On the molecular level, 8-PN preferentially 

✟✁✞✁✂✄✝✞✒ ✂✎✕✝✁✛✎ ✂✎✔ ☞✡✌ ✁✠✔✖✖✔ ✔✂ ✆✖✁✁ ✄�✂�✁ ✠✁✎✆✔✟✔✕ ✔✂ ✆✖✁✁ ✄��✘✄✁ ✠✂✁☛✄✔✒ ✍✔✕✟✝✕✄✔☛ ✄✞

rats observed that 8-PN increases the uterine wet weight, further demonstrating its 

estrogenic effects, but also raises questions concerning its safety with respect to the 

promotion of E2-dependent tumor growth (Diel et al., 2004; Zierau et al., 2008). However,   

8-PN containing hops extract was not shown to increase uterine wet weight (Keiler et al., 

2017a). This different responsiveness between pure compound and extract could be 

explained by the presence of other bioactive compounds like XH or 6-PN (Bolton et al., 

2019; Dietz et al., 2017). By the one hand, XH antagonizes the estrogenic effect of 8-PN in 

Ishikawa cells (Dietz et al., 2017). The antiestrogenic effect of XH could be through inhibiting 

aromatase activity and thus, estrogen formation (Monteiro et al., 2007). Another reason 

could be due to the fact that XH inhibits estrogen-induced tumor growth in breast cancer by 
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inducing G1-arrest (Yoshimaru et al., 2014). Thus, since the concentration of XH in hops 

extracts is higher than that of 8-PN (van Breemen et al., 2014), XH might reduce the 

proliferative activities of 8-PN in the whole hop extract. By the other hand, 6-PN is an AHR 

agonist that induces the metabolism of estrogens in breast cancer cells by the increase of 

CYPA1 and CYP1B1 expressions (Hitzman et al., 2020; Wang et al., 2016).  

1.3. Models for estrogen carcinogenesis and chemopreventive study   

It is well-known that estrogens stimulate the proliferation of reproductive tissues, leading to 

pathological processes such as endometrial carcinogenesis (Santen et al., 2010). One 

chemopreventive mechanism involved in estrogen carcinogenesis is explained by the key 

role of CYP1s on estrogen metabolism. The CYP1A1 and CYP1B1 metabolize estrogens 

into 2-hydroxylated and 4-hydroxylated catechols, respectively (Cavalieri et al., 1997; 

Lakhani et al., 2003). The estrogen metabolism catalyzed by CYP1A1 is considered a 

detoxification pathway and the metabolite, 2-Methoxyestradiol, has antiproliferative/ 

anticancer activity (Gong et al., 2011; Lakhani et al., 2003; Tarnow et al., 2019). In contrast, 

the estrogen metabolism catalyzed by CYP1B1 is considered a genotoxic pathway due to 

the formation of reactive quinones, which causes DNA damage (Cavalieri et al., 1997). Thus, 

the estrogen metabolism catalyzed by CYP1B1 in the endometrium is thought to be an 

important event in endometrial cancer etiology (Rylander-Rudqvist et al., 2004).  

The expression of both CYP1A1 and CYP1B1 are controlled by AHR. Thus, exposure to 

AHR ligands leads to increased metabolic elimination of estrogens (Shanle & Xu, 2011). As 

mentioned before, the AHR can control estrogen action through the induction of ER 

degradation and inhibition of estrogen signaling (Wormke et al., 2000, 2003). It has been 

demonstrated that AHR agonists exert significant antiestrogenic activity in both endometrial 

cancer cell lines and rat uterus (reviewed in Safe & Wormke, 2003; Helle et al., 2014). Thus, 

since endometrial cancer is associated with estrogen exposure (Santen et al., 2010), such 

antiestrogenic activity mediated by AHR might prevent endometrial carcinogenesis. The 

protective effect of AHR on endometrial carcinogenesis was demonstrated in aging female 

rats treated with 2,3,7,8-tetraclorodibenzo-p-dioxina (TCDD), a well-known AHR agonist, 

with a reduction of spontaneous uterine tumors (Kociba et al., 1978). In addition, 

epidemiological studies have shown that cigarette smoke, which contains AHR active 

compounds, could protect against uterine cancer (reviewed in Safe & Wormke, 2003). 

Another key target gene activated in the AHR genomic pathway related to anti-carcinogenic 

activity is the AHRR (Vogel & Haarmann-Stemmann, 2017), whose expression is inversely 

correlated with tumor cell growth (Zudaire et al., 2008). The activity of AHRR as a tumor 
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suppressor gene was demonstrated in several types of cancer, including colon, breast, lung, 

stomach, cervix, and ovary (Vogel & Haarmann-Stemmann, 2017; Zudaire et al., 2008).  

1.3.1. In vitro and in vivo models for the study of estrogen carcinogenesis 

The possibility of working under standardized conditions makes cell lines extremely useful 

for the discovery of molecular mechanisms and biological pathways related to an observed 

phenotype, while also allowing for cost-effective high-throughput screenings (Van Nyen et 

al., 2018). The most commonly known endometrial cancer cell lines (AN3-CA, ECC-1, 

HEC1A, HEC1B, Ishikawa, and KLE) are endometrial cancer type I (Skok et al., 2020; Van 

Nyen et al., 2018). Among these cell lines, the Ishikawa cells line was first described by 

Nishida et al. (1985) and Nishida (2002). This cell line was established from an endometrial 

adenocarcinoma G1 from a 39-year-old woman. This cell line is characterized to form a 

monolayer in a mosaic fashion with piling. Although Ishikawa cells express both ER and PR, 

the expression of both receptors disappears after long-term culture, thus cells tend to 

transform into undifferentiated ones (Nishida, 2002).  

Despite in vitro assays can identify substances with estrogenic activity; endocrine 

metabolism pharmacokinetics indicates the need to use in vivo assays in the overall 

evaluation of potential estrogenic compounds (Clode, 2006; Kleinstreuer et al., 2015). In this 

context, the uterotrophic assay emerges as a robust test to evaluate compounds suspected 

of being estrogenic and it was validated by the Organization for Economic Cooperation and 

Development (OECD) (Kanno et al., 2003; Owens & Koëter, 2003). Since then, the 

✁✂✔✕✝✂✕✝✍✎✄✁ ✆✒✒✆✑ ✄✒ ✁✝✞✒✄☛✔✕✔☛ ✂✎✔ ☎✛✝✖☛ ✒✂✆✞☛✆✕☛✆ ✂✔✒✂ ✂✝ ✄☛✔✞✂✄✟✑ ☞✡ ✆✛✝✞✄✒✂✒ (U.S. EPA, 

2011). The uterotrophic response is mediated v✄✆ ☞✡✌✁ ✂✎✁✒ ✝✞✖✑ ✁✝✄✍✝✁✞☛✒ ✂✎✆✂ ✆✕✔ ✆✓✖✔ ✂✝

✓✄✞☛✁ ✆✁✂✄☎✆✂✔ ✝✕ ✄✝☛✁✖✆✂✔ ☞✡✌ ✔✖✄✁✄✂✒ ✆ ✍✝✒✄✂✄☎✔ ✕✔✒✍✝✞✒✔ ✁✞✄✓✒✝✞ ✂ ✠✆✁✞☛✔✕✒✁ ✄�✂�✄✁  

The uterotrophic assay uses either sexually mature ovariectomized or sexually immature 

female rats. The intact female rats are used because do not produce endogenous estrogens 

and consequently the uterus becomes sensitive to external estrogenic substances (U.S. 

EPA, 2011). The uterotrophic assay is based on the classical physiological response of the 

uterus following E2 treatment: increased uterine weight (Gibson & Saunders, 2014). The 

treatment with E2 increases electrolytes and water imbibition and induces cell division as 

part of uterine growth. The peak of mitotic division occurs approximately 24 h after E2 

administration with high response in the epithelium, followed by the stroma, and the 

myometrium (U.S. EPA, 2011). Therefore, a compound is considered estrogenic if it 

increases the uterine weight or alters other endpoints such as epithelial proliferation, 

epithelial cell height, or the expression of estrogen-response genes (Gibson & Saunders, 

2014). 
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Based on the strong associations found between ER✌ ✆✞☛ �✠✡ ✒✄✛✞✆✖✄✞✛ ✄✞ ✔✝✍✔✕✄✄✔✞✂✆✖

models of breast cancer and on the link between estrogen signaling and endometrial cancer 

(Rodriguez et al., 2019), we hypothesize that:  

a) The difference in the effect of 8-PN and hops extract on the endometrium could be 

explained by looking for potential interactions of the far less studied 6-✙✚ ✏✄✂✎ ☞✡✌ ✆✞☛

AHR pathways to better understand its mode of action; 

b) The reduction of XH amount in hops extract and consequently on the 8-PN 

bioavailability in the organism could have an impact on the estrogenic response of the 

extract in ovariectomized rats.
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2. Goals 

2.1. Main goal  

To determine the estrogenic effects of hops extract by using in vivo and in vitro studies and 

to evaluate the molecular mechanisms of anti-carcinogenic process in order to propose hops 

extract as a safe compound. 

 

2.2. Specific goals 

EXPERIMENT I. To evaluate the effects of hops extract and its bioactive compounds (6-PN 

and 8-✙✚✄ ✝✞ ☞✡✌ ✆✞☛ �✠✡ ✒✄✛✞✆✖✄✞✛ ✍✆✂✎✏✆✑✒✁ ✄✞ ✆ ✎✁✄✆✞ ✔✞☛✝✄✔✂✕✄✆✖ ✁✆✞✁✔✕ ✁✔✖✖ ✖✄✞✔✁ �✝

this end, we aimed to determine: 

a) the estrogenic effects of hops extract and its bioactive compounds (6-PN and 8-PN), 

b) ✂✎✔ ✆✁✂✄☎✆✂✄✝✞ ✝✟ ☞✡✌ ✆✞☛ �✠✡ ✓✑ ✎✝✍✒ ✆✞☛ ✄✂✒ ✓✄✝✆✁✂✄☎✔ ✁✝✄✍✝✁✞☛✒✁ 

c) the potential interactions of 6-✙✚ ✏✄✂✎ ✓✝✂✎ ☞✡✌ ✆✞☛ �✠✡ ✍✆✂✎✏✆✑✒✁ ✂✝ ✔✝✍✖✆✄✞ ✂✎✔

difference in the estrogenic effect of 8-PN and hops extract on the endometrium,  

d) ✂✎✔ ✛✔✞✔ ✔✝✍✕✔✒✒✄✝✞ ✝✟ ✒✝✄✔ ✄✔☛✄✆✂✝✕✒ ✆✞☛ ✂✆✕✛✔✂✒ ✝✟ ☞✡✌ ✆✞☛ �✠✡ ✒✄✛✞✆✖✄✞✛

pathways involved in chemopreventive processes. 

EXPERIMENT II. To evaluate the safety of the use of a standardized hops extract and an 

extract reduced in XH (named knock-out Hops: KO-Hops) through a classical uterotrophic 

assay. To this end, we aimed to: 

a)  provide additional information regarding the estrogenic effect of a standardized hops 

extract and if the knock-out Hops has estrogenic effect, 

b) determine if several uterine estrogen-dependent endpoints are affected by the 

treatment. 
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3. Materials and Methods 

3.1. Substances and extract 

The extracts were obtained from the Department of Medicinal Chemistry and 

Pharmacognosy at the University of Illinois, Chicago (UIC) in cooperation with the UIC's 

Center for Botanical Dietary Supplements Research. Hydroalcoholic extract (UIC Botanical 

Center voucher code #BC402) from spent hops was prepared using good manufacturing 

practice at Hopsteiner (New York, NY, USA). The preparation and standardization (chemical 

and biological) of the hops extract used has been previously described in detail (Krause et 

al., 2014; van Breemen et al., 2014). Briefly, hops with an optimum content of 

prenylated flavonoids were extracted with ethanol, and the bitter acids were removed by 

supercritical fluid carbon dioxide extraction of the dried crude extract. The resulting spent 

hops extract was provided as a dry, pale yellow powder. The details of the chemical 

standardization of the spent hops extract for four marker compounds (XH, IX, 8-PN, 6-PN) 

have been reported using LC-MS (Krause et al., 2014) as well as UHPLC and qHNMR 

(Ramos Alvarenga et al., 2014).  

For EXPERIMENT I: 8-PN was synthesized from naringenin as previously described by 

Gester et al. (2001). The purity of the compound was assessed to be > 99% by gas 

chromatography and HPLC. All solvents were HPLC grade and purchased from Thermo 

Fisher (Fair Lawn, NJ, USA). Purified water was prepared by using a Millipore Milli-Q 

purification system (Millipore, Billerica, MA, USA).  

3-methylcholanthrene (3-MC), E2, and dimethyl sulfoxide (DMSO) were purchased from 

Sigma-Aldrich (St. Louis, Missouri, USA) and 6-PN from Sigma-Aldrich (Prague, Czech 

R✔✍✁✓✖✄✁✄✁ �✖✖ ✁✝✄✍✝✁✞☛✒ ✏✔✕✔ ✒✂✝✕✔☛ ✆✂ ✂✄�✄� ✁✞✂✄✖ ✁✒✔ ✆✞☛ ✒✎✝✏✔☛ ✞✝ ☛✔✂✔✁✂✆✓✖✔ ✒✄✛✞✒ ✝✟

degradation over time. Treatments were performed using serial dilutions of hops extract, test 

compounds, and controls in DMSO. As references, 10-8 M E2 and 10-6 M 3-MC were used 

✆✒ ✍✝✒✄✂✄☎✔ ✁✝✞✂✕✝✖✒ ✝✟ ☞✡✌ ✆✞☛ �✠✡ ✍✆✂✎✏✆✑✒✁ ✕✔✒✍✔✁✂✄☎✔✖✑✁ �✖✖ ✂✔✒✂ ✁✝✄✍✝✁✞☛✒ ✏✔✕✔

dissolved in DMSO and added in a way that the DMSO concentration in the test did not 

exceed 0.1%. 

For EXPERIMENT II: E2 was purchased from Sigma-Aldrich. The composition of the 

standardized hops extract and the modified hops extract (KO-Hops) is detailed in Table 8. 

Hops extract has relatively high levels of 8-PN and XH, which exerts good estrogenic and 

chemopreventive properties (Dietz et al., 2017). The KO-Hops extract was reduced in XH 

levels and the levels of 8-PN were retained, yielding an extract with minimal 

chemopreventive property but significant estrogenicity provided by 8-PN. This extract was 

generated using countercurrent separation (CCS) in two steps, as described previously 
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(Ramos Alvarenga et al., 2014). The first step produced the initial level of DESIGNER 

✔✝✂✕✆✁✂✒ ✆✞☛ ✂✎✔ ✒✔✁✝✞☛ ✝✞✔ ✔✞✎✆✞✁✔☛ ✂✎✔ ☎�✞✝✁�-✝✁✂✆ ✒✔✖✔✁✂✄☎✄✂✑✁ �✎✔ ��✠ ✁✂✄✖✄✁✔✒

✄✄✄✄✒✁✄✓✖✔ ✖✄�✁✄☛✂✖✄�✁✄☛ ✂✏✝-phase solvent systems as chromatographic phases.  

Table 8. Content of bioactive compounds in Hops and KO-Hops extracts. 

Compoud Hops KO-Hops Hops/KO-Hops 

XH 33% 0.07% 471.43 

IX 1.50% 1.34% 1.12 

8-PN 0.33% 0.25% 1.32 

6-PN 1.10% 0.08% 13.75 

DMX ~1% 0.10% 10 

XH/8-PN 100 2.8  

 

3.2. EXPERIMENT I (in vitro) 

3.2.1. Cell line and culture conditions 

The human endometrial adenocarcinoma cell line Ishikawa was provided by Masato Nishida, 

Department of Obstetrics and Gynecology, University of Tsukuba (Nishida et al., 1985). 

�✔✖✖✒ ✏✔✕✔ ✁✁✖✂✁✕✔☛ ✄✞ �✁✖✓✔✁✁✝✂✒ ✄✝☛✄✟✄✔☛ ☞✆✛✖✔✂✒ ✄✔☛✄✁✄ ☎✂✄�☎✂✄ ✂✗✂ ✁��☞��☎✂✄✄

(Biowest, Germany), supplemented with 10% fetal bovine serum (FBS) and 1% Insulin-

Transferrin-Selenium A (ITS) (Gibco-BRL, Grand Island, NY, USA), and maintained in 

culture 75 cm2 flask at 5% CO2 and 37°C. The medium was replaced every 48 h. Ishikawa 

cells were grown to 80% of confluence and enzymatically detached by trypsin and (0.05%) 

EDTA at 37°C. 

3.2.2. Trypan blue dye exclusion assay 

To determine the optimal concentrations of hops extract and its bioactive compounds for 

subsequent experiments in Ishikawa cells, different concentrations of hops extract (0.7 

✂✛�✄✖✁ ✆ ✂✛�✄✖✁ ✆� ✂✛�✄✖✄✁ �-PN (10-7 M, 10-6 M, 10-5 M) and 8-PN (10-7 M, 10-6 M, 10-5 M) 

were tested, as was previously evaluated (Hitzman et al., 2020; Overk et al., 2005; Wang et 

al., 2016). Cells were seeded in a total volume of 2 ml at a density of 200,000 cells per well 

in a 6 well plate until monolayer formation (24 h). The next day, the medium was removed 

and replaced by a new medium with the tested substances for 24 h and incubated at 5% 

CO2 and 37°C for 24 h. The cells were washed twice with PBS and all supernatant was 

collected in Falcon tubes (one per each well). Then, the cells were detached using 

trypsin/EDTA for 7 min at 37°C. The trypsin reaction was stopped by cell culture medium 

addition. The cell suspension was collected in a Falcon tube and centrifuged at 900 g for 5 
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✄✄✞✁ �✎✔ ✒✁✍✔✕✞✆✂✆✞✂ ✏✆✒ ☛✄✒✁✆✕☛✔☛✁ ✆✞☛ ✏✔ ✍✕✔✍✆✕✔☛ ✆ ✁✔✖✖ ✒✁✒✍✔✞✒✄✝✞ ✏✄✂✎ ✂� ✂✖ ✝✟ ✁✔✖✖✒

✆✞☛ ✂� ✂✖ ✝✟ �✁�✁ �✕✑✍✆✞ ✟✖✁✔ ✁�✔✕✁�✁ U.S) to be counted on the haemocytometer 

(Neubauer counting chamber). 

Viability (%) was calculated as follows: viable cells count (unstained cells count)/ total cells 

count (stained cells count + unstained cells count) x 100. Results are expressed relative to 

the results of the vehicle control. The exclusion criterion was to reject the concentrations that 

caused a viabil✄✂✑ � ☎�✁ ✆✞☛ ✒✎✝✏✔☛ ✆ statistically significant difference respect to the 

vehicle, for considering them toxic. 

3.2.3. Luciferase assay for dioxin response element and estrogen response 
element activation 

Ishikawa cells were cultured in DMEM/F12 medium without phenol red containing 5% 

dextran charcoal-treated FCS (DCC-FCS, Invitrogen, Karlsruhe) and 1% ITS for 48 to 72 h. 

For transfection, cells were transferred to a 24 well plate at the required density of 40,000 

cells with 500 µl of DMEM/F12 - DCC-FCS 5% - ITS 1% medium per well. Cells were 

incubated for 24 h and transfected at 80% confluence with luciferase and renilla plasmids. 

The 2xERE-tk-luc and the DRE3 reporter plasmids were kindly provided by Dr. Luisella 

Toschi (Schering AG, Berlin) and Stephen Safe (Texas A&M University), respectively.  

The 2xERE-tk-luc (400 ng) and the DRE3 (200 ng) reporter plasmids were mixed with 1.5 

µg/ml or 0.75 µg/ml of Attractene Transfection Reagent (Qiagen), respectively, and 

incubated for 10-15 min at RT. The transfection complex was then added to each well and 

incubated for 24 h. At the end of this period, the medium was removed and replaced by 

DMEM/F12 medium containing 5% DCC-FCS and 1% ITS with hops extract or the 

compounds. After 24 h incubation, cells were harvested and luciferase activity was 

measured using a commercial kit (Promega, Mannheim, Germany) according to the 

✄✆✞✁✟✆✁✂✁✕✔✕✂✒ ✄✞✒✂✕✁✁✂✄✝✞✒ ✁✒✄✞✛ ✂✎✔ ☎✂��✒✂✆✕ �✙�✁�� ✖✁✄✄✞✝✄✔✂✔✕ ✁✟�✞

Labtechnologies, Germany). 

Results were normalized against total protein content, which was determined using 

bicinchoninic acid. The results were plotted as fold induction respect of control (DMSO). E2 

was used as a positive control for the ☞✡✌ ✍✆✂✎✏✆✑ ✆✞☛ ✘-MC as a positive control for the 

AHR pathway. All measurements were performed in triplicate for each tested concentration 

and analyzed from at least three independent experiments. 

3.2.4. Alkaline phosphatase activity  

The alkaline phosphatase (AlkP) induction assay was designed to evaluate the estrogen-

induced production of the AlkP, an enzyme known to be regulated by ovarian hormones in 
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the uterus (Holinka et al., 1986). The induction of AlkP activity indicates an estrogenic 

response, whereas inhibition represents an antiestrogenic effect (Pisha & Pezzuto, 1997). 

Forty-eight to 72 h before treating the cells, the growth medium was replaced with 

DMEM/F12 containing 5% DCC-FCS and 1% ITS. For experiments, Ishikawa cells were 

cultured into a 96 well plate at the required density of 11,000 cells in DMEM/F12 - DCC-FCS 

5% - ITS 1% medium with DMSO, E2, or different concentrations of hops extract, 8-PN or   

6-PN per well for 72 h, as previously described (Wober et al., 2003). After 72 h incubation 

with hops extract or the compounds, cells were lysed by freezing at -80°C after washing 

twice with PBS and resuspended in reaction buffer (274 mM mannitol, 100 mM CAPS, 4 mM 

MgCl2, pH 10.4) containing 5 mM p-nitrophenylphosphate, according to Littlefield et al. 

(1990) and following protocols previously described (Wober et al., 2003). The reaction was 

incubated for 60 minutes at 25ºC, protected from light.  

AlkP activity was assayed by a method involving the hydrolysis of p-nitrophenylphosphate to 

p-nitrophenol at pH 10.4 and the spectrometric determination of the kinetic of the product 

formation at 405 nm. Results are expressed relative to the control (DMSO). E2 was used as 

a positive control for estrogenicity. All measurements were performed in triplicate for each 

tested concentration and analyzed from at least three independent experiments. 

3.2.5. Determination of gene expression 

Ishikawa cells were seeded in a plastic culture 25 cm2 flask with DMEM/F12 - FBS 10% - 

ITS 1% medium with DMSO, E2, 3-MC or different concentrations of hops extract, 8-PN or 

6-PN for 24 h. Total RNA from cultured cells was isolated after treatment using Tri-☎✆✒✂�

(Peqlab VWR, Germany) according to the manufacturer´s instructions. Genomic DNA 

contamination was removed by enzymatic digestion (RQ1 DNase, Promega, USA) and 

checked by PCR. First-✒✂✕✆✞☛ ✁�✚� ✒✑✞✂✎✔✒✄✒ ✏✆✒ ✍✔✕✟✝✕✄✔☛ ✓✑ ✄✄✝✄✞✛ ✄ ✂✛ ✝✟ ☛✄✛✔✒✂✔☛

RNA with MMLV reverse transcriptase (Promega, USA) and Oligo (dT) 12-18 primers 

(Eurofins MWG Operon, Germany). Quantitative real-time polymerase chain reaction 

(qPCR) was applied for cDNA amplification with SybrGreen I (Sigma-Aldrich, Taufkirchen, 

Germany) as the detection dye using the iCycler iQTM Real-Time PCR Detection System 

(BioRad, USA). After initial denaturation at 95°C for 15 min, the reaction mixture was 

subjected to successive cycles of denaturation at 95°C for 15 sec, annealing at 56-60°C for 

15 sec, and extension for 15 sec at 72°C. Product purity was confirmed by melting curves 

analysis and random samples were subjected to agarose gel electrophoresis. In all assays, 

controls containing no template DNA were included, yielding no consistent amplification. 

Primer sequences are summarized in Table 9. The relative mRNA amounts of target genes 

were calculated after normalization to an endogenous reference gene (ribosomal protein 
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S18). Results are expressed as relative amounts of mRNA compared to the vehicle-treated 

cells using the 2-✁✁�✂ method (Pfaffl, 2001). All PCR reactions were conducted from at least 

three independent cell culture experiments. 

Table 9. Primers* used for gene expression analysis by qPCR.  

Gene name ✙✕✄✄✔✕ ✒✔�✁✔✞✁✔ ✁�✄✁✘✄✄ Amplicon size (bp) 

AHR f: CGTGGGTCAGATGCAGTACAA 144 

 r: AGTGGCTGAAGATGTGTGGT  

AHRR f: GGCCCTGACCTTGTCCTT 150 

 r: CTGTGCTTTCCCGCTGTC  

ARNT f: CCAGCAGCCTCATCATCGTT 124 

 r: GCTGTTGCTCTGATCTCCCA  

C3 f: TGCGGCTACCCTACTCTGTTGTTCG 250 

 r: GACGGCAGCCTTGACTTCCACTTCC  

CLU f: CCCCACCGGAGGCCTCACTTCTT 285 

 r: CCCGGCACTTGTCACACTGGTCCT  

CYP1A1 f:  CTTCCGACACTCTTCCTTCG 123 

 r: GGTTGATCTGCCACTGGTTT     

CYP1B1  f: AACGTACCGGCCACTATCAC 140 

 r: CCACGACCTGATCCAATTCT  

ESR1 f: CTGGCCCAGCTCCTCCTCATCCT 194 

 r: CAAGTGGCTTTGGTCCGTCTCCTC  

PCNA f: CCACTCCACTCTCTTCAACGG 128 

 r: TCCTTCTTCATCCTCGATCTTGG  

RPS18 f: TCTAGTGATCCCTGAAAAGTTCC  152 

  r: CGTGGATTCTGAATAATGGTG  

AHR, aryl hydrocarbon receptor; AHRR, aryl hydrocarbon receptor repressor; ARNT, aryl 

hydrocarbon receptor nuclear translocator protein; C3, complement component 3; CLU, 

clusterin, CYP1A1, cytochrome P450 1A1, CYP1B1, cytochrome P450 1B1; ESR1, estrogen 

✕✔✁✔✍✂✝✕ ✌✁ ✙�✚�✁ ✍✕✝✖✄✟✔✕✆✂✄✞✛ ✁✔✖✖ ✞✁✁✖✔✆✕ ✆✞✂✄✛✔✞✁ ✡✙✠✂☎✁ ✕✄✓✝✒✝✄✆✖ ✍✕✝✂✔✄✞ ✠✂☎✁  

*All primers were designed according to human sequences.  

3.3. EXPERIMENT II (in vivo) 

3.3.1. Animals 

All usage of animals (housing, handling, and experimental techniques) were in accordance 

with the codes set out in the Declaration of Helsinki, as well as in agreement with the ethical 
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standards of the European as well as the German Animal Welfare legislation. Experiments 

were planned and conducted to follow closely to the 3R (replacement, reduction, refinement) 

principles of animal welfare. All procedures were licensed and carried out according to the 

institutional and state Animal Care and Use Committee guidelines, regulated by the German 

Federal laws for animal welfare. 

Young adult female Wistar rats were maintained under controlled conditions of temperature 

(20 ± 1°C, relative humidity 50-80%) and illumination (12 h light/12 h darkness). Animals 

were housed in open cages (Tecniplast) with four to six animals/cage. All rats had free 

access to water and a standard phytoestrogen free rat diet (Teklad Global Diet, 2019 Harlan, 

Madison, WI, USA) since PND 21. 

3.3.2. Experimental procedures 

The timeline of experimental handling is shown in Figure 20. Seven weeks old rats were 

subjected to ovariectomy (n=40) or sham surgery (SHAM group; n=5). The surgery was 

performed under anesthesia by intramuscular injection of ketamine-✎✑☛✕✝✁✎✖✝✕✄☛✔ ✁☎�✄✛��✛

✓✏✁ �✝✔✂✄✒ �✔✁✂✒✁✎✖✆✞☛ ✞✄✓✠✁ ✟✔✕✖✄✞✁ ✞✔✕✄✆✞✑✄ ✆✞☛ ✝✑✖✆✁✄✞✔ ✁✂�✄✛��✛ ✓✏✁ ✁✑✖✆✕✄✔✄✁

Pharma Partner, Hamburg, Germany). After 14 days of endogenous hormonal decline, the 

animals were exposed for 72 h with the following treatments (5 animals/group):   

Vehicle: Control group; 

Sham surgery + vehicle: SHAM group; 

Ovariectomy + vehicle: Ovx group; 

Ovariectomy + E2 (4 µg/kg bw/day): E2 group; 

Ovariectomy + Hops high (200 mg/kg bw/day): Hops high group; 

Ovariectomy + Hops middle (40 mg/kg bw/day): Hops middle group; 

Ovariectomy + Hops low (8 mg/kg bw/day): Hops low group; 

Ovariectomy + KO-Hops high (200 mg/kg bw/day): KO-Hops high group; 

Ovariectomy + KO-Hops middle (40 mg/kg bw/day): KO-Hops middle group; 

Ovariectomy + KO-Hops low (8 mg/kg bw/day): KO-Hops low group. 

The animals of the Hops and KO-Hops groups were fed with a peanut butter mixture 

(vehicle) enriched with the plant extracts according to their group. The animals of the 

Control, SHAM and Ovx groups were fed with a peanut butter mixture (vehicle). The animals 

of the E2 group were exposed subcutaneously to E2, which was dissolved in DMSO and 

castor oil. All animals had free access to standard diet. The number of animals per group 

was determined according to previous works (Momesso et al., 2021; Overk et al., 2008; 

Stoker et al., 2020). 
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Figure 20. Schematic representation of the experimental protocol used in EXPERIMENT II, 

to study the estrogenic effects of Hops and KO-Hops extracts in the uterus of Wistar rats.  

All animals were sacrificed 24 h after the last day of treatment using CO2 inhalation 

subsequent to a light O2/CO2 anesthesia and the uterus was isolated. One uterine horn was 

snap frozen in liquid nitrogen to perform RT-qPCR. The other uterine horn (1.5 cm) was 

weighed and fixed in a 4% formaldehyde solution (Carl Roth, Karlsruhe/Germany) and 

embedded in paraffin for histological and immunohistochemical analyses, as described 

above (Chapter I, section 3.7 and 3.8).  

3.3.3. Histological analysis 

The thickness of SS and myometrium (circular plus longitudinal) layers were analyzed 

by image analysis, using Fiji software as described above in Chapter I, section 3.9.2.  

The luminal epithelial cell height was evaluated following a similar procedure. Briefly, the 

images were recorded with a Spot Insight V3.5 color video camera, attached to a 

microscope with a Dplan 40× focusing eyepiece, and analyzed by image analysis, using the 

Fiji software. All measurements were made in areas where luminal folds were not present, 

and care was taken to avoid measuring sections that were cut obliquely. To spatially 

calibrate the Image Pro-Plus analyzer, square grids from Neubauer's chamber images were 

captured. Image analysis was performed in at least 15 randomly selected fields per animal. 

The volume fraction of uterine glands was calculated as described above (Chapter I, 

section 3.9.3). 

3.3.4. Quantification of protein expression  

The expression of ESR1 in LE, GE, and SS was evaluated by image analysis, using Fiji of 

Image Pro-Plus, and expressed as IOD, as described above in Chapter I, section 3.10.1. 
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The expression of Ki67 in LE and GE was evaluated as a percentage of Ki67-positive cells 

(see Chapter I, section 3.10.2).  

3.3.5. Determination of gene expression 

Total RNA was isolated from rat uterine horn (50 ✁ 100 mg of sample), using the Micro- 

Dismembrator S (Sartorius) and peq-✞�✂� �✕✄☎✆✒✂ ✄✔✂✎✝☛ ✆✁✁✝✕☛✄✞✛ ✂✝ ✂✎✔ ✄✆✞✁✟✆✁✂✁✕✔✕✂✒

instructions (PEQLAB Biotechnology GmbH, Erlangen, Germany). Possible DNA 

contamination was eliminated by enzymatic digestion with RQ1 RNase-Free DNase, 

(M610A, Promega) and checked with PCR. After DNase-inactivation with 1.25 mM EDTA, 

cDNA synthesis was perfo✕✄✔☛ ✁✒✄✞✛ ✂ ✂✛ ☛✄✛✔✒✂✔☛ ✡✚� ✏✄✂✎ �-MLV Reverse 

�✕✆✞✒✁✕✄✍✂✆✒✔ ✁�✂✆�✟✁ ✙✕✝✄✔✛✆✄✁ ✆✒✒✝✁✄✆✂✔☛ ✓✁✟✟✔✕✁ ✡✚✆✒✔�✁✂� ✁✁✞☎✄✂✕✝✛✔✞✄✁ ☛✚�✙✒

(Invitrogen) and Oligo dT primers (Eurofins). 

Quantitative real-time PCR was performed with SybrGreen I (Sigma) as detection dye using 

the CFX96TM Real-Time System with C1000TM Thermal Cycler (BioRad, Hercules, CA, 

USA). PCR reactions consist of a first denaturing cycle at 95°C 3 min, followed by 40 cycles 

of 15 sec at 95°C, 10 sec at 60°C and 20 sec at 72°C. Fluorescence was quantified at the 

end of the 72°C annealing step and the amplicon specificity was confirmed by a melting 

curve analysis (60-95°C). 

Well-established genes for the evaluation of estrogen influence on the uterus were chosen 

and the associated primers used for RT-qPCR are shown in Table 10. Optimal combinations 

of magnesium chloride and primer concentrations were experimentally determined for every 

qPCR. The relative mRNA amounts of target genes were calculated after normalization to an 

endogenous reference gene (ribosomal protein S18). Results were expressed as relative 

amounts of mRNA compared to the Ovx animals using the 2-✁✁�✂ method (Livak & 

Schmittgen, 2001). 

 

 

 

 

 

 



Chapter II 

80 

Table 10. Primers* used for gene expression analysis by RT-qPCR.  

Gene name ✙✕✄✄✔✕ ✒✔�✁✔✞✁✔ ✁�✄✁✘✄✄ 

Esr1 f: TGAAGCACAAGCGTCAGA GAGAT 

 r: AGACCAGACCAATCATCAGGAT 

Esr2 f: CTACAGAGAGATGGTCAAAAGTGGA 

 r: GGGCAAGGAGACAGAAAGTAAGT 

Pr f: CTACTCGCTGTGCCTTACCA 

 r: GGACCACCCCTTTCTGTCTT 

PCNA f: GAG CAA CTT GGA ATC CCA GAA CAG G 

 r: CCA AGC TCC CCA CTC GCA GAA AAC T 

C3 f: ACA GCC TTC CCG GGA GCA TCA ACA 

 r: AGC GCA CCA CAG GAG GCA CAG AGT C 

Clu f: CCC TCC AGT CCA AGA TGC TCA ACA C 

 r: CCA TGC GGC TTT TCC TGC GGT ATT C  

Rps18 f: CGT GAA GGA TGG GAA GTA TAG C 

 r: TAT TAA CAG CAA AGG CCC AAA G 

C3, complement component 3; Clu, clusterin; Esr1, estrogen receptor ✌✁ Esr2, estrogen 

✕✔✁✔✍✂✝✕ ✝✁ PCNA, proliferating cell nuclear antigen; Pr, progesterone receptor; Rps18, 

ribosomal protein S18. 

*All primers were designed according to rat sequences. 

3.4. Statistical analysis 

EXPERIMENT I. Data are expressed as the mean ± SEM of pooled results obtained from at 

least three independent experiments. Statistical differences were determined by one-way 

✆✞✆✖✑✒✄✒ ✝✟ ☎✆✕✄✆✞✁✔ ✁�✚�✁�✄ ✟✝✖✖✝✏✔☛ ✓✑ �✁✞✞✔✂✂✂✒ ✂✔✒✂ ✁✒✄✞✛ ✂✎✔ ✞✕✆✍✎-Pad Prism 

software Version 5.00 (San Diego, CA, USA). Values ✏✄✂✎ ✍ ✞ �✁�� ✁�✄ ✏✔✕✔ ✕✔✛✆✕☛✔☛ ✆✒

statistically significant. 

EXPERIMENT II. Data are expressed as the mean ± SEM. A Kruskal✁Wallis analysis was 

performed to obtain the overall significance (testing the hypothesis that the response was 

not homogeneous acro✒✒ ✂✕✔✆✂✄✔✞✂✒✄✁ ✟✝✖✖✝✏✔☛ ✓✑ �✁✞✞✂✒ ✄✔✂✎✝☛ ✟✝✕ ✄✁✖✂✄✍✖✔ ✁✝✄✍✆✕✄✒✝✞✒✁

Mann-Whitney U test was used to compare Hops and KO-Hops extract at each dose (Hops 

low vs KO-Hops low, Hops middle vs KO-Hops middle, and Hops high vs KO-Hops high). 

Values with p < 0.05 were accepted as significant. 
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4. Results 

4.1. EXPERIMENT I 

4.1.1. Effects of hops extract, 8-PN and 6-PN on the cell viability of Ishikawa 
cells 

As shown in Figure 21, the extract at 70 µg/ml reduced the cell viability below 80%. Thus, 

this dose was excluded from the experiment. No changes in the cell viability were detected 

in any of the other tested doses of hops extract, or the individual compounds 8-PN or 6-PN.  

 

Figure 21. Effects of hops extract (Hops) and its bioactive compounds on cell viability. 

Ishikawa cells were treated with Hops (0.7 µg/ml, 7 µg/ml, 70 µg/ml), 8✁prenylnaringenin    

(8-PN) and 6✁prenylnaringenin (6-PN) (10-7 M, 10-6 M, 10-5 M). Cell viability was evaluated by 

the trypan blue exclusion assay. Results are expressed as percentage of viability (% 

Viability) respect to the vehicle (DMSO: set to 100%). Data are expressed as the mean ± 

SEM of pooled results obtained from three independent experiments. Statistical significance: 

*p < 0.05 (ANOVA followed by Dunnet✂✒ ✍✝✒✂-hoc test).  

However, the transfection with a 2xERE-tk-luc plasmid in combination with 8-PN at 10-5 M 

appeared to be cytotoxic for the cells. Therefore, we decided to exclude 8-PN at 10-5 M and 

to test an additional 8-PN dose at 10-8 M. Based on these results, we decided to use 0.07 

✂✛�✄✖✁ �✁✆ ✂✛�✄✖ ✆✞☛ ✆ ✂✛�✄✖ ✝✟ ✎✝✍✒ ✔✝✂✕✆✁✂✁ ✂�
-8 M, 10-7 M and 10-6 M of 8-PN, and 10-7 M, 

10-6 M and 10-5 M of 6-PN in all experiments to perform a dose-response analysis. 
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4.1.2. �✁✂✄☎✆✂✄✝✞ ✝✟ �✠✡ ✆✞☛ ☞✡✌ ✍✆✂✎✏ays by positive controls: E2 and 3-MC  

For AHR pathway activation, dose range finding studies from 10✑9 M to 10✑5 M showed 

induction of luciferase reporter gene activity for 3-MC at doses of 10-6 M and 10-5 M (Figure 

22). 

☎✝✕ ☞✡✌ ✍✆✂✎✏✆✑ ✆✁✂✄☎✆✂✄✝✞✁ ☞2 at doses from 10-10 M to 10-7 M showed induction in a dose 

range finding studies from 10✑11 M to 10✑7 M (Figure 22). 

 

Figure 22. Dose-✕✔✒✍✝✞✒✔ ✁✁✕☎✔✒ ✝✟ ✆✁✂✄☎✆✂✄✝✞ ✝✟ ☞✡✌ ✆✞☛ �✠✡ ✍✆✂✎✏✆✑ ✓✑ ☞2 or 3-MC 

treatment. Ishikawa cells were transfected with p 2xERE-tk-luc or p DRE3 for 24 h and then 

treated with E2 or 3-MC, respectively for 24 h. The luciferase activity was measured and 

data are expressed as the mean ± SEM of pooled results obtained from three independent 

experiments. For determination of significance (*p < 0.05), each treatment group was 

compared with the vehicle (DMSO set to 100%) using ANOVA followed by Dunnet✂✒ ✍✝✒✂-

hoc test). 

4.1.3. Hops extract and 6-PN acted as AHR agonists 

Hops extract at a concentration of 7 µg/ml induced an activation of AHR leading to four-fold 

induction of luciferase activity, as did 10-6 M 3-MC (Figure 23). 6-PN at a concentration of  

10-5 M increased the DRE-luciferase activity about three-fold compared to the vehicle, while 

8-PN had not a significant effect at any concentration (Figure 23). 
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Figure 23. Effects of hops extract (Hops) and its bioactive compounds on AHR activation. 

Ishikawa cells were transfected with p DRE3 and then treated with Hops (0.07 µg/ml, 0.7 

µg/ml, 7 µg/ml), 8✁prenylnaringenin (8-PN; 10-8 M, 10-7 M, 10-6 M) and 6✁prenylnaringenin    

(6-PN; 10-7 M, 10-6 M, 10-5 M) for 24 h. 3-MC (10-6 M) was used as positive control. The 

luciferase activity was measured and data are expressed as the mean ± SEM of pooled 

results obtained from three independent experiments. For determination of significance (*p < 

0.05), each treatment group was compared with the vehicle (DMSO: set to 100%) using 

ANOVA followed by Dunnet✂✒ ✍✝✒✂-hoc test. 

4.1.4. Hops extract, 8-PN and 6-�✁ ✆✁✂✂☛ ✆✄ ☞✡✌ ✆☎✝✞ists 

Hops extract at concentrations of 0.7 µg/ml and 7 µg/ml, but not at a concentration of 0.07 

µg/ml, increased the ERE-luciferase activity in Ishikawa cells (Figure 24). 8-PN induced a 

☎✔✕✑ ✒✂✕✝✞✛ ✆✁✂✄☎✆✂✄✝✞ ✝✟ ☞✡✌ ✏✄✂✎ ✒✄✄✄✖✆✕ ✕✔✒✍✝✞✒✔✒ ✆✂ ✆✖l tested concentrations, as did 

10-8 M E2 (Figure 24). 6-PN increased the ERE-luciferase activity in a dose-dependent 

manner (Figure 24). 
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Figure 24. ☞✟✟✔✁✂✒ ✝✟ ✎✝✍✒ ✔✝✂✕✆✁✂ ✁✠✝✍✒✄ ✆✞☛ ✄✂✒ ✓✄✝✆✁✂✄☎✔ ✁✝✄✍✝✁✞☛✒ ✝✞ ☞✡✌ ✆✁✂✄☎✆✂✄✝✞✁

Ishikawa cells were transfected with p 2xERE-tk-luc and then treated with Hops (0.07 µg/ml, 

0.7 µg/ml, 7 µg/ml), 8✁prenylnaringenin (8-PN; 10-8 M, 10-7 M, 10-6 M) and 6✁prenylnaringenin 

(6-PN; 10-7 M, 10-6 M, 10-5 M) for 24 h. E2 (10-8 M) was used as positive control. The 

luciferase activity was measured and data are expressed as the mean ± SEM of pooled 

results obtained from three independent experiments. For determination of significance (*p < 

0.05), each treatment group was compared with the vehicle (DMSO: set to 100%) using 

ANOVA followed by Dunnet✂✒ ✍✝✒✂-hoc test. 

4.1.5. Hops extract, 8-PN and 6-PN acted as estrogenic compounds 

For E2, the range of doses from 10✌10 M to 10-7 M induced the AlkP activity (Figure 25A). 

Hops extract at a concentration of 0.7 µg/ml and 6-PN at a concentration of 10-6 M increased 

the AlkP activity (Figure 25B). All the concentrations of 8-PN revealed an increased AlkP 

activity around 400%, similar to the effect of 10-8 M E2 (Figure 25B).  
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Figure 25. Estrogenic effects of E2, hops extract (Hops) and its bioactive compounds by the 

activation of the alkaline phosphatase induction assay. Ishikawa cells were treated with A) 

E2 (10-11 M, 10-10 M, 10-9 M, 10-8 M, 10-7 M), B) Hops (0.07 µg/ml, 0.7 µg/ml, 7 µg/ml), 

8✁prenylnaringenin (8-PN; 10-8 M, 10-7 M, 10-6 M) or 6✁prenylnaringenin (6-PN; 10-7 M, 10-6 M, 

10-5 M) for 72 h. Data are expressed as the mean ± SEM of pooled results obtained from 

three independent experiments. For determination of significance (*p < 0.05), each treatment 

group was compared with the vehicle (DMSO: set to 100%) using ANOVA followed by 

Dunnet✂✒ ✍✝✒✂-hoc test. 

4.1.6. The mRNA expression of ESR1, ARNT, AHRR, CYP1A1 and CYP1B1 was 
up-regulated by 6-PN 

We analyzed the mRNA expression of proliferating cell nuclear antigen (PCNA) and some 

members of ER signaling pathway: ESR1, C3 and CLU (Parker et al., 2009; Toffanin et al., 

2008; Ullah et al., 2017; Won et al., 2012). The gene expression of PCNA, ESR1, C3 and 

CLU in Ishikawa cells were not different between vehicle and any compound; except that an 

increased expression of the ESR1 mRNA was found after the exposure to 6-PN at 10-6 M 

(Table 11).  

Respect to the AHR signaling pathway, no changes were detected between cells treated 

with any of the test compounds and the vehicle for AHR mRNA expression (Figure 26A). 

However, 6-PN increased the mRNA expression of ARNT and AHRR at 10-5 M (Figure 26B 

and C). 

About genes involved in the metabolism of estrogens (CYP1A1 and CYP1B1), hops extract 

at a concentration of 7 µg/ml induced CYP1B1 mRNA expression and 6-PN at a 

concentration of 10-5 M induced both CYP1B1 and CYP1A1 mRNA expression, similar to the 

effect of 10-6 M 3-MC (Figure 26D and E). The treatment with 10-5 M 6-PN preferentially 

increased CYP1A1 mRNA levels to around 20-fold compared to the 10-fold induction of 

CYP1B1 (Figure 26D and E). Like 10-8 M E2, none of the concentrations of 8-PN had a 

significant effect compared to the vehicle-treated cells (Figure 26D and E).  
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Table 11. Relative gene expression of genes involved in ER pathway. 

 
ESR1 

mRNA 
C3 

mRNA 
CLU 

mRNA 
PCNA 

mRNA 

E2 10-8M 1.11 ± 0.1 0.66 ± 0.07 0.92 ± 0.08 0.97 ± 0.09 

3-MC 10-6M 0.84 ± 0.11 1.29 ± 0.1 0.87 ± 0.06 0.70 ± 0.04 

Hops 0.07µg/ml 0.76 ± 0.11 0.85 ± 0.15 0.85 ± 0.18 0.91 ± 0.03 

Hops 0.7µg/ml 1.15 ± 0.07 0.82 ± 0.09 1 ± 0.07 0.99 ± 0.12 

Hops 7µg/ml 0.77 ± 0.08 0.44 ± 0.04 0.89 ± 0.1 0.97 ±0.13 

8-PN 10-8M 1.23 ± 0.28 0.64 ± 0.09 0.84 ± 0.03 0.83 ± 0.07 

8-PN 10-7M 1.25 ± 0.09 0.99 ±0.16 0.92 ± 0.07 0.94 ± 0.03 

8-PN 10-6M 1.38 ± 0.07 0.99 ± 0.11 1.03 ± 0.08 0.95 ±0.11 

6-PN 10-7M 0.72 ± 0.13 1.14 ± 0.37 1.33 ± 0.27 0.98 ± 0.15 

6-PN 10-6M 2.07 ±0.56* 1.21 ± 0.29 1.29 ± 0.2 1.15 ± 0.11 

6-PN 10-5M 1.23 ± 0.36 0.70 ± 0.14 0.86 ± 0.1 1.02 ± 0.14 

6-PN, 6-prenylnaringenin; 8-PN, 8-prenylnaringenin; C3, complement component 3; CLU, 

clusterin; ESR1✁ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌✁ ✠✝✍✒✁ ✎✝✍✒ ✔✝✂✕✆✁✂✁ PCNA, proliferating cell nuclear 

antigen. 

mRNA expression was analyzed via RT-qPCR. The samples were normalized to the 

housekeeping gene RPS18. Values are expressed as the mean ± SEM of pooled results 

obtained from three independent experiments. For determination of significance (*p < 0.05), 

each treatment group was compared with the vehicle (DMSO; ANOVA followed by Dunnet✂✒

post-hoc test). Values greater than 1 represent an increased gene expression, whereas data 

less than 1 assessed as a decrease.  
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Figure 26. Effects of hops extract (Hops) and its compounds on ARNT, AHRR, CYP1A1 and 

CYP1B1 mRNA expression. Ishikawa cells were treated with E2 (10-8 M), 3-MC (10-6 M), 

Hops (0.07 µg/ml, 0.7 µg/ml, 7 µg/ml), 8✁prenylnaringenin (8-PN; 10-8 M, 10-7 M, 10-6 M) and 

6✁prenylnaringenin (6-PN; 10-7 M, 10-6 M, 10-5 M). (A) AHR (B) ARNT, (C) AHRR, (D) 

CYP1A1 and (E) CYP1B1 mRNA expression were analyzed via RT-qPCR. The samples 

were normalized to the housekeeping gene RPS18. Data are expressed as the mean ± SEM 

of pooled results obtained from three independent experiments. For determination of 

significance (*p < 0.05), each treatment group was compared with the vehicle (DMSO: set to 

1) using ANOVA followed by Dunnet✂✒ ✍✝✒t-hoc test. Values greater than 1 represent an 

increased gene expression, whereas data less than 1 assessed as a decrease. 
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4.2. EXPERIMENT II  

4.2.1. Validation of uterotrophic assay 

As expected, the ovariectomy reduced the relative uterine wet weight (RUWW; Control: 2.44 

± 0.34 mg/g bw; SHAM: 2.26 ± 0.37 mg/g bw; Ovx: 0.42 ± 0.06 mg/g bw; Figure 27) and this 

effect was reversed by E2 treatment (E2: 3.31 ± 0.35 mg/g bw; Figure 27). These results 

allow us to continue the experimental protocol as shown in the following sub-sections.   

 

Figure 27. Relative uterine wet weight (RUWW) of Control, SHAM, Ovx and E2 groups. 

Data are presented as median and interquartile range (n= 5 rats per group). *, p < 0.05 

(Kruskal-Wallis followed by Dunn✂✒ ✍✝✒✂-hoc test).  

4.2.2. Effects of hops extracts  

� Hops and KO-Hops lack estrogenic effect   

On the organ level, neither Hops nor KO-Hops groups compensated for the uterine weight 

loss induced by the Ovx, therefore there were no differences between groups (Figure 28). 
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Figure 28. Effect of Hops and KO-Hops on the relative uterine wet weight (RUWW). Data 

are presented as median and interquartile range (n= 5 rats per group). For determination of 

significance, each treatment group was compared with the Ovx group (Kruskal-Wallis). 

� Hops and KO-Hops increased the glandular density  

We evaluated some estrogen-dependent endpoints such as luminal epithelial cell height, the 

thickness of SS and myometrium, and the glandular density. The luminal epithelial cell 

height and the thickness of SS and myometrium were similar between Hops and KO-Hops 

groups respect to the Ovx group. However, Hops middle group exhibited a higher luminal 

epithelial cell height respect to KO-Hops middle group (Figure 29).   
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Figure 29. Quantification of luminal epithelial cell height and the thickness of subepithelial 

stroma and myometrium. Data are presented as median and interquartile range. (n= 5 rats 

per group). For determination of significance, each treatment group was compared with the 

Ovx group (Kruskal-Wallis). #, indicates difference between Hops middle and KO-Hops 

middle groups (p < 0.05, Mann-Whitney U test). 

The uterine glandular density was higher in Hops middle and KO-Hops low groups than in 

Ovx group. Then, when we compared Hops and KO-Hops extract at each dose, KO-Hops 

low group exhibited a higher uterine glandular density than Hops low group (Figure 30).   
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Figure 30. Effect of Hops and KO-Hops on the uterine glandular density. Data are 

expressed as Vv x 100 and presented as median and interquartile range (n= 5 rats per 

group). *, p < 0.05 vs. the Ovx group (Kruskal-Wallis followed by Dunn✂✒ ✍✝✒✂-hoc test). #, 

indicates difference between Hops low and KO-Hops low groups (p < 0.05; Mann-Whitney U 
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test). (B) Representative photomicrographs of the uterus stained with hematoxylin and eosin 

of the Ovx, Hops low, Hops middle and KO-Hops low groups. 

� Hops and KO-Hops did not alter the cell proliferation  

Hops and KO-Hops animals had similar cell proliferation respect to Ovx ones in LE and GE 

(Figure 31). However, the cell proliferation in LE of KO-Hops low group was higher than that 

of Hops low group (Figure 31).  

 

Figure 31. Quantification of cell proliferation in the luminal and glandular epithelium. Data 

are presented as median and interquartile range. For determination of significance, each 

treatment group was compared with the Ovx group (Kruskal-Wallis). #, indicates difference 

between Hops low and KO-Hops low (p < 0.05; Mann-Whitney U test).  

� Hops at middle concentration reduced the expression of ESR1 

The ESR1 expression was reduced in the LE of Hops middle group, respect to Ovx group 

(Figure 32).  

� Hops and KO-Hops did not modify the expression of estrogen-sensitive genes 

The expression of all estrogen-dependent genes evaluated here, namely Esr1, Esr2, Pr, 

Pcna, C3 and Clu was similar between Hops and KO-Hops animals, respect to Ovx animals. 

However, KO-Hops low group increased the C3 mRNA expression compared to Hops low 

group (Table 12).   
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Figure 32. Effect of Hops and KO-Hops on the uterine expression of ESR1 (A) 

Quantification of ESR1 expression in luminal epithelium, subepithelial stroma and glandular 

epithelium (n= 5 rats per group), *p < 0.05 vs. the Ovx group (Kruskal-Wallis followed by 

Dunn✂✒ ✍✝✒✂-hoc test). (B) Representative photomicrographs of ESR1 immunoreaction on 

uterine sections of Ovx and Hops middle groups. LE, luminal epithelium; GE, glandular 

epithelium; SS, subepithelial stroma. 



Chapter II 

94 

Table 12. Effects of Hops and KO-Hops extracts on Esr1, Esr2, Pr, Pcna, C3 and Clu mRNA expression.  

 
Esr1 

mRNA 
Esr2 

mRNA 
Pr 

mRNA 
Pcna 

mRNA 
C3 

mRNA 
Clu 

mRNA 

Ovx 1.06 ± 0.22 1.06 ± 0.19 1.12 ± 0.33 1.02 ± 0.10 0.42 ± 0.07 1.02 ± 0.13 

Hops low 0.81 ± 0.11 0.74 ± 0.07 0.71 ± 0.17 1.03 ± 0.06 0.35 ± 0.07 1.15 ± 0.15 

Hops middle 0.77 ± 0.10 1.05 ± 0.17 0.96 ± 0.20 0.86 ± 0.05 0.24 ± 0.04 0.97 ± 0.07 

Hops high 0.66 ± 0.07 1.10 ± 0.15 1.15 ± 0.16 1.03 ± 0.08 0.77 ± 0.36 1.21 ± 0.09 

KO-Hops low 0.76 ± 0.10 1.51 ± 0.27 1.71 ± 0.17 1.05 ± 0.05 9.60 ± 6.60 # 0.96 ± 0.22 

KO-Hops middle 0.83 ± 0.16 0.77 ± 0.15 1.05 ± 0.41 1.17 ± 0.10 0.57 ± 0.23 1.09 ± 0.07 

KO-Hops high 0.91 ± 0.07 0.86 ± 0.11 1.10 ± 0.06 1.03 ± 0.06 0.43 ± 0.10 1.23 ± 0.15 

C3, complement component 3; Clu, clusterin; Esr1✁ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌✁ Esr2✁ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✝✁ Pcna, proliferating cell nuclear antigen; Pr, 

progesterone receptor. mRNA expression were analyzed via RT-qPCR. The samples were normalized to the housekeeping gene RPS18. 

Values are expressed as the mean ± SEM. (n= 5 rats per group). For determination of significance, each treatment group was compared with 

the Ovx group (Kruskal-Wallis). #, p < 0.05 vs. the Hops low group (Mann-Whitney U test). Values greater than 1 represent an increased gene 

expression, whereas data less than 1 assessed as a decrease.



 

95 

5. Discussion  

The perception that herbal remedies are safer than conventional medications could explain 

why postmenopausal women have chosen some BDS as an alternative to traditional 

estrogen replacement therapies (Gong et al., 2016; Van Bremen, 2015). Therefore, the 

characterization of these BDS regarding potential health effects and risks has been on 

demand. In this Chapter, we aimed to evaluate the safety of hops extract in the uterus by 

using in vitro and in vivo studies. For EXPERIMENT I✁ ✏✔ ☛✔✂✔✕✄✄✞✔☛ ✂✎✔ ✕✝✖✔✒ ✝✟ ☞✡✌ ✆✞☛

AHR signaling pathways in the actions of hops extract, 8-PN, and 6-PN in endometrial 

adenocarcinoma cell line Ishikawa. For EXPERIMENT II, we evaluated the estrogenic effect 

of hops extract and an extract reduced in XH in the uterus of rats by using a classical 

uterotrophic assay. 

For EXPERIMENT I, we evaluated the estrogenic activity of hops extract, 8-PN, and 6-PN in 

the endometrial adenocarcinoma cell line Ishikawa. We determined their effects on the 

induction of a re✍✝✕✂✔✕ ✛✔✞✔ ✆✁✂✄☎✄✂✑ ✂✎✕✝✁✛✎ ☞✡✌ ✆✁✂✄☎✆✂✄✝✞ ✆✞☛ ✝✟ �✖�✙ ✆✁✂✄☎✄✂✑✁ ✓✝✂✎ ✆✒✒✆✑✒

target key points in the ER signaling pathway. Our results agree with others previously 

reported: hops extract (Hajirahimkhan et al., 2013; Liu et al., 2001; Overk et al., 2005) and  

8-PN have estrogenic activity in Ishikawa cells (Aichinger et al., 2018; Hajirahimkhan et al., 

2013; Kretzschmar et al., 2010; Overk et al., 2005; Wober et al., 2003). The estrogenic effect 

of 8-PN was shown to be inhibited by Fulvestrant, an ER antagonist, confirming that this 

response is a consequence of ER activation (Aichinger et al., 2018; Effenberger et al., 

2005). Moreover, 6-PN at 10-6 M and 10-5 M had estrogenic activity by the ERE-luciferase 

assay, and 6-PN at 10-6 M had also estrogenic activity by the AlkP activity assay. Our results 

about the estrogenic activity of 6-PN disagree with others reported by using AlkP activity 

assay. 6-PN showed either a very weak estrogenic activity (Milligan et al., 1999) or even no 

estrogenic activity (Overk et al., 2005) by using 3 and 4 days of exposure, respectively. 

These apparent discrepancies about estrogenic or not estrogenic responses could be 

attributed to different exposure times, medium conditions, and the number of passages 

(Anzai et al., 1989; Holinka et al., 1986; Nishida, 2002; Pisha & Pezzuto, 1997; Wormke et 

al., 2000). 

�✎✔ ✍✕✄✞✁✄✍✖✔ ✝✟ ✂✕✆☛✄✂✄✝✞✆✖ ✂✝✝✄✁✝✖✝✛✑ ☎✂✎✔ ☛✝✒✔ ✄✆�✔✒ ✂✎✔ ✍✝✄✒✝✞✆ ✄✔✆✞✄✞✛ ✎✄✛✎✔✕ ☛✝✒✔✒

have a greater impact than lower ones (which might have no effect) does not apply to all 

compounds (Gross, 2007; Vandenberg et al., 2012). In this sense, we observed that hops 

extract and 6-PN exhibited monotonic dose-response curves of estrogenicity by using the 

ERE-luciferase assay and non-monotonic dose-response curves by using the AlkP activity 

assay. The type of non-monotonic curve observed by the exposure to hops extract and 6-PN 
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was inverted U-shaped, with maximal responses observed at intermediate doses 

(Vandenberg et al., 2012). Also, 8-PN exhibited a response that is neither monotonic, both 

for ERE-luciferase nor AlkP activity assays.  

Some BDS for menopausal symptoms contain AHR agonists that can increase estrogen 

metabolism (Collins et al., 2009; Dunlap et al., 2017; Gaube et al., 2007; Hitzman et al., 

2020; Wang et al., 2016). Here, hops extract and 6-PN acted as AHR agonists in Ishikawa 

cells. We therefore suggest that hops extract activated the AHR pathway through its 

constituent 6-PN. These results are in agreement with previous studies (Hitzman et al., 

2020; Wang et al., 2016), who found that hops extract and 6-PN but not 8-PN activates the 

AHR pathway in MCF-7 breast cancer cells. 

The AHR, upon binding of a ligand, forms a heterodimeric complex with ARNT, which 

induces estrogen-metabolizing enzymes CYP1A1 and CYP1B1 (Larigot et al., 2018; 

MacPherson et al., 2014; Mimura et al., 1999). The expression of both CYP1A1 and 

CYP1B1 depends on the AHR activation, as was previously confirmed by the use of    

siRNA-mediated AHR silencing and AHR antagonists (Kim et al., 2006; Kulas et al., 2021; 

Rasmussen et al., 2016; Roblin et al., 2004). As other AHR agonists, 3-MC is able to        

up-regulate the gene expression of CYP1A1 and CYP1B1 in Ishikawa cells. The expression 

✝✟ ✂✎✔✒✔ ✛✔✞✔✒ ✄✒ ✆✖✒✝ ✄✝☛✁✖✆✂✔☛ ✓✑ ☞✡✌ ✁✠✄✂✁✄✆✞ ✔✂ ✆✖✁✁ ✄�✄�✁ �✒✁✁✎✄✑✆ ✔✂ ✆✖✁✁ ✄���✄✁

Although E2 modulates their gene expression in ER-positive breast cancer cells (Hitzman et 

al., 2020; Tsuchiya et al., 2004) and in the rat uterus (Kretzschmar et al., 2010b; Rataj et al., 

2012), no changes in the gene expression of CYP1A1 and CYP1B1 were found by E2 

treatment. The lack of CYP1B1 mRNA expression induction by E2 treatment was also 

reported in Ishikawa cells (Tsuchiya et al., 2004).  

The estrogen metabolism catalyzed by CYP1A1 is considered a detoxification pathway, 

whereas the estrogen metabolism catalyzed by CYP1B1 is considered a genotoxic pathway 

(Cavalieri et al., 1997; Lakhani et al., 2003; Tarnow et al., 2019). The expression of both 

CYP1A1 and CYP1B1 is activated by some BDS, namely genistein, daidzein, and S-equol 

from soy, and liquiritigen from licorice root, and such effect is mediated through AHR 

pathway (Gong et al., 2016). In this thesis, hops extract at a concentration of 7 ✂✛�✄✖        

up-regulated the expression of CYP1B1 mRNA in Ishikawa cells. The induction or not of 

CYP1B1 mRNA expression is dependent not only on the kind of BDS but also on the studied 

cell line. For example, other BDS, like red clover and Prunella vulgaris increased the 

CYP1B1 mRNA expression in endometrial and breast cancer cells (Collins et al., 2009; 

Dunlap et al., 2017). However, hops extract did not increase the CYP1B1 mRNA expression 

in breast cancer (Hitzman et al., 2020; Wang et al., 2016). The different response of hops 
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extract in our study and in those of Hitzman et al. (2020) and Wang et al. (2016) could be 

partially explained by the use of different cell lines obtained from different tissues. In 

addition, 6-PN at a concentration of 10-5 M increased the CYP1A1 and CYP1B1 mRNA 

expression. 6-PN might promote the induction of the detoxification pathway over the 

genotoxic pathway in the endometrium, reflected by a higher up-regulation of CYP1A1 than 

the CYP1B1 mRNA expression. However, we only evaluated the expression at the mRNA 

level but not the protein expression, leaving some uncertainty. Overall, the present outcomes 

agree with previous studies in breast cancer cells by showing that 6-PN preferentially affects 

the mechanism of detoxification of estrogens (Hitzman et al., 2020; Wang et al., 2016). The 

increased CYP1A1 dependent detoxification pathway may be due to the promotion of 

✍✕✝✂✔✆✒✝✄✆✖ ☛✔✛✕✆☛✆✂✄✝✞ ✝✟ ☞✡✌✁ ✏✎✄✁✎ ✁✍-regulates CYP1A1 transcription and also 

✕✔☛✁✁✔✒ ☞✡✌-mediated down-regulation of CYP1A1 (Hitzman et al., 2020). The interaction 

✓✔✂✏✔✔✞ �✠✡ ✆✞☛ ☞✡✌ ✏✆✒ ✆✖✒✝ ☛✔✄✝✞✒✂✕✆✂✔☛ ✄✞ ✂✎✔ ✁✂✔✕✁✒ ✆✞☛ ✄✆✄✄✆✕✑ ✛✖✆✞☛ ✝✟

ovariectomized rats (Helle et al., 2016, 2017). The AHR activation by 3-MC inhibits           

E2-dependent regulation of gene expression demonstrating its antiestrogenic effect. The 

antiestrogenic effect in the mammary gland is partly due to lower protein levels of ESR1 in 

ductal epithelial cells (Helle et al., 2016), whereas the antiestrogenic effect in the uterus is 

due to higher ESR2 levels in the endometrial epithelium (Helle et al., 2017). Based on the 

✆✞✂✄✔✒✂✕✝✛✔✞✄✁ ✔✟✟✔✁✂ ✝✟ �✠✡ ✖✄✛✆✞☛✒ ✓✑ ✄✞✂✔✕✆✁✂✄✝✞ ✏✄✂✎ ✂✎✔ ☞✡✌ ✍✆✂✎✏✆✑✁ �-PN could be 

utilized for the prevention of hormone-dependent cancers like breast and endometrial 

cancer. In relation to our results, 6-PN activates the AHR pathway and the expression of 

genes involved in the estrogen metabolism. These effects were observed with 6-PN at a 

concentration of 10-5 M, which is approximately 16 times higher than the maximum plasma 

concentrations (6 × 10-7 M) found in women after taking a single oral dose of 500 mg 6-PN 

(Calvo-Castro et al., 2018). Thus, further research is needed to define a prevention 

treatment with 6-PN for women.  

The mechanism by which AHR regulates its target genes includes negative feedback loop 

via the AHRR. AHRR suppresses AHR activity by binding to ARNT and DRE (AHRR-ARNT 

complex), and is able to modulate the transcription of AHR-dependent genes (Larigot et al., 

2018). As 6-PN at a concentration of 10-5 M up-regulated not only the ARNT but also the 

AHRR mRNA expression, the overexpression of ARNT by 6-PN does not affect the capacity 

of AHRR to repress AHR. In fact, the expression of AHRR gene is induced by the 

AHR/ARNT heterodimer (Mimura et al., 1999). The increased gene expression of AHRR was 

also observed in a number of cell lines exposed to other AHR agonists, including 3-MC 

(Baba et al., 2001; MacPherson et al., 2014; Tsuchiya et al., 2003; Vorrink et al., 2014). 

Since AHRR is a target molecule for therapeutic intervention against human cancer because 
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it functions as a tumor suppressor gene (Zudaire et al., 2008), we hypothesize that 6-PN 

may have health benefits on the endometrium.  

With the EXPERIMENT I ✏✔ ✁✝✁✖☛ ✍✕✝☎✄☛✔ ✞✔✏ ✄✞✒✄✛✎✂✒ ✄✞✂✝ ✂✎✔ ✆✁✂✄✝✞✒ ✝✟ ✂✎✔ ☞✡✌ ✆✞☛ �✠✡

agonist 6-PN in an in vitro model. We demonstrated that 6-PN up-regulates the gene 

expression of AHRR, a known tumor suppressor gene, and that of CYP1A1 and CYP1B1, 

genes involved in the metabolism of estrogens. However, hops extract only modulates the 

genotoxic pathway of estrogen metabolism by an up-regulation of CYP1B1. Based on the 

gene regulation pattern in response to 6-PN, a 6-PN-riched hop extract might contribute to 

antitumor activity on the endometrium. In addition, hops extract and 6-PN activated both 

☞✡✌ ✆✞☛ �✠✡ ✍✆✂✎✏✆✑✒ ✆✞☛ ✂✎✄✒ ✄✄✍✖✄✔✒ ✂✎✆✂ ✓✝✂✎ ✕✔✁✔✍✂✝✕✒ ✆✕✔ ✕✔✛✁✖✆✂✝✕✒ ✝✟ ✂✎✔ ✓✄✝✖✝✛✑

and pharmacology of hops preparations. Moreover, hops extract, 8-PN and 6-PN have 

estrogenic activity demonstrated by the activation of the ERE-luciferase and the AlkP 

induction assays. Keeping in mind that hops extracts are composed not only of 8-PN and    

6-PN but also of other chemical compounds, we would like to highlight that it is essential to 

perform other studies with hops extract to give a detailed comprehension of the involved 

pathways.  

In EXPERIMENT II, we tested the possible estrogenic effect of hops extract and an extract 

reduced in XH, using a 3-day uterotrophic assay in adult rats (a classical tool for the 

detection of estrogenicity). First, it was necessary to validate the uterotrophic assay in our 

animals. A substance is said to behave as an estrogenic compound when it can induce an 

increase in the uterine wet weight, being this result a hallmark of positive uterotrophic assay 

(Diel et al., 2004; Kanno et al., 2003; Newbold et al., 2001; Owens & Koëter, 2003). After 

✂� ☛✆✑✒ ✝✟ ✝☎✆✕✄✔✁✂✝✄✑✁ ✂✎✔✕✔ ✄✒ ✆✞ ✄✄✍✝✕✂✆✞✂ ✕✔☛✁✁✂✄✝✞ ✝✟ ✔✞☛✝✛✔✞✝✁✒ ✔✒✂✕✝✛✔✞✒ ✂✎✆✂

induces uterine atrophy, and the treatment with E2 for 3 days is able to reverse such atrophy 

(Zingue et al., 2017). Our results show that ovariectomy produced the characteristic 

reduction of uterine weight and that E2 group exhibited its typical uterotrophic response, by 

increasing the uterine weight. Thus, we could validate our experiment.  

Different in vivo studies performed in ovariectomized rats have demonstrated that 8-PN 

increased the uterine wet weight (Diel et al., 2004; Overk et al., 2008; Rimoldi et al., 2006; 

Zierau et al., 2008). However, we found that 8-PN contained in both hops extracts did not 

increase the uterine wet weight of ovariectomized rats. These present results could be 

explained by the AHR agonistic activity of 6-PN that we demonstrated in the EXPERIMENT 

I. Since several publications described an AHR-ER cross-talk in the uterus (Helle et al., 

2017; Shanle & Xu, 2011), a modulation of ER signaling by AHR activation could not be 

excluded. The lack of estrogen response of hops extract observed here agrees with previous 
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reports using hops extract at a concentration in the same order of magnitude (60 mg/kg 

bw/day) (Keiler et al., 2017a) or even at the same concentration (40 mg/kg bw/day) (Overk 

et al., 2008). However, our in vivo results are in contrast to our in vitro ☛✆✂✆ ✝✞ ☞✡✌

transactivation and AlkP activity assays showing estrogenic activity. Based on our in vitro 

results and the mentioned in vivo studies (Diel et al., 2004; Overk et al., 2008; Rimoldi et al., 

2006; Zierau et al., 2008), we can infer that the bioavailability of 8-PN concentrations in both 

hops extracts was not high enough to increase the uterine mass in these animals.  

The uterotrophic assay has given negative results for several well-known estrogen-mimics 

compounds, such as bisphenol A, genistein, endosulfan, and kepone (Diel et al., 2000; 

Möller et al., 2010; Newbold et al., 2001). Thus, the sensitivity of this assay to test possible 

estrogen-mimics compounds at low doses has been questioned (Diel et al., 2000; Newbold 

et al., 2001). Studying only the RUWW (a macroscopic parameter) could give a false 

negative result. Thus, the morphological evaluation and molecular targets offer the 

opportunity to increase the likelihood of identifying estrogenic effects that could have been 

missed. A deep approach on the effects of both hops extracts was achieved by the 

histological study of uterine tissue. This approach allowed us to assess different cellular 

endpoints associated with uterine effects that could be associated with endometrial 

carcinogenesis (Sanderson et al., 2016). One of the best-recognized estrogenic uterine 

responses is the change of epithelial cells from cubic to columnar, increasing the luminal 

epithelial cell height (Padilla-Banks et al., 2001; Rimoldi et al., 2006). We found no changes 

in the luminal epithelial cell height after the exposure to both hops extracts. This result is in 

line with Keiler et al. (2017a), who found no estrogenic effect in response to the hops extract 

with regard to luminal epithelial cell height in ovariectomized rats. Another morphological 

parameter proposed to enhance the sensitivity of the uterotrophic assay is the determination 

of endometrial gland number (Newbold et al., 2001). We found that animals exposed to 

Hops at 40 mg/kg bw/day and KO-Hops at 8 mg/kg bw/day showed an increased glandular 

density, a feature of endometrial hyperplasia (Sanderson et al., 2016). As mentioned, this 

pathology is a central clinical topic, because it has the potential to transform into cancer. 

The uterotrophic response has been attributed to at least two events: water imbibitions 

and/or cell proliferation. These trophic and proliferative effects on the uterus are mediated by 

the ESR1. We determined the expression of ESR1 on two independent experimental levels 

(mRNA and protein expression) and cell proliferation. No changes in cell proliferation were 

found between animals treated with both types of extracts respect to animals treated with the 

vehicle, as previously reported by Keiler et al. (2017a). Animals of the Hops middle group 

exhibited a reduced protein ESR1 expression in the LE. The reduced ESR1 expression is in 

agreement with those induced by pure 8-PN and E2 (Diel et al., 2004; Zierau et al., 2008). In 
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addition, we quantified the mRNA expression of Pr, C3, and Clu, reliable uterine response 

genes. Neither changes in Pr, C3 nor Clu expression were found in Hops and KO-Hops 

animals, relative to Ovx one. The lack of effect at the mRNA level reinforces the no 

estrogenic property of these extracts. 

The estrogenic effect of 8-PN depends not only on its dose in the extract but also on its 

conversion from XH, the main source of phytoestrogens in the diet (Liu et al., 2015; Tronina 

et al., 2020). In the extract, the amount of 8-PN is very low being around 100 times lower 

than that of XH. However, the metabolism of XH (Bolton et al., 2019) leads to a higher serum 

concentration of 8-PN than that of XH in the body of rats (Keiler 2017a,b). In the present 

study, animals of the Hops middle group exhibited a higher luminal epithelial cell height 

respect to KO-Hops middle ones. Since it is known that this histological estrogen-induced 

feature is increased by 8-PN (Diel et al., 2004; Overk et al., 2008), we can infer that the XH 

contained in the Hops extract was converted into 8-PN in the body of rats. However, the XH 

conversion and/or the bioavailability of 8-PN in the extract were not enough to induce a 

statistical increase respect to the Ovx group. In contrast, an induction of some estrogen 

endpoints was observed in KO-Hops low respect to Hops low, namely the glandular density, 

cell proliferation and C3 gene expression. Such parameters are well known to be increased 

by the exposure to 8-PN and E2 (Christoffel et al., 2006; Diel et al., 2004; Newbold et al., 

2001). The fact that the KO-Hops at 8 mg/kg bw/day extract induced these estrogenic 

parameters respect to Hops extract at the same dose is suggesting an inhibitory effect of XH 

on 8-PN activity, as was previously observed in a human endometrial cancer cell line (Dietz 

et al., 2017). We also can infer that the metabolism of XH to 8-PN was not enough to alter 

such parameters or that the effect of antagonism was higher than the effect of metabolism. 

However, these theories are frankly speculative because we did not determine the serum 

levels of hops compounds. 

Overall, in EXPERIMENT II, we observed no estrogenic uterine effects in response to Hops 

extracts, independently of their composition (Hops and KO-Hops, did not show estrogenic 

response). We would like to highlight that we observed an increased glandular density by the 

exposure to Hops extract at 40 mg/kg bw/day accompanied by alteration in the ESR1 

expression and an increased glandular density by the exposure to KO-Hops at 8 mg/kg 

bw/day. Thus, our data together with those in the literature (Keiler et al. 2017a; Overk et al., 

2008) reinforce the hypothesis that hops extract has no estrogenic property in the uterus of 

rats. On the other hand, we are aware of a certain weakness of our study: the small number 

of animals used. This fact could weaken the robustness of the statistical analysis, since 

some results are shown as not having a significant difference despite the fact that they 

appear to be so at first glance. 
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In conclusion, our results demonstrating a weak estrogenic effect on the uterus suggest 

minimal probability to induce endometrial hyperplasia and cancer associated and could be a 

safer alternative to the conventional HRT.  

Finally, as it is reflected in these studies, our lifestyle has a key role in our health and can 

influence the development of a number of diseases such as uterine pathologies, thus we 

encourage promoting a healthy lifestyle to avoid consequences on female human health.  
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Conclusions 

The present PhD thesis provided evidence that GBH provoked molecular and morphological 

alterations involved in endometrial disorders, in both experimental models of exposure. It is 

important to highlight that these effects were observed at a concentration that is in the order 

of magnitude of RfD and that represents a realistic concentration to be found in everyday 

life.  

Despite there being controversies regarding glyphosate effects on health, our findings call 

into question the safety of this herbicide, adding evidence as a possible carcinogen for 

✎✁✄✆✞✒✁ ✒✁✍✍✝✕✂✄✞✛ ✂✎✔ ✁�✡�✂✒ ✁✝✞✁✖✁✒✄✝✞✁ �✂ ✂✎✄✒ ✂✄✄✔✁ ✏✔ ✁✝✞✒✄☛✔✕ ✂✎✆✂ ✔✝✍✔✕✄✄✔✞✂✆✖ ✆✞☛

epidemiological studies are needed to evaluate the safety of GBHs to provide 

recommendations and guidelines to regulate its use. Thus, additional studies are urgently 

needed to determine the potential health implications for animal and human populations 

exposed to this herbicide. 

It is out of question that humans and animals must be better protected than now, especially 

through new rules and limitations regarding the usage of GBHs. We consider that it is the 

☛✁✂✑ ✝✟ ✂✎✔ ✄✞✒✂✄✂✁✂✄✝✞✒ ✂✝ ✍✖✆✁✔ ✂✎✔ ☎✍✕✔✁✆✁✂✄✝✞✆✕✑ ✍✕✄✞✁✄✍✖✔✆ ✓✔✟✝✕✔ ✔✁✝✞✝✄✄✁ ✄✞✂✔✕✔✒✂✒✁

namely the protection of humans and animals from exposure to a substance whose side 

effects are not yet known. 

Regarding the hops extract, we could demonstrate its uterine safety by in vitro and in vivo 

studies. By the in vitro study, we demonstrate the relevant role of 6-PN contained in the hops 

extract as a p✝✂✔✞✂✄✆✖ ✄✝☛✁✖✆✂✝✕ ✝✟ ✔✒✂✕✝✛✔✞ ✄✔✂✆✓✝✖✄✒✄ ☛✁✔ ✂✝ ✄✂✒ ☞✡✌ ✆✞☛ �✠✡ ✆✛✝✞✄✒✂

activity. Thus, we proposed 6-PN as a beneficial compound on the endometrium. However, 

hops extract had estrogenic activity. In this sense, since hops supplements are widely used 

by women for menopausal symptom relief, we suggest the need for caution as well as more 

research about the use of hops preparations because of the role of estrogenic compounds 

on the endometrial cancer development. 

By the in vivo study, we showed a weak estrogenic effect of two types of hops extracts on 

the uterus. Thus, no adverse side effects due to the application of the hops extract in 

menopausal applications can be delineated, being a safer alternative to the conventional 

HRT. 

✠✄✞✁✔ ✂✎✔ ☎�☞✠✁✞✚☞✡✆ ✁�✔✍✖✔✂✔ and Enrich Select Ingredients to Generate Normalized 

Extract Resources) technology can modify the hops compound by selectively enriching 

compounds of interest (Ramos Alvarenga et al., 2014; Dietz et al., 2017), a 6-PN-riched hop 

extract might contribute to antitumor activity on the endometrium.   



 

103 

References  

- Abbastabar, M., Kheyrollah, M., Azizian, K., Bagherlou, N., Tehrani, S. S., Maniati, 

M., & Karimian, A. (2018). Multiple functions of p27 in cell cycle, apoptosis, 

epigenetic modification and transcriptional regulation for the control of cell growth: A 

double-edged sword protein. DNA Repair, 69, 63✁72. 

https://doi.org/10.1016/j.dnarep.2018.07.008 

- Abbate, M., Gallardo-Alfaro, L., Bibiloni, M. del M., & Tur, J. A. (2020). Efficacy of 

dietary intervention or in combination with exercise on primary prevention of 

cardiovascular disease: A systematic review. Nutrition, Metabolism and 

Cardiovascular Diseases, 30(7), 1080✁1093. 

https://doi.org/10.1016/j.numecd.2020.02.020 

- Aghamiri, V., Mirghafourvand, M., Mohammad-Alizadeh-Charandabi, S., & 

Nazemiyeh, H. (2016). The effect of Hop (Humulus lupulus L.) on early menopausal 

symptoms and hot flashes: A randomized placebo-controlled trial. Complementary 

Therapies in Clinical Practice, 23, 130✁135. 

https://doi.org/10.1016/j.ctcp.2015.05.001 

- Aichinger, G., Beisl, J., & Marko, D. (2018). The Hop Polyphenols Xanthohumol and 

8-Prenyl-Naringenin Antagonize the Estrogenic Effects of Fusarium Mycotoxins in 

Human Endometrial Cancer Cells. Frontiers in Nutrition, 5. 

https://www.frontiersin.org/articles/10.3389/fnut.2018.00085 

- Alarcón, R., Ingaramo, P. I., Rivera, O. E., Dioguardi, G. H., Repetti, M. R., Demonte, 

L. D., Milesi, M. M., Varayoud, J., Muñoz-de-Toro, M., & Luque, E. H. (2019). 

Neonatal exposure to a glyphosate-based herbicide alters the histofunctional 

differentiation of the ovaries and uterus in lambs. Molecular and Cellular 

Endocrinology, 482, 45✁56. https://doi.org/10.1016/j.mce.2018.12.007 

- Alarcón, R., Rivera, O. E., Ingaramo, P. I., Tschopp, M. V., Dioguardi, G. H., Milesi, 

M. M., Muñoz-de-Toro, M., & Luque, E. H. (2020). Neonatal exposure to a 

glyphosate-based herbicide alters the uterine differentiation of prepubertal ewe 

lambs. Environmental Pollution, 265, 114874. 

https://doi.org/10.1016/j.envpol.2020.114874 

- Altamirano, G. A., Delconte, M. B., Gomez, A. L., Ingaramo, P. I., Bosquiazzo, V. L., 

Luque, E. H., Muñoz-de-Toro, M., & Kass, L. (2018). Postnatal exposure to a 

glyphosate-based herbicide modifies mammary gland growth and development in 

Wistar male rats. Food and Chemical Toxicology, 118, 111✁118. 

https://doi.org/10.1016/j.fct.2018.05.011 



 

104 

- An, H.-J., Lee, Y.-H., Cho, N.-H., Shim, J.-Y., Kim, J.-Y., Lee, C., & Kim, S.-J. (2002). 

Alteration of PTEN expression in endometrial carcinoma is associated with down-

regulation of cyclin-dependent kinase inhibitor, p27. Histopathology, 41(5), 437✁445. 

https://doi.org/10.1046/j.1365-2559.2002.01455.x 

- Anadón, A., Martínez-Larrañaga, M. R., Martínez, M. A., Castellano, V. J., Martínez, 

M., Martin, M. T., Nozal, M. J., & Bernal, J. L. (2009). Toxicokinetics of glyphosate 

and its metabolite aminomethyl phosphonic acid in rats. Toxicology Letters, 190(1), 

91✁95. https://doi.org/10.1016/j.toxlet.2009.07.008 

- Anand, P., Kunnumakara, A. B., Sundaram, C., Harikumar, K. B., Tharakan, S. T., 

Lai, O. S., Sung, B., & Aggarwal, B. B. (2008). Cancer is a Preventable Disease that 

Requires Major Lifestyle Changes. Pharmaceutical Research, 25(9), 2097✁2116. 

https://doi.org/10.1007/s11095-008-9661-9 

- Andreoli, M. F., Stoker, C., Lazzarino, G. P., Canesini, G., Luque, E. H., & Ramos, J. 

G. (2016). Dietary whey reduces energy intake and alters hypothalamic gene 

expression in obese phyto-oestrogen-deprived male rats. British Journal of Nutrition, 

116(6), 1125✁1133. https://doi.org/10.1017/S0007114516002865 

- Andreoli, M. F., Stoker, C., Rossetti, M. F., Alzamendi, A., Castrogiovanni, D., Luque, 

E. H., & Ramos, J. G. (2015). Withdrawal of dietary phytoestrogens in adult male rats 

affects hypothalamic regulation of food intake, induces obesity and alters glucose 

metabolism. Molecular and Cellular Endocrinology, 401, 111✁119. 

https://doi.org/10.1016/j.mce.2014.12.002 

- Andreotti, G., Koutros, S., Hofmann, J. N., Sandler, D. P., Lubin, J. H., Lynch, C. F., 

Lerro, C. C., De Roos, A. J., Parks, C. G., Alavanja, M. C., Silverman, D. T., & Beane 

Freeman, L. E. (2018). Glyphosate Use and Cancer Incidence in the Agricultural 

Health Study. Journal of the National Cancer Institute, 110(5), 509✁516. 

https://doi.org/10.1093/jnci/djx233 

- Angioli, R., Luvero, D., Armento, G., Capriglione, S., Plotti, F., Scaletta, G., Lopez, 

S., Montera, R., Gatti, A., Serra, G. B., Benedetti Panici, P., & Terranova, C. (2018). 

Hormone replacement therapy in cancer survivors: Utopia? Critical Reviews in 

Oncology/Hematology, 124, 51✁60. https://doi.org/10.1016/j.critrevonc.2018.02.005 

- �✞✂✄✔✕✁ �✁✁ �✞☛✔✕✒✒✝✞✁ ✡✁✁ �✁✒�✆✖✞✄✔✞✔✁ �✁✁ ✟✆✕✄�✁ ✄✁✁ ✟✆✕✔✂✁ ✙✁✁ ✟✔✒✔✞✎✝✟✔✕✁ ✞✁✁

Calha, L., Carrola dos Santos, S., de Cauwer, B., Chachalis, D., Dorner, Z., Follak, 

S., Forristal, P. D., Gaskov, S., Gonzalez-Andujar, J., Hull, R., Jalli, H., Kierzek, R., 

Kiss, J., & Wirth, J. (2020). A survey on the uses of glyphosate in European 

countries. INRAE. https://doi.org/10.15454/A30K-D531 



 

105 

- Anzai, Y., Holinka, C. F., Kuramoto, H., & Gurpide, E. (1989). Stimulatory effects of 

4-hydroxytamoxifen on proliferation of human endometrial adenocarcinoma cells 

(Ishikawa line). Cancer Research, 49(9), 2362✁2365. 

- Arcuri, A., & Hendlin, Y. H. (2019). The chemical anthropocene: Glyphosate as a 

case study of pesticide exposures✁ ✄✄✞✛✂✒ ✂✆✏ �✝✁✕✞✆✖✁ ✘�✁✄✄✁ ✄✘�✁253. 

https://doi.org/10.1080/09615768.2019.1645436 

- Arregui, M. C., Lenardón, A., Sanchez, D., Maitre, M. I., Scotta, R., & Enrique, S. 

(2004). Monitoring glyphosate residues in transgenic glyphosate-resistant soybean. 

Pest Management Science, 60(2), 163✁166. https://doi.org/10.1002/ps.775 

- Avula, B., Ganzera, M., Warnick, J. E., Feltenstein, M. W., Sufka, K. J., & Khan, I. A. 

(2004). High-performance liquid chromatographic determination of xanthohumol in rat 

plasma, urine, and fecal samples. Journal of Chromatographic Science, 42(7), 378✁

382. https://doi.org/10.1093/chromsci/42.7.378 

- Baba, T., Mimura, J., Gradin, K., Kuroiwa, A., Watanabe, T., Matsuda, Y., Inazawa, 

J., Sogawa, K., & Fujii-Kuriyama, Y. (2001). Structure and expression of the Ah 

receptor repressor gene. The Journal of Biological Chemistry, 276(35), 33101✁

33110. https://doi.org/10.1074/jbc.M011497200 

- Bai, H.-H., Xia, T.-S., Jiang, Y.-P., Xu, W.-M., Xu, P.-C., Wang, N.-N., Gou, X.-J., & 

Xin, H.-L. (2022). Absorption, metabolism, and pharmacokinetic profile of 

xanthohumol in rats as determined via UPLC-MS/MS. Biopharmaceutics & Drug 

Disposition, 43(1), 11✁22. https://doi.org/10.1002/bdd.2306 

- Bai, S. H., & Ogbourne, S. M. (2016). Glyphosate: Environmental contamination, 

toxicity and potential risks to human health via food contamination. Environmental 

Science and Pollution Research, 23(19), 18988✁19001. 

https://doi.org/10.1007/s11356-016-7425-3 

- Baiden-Amissah, R. E. M., Annibali, D., Tuyaerts, S., & Amant, F. (2021). 

Endometrial cancer molecular characterization: The key to identifying high-risk 

patients and defining guidelines for clinical decision-making? Cancers, 13(16), 3988. 

https://doi.org/10.3390/cancers13163988 

- Ban, Y.-H., Yon, J.-M., Cha, Y., Choi, J., An, E. S., Guo, H., Seo, D. W., Kim, T.-S., 

Lee, S.-P., Kim, J.-C., Choi, E.-K., & Kim, Y.-B. (2018). A Hop Extract Lifenol® 

Improves Postmenopausal Overweight, Osteoporosis, and Hot Flash in 

Ovariectomized Rats. Evidence-Based Complementary and Alternative Medicine, 

2018, 1✁9. https://doi.org/10.1155/2018/2929107 

- Barnett, J. A., & Gibson, D. L. (2020). Separating the empirical wheat from the 

pseudoscientific chaff: A critical review of the literature surrounding glyphosate, 



 

106 

Dysbiosis and Wheat-Sensitivity. Frontiers in Microbiology, 11, 556729. 

https://doi.org/10.3389/fmicb.2020.556729 

- Benachour, N., & Séralini, G.-E. (2009). Glyphosate formulations induce apoptosis 

and necrosis in human umbilical, embryonic, and placental cells. Chemical Research 

in Toxicology, 22(1), 97✁105. https://doi.org/10.1021/tx800218n 

- Benbrook, C. M. (2016). Trends in glyphosate herbicide use in the United States and 

globally. Environmental Sciences Europe, 28(1), 3. https://doi.org/10.1186/s12302-

016-0070-0 

- Benninghoff, A. D., Hintze, K. J., Monsanto, S. P., Rodriguez, D. M., Hunter, A. H., 

Phatak, S., Pestka, J. J., Van Wettere, A. J., & Ward, R. E. (2020). Consumption of 

the total Western diet promotes colitis and inflammation-associated colorectal cancer 

in mice. Nutrients, 12(2), Article 2. https://doi.org/10.3390/nu12020544 

- Beral, V., Bull, D., Reeves, G., & Million Women Study Collaborators. (2005). 

Endometrial cancer and hormone-replacement therapy in the Million Women Study. 

The Lancet, 365(9470), 1543✁1551. https://doi.org/10.1016/S0140-6736(05)66455-0 

- Beuret, C. J., Zirulnik, F., & Giménez, M. S. (2005). Effect of the herbicide glyphosate 

on liver lipoperoxidation in pregnant rats and their fetuses. Reproductive Toxicology, 

19(4), 501✁504. https://doi.org/10.1016/j.reprotox.2004.09.009 

- Binder, A. K., Winuthayanon, W., Hewitt, S. C., Couse, J. F., & Korach, K. S. (2015). 

Chapter 25-Steroid Receptors in the Uterus and Ovary, in K✞✝✓✄✖ ✆✞☛ ✚✔✄✖✖✂✒

Physiology of Reproduction (Fourth Edition), Ed: Plant, T. M. & Zeleznik, A. J., 

Academic Press, p. 1099✁1193. https://doi.org/10.1016/B978-0-12-397175-3.00025-

9 

- Björnström, L., & Sjöberg, M. (2005). Mechanisms of estrogen receptor signaling: 

Convergence of genomic and nongenomic actions on target genes. Molecular 

Endocrinology, 19(4), 833✁842. https://doi.org/10.1210/me.2004-0486 

- Bocquet, L., Sahpaz, S., Hilbert, J. L., Rambaud, C., & Rivière, C. (2018). Humulus 

lupulus L., a very popular beer ingredient and medicinal plant: Overview of its 

phytochemistry, its bioactivity, and its biotechnology. Phytochemistry Reviews, 17(5), 

1047✁1090. https://doi.org/10.1007/s11101-018-9584-y 

- Bolton, J. L., Dunlap, T. L., Hajirahimkhan, A., Mbachu, O., Chen, S. N., Chadwick, 

L., Nikolic, D., van Breemen, R. B., Pauli, G. F., & Dietz, B. M. (2019). The multiple 

biological targets of hops and bioactive compounds. Chemical Research in 

Toxicology, 32(2), 222✁233. https://doi.org/10.1021/acs.chemrestox.8b00345 

- Bonansea, R. I., Filippi, I., Wunderlin, D. A., Marino, D. J. G., & Amé, M. V. (2018). 

The Fate of glyphosate and AMPA in a Freshwater Endorheic Basin: An 



 

107 

Ecotoxicological Risk Assessment. Toxics, 6(1), Article 1. 

https://doi.org/10.3390/toxics6010003 

- Bosquiazzo, V. L., Vigezzi, L., Muñoz-de-Toro, M., & Luque, E. H. (2013). Perinatal 

exposure to diethylstilbestrol alters the functional differentiation of the adult rat 

uterus. The Journal of Steroid Biochemistry and Molecular Biology, 138, 1✁9. 

https://doi.org/10.1016/j.jsbmb.2013.02.011 

- Bowe, J., Li, X. F., Kinsey-�✝✞✔✒✁ �✁✁ ✠✔✑✔✕✄✁�✁ �✁✁ ✟✕✆✄✞✁ ✠✁✁ �✄✖✖✄✛✆✞✁ ✠✁✁ ✂ �✂✟✑✕✞✔✁

K. (2006). The hop phytoestrogen, 8-prenylnaringenin, reverses the ovariectomy-

induced rise in skin temperature in an animal model of menopausal hot flushes. 

Journal of Endocrinology, 191(2), 399✁405. https://doi.org/10.1677/joe.1.06919 

- Bracho, G. S, Acosta, M. V., Altamirano, G.A. Tschopp, V, Luque E. H., Kass, L. & 

Bosquiazzo, V.L. (2020). Androgen receptor and uterine histoarchitecture in a PCOS 

rat model. Molecular and Cellular Endocrinology, 518, 110973. 

https://doi.org/10.1016/j.mce.2020.110973 

- Braun, M. M., Overbeek-Wager, E. A., & Grumbo, R. J. (2016). Diagnosis and 

Management of Endometrial Cancer. American Family Physician, 93(6), 468✁474. 

- Brody, J. R., & Cunha, G. R. (1989). Histologic, morphometric, and 

immunocytochemical analysis of myometrial development in rats and mice: I. Normal 

development. American Journal of Anatomy, 186(1), 1✁20. 

https://doi.org/10.1002/aja.1001860102 

- Bruce, D., & Rymer, J. (2009). Symptoms of the menopause. Best Practice & 

Research Clinical Obstetrics & Gynaecology, 23(1), 25✁32. 

https://doi.org/10.1016/j.bpobgyn.2008.10.002 

- �✆✁✖✆✕✁ ✠✁✁ ✂ ✄✝✖✆✞�✆✑✆✁ �✁ ✁✄��☎✄✁ �✎✔ ✔✟✟✔✁✂ ✝✟ ✒✁✓-acute and sub-chronic 

exposure of rats to the glyphosate-based herbicide Roundup. Environmental 

Toxicology and Pharmacology, 25(1), 57✁62. 

https://doi.org/10.1016/j.etap.2007.08.011 

- Calvo-Castro, L. A., Burkard, M., Sus, N., Scheubeck, G., Leischner, C., Lauer, U. 

M., Bosy-Westphal, A., Hund, V., Busch, C., Venturelli, S., & Frank, J. (2018). The 

oral bioavailability of 8-prenylnaringenin from hops (Humulus Lupulus L.) in healthy 

women and men is significantly higher than that of its positional isomer 6-

prenylnaringenin in a randomized crossover trial. Molecular Nutrition & Food 

research, 62(7), e1700838. https://doi.org/10.1002/mnfr.201700838 

- Cavalieri, E. L., Stack, D. E., Devanesan, P. D., Todorovic, R., Dwivedy, I., 

Higginbotham, S., Johansson, S. L., Patil, K. D., Gross, M. L., Gooden, J. K., 

Ramanathan, R., Cerny, R. L., & Rogan, E. G. (1997). Molecular origin of cancer: 

Catechol estrogen-3,4-quinones as endogenous tumor initiators. Proceedings of the 



 

108 

National Academy of Sciences, 94(20), 10937✁10942. 

https://doi.org/10.1073/pnas.94.20.10937 

- Chandra, V., Kim, J. J., Benbrook, D. M., Dwivedi, A., & Rai, R. (2015). Therapeutic 

options for management of endometrial hyperplasia. Journal of Gynecologic 

Oncology, 27(1). https://doi.org/10.3802/jgo.2016.27.e8 

- Chen, Y.-W., Fiscella, K. A., Bacharach, S. Z., & Calu, D. J. (2014). Effect of 

cafeteria diet history on cue-, pellet-priming-, and stress-induced reinstatement of 

food seeking in female rats. PLoS One, 9(7), e102213. 

https://doi.org/10.1371/journal.pone.0102213 

- Chlebowski, R. T., Manson, J. E., Anderson, G. L., Cauley, J. A., Aragaki, A. K., 

Stefanick, M. L., Lane, D. S., Johnson, K. C., Wactawski-Wende, J., Chen, C., Qi, L., 

Yasmeen, S., Newcomb, P. A., & Prentice, R. L. (2013). Estrogen plus progestin and 

breast cancer incidence and mortalit✑ ✄✞ ✂✎✔ �✝✄✔✞✂✒ ✠✔✆✖✂✎ ✁✞✄✂✄✆✂✄☎✔ �✓✒✔✕☎✆✂✄✝✞✆✖

Study. Journal of the National Cancer Institute, 105(8), 526✁535. 

https://doi.org/10.1093/jnci/djt043 

- Cho, Y.-C., Kim, H. J., Kim, Y.-J., Lee, K. Y., Choi, H. J., Lee, I.-S., & Kang, B. Y. 

(2008). Differential anti-inflammatory pathway by xanthohumol in IFN-gamma and 

LPS-activated macrophages. International Immunopharmacology, 8(4), 567✁573. 

https://doi.org/10.1016/j.intimp.2007.12.017 

- Christoffel, J., Rimoldi, G., & Wuttke, W. (2006). Effects of 8-prenylnaringenin on the 

hypothalamo-pituitary-uterine axis in rats after 3-month treatment. Journal of 

Endocrinology, 188(3), 397✁405. https://doi.org/10.1677/joe.1.06384 

- Clode S. A. (2006). Assessment of in vivo assays for endocrine disruption. Best 

practice & research. Clinical Endocrinology & Metabolism, 20(1), 35✁43. 

https://doi.org/10.1016/j.beem.2005.09.011 

- Collins, N. H., Lessey, E. C., DuSell, C. D., McDonnell, D. P., Fowler, L., Palomino, 

W. A., Illera, M. J., Yu, X., Mo, B., Houwing, A. M., & Lessey, B. A. (2009). 

Characterization of antiestrogenic activity of the Chinese herb, Prunella vulgaris, 

using in vitro and in vivo (Mouse Xenograft) models. Biology of Reproduction, 80(2), 

375✁383. https://doi.org/10.1095/biolreprod.107.065375 

- Connolly, A., Jones, K., Basinas, I., Galea, K. S., Kenny, L., McGowan, P., & 

Coggins, M. A. (2019). Exploring the half-life of glyphosate in human urine samples. 

International Journal of Hygiene and Environmental Health, 222(2), 205✁210. 

https://doi.org/10.1016/j.ijheh.2018.09.004 

- da Costa Estrela, D., da Silva, W. A. M., Guimarães, A. T. B., de Oliveira Mendes, B., 

da Silva Castro, A. L., da Silva Torres, I. L., & Malafaia, G. (2015). Predictive 

behaviors for anxiety and depression in female Wistar rats subjected to cafeteria diet 



 

109 

and stress. Physiology & Behavior, 151, 252✁263. 

https://doi.org/10.1016/j.physbeh.2015.07.016 

- �✂�✖✝✞✁✝✁ �✁✁ ✟✝✁✞✝✁✒✁ ✁✁ ☞✁✁ ✁✄✖✖✆✁ �✁✁ ✂ ✟✄✛✖ia, N. (2019). Current Evidence of the 

Oncological Benefit-Risk Profile of Hormone Replacement Therapy. Medicina, 55(9). 

https://doi.org/10.3390/medicina55090573 

- Darbre, P. D. (2017). Endocrine Disruptors and Obesity. Current Obesity Reports, 

6(1), 18✁27. https://doi.org/10.1007/s13679-017-0240-4 

- De, R. A. J., Blair, A., Rusiecki, J. A., Hoppin, J. A., Svec, M., Dosemeci, M., Sandler, 

D. P., & Alavanja, M. C. (2005). Cancer Incidence among glyphosate-exposed 

pesticide applicators in the agricultural health study. Environmental Health 

Perspectives, 113(1), 49✁54. https://doi.org/10.1289/ehp.7340 

- Defarge, N., Takács, E., Lozano, V., Mesnage, R., Spiroux de Vendômois, J., 

Séralini, G.-E., & Székács, A. (2016). Co-Formulants in glyphosate-based herbicides 

disrupt aromatase activity in human cells below toxic levels. International Journal of 

Environmental Research and Public Health, 13(3), 264. 

https://doi.org/10.3390/ijerph13030264 

- Dennerstein, L., Dudley, E. C., Hopper, J. L., Guthrie, J. R., & Burger, H. G. (2000). A 

prospective population-based study of menopausal symptoms. Obstetrics and 

Gynecology, 96(3), 351✁358. https://doi.org/10.1016/s0029-7844(00)00930-3 

- Dianatinasab, M., Rezaian, M., HaghighatNezad, E., Bagheri-Hosseinabadi, Z., 

Amanat, S., Rezaeian, S., Masoudi, A., & Ghiasvand, R. (2020). Dietary patterns and 

risk of invasive ductal and lobular breast carcinomas: A systematic review and meta-

analysis. Clinical Breast Cancer, 20(4), e516✁e528. 

https://doi.org/10.1016/j.clbc.2020.03.007 

- Diel, P., Schulz, T., Smolnikar, K., Strunck, E., Vollmer, G., & Michna, H. (2000). 

Ability of xeno- and phytoestrogens to modulate expression of estrogen-sensitive 

genes in rat uterus: Estrogenicity profiles and uterotropic activity. The Journal of 

Steroid Biochemistry and Molecular Biology, 73(1), 1✁10. 

https://doi.org/10.1016/S0960-0760(00)00051-0 

- Diel, P., Thomae, R. B., Caldarelli, A., Zierau, O., Kolba, S., Schmidt, S., Schwab, P., 

Metz, P., & Vollmer, G. (2004). Regulation of gene expression by 8-prenylnaringenin 

in uterus and liver of Wistar rats. Planta Medica, 70(1), 39✁44. 

https://doi.org/10.1055/s-2004-815453 

- Dietz, B. M., Chen, S.-N., Alvarenga, R. F. R., D✝✞✛✁ ✠✁✁ ✚✄�✝✖✄�✁ �✁✁ ✟✄✔✞☛✖✁ �✁✁ ☎✆✞

Breemen, R. B., Bolton, J. L., & Pauli, G. F. (2017). DESIGNER Extracts as tools to 

balance estrogenic and chemopreventive activities of botanicals for �✝✄✔✞✂✒ ✠✔✆✖✂✎✁



 

110 

Journal of Natural Products, 80(8), 2284✁2294. 

https://doi.org/10.1021/acs.jnatprod.7b00284 

- Dietz, B. M., Hajirahimkhan, A., Dunlap, T. L., & Bolton, J. L. (2016). Botanicals and 

their bioactive phytochemicals for �✝✄✔✞✂✒ ✠✔✆✖✂✎✁ ✙✎✆✕✄✆✁✝✖✝✛✄✁✆✖ ✡✔☎✄✔✏✒✁ �☎✁�✄✁

1026✁1073. https://doi.org/10.1124/pr.115.010843 

- Dixon, D., Alison, R., Bach, U., Colman, K., Foley, G. L., Harleman, J. H., Haworth, 

R., Herbert, R., Heuser, A., Long, G., Mirsky, M., Regan, K., Van Esch, E., 

Westwood, F. R., Vidal, J., & Yoshida, M. (2014). Nonproliferative and proliferative 

lesions of the rat and mouse female reproductive system. Journal of Toxicologic 

Pathology, 27(3-4), 1S-107S. https://doi.org/10.1293/tox.27.1S 

- Dore, M., Filoche, S., Danielson, K., & Henry, C. (2021). Efficacy of the LNG-IUS for 

treatment of endometrial hyperplasia and early stage endometrial cancer: Can 

biomarkers predict response? Gynecologic Oncology Reports, 36, 100732. 

https://doi.org/10.1016/j.gore.2021.100732 

- Dunlap, T. L., Howell, C. E., Mukand, N., Chen, S.-N., Pauli, G. F., Dietz, B. M., & 

Bolton, J. L. (2017). Red Clover Aryl Hydrocarbon Receptor (AhR) and Estrogen 

Receptor (ER) agonists enhance genotoxic estrogen metabolism. Chemical 

Research in Toxicology, 30(11), 2084✁2092. 

https://doi.org/10.1021/acs.chemrestox.7b00237 

- Dunneram, Y., Greenwood, D. C., & Cade, J. E. (2019). Diet, menopause and the 

risk of ovarian, endometrial and breast cancer. Proceedings of the Nutrition Society, 

78(3), 438✁448. https://doi.org/10.1017/S0029665118002884 

- Effenberger, K. E., Johnsen, S. A., Monroe, D. G., Spelsberg, T. C., & Westendorf, J. 

J. (2005). Regulation of osteoblastic phenotype and gene expression by hop-derived 

phytoestrogens. The Journal of Steroid Biochemistry and Molecular Biology, 96(5), 

387✁399. https://doi.org/10.1016/j.jsbmb.2005.04.038 

- EFSA (European Food Safety Authority) (2021). Setting of an import tolerance for 

glyphosate in soyabeans. EFSA journal, 19(10), e06880. 

https://doi.org/10.2903/j.efsa.2021.6880 

- EFSA (European Food Safety Authority). (2015). Conclusion on the peer review of 

the pesticide risk assessment of the active substance glyphosate. EFSA Journal, 

13(11). https://doi.org/10.2903/j.efsa.2015.4302 

- Eid, A., Mhatre, I., & Richardson, J. R. (2019). Gene-environment interactions in 

�✖✁✎✔✄✄✔✕✂✒ ☛✄✒✔✆✒✔✗ � ✍✝✂✔✞✂✄✆✖ ✍✆✂✎ ✂✝ ✍✕✔✁✄✒✄✝✞ ✄✔☛✄✁✄✞✔✁ ✙✎✆✕✄✆✁✝✖✝✛✑ ✂

Therapeutics, 199, 173✁187. https://doi.org/10.1016/j.pharmthera.2019.03.005 

- Ellmann, S., Sticht, H., Thiel, F., Beckmann, M. W., Strick, R., & Strissel, P. L. 

(2009). Estrogen and progesterone receptors: From molecular structures to clinical 



 

111 

targets. Cellular and Molecular Life Sciences, 66(15), 2405✁2426. 

https://doi.org/10.1007/s00018-009-0017-3 

- Enomoto, T., Inoue, M., Perantoni, A. O., Buzard, G. S., Miki, H., Tanizawa, O., & 

Rice, J. M. (1991). K-ras activation in premalignant and malignant epithelial lesions of 

the human uterus. Cancer Research, 51(19), 5308✁5314. 

- Eriksson, M., Hardell, L., Carlberg, M., & Akerman, M. (2008). Pesticide exposure as 

risk factor for non-Hodgkin lymphoma including histopathological subgroup analysis. 

International Journal of Cancer, 123(7), 1657✁1663. https://doi.org/10.1002/ijc.23589 

- Erkanli, S., Kayaselcuk, F., Kuscu, E., Bagis, T., Bolat, F., Haberal, A., & Demirhan, 

B. (2006). Expression of survivin, PTEN and p27 in normal, hyperplastic, and 

carcinomatous endometrium. International Journal of Gynecological Cancer, 16(3), 

1412✁1418. https://doi.org/10.1111/j.1525-1438.2006.00541.x 

- Erkkola, R., Vervarcke, S., Vansteelandt, S., Rompotti, P., De Keukeleire, D., & 

Heyerick, A. (2010). A randomized, double-blind, placebo-controlled, cross-over pilot 

study on the use of a standardized hop extract to alleviate menopausal discomforts. 

Phytomedicine, 17(6), 389✁396. https://doi.org/10.1016/j.phymed.2010.01.007 

- Ferreira, S. R., Goyeneche, A. A., Heber, M. F., Abruzzese, G. A., Telleria, C. M., & 

Motta, A. B. (2020). Prenatally androgenized female rats develop uterine hyperplasia 

when adult. Molecular and Cellular Endocrinology, 499, 110610. 

https://doi.org/10.1016/j.mce.2019.110610 

- Filomeno, M., Bosetti, C., Bidoli, E., Levi, F., Serraino, D., Montella, M., La Vecchia, 

C., & Tavani, A. (2015). Mediterranean diet and risk of endometrial cancer: A pooled 

analysis of three italian case-control studies. British Journal of Cancer, 112(11), 

Article 11. https://doi.org/10.1038/bjc.2015.153 

- Fischer, R. A., Byerlee, D., & Edmeades, G. (2014). Crop yields and global food 

security: Will yield increase continue to feed the world? ACIAR Monograph No. 158. 

Australian Centre for International Agricultural Research. Canberra. 

- Foroozani, E., Akbari, A., Amanat, S., Rashidi, N., Bastam, D., Ataee, S., Sharifnia, 

G., Faraouei, M., Dianatinasab, M., & Safdari, H. (2022). Adherence to a western 

dietary pattern and risk of invasive ductal and lobular breast carcinomas: A case-

control study. Scientific Reports, 12(1), 5859. https://doi.org/10.1038/s41598-022-

09725-5 

- Freeman, M. E (2006) CHAPTER 43 ✁ Neuroendocrine Control of the Ovarian Cycle 

of the Rat, in Knobil and Neill's Physiology of Reproduction (Third Edition), Ed: Neill, 

J. D., Academic Press, p. 2327-2388. https://doi.org/10.1016/B978-012515400-

0/50048-8. 



 

112 

- Friedenreich, C. M., Ryder✁Burbidge, C., & McNeil, J. (2021). Physical activity, 

obesity and sedentary behavior in cancer etiology: Epidemiologic evidence and 

biologic mechanisms. Molecular Oncology, 15(3), 790✁800. 

https://doi.org/10.1002/1878-0261.12772 

- Fu, H., Gao, F., Wang, X., Tan, P., Qiu, S., Shi, B., & Shan, A. (2021). Effects of 

glyphosate-based herbicide-contaminated diets on reproductive organ toxicity and 

hypothalamic-pituitary-ovarian axis hormones in weaned piglets. Environmental 

Pollution, 272, 115596. https://doi.org/10.1016/j.envpol.2020.115596 

- Fuentes, N., & Silveyra, P. (2019). Estrogen receptor signaling 

mechanisms. Advances in Protein Chemistry and Structural Biology, 116, 135✁170. 

https://doi.org/10.1016/bs.apcsb.2019.01.001 

- Furberg, A.-S., & Thune, I. (2003). Metabolic abnormalities (hypertension, 

hyperglycemia and overweight), lifestyle (high energy intake and physical inactivity) 

and endometrial cancer risk in a Norwegian cohort. International Journal of Cancer, 

104(6), 669✁676. https://doi.org/10.1002/ijc.10974 

- Gao, X., Qin, T., Mao, J., Zhang, J., Fan, S., Lu, Y., Sun, Z., Zhang, Q., Song, B., & 

Li, L. (2019). PTENP1/miR-20a/PTEN axis contributes to breast cancer progression 

by regulating PTEN via PI3K/AKT pathway. Journal of Experimental & Clinical 

Cancer Research: CR, 38(1), 256. https://doi.org/10.1186/s13046-019-1260-6 

- Gastiazoro, M. P., Guerrero-Schimpf, M., Durando, M., Lazzarino, G. P., Andreoli, M. 

F., Zierau, O., Luque, E. H., Ramos, J. G., & Varayoud, J. (2018). Induction of uterine 

hyperplasia after cafeteria diet exposure. Molecular and Cellular Endocrinology, 477, 

112✁120. https://doi.org/10.1016/j.mce.2018.06.007 

- Gastiazoro, M. P., Durando, M., Milesi, M. M., Lorenz, V., Vollmer, G., Varayoud, J., 

& Zierau, O. (2020). Glyphosate induces epithelial mesenchymal transition-related 

changes in human endometrial Ishikawa cells via estrogen receptor 

pathway. Molecular and Cellular Endocrinology, 510, 110841. 

https://doi.org/10.1016/j.mce.2020.110841 

- Gastiazoro, M. P., Rossetti, M. F., Schumacher, R., Stoker, C., Durando, M., Zierau, 

O., Ramos, J. G., & Varayoud, J. (2022). Epigenetic disruption of placental genes by 

chronic maternal cafeteria diet in rats. The Journal of Nutritional Biochemistry, 106, 

109015. https://doi.org/10.1016/j.jnutbio.2022.109015 

- Gaube, F., Wolfl, S., Pusch, L., Kroll, T. C., & Hamburger, M. (2007). Gene 

expression profiling reveals effects of Cimicifuga racemosa (L.) NUTT. (black 

cohosh) on the estrogen receptor positive human breast cancer cell line MCF-

7. BMC Pharmacology, 7, 11. https://doi.org/10.1186/1471-2210-7-11 



 

113 

- George, J., Prasad, S., Mahmood, Z., & Shukla, Y. (2010). Studies on glyphosate-

induced carcinogenicity in mouse skin: A proteomic approach. Journal of Proteomics, 

73(5), 951✁964. https://doi.org/10.1016/j.jprot.2009.12.008 

- George, S. M., Ballard, R., Shikany, J. M., Crane, T. E., & Neuhouser, M. L. (2015). 

A prospective analysis of diet quality and endometrial cancer among 84,415 

✍✝✒✂✄✔✞✝✍✆✁✒✆✖ ✏✝✄✔✞ ✄✞ ✂✎✔ �✝✄✔✞✂✒ ✠✔✆✖✂✎ ✁✞✄✂✄✆tive. Annals of Epidemiology, 

25(10), 788✁793. https://doi.org/10.1016/j.annepidem.2015.05.009 

- Gerhauser, C., Alt, A., Heiss, E., Gamal-Eldeen, A., Klimo, K., Knauft, J., Neumann, 

I., Scherf, H. R., Frank, N., Bartsch, H., & Becker, H. (2002). Cancer 

chemopreventive activity of Xanthohumol, a natural product derived from 

hop. Molecular Cancer Therapeutics, 1(11), 959✁969. 

- Gester, S., Metz, P., Zierau, O. & Vollmer, G. (2001). An efficient synthesis of the 

potent phytoestrogens 8-prenylnaringenin and 6-(1,1-dimethylallyl) naringenin by 

europium(III)-catalyzed Claisen rearrangement. Tetrahedron, 57 (6), 1015✁1018. 

- Gibson, D. A., & Saunders, P. T. K. (2014). Endocrine disruption of oestrogen action 

and female reproductive tract cancers. Endocrine-Related Cancer, 21(2), T13✁T31. 

https://doi.org/10.1530/ERC-13-0342 

- Gigante, P., Berni, M., Bussolati, S., Grasselli, F., Grolli, S., Ramoni, R., & Basini, G. 

(2018). Glyphosate affects swine ovarian and adipose stromal cell functions. Animal 

Reproduction Science, 195, 185✁196. 

https://doi.org/10.1016/j.anireprosci.2018.05.023 

- Gillezeau, C., van Gerwen, M., Shaffer, R. M., Rana, I., Zhang, L., Sheppard, L., & 

Taioli, E. (2019). The evidence of human exposure to glyphosate: A review. 

Environmental Health, 18(1), 2. https://doi.org/10.1186/s12940-018-0435-5 

- Giordano, A., & Macaluso, M., (2016). Gynecological Cancers: Genetic and 

Epigenetic Targets and Drug Development, Human Press. 

https://doi.org/10.1007/978-3-319-32907-9 

- Gong, Q., Liu, E. -hu, Xin, R., Huang, X., & Gao, N. (2011). 2ME and 2OHE2 exhibit 

growth inhibitory effects and cell cycle arrest at G2/M in RL95-2 human endometrial 

cancer cells through activation of p53 and Chk1. Molecular and Cellular 

Biochemistry, 352(1✁2), 221✁230. https://doi.org/10.1007/s11010-011-0757-x 

- Gong, P., Madak-Erdogan, Z., Flaws, J.A., Shapiro, D.J., Katzenellenbogen, J.A. & 

Katzenellenbogen, B.S. (2016). Estrogen receptor-✌ ✆✞☛ ✆✕✑✖ ✎✑☛✕✝✁✆✕✓✝✞ ✕✔✁✔✍✂✝✕

involvement in the actions of botanical estrogens in target cells. Molecular and 

Cellular Endocrinology, 437, 190✁200. https://doi.org/10.1016/j.mce.2016.08.025. 

- Gross, L. (2007). The toxic origins of disease. PLoS Biology, 5, 1392✁1398. 

https://doi.org/ 10.1371/journal.pbio.0050193. 



 

114 

- González-Casanova, J. E., Pertuz-Cruz, S. L., Caicedo-Ortega, N. H., & Rojas-

Gomez, D. M. (2020). Adipogenesis regulation and endocrine disruptors: Emerging 

insights in obesity. BioMed Research International, 2020, 7453786. 

https://doi.org/10.1155/2020/7453786 

- Grau, D., Grau, N., Gascuel, Q., Paroissin, C., Stratonovitch, C., Lairon, D., Devault, 

D. A., & Di Cristofaro, J. (2022). Quantifiable urine glyphosate levels detected in 99% 

of the French population, with higher values in men, in younger people, and in 

farmers. Environmental Science and Pollution Research, 29(22), 32882✁32893. 

https://doi.org/10.1007/s11356-021-18110-0 

- Gray, C. A., Bartol, F. F., Tarleton, B. J., Wiley, A. A., Johnson, G. A., Bazer, F. W., & 

Spencer, T. E. (2001). Developmental biology of uterine glands. Biology of 

Reproduction, 65(5), 1311✁1323. https://doi.org/10.1095/biolreprod65.5.1311 

- Griban, G. P., Dikhtiarenko, Z. M., Yeromenko, E. A., Lytvynenko, A. M., Koval, A. A., 

Ramsey, I. V., & Muzhychok, V. O. (2020). Influence of positive and negative factors 

✝✞ ✂✎✔ ✁✞✄☎✔✕✒✄✂✑ ✒✂✁☛✔✞✂✒✂ ✎✔✆✖✂✎. �✄✆☛✝✄✝✁✁✄ ✂✔�✆✕✒�✄✔✁ ✆✘✁☎✄✁ ✂✆✘�✁1746. 

https://doi.org/10.36740/WLek202008128 

- Guerrero Schimpf, M., Milesi, M. M., Ingaramo, P. I., Luque, E. H., & Varayoud, J. 

(2017). Neonatal exposure to a glyphosate based herbicide alters the development of 

the rat uterus. Toxicology, 376, 2✁14. https://doi.org/10.1016/j.tox.2016.06.004 

- Guerrero Schimpf, M, Milesi, M. M., Luque, E. H., & Varayoud, J. (2018). 

Glyphosate-based herbicide enhances the uterine sensitivity to estradiol in rats. 

Journal of Endocrinology, 239(2), 197✁213. https://doi.org/10.1530/JOE-18-0207 

- Guerrero Schimpf, M., Milesi, M. M., Zanardi, M. V., & Varayoud, J. (2022). 

Disruption of developmental programming with long-term consequences after 

exposure to a glyphosate-based herbicide in a rat model. Food and Chemical 

Toxicology, 159, 112695. https://doi.org/10.1016/j.fct.2021.112695 

- Guerrero Schimpf, M., Milesi, M. M., Luque, E. H., & Varayoud, J. (2021). Evaluation 

of development of the rat uterus as a toxicity biomarker. Methods in Molecular 

Biology, 2240, 103✁117. https://doi.org/10.1007/978-1-0716-1091-6_9 

- Guerrero Schimpf, M. (2018). Exposición a glifosato y salud reproductiva: evaluación 

de efectos sobre la fertilidad y el desarrollo tumoral en rata. Facultad de Bioquímica 

y Ciencias Biológicas, Unviersidad Nacional del Litoral, Argentina.  

- Gunin, A. G., Mashin, I. N., & Zakharov, D. A. (2001). Proliferation, mitosis 

orientation and morphogenetic changes in the uterus of mice following chronic 

treatment with both estrogen and glucocorticoid hormones. Journal of Endocrinology, 

169(1), 23✁31. https://doi.org/10.1677/joe.0.1690023 



 

115 

- Guyton, K. Z., Loomis, D., Grosse, Y., El Ghissassi, F., Benbrahim-Tallaa, L., Guha, 

N., Scoccianti, C., Mattock, H., & Straif, K. (2015). Carcinogenicity of 

tetrachlorvinphos, parathion, malathion, diazinon, and glyphosate. The Lancet 

Oncology, 16(5), 490✁491. https://doi.org/10.1016/S1470-2045(15)70134-8 

- Hajirahimkhan, A., Simmler, C., Yuan, Y., Anderson, J. R., Chen, S.-✚✁✁ ✚✄�✝✖✄�✁ �✁✁

Dietz, B. M., Pauli, G. F., van Breemen, R. B., & Bolton, J. L. (2013). Evaluation of 

Estrogenic Activity of Licorice Species in Comparison with Hops Used in Botanicals 

for Menopausal Symptoms. PLoS One, 8(7), e67947. 

https://doi.org/10.1371/journal.pone.0067947 

- Hardell, L., Eriksson, M., & Nordström, M. (2002). Exposure to pesticides as risk 

factor for Non-✠✝☛✛�✄✞✂✒ ✂✑✄✍✎✝✄✆ ✆✞☛ ✠✆✄✕✑ �✔✖✖ ✂✔✁�✔✄✄✆✗ Pooled analysis of two 

Swedish Case-control studies. Leukemia & Lymphoma, 43(5), 1043✁1049. 

https://doi.org/10.1080/10428190290021560 

- Helle, J., Bader, M. I., Keiler, A. M., Zierau, O., Vollmer, G., Chittur, S. V., 

Tenniswood, M., & Kretzschmar, G. (2016). Cross-talk in the female rat mammary 

gland: Influence of Aryl Hydrocarbon Receptor on Estrogen Receptor 

signaling. Environmental Health Perspectives, 124(5), 601✁610. 

https://doi.org/10.1289/ehp.1509680 

- Helle, J., Keiler, A. M., Zierau, O., Dörfelt, P., Vollmer, G., Lehmann, L., Chittur, S. 

V., Tenniswood, M., Welsh, J., & Kretzschmar, G. (2017). Effects of the aryl 

hydrocarbon receptor agonist 3-✄✔✂✎✑✖✁✎✝✖✆✞✂✎✕✔✞✔ ✝✞ ✂✎✔ ✂✆✝-estradiol regulated 

mRNA transcriptome of the rat uterus. The Journal of Steroid Biochemistry and 

Molecular Biology, 171, 133✁143. https://doi.org/10.1016/j.jsbmb.2017.03.004 

- Helle, J., Kräker, K., Bader, M. I., Keiler, A. M., Zierau, O., Vollmer, G., Welsh, J., & 

Kretzschmar, G. (2014). Assessment of the proliferative capacity of the flavanones 8-

prenylnaringenin, 6-(1.1-dimethylallyl)naringenin and naringenin in MCF-7 cells and 

the rat mammary gland. Molecular and Cellular Endocrinology, 392(1✁2), 125✁135. 

https://doi.org/10.1016/j.mce.2014.05.014 

- Henderson, A. M., Gervais, J. A., Luukinen, B., Buhl, K., Stone, D., Strid, A., Cross, 

A., Jenkins, J. (2010). Glyphosate Technical Fact Sheet; National Pesticide 

Information Center, Oregon State University Extension 

Services. http://npic.orst.edu/factsheets/archive/glyphotech.html. Accesed 27 August 

2022. 

- Herington, J. L., Reese, J. C., & Paria, B. C. (2018). Comparative Mammalian 

Female Reproduction ✁ Rodents, in Encyclopedia of Reproduction, Ed: Skinner, M., 

Academic Press, vol. II, p. 674✁681. https://doi.org/10.1016/B978-0-12-809633-

8.20526-8 



 

116 

- Hernández-Ochoa, I., Karman, B. N., & Flaws, J. A. (2009). The role of the Aryl 

Hydrocarbon Receptor in the female reproductive system. Biochemical 

Pharmacology, 77(4), 547✁559. https://doi.org/10.1016/j.bcp.2008.09.037 

- Heyerick, A., Vervarcke, S., Depypere, H., Bracke, M., & Keukeleire, D. D. (2006). A 

first prospective, randomized, double-blind, placebo-controlled study on the use of a 

standardized hop extract to alleviate menopausal discomforts. Maturitas, 54(2), 164✁

175. https://doi.org/10.1016/j.maturitas.2005.10.005 

- Hewitt, S. C., & Korach K. S. (2008). Chapter 12 - Estrogen-regulated genes in the 

endometrium, in The endometrium: Molecular, cellular and clinical perspectives 

(second edition), Ed: Aplin, J. D., Fazleabas, A. T., Glasser, S. R., Giudice, L. C. 

Informa Healthcare, p. 162-175. 

- Hitzman, R. T., Dunlap, T. L., Howell, C. E., Chen, S.-N., Vollmer, G., Pauli, G. F., 

Bolton, J. L., & Dietz, B. M. (2020). 6-✍✕✔✞✑✖✞✆✕✄✞✛✔✞✄✞ ✟✕✝✄ ✠✝✍✒ ☛✄✒✕✁✍✂✒ ☞✡✌-

mediated downregulation of CYP1A1 to facilitate estrogen detoxification. Chemical 

Research in Toxicology, 33(11), 2793✁2803. 

https://doi.org/10.1021/acs.chemrestox.0c00194 

- Hlobilková, A., Knillová, J., Bártek, J., Lukás, J., & Kolár, Z. (2003). The mechanism 

of action of the tumour suppressor gene PTEN. Biomedical Papers of the Medical 

Faculty of the University Palacky, Olomouc, Czechoslovakia, 147(1), 19✁25. 

- Holinka, C. F., Hata, H., Kuramoto, H., & Gurpide, E. (1986). Effects of steroid 

hormones and antisteroids on alkaline phosphatase activity in human endometrial 

cancer cells (Ishikawa line). Cancer Research, 46(6), 2771✁2774. 

- Holme, J. A., Brinchmann, B. C., Le Ferrec, E., Lagadic-Gossmann, D., & Øvrevik, J. 

(2019). Combustion particle-induced changes in calcium Homeostasis: A contributing 

factor to vascular disease? Cardiovascular Toxicology, 19(3), 198✁209. 

https://doi.org/10.1007/s12012-019-09518-9 

- Horree, N., van Diest, P. J., van der Groep, P., Sie-Go, D. M. D. S., & Heintz, A. P. 

M. (2007). Progressive derailment of cell cycle regulators in endometrial 

carcinogenesis. Journal of Clinical Pathology, 61(1), 36✁42. 

https://doi.org/10.1136/jcp.2006.043794 

- Huvila, J., Pors, J., Thompson, E. F., & Gilks, C. B. (2021). Endometrial carcinoma: 

Molecular subtypes, precursors and the role of pathology in early diagnosis. The 

Journal of Pathology, 253(4), 355✁365. https://doi.org/10.1002/path.5608 

- IARC (2017). IARC monographs on the evaluation of carcinogenic risks to humans. 

International Agency for Research on Cancer. pp. 464. 



 

117 

- IARC, 2015. IARC working group on the evaluation of carcinogenic risks to humans 

(2015). Some organophosphate insecticides and herbicides. IARC Monogr. 112, 

321✁412. 

- Ingaramo, P., Alarcón, R., Muñoz-de-Toro, M., & Luque, E. H. (2020). Are glyphosate 

and glyphosate-based herbicides endocrine disruptors that alter female fertility? 

Molecular and Cellular Endocrinology, 518, 110934. 

https://doi.org/10.1016/j.mce.2020.110934 

- Ingaramo, P. I., Guerrero Schimpf, M., Milesi, M. M., Luque, E. H., & Varayoud, J. 

(2019). Acute uterine effects and long-term reproductive alterations in postnatally 

exposed female rats to a mixture of commercial formulations of endosulfan and 

glyphosate. Food and Chemical Toxicology, 134, 110832. 

https://doi.org/10.1016/j.fct.2019.110832 

- Ingaramo, P. I., Varayoud, J., Milesi, M. M., Guerrero Schimpf, M., Alarcón, R., 

Muñoz-de-Toro, M., & Luque, E. H. (2017). Neonatal exposure to a glyphosate-

based herbicide alters uterine decidualization in rats. Reproductive Toxicology, 73, 

87✁95. https://doi.org/10.1016/j.reprotox.2017.07.022 

- Ingaramo, P. I., Varayoud, J., Milesi, M. M., Schimpf, M. G., Muñoz-de-Toro, M., & 

Luque, E. H. (2016). Effects of neonatal exposure to a glyphosate-based herbicide 

on female rat reproduction. Reproduction, 152(5), 403✁415. 

https://doi.org/10.1530/REP-16-0171 

- �✔✖�✞✔�✁ ✂✁✁ ✁✞eberger, M., Karabín, M., & Dostálek, P. (2010). Comparison of Czech 

Hop cultivars based on their contents of secondary metabolites. Czech Journal of 

Food Sciences, 28(4), 8. 

- Jirásko, R., Holcapek, M., Vrublová, E., Ulrichová, J., & Simánek, V. (2010). 

Identification of new phase II metabolites of xanthohumol in rat in vivo 

biotransformation of hop extracts using high-performance liquid chromatography 

electrospray ionization tandem mass spectrometry. Journal of Chromatography A, 

1217(25), 4100✁4108. https://doi.org/10.1016/j.chroma.2010.02.041 

- Joshi, A., & Ellenson, L. H. (2017). PI3K/PTEN/AKT genetic mouse models of 

endometrial carcinoma, in Molecular Genetics of Endometrial Carcinoma. Advances 

in Experimental Medicine and Biology, Ed: Hedrick Ellenson, L., Springer 

International Publishing, vol. 943, p 261✁273. https://doi.org/10.1007/978-3-319-

43139-0_9 

- Kacar Özkara, S., & Corakci, A. (2004). Significantly decreased P27 expression in 

endometrial carcinoma compared to complex hyperplasia with atypia (correlation with 

p53 expression). Pathology & Oncology Research, 10(2), 89✁97. 

https://doi.org/10.1007/BF02893462 



 

118 

- Kanno, J., Onyon, L., Peddada, S., Ashby, J., Jacob, E., & Owens, W. (2003). The 

OECD program to validate the rat uterotrophic bioassay. Phase 2: Coded single-dose 

studies. Environmental Health Perspectives, 111(12), 1550✁1558. 

https://doi.org/10.1289/ehp.5870 

- Kass, L., Altamirano, G. A., Bosquiazzo, V. L., Luque, E. H., & Muñoz-de-Toro, M. 

(2012). Perinatal exposure to xenoestrogens impairs mammary gland differentiation 

and modifies milk composition in Wistar rats. Reproductive Toxicology, 33(3), 390✁

400. https://doi.org/10.1016/j.reprotox.2012.02.002 

- Keiler, A. M., Helle, J., Bader, M. I., Ehrhardt, T., Nestler, K., Kretzschmar, G., 

✟✔✕✞✎✆✕☛✂✁ ✡✁✁ ✁✝✖✖✄✔✕✁ ✞✁✁ ✚✄�✝✖✄�✁ �✁✁ ✟✝✖✂✝✞✁ �✁ ✂✁✁ ✙✆✁✖✄✁ ✞✁ ☎✁✁ �✎✔✞✁ ✠✁-N., Dietz, 

B. M., van Breemen, R. B., & Zierau, O. (2017a). A standardized Humulus lupulus 

(L.) ethanol extract partially prevents ovariectomy-induced bone loss in the rat 

without induction of adverse effects in the uterus. Phytomedicine, 34, 50✁58. 

https://doi.org/10.1016/j.phymed.2017.08.001 

- Keiler, A. M., Macejova, D., Dietz, B. M., Bolton, J. L., Pauli, G. F., Chen, S.-N., van 

Breemen, R. B., Nikolic, D., Goerl, F., Muders, M. H., Zierau, O., & Vollmer, G. 

(2017b). Evaluation of estrogenic potency of a standardized hops extract on 

mammary gland biology and on MNU-induced mammary tumor growth in rats. The 

Journal of Steroid Biochemistry and Molecular Biology, 174, 234✁241. 

https://doi.org/10.1016/j.jsbmb.2017.09.020 

- Keiler, A., Zierau, O., & Kretzschmar, G. (2013). Hop extracts and Hop substances in 

treatment of menopausal complaints. Planta Medica, 79(07), 576✁579. 

https://doi.org/10.1055/s-0032-1328330 

- Kim, S. H., Henry, E. C., Kim, D. K., Kim, Y. H., Shin, K. J., Han, M. S., Lee, T. G., 

Kang, J. K., Gasiewicz, T. A., Ryu, S. H., & Suh, P. G. (2006). Novel compound 2-

methyl-2H-pyrazole-3-carboxylic acid (2-methyl-4-o-tolylazo-phenyl)- amide (CH-

223191) prevents 2,3,7,8-TCDD-induced toxicity by antagonizing the aryl 

hydrocarbon receptor. Molecullar Pharmacology, 69 (6), 1871✁1878. https://doi.org/ 

10.1124/mol.105.021832. 

- Kim, J. J., Kurita, T., & Bulun, S. E. (2013a). Progesterone action in endometrial 

cancer, endometriosis, uterine fibroids, and breast cancer. Endocrine Reviews, 34(1), 

130✁162. https://doi.org/10.1210/er.2012-1043 

- Kim, H. I., Kim, T. H., Lim, J. M., & Jeong, J.-W. (2013b). Steroid hormone intervenes 

in the endometrial tumorigenesis of Pten ablation. Journal of Cancer Prevention, 

18(4), 313✁321. https://doi.org/10.15430/JCP.2013.18.4.313 

- Kim, M. R., Kim, H. J., Yu, S. H., Lee, B. S., Jeon, S. Y., Lee, J. J., & Lee, Y. C. 

(2020). Combination of Red Clover and Hops extract improved menopause 



 

119 

symptoms in an ovariectomized rat model. Evidence-Based Complementary and 

Alternative Medicine, 2020, 1✁9. https://doi.org/10.1155/2020/7941391 

- Kimura, F., Watanabe, J., Hata, H., Fujisawa, T., Kamata, Y., Nishimura, Y., Jobo, T., 

& Kuramoto, H. (2004). PTEN immunohistochemical expression is suppressed in G1 

endometrioid adenocarcinoma of the uterine corpus. Journal of Cancer Research 

and Clinical Oncology, 130(3), 161✁168. https://doi.org/10.1007/s00432-003-0517-8 

- Kleinstreuer, N. C., Ceger, P. C., Allen, D. G., Strickland, J., Chang, X., Hamm, J. T., 

& Casey, W. M. (2016). A Curated Database of Rodent Uterotrophic 

Bioactivity. Environmental Health Perspectives, 124(5), 556✁562. 

https://doi.org/10.1289/ehp.1510183 

- Klinge C. M. (2001). Estrogen receptor interaction with estrogen response 

elements. Nucleic Acids Research, 29(14), 2905✁2919. 

https://doi.org/10.1093/nar/29.14.2905 

- Kongtip, P., Nangkongnab, N., Phupancharoensuk, R., Palarach, C., Sujirarat, D., 

Sangprasert, S., Sermsuk, M., & Woskie, S. R. (2017). Glyphosate and Paraquat in 

maternal and fetal serums in Thai Women.  Journal of Agromedicine, 22(3), 282✁

289. https://doi.org/10.1080/1059924X.2017.1319315 

- Kociba, R. J., Keyes, D. G., Beyer, J. E., Carreon, R. M., Wade, C. E., Dittenber, D. 

A., Kalnins, R. P., Frauson, L. E., Park, C. N., Barnard, S. D., Hummel, R. A., & 

Humiston, C. G. (1978). Results of a two-year chronic toxicity and oncogenicity study 

of 2,3,7,8-tetrachlorodibenzo-p-dioxin in rats. Toxicology and Applied 

Pharmacology, 46(2), 279✁303. https://doi.org/10.1016/0041-008x(78)90075-3 

- Krause, E., Yuan, Y., Hajirahimkhan, A., Dong, H., Dietz, B. M., Nikolic, D., Pauli, G. 

F., Bolton, J. L., & van Breemen, R. B. (2014). Biological and chemical 

standardization of a hop (Humulus lupulus) botanical dietary supplement: 

Standardization of a hop botanical dietary supplement. Biomedical Chromatography, 

28(6), 729✁734. https://doi.org/10.1002/bmc.3177 

- Kreizman-Shefer, H., Pricop, J., Goldman, S., Elmalah, I., & Shalev, E. (2014). 

Distribution of estrogen and progesterone receptors isoforms in endometrial cancer. 

Diagnostic Pathology, 9(1), 77. https://doi.org/10.1186/1746-1596-9-77 

- Kretzschmar, G., Zierau, O., Wober, J., Tischer, S., Metz, P., & Vollmer, G. (2010). 

Prenylation has a compound specific effect on the estrogenicity of naringenin and 

genistein. The Journal of Steroid Biochemistry and Molecular Biology, 118(1-2), 1✁6. 

https://doi.org/10.1016/j.jsbmb.2009.08.005 

- Kretzschmar, G., Papke, A., Zierau, O., Möller, F. J., Medjakovic, S., Jungbauer, A., 

& Vollmer, G. (2010). Estradiol regulates aryl hydrocarbon receptor expression in the 



 

120 

rat uterus. Molecular and Cellular Endocrinology, 321(2), 253✁257. 

https://doi.org/10.1016/j.mce.2010.02.018 

- Kubsad, D., Nilsson, E. E., King, S. E., Sadler-Riggleman, I., Beck, D., & Skinner, M. 

K. (2019). Assessment of glyphosate induced epigenetic transgenerational 

inheritance of pathologies and sperm epimutations: Generational toxicology. 

Scientific Reports, 9(1), 6372. https://doi.org/10.1038/s41598-019-42860-0 

- Kulas, J., Tucovic, D., Zeljkovic, M., Popovic, D., Popov Aleksandrov, A., 

Kataranovski, M., & Mirkov, I. (2021). Aryl hydrocarbon receptor is involved in the 

proinflammatory cytokine response to cadmium. Biomedical and Environmental 

Sciences: BES, 34(3), 192✁202. https://doi.org/10.3967/bes2021.025 

- Kumar, R., & Thompson, E. B. (1999). The structure of the nuclear hormone 

receptors. Steroids, 64(5), 310✁319. https://doi.org/10.1016/s0039-128x(99)00014-8 

- Lajmanovich, R. C., Repetti, M. R., Cuzziol Boccioni, A. P., Michlig, M. P., Demonte, 

L., Attademo, A. M., & Peltzer, P. M. (2023). Cocktails of pesticide residues in 

Prochilodus lineatus fish of the Salado River (South America): First record of high 

concentrations of polar herbicides. The Science of the Total Environment, 870, 

162019. https://doi.org/10.1016/j.scitotenv.2023.162019 

- Lakhani, N. J., Sarkar, M. A., Venitz, J., & Figg, W. D. (2003). 2-Methoxyestradiol, a 

promising anticancer agent. Pharmacotherapy, 23(2), 165✁172. 

https://doi.org/10.1592/phco.23.2.165.32088 

- Lalanza, J. F., Caimari, A., del Bas, J. M., Torregrosa, D., Cigarroa, I., Pallàs, M., 

Capdevila, L., Arola, L., & Escorihuela, R. M. (2014). Effects of a post-weaning 

cafeteria diet in young rats: Metabolic syndrome, reduced activity and low anxiety-like 

behaviour. PLoS One, 9(1), e85049. https://doi.org/10.1371/journal.pone.0085049 

- Lalanza, J. F., & Snoeren, E. M. S. (2021). The cafeteria diet: A standardized 

protocol and its effects on behavior. Neuroscience & Biobehavioral Reviews, 122, 

92✁119. https://doi.org/10.1016/j.neubiorev.2020.11.003 

- Larigot, L., Juricek, L., Dairou, J., & Coumoul, X. (2018). AhR signaling pathways and 

regulatory functions. Biochimie Open, 7, 1✁9. 

https://doi.org/10.1016/j.biopen.2018.05.001 

- Lazzarino, G. P., Acutain, M. F., Canesini, G., Andreoli, M. F., & Ramos, J. G. 

(2019). Cafeteria diet induces progressive changes in hypothalamic mechanisms 

involved in food intake control at different feeding periods in female rats. Molecular 

and Cellular Endocrinology, 498, 110542. https://doi.org/10.1016/j.mce.2019.110542 

- Lazzarino, G. P., Andreoli, M. F., Rossetti, M. F., Stoker, C., Tschopp, M. V., Luque, 

E. H., & Ramos, J. G. (2017). Cafeteria diet differentially alters the expression of 

feeding-related genes through DNA methylation mechanisms in individual 



 

121 

hypothalamic nuclei. Molecular and Cellular Endocrinology, 450, 113✁125. 

https://doi.org/10.1016/j.mce.2017.05.005 

- Ledford, L. R. C., & Lockwood, S. (2019). Scope and epidemiology of gynecologic 

cancers: An overview. Seminars in Oncology Nursing, 35(2), 147✁150. 

https://doi.org/10.1016/j.soncn.2019.03.002 

- Legette, L., Ma, L., Reed, R. L., Miranda, C. L., Christensen, J. M., Rodriguez-

Proteau, R., & Stevens, J. F. (2012). Pharmacokinetics of xanthohumol and 

metabolites in rats after oral and intravenous administration. Molecular Nutrition & 

Food Research, 56(3), 466✁474. https://doi.org/10.1002/mnfr.201100554 

- Legette, L., Karnpracha, C., Reed, R. L., Choi, J., Bobe, G., Christensen, J. M., 

Rodriguez-Proteau, R., Purnell, J. Q., & Stevens, J. F. (2014). Human 

pharmacokinetics of xanthohumol, an antihyperglycemic flavonoid from 

hops. Molecular Nutrition & Food Research, 58(2), 248✁255. 

https://doi.org/10.1002/mnfr.201300333 

- Lemke, N., Murawski, A., Schmied-Tobies, M. I. H., Rucic, E., Hoppe, H.-W., Conrad, 

A., & Kolossa-Gehring, M. (2021). Glyphosate and aminomethylphosphonic acid 

(AMPA) in urine of children and adolescents in Germany ✁ Human biomonitoring 

results of the German Environmental Survey 2014✁2017 (GerES V). Environment 

International, 156, 106769. https://doi.org/10.1016/j.envint.2021.106769 

- Leon, M. E., Schinasi, L. H., Lebailly, P., Beane Freeman, L. E., Nordby, K.-C., Ferro, 

G., Monnereau, A., Brouwer, M., Tual, S., Baldi, I., Kjaerheim, K., Hofmann, J. N., 

Kristensen, P., Koutros, S., Straif, K., Kromhout, H., & Schüz, J. (2019). Pesticide 

use and risk of non-Hodgkin lymphoid malignancies in agricultural cohorts from 

France, Norway and the USA: A pooled analysis from the AGRICOH consortium. 

International Journal of Epidemiology, 48(5), 1519✁1535. 

https://doi.org/10.1093/ije/dyz017 

- Leung, Y.-K., Govindarajah, V., Cheong, A., Veevers, J., Song, D., Gear, R., Zhu, X., 

Ying, J., Kendler, A., Medvedovic, M., Belcher, S., & Ho, S.-M. (2017). Gestational 

high-fat diet and bisphenol A exposure heightens mammary cancer risk. Endocrine-

Related Cancer, 365✁378. https://doi.org/10.1530/ERC-17-0006 

- Littlefield, B. A., Gurpide, E., Markiewicz, L., McKinley, B., & Hochberg, R. B. (1990). 

A simple and sensitive microtiter plate estrogen bioassay based on stimulation of 

alkaline phosphatase in Ishikawa cells: Estrogenic action of delta 5 adrenal 

steroids. Endocrinology, 127(6), 2757✁2762. https://doi.org/10.1210/endo-127-6-

2757 



 

122 

- Littman, A. J., Beresford, S. A. A., & White, E. (2001). The association of dietary fat 

and plant foods with endometrial cancer (United States). Cancer Causes & Control, 

12(8), 691✁702. https://doi.org/10.1023/A:1011292003586 

- Liu, J., Burdette, J. E., Xu, H., Gu, C., van Breemen, R. B., Bhat, K. P. L., Booth, N., 

Constantinou, A. I., Pezzuto, J. M., Fong, H. H. S., Farnsworth, N. R., & Bolton, J. L. 

(2001). Evaluation of estrogenic activity of plant extracts for the potential treatment of 

menopausal symptoms. Journal of Agricultural and Food Chemistry, 49(5), 2472✁

2479. https://doi.org/10.1021/jf0014157 

- Liu, M., Hansen, P., Wang, G., Qiu, L., Dong, J., Yin, H., Qian, Z., Yang, M., & Miao, 

J. (2015). Pharmacological profile of Xanthohumol, a prenylated flavonoid from Hops 

(Humulus lupulus). Molecules, 20(1), 754✁779. 

https://doi.org/10.3390/molecules20010754 

- Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expression data 

using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. 

Methods, 25(4), 402✁408. https://doi.org/10.1006/meth.2001.1262 

- Lorenz, V., Milesi, M. M., Guerrero Schimpf, M., Luque, E. H., & Varayoud, J. (2019). 

Epigenetic disruption of estrogen receptor alpha is induced by a glyphosate-based 

herbicide in the preimplantation uterus of rats. Molecular and Cellular Endocrinology, 

480, 133✁141. https://doi.org/10.1016/j.mce.2018.10.022 

- Lorenz, V., Pacini, G., Luque, E. H., Varayoud, J., & Milesi, M. M. (2020). Perinatal 

exposure to glyphosate or a glyphosate-based formulation disrupts hormonal and 

uterine milieu during the receptive state in rats. Food and Chemical Toxicology, 143, 

111560. https://doi.org/10.1016/j.fct.2020.111560 

- Luque, E., Muñoz-de-Toro, M. & Ramos, J., 2018. Estrogenic agonist, in 

Encyclopedia of Reproduction, Ed: Skinner, M., Academic Press, vol. II, p. 753✁759. 

https://doi.org/10.1016/B978-0-12-801238-3.64416-1. 

- Mac Loughlin, T. M., Peluso, M. L., & Marino, D. J. G. (2022a). Multiple pesticides 

occurrence, fate, and environmental risk assessment in a small horticultural stream 

of Argentina. The Science of the Total Environment, 802, 149893. 

https://doi.org/10.1016/j.scitotenv.2021.149893 

- Mac Loughlin, T. M., Peluso, M. L., & Marino, D. J. G. (2022b). Evaluation of 

pesticide pollution in the Gualeguay Basin: An extensive agriculture area in 

Argentina. Science of the Total Environment, 851, 158142. 

https://doi.org/10.1016/j.scitotenv.2022.158142 

- MacPherson, L., Ahmed, S., Tamblyn, L., Krutmann, J., Förster, I., Weighardt, H., & 

Matthews, J. (2014). Aryl hydrocarbon receptor repressor and TiPARP (ARTD14) 

use similar, but also distinct mechanisms to repress aryl hydrocarbon receptor 



 

123 

signaling.  International Journal of Molecular Science. 15(5), 7939✁7957. 

https://doi.org/10.3390/ijms15057939 

- Mamy, L., Gabrielle, B., & Barriuso, E. (2010). Comparative environmental impacts of 

glyphosate and conventional herbicides when used with glyphosate-tolerant and non-

tolerant crops. Environmental Pollution, 158(10), 3172✁3178. 

https://doi.org/10.1016/j.envpol.2010.06.036 

- Manservisi, F., Falcioni, L., Bua, L., Menghetti, I., Mandrioli, D., Galeati, G., Spinaci, 

M., Tamanini, C. & Belpoggi, F. (2018) Control data on endocrine sensitive endpoints 

for untreated Sprague-Dawley rats from the Ramazzini Institute colony. European 

Journal of Oncology, 23 (2), 80✁85 

- Manson, J. E., Chlebowski, R. T., Stefanick, M. L., Aragaki, A. K., Rossouw, J. E., 

Prentice, R. L., Anderson, G., Howard, B. V., Thomson, C. A., LaCroix, A. Z., 

Wactawski-Wende, J., Jackson, R. D., Limacher, M., Margolis, K. L., Wassertheil-

✠✄✝✖✖✔✕✁ ✠✁✁ ✟✔✕✔✒✟✝✕☛✁ ✠✁ �✁✁ �✆✁✖✔✑✁ �✁ �✁✁ ☞✆✂✝✞✁ �✁ ✟✁✁ ✞✆✒✒✁ �✁✁ ��✆✖✖✆✁✔✁ ✡✁ ✟✁

(2013). Menopausal Hormone Therapy and health outcomes during the intervention 

and extended poststopping phases of the �✝✄✔✞✂✒ ✠✔✆✖✂✎ ✄✞✄✂✄✆✂✄☎✔ ✕✆✞☛✝✄✄✁✔☛

trials. JAMA, 310(13), 1353. https://doi.org/10.1001/jama.2013.278040 

- Martin, L., Das, R. M., & Finn, C. A. (1973). The inhibition by progesterone of uterine 

epithelial proliferation in the mouse. The Journal of Endocrinology, 57(3), 549✁554. 

https://doi.org/10.1677/joe.0.0570549 

- Masjeed, N. M. A., Khandeparkar, S. G. S., Joshi, A. R., Kulkarni, M. M., & Pandya, 

N. (2017). Immunohistochemical study of ER, PR, Ki67 and p53 in endometrial 

hyperplasias and endometrial carcinomas. Journal of Clinical and Diagnostic 

✡✔✒✔✆✕✁✎ ✗ ���✡✁ ✂✂✁☎✄✁ ☞�✘✂✁EC34. 

https://doi.org/10.7860/JCDR/2017/28750.10475 

- McCampbell, A. S., Mittelstadt, M. L., Dere, R., Kim, S., Zhou, L., Djordjevic, B., 

Soliman, P. T., Zhang, Q., Wei, C., Hursting, S. D., Lu, K. H., Broaddus, R. R., & 

Walker, C. L. (2016). Loss of p27 associated with risk for endometrial carcinoma 

arising in the setting of obesity. Current Molecular Medicine, 16(3), 252✁265. 

https://doi.org/10.2174/1566524016666160225153307 

- McCampbell, A. S., Walker, C. L., Broaddus, R. R., Cook, J. D., & Davies, P. J. A. 

(2008). Developmental reprogramming of IGF signaling and susceptibility to 

endometrial hyperplasia in the rat. Laboratory Investigation, 88(6), 615✁626. 

https://doi.org/10.1038/labinvest.2008.29 

- Meftaul, I. Md., Venkateswarlu, K., Dharmarajan, R., Annamalai, P., Asaduzzaman, 

M., Parven, A., & Megharaj, M. (2020). Controversies over human health and 



 

124 

ecological impacts of glyphosate: Is it to be banned in modern agriculture? 

Environmental Pollution, 263, 114372. https://doi.org/10.1016/j.envpol.2020.114372 

- Memon, A., & El-Turki, A. (2018). Epidemiology of Gynaecological Cancers, in 

Gynaecological Oncology for the MRCOG, Ed: Bolton, H., Gajjar, K., & Shafi, M., 

Cambridge University Press, p. 1✁10. https://doi.org/10.1017/9781316986844.002 

- Mesnage, R., Defarge, N., Spiroux de Vendômois, J., & Séralini, G.-E. (2014). Major 

pesticides are more toxic to human cells than their declared active principles. BioMed 

Research International, 2014, 1✁8. https://doi.org/10.1155/2014/179691 

- Mesnage, R., Phedonos, A., Biserni, M., Arno, M., Balu, S., Corton, J. C., Ugarte, R., 

& Antoniou, M. N. (2017). Evaluation of estrogen receptor alpha activation by 

glyphosate-based herbicide constituents. Food and Chemical Toxicology, 108, 30✁

42. https://doi.org/10.1016/j.fct.2017.07.025 

- Michalczyk, K., Niklas, N., Rychlicka, M., & Cymbaluk-✙�✝✒�✆✁ �✁ ✁✄�✄✂✄✁ �✎✔

influence of biologically active substances secreted by the adipose tissue on 

endometrial cancer. Diagnostics, 11(3), 494. 

https://doi.org/10.3390/diagnostics11030494 

- Midha, S., Chawla, S., & Garg, P. K. (2016). Modifiable and non-modifiable risk 

factors for pancreatic cancer: A review. Cancer Letters, 381(1), 269✁277. 

https://doi.org/10.1016/j.canlet.2016.07.022 

- Milesi, M. M., Lorenz, V., Durando, M., Rossetti, M. F., & Varayoud, J. (2021). 

Glyphosate herbicide: Reproductive outcomes and multigenerational effects. 

Frontiers in Endocrinology, 12, 672532. https://doi.org/10.3389/fendo.2021.672532 

- Milesi, M. M., Lorenz, V., Pacini, G., Repetti, M. R., Demonte, L. D., Varayoud, J., & 

Luque, E. H. (2018). Perinatal exposure to a glyphosate-based herbicide impairs 

female reproductive outcomes and induces second-generation adverse effects in 

Wistar rats. Archives of Toxicology, 92(8), 2629✁2643. 

https://doi.org/10.1007/s00204-018-2236-6 

- Milesi, M. M., Varayoud, J., Bosquiazzo, V. L., Muñoz-de-Toro, M., & Luque, E. H. 

(2012). Neonatal exposure to low doses of endosulfan disrupts the expression of 

proteins regulating uterine development and differentiation. Reproductive Toxicology, 

33(1), 85✁93. https://doi.org/10.1016/j.reprotox.2011.12.003 

- Milligan, S. R., Kalita, J. C., Heyerick, A., Rong, H., De Cooman, L., & De Keukeleire, 

D. (1999). Identification of a potent phytoestrogen in hops (Humulus lupulus L.) and 

beer. The Journal of Clinical Endocrinology & Metabolism, 84(6), 2249. 

https://doi.org/10.1210/jcem.84.6.5887 

- Mills, A. M., & Longacre, T. A. (2010). Endometrial hyperplasia. Seminars in 

Diagnostic Pathology, 27(4), 199✁214. https://doi.org/10.1053/j.semdp.2010.09.002 



 

125 

- Mimura, J., Ema, M., Sogawa, K. & Fujii-Kuriyama, Y. (1999) Identification of a novel 

mechanism of regulation of Ah (dioxin) receptor function. Genes & development, 13 

(1), 20✁25. https://doi.org/10.1101/gad.13.1.20. 

- Minkin M. J. (2019). Menopause: Hormones, lifestyle, and optimizing 

aging. Obstetrics and Gynecology Clinics of North America, 46(3), 501✁514. 

https://doi.org/10.1016/j.ogc.2019.04.008  

- Möller, F. J., Diel, P., Zierau, O., Hertrampf, T., Maaß, J., & Vollmer, G. (2010). Long-

term dietary isoflavone exposure enhances estrogen sensitivity of rat uterine 

✕✔✒✍✝✞✒✄☎✔✞✔✒✒ ✄✔☛✄✆✂✔☛ ✂✎✕✝✁✛✎ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌✁ �✝✝✄✁✝✖✝✛✑ ✂✔✂✂✔✕✒✁ ✂☎�✁3), 

142✁153. https://doi.org/10.1016/j.toxlet.2010.03.1117 

- Momesso, G. A. C., Polo, T. O. B., da Silva, W. P. P., Barbosa, S., Freitas, G. P., 

Lopes, H. B., Rosa, A. L., Cordeiro, J. M., Toro, L. F., Chiba, F. Y., Matsushita, D. H., 

Louzada, M. J. Q., da Cruz, N. C., Barão, V. A. R., & Faverani, L. P. (2021). 

Miniplates coated by plasma electrolytic oxidation improve bone healing of simulated 

femoral fractures on low bone mineral density rats. Materials Science & Engineering. 

C, 120, 111775. https://doi.org/10.1016/j.msec.2020.111775 

- Monje, L., Varayoud, J., Muñoz-de-Toro, M., Luque, E. H., & Ramos, J. G. (2009). 

Neonatal exposure to bisphenol A alters estrogen-dependent mechanisms governing 

sexual behavior in the adult female rat. Reproductive Toxicology, 28(4), 435✁442. 

https://doi.org/10.1016/j.reprotox.2009.06.012 

- Monostory, K., & Dvorak, Z. (2011). Steroid regulation of drug-metabolizing 

cytochromes P450. Current Drug Metabolism 12(2), 154✁172. 

https://doi.org/10.2174/138920011795016854  

- Monteiro, R., Faria, A., Azevedo, I., & Calhau, C. (2007). Modulation of breast cancer 

cell survival by aromatase inhibiting hop (Humulus lupulus L.) flavonoids. The Journal 

of Steroid Biochemistry and Molecular Biology, 105(1), 124✁130. 

https://doi.org/10.1016/j.jsbmb.2006.11.026 

- Montes, G. S., & Luque, E. H. (1988). Effects of ovarian steroids on vaginal smears 

in the rat. Acta Anatomica, 133(3), 192✁199. https://doi.org/10.1159/000146639 

- Moore, K., & Brewer, M. A. (2017). Endometrial cancer: Is this a new disease? 

American Society of Clinical Oncology Educational Book, 37, 435✁442. 

https://doi.org/10.1200/EDBK_175666 

- Moore, T. R., Franks, R. B., & Fox, C. (2017). Review of efficacy of complementary 

and alternative medicine treatments for menopausal symptoms. Journal of Midwifery 

✂�✝✄✔✞✂✒ ✠✔✆✖✂✎✁ �✄✁✘✄✁ ✄☎�✁297. https://doi.org/10.1111/jmwh.12628 

- Mulholland, H. G., Murray, L. J., Cardwell, C. R., & Cantwell, M. M. (2008). Dietary 

glycaemic index, glycaemic load and endometrial and ovarian cancer risk: A 



 

126 

systematic review and meta-analysis. British Journal of Cancer, 99(3), 434✁441. 

https://doi.org/10.1038/sj.bjc.6604496 

- Mutter, G. L. (2000a). I. Histopathology of genetically defined endometrial 

precancers*: International Journal of Gynecological Pathology, 19(4), 301✁309. 

https://doi.org/10.1097/00004347-200010000-00002 

- Mutter, G. L., Lin, M. C., Fitzgerald, J. T., Kum, J. B., & Eng, C. (2000). Changes in 

endometrial PTEN expression throughout the human menstrual cycle. The Journal of 

Clinical Endocrinology and Metabolism, 85(6), 2334✁2338. 

https://doi.org/10.1210/jcem.85.6.6652 

- Myers, J. P., Antoniou, M. N., Blumberg, B., Carroll, L., Colborn, T., Everett, L. G., 

Hansen, M., Landrigan, P. J., Lanphear, B. P., Mesnage, R., Vandenberg, L. N., Vom 

Saal, F. S., Welshons, W. V., & Benbrook, C. M. (2016). Concerns over use of 

glyphosate-based herbicides and risks associated with exposures: a consensus 

statement. Environmental Health. 15, 19. https://doi.org/10.1186/s12940-016-0117-0  

- Nakai, M., Cook, L., Pyter, L. M., Black, M., Sibona, J., Turner, R. T., Jeffery, E. H., & 

Bahr, J. M. (2005). Dietary soy protein and isoflavones have no significant effect on 

bone and a potentially negative effect on the uterus of sexually mature intact 

Sprague-Dawley female rats. Menopause, 12(3), 291✁298. 

https://doi.org/10.1097/01.GME.0000146109.50235.DO 

- Nanjappa, M. K., Medrano, T. I., March, A. G., & Cooke, P. S. (2015). Neonatal 

uterine and vaginal cell proliferation and adenogenesis are independent of estrogen 

receptor 1 (ESR1) in the mouse. Biology of Reproduction, 92(3), 78. 

https://doi.org/10.1095/biolreprod.114.125724 

- Nasri, A., & Pohjanvirta, R. (2021). In vitro estrogenic, cytotoxic, and genotoxic 

profiles of the xenoestrogens 8-prenylnaringenine, genistein and tartrazine. 

Environmental Science and Pollution Research, 28(22), 27988✁27997. 

https://doi.org/10.1007/s11356-021-12629-y 

- Nelson, H. D. (2008). Menopause. The Lancet, 371(9614), 760✁770. 

https://doi.org/10.1016/S0140-6736(08)60346-3 

- Nelson, H. D., Haney, E., Humphrey, L., Miller, J., Nedrow, A., Nicolaidis, C., Vesco, 

K., Walker, M., Bougatsos, C., & Nygren, P. (2005). Management of menopause-

related symptoms. Evidence Report/Technology Assessment (Summary), (120), 1✁6. 

- Newbold, R. R., Jefferson, W. N., Padilla-Banks, E., Walker, V. R., & Pena, D. S. 

(2001). Cell response endpoints enhance sensitivity of the immature mouse 

uterotropic assay. Reproductive Toxicology, 15(3), 245✁252. 

https://doi.org/10.1016/S0890-6238(01)00130-7 



 

127 

- Newbold, R. R., Padilla-Banks, E., & Jefferson, W. N. (2009). Environmental 

estrogens and obesity. Molecular and Cellular Endocrinology, 304(1), 84✁89. 

https://doi.org/10.1016/j.mce.2009.02.024 

- Ng, Y. T., & Chew, F. T. (2020). A systematic review and meta-analysis of risk 

factors associated with atopic dermatitis in Asia. World Allergy Organization Journal, 

13(11), 100477. https://doi.org/10.1016/j.waojou.2020.100477 

- Nikolic, D., Li, Y., Chadwick, L. R., Pauli, G. F., & van Breemen, R. B. (2005). 

Metabolism of xanthohumol and isoxanthohumol, prenylated flavonoids from hops 

(Humulus lupulus L.), by human liver microsomes. Journal of Mass Spectrometry, 

40(3), 289✁299. https://doi.org/10.1002/jms.753 

- Nindrea, R. D., Aryandono, T., & Lazuardi, L. (2017). Breast cancer risk from 

modifiable and non-modifiable risk factors among women in Southeast Asia: A meta-

analysis. Asian Pacific Journal of Cancer Prevention: APJCP, 18(12), 3201✁3206. 

https://doi.org/10.22034/APJCP.2017.18.12.3201 

- Nishida, M. (2002). The Ishikawa cells from birth to the present. Human Cell, 15(3), 

104✁117. https://doi.org/10.1111/j.1749-0774.2002.tb00105.x 

- Nishida, M., Kasahara, K., Kaneko, M., Iwasaki, H., & Hayashi, K. 

(1985). Establishment of a new human endometrial adenocarcinoma cell line, 

Ishikawa cells, containing estrogen and progesterone receptors. Nihon Sanka 

Fujinka Gakkai zasshi, 37(7), 1103✁1111. 

- Nookandeh, A., Frank, N., Steiner, F., Ellinger, R., Schneider, B., Gerhäuser, C., & 

Becker, H. (2004). Xanthohumol metabolites in faeces of rats. Phytochemistry, 65(5), 

561✁570. https://doi.org/10.1016/j.phytochem.2003.11.016 

- Novotny, E. (2022). Glyphosate, Roundup and the failures of regulatory assessment. 

Toxics, 10(6), 321. https://doi.org/10.3390/toxics10060321 

- ✚✝✏✆�✁ ✟✁✁ ✙✝�✞✄✆�✁ ✟✁✁ ✙✝✍�✝✁✒�✄✁ �✁✁ ✟✝✓✆�✁ ✁✁✁ �✆✂✁✒✁✔✏✒�✆✁ �✁✁ ✄✏✄✆✂�✝✏✒�✆✁ �✁✁

�✁✄✔✏✄✒✁✔�✁ �✁✁ ✠✁✒✁✁✁✆✁ ☞✁✁ ✂ ✠✁✔✖✂✛✁ �✁ ✁✄�✄�✄✁ ✙✎✆✕✄✆✁✝�✄✞✔✂✄✁✒ ✝✟ ✝✆✞✂✎✝✎✁✄✝✖

in rats of both sexes after oral and intravenous administration of pure xanthohumol 

and prenylflavonoid extract. Advances in Clinical and Experimental Medicine, 29(9), 

1101✁1109. https://doi.org/10.17219/acem/126293 

- Overk, C. R., Guo, J., Chadwick, L. R., Lantvit, D. D., Minassi, A., Appendino, G., 

Chen, S.-N., Lankin, D. C., Farnsworth, N. R., Pauli, G. F., van Breemen, R. B., & 

Bolton, J. L. (2008). In vivo estrogenic comparisons of Trifolium pratense (red 

clover) Humulus lupulus (hops), and the pure compounds isoxanthohumol and 8-

prenylnaringenin. Chemico-Biological Interactions, 176(1), 30✁39. 

https://doi.org/10.1016/j.cbi.2008.06.005 



 

128 

- Overk, C. R., Yao, P., Chadwick, L. R., Nikolic, D., Sun, Y., Cuendet, M. A., Deng, Y., 

Hedayat, A. S., Pauli, G. F., Farnsworth, N. R., van Breemen, R. B., & Bolton, J. L. 

(2005). Comparison of the in vitro estrogenic activities of compounds from Hops 

(Humulus lupulus) and Red Clover (Trifolium pratense). Journal of Agricultural and 

Food Chemistry, 53(16), 6246✁6253. https://doi.org/10.1021/jf050448p 

- Owens, W., & Koëter H. B. W. M. (2003). The OECD program to validate the rat 

uterotrophic bioassay: An overview. Environmental Health Perspectives, 111(12), 

1527✁1529. https://doi.org/10.1289/ehp.6413 

- Padilla-Banks, E., Jefferson, W. N., & Newbold, R. R. (2001). The immature mouse is 

a suitable model for detection of estrogenicity in the uterotropic bioassay. 

Environmental Health Perspectives, 109(8), 821✁826. 

- ✙✆✖✟✕✆✄✆✞✁ ✄✁ �✁✁ ✂ �✑✔✕✒✁ ✄✁ ✙✁ ✁✄�✂�✄✁ �✝☛✔✕✞ ��✁✞� ✟✝✝☛✂ ✆✞☛ ✄✄✞✄✄✆✖✖✑-processed 

�✞✆✂✁✕✆✖ ✟✝✝☛✂ ✁✆✟✔✂✔✕✄✆ ☛✄✔✂✒ ✆✖✂✔✕ ✂✎✔ ✕✔✒✍✝✞✒✔ ✂✝ ✒✏✔✔✂ ✂✆✒✂✔ ✓✁✂ ☛✝ ✞✝✂ impair flavor-

nutrient learning in rats. Physiology & Behavior, 157, 146✁157. 

https://doi.org/10.1016/j.physbeh.2016.01.010 

- ✙✆✞✁✆✁ ✠✁ ✟✁✁ ✁✆✕✛✆✒✁ ✡✁✁ ✟✆✖✓✝✁ ✠✁ ✂✁✁ ✟✝✞✟✖✔✁✕✁ �✁ ✂✁✁ ✞✕✆✞✁✝✂✂✝✁ �✁ �✁ �✁✁ ✠✆✞✂✂�✞✆✁

D. M. G., & Nogueira-Melo, G. A. (2021). Perinatal exposure to low doses of 

glyphosate-based herbicide combined with a high-fat diet in adulthood causes 

changes in the jejunums of mice. Life Sciences, 275, 119350. 

https://doi.org/10.1016/j.lfs.2021.119350 

- Parker, L.P., Taylor, D.D., Kesterson, S., Gercel-Taylor, C. (2009). Gene expression 

profiling in response to estradiol and genistein in ovarian cancer cells. Cancer 

Genomics & Proteomic, 6 (3), 189✁194. 

- Parvez, S., Gerona, R. R., Proctor, C., Friesen, M., Ashby, J. L., Reiter, J. L., Lui, Z., 

& Winchester, P. D. (2018). Glyphosate exposure in pregnancy and shortened 

gestational length: a prospective Indiana birth cohort study. Environmental 

Health, 17(1), 23. https://doi.org/10.1186/s12940-018-0367-0 

- Peluso, J. J. (2018). Nonclassical steroid receptors and their role in regulating female 

reproduction, in Encyclopedia of Reproduction, Ed: Skinner, M., Academic Press, vol. 

II, p. p. 158✁164. https://doi.org/10.1016/B978-0-12-801238-3.64636-6 

- Pérez, D. J., Iturburu, F. G., Calderon, G., Oyesqui, L. A. E., De Gerónimo, E., & 

Aparicio, V. C. (2021). Ecological risk assessment of current-use pesticides and 

biocides in soils, sediments and surface water of a mixed land-use basin of the 

Pampas region, Argentina. Chemosphere, 263, 128061. 

https://doi.org/10.1016/j.chemosphere.2020.128061 

- Pfaffl, M.W., 2001. A new mathematical model for relative quantification in real-time 

RT-PCR. Nucleic Acids Research, 29 (9), e45. https://doi.org/10.1093/nar/29.9.e45. 



 

129 

- ✙✄✔✁✁✑✁✒�✆✁ ✟✁✁ �✝�✂✑✖✆�✁ ✠✁✁ �✆✏✕✝✁�✄✁ �✁✁ ✂ ✟✄✔✕✞✆✂✁ �✁ ✁✄�✂✂✄✁ Analysis of PTEN, 

✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌ ✆✞☛ ✍✕✝✛✔✒✂✔✕✝✞✔ ✕✔✁✔✍✂✝✕ ✔✝✍✕✔✒✒✄✝✞ ✄✞ ✔✞☛✝✄✔✂✕✄✆✖

hyperplasia using tissue microarray. Polish Journal of Pathology, 62(3), 133✁138. 

- Pisha, E., & Pezzuto, J. M. (1997). Cell-based assay for the determination of 

estrogenic and anti-estrogenic activities. Methods in Cell Science. 19, 37✁43. 

- Plagemann, A. (2005). Perinatal programming and functional teratogenesis: Impact 

on body weight regulation and obesity. Physiology & Behavior, 86(5), 661✁668. 

https://doi.org/10.1016/j.physbeh.2005.08.065 

- Portier, C. J. (2020). A comprehensive analysis of the animal carcinogenicity data for 

glyphosate from chronic exposure rodent carcinogenicity studies. Environmental 

Health, 19(1), 18. https://doi.org/10.1186/s12940-020-00574-1 

- Portier, C. J., Armstrong, B. K., Baguley, B. C., Baur, X., Belyaev, I., Bellé, R., 

Belpoggi, F., Biggeri, A., Bosland, M. C., Bruzzi, P., Budnik, L. T., Bugge, M. D., 

Burns, K., Calaf, G. M., Carpenter, D. O., Carpenter, H. M., López-Carrillo, L., Clapp, 

✡✁✁ �✝✁✁✝✁ ✙✁✁ � & Zhou, S.-F. (2016). Differences in the carcinogenic evaluation of 

glyphosate between the International Agency for Research on Cancer (IARC) and 

the European Food Safety Authority (EFSA). Journal of Epidemiology and 

Community Health, 70(8), 741✁745. https://doi.org/10.1136/jech-2015-207005 

- Possemiers, S., Bolca, S., Grootaert, C., Heyerick, A., Decroos, K., Dhooge, W., De 

Keukeleire, D., Rabot, S., Verstraete, W., & Van de Wiele, T. (2006). The 

prenylflavonoid isoxanthohumol from hops (Humulus lupulus L.) is activated into the 

potent phytoestrogen 8-prenylnaringenin in vitro and in the human intestine. Journal 

of Nutrition, 136(7), 1862✁1867. https://doi.org/10.1093/jn/136.7.1862 

- Possemiers, S., Rabot, S., Espín, J. C., Bruneau, A., Philippe, C., González-Sarrías, 

A., Heyerick, A., Tomás-Barberán, F. A., De Keukeleire, D., & Verstraete, W. (2008). 

Eubacterium limosum activates isoxanthohumol from hops (Humulus lupulus L.) into 

the potent phytoestrogen 8-prenylnaringenin in vitro and in rat intestine. Journal of 

Nutrition, 138(7), 1310✁1316. https://doi.org/10.1093/jn/138.7.1310 

- Prat, J., Gallardo, A., Cuatrecasas, M., & Catasús, L. (2007). Endometrial carcinoma: 

Pathology and genetics. Pathology, 39(1), 72✁87. 

https://doi.org/10.1080/00313020601136153 

- Prentice, R. L., Thomson, C. A., Caan, B., Hubbell, F. A., Anderson, G. L., Beresford, 

S. A. A., Pettinger, M., Lane, D. S., Lessin, L., Yasmeen, S., Singh, B., Khandekar, 

J., Shikany, J. M., Satterfield, S., & Chlebowski, R. T. (2007). Low-fat dietary pattern 

and cancer incidence in the �✝✄✔✞✂✒ ✠✔✆✖✂✎ ✁✞✄✂✄✆✂✄☎✔ �✄✔✂✆✕✑ �✝☛✄✟✄✁✆tion 

Randomized Controlled Trial. JNCI: Journal of the National Cancer Institute, 99(20), 

1534✁1543. https://doi.org/10.1093/jnci/djm159 



 

130 

- Primost, J. E., Marino, D. J. G., Aparicio, V. C., Costa, J. L., & Carriquiriborde, P. 

(2017). ✞✖✑✍✎✝✒✆✂✔ ✆✞☛ ��✙�✁ ☎✍✒eudo-✍✔✕✒✄✒✂✔✞✂✆ ✍✝✖✖✁✂✆✞✂✒ ✁✞☛✔✕ ✕✔✆✖-world 

agricultural management practices in the Mesopotamic Pampas agroecosystem, 

Argentina. Environmental Pollution, 229, 771✁779. 

https://doi.org/10.1016/j.envpol.2017.06.006 

- Pronk, N. P., Anderson, L. H., Crain, A. ✂✁✁ �✆✕✂✄✞✒✝✞✁ ✟✁ �✁✁ �✂�✝✞✞✝✕✁ ✙✁ �✁✁

Sherwood, N. E., & Whitebird, R. R. (2004). Meeting recommendations for multiple 

healthy lifestyle factors: Prevalence, clustering, and predictors among adolescent, 

adult, and senior health plan members. American Journal of Preventive Medicine, 

27(2), 25✁33. https://doi.org/10.1016/j.amepre.2004.04.022 

- Puga, A., Ma, C., & Marlowe, J. L. (2009). The aryl hydrocarbon receptor cross-talks 

with multiple signal transduction pathways. Biochemical Pharmacology, 77(4), 713✁

722. https://doi.org/10.1016/j.bcp.2008.08.031 

- Raffone, A., Travaglino, A., Saccone, G., Viggiani, M., Giampaolino, P., Insabato, L., 

Mollo, A., De Placido, G., & Zullo, F. (2019). PTEN expression in endometrial 

hyperplasia and risk of cancer: A systematic review and meta-analysis. Archives of 

Gynecology and Obstetrics, 299(6), 1511✁1524. https://doi.org/10.1007/s00404-019-

05123-x 

- Raglan, O., Kalliala, I., Markozannes, G., Cividini, S., Gunter, M. J., Nautiyal, J., 

Gabra, H., Paraskevaidis, E., Martin-Hirsch, P., Tsilidis, K. K., & Kyrgiou, M. (2019). 

Risk factors for endometrial cancer: An umbrella review of the literature. International 

Journal of Cancer, 145(7), 1719✁1730. https://doi.org/10.1002/ijc.31961 

- Ramirez Haberkon, N. B., Aparicio, V. C., & Mendez, M. J. (2021). First evidence of 

glyphosate and aminomethylphosphonic acid (AMPA) in the respirable dust (PM10) 

emitted from unpaved rural roads of Argentina. The Science of the Total 

Environment, 773, 145055. https://doi.org/10.1016/j.scitotenv.2021.145055 

- ✡✆✄✝✒ �✖☎✆✕✔✞✛✆✁ ✡✁ ☎✁✁ ☎✕✄✔✒✔✞✁ �✁ ✟✁✁ ✚✄�✝✖✄�✁ �✁✁ ✠✄✄✄✖✔✕✁ �✁✁ ✚✆✍✝✖✄✂✆✞✝✁ �✁ ✞✁✁

van Breemen, R., Lankin, D. C., McAlpine, J. B., Pauli, G. F., & Chen, S.-N. (2014). 

K-targeted metabolomic analysis extends chemical subtraction to DESIGNER 

extracts: Selective depletion of extracts of hops (Humulus lupulus). Journal of Natural 

Products, 77(12), 2595✁2604. https://doi.org/10.1021/np500376g 

- Ramos, J. G., Varayoud, J., Bosquiazzo, V. L., Luque, E. H., & Muñoz-de-Toro, M. 

(2002). Cellular turnover in the rat uterine cervix and its relationship to estrogen and 

progesterone receptor dynamics. Biology of Reproduction, 67(3), 735✁742. 

https://doi.org/10.1095/biolreprod.101.002402 

- Ramos, J. G., Varayoud, J., Sonnenschein, C., Soto, A. M., Muñoz De Toro, M., & 

Luque, E. H. (2001). Prenatal exposure to low doses of bisphenol A alters the 



 

131 

periductal stroma and glandular cell function in the rat ventral prostate. Biology of 

Reproduction, 65(4), 1271✁1277. https://doi.org/10.1095/biolreprod65.4.1271 

- Rasmussen, M. K., Balaguer, P., Ekstrand, B., Daujat-Chavanieu, M., Gerbal-

Chaloin, S. (2016). Skatole (3-methylindole) is a partial aryl hydrocarbon receptor 

agonist and induces CYP1A1/2 and CYP1B1 expression in primary human 

hepatocytes. PLoS One, 11(5), e0154629. 

https://doi.org/10.1371/journal.pone.0154629. 

- Rataj, F., Möller, F. J., Jähne, M., Zierau, O., Diel, P., Vollmer, G., & Kretzschmar, G. 

(2012). ✡✔✛✁✖✆✂✄✝✞ ✝✟ ✁✂✔✕✄✞✔ �✠✡ ✓✆✂✂✔✕✑ ✛✔✞✔ ✔✝✍✕✔✒✒✄✝✞ ✓✑ ✂✆✝-Estradiol is 

predominantly mediat✔☛ ✓✑ ✔✒✂✕✝✛✔✞ ✕✔✁✔✍✂✝✕ ✌✁ �✕✁✎✄☎✔✒ ✝✟ �✝✝✄✁✝✖✝✛✑✁ 86(10), 

1603✁1612. https://doi.org/10.1007/s00204-012-0870-y  

- Roblin, S., Okey, A.B., Harper, P.A. (2004). AH receptor antagonist inhibits 

constitutive CYP1A1 and CYP1B1 expression in rat BP8 cells. Biochemical and 

Biophysical Research Communications, 317(1), 142✁148. 

https://doi.org/10.1016/j.bbrc.2004.03.016.  

- Refaie, M. M. M., & El-Hussieny, M. (2017). The role of interleukin-1b and its 

antagonist (diacerein) in estradiol benzoate-induced endometrial hyperplasia and 

atypia in female rats. Fundamental & Clinical Pharmacology, 31(4), 438✁446. 

https://doi.org/10.1111/fcp.12285 

- Ren, X., Li, R., Liu, J., Huang, K., Wu, S., Li, Y., & Li, C. (2018). Effects of glyphosate 

on the ovarian function of pregnant mice, the secretion of hormones and the sex ratio 

of their fetuses. Environmental Pollution, 243, 833✁841. 

https://doi.org/10.1016/j.envpol.2018.09.049 

- Rendon-von Osten, J., & Dzul-Caamal, R. (2017). Glyphosate residues in 

groundwater, drinking water and urine of subsistence farmers from intensive 

agriculture localities: A survey in Hopelchén, Campeche, Mexico. International 

Journal of Environmental Research and Public Health, 14(6), 595. 

https://doi.org/10.3390/ijerph14060595 

- Restuccia, D. F., & Hemmings, B. A. (2010). From man to mouse and back again: 

Advances in defining tumor AKTivities in vivo. Disease Models & Mechanisms, 3(11✁

12), 705✁720. https://doi.org/10.1242/dmm.004671 

- Richard, S., Moslemi, S., Sipahutar, H., Benachour, N., & Seralini, G. E. (2005). 

Differential effects of glyphosate and roundup on human placental cells and 

aromatase. Environmental Health Perspectives, 113(6), 716✁720. 

https://doi.org/10.1289/ehp.7728  

- Rimoldi, G., Christoffel, J., & Wuttke, W. (2006). Morphologic changes induced by 

oral long-term treatment with 8-prenylnaringenin in the uterus, vagina, and mammary 



 

132 

gland of castrated rats. Menopause, 13(4), 669✁677. 

https://doi.org/10.1097/01.gme.0000196596.90076.d0 

- Rochester, J. R. (2013). Bisphenol A and human health: A review of the literature. 

Reproductive Toxicology, 42, 132✁155. 

https://doi.org/10.1016/j.reprotox.2013.08.008 

- Rodrigues, N. R., & de Souza, A. P. F. (2018). Occurrence of glyphosate and AMPA 

residues in soy-based infant formula sold in Brazil. Food Additives & Contaminants. 

Part A, Chemistry, Analysis, Control, Exposure & Risk Assessment, 35(4), 723✁730. 

https://doi.org/10.1080/19440049.2017.1419286 

- Rodriguez, A. C., Blanchard, Z., Maurer, K. A., Gertz, J. (2019). Estrogen signaling in 

endometrial cancer: a key oncogenic pathway with several open questions. 

Hormones & Cancer, 10 (2✁3), 51✁63. https://doi.org/10.1007/s12672-019-0358-9 

- Rossi, A. S., Oliva, M. E., Ferreira, M. R., Chicco, A., & Lombardo, Y. B. (2013). 

Dietary chia seed induced changes in hepatic transcription factors and their target 

lipogenic and oxidative enzyme activities in dyslipidaemic insulin-resistant rats. 

British Journal of Nutrition, 109(9), 1617✁1627. 

https://doi.org/10.1017/S0007114512003558 

- Ryan, A. J., Susil, B., Jobling, T. W., & Oehler, M. K. (2005). Endometrial cancer. 

Cell and Tissue Research, 322(1), 53✁61. https://doi.org/10.1007/s00441-005-1109-5 

- Rylander-Rudqvist, T., Wedrén, S., Jonasdottir, G., Ahlberg, S., Weiderpass, E., 

Persson, I., & Ingelman-Sundberg, M. (2004). Cytochrome P450 1B1 gene 

polymorphisms and postmenopausal endometrial cancer risk. Cancer Epidemiology, 

Biomarkers & Prevention, 13(9), 1515✁1520. 

- Saadeldin, I. M., Hussein, M. A., Suleiman, A. H., Abohassan, M. G., Ahmed, M. M., 

Moustafa, A. A., Moumen, A. F., & Abdel-Aziz Swelum, A. (2018). Ameliorative effect 

of ginseng extract on phthalate and bisphenol A reprotoxicity during pregnancy in 

rats. Environmental Science and Pollution Research, 25(21), 21205✁21215. 

https://doi.org/10.1007/s11356-018-2299-1 

- ✠✆✟✔✁ ✠✁✁ ✂ �✝✕✄�✔✁ �✁ ✁✄��✘✄✁ ✁✞✎✄✓✄✂✝✕✑ �✕✑✖ ✠✑☛✕✝✁✆✕✓✝✞ ✡✔✁✔✍✂✝✕✂☞✒✂✕✝✛✔✞

✡✔✁✔✍✂✝✕ ✌ �✕✝✒✒-Talk and mechanisms of action. Chemical Research in Toxicology, 

16(7), 807✁816. https://doi.org/10.1021/tx034036r 

- Saito, F., Tashiro, H., To, Y., Ohtake, H., Ohba, T., Suzuki, A., & Katabuchi, H. 

(2011). Mutual contribution of Pten and Estrogen to endometrial carcinogenesis in a 

PtenloxP/loxP mouse model: International Journal of Gynecological Cancer, 21(8), 

1343✁1349. https://doi.org/10.1097/IGC.0b013e31822d2a8a 

- Sampey, B. P., Vanhoose, A. M., Winfield, H. M., Freemerman, A. J., Muehlbauer, M. 

J., Fueger, P. T., Newgard, C. B., & Makowski, L. (2011). Cafeteria diet is a robust 



 

133 

model of human metabolic syndrome with liver and adipose inflammation: 

comparison to high-fat diet. Obesity, 19(6), 1109✁1117. 

https://doi.org/10.1038/oby.2011.18 

- Sanderson, P. A., Critchley, H. O., Williams, A. R., Arends, M. J., & Saunders, P. T. 

(2017). New concepts for an old problem: the diagnosis of endometrial 

hyperplasia. Human Reproduction Update, 23(2), 232✁254. 

https://doi.org/10.1093/humupd/dmw042  

- Santen, R. J., Allred, D. C., Ardoin, S. P., Archer, D. F., Boyd, N., Braunstein, G. D., 

Burger, H. G., Colditz, G. A., Davis, S. R., Gambacciani, M., Gower, B. A., 

Henderson, V. W., Jarjour, W. N., Karas, R. H., Kleerekoper, M., Lobo, R. A., 

�✆✞✒✝✞✁ �✁ ☞✁✁ �✆✕✒☛✔✞✁ �✁✁ �✆✕✂✄✞✁ ✄✁ �✁✁ � �✂✄✆✞✁ �✁ ✠✁ ✁✄�✂�✄✁ Postmenopausal 

Hormone Therapy: An Endocrine Society Scientific Statement. The Journal of Clinical 

Endocrinology & Metabolism, 95(7_supplement_1), s1✁s66. 

https://doi.org/10.1210/jc.2009-2509 

- Schaefer, O., Hümpel, M., Fritzemeier, K.-H., Bohlmann, R., & Schleuning, W.-D. 

(2003). 8-✙✕✔✞✑✖ ✞✆✕✄✞✛✔✞✄✞ ✄✒ ✆ ✍✝✂✔✞✂ ☞✡✌ ✒✔✖✔✁✂✄☎✔ ✍✎✑✂✝✔✒✂✕✝✛✔✞ ✍✕✔✒✔✞✂ ✄✞ ✎✝✍✒

and beer. The Journal of Steroid Biochemistry and Molecular Biology, 84(2✁3), 359✁

360. https://doi.org/10.1016/S0960-0760(03)00050-5 

- Schindelin, J., Arganda-Carreras, I., Frise, E., Kaynig, V., Longair, M., Pietzsch, T., 

Preibisch, S., Rueden, C., Saalfeld, S., Schmid, B., Tinevez, J. Y., White, D. J., 

Hartenstein, V., Eliceiri, K., Tomancak, P., & Cardona, A. (2012). Fiji: an open-source 

platform for biological-image analysis. Nature Methods, 9(7), 676✁682. 

https://doi.org/10.1038/nmeth.2019 

- ✠�✝�✁ ✄✁✁ �✆☎✔✕✁ �✁✁ ✞✕✆☛✄�✞✄�✁ ✂✁✁ ✄✝✁✆✕✁ ✚✁✁ �✆�✆✄✁ ✁✁✁ ✂ �✕�✝✁ �✁ ✁✄�✄�✄✁

Endometrial cancer and its cell lines. Molecular Biology Reports, 47(2), 1399✁1411. 

https://doi.org/10.1007/s11033-019-05226-3 

- Serra, L., Estienne, A., Vasseur, C., Froment, P., & Dupont, J. (2021). Review: 

Mechanisms of glyphosate and glyphosate-based herbicides action in female and 

male fertility in humans and animal models. Cells, 10(11), 3079. 

https://doi.org/10.3390/cells10113079 

- Serre, K., & Sasongko, M. B. (2012). Modifiable lifestyle and environmental risk 

factors affecting the retinal microcirculation. Microcirculation, 19(1), 29✁36. 

https://doi.org/10.1111/j.1549-8719.2011.00121.x 

- Shah, H. K., Bhat, M. A., Sharma, T., Banerjee, B. D., & Guleria, K. (2018). 

Delineating potential transcriptomic association with organochlorine pesticides in the 

etiology of epithelial ovarian cancer. The Open Biochemistry Journal, 12, 16✁28. 

https://doi.org/10.2174/1874091X01812010016 



 

134 

- Shang, C.-G., Liu, Z.-H., Wang, X.-H., Feng, Z.-H., & Zhang, Y. (2017). Effect of 

high-fat diet-induced disorders on rat with endometrial hyperplasia and adiponectin 

system in circulation and uterus. Chinese Medical Journal, 130(15), 1831✁1837. 

https://doi.org/10.4103/0366-6999.211551 

- Shanle, E. K., & Xu, W. (2011). Endocrine disrupting chemicals targeting estrogen 

receptor signaling: Identification and mechanisms of action. Chemical Research in 

Toxicology, 24(1), 6✁19. https://doi.org/10.1021/tx100231n 

- Sharma, R., Biedenharn, K. R., Fedor, J. M., & Agarwal, A. (2013). Lifestyle factors 

and reproductive health: Taking control of your fertility. Reproductive Biology and 

Endocrinology: RB&E, 11, 66. https://doi.org/10.1186/1477-7827-11-66 

- Si, C.-J., Shu, L., Zheng, P.-F., Zhang, X.-Y., Yu, X.-L., Gao, W., & Zhang, L. (2017). 

Dietary patterns and endometrial cancer: A meta-analysis. European Journal of 

Cancer Prevention, 26(4), 336✁345. https://doi.org/10.1097/CEJ.0000000000000266 

- Siegel, R. L., Miller, K. D., Fuchs, H. E., & Jemal, A. (2021). Cancer Statistics, 2021. 

CA: A Cancer Journal for Clinicians, 71(1), 7✁33. https://doi.org/10.3322/caac.21654 

- Siegel, R. L., Miller, K. D., Fuchs, H. E., & Jemal, A. (2022). Cancer statistics, 2022. 

CA: A Cancer Journal for Clinicians, 72(1), 7✁33. https://doi.org/10.3322/caac.21708 

- Singh, M., McGinley, J. N., & Thompson, H. J. (2000). A comparison of the 

histopathology of premalignant and malignant mammary gland lesions induced in 

sexually immature rats with those occurring in the human. Laboratory 

Investigation, 80(2), 221✁231. https://doi.org/10.1038/labinvest.3780025 

- Singh, G., & Puckett, Y. (2022). Endometrial hyperplasia. In StatPearls. StatPearls 

Publishing. PMID: 32809528. 

- Smith, T., Kawa, K., Eckl, V., Morton, C., & Stredney, R. (2018). herbal supplement 

sales in US increase 8.5% in 2017, topping $8 Billion. HerbalGram, 119, 62✁71.  

- Soares, D., Silva, L., Duarte, S., Pena, A., & Pereira, A. (2021). Glyphosate use, 

toxicity and occurrence in food. Foods, 10(11), 2785. 

https://doi.org/10.3390/foods10112785 

- Sobczuk, K., & Sobczuk, A. (2017). New classification system of endometrial 

hyperplasia WHO 2014 and its clinical implications. Menopausal Review, 3, 107✁111. 

https://doi.org/10.5114/pm.2017.70589 

- Soerjomataram, I., & Bray, F. (2021). Planning for tomorrow: Global cancer incidence 

and the role of prevention 2020✁2070. Nature Reviews Clinical Oncology, 18(10), 

663-672. https://doi.org/10.1038/s41571-021-00514-z 

- Sonavane, M., & Gassman, N. R. (2019). Bisphenol A co-exposure effects: A key 

✟✆✁✂✝✕ ✄✞ ✁✞☛✔✕✒✂✆✞☛✄✞✛ ✟✙�✂✒ ✁✝✄✍✖✔✝ ✄✔✁✎anism and health outcomes. Critical 



 

135 

Reviews in Toxicology, 49(5), 371✁386. 

https://doi.org/10.1080/10408444.2019.1621263 

- Spencer, T. E., Dunlap, K. A., & Filant, J. (2012). Comparative developmental biology 

of the uterus: Insights into mechanisms and developmental disruption. Molecular and 

Cellular Endocrinology, 354(1✁2), 34✁53. https://doi.org/10.1016/j.mce.2011.09.035 

- Stewart, B. W. (2012). Priorities for cancer prevention: Lifestyle choices versus 

unavoidable exposures. The Lancet Oncology, 13(3), e126✁e133. 

https://doi.org/10.1016/S1470-2045(11)70221-2 

- Stoker, C., Andreoli, M. F., Kass, L., Bosquiazzo, V. L., Rossetti, M. F., Canesini, G., 

Luque, E. H., & Ramos, J. G. (2020). Perinatal exposure to bisphenol A (BPA) 

impairs neuroendocrine mechanisms regulating food intake and kisspetin system in 

adult male rats. Evidences of metabolic disruptor hypothesis. Molecular and Cellular 

Endocrinology, 499, 110614. https://doi.org/10.1016/j.mce.2019.110614 

- Sun, H., Enomoto, T., Fujita, M., Wada, H., Yoshino, K., Ozaki, K., Nakamura, T., & 

Murata, Y. (2001). Mutational analysis of the PTEN gene in endometrial carcinoma 

and hyperplasia. American Journal of Clinical Pathology, 115(1), 32✁38. 

https://doi.org/10.1309/7JX6-B9U9-3P0R-EQNY 

- Sun, Q., Qi, W., Xiao, X., Yang, S.-H., Kim, D., Yoon, K. S., Clark, J. M., & Park, Y. 

(2017). Imidacloprid promotes high fat diet-induced adiposity in female C57BL/6J 

mice and enhances adipogenesis in 3T3-L1 adipocytes via the ��✙✄✌-mediated 

pathway. Journal of Agricultural and Food Chemistry, 65(31), 6572✁6581. 

https://doi.org/10.1021/acs.jafc.7b02584 

- Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & 

Bray, F. (2021). Global Cancer Statistics 2020: GLOBOCAN estimates of incidence 

and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for 

Clinicians, 71(3), 209✁249. https://doi.org/10.3322/caac.21660 

- Swedenborg, E., & Pongratz, I. (2010). AhR and ARNT modulate ER signaling. 

Toxicology, 268(3), 132✁138. https://doi.org/10.1016/j.tox.2009.09.007 

- Székács, A., & Darvas, B. (2018). Re-registration challenges of glyphosate in the 

European Union. Frontiers in Environmental Science, 6. 

https://www.frontiersin.org/articles/10.3389/fenvs.2018.00078 

- Tafrishi, R., Seyfari, B., Rahimi, R., Chaichi, Z., Dehghan Tarazjani, A., & Ashrafinia, 

F. (2020). Modifiable and non-modifiable factors affecting the risk of childhood 

leukemia: An overview of meta-analysis. International Journal of Pediatrics, 9 (3), 

13243-13248. https://doi.org/10.22038/ijp.2020.48245.3888 

- Taketa, Y., Inoue, K., Takahashi, M., Sakamoto, Y., Watanabe, G., Taya, K., & 

Yoshida, M. (2016). Effects of sulpiride and ethylene glycol monomethyl ether on 



 

136 

endometrial carcinogenicity in Donryu rats: Prolactin effect on endometrial 

carcinogenicity in rats. Journal of Applied Toxicology, 36(6), 769✁776. 

https://doi.org/10.1002/jat.3206 

- Tarapore, P., Hennessy, M., Song, D., Ying, J., Ouyang, B., Govindarajah, V., Leung, 

Y.-K., & Ho, S.-M. (2017). High butter-fat diet and bisphenol A additively impair male 

rat spermatogenesis. Reproductive Toxicology, 68, 191✁199. 

https://doi.org/10.1016/j.reprotox.2016.09.008 

- Test Biotech, 2013. High Levels of residues from spraying with glyphosate found in 

soybeans in Argentina. http://www.testbiotech.org/en/node/926 

- Tarazona, J. V., Court-Marques, D., Tiramani, M., Reich, H., Pfeil, R., Istace, F., & 

Crivellente, F. (2017). Response to the reply by C. J. Portier and P. Clausing, 

concerning our review �✞✖✑✍✎✝✒✆✂✔ ✂✝✝✄✁✄✂✑ ✆✞☛ ✁✆✕✁✄✞✝✛✔✞✄✁✄✂✑✗ � ✕✔☎✄✔✏ ✝✟ ✂✎✔

✒✁✄✔✞✂✄✟✄✁ ✓✆✒✄✒ ✝✟ ✂✎✔ ☞✁✕✝✍✔✆✞ �✞✄✝✞ ✆✒✒✔✒✒✄✔✞✂ ✆✞☛ ✄✂✒ ☛✄✟✟✔✕✔✞✁✔✒ ✏✄✂✎ ✁�✡�✂✁

Archives of Toxicology, 91(9), 3199✁3203. https://doi.org/10.1007/s00204-017-2032-

8 

- Tarnow, P., Tralau, T., & Luch, A. (2019). Chemical activation of estrogen and aryl 

hydrocarbon receptor signaling pathways and their interaction in toxicology and 

metabolism. Expert Opinion on Drug Metabolism & Toxicology, 15(3), 219✁229. 

https://doi.org/10.1080/17425255.2019.1569627 

- Thongprakaisang, S., Thiantanawat, A., Rangkadilok, N., Suriyo, T., & Satayavivad, 

J. (2013). Glyphosate induces human breast cancer cells growth via estrogen 

receptors. Food and Chemical Toxicology, 59, 129✁136. 

https://doi.org/10.1016/j.fct.2013.05.057 

- Tijet, N., Boutros, P. C., Moffat, I. D., Okey, A. B., Tuomisto, J., & Pohjanvirta, R. 

(2006). Aryl hydrocarbon receptor regulates distinct dioxin-dependent and dioxin-

independent gene batteries. Molecular Pharmacology, 69(1), 140✁153. 

https://doi.org/10.1124/mol.105.018705 

- Torretta, V., Katsoyiannis, I. A., Viotti, P., & Rada, E. C. (2018). critical review of the 

effects of glyphosate exposure to the environment and humans through the food 

supply chain. Sustainability, 10(4), 950. https://doi.org/10.3390/su10040950 

- Toffanin, S., Daidone, M.G., Miodini, P., De Cecco, L., Gandellini, P., & Cappelletti, 

V. (2008). Clusterin: a potential target for improving response to antiestrogens. 

International Journal of Oncology, 33 (4), 791✁798. 

- Travaglino, A., Raffone, A., Saccone, G., Mascolo, M., Guida, M., Mollo, A., Insabato, 

L., & Zullo, F. (2020). Congruence between 1994 WHO classification of endometrial 



 

137 

hyperplasia and endometrial intraepithelial neoplasia system. American Journal of 

Clinical Pathology, 153(1), 40✁48. https://doi.org/10.1093/ajcp/aqz132 

- �✕✝✞✄✞✆✁ �✁✁ ✙✝✍�✝✁✒�✄✁ �✁✁ ✂ ✟✆✕✂✄✆✁✒�✆✁ �✁ ✁✄�✄�✄✁ ☎✖✆☎✝✞✝✄☛✒ ✆✒ phytoestrogenic 

components of Hops and beer. Molecules, 25(18), 4201. 

https://doi.org/10.3390/molecules25184201 

- Tsui, M. T. K., & Chu, L. M. (2003). Aquatic toxicity of glyphosate-based formulations: 

Comparison between different organisms and the effects of environmental factors. 

Chemosphere, 52(7), 1189✁1197. https://doi.org/10.1016/S0045-6535(03)00306-0 

- Tsuchiya, Y., Nakajima, M., Itoh, S., Iwanari, M., Yokoi, T. (2003). Expression of aryl 

hydrocarbon receptor repressor in normal human tissues and inducibility by 

polycyclic aromatic hydrocarbons in human tumor-derived cell lines. Toxicological 

Sciences, 72 (2), 253✁259. https://doi.org/10.1093/toxsci/kfg022.  

- Tsuchiya, Y., Nakajima, M., Kyo, S., Kanaya, T., Inoue, M., Yokoi, T. (2004). Human 

CYP1B1 is regulated by estradiol via estrogen receptor. Cancer Research, 64 (9), 

3119✁3125. https://doi.org/10.1158/0008-5472.can-04-0166. 

- Ullah, K., Rahman, T. U., Pan, H. T., Guo, M. X., Dong, X. Y., Liu, J., Jin, L. Y., 

Cheng, Y., Ke, Z. H., Ren, J., Lin, X. H., Qiu, X. X., Wang, T. T., Huang, H. F., & 

Sheng, J. Z. (2017). Serum estradiol levels in controlled ovarian stimulation directly 

affect the endometrium. Journal of Molecular Endocrinology, 59 (2), 105✁119. 

https://doi.org/10.1530/JME-17-0036. 

- US EPA, 2015. EDSP: Weight of Evidence Analysis of Potential Interaction with the 

Estrogen, Androgen or Thyroid Pathways. Chemical: Glyphosate. Office of Pesticide 

Programs US EPA 

- U.S. EPA. Standard Evaluation Procedure (SEP). Uterotrophic Assay OCSPP 

Guideline 890.1600. (2011) Available: https://www.epa.gov/sites/default/files/2015-

07/documents/final_890.1600_uterotrophic_assay_sep_9.22.11.pdf  [accessed 18 

December 2022] 

- U.S. EPA, 2017. Glyphosate. Dietary exposure analysis in support of registration 

review. https://www.regulations.gov/document?D=EPA-HQ-OPP-2009-0361-0071 05 

June 2020. 

- van Breemen R. B. (2015). Development of safe and effective botanical dietary 

supplements. Journal of Medicinal Chemistry, 58(21), 8360✁8372. 

https://doi.org/10.1021/acs.jmedchem.5b00417 

- van Breemen, R. B., Yuan, Y., Banuvar, S., Shulman, L. P., Qiu, X., Alvarenga, R. F. 

R., Chen, S.-N., Dietz, B. M., Bolton, J. L., Pauli, G. F., Krause, E., Viana, M., & 

Nikolic, D. (2014). Pharmacokinetics of prenylated hop phenols in women following 



 

138 

oral administration of a standardized extract of hops. Molecular Nutrition & Food 

Research, 58(10), 1962✁1969. https://doi.org/10.1002/mnfr.201400245 

- Van Bruggen, A. H. C., He, M. M., Shin, K., Mai, V., Jeong, K. C., Finckh, M. R., & 

Morris, J. G. (2018). Environmental and health effects of the herbicide glyphosate. 

The Science of the Total Environment, 616✁617, 255✁268. 

https://doi.org/10.1016/j.scitotenv.2017.10.309 

- Vandenberg, L. N., Blumberg, B., Antoniou, M. N., Benbrook, C. M., Carroll, L., 

Colborn, T., Everett, L. G., Hansen, M., Landrigan, P. J., Lanphear, B. P., Mesnage, 

R., Vom Saal, F. S., Welshons, W. V., & Myers, J. P. (2017). Is it time to reassess 

current safety standards for glyphosate-based herbicides? Journal of Epidemiology 

and Community Health, 71(6), 613✁618. https://doi.org/10.1136/jech-2016-208463 

- Van Nyen, T., Moiola, C. P., Colas, E., Annibali, D., & Amant, F. (2018). Modeling 

Endometrial Cancer: Past, Present, and Future. International Journal of Molecular 

Sciences, 19(8), 2348. https://doi.org/10.3390/ijms19082348 

- Vandenberg, L.N., Colborn, T., Hayes, T.B., Heindel, J.J., Jacobs Jr., D.R., Lee, 

D.H., Shioda, et al., 2012. Hormones and endocrine-disrupting chemicals: low-dose 

effects and nonmonotonic dose responses. Endocrine Reviews, 33 (3), 378✁455. 

https://doi.org/ 10.1210/er.2011-1050. 

- Varayoud, J., Durando, M., Ramos, J. G., Milesi, M. M., Ingaramo, P. I., Muñoz-de-

Toro, M., & Luque, E. H. (2017). Effects of a glyphosate-based herbicide on the 

uterus of adult ovariectomized rats. Environmental Toxicology, 32(4), 1191✁1201. 

https://doi.org/10.1002/tox.22316 

- Varayoud, J., Ramos, J. G., Muñoz-de-Toro, M., & Luque, E. H. (2014). Chapter 

Ten�Long-Lasting Effects of Neonatal Bisphenol A Exposure on the Implantation 

Process, in Vitamins & Hormones, Ed: Litwack, G., Academic Press, Vol. 94, p. 253✁

275. https://doi.org/10.1016/B978-0-12-800095-3.00010-9 

- Varuzza, M. B., Zapaterini, J. R., Colombelli, K. T., Barquilha, C. N., Justulin, L. A., 

Muñoz✁de✁Toro, M., Kass, L., & Barbisan, L. F. (2019). Impact of gestational low 

protein diet and postnatal bisphenol A exposure on chemically induced mammary 

carcinogenesis in female offspring rats. Environmental Toxicology, 34(11), 1263✁

1272. https://doi.org/10.1002/tox.22827 

- Vazquez, M. A., Maturano, E., Etchegoyen, A., Difilippo, F. S., & Maclean, B. (2017). 

Association between cancer and environmental exposure to glyphosate. International 

Journal of Clinical Medicine, 8(2), Article 2. https://doi.org/10.4236/ijcm.2017.82007 

- Vigezzi, L., Bosquiazzo, V. L., Kass, L., Ramos, J. G., Muñoz-de-Toro, M., & Luque, 

E. H. (2015). Developmental exposure to bisphenol A alters the differentiation and 



 

139 

functional response of the adult rat uterus to estrogen treatment. Reproductive 

Toxicology, 52, 83✁92. https://doi.org/10.1016/j.reprotox.2015.01.011 

- Vigezzi, L., Ramos, J. G., Kass, L., Tschopp, M. V., Muñoz-de-Toro, M., Luque, E. 

H., & Bosquiazzo, V. L. (2016). A deregulated expression of estrogen-target genes is 

associated with an altered response to estradiol in aged rats perinatally exposed to 

bisphenol A. Molecular and Cellular Endocrinology, 426, 33✁42. 

https://doi.org/10.1016/j.mce.2016.02.010 

- Villavicencio, A., Aguilar, G., Argüello, G., Dünner, C., Gabler, F., Soto, E., Gaete, F., 

Peñaloza, P., Celis, M., & Rojas, C. (2010). The effect of overweight and obesity on 

proliferation and activation of AKT and ERK in human endometria. Gynecologic 

Oncology, 117(1), 96✁102. https://doi.org/10.1016/j.ygyno.2009.12.022 

- Vivanco, I., & Sawyers, C. L. (2002). The phosphatidylinositol 3-Kinase✁AKT 

pathway in human cancer. Nature Reviews Cancer, 2(7), 489✁501. 

https://doi.org/10.1038/nrc839 

- Vogel, C. F. A., & Haarmann-Stemmann, T. (2017). The aryl hydrocarbon receptor 

repressor ✁ More than a simple feedback inhibitor of AhR signaling: Clues for its role 

in inflammation and cancer. Current Opinion in Toxicology, 2, 109✁119. 

https://doi.org/10.1016/j.cotox.2017.02.004 

- Vorrink, S. U., Hudachek, D. R., & Domann, F. E. (2014). Epigenetic determinants of 

CYP1A1 induction by the aryl hydrocarbon receptor agonist 3,3',4,4',5-

pentachlorobiphenyl (PCB 126). International Journal of Molecular Sciences, 15(8), 

13916✁13931. https://doi.org/10.3390/ijms150813916  

- ✁✕✂✆✄✞✄�✁ ✙✁✁ �✒✂✆✞✔�✁ ✟✁✁ �✔✞✁✔�-✟✔☛✕✆✄✁ ✠✁✁ ✂ Marc, J. (2014). The many faces of 

estrogen signaling. Biochemia Medica, 24(3), 329✁342. 

https://doi.org/10.11613/BM.2014.035 

- Walker, C. L. (2011). Epigenomic reprogramming of the developing reproductive tract 

and disease susceptibility in adulthood. Birth Defects Research. Part A, Clinical and 

Molecular Teratology, 91(8), 666✁671. https://doi.org/10.1002/bdra.20827 

- Wang, H., Eriksson, H., & Sahlin, L. (2000). Estrogen ✕✔✁✔✍✂✝✕✒ ✌ ✆✞☛ ✝ in the female 

reproductive tract of the rat during the estrous cycle. Biology of Reproduction, 63(5), 

1331✁1340. https://doi.org/10.1095/biolreprod63.5.1331 

- Wang, S., Dunlap, T. L., Howell, C. E., Mbachu, O. C., Rue, E. A., Phansalkar, R., 

Chen, S.-N., Pauli, G. F., Dietz, B. M., & Bolton, J. L. (2016). Hop (Humulus lupulus 

L.) extract and 6-prenylnaringenin induce p450 1a1 catalyzed estrogen 2-

hydroxylation. Chemical Research in Toxicology, 29(7), 1142✁1150. 

https://doi.org/10.1021/acs.chemrestox.6b00112 



 

140 

- Ward, M. H., Madrigal, J. M., Jones, R. R., Friesen, M. C., Falk, R. T., Koebel, D., & 

Metayer, C. (2023). Glyphosate in house dust and risk of childhood acute 

lymphoblastic leukemia in California. Environment international, 172, 107777. 

https://doi.org/10.1016/j.envint.2023.107777 

- Weibel E. R. (1969). Stereological principles for morphometry in electron microscopic 

cytology. International Review of Cytology, 26, 235✁302. 

https://doi.org/10.1016/s0074-7696(08)61637-x  

- Weiderpass, E., & Labrèche, F. (2012). Malignant tumors of the female reproductive 

system. Safety and Health at Work, 3(3), 166✁180. 

https://doi.org/10.5491/SHAW.2012.3.3.166 

- Weng, L.-P. (2001). PTEN coordinates G1 arrest by down-regulating cyclin D1 via its 

protein phosphatase activity and up-regulating p27 via its lipid phosphatase activity in 

a breast cancer model. Human Molecular Genetics, 10(6), 599✁604. 

https://doi.org/10.1093/hmg/10.6.599 

- WHO Core Assessment Group on Pesticide Residues & FAO Panel of Experts on 

Pesticide Residues in Food and the Environment. (2017). Pesticide residues in food: 

2016: toxicological evaluations/Special session of the Joint meeting of the FAO Panel 

of Experts on Pesticide Residues in Food and the Environment and the WHO Core 

Assessment Group on Pesticide Residues, Geneva, Switzerland, 9✁13 May 2016. In 

Evaluations 2016, part II: toxicological. World Health Organization. 

https://apps.who.int/iris/handle/10665/255000 

- Williams, G. M., Kroes, R., & Munro, I. C. (2000). Safety evaluation and risk 

assessment of the herbicide Roundup and its active ingredient, glyphosate, for 

humans. Regulatory Toxicolology and Pharmacology: RPT, 31(2 Pt 1), 117✁165. 

https://doi.org/10.1006/rtph.1999.1371 

- Wise, H. M., Hermida, M. A., & Leslie, N. R. (2017). Prostate cancer, PI3K, PTEN 

and prognosis. Clinical Science, 131(3), 197✁210. 

https://doi.org/10.1042/CS20160026 

- Wober, J., Weisswange, I., & Vollmer, G. (2002). Stimulation of alkaline phosphatase 

activity in Ishikawa cells induced by various phytoestrogens and synthetic 

estrogens. The Journal of Steroid Biochemistry and Molecular Biology, 83(1-5), 227✁

233. https://doi.org/10.1016/s0960-0760(02)00252-2 

- Won, Y.S., Lee, S.J., Yeo, S.G., & Park, D. C. (2012). Effects of female sex 

hormones on clusterin expression and paclitaxel resistance in endometrial cancer 

cell lines. International Journal of Medical Sciences, 9 (1), 86✁92. 

https://doi.org/10.7150/ijms.9.86.  



 

141 

- Wormke, M., Castro-Rivera, E., Chen, I., & Safe, S. (2000). Estrogen and aryl 

hydrocarbon receptor expression and crosstalk in human Ishikawa endometrial 

cancer cells. The Journal of Steroid Biochemistry and Molecular Biology, 72(5), 197✁

207. https://doi.org/10.1016/S0960-0760(00)00030-3 

- Wormke, M., Stoner, M., Saville, B., Walker, K., Abdelrahim, M., Burghardt, R., & 

Safe, S. (2003). The aryl hydrocarbon receptor mediates degradation of estrogen 

receptor alpha through activation of proteasomes. Molecular Cell Biology, .23(6), 

1843✁1855. https://doi.org/10.1128/MCB.23.6.1843-1855.2003 

- Yang, S. Y., Ahmed, S., Satheesh, S. V., & Matthews, J. (2018). Genome-wide 

mapping and analysis of aryl hydrocarbon receptor (AHR)- and aryl hydrocarbon 

receptor repressor (AHRR)-binding sites in human breast cancer cells. Archives of 

Toxicology, 92(1), 225✁240. https://doi.org/10.1007/s00204-017-2022-x 

- Yilmaz, B., Terekeci, H., Sandal, S., & Kelestimur, F. (2020). Endocrine disrupting 

chemicals: Exposure, effects on human health, mechanism of action, models for 

testing and strategies for prevention. Reviews in Endocrine & Metabolic Disorders, 

21(1), 127✁147. https://doi.org/10.1007/s11154-019-09521-z 

- Yoshida, M., Inoue, K., & Takahashi, M. (2015). Predictive modes of action of 

pesticides in uterine adenocarcinoma development in rats. Journal of Toxicologic 

Pathology, 28(4), 207✁216. https://doi.org/10.1293/tox.2015-0026 

- Yoshida, M., Katsuda, S., & Maekawa, A. (2012). Involvements of Estrogen 

Receptor, Proliferating Cell Nuclear Antigen and p53 in endometrial adenocarcinoma 

development in Donryu rats. Journal of Toxicologic Pathology, 25(4), 241✁247. 

https://doi.org/10.1293/tox.25.241 

- Yoshimaru, T., Komatsu, M., Tashiro, E., Imoto, M., Osada, H., Miyoshi, Y., Honda, 

J., Sasa, M., & Katagiri, T. (2014). Xanthohumol suppresses oestrogen-signalling in 

breast cancer through the inhibition of BIG3-PHB2 interactions. Scientific Reports, 4, 

7355. https://doi.org/10.1038/srep07355 

- Zanardi, M. V., Schimpf, M. G., Gastiazoro, M. P., Milesi, M. M., Muñoz-de-Toro, M., 

Varayoud, J., & Durando, M. (2020). Glyphosate-based herbicide induces 

hyperplastic ducts in the mammary gland of aging Wistar rats. Molecular and Cellular 

Endocrinology, 501, 110658. https://doi.org/10.1016/j.mce.2019.110658 

- Zhang, L., Rana, I., Shaffer, R. M., Taioli, E., & Sheppard, L. (2019). Exposure to 

glyphosate-based herbicides and risk for non-Hodgkin lymphoma: A meta-analysis 

and supporting evidence. Mutation Research/Reviews in Mutation Research, 781, 

186✁206. https://doi.org/10.1016/j.mrrev.2019.02.001 

- Zhang, X., Guo, N., Jin, H., Liu, R., Zhang, Z., Cheng, C., Fan, Z., Zhang, G., Xiao, 

M., Wu, S., Zhao, Y., & Lu, X. (2022). Bisphenol A drives di(2-ethylhexyl) phthalate 



 

142 

promoting thyroid tumorigenesis via regulating HDAC6/PTEN and c-MYC signaling. 

Journal of Hazardous Materials, 425, 127911. 

https://doi.org/10.1016/j.jhazmat.2021.127911 

- Zheng, X., Pan, X., Zhang, J., & Cao, X. (2018). Hyperinsulinemia-induced PAX6 

expression promotes endometrial epithelial cell proliferation via negatively 

modulating p27 signaling. Biomedicine & Pharmacotherapy, 97, 802✁808. 

https://doi.org/10.1016/j.biopha.2017.10.156 

- Zhu, X., Kwon, C. H., Schlosshauer, P. W., Ellenson, L. H., & Baker, S. J. (2001). 

PTEN induces G(1) cell cycle arrest and decreases cyclin D3 levels in endometrial 

carcinoma cells. Cancer Research, 61(11), 4569✁4575. 

- Zierau, O., Gester, S., Schwab, P., Metz, P., Kolba, S., Wulf, M., & Vollmer, G. 

(2002). Estrogenic activity of the phytoestrogens naringenin, 6-(1,1-

dimethylallyl)naringenin and 8-prenylnaringenin. Planta Medica, 68(5), 449✁451. 

https://doi.org/10.1055/s-2002-32089 

- Zierau, O., Kretzschmar, G., Möller, F., Weigt, C., & Vollmer, G. (2008). Time 

dependency of uterine effects of naringenin type phytoestrogens in vivo. Molecular 

and Cellular Endocrinology, 294(1✁2), 92✁99. 

https://doi.org/10.1016/j.mce.2008.08.008 

- Zingue, S., Nde, C. B. M., Michel, T., Ndinteh, D. T., Tchatchou, J., Adamou, M., 

Fernandez, X., Fohouo, F.-N. T., Clyne, C., & Njamen, D. (2017). Ethanol-extracted 

Cameroonian propolis exerts estrogenic effects and alleviates hot flushes in 

ovariectomized Wistar rats. BMC Complementary and Alternative Medicine, 17(1), 

65. https://doi.org/10.1186/s12906-017-1568-8 

- Zoller, O., Rhyn, P., Rupp, H., Zarn, J. A., & Geiser, C. (2018). Glyphosate residues 

in Swiss market foods: Monitoring and risk evaluation. Food Additives & 

Contaminants. Part B, Surveillance, 11(2), 83✁91. 

https://doi.org/10.1080/19393210.2017.1419509 

- Zoller, O., Rhyn, P., Zarn, J. A., & Dudler, V. (2020). Urine glyphosate level as a 

quantitative biomarker of oral exposure. International Journal of Hygiene and 

Environmental Health. 228, 113526. https://doi.org/10.1016/j.ijheh.2020.113526 

- Zudaire, E., Cuesta, N., Murty, V., Woodson, K., Adams, L., Gonzalez, N., Martínez, 

A., Narayan, G., Kirsch, I., Franklin, W., Hirsch, F., Birrer, M., & Cuttitta, F. (2008). 

The aryl hydrocarbon receptor repressor is a putative tumor suppressor gene in 

multiple human cancers. The Journal of Clinical Investigation, 118(2), 640✁650. 

https://doi.org/10.1172/JCI30024 


