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Preface

Progesterone is a natural steroid hormone secreted by the corpus luteum of the ovary. 
It not only regulates the female menstrual cycle but also has significant morphological 
effects on the estrogen-stimulated endometrium, which is necessary for maintaining 
pregnancy. Progesterone acts through progesterone receptors and is essential for 
mammalian embryo formation, development, and survival. In addition, progesterone 
induces the maturation and secretory activity of uterine endothelial cells, inhibits 
ovarian ovulation, and is linked to the pathogenesis of breast cancer.

In adult women, progesterone is low in concentration (< 2 ng/ml) during the men-
strual cycle before ovulation. Levels increase to greater than 5 ng/ml during the 
luteal phase after ovulation. If pregnancy occurs, the progesterone concentration 
remains elevated during the early stages of pregnancy. When progesterone begins to 
be supplied by the placenta, the concentration increases to 100-200 ng/ml. The roles 
of progesterone include: (1) In the second half of the menstrual cycle, it promotes 
the growth of endometrial glands, uterine congestion, and endometrial thickening, 
preparing for fertilized egg implantation. It reduces the excitability of the pregnant 
uterus, inhibits its activity, relaxes smooth muscles, and enables safe embryo growth. 
(2) In conjunction with estrogen, it promotes the development of breast lobules and 
glands, enabling full breast development and preparing for lactation. (3) It closes the 
cervix, reduces mucus, thickens it, and makes it difficult for sperm to penetrate. At 
high doses, it inhibits ovulation by negatively affecting the hypothalamus and reduc-
ing pituitary gonadotropin secretion. (4) After ovulation, on the basis of hormone 
action, the endometrium continues to thicken and become congested, and the glands 
proliferate and branch, transitioning from a proliferative phase to a secretory phase, 
which is beneficial for the implantation of pregnant eggs and embryonic development. 
(5) It suppresses uterine contractions and reduces uterine sensitivity to oxytocin, 
ensuring safe fetal growth. (6) It competes against aldosterone to promote the excre-
tion of Na and Cl and diuresis. (7) Progesterone has a mild warming effect, resulting 
in a higher basal body temperature in the luteal phase of the menstrual cycle compared 
to the follicular phase.

Progesterone also plays an important regulatory role during pregnancy and meno-
pause. During pregnancy, the main function of progesterone is to suppress uterine 
contractions, maintain decidual response, and suppress immune response, ensuring 
fetal development and maintaining normal pregnancy. For menopausal women, pro-
gesterone supplementation can alleviate symptoms of hormone deficiency, delay aging, 
and, when combined with estrogen, provide better therapeutic effects. Long-term 
progesterone supplementation can prevent osteoporosis, protect brain function, and 
delay the onset of Alzheimer’s disease. Progesterone also has new applications, includ-
ing treating ureteral calculi, renal colic, chronic respiratory failure, male periodic 
psychosis, cirrhosis ascites, diabetes, sleep apnea syndrome, and menstrual asthma.
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This book provides a comprehensive overview of the current state of the art in pro-
gesterone research to benefit women with related diseases. It aims to be meaningful to 
clinicians caring for women with progesterone disorders and researchers investigating 
these diseases. We thank all the authors for their contributions and hope this book 
supports clinicians and researchers involved in progesterone-related projects.

Dr. Zhengchao Wang
Provincial Key Laboratory for Developmental Biology and Neurosciences,

College of Life Sciences,
Fujian Normal University,

Fuzhou, China
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Chapter 1

Introductory Chapter: Progesterone
Zhengchao Wang

1.  Introduction

Progesterone as a steroid participates in the female menstrual cycle of humans 
and other animals, supporting pregnancy and embryogenesis. It is one of the most 
essential progestogens. In non-pregnant women, progesterone is primarily secreted 
by corpus luteum (CL). During pregnancy, the placenta also secretes substantial 
amounts of progesterone. Additionally, the brain, liver, and adrenal glands secrete 
progesterone.

Steroid hormones are ancient molecules that regulate and interact with primitive 
cells, with cholesterol serving as a common precursor for all steroid hormones. The 
biosynthetic pathways of steroid hormones are consistent across various steroid-
producing organs, such as the ovaries, testes, and placenta. However, the types and 
quantities of steroid hormones synthesized depend on specific enzymes in each organ.

Most gonadal-derived progesterone exerts its biological functions via blood 
transport, while most adrenal-derived progesterone is converted into glucocorticoids 
and androgens. The half-life of progesterone is very short, approximately 5 minutes, 
which is primarily metabolized in the liver and excreted in the urine.

Progesterone facilitates secretory endometrium transition, promotes blastocyst 
implantation, and is crucial for maintaining pregnancy. Progesterone is crucial to 
non-reproductive tissues, including mammary glands during pregnancy, and bones. 
Over the past decades, research has primarily focused on genomic/non-genomic 
mechanisms, enabling us to further understand its role and clinical applications in HR 
and diabetic neuropathy.

This chapter provides an overview of the biosynthesis, physiological functions, 
and regulatory mechanisms of progesterone, with the aim of enhancing the under-
standing of its safety and efficacy in various physiological and pathological contexts, 
thereby serving as an important reference for its clinical application.

2.  The synthesis of progesterone

The synthesis of progesterone involves three consecutive steps [1–3]: (1) the 
STAR transports cholesterol to the inner mitochondrial membrane; (2) the P450SCC 
converts them into pregnenolone; (3) the 3β-HSD further converts them into proges-
terone. Notably, progesterone is the substrate of most steroids (Figure 1).

The STAR, P450SCC, and 3β-HSD are vital for the synthesis of progesterone [1–3]. 
Additionally, GST A1-1 and A3-3 synergistically produce progesterone with 3β-HSD. 
NR5A family members SF-1 and LRH-1 are also crucial [4, 5].

STAR acts as a cis-regulatory element for genes related to progesterone produc-
tion, which is the steroidogenesis rate-limiting step [6]. Also, STAR regulation is 
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extensively characterized [7, 8]. NR5A can bind to the STAR promoter and then 
activate STAR transcription [7].

P450SCC is an enzyme crucial for the initial step in the steroidogenesis pathway, 
located within the mitochondria. Transgenic mice carrying a segment approximately 
2.3 kb upstream of the human CYP11A1 gene exhibit tissue-specific and gonado-
tropin-dependent expression [9]. Alongside the NR5A binding site in the promoter, 
the construct also contains a cAMP response sequence and an adrenal enhancer as 
cis-regulatory elements within the 2.3 kb segment [10].

3β-HSD has two isoforms, placental HSD3B1 and gonadal HSD3B2 [11]. The 
promoter of human HSD3B2 contains the NR5A binding site, which is crucial to 
cAMP-stimulated transcription [11].

Besides above, several NR5A regulatory genes contribute to progesterone synthe-
sis. Human GST, ALAS1, FDX1, and FDXR have been identified as proteins related to 
steroidogenesis.

3.  The functions of progesterone

The role of progesterone can be categorized into two primary functions: its role 
in reproductive system tissues, such as the ovaries and endometrium, and its func-
tion in non-reproductive system tissues, including the central nervous system and 
bones (Figure 2).

3.1  The role of progesterone in reproductive system tissues

In the late 1960s, Ryan and Petro proposed the “two-cell two-gonadotropin 
theory” [12], which advanced the understanding of progesterone’s role in the men-
strual cycle. Specifically, LH stimulates follicular cells to synthetize androstenedione 
and subsequently converted into estrogen via follicle-stimulating hormone and the 
aromatase enzyme system [13]. Prior to ovulation, follicles synthesize estrogen and 
progesterone, which interact with membrane receptor PGRMC1 to promote follicle 
growth and inhibit apoptotic genes by directly affecting granulosa cells [14, 15]. 
Following the LH peak-induced ovulation, the CL forms [16]. During the follicular 
phase of the typical menstrual cycle, progesterone concentration remains below 
1 ng/mL and then increases to 10 ~ 35 ng/mL within a few days after ovulation [17]. 
Additionally, PCOS ovarian luteinizing granulosa cells exhibit impaired ability to 
synthesize and secrete progesterone [18].

Figure 1. 
The synthesis of progesterone and some other steroid hormones.
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Progesterone is critical to the secretory endometrium transition. Throughout 
the menstrual cycle, the receptor expression of estrogen/progesterone in the 
endometrium varies. During the proliferative phase, PRs are primarily located in 
the epithelial cells of the endometrium. These receptors increase exponentially 
during ovulation in response to estradiol and subsequently decrease sharply 
[19, 20]. During the secretory stage, the endometrium undergoes combined effects 
of estrogen and progesterone. Progesterone halts endometrial growth by decreas-
ing the cell mitotic activity [21, 22]. Additionally, progesterone exerts a  
protective effect on the endometrium of perimenopausal/postmenopausal  
women undergoing HRT [23].

During conception and early pregnancy, progesterone levels remain relatively 
stable but increase significantly in later stages, reaching 100–300 ng/mL. In the 
first nine-week pregnancy, progesterone is predominantly secreted by CL [23]. 
Subsequently, placental cells synthetize progesterone, making it the primary 
source after 12 weeks of gestation [24, 25]. Progesterone inhibits uterine con-
tractions and suppresses immune responses at the maternal-fetal interface [25]. 
Approximately 35% of recurrent miscarriage cases are associated with luteal 
deficiency syndrome [24].

3.2  The role of progesterone in non reproductive system tissues

Progesterone significantly affects reproductive system tissues and also influences 
various other organs, thus being classified as a ‘neurosteroid hormone’ [26–28].

In CNS, progesterone regulates LH secretion within the hypothalamic-pituitary-
adrenal axis, thereby developing a steroidogenesis feedback [29].

In breast tissue, progesterone facilitates the development of breast lobules and 
acini. Their mitotic activities are elevated in the follicular stage and decreased in the 
luteal stage. Progesterone also exerts a protective effect on breast tissue [30].

In blood glucose metabolism, progesterone can raise basal insulin and enhances 
its release following carbohydrate intake [31]. Progesterone secreted by the pla-
centa elevates maternal blood glucose levels, which in turn increases fetal nutrient 
intake [28].

Figure 2. 
The physiological and pathological functions of progesterone.
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In osteoporosis, PRs express in osteoclasts and osteoblasts [32]. Progesterone 
inhibits bone resorption by directly stimulating calcitonin secretion and provides a 
nutritional benefit to bones similar to that of estrogens [32].

4.  The mechanism of progesterone action

Progesterone primarily mediates its physiological and pathological effects by 
binding to specific progesterone receptors (PR) in the nucleus [30, 33]. PR is nuclear 
receptor, with two homologous receptors identified: 94 kDa PR-A and 114 kDa PR-B 
[30]. PR-A/B are transcripts encoded by a same gene, activated by distinct estrogen-
induced promoters. Their functional characteristics and responses to progesterone 
differ [30]. For instance, PR-A can inhibit the transcriptional activity of other steroid 
hormone receptors, including estrogen receptors and PR-B [11, 33, 34]. Current 
research indicates that progesterone operates through two mechanisms: genomic/
nuclear and non-genomic/extranuclear receptor pathways (Figure 3).

In the genomic receptor mechanism, PR-A/B share DNA and ligand-binding 
domains [34]. Lipophilic molecule progesterone diffuses through the membrane to 
interact with specific PRs in the nucleus, activating approximately 300 co-regulators 
influencing rRNA and protein synthesis [33]. The nuclear PRs require several minutes 
to hours to activate transcription, which serves as a primary regulator in reproductive 
function [34].

In non-genomic receptor mechanisms, progesterone rapidly activates multiple 
secondary messengers to exert its effects and is not affected by steroid nuclear 
receptor inhibitors [34]. The non-genomic receptor for progesterone located on 
the cell membrane is termed PGRMC1. Its interaction with SERBP1 mediates 
the anti-apoptosis of progesterone [35]. PGRMC1 and SERBP1 are implicated in 
ovarian cancer. Limited information is regarding PGRMC2, which is regulated by 
gonadotropins [35].

During progesterone action, these genomic/non-genomic mechanisms can col-
laborate to directly affect cells and tissues.

Figure 3. 
The mechanism of progesterone action (created with BioRender.com).
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5.  Conclusion and prospect

Progesterone should be considered not only essential in the reproductive field but 
also a potential therapeutic agent for various clinical diseases, such as osteoporosis 
and diabetic neuropathy. Further understanding genomic/non-genomic receptor 
mechanisms will provide a comprehensive assessment of progesterone safety and effi-
cacy in HRT, potentially reducing the risk of breast cancer. Additionally, a thorough 
understanding of progesterone’s biological role will facilitate its safe and effective 
application across various scientific and medical fields.

Abbreviation

ALAS1 5-aminolevulinic acid synthase 1
3β-HSD 3β-hydroxysteroid dehydrogenase/Δ5-Δ4 isomerase
CNS central nervous system
CL corpus luteum
FDX1 ferritin 1
FDXR ferritin reductase
GST glutathione S-transferases
LH luteinizing hormone
LRH-1 liver receptor homolog 1
NR5A nuclear receptor 5A
P450SCC cytochrome P450 cholesterol side-chain lyase
rRNA ribosomal RNA
SERBP1 serpine mRNA binding protein I
PGRMC1 progesterone receptor membrane component-1
PR progesterone receptor
SF-1 steroidogenic factor 1
STAR steroidogenic acute regulatory protein

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Progesterone and Steroids In/On 
Plants
Shahram Sedaghathoor, Seyedeh Khadijeh Abbasnia Zare 
and Ali Shirinpur-Valadi

Abstract

Plants and animals contain many steroid compounds that act as signaling mol-
ecules during complicated growth and development processes. Mammal sex hor-
mones (MSHs), such as progesterone, estrogen, and testosterone, are another class of 
steroids. These hormones play an important role in regulating the mammals’ growth 
and reproduction processes as well as organic and inorganic metabolism. Steroid sex 
hormones, such as progesterone, beta-estradiol, and testosterone, support plant life 
processes including callus expansion, cytokinesis, root and shoot enlargement, and 
pollination in plants and have appropriate effects on handling abiotic stresses. An 
interesting impact of MSH is its capability in improving plant resistance to various 
abiotic stresses. MSH treatment extensively can reduce the adverse effects of environ-
mental stress by promoting the activity of antioxidant enzymes, including superoxide 
dismutase (SOD), peroxidase (POX), and catalase (CAT), and improving proline 
production.

Keywords: mammal sex hormones (MSHs), brassinosteroid, environmental stress, 
phytoestrogens, androgen

1.  Introduction

Mammalian sex hormones, including estrogens, androgens, and progesterone, are 
classified as steroids due to their tetracyclic triterpanes (sterane) structure. The diver-
sity of steroids within animals and plants is dictated by the arrangement and kinds of 
functional groups linked to the sterane. In mammals, these steroid sex hormones play 
a crucial role in regulating development, reproduction, as well as mineral and protein 
metabolism [1]. The discovery of estrogen in plants dates back to 1926 when Dohrn 
et al. [2] first identified it. However, these early findings were considered preliminary 
due to the imperfect detection methods available at the time. Subsequent to these 
discoveries, a plethora of studies analyzing human and animal sex hormones in plants 
were published between the initial findings and the 1980s.

Certain analytical techniques, such as the Kober color reaction, have been subject 
to critical assessment. For instance, Van Rompuy and Zeevaart, in 1979, highlighted 
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the need for more sensitive investigative methods for detecting estrogen-like sub-
stances in plants. The continuous evolution of detection methods has been crucial 
in advancing our understanding of the presence and role of sex hormones in plant 
biology [1]. Extensive research on the presence of mammalian steroids in plants (128 
species from over 50 families) was conducted through radioimmunoassay in 1989 
[3]. Steroids such as androsterone, progesterone, testosterone, dihydrotestosterone, 
estrone, and 17β-estradiol have been found in a significant number of plant species. 
In fact, over 80% of the studied species contained androsterone and progesterone, 
while 70% contained androgens, and 50% contained estrogens. The levels of steroids 
can vary significantly throughout plant growth and are influenced by species, cul-
tivar, and plant organ [1]. During the latter part of the twentieth century, scientists 
worldwide actively sought to confirm the existence of animal steroid hormones 
in plants. Indeed, all animal steroid hormones or their analogs were discovered in 
plants. Moreover, the external application of animal hormones was shown to influ-
ence growth, development, and sexual characteristics in plants [4, 5]. These findings 
regarding the growth-regulating impact of animal steroid hormones in plants spurred 
the exploration of naturally occurring steroidal compounds that regulate growth. 
These investigations ultimately led to the identification of brassinosteroids, the sixth 
category of plant hormones found universally in plants.

2.  Brassinosteroids: a novel phytohormone

Brassinosteroids (BRs) are a class of growth-promoting steroidal phytohormones. 
BRs are a distinct group of plant polyhydroxysteroids that bear a striking resem-
blance to cholesterol-derived animal steroid hormones. These compounds are found 
throughout the plant kingdom and have the ability to induce significant physiological 
changes in various plant species when applied externally. Surprisingly, despite their 
discovery in rapeseed pollen, BRs did not gain recognition as crucial plant hormones 
for more than 25 years. The delayed acknowledgment of the importance of BRs high-
lights the complexity of plant hormone research and the intricacies of understanding 
plant physiology. As scientists continue to delve deeper into the role of BRs in plant 
growth and development, it becomes increasingly clear that these compounds play a 
significant role in regulating various physiological processes [6].

Brassinosteroids (BRs), a class of steroid plant hormones, play a crucial role in 
regulating various developmental processes in plants, such as root and shoot growth, 
vascular differentiation, fertility, flowering, seed germination, and response to 
environmental stresses. Over the past 40 years, research has extensively delved 
into the BR biosynthetic pathways using forward- and reverse genetics approaches. 
These pathways have shed light on the structure of free BRs, which typically consist 
of 27, 28, or 29 carbons. These carbon structures bear resemblance to sterols, as they 
share common alkyl substituents. BRs are derived from sterols with similar side 
chains. The structural differences among various BRs, specifically C27-BRs, C28-BRs, 
and C29-BRs, are indicative of their distinct origins from different sterols such as 
cholesterol, campesterol, 24-epicampesterol, 24-ethylenecholesterol, and sitosterol. 
Furthermore, variations in substituents at specific carbon positions further dif-
ferentiate BRs derived from these sterols. For instance, the classification of C27-BRs 
without a substituent at C-24 as derivatives of cholesterol, and C28-BRs with specific 
substituents as originating from campesterol, 24-epicampesterol, or 24-ethylenecho-
lesterol, along with C29-BRs with an α-ethyl group being derived from sitosterol, 
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underscores the intricate biochemical pathways involved in the synthesis of sterols, 
whereas those with a methylene group at C-24 and an additional methyl group at C-25 
are derived from 24-methylene-25-methylcholesterol. Commonly, brassinosteroids 
are synthesized through pathways dependent on cycloartenol and cycloartanol. 
Notably, more than 17 compounds have been identified as inhibitors of BR biosyn-
thesis, with specific target reactions within the pathway elucidated for nine inhibitors 
like brassinazole and YCZ-18 [7].

Brassinosteroids (BRs) have been identified as the 6th group of phytohormones, 
with approximately 70 naturally occurring compounds belonging to this group. 
These compounds, including brassinolide (BL), are structurally similar to androgens, 
estrogens, corticoids, and ecdysteroids. BRs are found in both lower and higher 
plants, particularly in angiosperms, and are present in various plant organs. These 
hormones are essential for the development and growth of plants, as they trigger 
various morphological and physiological responses. Among these hormones, brassi-
nosteroids (BRs) play a crucial role in enhancing plant tolerance against abiotic and 
biotic stressors. BRs help plants adapt to adverse environmental conditions, allow-
ing them to thrive and survive in challenging situations. Their importance in plant 
biology cannot be overstated, as they contribute significantly to the overall health and 
resilience of plants. In conclusion, understanding the role of hormones such as BRs is 
vital for improving crop productivity and sustainability in agriculture [7–9].

2.1  BRs biosynthesis

BRs, a group of phytohormones, are categorized as C27, C28, or C29 steroids based 
on their C-24 alkyl substituents. Among them, brassinolide, a C28 brassinosteroid, 
has been found to possess the most potent biological activity [10]. The discovery 
of two distinct biosynthesis pathways (the early and late C-6 oxidation pathways) 
for brassinolide in cultured Catharanthus roseus cells has provided valuable insights 
into the production of this important plant hormone and the complex mechanisms 
governing plant growth and development [11, 12]. The validation of each step within 
these pathways was achieved through the conversion of labeled brassinosteroids. 
Research indicates the occurrence of cross-talk between these parallel pathways, 
underscoring the complexity of brassinosteroid biosynthesis. Additionally, an early 
C-22 oxidation pathway has been identified to occur at the initial stages of biosynthe-
sis. These intricate biosynthetic pathways form a network that appears to be prevalent 
across the plant kingdom, with similar pathways observed in a diverse range of plants, 
including Arabidopsis, rice, pea, and zinnia [11]. In tomato and tobacco plants, the 
late C-6 oxidation pathway is the primary route for the synthesis of brassinosteroids 
(BRs). This is due to the fact that the endogenous BRs found in these species consist 
solely of members from the late C-6 oxidation pathway. Unlike other plants where 
both early and late pathways are involved in BR synthesis, tomato and tobacco plants 
rely exclusively on the late C-6 oxidation pathway. This unique characteristic sets 
them apart from other plant species and highlights the importance of understanding 
the specific pathways involved in BR synthesis in different plants. Further research 
into the regulation and significance of the late C-6 oxidation pathway in tomato and 
tobacco plants could provide valuable insights into their growth and development 
processes [11].

The biosynthesis of brassinosteroids (BRs) involves three distinct pathways that 
result in the production of C27-, C28-, or C29-type BRs (Figure 1). The initial steps 
of synthesis are shared among these pathways and can occur through either the 
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Figure 1. 
Brassinosteroids biosynthesis and their sterol biosynthetic precursors [7].



17

Progesterone and Steroids In/On Plants
DOI: http://dx.doi.org/10.5772/intechopen.1005671

mevalonate (MVA) or non-MVA pathway. However, the later stages of biosynthesis, 
which are cycloartenol- and cycloartanol-dependent, differentiate the BR biosyn-
thesis pathways. The C28-BR biosynthesis pathway, primarily studied in Arabidopsis 
thaliana, has provided significant insights into the reactions, enzymes, and genes 
involved in BR production. This pathway involves the synthesis of campesterol and 
22a-hydroxycampesterol. C27-BRs are derived from cholesterol (CR) and culminate 
in the production of 28-norBL, while C29-BRs originate from b-sitosterol and result 
in 28-homoBL. Despite the progress made in identifying compounds along these 
pathways, not all indirect compounds have been fully characterized yet (Figure 1) [7].

In the realm of plant biology, the oxidation/hydroxylation steps in the BR bio-
synthetic pathway play a crucial role, being catalyzed by cytochrome P450 enzymes. 
Traditionally, it was thought that brassinolide is synthesized from campesterol 
through campestanol (CN) in the initial BR biosynthetic pathway [13]. P450s cata-
lyze the stereospecific oxidation of unactivated hydrocarbons. They are found in 
over 5000 species. In plants, Arabidopsis thaliana has 245 P450 genes, Oryza sativa 
has 334, Vitis vinifera has 316, Glycine max has 332, Physcomitrella patens has 71, 
Chlamydomonas has 40, and Volvox has 19. The number of plant P450s surpasses that 
of Drosophila (87 genes) and humans (56 genes). P450 is a hemoprotein featuring 
heme iron at its active center, along with a cysteine-derived thiolate anion coordi-
nated with the heme iron. The maximum absorption band (Soret band) of reduced 
P450 is approximately 420 nm. Upon carbon monoxide binding to the heme iron Fe 
(II) in reduced P450, the Soret band shifts to 450 and 380 nm (the origin of the name 
“pigment 450 nm”). Plant P450s are located in the endoplasmic reticulum membrane 
and facilitate substrate oxidation by activating molecular oxygen with NADPH-P450 
reductase. Notably, P450 serves as a common target for fungicides and plant growth 
substances [13–15].

2.2  BRs biosynthesis inhibitors

The discovery of brassinazole as a potential BR-biosynthesis inhibitor marked 
a significant advancement in the field of plant research. Through investigations on 
small molecules that induce BR-deficiency-like phenotypes in Arabidopsis, research-
ers were able to pinpoint brassinazole as the primary candidate for inhibiting BR 
biosynthesis. Studies have shown that treatment with brassinazole effectively reduces 
BR content in plant cells by binding directly to the DWF4 protein, a cytochrome P450 
monooxygenase responsible for catalyzing 22-hydroxylation of the side chain of BRs. 
The findings strongly indicate that brassinazole acts as a potent inhibitor of the natu-
ral synthesis of BRs, with effects resembling conditional mutations in BR biosynthe-
sis. The identification of brassinazole and other known inhibitors represents a crucial 
step forward in understanding the intricate mechanisms governing plant growth and 
development [11, 16, 17].

Today, seventeen inhibitors (KM-01, brassinozole (Brz), Brz2001, Brz220, 
propiconazole, YCZ-18, yucaizol, fenarimol, spironolactone, triadimefon, 
imazalil, 4-MA, VG106, DSMEM21, finastride, AFA76, and brassinopride) have 
been known (Figure 2); however, the activity position of just 9 inhibitors is 
recognized [7].
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The following are the action sites of inhibitors:

• campestanol—6-deoxoCT for brassinazole, Brz2001, Brz220, triadimefon, and 
spironolactone;

• 6-deoxoCT—6-deoxoTE for brassinazole, Brz2001, Brz220, propiconazole, and 
fenarimol;

Figure 2. 
Inhibitors of biosynthesis of sterol and BR. Numbered compounds have a recognized activity site [7].
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• 6-deoxoTE—6-deoxo-3DT for YCZ-18, yucaizol, propiconazole, and fenarimol;

• 6-oxocampestanol—CT for brassinazole, Brz2001, Brz220, and triadimefon;

• CT—TE for brassinazole, Brz2001, Brz220, propiconazole, and fenarimol;

• TE—3DT for YCZ-18, yucaizol, propiconazole, and fenarimol (Figure 1) [7, 18].

The first stated BR inhibitor, i.e., KM-01, was sequestered from a microbiologi-
cal media. KM-01 disabled BR activity in a rice lamina. Regardless of the uncertain 
location of activity, KM-01 displays extremely strong activity. But, brassinazole (Brz) 
represents the primary particular BR synthesis inhibitor, which inhibits the exchange 
of campestanol to 6-deoxoCT, 6-deoxoCT to 6-deoxoTE, 6- oxocampestanol to CT, 
and CT to TE in the BR biosynthetic same reactions [7, 16–18]. Brz and Brz2001 can 
induce morphological changes, including dwarfism, altered leaf color, and curling 
in de-etiolated barley. Brz reduced the amount of BRs in the shoots of barley, but not 
in roots. The inhibitory impact of Brz on plant growth is retreated by exogenous BR. 
Propiconazole, a triazole compound, also affects similar to Brz. New triazole-type 
BR biosynthesis inhibitors, YCZ-18 and yucaizol, bind to the CYP90D1 enzyme and 
prevent the BR-induced cell growth. On the other hand, just BL denies the inhibition 
influence of YCZ-18 or yucaizol [7, 11, 18].

3.  Estrogens and androgens in plants

Steroid hormones in mammals are categorized into five classes according to their con-
struction and natural functions (Figure 3). These groups include androgens, estrogens, 
which are male and female sex hormones, mineralocorticoids and glucocorticoids, nec-
essary for regulating the body’s homeostasis, and progestins, with progesterone playing 

Figure 3. 
Constructions of steroids which are main groups of mammalian steroid hormones: 1, testosterone 
(androgens), 2, estradiol (estrogens), 3, progesterone (progestins), 4, cortisol (glucocorticoids), 5, aldosterone 
(mineralocorticoids) [19].
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a crucial role in the onset and maintenance of pregnancy [19]. Estrogen is a group of sex 
hormones that play a role in developing and controlling the female reproductive system 
and secondary sexual traits. Three main natural estrogens with hormonal effects are 
estrone (E1), estradiol (E2), and estriol (E3). Estetrol (E4), another estrogen, is only 
produced during pregnancy. An androgen is a natural or synthetic steroid hormone 
that controls the development and upkeep of male traits in vertebrates by binding to 
androgen receptors. The primary androgen in males is testosterone. Dihydrotestosterone 
(DHT) and androstenedione are equally significant in male development.

The presence of endogenous estrogens and androgens may be questioned due to 
their small amounts in plants. Additionally, various metabolites in the plant extract 
can impede analysis and result in inaccurate outcomes. According to this subject, in 
more progressive analytical procedures, emphasis should be placed on appropriately 
cleaning the sample. These compounds (androgens and estrogens) are found in plants 
at the pg. and ng levels [20].

Khaleel et al. [21] found that 17β-estradiol varied in concentration, from 
14 pg/g F.W. × 10−1 in a bisexual tree (branch 1, November) to 2624 pg/g F.W. × 10−1 
in the generative buds of a bisexual tree Populus tremuloides (March). They observed 
that in catkins, hormone concentrations were higher before anthesis, peaked dur-
ing flowering, and then decreased as the flowers matured. These increases were 
associated with sporogenesis and gametophyte development. Seasonal variation in 
17β-estradiol concentration was noted, along with the effect of radiation circum-
stances and the specific plant tissue being investigated. Dormant winter parts had 
minor 17β-estradiol than spring active organs, and twigs developing in more strong 
radiation contained further 17β-estradiol content. Fluctuations in 17β-estradiol and 
testosterone were also found in Actinidia pollen by researchers [22].

Hormone levels rose during pollen germination, specifically during tube organiza-
tion, emergence, and elongation phases. The process of pollen germination in kiwifruit 
involves fluctuations in hormone levels, particularly 17β-estradiol and testosterone, dur-
ing key phases such as tube organization, emergence, and elongation. The presence of 
17β-estradiol in kiwifruit pollen can rise from nearly undetectable levels in ingeminated 
pollen to around 4 ng/mg pollen after 90 minutes of germination, while testosterone 
levels can vary from 0 to 2.5 ng/mg pollen. Furthermore, the introduction of bisphenol 
A has been shown to elevate the levels of both 17β-estradiol and testosterone. Excessive 
concentrations of exogenous 17β-estradiol and testosterone have been found to hinder 
kiwifruit pollen germination, suggesting that environmental contamination by bisphe-
nol A could potentially disrupt plant fertility by affecting steroid content. Some studies 
have indicated that the presence of estrogens and androgens in plants may pose risks to 
both humans and animals [20–23]. For instance, research by Lu et al. [24] revealed vary-
ing levels of 17β-estradiol in vegetables and fruits, with concentrations ranging from 1.3 
to 2.2 ng/g F.W. across different species, while estrone was detected in smaller amounts. 
Notably, the intake of 17β-estradiol in children from plant-based foods could exceed 
recommended daily limits, highlighting the importance of monitoring hormone levels in 
food sources as discussed by Palacios et al. [25].

Zeitoun and Alsoqeer [23] studied the sex steroid hormones in alfalfa and their 
following impacts on camel reproduction. Testosterone was recognized in Cakile 
arabica (3.69 ng/g D.W.) and Dwarf papyrus sedge (2.97 ng/g D.W.) but not in Greater 
plantain, Arfaj, Buffel grass, and Alfalfa. Additionally, 17β-estradiol was reported in 
prickly lettuce (379 pg/g D.W.), Rocket (247 pg/g D.W.), and Heliotropium bacciferum 
(229 pg/g D.W.) but not in Broom bush, Arfaj, and plumose needlegrass. Based on the 
results, due to the existence of these compounds, among others, camels may be affected 
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by cystic ovarian syndrome, leading to delayed pregnancy [20, 23]. Milanesi et al. [26] 
have identified the presence of estrogens, specifically 17β-estradiol and estrone, in vari-
ous parts of Solanum glaucophyllum, including the seeds, leaves, flowers, and calli. The 
concentration of these steroids varied depending on the specific tissue or organ being 
examined. For instance, 17β-estradiol was detected in all the mentioned tissues, with 
the highest levels observed in the seeds at 120 ng/kg F.W. On the other hand, estrone 
was found in the calli and seeds, albeit in much lower quantities (a few ng/kg F.W.), and 
was not present in the aerial organs. Additionally, Milanesi and Boland [27] have also 
noted the existence of estrogen-like metabolites in the shoots of tomatoes.

Seasonal variations in steroid levels in plants are influenced by various factors, 
with growth temperature being a significant contributor. Research by Janeczko et al. 
[28] highlighted the impact of temperature on androgen levels in wheat, showing a 
notable decrease in androstenedione content when plants were exposed to colder tem-
peratures. This phenomenon was also observed in other plant species like Nicotiana 
tabacum and Inula helenium, albeit with varying concentrations. Interestingly, 
Digitalis purpurea did not exhibit the presence of androstenedione. Additionally, 
Tarkowská’s study [29] on Tribulus terrestris revealed the detection of testosterone 
and androst-4-ene-3, 17-dione within a specific concentration range. These findings 
underscore the intricate relationship between growth conditions and steroid levels 
in plants, shedding light on the dynamic nature of plant physiology in response to 
environmental cues. In Table 1, Janeczko [20] has presented the presence of estrogens 

Plants Steroids Content

Populus tremuloides 17β-estradiol 14 pg/g F.W. × 10−1 in a bisexual tree
(branch 1, November)
2624 pg/g F.W. × 10−1 in the 
reproductive
buds of a bisexual tree (March)

Kiwifruit 17β-estradiol up to 4,000,000 pg/g pollen 
(dependent on
stage of germination)

Kiwifruit Testosterone 0–2,500,000 pg/g pollen (dependent on
stage of germination)

Lettuce, pumpkin, potato, carrot, citrus, apple 17β-estradiol 1300–2200 pg/g F.W.

Pumpkin, potato, carrot, citrus, apple Estrone Less than 800 pg/g F.W.

Cakile arabica
Cyperus conglomerates

Testosterone 3690 pg/g D.W.
2970 pg/g D.W.

Lactuca serriola
Eruca sativa
Heliotropium bacciferum

17β-estradiol 379 pg/g D.W.
247 pg/g D.W.
229 pg/g D.W.

Solanum glaucophyllum 17β-estradiol 120 pg/g F.W. (seeds)
4–10 pg/g F.W. (calli, leaves, flowers)

Solanum glaucophyllum Estrone 3–6 ng/kg F.W. (calli and seeds)

Winter wheat Androstenedione 6215 pg/g F.W.
(leaves of seedlings growing at 20°C)

Nicotiana tabacum
Inula helenium

Androstenedione 2177 pg/g F.W. (leaves)
3202 pg/g F.W. (leaves)

Table 1. 
Presence of estrogens and androgens in plants (F.W.: fresh weight; D.W.: dry weight) [20].
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and androgens in plants over the 20 years leading up to 2021; definitely, the highest 
concentrations of androgen and estrogen were found in pollen.

Steroid hormones have long been associated with the endocrinology of animals, 
leading to reluctance to acknowledge their presence in higher plants, particularly 
in the case of testosterone (4-androsten-17-ol-3-one; TS) and its derivatives. This 
hesitance may stem from the common perception that the effects of steroid hormones 
are exclusive to animal physiology. However, emerging research suggests that these 
hormones play a significant role in plant biology as well.

TS, along with epitestosterone and androstenedione, was first isolated from plant 
sources in 1971. The researchers utilized Scotch pine Pinus silvestris pollen and later 
found these substances, along with progesterone (PRG), in Pinus nigra pollen [29]. 
Pine trees have been identified as a significant source of testosterone, a hormone that 
plays a crucial role in various physiological functions. Research has shown that tes-
tosterone is present in species such as Pinus tabulaeformis and Pinus bungeana, as well 
as in the reproductive organs of other plants like ginkgo and lily [30]. Some literature 
suggests that testosterone and dihydro-testosterone are present in 20 species, such as 
Zea mays, Hordeum vulgare, and Rheum rhabarbarum [29]. Additionally, Hartmann 
et al. [31] discussed the normal presence of these phytohormones in diet, highlighting 
the occurrence of testosterone in Solanum tuberosum, Glycine max, Phaseolus vulgaris, 
and Triticum aestivum, with amounts ranging from 0.02 to 0.2 μg kg−1. The research-
ers also noted the presence of this androgen in native oils used in human nutrition, 
such as olive oil, corn oil, and safflower seed oil. Safflower seeds have relatively high 
phytosterol content, ranging from 2000 to 4500 μg g−1, with β-sitosterol constituting 
the majority (50–70%) of the total amount of plant sterol [20, 32].

From a biological perspective, the synthesis and biochemical role of testosterone in 
plants appear to mirror that in animals [29]. This C19 steroid is produced through the 
MVA pathway in the cytosol of plant cells from cholesterol, through a series of enzymatic 
reactions. These reactions involve the breakdown of the cholesterol side chain into the 
C21 steroid pregnenolone, then its conversion to androstenedione, and ultimately to TS 
(Figure 4). The conversion to TS was validated through experiments involving feeding 
14C-androstenedione, which was transformed into TS in pea and cucumber seedlings, 
as well as in cultured cells of Nicotiana tabacum [29]. Unlike in the animal realm, where 
TS and other androgens function solely as sex hormones, research has indicated that in 
plants, they influence not only reproductive development (particularly flowering and 
floral sex determination) but also vegetative growth [1, 29].

Some literature reported the endogenous formation of weak androgenic sub-
stances, such as Boldenone and boldione, from phytosterols in plants. These sub-
stances may be produced naturally in plants [33]. Androsta-1,4-diene-3,17-dione 
(ADD) and androst-4-ene-3,17-dione (AED) are intently correlated compounds. 
Plant sources containing AED and/or ADD have been identified, with AED found 
in pine pollen of Pinus sylvestris (0.59 μg g−1) and Pinus nigra (0.08 μg g−1) as early as 
1971, 1979, and 1983 [29]. In 1998, notable levels of AED were also detected in wheat 
(0.48 ng g−1) and potato (0.05 ng g−1) [31]. Additionally, trace amounts were observed 
in soybeans, haricot beans, mushrooms, olive oil, safflower oil, wine, and beer. AED 
was also found in tobacco (Nicotiana tabacum; 2.20 ng g−1 F.W.) and elfdock (Inula 
helenium; 3.20 ng g−1 F.W.) [33]. Furthermore, AED, ADD, PRG, and TS were conclu-
sively identified in Tribulus terrestris [29]. Endogenous steroidal estrogen levels peak 
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Figure 4. 
A simplified biosynthetic pathway of testosterone in plants [29].
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in reproductive plant parts like flowers, pollen, fruits, and seeds, while vegetative 
organs (stem, leaves, roots) have lower concentrations [29, 34]. Estrogens were found 
in 50% of the 128 species tested, indicating their widespread presence in nature [3].

4.  Progesterone in plants

Progesterone, a vital gonadal steroid hormone crucial for the maintenance of 
early pregnancy and various reproductive processes in mammals, has been found 
in diverse sources such as false rubber tree shoots and apple seeds [35]. While C21 
pregnane steroidal hormones play pivotal roles in mammalian reproductive functions 
and hormone synthesis, there is a scarcity of information about these compounds in 
phytochemical literature. The discovery of progesterone in plants [3] showcases how 
a well-known compound can be identified in natural sources, even in trace amounts, 
without being previously isolated [36]. Progesterone (PRG) is a C-21 steroid (pregn-
4-ene-3, 20-dione).

Progesterone regulates pregnancy progression and menstruation in humans, in 
addition to serving as a precursor for androgen (C19) and estrogen (C18) produc-
tion. It also functions as a crucial neurosteroid for brain activities [37]. Studies have 
revealed the presence of progesterone in various plant species, with levels varying 
between species and different plant organs. The concentration of progesterone in 
plant tissues generally remains around 1 μg or less per kg of fresh weight. Research 

Plants Organ PRG amount (ng kg−1 F.W.)

Dicotyledons

Thale cress Foliage 160

Flowers 400

Pea Foliage 190

Root 260

Ripe seed 410

Common bean Etiolated seedling 48

Mung bean Etiolated seedling 21

Tomato Leaves 25

Unripe tomato 280

Red tomato 6

Potato Tuber 25

Apple Flesh 150

Seed 430

Monocotyledons

Rice Foliage 1540

Ear 440

Onion Bulb 68

Table 2. 
Endogenous amounts of PRG in several plants [35].
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has identified progesterone in a wide array of plant organs, including shoots, roots, 
tubers, inflorescences, and seeds, with reproductive tissues containing higher levels 
of the hormone. Furthermore, genome DNA databases of higher plants have indi-
cated the existence of genes similar to mammalian progesterone-binding proteins, 
with membrane steroid binding protein (MSBP1) identified in Arabidopsis as a 
negative regulator of cell elongation [35, 38]. Progesterone has been detected not 
only in animal-derived products like meat and eggs but also in plant-based foods such 
as wheat meal, steamed potatoes, and various oils. Simons and Grinwich [3] noted 
the presence of PRG in a range of plant species (80% of plants from 50 families). 
Progesterone is naturally present in wheat seedlings in its conjugate form (as glyco-
sides) [38]. According to Iino et al. [35], progesterone was detected in a variety of 
dicot and monocot species by GC/MS (Table 2).

Shiko et al. [39] believed that progestogens and androgens are widespread steroids 
within the plant kingdom. Several researches utilizing 3H and 14C-labeled precursors 
have indicated that sitosterol, a prevalent sterol in higher plants, along with the less 
common sterol cholesterol, can act as precursors of progesterone in plants [29, 40]. 
Some research also proposes that campesterol and stigmasterol (C29, i.e., 24-ethyl Δ5,22 
sterol) could potentially serve as precursors of PRG. The majority of these experi-
ments involve the exogenous application of PRG to various plant systems, such as 
seedlings or plant cell cultures of different plant species. These studies suggest that 
PRG plays a role in regulating plant growth and development, impacting both vegeta-
tive and generative processes. For example, studies on the model plant Arabidopsis 
thaliana [35] and Helianthus annuus have shown that PRG can influence shoot and 
root growth in a dose-dependent manner [29].

5.  Physiological effects of steroids on plants

Brassinosteroids, as highlighted in various studies, play a crucial role in regulat-
ing cell growth and differentiation at nano- to micro-molar concentrations. They 
exhibit diverse regulatory activities such as stimulating cell enlargement and divi-
sion, inducing leaf bending at joints, altering membrane potentials, regulating gene 
expression, and influencing nucleic acid and protein metabolism. Notably, these 
compounds have shown significant promise as plant growth regulators in agriculture 
[41, 42]. The physiological effects of brassinosteroids are manifold, with exogenous 
application leading to a wide array of changes in plants. These effects are thought 
to occur through two main pathways: direct action on the genome and an extra-
genetic route, both involving secondary messengers. Studies have demonstrated that 
brassinosteroids can promote elongation of plant stems when applied externally, 
with radiolabeling experiments suggesting their movement from roots to shoots via 
the xylem [42, 43]. Furthermore, research on brassinosteroid-deficient mutants has 
shed light on the role of these compounds in signal transduction and light-regulated 
plant development. Mutants such as BRI1, identified through studies on Arabidopsis, 
have provided insights into the molecular mechanisms underlying brassinosteroid 
responses. The discovery of BRI1’s homology to leucine-rich receptor kinases has fur-
ther deepened our understanding of how brassinosteroids function in plants [44, 45].

The impact of mammalian sex hormones on callus induction has been docu-
mented to have various effects. These include the promotion of epinasty, an increase 
in sugar and protein content, stimulation of reproductive growth and flowering, 
enhancement of flower number, modulation of the ratio of female to male flowers, 
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as well as improvements in pollination and fertilization processes [1, 46]. The study 
conducted by Ahmadi-Lashaki et al. [47] found that the application of progesterone 
did not have a specific effect on the physiological and growth traits of Petunia hybrida, 
Tagetes erecta, and Calendula officinalis. Despite the potential benefits of progesterone 
in other plant species, the results of this study suggest that its application may not 
be effective in enhancing the growth and development of these particular plants. 
The growth-promoting activity of progesterone was much lower than brassinolide as 
shown by Li et al. [48].

Recent studies have shed light on the growth-promoting effects of estrone and 
17b-estradiol on dwarf pea plants (var. Cud Kelwedonu). Interestingly, it has been 
discovered that while estrone had a positive impact on mutants and wild-type plants, 
17b-estradiol was found to be inactive in both cases. This finding raises questions 
about the mechanisms by which these hormones exert their effects in plants. It is 
known that in mammals, progesterone can be converted to estrogens, which then 
trigger biological responses. However, the results of this study suggest that proges-
terone may have biological activity in plants even without being transformed into 
estrogens [35].

Several studies have demonstrated the involvement of brassinosteroids in 
light-mediated plant development, suggesting a potential mediating role in phy-
tochrome regulatory functions [42, 49, 50]. Additionally, steroids have shown 
efficacy in enhancing plant resistance against various stressors such as chilling, 
pathogens, herbicides, and saline condition [51]. Recent findings have highlighted 
the significant impact of brassinosteroids on modulating plant immunity [42]. 
Research by Filek et al. [52] revealed that PRG binds to protein receptors in cell 
membranes, thereby enhancing wheat’s tolerance to chilling. Furthermore, the 
work of Shpakovski et al. [53] emphasized the fundamental interplay between 
steroid biosynthesis and regulatory systems in both plants and animals. Notably, 
studies have successfully elevated endogenous progesterone levels in transgenic 
tobacco and tomato leaves, resulting in positive hormonal effects on plant growth, 
development, and stress tolerance. Moreover, Pauli et al. [36] definitively identi-
fied the presence of PRG in Persian walnut and discovered five other mammalian-
type steroids in Adonis aleppica.

An interesting impact of MSH is its ability to improve plant resistance to vari-
ous abiotic stresses [54]. Erdal and Dumlupinar [55] reported that mammal sex 
hormones (MSHs) mitigate the adverse effects of salinity stress by enhancing 
the activity of antioxidant enzymes, including SOD, POX, and CAT, as well as 
increasing proline content. Research has also demonstrated that MSH treatment 
can stimulate antioxidant process and biosynthesis reactions, leading to a reduc-
tion in reactive oxygen species (ROS) in chickpea seedlings [56]. Studies have 
indicated that the application of PRG and salicylic acid (SA), either individually 
or in combination, can enhance nutrient (N, Ca, K) uptake and improve plant 
resilience against injurious elements like Cl and Na in salinity-affected plants [51]. 
While grasses can still be cultivated in saline conditions, their growth and develop-
ment may be hindered. However, the adverse effects can be significantly allevi-
ated through the use of PRG, SA, and their mixture [51, 57]. Brassinosteroids 
have the ability to counteract the inhibitory effects of salinity on seedling growth 
in groundnut [58]. 24-epibrassinolide and 28-homobrassinolide also alleviated 
the stress of saline condition and improved Oriza sativa germination in saline 
conditions [59]. Seed treatment with very dilute solutions of BRs has shown 
significant improvements in the growth of Oriza seedlings under salinity [42, 59]. 
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Brassinosteroids have been found to possess stress-protective properties against 
heavy metals, with 24-epibrassinolide demonstrating a reduction in heavy metal 
uptake in mustard. When applied to wheat seeds under environmental stress, 
epibrassinolide led to enhanced germination rates and increased protein content 
by 15–30%, albeit with a decrease in starch content by 6–19%. Among the two 
methods of brassinosteroid application, soaking seeds proved more effective than 
spraying plants. Additionally, brassinolide treating of rice plants was effective in 
mitigating injury caused by certain herbicides. Studies on oxidative lipid degrada-
tion in pea plants indicated that 24-epibrassinolide not only reduced breakdown 
product levels in normally aerated tissue but also under conditions of hypoxia 
and elevated CO2 levels. Compared to kinetin, 24-epibrassinolide treatment was 
established to be more efficient in various aspects [42].

Immunomodulation is a manner for modifying the immune response that involves 
inhibiting or modulating the roles of specific antigens in vivo through the intracel-
lular ectopic expression of particular antibodies. This modulation occurs through the 
interaction of antibodies and antigens, leading to the formation of antigen-antibody 
complexes. The modulatory impacts of BRs in thale cress seeds highlight their signifi-
cant function in plant immunomodulation. The less explored trait of immunomodu-
lation by BRs, when administered in precise amounts, has paved the way for new 
avenues in research on plant growth regulation. Furthermore, it holds the potential 
for the development of environmentally friendly substitutes for conventional pesti-
cides that are both harmless and biodegradable [42].

Brassinosteroids have demonstrated a practical utility in augmenting the yield 
of ornamental plants. Significant improvements have been noted particularly in the 
yield and quality of bulbs and bulbils. Moreover, the application of BRs has been 
found to boost crop productivity in potatoes, leading to enhanced starch and vitamin 
C levels in the produce. Additionally, the foliar application of epibrassinolide during 
the budding or flowering phases has been observed to reduce the susceptibility of 
plants to fungal infections [42, 60].

The impact of exogenously applied mammal sex hormones (MSH) on plant 
growth stages, from germination to flowering, has been a subject of research 
interest [1, 56, 61]. Numerous studies have explored the effects of MSH on vari-
ous morphological and biochemical parameters, including root and shoot length, 
enzyme activities, protein, sugar, nucleic acid, and chlorophyll content. These 
investigations have highlighted the significant stimulation of plant growth and 
development by MSH, particularly at low concentrations. Elements play crucial 
roles in the metabolic activities of living organisms, serving structural, electro-
chemical, and catalytic functions. They are essential for the formation of organic 
substances and maintaining ion balances, as well as contributing to enzyme 
formation [61]. Limited studies, such as those by Dogra and Thukral [62, 63] on 
wheat and maize plants, have examined changes in inorganic constituents like N, 
P, Fe, Na, and K following MSH application. Additionally, Erdal et al. [64] have 
reported alterations in inorganic element concentrations in germinating chickpea 
seeds exposed to progesterone and estradiol.

The impact of various hormones on the growth of sunflower and tomato seed-
lings has been a subject of recent research. In sunflower seedlings, 17β-estradiol and 
progesterone at specific concentrations have shown to affect shoot and root growth 
differently. While they promoted shoot growth, they inhibited root growth, except 
for progesterone at a lower concentration which actually promoted root elonga-
tion. Testosterone, on the other hand, facilitated cotyledon axillary bud formation 
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at certain concentrations [1]. In tomato seedlings, estrone and 17β-estradiol, when 
administered as sulphate derivatives in the nutrient solution, led to reduced root 
growth and root number in shoot cuttings. Interestingly, in Medicago sativa L., water-
ing with nutrient solutions containing estrone and 17β-estradiol had varying effects 
depending on the concentrations used. Lower concentrations favored growth and 
increased dry weight of shoots and roots, whereas higher concentrations inhibited 
plant growth. The authors highlighted the potential impact of estrogen levels found 
in sewage water on the vegetative growth of alfalfa plants. Recent data also suggest 
that estrogens and progesterone can stimulate winter wheat seedling roots and leaves 
when grown in vitro, but higher concentrations of these steroids can lead to a slight 
inhibition in seedling growth [1, 65].

Bonner et al. [66] conducted a study using a steroid biosynthesis inhibitor (SK & 
F7997) to halt the blossoming progression in an SD plant rough cocklebur. However, 
this compound also interfered with the production of membrane sterols. In non-
vernalized plants of chicory, flowering was induced by estrone and 17β-estradiol, 
with 55 and 85% of plants flowering, respectively, while control plants remained in a 
vegetative state. Androgens like TS were found to be ineffective in reproductive devel-
opment in scarlet sage [67]. In a separate experiment by Biswas et al. [68], androstane 
and androsterone did not promote flowering in chrysanths.

The application of exogenous progesterone significantly affects plant shoot 
and root growth, seed germination, and reproductive development (Figure 5). 
Progesterone, a hormone primarily associated with female reproductive functions 
in animals, shares striking similarities with plant hormones in terms of its role in 
mediating growth and development processes, as well as regulating responses to 
environmental stresses. While progesterone is not traditionally classified as a plant 
hormone, its functions parallel those of known plant hormones such as auxins, 
cytokinins, and abscisic acid. Plant hormones play a crucial role in coordinating 
various physiological processes in plants, including seed germination, root and shoot 
growth, flowering, and fruit development. Similarly, progesterone has been found to 

Figure 5. 
The summary of plant progesterone regulation during growth, development, and biotic/abiotic stress 
responses [69].
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influence cell division, elongation, and differentiation in animal cells, suggesting a 
conserved mechanism of action across kingdoms. Furthermore, both plant hormones 
and progesterone are involved in regulating responses to biotic and abiotic stresses. 
Plant hormones help plants adapt to challenging environmental conditions such as 
drought, salinity, and pathogen attacks. Similarly, progesterone has been shown to 
modulate immune responses and stress tolerance in animals and plants, indicating a 
shared function in enhancing resilience to adverse conditions. In conclusion, although 
progesterone is not officially recognized as a plant hormone, its functional similarities 
with plant hormones highlight the interconnectedness of biological processes across 
different organisms [69].

Li et al. [69] fully summarized the regulation of progesterone on plant growth and 
development and the alleviating effects of progesterone on biotic and abiotic stresses 
in plants in two (Tables 3 and 4).

Türkoğlu et al. [91] studied the effect of different mammalian sex hormones 
(17 β-estradiol, estrogen, progesterone, and testosterone) in several concentra-
tions on genetic or epigenetic levels in bean plants and found that genetic strength 
is decreased. It was found that the CRED-iPBS profile highlighted a significant 
increase in methylation levels associated with DNA cytosine nucleotide when exposed 
to 10−4 mM of estrogen hormone. Notably, polymorphism was evident across all 
hormone administrations in comparison to the control group (without hormone), 
signifying a reduction in genomic stability at higher concentrations. These findings 
collectively suggest that 17 β-estradiol, estrogen, progesterone, and testosterone 
impact genomic stability in bean plants, leading to epigenetic modifications that play 
a crucial role in regulating gene expression.

Plant growth and development Progesterone (PRG) role Plants Ref

Foliage and root growth PRG controlled plant growth in a 
dosage-related manner.

Thale cress [35]

Sunflower [70]

Chickpea [55]

Tissue culture PRG enhanced foliage and callus 
production.

Sainfoin [71]

PRG regulated responded 
embryogenic callus and 
regenerable callus induction.

Wheat [72]

Seed germination PRG improved seed germination. Chickpea [54]

Common bean [56]

Maize [73, 74]

Generative progress PRG augmented increasingly 
with pollen germination.

Kiwifruit [22]

PRG enhanced pollen 
germination and tube 
enlargement.

Tobacco [75, 76]

PRG encouraged plant flowering 
and induced generative growth.

Wheat [77, 78]

Thale cress [79]

Table 3. 
The effects of PRG on plant life process [69].
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Biotic/abiotic stress Progesterone role Plants Ref

Salt PRG induced enzymatic and non-enzymatic antioxidant 
systems and improved the amounts of osmoprotectants.

Wheat [80]

PRG increased SOD, POX, and CAT actions and alleviated the 
salt-reduced K/Na ratio.

Bean [54]

PRG improved antioxidant activity and osmoprotectant 
accumulation.

Maize [81]

PRG enhanced salinity tolerance and augmented pigments 
and antioxidant enzyme activities.

Kentucky 
bluegrass

[82]

Chilling PRG stimulated relative leaf water content, chlorophyll 
content, and antioxidative activity.

Chickpea [83]

PRG stimulated the mitochondrial respiratory pathway and 
upregulated the transcript level and protein accumulation of 
alternative oxidase (AOX).

Maize [84]

PRG encouraged AOX and enhanced enzyme and non-
enzymatic antioxidant protection systems.

Dwarf banana [85]

PRG improved the transcription level of IbAOX1 and the 
activity of AOX, prevented the creation of chilling damage, 
decreased membrane penetrability, MDL and ROS levels, and 
improved the antioxidant defenses.

Sweet potato [86]

The increase in area per lipid molecule by PRG led to the 
formation of more flexible surface structures in monolayers.

Wheat [52]

Drought Drought caused to increase PRG-binding sites on the cell 
membrane of Katoda (drought-sensitive cultivar) but not in 
Monsun (drought-tolerant cultivar), while this stress caused 
to augment of PRG-binding sites in the cytoplasm of Monsun, 
but not in Katoda.

Wheat [87]

More-expressing animals’ CYP11A1 in Solanum lycopersicum 
can considerably improve tolerance to water deficit and 
prolonged dehydration.

Tomato [53]

High temperature and 
high irradiance

PRG improved overheating-induced H2O2, MDA, and ionic 
leakage, increased the production of SOD, CAT, POX, and 
reduced photosystem II damage by stimulating D1 protein 
phosphorylation.

Wheat [88]

PRG improved antioxidant resistance system and simplified 
D1 protein strength under temperature and high irradiance 
stress.

Wheat [89]

Biological stresses PRG reduced the necrosis and the ion leakage, and enhanced 
the efficacy of PSII affected by pseudomonad

Thale cress [90]

CYP11A1-overexpressing transgenic tobacco exhibited 
resistance to contamination by fungal pathogens Botrytis 
cinerea.

Tobacco [53]

Table 4. 
The positive properties of progesterone (PRG) on environmental stresses in plants [69].

6.  Conclusions

Numerous studies have been conducted to investigate the impact of steroid hor-
mones on the growth and development of plants. The findings have revealed that ste-
roid sex hormones, including progesterone, estrone, beta-estradiol, and testosterone, 
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play a significant role in stimulating growth and development, callus development, 
cell division and elongation of roots and stems, and enhancing pollination in plants. 
Moreover, these hormones have been found to have a positive effect on plant stress 
response. Steroid hormones are considered secondary metabolites that are synthe-
sized under specific conditions, such as exposure to stress. Among these compounds, 
progesterone has been shown to enhance the antioxidant properties of plants, thereby 
aiding them in coping with environmental challenges. Overall, the research suggests 
that steroid hormones can have beneficial effects on plant physiology and resilience.
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Chapter 3

Progestin Selectivity in Clinical 
Applications
Hisham Arab

Abstract

This chapter presents a thorough examination of synthetic progestins in obstetric 
and gynecologic practice, highlighting their specific use in several clinical scenarios, 
including miscarriage, luteal phase support, menstrual problems, and endometriosis. 
Drawing from existing literature, the chapter explores the specific biological, phar-
macological, and clinical characteristics of progestins -especially dydrogesterone 
-emphasizing their subtle functions in different reproductive health conditions. The 
study primarily revolves around dydrogesterone, with a thorough investigation that 
includes data extracted from the literature on its molecular structure, in vitro and in 
vivo findings, clinical data obtained from randomized clinical trials, and systematic 
reviews. This chapter intends to provide the reader with a detailed understanding of 
the distinct clinical applications and differential selectivity of synthetic progestins, 
with a particular focus on the unique features of dydrogesterone. The goal is to equip 
the reader with a nuanced comprehension of these drugs. This resource is beneficial 
for healthcare practitioners, researchers, and academicians who want a more detailed 
understanding of the complex relationship between synthetic progestins and repro-
ductive health in different clinical situations.

Keywords: progestin, miscarriage, pregnancy, menstrual, dydrogesterone

1. Introduction

1.1 A refresher on progesterone

Progesterone, one of the first hormones to be discovered, is a 21-carbon sex steroid 
produced from cholesterol by the conversion of pregnenolone [1, 2]. Progesterone is 
primarily synthesized in the corpus luteum of the ovaries and also by the placenta [1, 
2]. Progesterone derives its name from its role as a hormone essential for initiating 
and maintaining pregnancy. It is referred to as progestational, combining the prefix 
“pro,” meaning “for,” with the root “gest,” meaning “pregnancy” [3].

Although that would mean that progesterone is the key physiological component 
in the reproductive system, it can also modulate neurotransmitter systems, including 
the serotonergic, cholinergic, and dopaminergic systems, in addition to immunomod-
ulatory effects [1]. Progesterone also has significant functions in other non-reproduc-
tive organs, including the mammary gland for lactation preparation, the circulatory 
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system, the central nervous system, and the bones [4]. Natural or P4 progesterone is 
vital in pregnancy from conception to delivery. It also has clinical uses in the treat-
ment of preterm labor, miscarriage, and infertility [5]. Progesterone can be utilized 
to cause amenorrhea or regular bleeding, sub-atrophy, or pre-decidual alterations by 
adjusting the dosage, duration of treatment, and method of administration [3].

More recent research has enhanced our comprehension of the inhibitory effects of 
progesterone on immune responses, specifically inflammatory responses. The activa-
tion of dendritic cells, macrophages, and natural killer (NK) cells in mice is inhibited 
by progesterone. The administration of progesterone to rat dendritic cells stimulated 
with lipopolysaccharide inhibits the synthesis of interleukin (IL)-1 and tumor necro-
sis factor (TNF)-α, both of which are pro-inflammatory cytokines. Progesterone 
inhibits the secretion of the cytokine IL-12, which stimulates T-cell activation. Many 
of these inhibitory effects are achieved through the inhibition of NF-kB activation. It 
has been documented that progesterone, besides impeding cytokine production, also 
inhibits the synthesis of chemokines, including RANTES and macrophage inflamma-
tory protein-1β, by CD8+ T lymphocytes. Progesterone exerts intriguing immunoreg-
ulatory effects through its ability to modulate the differentiation of various immune 
cell subpopulations [6].

Throughout the early 2000s, researchers became particularly interested in investi-
gating the involvement of progesterone in both genomic (nuclear) and non-genomic 
(extranuclear) receptor pathways. These mechanisms work together to directly 
impact cells and tissues. Due to its lipophilic nature, progesterone easily passes 
through cell membranes via diffusion. It then interacts with progesterone receptor 
A (PR-A) and progesterone receptor B (PR-B) at the nuclear level. This interaction 
triggers the activation of approximately 300 co-regulators, which act on ribosomal 
RNA. As a result, corresponding proteins are produced. Nuclear progesterone recep-
tors (nPR) require a time span of minutes or hours to initiate ribosomal transcription 
and serve as the primary controllers of female reproductive processes. The genomic 
receptors PR-B and PR-A have overlapping regions in the DNA binding domain and 
the ligand binding domain, but they have distinct amino acid sequences. Specifically, 
PR-A has 164 fewer amino acids than PR-B. In humans, cells expressing PR-B and 
PR-A are equally prevalent under normal physiological conditions. Nevertheless, 
myometrial tissue has a significant amount of a third isoform of nPR, known as 
PR-C [4].

Progesterone has a key role in facilitating crosstalk between various uterus and 
placenta cells, influencing many biological processes. Progesterone regulates the 
process of decidualization by governing the development of endometrial stromal 
cells. If this signaling is disrupted, it can result in pregnancy difficulties such as recur-
rent miscarriage and pre-eclampsia. This highlights the critical role of progesterone in 
this communication between cells. The release of progesterone by the ovaries induces 
the creation of activin A by cells in the lining of the uterus, which in turn affects the 
attachment of the embryo’s outer layer to the uterine wall. Progesterone is recognized 
as a crucial factor in promoting cellular modifications that support an embryo’s 
attachment and the placenta’s development. Although the endocrinological functions 
of progesterone have been extensively studied in the past, its involvement in commu-
nication with immune cells in the placenta has been evident in recent times [6].

Before we move on to progestins. The difference between “progestins” and 
“progestogens” is worth highlighting. Progestogens are substances that exhibit 
progestational action. They encompass both artificial progestogens and organic pro-
gesterone, also referred to as P4. In contrast to natural P4, synthetic progestins such 
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as dydrogesterone do not possess tranquilizing, antiandrogenic, diuretic, tocolytic, 
or neuroprotective properties. These effects are potentially significant for supporting 
pregnancy from conception to delivery [7]. While the term progestin refers only to 
synthetic progestational agents that have been synthesized to replicate the activity 
of P4 [8].

1.2 A quick overview of progestins

The early advancement in steroid hormone bioengineering involved the elimina-
tion of the 19-carbon from natural progesterone to create a more powerful synthetic 
progestational agent. Several novel progestins have been created after the introduc-
tion of norethindrone and norethynodrel. The overall objective is to produce chemi-
cals with enhanced potency, specifically targeting the ovary and the endometrium, 
while ensuring increased safety and control over the menstrual cycle. Additionally, 
the aim is to minimize adverse effects and provide acceptable non-contraceptive 
advantages. Progestin molecules exhibit varying affinities for the progesterone recep-
tor, androgen receptor, estrogen receptor, glucocorticoid receptor, and mineralocor-
ticoid receptor. At present, the contraceptive progestins that are accessible are either 
derived from natural testosterone or progesterone [9].

Progestins can be classified into various categories, including retroprogesterone 
(e.g., dydrogesterone) and progesterone derivatives (e.g., medrogestone). The com-
pounds mentioned are multiple derivatives of 17alpha-hydroxyprogesterone, 19-nor-
progesterone, 19-nortestosterone, and spironolactone. Examples of these derivatives 
include chlormadinone acetate, cyproterone acetate, medroxyprogesterone acetate, 
megestrol acetate, nomegestrol, promegestone, trimegestone, nesterone, norethis-
terone (NET), lynestrenol, levonorgestrel, desogestrel, gestodene, norgestimate, 
dienogest, and drospirenone (Figure 1) [10]. The progestins within the same class 
have distinct biological activities compared to each other. Thus, analyzing progestins 
individually, rather than grouping them by class, may provide the most valuable 
understanding of their specific effects [11].

Progestins, including progesterone (P4), exert their effects through the binding 
with progesterone receptors (PRs), which exist in two isoforms (A and B) resulting 
from a single gene located on chromosome 11. These isoforms exhibit distinct tissue 

Figure 1. 
Classification of progestins that are structurally related to progesterone.
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distributions and functions. The structural composition of PR includes a DNA-
binding domain, zinc fingers, a hinge region, and a ligand-binding domain. Genomic 
interactions occur when P4 binds to the ligand-binding site, forming progesterone 
response elements (PREs) and a transcriptional complex that modulates gene expres-
sion within minutes to hours. Notably, a third isoform (PR C) has been identified, 
primarily expressed in myometrial cells, lacking a DNA binding domain but capable 
of binding to progesterone. Evidence suggests that PR C may inhibit other isoforms 
by sequestering available progesterone. Isoform A dominates when PR A and B are 
coexpressed in the same tissue. Moreover, PRs interact with various receptors, such as 
estrogen receptor, androgen receptor, glucocorticoid receptor, and mineralocorticoid 
receptor, displaying agonistic or antagonistic effects through specific interactions. 
The involvement of coactivators or corepressors further adds complexity to the 
regulatory mechanisms governing PR-mediated actions. Overall, these insights 
highlight the intricate structural and functional aspects of PRs, contributing to our 
understanding of progestins’ diverse and nuanced actions [12].

The effectiveness of progestins is primarily categorized by three distinct actions, 
which are the primary acts that enable progestins to be beneficial in various circum-
stances [13]. The following items are included:

1. Progestational activity refers to the capacity to induce the transformation of the 
endometrium into the secretory phase and sustain a pregnancy.

2. Exhibiting anti-estrogenic activity: The capability to reduce the expression of 
estrogen receptors and subsequently diminish the thickness of the endometrium 
stimulated by estrogen.

3. Antiandrogenic activity refers to the capability of inhibiting the binding of 
testosterone (T) to androgen receptors, hence reducing the impact of androgens 
and counteracting the action of 5α-reductase.

The biological effects of progestogens are contingent upon the presence of estro-
gens, particularly in most tissues, as the expression of progesterone receptors (PR) is 
reliant on their presence. However, progestogens suppress the expression of estrogen 
receptors [14, 15].

By competitively inhibiting the androgen receptor or binding to the enzyme 
5-α reductase, certain progestins impede the conversion of testosterone (T) to 
dihydrotestosterone, thereby exerting an antiandrogenic effect. Moreover, non-
androgenic progestins do not inhibit the estrogen-dependent increase in the binding 
of sexual hormones to globulin when combined with estrogen. This ultimately leads 
to greater binding of circulating androgens and a reduction in the availability of 
free T [13].

Beyond progesterone receptors, interactions with the following steroid hormone 
receptors also contribute to the effects of progestins: Androgen, estrogen, glucocorti-
coid, and mineralocorticoid receptors. These interactions have the potential to either 
trigger transactivation or inhibit activation of a steroid receptor. The agonistic or 
antagonistic nature of progestin’s ultimate effect in the target organ is determined by 
the equilibrium between receptor coactivators and corepressors recruited by the mol-
ecule. While all progestins exert the anticipated effect on the uterine endometrium by 
binding to the progesterone receptor, their activity profiles in other target tissues are 
unique and may not be identical among progestins of the same class [16].
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Furthermore, the literature showed the anti-inflammatory and immunomodula-
tory effects of p4 and progestins. Some of the anti-inflammatory and immunomodu-
latory actions of P4 and its derivatives are associated with the inhibition of NF-kB 
and COX, the inhibition of prostaglandin synthesis, the regulation of T lymphocytes, 
the regulation of the production of pro- and anti-inflammatory cytokines, and the 
phenomenon of immune tolerance. Besides, the inhibition of proliferative signal-
ing pathways and the antagonistic action against estrogen receptor beta-mediated 
signaling are pro-inflammatory and mitogenic factors. Moreover, steroid receptor 
cochaperone HSP90 and immunophilins FKBP51 and FKBP52 represent a crucial key 
in the intracellular signaling of steroid hormones, including progesterone. Thus, due 
to their combined effect, P4 and progestins could be considered promising alterna-
tive steroid hormones to glucocorticoids in the treatment of inflammatory diseases, 
including endometriosis, stress-related disorders, rheumatoid arthritis, and miscar-
riages, especially hormone-resistant chronic inflammatory diseases [17].

Anti-estrogenic effects of progestogens and progestin in the endometrium are 
attributed to the activation of 17β-Hydroxysteroid dehydrogenase type 2, which cata-
lyzes the conversion of estradiol to estrone, and estrone sulfotransferase, which pro-
motes conjugation of estrone; these effects include a decrease in ER  expression [12].

Progestins have clinical uses thanks to their therapeutic applications and because 
their bioavailability and half-lives are superior to P4. Currently, a multitude of 
additional characteristics of these agents has been elucidated, enabling their utiliza-
tion in diverse therapeutic contexts—including contraception, hormonal replacement 
therapy (HRT), and the management of gynecological ailments such as endometriosis 
and polycystic ovary syndrome [18]. However, progestins have various effects accord-
ing to their interactions with receptors, including AR, GR, and MR. These interac-
tions can lead to side effects such as acne, hyperlipidemia, salt and water retention, 
and bloating. Additionally, progestins typically function as an antagonist of MR, 
resulting in lower water retention and weight [13, 19].

2. Dydrogesterone: molecular structure and characteristics

Dydrogesterone can be considered a stereoisomer of progesterone, with a slight 
difference in its molecular structure. In dydrogesterone, the hydrogen atom at carbon 
9 is positioned in the β position, while the methyl group at carbon 10 is in the α 
position. This arrangement is the opposite of the structure found in progesterone, 
leading to its designation as “retro” progesterone. Furthermore, a double bond is 
present between carbon 6 and 7, altering the flat steroid configuration and resulting 
in a “bent” conformation that exhibits increased rigidity compared to progesterone. 
It is believed that this explains why dydrogesterone is highly selective for progester-
one receptors, displaying strong progestogenic effects while lacking any significant 
agonistic effects on androgen, glucocorticoid, and mineralocorticoid receptors. When 
comparing progesterone and dydrogesterone, it is worth noting that dydrogesterone 
has a higher oral bioavailability. This, combined with its strong affinity for progester-
one receptors and its effectiveness at a low dose, may help to reduce the occurrence of 
side effects [20].

The molecular structure of this compound bears a striking resemblance to natural 
progesterone (Figure 2), yet it exhibits improved oral bioavailability. Dydrogesterone 
and progesterone have distinct structural features that set them apart. With its 
inverted configuration at C9 and C10 and an additional C6-C7 double bond, 
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dydrogesterone exhibits a bent shape geometry. In contrast, progesterone has an 
almost planar geometry [ 21 ].  

 Early endocrinological studies in animal models indicated that dydrogesterone 
exhibited significant progestogenic effects while lacking androgenic, glucocorticoid, 
or estrogenic activity. Dydrogesterone is often regarded as more potent than proges-
terone, as noted in the lower milligram dose needed to achieve comparable efficacy in 
comparison to micronized vaginal progesterone (MVP) [ 22 ]. 

 Studies conducted  in vitro  revealed that dydrogesterone did not exhibit any 
significant agonistic effects on androgen, glucocorticoid, and mineralocorticoid 
receptors. On the other hand, progesterone exhibited important agonistic activity 
at androgen receptors while showing little to no agonist activity at glucocorticoid 
or mineralocorticoid receptors. It was found that dydrogesterone exhibited lower 
antagonistic activity at glucocorticoid and mineralocorticoid receptors when com-
pared to progesterone. In addition, it is worth noting that progesterone demonstrated 
significant antiandrogenic effects at the pre-receptor level, effectively inhibiting over 
90% of 5α-reductase type 2, which is an enzyme responsible for androgen produc-
tion. On the other hand, dydrogesterone and 20α-dihydro dydrogesterone (DHD) 
exhibited comparatively weaker inhibition of this enzyme, reaching only up to 16%. 
The data presented here collectively illustrates the high selectivity of dydrogesterone 
for progesterone receptors compared to progesterone. Additionally, dydrogesterone 
exhibits minimal antiandrogenic effects at the pre-receptor level, thereby reducing 
other receptors’ activation and undesirable effects [ 23 ]. 

 Dydrogesterone functions by offering progesterone-like support during the 
luteal phase of the menstrual cycle. By imitating the actions of natural progesterone, 
dydrogesterone enhances the vital processes during this stage, including promoting 
decidualization and developing a receptive endometrial lining. The actions described 
foster an environment that supports the successful implantation of embryos and the 
maintenance of early pregnancy [ 24 ]. 

  Figure 2.
  Comparison between the chemical structure of dydrogesterone and progesterone. Adapted from PubChem 
[Internet]. Bethesda (MD): National Library of medicine (US), National Center for biotechnology information; 
2004; PubChem compound summary for CID 5994, progesterone; [cited 2024 Feb. 1]. Available from:  https://
pubchem.ncbi.nlm.nih.gov/compound/Progesterone ; PubChem [Internet]. Bethesda (MD): National Library 
of medicine (US), National Center for biotechnology information; 2004-. PubChem compound summary for 
CID 9051, Dydrogesterone; [cited 2024 Feb. 1]. Available from:  https://pubchem.ncbi.nlm.nih.gov/compound/
Dydrogesterone           
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The retro-structure and the C6-C7 double bond of dydrogesterone provide it with 
a distinct advantage. These features cause the molecule to adopt a rigid conformation 
well-suited for binding with the PR. Dydrogesterone’s enhanced rigidity contributes 
to its selectivity, unlike natural progesterone, which exhibits less selectivity due to its 
ability to bind to various receptors in different conformations. Due to its enhanced 
bioavailability and the progestational activity of its main metabolites (20-, 21- and 
16-hydroxy derivatives), dydrogesterone requires a significantly lower equivalent 
dose compared to oral or vaginal micronized progesterone [10].

As shown in Table 1, dydrogesterone is highly selective for progesterone receptors 
due to its unique structure [10, 23, 25].

Dydrogesterone is quickly taken up by the body and fully broken down through 
metabolism. Following oral administration, the levels of dydrogesterone and its 
main metabolite, 20-dihydro dydrogesterone (DHD), in the plasma peak after 
0.5–2.5 hours. Interestingly, the concentration of DHD in the plasma is significantly 
greater than that of the parent drug. The elimination half-lives of dydrogesterone and 
DHD are 5–7 and 14–17 hours, respectively. Dydrogesterone does not have any clini-
cally significant pharmacokinetic interactions. Preclinical studies have shown that 
dydrogesterone has no mutagenic, teratogenic, or carcinogenic effects. Additionally, 
pharmacovigilance data has not found any evidence of congenital malformations 
linked to the use of dydrogesterone during pregnancy [26].

3. Clinical applications of dydrogesterone

Dydrogesterone has been widely available in numerous countries for over six 
decades to address progesterone deficiency and its related conditions. These include 
irregular cycles, dysfunctional uterine bleeding, dysmenorrhea, endometriosis, sec-
ondary amenorrhea, premenstrual syndrome, threatened and habitual miscarriage, 
infertility due to luteal insufficiency, and hormone replacement therapy. Extensive 
research and pharmacovigilance data have not found any evidence of dydrogesterone 
being teratogenic or carcinogenic, nor have they linked its use during pregnancy to 
congenital malformations (Figure 3) [27].

Biological activity a Dydrogesterone Progesterone

Progestogenic + +

Anti-gonadotropin — +

Anti-estrogenic + +

Estrogenic — —

Androgenic — —

Antiandrogenic ± b ±

Glucocorticoid — +

Anti-mineralocorticoid ± +
aTherapeutic dosage.
bDydrogesterone demonstrates less antiandrogenic effects than progesterone.
DYD –dydrogesterone, PR-A -progesterone receptor A; + “efficacious”; ±“less efficacious”; −“not efficacious”.

Table 1. 
A comparison between the biological activities of dydrogesterone and progesterone.
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3.1 Preventing threatened and recurrent miscarriages

Several randomized controlled trials have demonstrated that women who were at 
risk of early pregnancy loss and received dydrogesterone experienced significantly 
lower rates of miscarriage compared to those who received bed rest with or without 
supportive care [28–30].

According to a systematic review, dydrogesterone was found to significantly 
decrease the odds of miscarriage by 47% compared to standard care. Additionally, it 
was associated with an absolute decrease of 11% in the miscarriage rate [31].

This has been supported by a study that highlighted that the occurrence of miscar-
riage in patients suffering from bleeding in the first trimester was notably lower in the 
group that received total progesterone compared to the control group. The percentage 
of miscarriage in the total progesterone group was 13.0%, while in the control group it 
was 21.7%. The odds ratio was calculated to be 0.53, with a 95% confidence interval of 
0.36 to 0.78. The statistical analysis showed a significant difference between the two 
groups, with a p-value of 0.001 and an I2 value of 0%. In addition, the occurrence of 
miscarriage showed a substantial decrease in the group receiving oral dydrogesterone 
compared to the control group (11.7% versus 22.6%; odds ratio, 0.43; 95% CI, 0.26 
to 0.71; P = 0.001; I2, 0%). Similarly, the vaginal progesterone group also exhibited a 
lower rate of miscarriage compared to the control group, although this difference was 
not statistically significant (15.4 versus 20.3%; odds ratio, 0.72; 95% CI, 0.39 to 1.34; 
P = 0.30; I2, 0%). Nevertheless, there was no discernible difference in the occurrence 
of miscarriage between the groups receiving oral dydrogesterone and vaginal proges-
terone. Progesterone therapy, particularly oral dydrogesterone, is highly effective in 
preventing miscarriage in pregnant women who are facing the risk of abortion [32].

Another systematic review assessing ten studies examining the effects of proges-
tins versus placebo has concluded a statistically significant decrease in the pregnancy 
loss rates in patients treated with progestins, including dydrogesterone [33].

These results are supported by another randomized controlled trial that examined 
the effectiveness of dydrogesterone versus vaginal progesterone in women with recur-
rent pregnancy loss (RPL) and presenting with first-trimester bleeding. The study 
revealed that patients treated with dydrogesterone experienced a faster cessation of 
bleeding compared to those treated with vaginal progesterone [34].

Figure 3. 
Some clinical applications of dydrogesterone.
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In a recent meta-analysis, Zhao et al., conducted a comprehensive assessment of 
the effectiveness and safety of different progestogens. They analyzed data from 59 
randomized controlled trials involving a total of 10,424 women. The study concluded 
that oral dydrogesterone was more effective than vaginal progesterone in treating 
threatened miscarriages [35].

Based on the previous data, it is no wonder that dydrogesterone has been recom-
mended for the management of early pregnancy loss by multiple international guide-
lines, including the European Progestin Club (EPC), European Society of Human 
Reproduction and Embryology (ESHRE), Royal Australian and New Zealand College 
of Obstetricians and Gynecologists (RANZCOG), German (DGGG), Austrian 
(OEGGG), and Swiss (SGGG) Societies of Gynecology and Obstetrics, National 
Institute for Health and Care Excellence (NICE), and Russian Society of Obstetricians 
and Gynecologists. Miscarriage in addition to local guidelines in Saudi Arabia, 
Malaysia, China, Vietnam, Taiwan, Indonesia, Mexico, and the Philippines [36].

3.2 Regulating menstrual periods

Research demonstrated the efficacy of dydrogesterone as a therapeutic agent 
for the management of dysfunctional uterine hemorrhage. The utilization of this 
technique has prevented patients from undergoing hysterectomy, hence reducing 
their exposure to the potential risks associated with general anesthesia and surgery. 
Additionally, it has alleviated the strain and fiscal burden on the hospital, staff, and 
the state [37].

A multicenter study involving 104 women was done to evaluate the effects of 
cyclical dydrogesterone, which is commonly used for estrogen replacement therapy. 
The trial was double-masked, randomized, and placebo-controlled. Secondary 
amenorrhea is the medical term used to describe the stopping of menstrual periods 
after they have already started. Nevertheless, it has been precisely delineated by 
many definitions, some of which coincide with oligomenorrhea (scanty menstrual 
flow occurring at intervals of 35 days to 6 months). This indicates the broad range of 
patients affected by this disorder. The approximate prevalence of secondary amenor-
rhea in women of reproductive age is approximately 3%. Ultimately, dydrogesterone 
is markedly more effective than a placebo in stimulating the occurrence of withdrawal 
bleeding and sustaining regular menstrual bleeding in women who have secondary 
amenorrhea and possess normal levels of estrogen [38].

A pilot randomized controlled trial revealed that dydrogesterone was equally 
effective to vaginal micronized progesterone in the treatment of dysfunctional 
uterine bleeding [39].

A multicenter observational study involving 210 women diagnosed with heavy 
menstrual bleeding (HMB) aimed to investigate the impact of dydrogesterone 
treatment on health-related quality of life (HRQoL). Women with a pictorial blood 
assessment chart (PBAC) score exceeding 100 were considered to have HMB. After 
administration of dydrogesterone for three consecutive cycles, participants were 
assessed using the 5-dimensional EuroQol (EQ-5D) for HRQoL, PBAC score, and 
menstrual cycle diaries at entry (visit 2) and the end of each treatment cycle (visits 3 
to 5). A notable decrease in PBAC score indicated that improved severity of menstrua-
tion was reported. Additionally, menstrual flow assessments shifted toward medium 
and light categories, with only six women describing their flow as heavy post-
treatment compared to 201 before treatment. Dydrogesterone treatment was well-
tolerated, with a 14.3% incidence of adverse events, predominantly pallor (3.8%) and 
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anemia (2.4%), which need further hematologic treatment to correct HMB-associated 
iron deficiency anemia. In conclusion, the study demonstrates that dydrogesterone 
treatment substantially and significantly enhances HRQoL in women suffering from 
HMB by effectively addressing the severity of menstrual bleeding [40].

Dydrogesterone, taken as an orally administered retroprogesterone, is commonly 
employed to address inadequacy in progesterone levels, such as irregularities in the 
menstrual cycle. A non-interventional, single-arm, post-marketing, observational 
study was conducted to assess the impact of dydrogesterone on the regularization of 
the menstrual cycle. It showed that the administration of dydrogesterone resulted in 
the attainment of menstrual cycle regularization and a decrease in both menstrual 
pain and anxiety, both throughout the treatment period and the subsequent 6-month 
observation period [27]. This was further established by a more recent post-market-
ing study that showed that administering dydrogesterone orally throughout the latter 
half of the menstrual cycle has demonstrated a reduction in menstrual abnormalities. 
This study is prospective and observational. Furthermore, dydrogesterone effectively 
normalizes and enhances the length of the menstrual cycle, diminishes the volume of 
bleeding, alleviates menstrual discomfort, and prevents the recurrence of irregular 
cycles up to 6-months following the cessation of treatment [41].

Another literature review examining the efficacy of medicines, the frequency 
of complications (for example, the risk of venous thromboembolism when tak-
ing combined oral contraceptives, depending on the type of progestogen), and 
contraindications of progestins in the management of abnormal uterine bleeding 
in postmenopausal women revealed that dydrogesterone therapy has demonstrated 
great efficacy in restoring regularity to irregular menstrual periods, as evidenced by 
randomized controlled trials. Dydrogesterone is a drug that does not affect metabo-
lism. It does not have any androgenic, glucocorticoid, mineralocorticoid, or antigo-
nadotropic effects. It does not worsen insulin resistance or dyslipidemic disorders or 
affect the hemostatic system. Therefore, it can be safely recommended for a broad 
range of women with abnormal uterine bleeding including adolescents [42].

A single-arm, prospective, non-interventional, observational research was 
conducted after the product had been marketed. In conclusion, the administra-
tion of dydrogesterone therapy proved to be an efficient method for achieving 
menstrual cycle regularization in Chinese patients with abnormal uterine bleeding. 
Furthermore, the neutral effects of dydrogesterone on sex hormones, as well as the 
metabolic level, provide further evidence that it plays a role in the regulation of 
irregular menstrual cycles [43].

Another study presented an interesting finding. In this study, patients were treated 
with dydrogesterone, norethisterone acetate (NETA), medroxyprogesterone acetate, 
or nomegestrol acetate. The main objective was to determine the effects of these four 
compounds on basal body temperature (BBT), depression, and anxiety. Interestingly, 
dydrogesterone did not affect BBT like NETA or other progesterones. Furthermore, 
dydrogesterone reduced anxiety compared to other treatments [44].

3.3 Luteal phase support in IVF cycles

Overall, substantial data indicates that dydrogesterone has a high absorption level 
when taken orally and a strong affinity for progesterone receptors. A study even 
suggested it is efficacious at a 10 to 20 times lower dosage than micronized proges-
terone. Dydrogesterone exhibits a favorable safety and tolerability profile with few 
adverse effects. Consequently, it is considered an optimal choice for use in assisted 
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reproductive technology (ART) as a luteal phase support (LPS) agent. Oral dydro-
gesterone is equally beneficial as vaginal progesterone for LPS in women undergoing 
fresh in vitro fertilization (IVF) [45].

Dydrogesterone can also be used as an add-on therapy. Retrospective cohort 
research that was performed at a single site from 2013 to 2019 revealed that the utili-
zation of dydrogesterone in conjunction with micronized progesterone gel resulted in 
a greater clinical pregnancy rate and live birth rate compared to the exclusive use of 
micronized progesterone gel in frozen-thawed embryo transfer (FET) cycles [46].

Another pilot single-masked randomized controlled trial reported that it was 
effective, and patients tended to prefer oral dydrogesterone due to its ease of use, 
cheaper cost, and greater efficacy. Therefore, dydrogesterone can be suggested as 
an alternative to intramuscular or vaginal supplements for LPS in artificial FET 
cycles [47].

A clinical trial has indicated that oral dydrogesterone (40 mg/day) is as efficacious 
as vaginal micronized progesterone in terms of clinical outcomes, patient satisfaction, 
and tolerability for LPS in women undergoing IVF [48].

3.4 Relieving pain in endometriosis

Evidence from 1976 reported that after the administration of 5 mg of dydroges-
terone twice daily to 49 endometriosis patients, five patients were asymptomatic 
following 9-months of treatment. In most cases, subjective symptoms resolved within 
4 to 9 weeks; dyspareunia, on average, required more time. A “cure” of endometriosis 
was verified in 30 out of 32 patients who underwent culdoscopy following one or two 
courses of treatment. Following treatment, ten of nineteen infertile patients became 
expectant. Two patients experienced transient mastalgia and vertigo as the only 
adverse effects. There were no reported cases of amenorrhea or other disruptions of 
the menstrual cycle [49].

In women with dysmenorrhea, cyclic application of dydrogesterone has also been 
shown to induce regular menstruation, reduced blood loss, and fewer days of bleed-
ing, in addition to providing exceptional symptomatic relief [50].

The ORCHIDEA study showed that the extended cyclical and uninterrupted 
courses of dydrogesterone treatment showed significant and comparable decreases in 
the intensity of long-lasting pelvic discomfort and painful menstruation and resulted 
in notable enhancements in all aspects of quality of life and sexual satisfaction 
measured in the study [51].

Compared with gestrinone, dydrogesterone relieved dysmenorrhea, increased 
the pregnancy rate, and reduced the risk of certain adverse events. Compared with 
Gonadotropin releasing hormone - agonist (GnRH-a), dydrogesterone also lowered 
the risk of endometriosis recurrence and elevated transaminase levels.

Dydrogesterone exhibits superior efficacy in alleviating pelvic discomfort and 
dysmenorrhea compared to gestrinone while also demonstrating a lower incidence of 
adverse effects. Conceiving while using dydrogesterone may provide a higher level of 
safety. GnRH agonists exhibit significant adverse effects, including hot flushes, vagi-
nal dryness, headaches, superficial dyspareunia, and a propensity for the emergence 
of osteoporotic alterations. Moreover, it is advised to refrain from attempting preg-
nancy while doing this therapy. Dydrogesterone significantly enhances pregnancy 
rates within the first year following surgery, compared to receiving no treatment. The 
rise in pregnancy rates becomes statistically significant around the 12-month mark 
[52]. Dydrogesterone’s diverse advantages in alleviating symptoms and improving 
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fertility highlight its attractive position as a treatment for pelvic discomfort and dys-
menorrhea, compared to alternative options such as gestrinone and GnRH agonists.

It is worth mentioning that dydrogesterone is not the only progestin used for 
managing endometriosis. Levonorgestrel, medroxyprogesterone acetate, NETA, 
dienogest, and dydrogesterone are the most well-known progestogens utilized in 
endometriosis-affected patients [53]. In 2018, a study was published that examined 
the therapeutic and side effects, as well as the molecular mechanisms of action, of 
dydrogesterone and dienogest in mice with endometriosis. After carefully evaluating 
the size and volume of lesions, histological parameters, and biochemical markers of 
proliferation and apoptosis throughout and after treatment, it was determined that 
dydrogesterone and dienogest exhibit efficacy in treating endometriosis. These treat-
ments demonstrate selective effects on proliferation, apoptosis, and the molecular 
mechanisms associated with endometriosis. It has been observed that both dydroges-
terone and dienogest significantly impact the size of lesions and inhibit the growth 
of cells in endometriotic foci. The primary therapeutic effects of this treatment are 
associated with progesterone receptors. It works by suppressing cell proliferation 
and activating apoptosis in endometriotic foci. Nevertheless, the antiproliferative 
and apoptosis effects were less pronounced in dienogest when compared to dydro-
gesterone [54]. A study reported that while both had comparable safety profiles, a 
lower dose of dienogest was more effective than dydrogesterone for relieving pain 
associated with endometriosis [55]. Given its potent effects on the endometrium, 
NETA is a useful treatment for endometriosis and endometrial hyperplasia. However, 
special consideration is needed in cases of high risk for thromboembolic events and 
when treating women experiencing migraine with aura [56]. On the other hand, there 
is evidence supporting that dydrogesterone therapy does not increase the risks for 
venous thromboembolism [57]. Another study reported that dydrogesterone therapy 
was associated with decreased levels of fibrinogen and Lp(a), hence decreasing the 
risk for future cardiovascular events [58]. This was further confirmed by a recent lit-
erature review reporting that dydrogesterone therapy was associated with minuscule 
risks for cardiac manifestations and venous thromboembolism [59].

4. Dydrogesterone’s safety profile

Dydrogesterone has been commercially available and utilized since the 1960s to 
address various diseases related to inadequate progesterone levels. It is recommended 
for treating both threatened and idiopathic recurring miscarriages in multiple nations 
across the globe. According to the cumulative statistics on dydrogesterone exposure 
from April 1960 to April 2021, it is predicted that the total patient exposure after 
the drug was released on the market will be 137.5 million patient treatment years. 
According to sales data from 2014, it was predicted that around 20 million fetuses 
were exposed to dydrogesterone in the womb between April 1960 and April 2014. 
Dydrogesterone was correlated with elevated levels of patient and clinician satisfac-
tion. At the end of treatment (EOT), 89.6% of patients expressed satisfaction or high 
satisfaction with their treatment, while investigators assessed the overall response to 
treatment as good or excellent in 85.8% of patients [27].

Dydrogesterone exhibits no estrogenic, androgenic, or adrenocorticoid activity. It 
cannot be converted into estrogens and only shows anti-estrogenic effects in specific 
target organs, such as the endometrium. It is worth noting that this synthetic progesta-
tional agent has shown promising results, as its endometrial response closely resembles 
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that of natural progesterone. Interestingly, it does not impact the pituitary-adrenal axis, 
and there is no decrease in plasma progesterone levels when administered after ovula-
tion. In addition, it shows no or only mild suppression of ovulation, which is often seen 
with other progestogens. Furthermore, it does not impact coagulation, blood lipids, or 
glucose/insulin parameters. It is also not harmful to the liver and does not lead to a rise in 
body temperature. It has been observed to have a similar effect on aldosterone as natural 
progesterone but does not significantly impact water and electrolyte balance. Unlike 
progesterone, dydrogesterone does not get eliminated as pregnanediol in urine. Thus, it 
remains feasible to measure urinary pregnanediol as an indicator of natural progesterone 
secretion in women receiving dydrogesterone treatment [25].

From 1977 to 2005, pharmacovigilance data identified a mere 28 instances of 
congenital abnormalities that may be associated with fetal exposure to dydrogester-
one. The defects exhibited a wide range of variations without any discernible pattern 
of anomalies. Therefore, there is no evidence of a correlation between congenital 
abnormalities and the usage of dydrogesterone [26]. A more recent study also sup-
ported the previous statement and attributed the safety of taking dydrogesterone 
during pregnancy to its well-established safety profile [22].

An important note is that dydrogesterone is less likely to cause DNA fragmentation 
and repair synthesis in primary cultures of rat hepatocytes. A study comparing the 
three progestogens that include double bonds, namely dydrogesterone, dienogest, and 
1,4,6-androstatriene-17-ol-3-one acetate (ADT), and cyproterone acetate revealed 
that cyproterone acetate exhibited the highest DNA damaging potency, followed by 
dienogest, ADT, and finally dydrogesterone [60].

Another study revealed that dydrogesterone’s high selectivity for progesterone 
receptors helped to minimize the risk of side effects in women undergoing assisted 
reproduction. They added that the distinctive molecular arrangement of dydrogester-
one enables its effectiveness when taken orally at low therapeutic dosages, so circum-
venting the tolerability concerns linked to the vaginal administration of progesterone 
[24]. This may be due to the unique structure of dydrogesterone, which allows effi-
cacy with oral administration at low therapeutic doses, avoiding the tolerability issues 
associated with vaginal administration of progesterone. In addition, dydrogesterone’s 
high selectivity for progesterone receptors may help to limit the risk of side effects.

Another study examining patients with threatened miscarriage revealed that the 
incidence of congenital, familial, and genetic diseases was low and comparable across 
oral dydrogesterone and MVP gel in the Lotus I and II trials and later meta-analyses 
and subpopulation studies [20, 59, 61–63].

An intriguing hypothesis posits that progesterone may influence bone metabolism. 
To explore this, we focused on dydrogesterone, a compound closely mirroring the 
chemical structure of natural progesterone while devoid of any androgenic effects. 
Our investigation involved a comparative analysis, specifically examining the impact 
of a daily regimen of dydrogesterone compared to estradiol treatment. Surprisingly, 
the dydrogesterone regimen led to an increase in osteoclasts, though without a dis-
cernible augmentation in their functionality. The work of Roux C. et al. proved that in 
rat models subjected to ovariectomy, dydrogesterone failed to inhibit bone resorption, 
and interestingly, it exhibited no influence on the positive effects induced by estra-
diol. These findings shed light on the complex interplay between dydrogesterone and 
bone metabolism and the contrasting impact observed compared to estradiol treat-
ment. Further research is warranted to unravel dydrogesterone’s nuanced dynamics 
and potential implications on bone health, offering valuable insights into its specific 
interactions within the context of bone metabolism regulation [64].
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Progesterone is involved in insulin resistance by blocking the PI3-kinase pathway and 
reducing the expression of insulin receptor substrate 1 (IRS1). Estradiol causes insulin 
resistance by activating the c-Jun N-terminal kinase (JNK) through the estrogen recep-
tor located on the cell membrane. This leads to the phosphorylation of serine residues 
on the insulin receptor substrate-1 (IRS-1) [65]. Additionally, some research studies 
claimed that the use of progestogen supplements during pregnancy to lower the chances 
of preterm birth can raise the likelihood of developing gestational diabetes mellitus. 
Conversely, dydrogesterone does not possess diabetogenic properties [66, 67].

5. Conclusions

To summarize, investigating progestogens, particularly dydrogesterone, concern-
ing reproductive health and gynecological problems unveiled a complex and diverse 
scenario. The ongoing research highlights the intricate nature of women’s reproduc-
tive health, pregnancy, and the process of maximizing positive pregnancy outcomes. 
Further research is needed to optimize care to establish a comprehensive therapeutic 
approach that combines validated psychological support with pharmaceutical tech-
niques. To recognize the importance of patient education in improving treatment 
adherence and outcomes, it is important to focus on teaching patients about gyneco-
logical disorders, pregnancy complications, and pregnancy loss, as well as the advan-
tages of dydrogesterone. In the future, the idea of tailoring treatment to individual 
patients using prediction models that consider their specific traits and biomarkers 
has the potential to greatly enhance the effectiveness of dydrogesterone therapies. 
Moreover, a crucial aspect of future investigation is examining the long-term safety 
of dydrogesterone and its potential effects on the health of both the mother and the 
fetus. An in-depth evaluation of its risk-benefit profile over prolonged durations will 
yield significant insights. In conclusion, acquiring a thorough comprehension and 
incorporation of many aspects would enable a more knowledgeable and customized 
strategy to improve the chances of a healthy life and successful childbirth, particu-
larly for women experiencing repeated and imminent pregnancy loss.
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Abstract

Progesterone (P4), a steroid hormone, is widely recognized for its vital function 
in maintaining pregnancy across various animal species. Its functions extend beyond 
pregnancy management, encompassing the determination of pregnancy, optimal 
reproductive timing, anticipation of parturition, scheduling of elective cesarean 
sections, and identification of conditions like growth hormone disorders, insulin-
dependent diabetes, and infertility. Its versatility extends to involvement in bone 
marrow trophication, stress response assessment, and neuroprotection following 
traumatic brain injuries or fetal hypoxia. Although the aforementioned are mostly 
directed toward females, it is important to note that progesterone is also used clini-
cally in males. Monitoring blood progesterone levels in animals is essential in both 
healthy and pathological states, as emphasized in this chapter.

Keywords: progesterone, endocrinology, diagnosis, small animals, large animals

1.  Introduction

Despite nearly a century following its discovery by a group of researchers at the 
University of Rochester, there are still aspects of progesterone’s role in the animals 
that make it in their bodies that remain to be understood. Undoubtedly, the absence of 
it would result in the absence of offspring, since it plays a crucial role in female cyclic-
ity, preparing the uterus for gestation and ensuring its maintenance. It is classified as 
a progestogen, which is a kind of steroid hormone and is considered the most signifi-
cant hormone in this category. In general, its functions are comparable in domestic 
animals, encompassing both reproductive and mammary gland aspects, as well as 
metabolic processes, since it is recognized as a neurosteroid.

Progesterone (P4) is produced by the corpus luteum, which forms following the 
release of the dominant follicle. Following that, several components including both 
large and tiny thecal cells, fibroblasts, and vascular elements will form a genuine 
endocrine gland that is accountable for producing progesterone and other com-
pounds, depending on the specific species.
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Alternatively, depending on the species, the placenta, which is the link between 
the mother and fetus, can sustain pregnancy by releasing several hormones, including 
the mentioned hormone.

Due to the wide range of reproductive and non-reproductive scenarios in which 
progesterone plays a role, it is crucial to provide a clear description of the specific 
instances in which this hormone might be utilized for diagnostic reasons. The objec-
tive of this chapter is to provide doctors with a realistic technique to assist them in 
assessing progesterone levels.

2.  Progesterone’s diagnostic reach in domestic carnivores

For domestic carnivores, prompt assessment of progesterone (P4) levels is essen-
tial for diagnosing conditions and making clinical decisions [1]. This includes the 
use of serum or plasma P4 measurements as diagnostic aids in various reproductive 
disorders such as pyometra, pseudopregnancy, ovarian remnant syndrome, hypolu-
teinism, ovarian cysts, or any form of disturbed estrus cycle such as silent estrus, split 
heat, or even delayed puberty/primary or secondary anestrus.

Additionally, the applications of P4 measurements extend to feline pregnancy 
diagnosis and pregnancy monitoring in both dogs and cats. Confirming P4 drops 
before parturition is essential for cesarean section (C-section) timing protocols [2]. 
Moreover, P4 is extensively used for ovulation determination and, consequently 
optimal breeding, the abrupt increase in P4 concentration during ovulation being a 
more reliable reference point when deciding on the “fertile window” when compared 
to the preovulatory peak LH concentration [3].

Progesterone’s implications extend beyond the reproductive system, with research 
indicating its involvement in various areas such as neurodegenerative states and 
demyelination [4–6], as well as its association with conditions like dog hyperadre-
nocorticism [7] or adrenocortical tumors [8]. Additionally, progesterone has been 
linked to other metabolic influences, including its relationship with insulin activity 
and diabetes mellitus [9].

2.1  Estrus phase diagnosis and breeding management

In female dogs, the incipient luteinization process of granulosa cells prior to 
ovulation will translate into a noticeable rise in peripheral P4 concentrations. This 
particularity empowers us to use P4 as a diagnostic tool even before the start of the 
metestrus. Therefore, P4 levels under 1–2 ng/mL may be indicative of anestrus [10] or 
early to even persistent proestrus [11]. Further dynamics will prove a rapid elevation 
above 1 ng/mL during the preovulatory LH surge, with P4 plasma concentrations 
on the day of LH reaching 2.95 ± 1.2 ng/mL [12]. Subsequently, it undergoes further 
rapid escalation, either immediately or following a pause of 1–3 days, reaching levels 
of 10–25 ng/mL by day 10 of the cycle, typically occurring at or shortly after the end 
of estrus, post-ovulation [13].

In addition to clinical examination, vaginal cytology, vaginoscopy, LH assays, and 
ovarian ultrasound, P4 measurements were considered among the foremost methods 
utilized for monitoring the estrus cycle and diagnosing ovulation. This became essen-
tial for the utilization of cryopreserved material, enhancing assisted reproductive 
technology (ART) applications in small animal medicine.
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However, P4 is able to significantly increase the diagnostic accuracy for ovulation 
prediction, and a standard value interval is hardly considered due to method and 
individual variability [14, 15]. Several groups compared different techniques for P4 
analysis the ovulation range being cited as between 2.76 and 10 ng/mL [1, 10, 13–20].

In cats, P4 levels can also confirm ovulation. Breeding management recommen-
dations suggest that serum P4 values exceeding 2 ng/mL at 1–2 weeks after mating 
indicate the presence of a luteal body [21]. When ovulation is pharmacologically 
induced, the success of this intervention can be checked by P4 measurements at 
3–5 days distance [22].

2.2  Disturbed cycles

The abnormal cyclicity in the dog may refer to the failure of exhibiting estrus or 
to the unexpected duration of one of the phases including the interestrus interval. 
The first scenario may refer to primary or secondary anestrus. The age of puberty 
in female dogs’ ranges from 6 to 14 months, with a diagnosis of primary anestrus 
potentially warranted if estrus has not occurred by 24 months of age [11]. The term 
secondary anestrus indicates that the patient has experienced at least one estrus 
cycle in the past but is currently unable to enter heat for several months (typically 
12 months) [23]. Both conditions need to be distinguished from silent heat, missed 
heat, or drug-induced anestrus. Current recommendations suggest using P4 serum 
analysis for this purpose, with concentrations exceeding 2 ng/mL indicating that 
ovulation is imminent or has occurred within the last 2 months [24]. Moreover, recent 
approaches suggest that monthly P4 testing can be conducted to ascertain whether 
an unnoticed estrus has taken place in a supposedly non-cycling female dog [25]. In 
non-spayed felines, primary anestrus is usually ruled out similarly to the bitch taking 
into account any possible sexual development abnormality along with probable 
iatrogenic or environmental factors that may postpone puberty. On the other hand, 
for the secondary anestrus, P4 may actually reveal some important aspects such as 
lack of estrous due to a spontaneous ovulation not followed by pregnancy. In this case 
cyclicity will cease and P4 will remain high for 40–45 days [25].

Prolonged or persistent proestrus/estrus is another functional problem that may 
be detected in the bitch by the help of P4 monitorization. Even if the average duration 
for the proestrus period is still considered to be of 9 days, some females may exhibit 
signs of proestrus for up to 28 days until advancing to estrus [25]. Therefore, in 
suspected persistent estrus/proestrus cases, it is advisable to conduct vaginal cytology 
and progesterone testing [26]. Progressive cornification should match the increase 
in P4. On the contrary, if P4 reassessment proves no luteinization after 30 days of 
vaginal keratinization, that may indicate the evolution of an ovarian pathology with 
subsequent estrogenic stimulation and ovulation failure. Therefore, P4 may also guide 
the clinician in the diagnosis of follicular cysts or ovarian neoplasia.

Conversely, shorter interestrus intervals in bitches may be associated with two 
diverse situations: split heat or abbreviated metestrus/anestrus. The first stated condi-
tion will be clinically described as a female dog who exhibits estrus symptoms for a 
limited period of time without ovulating, followed by a silent interval and subsequent 
resumption of heat symptoms. Females experiencing a shortened metestrus and/or 
anestrus are those that enter heat again less than 4 months after an estrus period with 
confirmed ovulation. In terms of P4 testing the two situations may be differentiated, 
as during split-heat P4 does not rise above 2.0 ng/mL initially and this fact will be 
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marked by the disappearance of estrus clinical signs and vaginal smear cornification 
[26]. The shortened luteal phase will be characterized by a consistent increase in P4 
associated with a faster return to estrus.

Another rare cycle abnormality (1.2%) which usually evolves with a shorter 
interestrus interval is anovulation [27]. Primary cause of the latter, in dogs, is related 
to the failure of the ovary to deliver enough estrogen to elicit an LH surge [26] which 
will be equivalent to the insufficient mechanical stimulation during mating in the cat 
which will similarly produce insufficient LH release [28]. In both species the absence 
of ovulation can be highlighted through P4 serum determination, specific values 
being reported as under 2 ng/mL.

2.3  Detection of residual ovarian tissue

The ovarian remnant syndrome is a relatively frequent issue in veterinary practice, 
being reported as a complication in 17–43% ovariohysterectomy cases [29]. The 
detection of residual ovarian tissue can involve presumptive diagnosis through clini-
cal observations, complemented by additional assessments such as vaginal cytology. 
Ultrasonography can also be employed as a diagnostic tool in this context. When con-
sidering slightly more invasive methods for diagnosing ovarian remnant syndrome, 
measuring concentrations of estradiol and P4, both before and after stimulation 
with gonadotropin-releasing hormone (GnRH) or human chorionic gonadotropin 
(hCG), as well as assessing luteinizing hormone (LH) or anti-Müllerian hormone 
(AMH) [30, 31], encompass the practical diagnostic possibilities. Lately a protocol 
combining P4 and AMH on the same serum sample proved to increase sensitivity for 
ovarian remnant syndrome diagnosis in dogs [29]. Even without stimulation, P4 alone 
can still be helpful in dogs, as progesterone concentrations may remain elevated for 
approximately 4 months out of a 12-month period, indicating the presence of func-
tional luteal tissue. However, in queens, evaluating P4 may reliably detect ovarian 
tissue only if ovulation was induced.

2.4  Ovarian cysts

Functional ovarian cysts come in two types: follicular and luteal cysts. 
Furthermore, nonfollicular cysts may develop from the surface or subsurface epi-
thelium and mesonephric tubules of the dog’s ovary [32]. As primary diagnosis is 
achieved through clinical and ultrasonographical findings, definitory differential 
assessment of the cyst type relies on ovarian steroid hormone concentrations or 
histopathology. Follicular cysts typically induce a characteristic clinical buildup 
owing to their estrogenic influence. However, luteal cysts have the potential to extend 
the interestrus period, without any other clinical evidence. A diagnosis approach was 
proposed for these cases based on demonstrating the prolonged secretion of serum 
progesterone (>2 to 5 ng/mL) during 9- or 10-week period [33]. Moreover, a more 
invasive approach was also described based on the levels of oestradiol-17ß and proges-
terone concentration in the cystic fluid [34].

2.5  Progesterone dependent disorders of the reproductive tract

As a consequence of high progesterone levels associated with the normal luteal 
phase, various reproductive disorders may develop in both dogs and cats, including 
cystic endometrial hyperplasia, pyometra, pseudopregnancy, and mammary gland 
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hyperplasia. For most of the stated pathological entities, P4 assessments may slightly 
increase diagnosis accuracy as it has the power to conclude on the estrus cycle phase, 
knowing the specificity of these disorders in relation to the metestrus. However, some 
particular pyometra cases including stump pyometra may benefit even more from P4 
determination [35, 36]. Moreover, if medical treatment is attempted for pyometra, 
some authors consider serum P4 monitorization as being crucial in confirming the 
return to baseline levels after treatment initiation [37].

2.6  Pregnancy diagnosis and monitoring

P4 levels in female dogs remain elevated, whether they are pregnant or experienc-
ing pseudopregnancy. Thus, by relying solely on progesterone levels, one cannot con-
firm pregnancy. However, monitoring progesterone is crucial in cases of complicated 
pregnancies, history of resorptions, abortions, or stillbirths. Additionally, determin-
ing the timing for parturition or C-sections in bitches can benefit from progesterone 
checks, as P4 levels typically fall 48–36 hours before parturition [24]. This differs 
for cats, as their progesterone concentrations decrease as parturition approaches but 
may not return to basal levels until after birth [38]. Consequently, progesterone levels 
cannot reliably predict parturition in cats. Conversely, P4 may provide late pregnancy 
diagnosis in felines. High P4 levels after 45 days of pregnancy, which coincides with 
the end of the possible pseudopregnancy, which may render a false positive, will prove 
placental progesterone production and therefore gestation [39]. However, this tech-
nique does not offer any information regarding the vitality of the embryo/fetus [40].

To effectively manage pregnancy, it is advisable to regularly do clinical exami-
nations, ultrasounds, and P4 tests to detect any underlying conditions that might 
potentially impact the pregnancy. In cats, luteal insufficiency does not raise as many 
concerns as in dogs according to the different endocrine physiology. On the other 
hand, hypoluteoidism is considered among the potential explanations for pregnancy 
loss in dogs that undergo resorption, abortion, or premature whelping [24]. The 
consensus among most authors is that diagnosing hypoluteoidism in dogs involves 
ruling out all other potential causes of pregnancy loss, particularly infectious factors 
like Brucella canis, other opportunistic vaginal bacteria leading to uterine infection, 
Canine herpesvirus, or systemic diseases [41, 42]. If suspicion of hypoluteinism in 
a pregnant bitch persists, blood samples should be collected weekly, starting five to 
7 days after the last breeding [43]. General recommendations state that a female is 
diagnosed with hypoluteinism and should be supplemented if P4 decreases below 
5.0 ng/mL before the last week of pregnancy [43]. A detailed and more cautious 
approach was further proposed, considering that P4 levels ought to exceed 20.0 ng/
mL from days 10 to 30, surpass 5.0 ng/mL from days 30 to 45, and remain above 
1.5 ng/mL from days 45 to 58 [44]. According to the same authors, a sudden decline in 
progesterone by 10 to 15 ng/mL between days 20 and 35 suggests hypoluteoidism and 
signals a need for supplementation [44].

2.7  Parturition timing and elective C-section

When no data is available according to the LH peak or ovulation timing, together 
with ultrasonographical measurements, P4 assessments are important for parturition 
prediction or C-section scheduling. For a P4 level of 1 ng/mL, whelps are typically 
within 18–24 h; if P4 is below 1 ng/mL, early stages of whelp have either begun or will 
begin within 18 h [45].
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C-section has been regarded as safe for both the bitch and the litter when pro-
gesterone levels decrease below 2 ng/mL [46]. Based on other studies, the threshold 
was set to 1.47 ng/mL [47]. Another approach stated that it is more important for the 
female to be within 48 hours of the spontaneous onset of parturition than to have a 
P4 level below 2 ng/mL for the safety of a programmed C-section [48]. Nevertheless, 
determining the stage of pregnancy often relies on P4 assessments meant to accurately 
pinpoint the day of the LH peak or ovulation, expecting normal parturition to take 
place 65 days ±1 or 63 days ±1 after the stated events [13]. Alternatively, serial vaginal 
cytology may be employed to ascertain the beginning of metestrus, considering that 
a scheduled C-section can be safely performed around 57 days after the start of the 
luteal phase [48].

2.8  Beyond reproduction

The impact of elevated progesterone levels in various metabolic disorders has been 
thoroughly examined, and its involvement in regulating glycemic levels has already 
been established [49]. Modern research highlighted that elevated P4 and P4-regulated 
growth hormone overexpression during metestrus or pregnancy pose a significant 
risk factor for the development of diabetes mellitus, particularly in older female 
dogs [9]. Therefore, P4 serum assessments were recommended as valuable tools in 
the initial screening of the entire diabetic female dog [9]. This approach allows the 
practitioner to understand the relationship between P4 stimulation and impaired 
insulin activity, thereby guiding him toward an appropriate intervention to improve 
the success of diabetes management.

Another application for P4 testing refers to advanced investigations related to 
occult hyperadrenocorticism, which was described as the situation in which history 
and clinical findings indicate hypercortisolism, but all stimulation tests fall into the 
accepted reference ranges [7]. The release of progesterone, along with 17-α-hydroxy-
progesterone or other sex hormone or cortisol precursors, may inhibit pituitary 
adrenocorticotropic hormone secretion and lead to the degeneration of healthy 
adrenocortical tissue [50]. Analogously, serum P4 was proved to be useful for adre-
nocortical tumor diagnosis [8]. In such cases, progesterone-secreting adrenal tumors 
can cause specific hypercortisolism tests to yield negative results despite the presence 
of typical clinical signs and the tumor itself.

Progesterone has been associated with various neurodegenerative processes 
[4, 51]. However, investigations into distemper virus-infected dogs revealed no 
significance in either P4 serum levels or cerebrospinal fluid P4 [5]. Nevertheless, there 
was a significant decrease in cerebellum progesterone concentration [5], sparking 
future interest in this topic concerning various neurological conditions.

3.  Progesterone’s diagnostic reach in ruminants

3.1  Establishing the stage of sexual cycle in ruminants

In cattle, a decreasing trend of progesterone (P4) (in milk and in blood plasma) was 
observed before ovulation: in milk from <15 ng/mL (97.7 ± 17.8 hours before ovulation) to 
<5 ng/mL (79.7 ± 11.2 hours before ovulation), <2 ng/mL (70.7 ± 16.8 hours before ovula-
tion) and in plasma from <4 ng/mL (90.5 ± 19.6 hours before ovulation) to <2 ng/mL 
(75.0 ± 12.2 hours before ovulation). Due to the wide range in the timing of progesterone 
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concentrations dropping in relation to ovulation in different animals, it is recommended 
that progesterone monitoring is always accompanied by a transrectal ultrasound exami-
nation to determine the time of ovulation [52]. The onset of the luteal phase is repre-
sented by the increase in milk P4 concentration from <5 ng/mL to values    > 5 ng/mL, and 
the luteal phase lasts as long as the P4 concentration is >5 ng/mL [53].

In goats, following the analysis of progesterone concentration in matched samples 
of feces and blood, a stunning similarity was observed between the patterns of pro-
gesterone variation throughout the sexual cycle. However, there are two differences: a 
slight delay in the evolution of progesterone in feces compared to plasma (1–2 days), 
and the values   of progesterone concentration in feces are much higher compared 
to those in plasma (41.87 ± 2.16 ng/g vs. 0.36 ± 0.04 ng/mL in follicular phase and 
241.31 ± 17 ng/g vs. 8.29 ± 0.56 ng/mL in the mid-luteal phase). This study is an exper-
imental model, and the observed results can be used in the case of wild ruminants in 
which it is much easier to determine the stage of the sexual cycle by determining pro-
gesterone following the collection of feces than by blood samples [54]. In dairy goats, 
fecal progesterone concentration testing may offer an alternate technique for diagnos-
ing early pregnancy and predicting estrus and parturition. Consequently, there was a 
noticeable decrease in the fecal progesterone levels 3 days before estrus was observed 
(until 396.9 ± 59.8 ng/g from 2957.6 ± 352.0 ng/g 5 days before estrus). The measure-
ment of fecal progesterone levels 19–20 days after mating enables a precise diagnosis 
of pregnancy (1044.7 ng/g). The fecal progesterone profile appears to have increased 
gradually between weeks 7 and 14 of pregnancy, peaked between weeks 15 and 21, 
and then rapidly declined to start 5 to 6 days prepartum (5212.8 ± 463.6 ng/g), with a 
notable reduction occurring 1–2 days prepartum (3884.3 ± 576.0 ng/g). No significant 
correlation was observed between the concentration of progesterone from the feces 
and the number of kids born [55].

In general, buffalo ovulations are limited to P4 levels in milk and serum, which 
range from 0.1 to 2.9 ng/mL and 0.1 to 0.4 ng/mL, respectively. The mid-ovarian cycle 
P4 peak levels in milk and serum were found to vary between 6.7–17.8 ng/mL and 
2.6–8.5 ng/mL, respectively. It was determined that in regularly monitored buffalo, a 
dramatic drop in milk P4 level to less than 2.9 ng/mL may serve as a reliable signal for 
when ovulation occurs [56].

3.2  Predicting pregnancy loss

In cattle, in order to determine if an early loss of pregnancy occurs, the plasma 
concentrations of progesterone and Pregnancy Specific Protein B (PSPB) can be 
measured on days 29–45 post-mating, the P4 variation being the decisive one. Thus, if 
the PSPB value is 0.6–1.1 ng/mL, but P4 < 2 ng/mL, the percentage of pregnancy loss 
in dairy cattle is higher than in the case of the same PSPB concentration, but with the 
level of P4 greater than 4 ng/mL [57].

3.3  Pregnancy diagnosis

In cattle, serum or milk progesterone can represent tools for early diagnosis of 
pregnancy, but with a precision that is not 100%. Samples are collected on days 21 
and 24 post-artificial insemination, and if at least one sample has a low progesterone 
value, the female is non-pregnant. In other words, if the concentration of progester-
one is high in both samples, the cow should be pregnant [58]. Pregnant animals have 
fecal progesterone concentrations of more than 50 ng/g on days 18–24 after artificial 
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insemination or estrus, suggesting that feces can be used as an alternate for plasma 
and milk in measuring progesterone for the purpose of pregnancy diagnosis in heifers 
and cows [59].

According to a recent study, the approximately 7-day antepartum P4 and IGF-1 
levels could be considered diagnostic markers for the following gestation [60].

In sheep, indication of pregnancy was established at a plasma progesterone level in 
ewes of ≥1.75 ng/mL [61]. Plasma progesterone concentration at day 18 post-mating is 
a reliable indication of fertilization success since it remains elevated in pregnant ewes 
while decreasing in ewes who did not conceive [62].

As in the case of ewes, it seems that an early pregnancy diagnosis can be made in 
buffaloes on the concentration of progesterone that will be higher in pregnant females 
than in non-pregnant ones on the 18th day after mating [63]. It seems that P4 concen-
trations in the serum and milk of pregnant buffalo varied from 2.0 to 8.5 ng/mL and 
3.1 to 18.6 ng/mL, respectively, whereas the P4 levels in serum and milk of non-preg-
nant animals varied from 0.1 to 8.5 ng/mL and 0.1 to 19.9 ng/mL, respectively [56].

3.4  Diagnosis of luteal deficiency

In cattle, Intense metabolism, steroid hormone clearance from excessive milk 
production, heat stress, and other variables can all be implicated in low luteal activity, 
making it difficult or impossible to make an etiologic diagnosis [64]. Clinical diagno-
sis can be made using plasma or milk P4 concentrations in correlation with ovarian 
brightness (B)-mode ultrasonography or color-flow Doppler ultrasonography in order 
to monitories the luteal vascularization [65]. Up to day 40 of gestation, pregnant 
cows’ plasma P4 concentrations, and luteal body blood flow have been found to posi-
tively correlate [66]. While an earlier (<7 days) or delayed (>11 days) onset of luteal 
activity post-artificial insemination has been linked to a lower pregnancy rate, there 
is a clear correlation between the rise in plasma P4 concentrations post-ovulation and 
the accomplishment of the pregnancy [63, 65].

3.5  Ovarian cysts

The symptoms of ovarian cysts in cattle typically include: anoestrus is most 
common, especially during the postpartum period; irregular estrus intervals 
or regular estrous cycles but lowered fertility; mucometra with normal estrous 
cycle lengths (if the follicular cysts persist); loss of tone of the female genital 
tract; behavioral changes (buller cow) which are characteristic of nymphomania 
(excessive mounting, standing, deeper tone) and erratic milk production. A rise in 
calving intervals brought on by the existence of such cysts causes the dairy industry 
to suffer large financial losses [67].

Progesterone concentrations in the peripheral circulation are generally higher in 
the case of luteal cysts compared to follicular cysts [68]. Limits of P4 concentration 
for a cyst to be considered luteal should be above 1 ng/mL (plasma) and up to 10 ng/
mL (milk). A combination of diagnostic techniques, including transrectal palpation 
(flaccid uterus in the absence of a corpus luteum, thicker walls than a follicular cyst), 
transrectal ultrasonography (diameter of the cysts >20 mm), and plasma progesterone 
profiles, are needed to accurately diagnose the type of ovarian cysts [66, 69, 70].

In buffaloes, when the fluid from the ovarian structures was evaluated, it was 
observed a higher concentration of P4 in double ovulated (5.5 ng/mL) or normal 
(5.3 ng/mL) ovaries compared to the ovaries with the follicular cysts (4.7 ng/mL) [71]. 
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However, these results are in contradiction with those of another study [72], in which 
the progesterone values in the fluid of follicular cysts are higher (49–62 ng/mL) com-
pared to those in the fluid of normal follicles (0.02–27.46 ng/mL).

3.6  Progesterone as an indicator for caseous lymphadenitis

Due to the occurrence of infectious diseases like caseous lymphadenitis in sheep, 
which is caused by Corynebacterium pseudotuberculosis, small ruminant farmers 
face significant financial losses. This disease results in lower productivity, defined 
by weight loss, deficient milk and wool production, carcasses condemnation, and 
devaluation of leather, even though the majority of infected animals do not exhibit 
expressive clinical signs [73].

In a study that compared corpus luteum and progesterone concentrations on days 
7 and 20 after mating, the luteal body’s morphology and blood perfusion characteris-
tics did not differ, suggesting that the natural infection caused by C. pseudotuberculosis 
did not result in macroscopic changes. On the other hand, progesterone concentra-
tions on day 20 following mating showed a substantial difference between seroposi-
tive (11.69 ng/mL) and seronegative (4.34 ng/mL) ewes. It can be concluded that an 
infection with C. pseudotuberculosis may result in enhanced levels of progesterone in 
the serum, associated with an elevated specific antibody production [74].

4.  Progesterone’s use as a diagnostic tool in horses

4.1  Progesterone in correlation to breeding management

It is widely recognized that the mare is a long-day breeder species; therefore, 
we expect the reproduction season in the Northern Hemisphere to commence in 
the spring. So as to determine whether a mare has passed through the reproductive 
season, serial determination of P4 concentrations in plasma or saliva, which should be 
below 1 ng/mL, can be utilized [75].

Therefore, it was observed that during the reproductive season, there was a positive 
correlation (r = 0.68, p < 0.05) between the diameter of the follicles and the levels of 
P4 recorded from the follicular fluid. However, there was no correlation between the 
follicle diameter and the levels of P4 assessed from the peripheral venous blood [76].

Recent studies have found evidence suggesting that lower-than-ideal levels of 
postovulatory P4 may lead to higher rates of embryo death due to decreased endo-
metrial activity in the early stages after ovulation [74, 75]. Therefore, administering 
progesterone after day 5 post-ovulation would enhance the chances of optimal 
embryo development [77] and proper chorionic girdle formation in mares [78], 
especially those that have experienced previous loss of conception product. However, 
this effect is not observed in young mares [79]. It is worth noting that progesterone 
receptors are not present in the endometrial epithelium of mares until day 20 post-
ovulation [80]. Furthermore, the modification of progestin during the early stages 
of pregnancy results in enhanced composition of histotrophs in terms of the amino 
acids lysine and isoleucine [81], leading to a more balanced development of the 
embryo [78]. However, when there are low levels of P4 at the beginning of the luteal 
phase, it decreases the negative feedback from the hypothalamic-pituitary axis, which 
affects the maintenance of pregnancy through secondary luteal structures [82]. 
Nevertheless, it is important to acknowledge that supplementing with progestins, 
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such as altrenogest, might result in changes to the mare’s immune system and the 
development of masculine traits in the female fetus [83].

Progesterone is recognized as the hormone that prepares the uterus to receive the 
embryo and sustain pregnancy [84]. However, it is important to note that during the 
corpus luteum phase secretion; there is no increase in the blood flow to the endome-
trium. Therefore, the idea that a larger intake of progesterone in the uterus is not sup-
ported [85]. A recent study has found that a progesterone concentration of 6.49 ng/
mL, 4 days after ovulation, is required to prime the uterus for receiving the blastocyst 
and ensuring successful pregnancy in embryo transfer technology [86]. According 
to the researchers, the vasculature of the corpus luteum, which was measured using 
Doppler ultrasonography, showed a positive correlation (r = 0.63, p < 0.05) with both 
the levels of progesterone and the day of embryo transfer [86].

In another study, it was found that mares diagnosed as pregnant at 14 days 
post-ovulation had a higher P4 level on day 5 post-ovulation (6.4 ± 3.0 ng/mL vs. 
5.5 ± 3.3 ng/mL, p = 0.02) than those not diagnosed at the same time [87]. Moreover, 
double- and triple-gestation mares monitored at the same time interval had signifi-
cantly higher P4 concentrations than single-gestation mares (9.6 ± 4.9 ng/mL vs. 
5.8 ± 2.2 ng/mL, respectively; p = 0.01) [87].

4.2  Disturbed cycles

Despite the fact that the extension of the luteal phase is associated with uterine 
pathologies, in the case of mares, this phenomenon might occur under circumstances 
that are not yet fully understood. Approximately 10% of mares can ovulate during 
diestrus [88]. This phenomenon is characterized by secondary ovulation occur-
ring more than 3 days after the initial ovulation during the follicular phase. If this 
secondary ovulation occurs beyond the 9th day following the primary ovulation, the 
luteal phase will be prolonged due to the lack of receptors for prostaglandin F2α in the 
secondary formed luteal body [89]. Furthermore, the serum concentrations of P4 will 
be lower than normal levels [88].

4.3  Progesterone-dependent disorders of pregnancy

The maintenance of gestation in mammals is primarily attributed to P4. In mares, 
gestation is sustained in the initial phase by progesterone secreted by the primary cor-
pus luteum and supplementary corpus luteum (P4 > 4 ng/mL) [90]. However, after 
day 175 of gestation [91], the level of this hormone drops below 1 ng/mL [84]. When 
the concentrations of P4 on days 5–7 after ovulation are within the range of >2.5 ng/
mL and ≥ 4 ng/mL, they are classified as “suboptimal endogenous P4 concentrations” 
[87]. After this period, the intricate nature of hormones creates a new challenge in 
sustaining pregnancy in the mare. Cholesterol from the mother is transported to the 
fetus and serves as a precursor for pregnenolone (P5) [92]. The enzymes 3β-HSD and 
5α-reductase, found in the fetal trophoblast and endometrium, convert P5 into P4 and 
5α-dihydroprogesterone (5αDHP) [93]. During the later stages of pregnancy, there 
is a little rise in the amount of P4 hormone [94]. An immunoenzymatic analysis can 
indicate potential fetal disorders such as placentitis [95]. Therefore, for acute diseases 
that resolve within 7 days, P4 concentrations decline quickly. However, for chronic 
disorders that last for more than 8 days, values tend to increase [96]. Traditionally, the 
monitoring of these values is done using immunoassay. However, there is a problem 
with cross-reactivity with other progestins, ranging from 2 to 50%. Therefore, in 
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recent years, liquid chromatography in tandem with mass spectrometry (LC-MS/
MS) has been chosen as an alternative. This method can distinguish between P4 and 
5αDHP in a single analysis and provide accurate quantitative measurements of these 
substances. In recent research, the authors found a significant association (r = 0.753, 
p < 0.001) between low P4 levels (< 6.07 ng/mL) at 14 days of gestation and a high 
amount of uterine edema during estrus. However, this correlation did not have a 
detrimental effect on the survivability of the embryos [97, 98].

Furthermore, it is worth noting that primary luteal failure can occur in this spe-
cies, albeit it is an uncommon occurrence [99]. This phenomenon has been exten-
sively described in the literature, as referenced by sources [94, 95]. Nevertheless, 
it remains uncertain whether the embryo perishes as a consequence of basic luteal 
failure or due to the inability of the mother to recognize the pregnancy [100]. In one 
of the mentioned cases, the levels of exogenous P4 were below 2 ng/mL from days 15 
to 72. However, the pregnancy was successfully carried out after the administration of 
progestogen [100].

4.4  Postpartum progesterone-dependent disorders

Another research found that progesterone receptors in the endometrial glands and 
stroma of mares are more intense and frequent during the luteal phase compared to 
the follicular phase. However, no association with the endometritis was discovered 
[101]. This finding contradicts the outcomes of another group of researchers who 
reported that endometrial fibrosis significantly reduces the expression of P4 and 
estradiol receptors [102].

5.  Progesterone’s use as a diagnostic tool in pigs

5.1  Specific progesterone characteristics throughout the estrus cycle and gestation

When monitoring progesterone levels in sows, it is important to consider that 
the levels of P4 in blood drawn from the caudal vena cava are greater than those 
collected from the jugular vein [103]. Furthermore, the concentration of P4 is 
greater in the oviductal region compared to the bloodstream, indicating the undis-
puted function of this hormone in the release of spermatozoa from the oviductal 
region [104].

One specific characteristic of pig reproduction that is similar to the wild boar is 
the seasonal subfertility that happens between August and October in the Northern 
Hemisphere as a result of heat stress [102, 103]. Therefore, this subfertility leads to 
the production of small litter size, higher rates of abortion, delayed onset of sexual 
maturity, decreased rates of successful conception, and a longer interval between 
weaning to estrous [105]. New research on post-pubertal gilts revealed that higher 
temperature stress results in the development of smaller luteal bodies. However, these 
smaller luteal bodies have the ability to produce a greater amount of P4 per unit of 
luteal tissue [106]. Nevertheless, it is important to consider the influence of nutrition 
on the secretion of P4 and the subsequent survival of the embryo, particularly in the 
initial days after ovulation [107]. This effect is likely related to the regulation of the 
orexin system by P4 [108]. Therefore, subjecting pregnant sows to a period of 45 days 
of starvation during the first trimester of gestation led to 25% of the sows maintain-
ing their pregnancy [109].
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The proper operation of the corpus luteum requires a substantial and crucial 
intake of lipid-rich substances and IGF-1, which are essential for the production of 
P4. During the initial stages of pregnancy, namely after ovulation, the ovaries produce 
less progesterone (2 ng/mL after 6 hours) [104] because to its breakdown in the liver. 
Following that, there is a rapid surge in the period from day 10 to day 13 of gestation 
[107]. To further corroborate the statement, the following values serve as indicators:

• During the estrous cycle, the levels of a certain hormone called ng/mL fluctuate. 
On days 2–4, the average level is 7.2 ± 0.97 ng/mL. On days 10–12, the average 
level increases to 16.44 ± 2.18 ng/mL. On days 14–16, the average level drops to 
1.03 ± 0.19 ng/mL. Finally, on days 18–20, the average level further decreases to 
0.91 ± 0.18 ng/mL [109].

• During gestation, the levels of ng/mL also vary. On days 14–16, the aver-
age level is 21.24 ± 3.05 ng/mL. On days 30–32, the average level increases to 
23.45 ± 3.39 ng/mL [110]. From days 30 to 105, the average level remains rela-
tively stable, ranging from 18 to 25 ng/mL [109].

5.2  Lactation through the lens of progesterone

Effective control of parturition is crucial for the future well-being of newborn 
piglets. Specifically, in the case of pigs, pregnant females exhibit nest-building 
behavior when there is a fall in P4 levels and an increase in prolactin values before far-
rowing [111]. Furthermore, when females have a lack of or restricted access to various 
resources for constructing their nest, they will exhibit elevated P4 levels [112].

Recent research has found that there are positive connections between the quality 
or amount of colostrum and other factors influenced by the sow, which can ultimately 
result in the death of newborn piglets. Based on research, P4 levels were deemed to 
exceed the limitations at the beginning of farrowing when they were greater than 
6 ng/mL and greater than 4.9 ng/mL at the end of the farrowing [113]. The authors 
found that 50% of the subjects had abnormal P4 values at both time points men-
tioned. They concluded that piglets born to sows with P4 values greater than 4.9 ng/
mL at the end of parturition were more likely to develop neonatal diarrhea on the first 
day of life. The odds ratio was 3.71, with a confidence interval of 1.04–13.23 and a 
p-value of 0.04. This increased risk was attributed to low immunological levels.

Furthermore, elevated levels of progesterone during the initial 48 hours after 
farrowing might result in the birth of underdeveloped piglets, disrupt milk produc-
tion and indicate that those sows had a big litter [114]. Contrarily, a little amount of 
P4 before farrowing results in an increase in the production of colostrum without any 
impact on its quality [115].

6.  Conclusion

This chapter describes in as practical a way as possible the need to assess pro-
gesterone levels, often in combination with other hormones or medical procedures. 
Given the myriad practical applications in which it can be used, it is not wrong to use 
the term as a marker for certain physiological, but especially pathological, conditions. 
This capital is far from being considered complete, but we hope it will be exploited to 
the fullest until new studies improve the present work.
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Abstract

Progesterone (P4) is a key hormone in the reproductive physiology of cattle, 
playing a crucial role in regulating the estrous cycle and establishing and maintaining 
the pregnancy. In the context of reproductive efficiency, the use of P4 has been a 
strategy increasingly used on rural properties to anticipate puberty, increase preg-
nancy rates and reduce gestational loss. A common application is the administration 
of P4, often in the form of intravaginal devices or, more recently, with long-acting 
injectable progesterone. These methods help synchronize ovulation, allowing more 
precise management of reproductive programs, facilitating the use of artificial 
insemination, and contributing to genetic improvement. The synchronization of 
ovulation in beef and dairy cattle allows insemination at a pre-determined time 
without the need for estrus detection. These treatments increase the number of 
inseminated animals and, consequently, the number of pregnant animals. Overall, 
the strategic use of P4 in livestock management serves as a valuable tool for increas-
ing reproductive efficiency, facilitating better control of reproductive cycles, and 
contributing to increased pregnancy rates and better overall reproductive perfor-
mance in cattle herds.

Keywords: reproduction, cattle, hormone, progestin, conception rate

1.  Introduction

In cattle, one of the factors causing infertility is related to the inadequate function-
ing of the corpus luteum (CL), which is characterized by a low peripheral concentra-
tion of progesterone. A deficiency in the secretion of this steroid hormone by the CL 
can contribute to the occurrence of embryonic and fetal losses, negatively impacting 
reproductive efficiency.

Progesterone is related to the maintenance of pregnancy and has a positive effect 
on the possibility of embryonic survival. In this context, strategies to increase the 
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plasma concentration of progesterone would benefit embryonic development, 
improve pregnancy rates and reduce gestational loss.

As an attempt to improve the productive and reproductive indices of dairy and 
beef cattle, several studies have been carried out based on hormonal protocols for 
inducing puberty, synchronizing estrus and ovulation, promoting an increase in 
pregnancy rate and reducing gestational loss, with progesterone and progestins pres-
ent among these studied hormones [1].

Common strategies implemented in cattle farming include (i) applications of 
human chorionic gonadotropin (hCG) or gonadotropin-releasing hormone (GnRH) 
to provide final support for follicular development and formation of an accessory 
corpus luteum [2]; (ii) exogenous P4 supplementation via slow-release intravaginal 
devices, orally, subcutaneously or even the use of long-acting injectable progesterone. 
All of these strategies aim to increase the concentrations of circulating P4 directly 
or indirectly, contributing beneficially to the elongation of the conceptus and the 
establishment of pregnancy in cattle, as already demonstrated in studies [3, 4].

2.  Importance of progesterone in cattle

Substances capable of maintaining pregnancy and promoting the modification 
of the proliferative endometrium into a secretory one are classified as gestagens [5]. 
Among these substances, progesterone is of great relevance. Progesterone is a steroid 
hormone derived from cholesterol [6, 7], synthesized in the corpus luteum by small 
luteal cells and mainly by large luteal cells [8].

According to Binelli [9], P4 is related to the process of ovulation and the mainte-
nance of pregnancy. It modulates follicular growth and exerts several functions in the 
growth of the endometrial and tubuloalveolar glands of the mammary gland. P4 acts 
in the regulation of gonadotropin secretion, in blocking the expression of estrus and 
ovulation by hypothalamic action; it also has an influence on the secretory activity of 
the oviduct and in the endometrial glands for the development of the zygote before its 
implantation and acts in the inhibition of contraction uterus and the maintenance of 
pregnancy [9–13].

Progesterone receptors are expressed during the luteal phase and are directly 
regulated by the concentration of P4 [14]. According to Wiltbank et al. [7], the 
concentration of P4 is regulated by the development of the CL after the pulsatile wave 
of luteinizing hormone (LH), more precisely by the number of granulosa cells that 
undergo the luteinization process, becoming large luteal cells, which begin to produce 
progesterone.

In cattle, plasma progesterone concentrations exhibit variation throughout the 
estrous cycle, with concentrations below 1 ng/ml during estrus and on the 10th day 
of the cycle, these concentrations vary between 2 and 3 ng/ml for zebu cows [15] and 
16 ng/ml in taurine cows, such as the Holstein breed [16].

According to Bazer et al. [17], it is believed that P4 induces changes in gene expres-
sion and secretion and trophoblast formation, probably affecting the development of 
the conceptus. An increase in P4 concentration during metestrus and at the begin-
ning of diestrus was related to the establishment of pregnancy after embryo transfer 
[18]. Other authors suggest that the concentration of P4 has an indirect effect on 
embryonic survival and development through the positive modulation of interferon-τ 
(IFN-τ) production, related to the recognition of pregnancy and inhibition of prosta-
glandin secretion and consequent luteolysis [4, 10].
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Thus, females with reduced P4 concentrations at the beginning of diestrus 
could have an impaired pregnancy rate due to interference with fetal development 
and maternal recognition of pregnancy, with P4 being implicated in the process by 
stimulating the expression of some genes that favor embryo development, and the 
production of IFN-τ at the most appropriate time [9].

Although there is evidence that increasing P4 concentration has a positive effect 
on embryo development and fertility results, the results of studies that aimed to 
increase plasma concentrations of P4 are still inconclusive and conflicting [19].

Numerous anti-luteolytic strategies have been studied to enhance embryonic 
quality and reproductive efficiency in cattle. Among the strategies used are the 
formation of an accessory corpus luteum, through the application of hormones 
such as hCG or GnRH or even exogenous P4 supplementation via slow-release 
devices, orally, subcutaneously, or even the use of long-acting injectable  
progesterone [20–22].

3.  Use of progesterone in inducing puberty in heifers

In the context of reproductive efficiency, age at first calving is directly related 
to the female’s reproductive lifespan. By starting the heifer to reproduce earlier, the 
young female will have a greater production of calves throughout her productive life 
[23]. Therefore, the sexual precocity of females is a characteristic of great economic 
impact and has significant importance in reducing the generation interval, as the 
sooner the females can reproduce and become pregnant, the shorter the generation 
interval will be and the greater the genetic gain [24].

Aiming to improve productivity and reproductive efficiency, protocols with P4 
supplementation were developed before timed artificial insemination (TAI) proto-
cols to promote earlier puberty in heifers. The justification for this association is to 
increase the number of pubescent heifers at the beginning of the ovulation synchro-
nization protocol and, consequently, maximize conception rates in TAI [25]. These 
protocols have used intravaginal devices [26], melengestrol acetate – MGA [27], and 
long-acting injectable P4 [25] as sources of progestin.

The anticipation of puberty and increased fertility of a herd directly reflect on 
profitability. Females younger than their first birth spend less time in the herd, lead-
ing to an increase in the number of calves born and, consequently, a greater economic 
return to the producer. However, achieving this goal is especially challenging in Bos 
indicus cattle because puberty generally occurs at older ages than in Bos taurus, rang-
ing from 16 to 40 months. Possible causes of delay in reaching puberty are associated 
with genetic and environmental factors, including nutrition, disease, temperature, 
humidity and time of birth.

Breeding systems with heifers’ first calving age at 24 months have higher pro-
ductivity compared to those with first calving at 36–48 months of age. In induction 
protocols, progesterone in association with estrogen allows the induction of puberty 
in heifers, as P4 artificially simulates the functional state of the CL, allowing follicular 
growth, which results in greater estrogen production by the ovarian follicles and LH 
peak. Treatments with only progestins are capable of inducing puberty in heifers, 
although the result is influenced by the age, weight, body and follicular development 
of the heifers before treatment, highlighting that the exclusive use of P4 would be 
capable of inducing puberty only in those in which the negative estrogen feedback 
would have already started to decline [28].
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The use of P4 as a pre-synchronization strategy is based on the fact that this hor-
mone leads to a reduction in the number of estradiol receptors in the hypothalamus, 
interfering with the negative feedback caused by this hormone in GnRH secretion 
[29]. Furthermore, the use of P4 can increase receptors and their sensitivity to estro-
gen in the regions most sensitive (mediobasal hypothalamus) to the effect of estradiol 
on LH secretion [30].

Intravaginal progesterone devices that have already been used at least once have 
lower amounts of P4, and this results in a more efficient response in induction 
protocols, as they induce the formation of larger follicles, a higher estrus detection 
and conception rates, when compared to females treated with new devices [31]. High 
concentrations of progesterone are not beneficial for pre-pubertal heifers, as they can 
suppress LH pulsatility, thus impairing follicular development and ovulation, conse-
quently affecting the results of puberty induction [32].

Anderson et al. [33] reported a positive effect of P4 (norgestomet) for 10 days on 
the induction of puberty, frequency of LH pulses and uterine weight of pre-pubertal 
heifers slaughtered 1 day before device removal. The authors observed anticipa-
tion of puberty (P4: 22 ± 9 d vs. control: 63 ± 12.5 d), increased uterine weight (P4: 
222.3 ± 30 g vs. control: 72.7 ± 10.9 g), and increased number of LH pulses in heifers 
treated with P4. These authors concluded that treatment with progestins is effective in 
anticipating puberty and sexual maturity in cattle.

It has been demonstrated that progesterone is an efficient alternative for 
inducing puberty in cattle, aiming to facilitate management, reduce the genera-
tion interval and accelerate genetic gain. Vrisman et al. [34] monitored the luteal 
dynamics of Nellore heifers that were subjected or not to puberty induction with an 
intravaginal P4 device for 10 days, followed by the application of GnRH 48 hours 
after removing the device. In conclusion, the authors showed the importance of 
exposing pre-pubertal heifers to progesterone, as indicated by the higher percent-
age of CLs with normal function in the first estrous cycle compared to animals in 
the control group.

Satisfactory results of puberty induction and pregnancy were also reported by 
Lima et al. [25] by supplementing pre-pubertal Nellore heifers with long-acting 
injectable progesterone and, 10 days later, applying estradiol benzoate and prosta-
glandin. Twelve days after the end of the protocol, the animals were synchronized to 
observe heat and perform artificial insemination. The pregnancy rates reported by 
the authors were 46% for the group with puberty induction by P4 versus 38.3% for the 
control group.

Regarding the time between puberty induction and the beginning of the syn-
chronization protocol to perform TAI, some studies indicate that an interval of more 
than 30 days between the beginning of induction and insemination provided a higher 
reproductive tract score and a higher pregnancy rate after TAI, compared to animals 
subjected to TAI a maximum of 30 days after induction [35].

It is important to highlight that in treatments to anticipate puberty, there are 
individual variations in the response to the administration of progesterone, and the 
effectiveness of P4 in anticipating puberty can be influenced by factors such as genet-
ics, nutritional and environmental conditions.

In summary, the literature suggests that administering progesterone can 
effectively accelerate puberty in cattle, offering advantages in terms of reproduc-
tive and economic efficiency. Nonetheless, it is crucial to adopt an individualized 
approach and comprehend the factors that might impact the response to progester-
one therapy.
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4.  Strategies for increasing progesterone after insemination

4.1  Exogenous progesterone supplementation

The current understanding of the role of progesterone during the early stage of 
pregnancy and in embryonic development has led to a series of studies on P4 supple-
mentation after insemination, with a direct relationship between the ability to secrete 
P4 by the corpus luteum and embryonic growth, and the establishment of pregnancy 
[36]. This way, high concentrations of P4 during the initial phase of diestrus in cattle 
are fundamental, as they help with endometrial secretions, favoring embryonic devel-
opment and the production of interferon-τ, related to the recognition of pregnancy 
and inhibition of prostaglandin secretion and luteolysis [10, 17, 36, 37].

The ability to produce interferon-τ in sufficient quantities depends on uterine 
stimuli, with P4 being involved in the process by stimulating the expression of some 
genes that favor embryonic development [9]. Therefore, females with low concen-
trations of P4 at the beginning of diestrus could have lower pregnancy rates due to 
interference in embryonic development and pregnancy recognition.

Exogenous P4 supplementation is an alternative to increase plasma progesterone 
concentrations. This supplementation can be carried out through the use of an 
intravaginal P4 device, administration of daily injectable doses of P4, administration 
of long-acting injectable P4, and supply of progestins in the diet, such as the use of 
melengestrol acetate [12, 22, 38, 39].

In a meta-analytic study, Wiltbank et al. [7] observed that P4 supplementation 
during diestrus, between days 3 and 7 of the estrous cycle, significantly increased 
the size of the conceptus on days 13 and 16 [4, 10]. Ababneh et al. [40] evaluated the 
effect of P4 supplementation (vaginal device) at different times of the estrous cycle of 
Holstein cows and observed a better conception rate between days 2 and 7 compared 
to cows treated between days 7 and 16. In another study, a better conception rate was 
observed with P4 supplementation (CIDR®) between days 5 and 19 compared to 
non-supplemented cows when evaluating the effects of post-insemination P4 admin-
istration in Holstein cows (control = 25%, CIDR = 56%) [41].

In a meta-analysis study carried out by Yan et al. [12] focusing on post-insemina-
tion progesterone supplementation in cattle, the authors observed that the strategy 
proved to be efficient when supplementation was carried out between days 3 and 
7 after insemination, harmful when animals were supplemented before day 3 (for 
induce early luteolysis) and indifferent when performed after 7 days. These same 
authors also pointed out that supplementation is only efficient in herds in which the 
animals have compromised fertility (i.e., conception rate < 45%), resulting from 
ovulation deficiency or even insufficient concentrations of progesterone to sustain 
pregnancy in the initial phase.

The optimal timing for progesterone (P4) supplementation remains a subject of 
inquiry, as certain studies have reported neutral or even adverse outcomes. Parr et al. 
[42], when supplementing dairy cows with a P4 device between days 4 and 9 post-
insemination, they observed a lower conception rate for treated animals. Possible 
explanations for this result involve a failure in CL development or even early luteolysis 
related to the previous increase in P4 exogenously. To prove these explanations, these 
same authors, in another study [43], showed that heifers with failed CL development, 
when supplemented with exogenous P4 from D4 to D10 (D0 = day of insemination), 
did not reverse these effects, demonstrating that P4 has a negative effect on the useful 
life of this CL, however, when supplemented from D4 to D7, there was a recovery of 
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CL area. These results may be directly related to LH pulsatility in this initial phase, 
since there is an inverse relationship between P4 concentration and LH pulse, where 
the primary developing CL depends on LH receptors in theca and granulosa cells, 
thus making it very vulnerable to hormonal variation [29].

In addition to the variation in LH pulsatility, it was demonstrated that P4 supple-
mentation from D4 led to a decrease in the number of P4 receptors and an increase in 
CL oxytocin receptors on D5, but more studies are needed to investigate the effects of 
supplementation. of P4 on the development of CL [43].

Other forms of post-insemination P4 supplementation have already been tested, 
such as the use of MGA, a synthetic progestin formulated to be administered orally. 
Junior et al. [22] used MGA together with mineral salt, 2.28 g/day, starting 5 or 
13 days after TAI, in 99 Nellore cows. The conception rate in the control group was 
18% (n = 55), and in the group treated with MGA, the conception rate was 48.7% 
(P < 0.05). In the same study, the authors found no difference in pregnancy loss 
between 30 and 80 days.

Silva et al. [44] reported positive results when providing MGA to Nellore cows 13 
to 18 days after TAI; however, when provided between days 5 and 10 post-TAI, the 
group treated with MGA showed a significant reduction in the pregnancy rate. These 
authors believe that this progestin in question has a different mode of action than the 
others, in which it does not favor the uterine environment during initial diestrus.

An alternative to increasing the concentration of P4 in the initial diestrus is 
the application of long-acting injectable P4 (P4LA). The aim of using this route of 
administration is to facilitate management, especially in beef herds, as it excludes 
a second management when compared to the use of intravaginal devices, which 
need to be removed after a few days [38]. P4LA at doses of 150 or 300 mg has been 
shown to increase circulating P4 concentrations for more than 3 days during the 
early luteal phase in beef cattle [3]. In summary, no differences were found between 
the use of intravaginal devices or the application of injectable P4LA for supplemen-
tation in early diestrus [12].

The use of injectable P4 has been studied for decades, as demonstrated by Johnson 
et al. [45], where the authors evaluated supplementation with 100 mg of P4LA on 
days 2, 3, 4, 5 and 9 after TAI, totaling 500 mg P4/animal, and found a higher preg-
nancy rate in treated animals compared to those from group control.

This strategy of supplementation with injectable P4LA has gained prominence in 
recent years. Pugliesi et al. [38], after several experiments evaluating the supplemen-
tation of injectable P4LA in beef cattle 4 days after TAI, demonstrated that this is an 
efficient strategy when there are animals with a deficient CL. For example, in animals 
that are in anestrus at the beginning of the TAI protocol (common in lactating beef 
cows raised on pasture), generating a 20% increase in the pregnancy rate. Likewise, 
Couto et al. [46], evaluating the supplementation of injectable P4LA on D5 in beef 
cattle (D0 = TAI), observed an increase in pregnancy rates and lower pregnancy loss 
in the treated group, highlighting the efficiency of administering P4 in early diestrus 
to improve herd fertility. Both studies suggest that supplementation at this stage 
improves the uterine environment and, consequently, the survival, elongation and 
implantation of the embryo, obtaining better results.

Furthermore, according to Couto et al. [47], the application of P4LA, 7 days after 
ovulation, was able to improve conception rates in animals with a reactive tempera-
ment, with increased cortisol levels, suggesting that supplementation is effective in 
animals that are subjected to some factor that could compromise basal progesterone 
levels, such as handling stress and low nutritional status.
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According to Mann and Lamming [48], the increase in conception rates occurs 
only when P4 is supplemented in the first week after insemination and has no 
effect when exogenous P4 is supplemented in the second and third weeks after 
insemination.

In a study carried out with long-acting injectable P4, it was shown that a dose 
of 150 mg on the third day after TAI was a viable strategy to improve the concep-
tion rate; however, an anticipation of luteolysis was observed in some animals [3]. 
According to O’hara et al. [49], this same effect was observed in animals supple-
mented through an intravaginal device 3 days after TAI.

Martins et al. [50] investigated the impact of supplementing Nellore cows with 
long-acting injectable progesterone (P4LA) 3 days after timed artificial insemination 
(TAI). Their study evaluated the effect on early luteolysis and concluded that while 
P4 favors uterine receptivity, it can also reduce the longevity of the CL, making it 
difficult to establish pregnancy, since conceptus signaling cannot overcome the early 
luteolytic stimulus. Furthermore, early luteolysis is more related to the result of early 
exposure of the uterus to P4, which leads to the anticipation of the activation of the 
luteolytic cascade (production of PGF2alpha), than to the impairment of CL develop-
ment due to the decrease in LH pulsatility. Additionally, these same authors [50] con-
cluded that early luteolysis, due to the effect of P4 supplementation in animals that 
presented three follicular waves, was lower, suggesting that the number of follicular 
waves after AI plays a significant role in the fertility response to P4 supplementation, 
by regulating uterine function.

4.2  Induction of accessory corpus luteum

To counteract potential deficiencies in corpus luteum function, progesterone 
supplementation or the administration of luteotropic agents after ovulation is a 
viable approach [51]. According to Bech-Sabat et al. [52], cows normally produce 
a single CL after ovulation, but there are ways to induce the formation of an 
accessory corpus luteum to increase P4 concentrations. Administration of GnRH, 
GnRH agonists, or hCG at specific times after TAI can induce the formation of an 
accessory CL [53].

The use of these hormones and the consequent formation of accessory CL 
increases the plasma concentration of P4 and reduces the production of estradiol, 
producing a positive effect on embryonic development [54]. According to Besbaci 
et al. [55], studies on the subject have failed to provide a consensus on the benefits of 
such treatments since some report a beneficial effect of using GnRH or hCG in rela-
tion to pregnancy. In contrast, others do not show the same results [56].

Previous studies have shown that administration of GnRH, a GnRH agonist or 
hCG after TAI, in the presence of a dominant follicle in the first or second follicular 
waves, can induce the formation of accessory CL, increase P4 and reduce estrogen 
production [57]. According to Araújo et al. [58], ovulation of a first-wave follicle after 
TAI may alter follicular dynamics at the time of luteolysis, prolonging the time for 
luteolysis and allowing more time for embryo elongation.

Cows with an accessory corpus luteum were 0.32 times less likely to lose a preg-
nancy than cows with only one corpus luteum [39]. According to Lopez-Gatius et al. 
[59], cows that received GnRH on the day of TAI and 12 days later were 3.7 more 
likely to present accessory CL than cows that did not receive any dose. Beltran and 
Vasconcelos [53] observed that serum P4 concentrations increased from the 7th to the 
12th day with GnRH injection applied on day 5 post-TAI about untreated animals.
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Administration of GnRH, 5 days after TAI, in dairy cows increased P4 concentra-
tion on the 13th day after TAI; however, pregnancy rates were not different between 
the GnRH and control groups [60]. Ataman et al. [61] evaluated the use of GnRH 
(20 μg buserelin) 12 days after TAI and its effect on P4 concentration and pregnancy 
rate in dairy cows. Pregnant cows that received GnRH had higher P4 concentrations 
between days 18 and 21 compared to pregnant cows that received saline solution. 
Despite the difference observed in P4 concentrations between days 18 and 21, preg-
nancy rates between days 21 and 45 were not different.

In another study, Pinto et al. [62], evaluating induction of accessory corpus luteum 
and conception in embryo recipients, observed that 51% of treated animals had acces-
sory corpora lutea while the control had 23.5% (P = 0.04). Additionally, the GnRH 
group demonstrated a conception rate of 38%, whereas the control group had 24% 
(P < 0.05).

In a meta-analytic study involving 52 articles on induction of accessory corpus 
luteum and the effect on pregnancy, it was observed that treatments with GnRH and 
hCG improve pregnancy in cows with low fertility (very low <30% and low 30.1 to 
45%). On the other hand, the treatment of cows with high fertility (>60.1%) did not 
result in any benefit [55]. This study also reports that treatment with a medium or 
high dose (≥ 10 μg) of buserelin was associated with a higher conception rate than 
low doses of buserelin.

Stojanov et al. [63], evaluating the application of GnRH 5 days after insemina-
tion, observed an increase in the percentage of cows with more than two CLs on 
day 14 in the group treated with GnRH compared to the control group (82 vs. 0%). 
Furthermore, cows in the GnRH group that had accessory CL had higher P4 concen-
trations on day 14 (5.87 ± 2.04 ng/ml) compared to the control (4.21 ± 1.22 ng/ml) and 
the GnRH cows that did not present an accessory corpus luteum (only 1 CL on days 
14–3.21 ± 1.12 ng/ml). On day 21, the conception rate was still higher in the GnRH 
group compared to control (65% vs. 48.3%, p < 0.05).

In a subsequent study, the effectiveness of GnRH and hCG administered 7 days 
post-insemination was investigated. Results revealed that 50% of animals treated with 
GnRH (lecerylin acetate) developed accessory corpus luteum, while in the hCG group, 
this proportion increased to 80%. Moreover, both the GnRH and hCG groups demon-
strated significantly higher conception rates compared to the control group [64].

According to Stevenson et al. [57], there is a linear and positive relationship 
between the number of follicles ≥5 mm at the time of treatment (between 4 and 
9 days post-AI) with GnRH or hCG and the number of CLs induced, with animals 
with 1 or 2 follicles ≥5 mm had fewer CLs induced than those with 4 or more fol-
licles of the same size. In beef cows, the effect of hCG is similar to the effect in dairy 
cows, with this hormone capable of inducing ovulation when used 7 days after TAI. 
Therefore, it was observed that the number of accessory CLs was greater with hCG 
when compared to the use of saline (control group). Additionally, on day 33, the 
proportion of pregnant cows that had accessory CLs was higher in the hCG group 
than in the control group [56]. In another study evaluating the administration of 
buserelin (GnRH analog), an increase in the number of accessory corpora lutea was 
observed; however, this fact was not able to increase plasma concentrations of P4 and 
the conception rate [62].

In summary, the use of GnRH as an alternative to increase reproductive rates is 
well-studied, but the results are still controversial. The differences in results reported 
in the literature are consequences of many methodologies adopted, such as the 
moment of application and the GnRH analog used [47, 55, 63].
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Studies aimed at evaluating the effect of the side formation of the accessory CL 
(contralateral or ipsilateral to the primary CL) on its maintenance during the first and 
second months of pregnancy have been developed. Accessory CL that was induced 
contralateral to the pregnancy CL tended to regress in 66% of pregnant cows around 
the 67th day of gestation. There were two different periods of regression of the con-
tralateral CL in pregnant dairy cows: (I) close to the normal period of regression of a 
CL in non-pregnant cows (19 to 25 days of the cycle); (II) during the second month of 
pregnancy (30 to 60 days) [65].

Monteiro et al. [66] carried out a study to evaluate the time and serum concentra-
tions of P4 associated with the regression of the contralateral accessory CL during the 
first and second months of pregnancy. The results showed that in pregnant cows, only 
the accessory CL contralateral to the pregnant CL underwent luteolysis. Functional 
luteolysis occurred quickly, with less than 24 hours for a drop in circulating P4 con-
centrations and between 48 and 96 hours for regression of luteal volume, both in the 
group that underwent early luteolysis (between 19 and 21 days) and in the group that 
underwent the process in the second month (between days 48 and 51). This speed 
and punctuality in the process suggest that the luteolytic mechanism is similar in 
both periods. Regarding the fact that there is no luteolysis of the CL ipsilateral to the 
pregnant CL, it is suggested that there is some protective mechanism for both during 
the second month of pregnancy. This mechanism may be related to the increase in 
uterine blood flow in the gravid horn.

It is known that the side of the accessory CL affects fertility, as multiparous cows 
have lower fertility than primiparous cows if the accessory CL is contralateral to the 
gravid CL. Likewise, the contralateral accessory CL is more likely to undergo early 
luteolysis (gestation less than 32 days) in multiparous cows than primiparous cows 
[65]. The regression of the accessory CL both in the early period (between days 19 
and 23) and in the late period (>45 days) results in approximately 40% reduction in 
circulating P4 concentrations; therefore, the presence of an ipsilateral CL can be very 
more positive for fertility than that of a contralateral CL, especially if the regression 
of this accessory CL occurs during the early phase of pregnancy [66, 67].

In brief, the use of GnRH as an alternative to improve reproductive rates has been 
increasingly studied, but it still presents controversial and sometimes inconsistent 
results. The differences in results found in the literature are a consequence of the 
variety of methodologies used, mainly concerning the moment of application and the 
GnRH analog used.

5.  Conclusion

The use of progesterone has been demonstrated to be an effective tool to optimize 
reproductive efficiency in cattle undergoing a timed artificial insemination program. 
The exogenous administration of this hormone makes it possible to induce puberty 
in heifers and control the females’ estrous cycle, synchronizing them for artificial 
insemination at strategically chosen times. This not only makes herd management 
easier but also increases conception rates and reduces calving intervals, resulting in 
more efficient production. However, it is crucial to consider the appropriate dosage, 
timing of administration and specific herd conditions to ensure the success of the 
insemination program. In short, progesterone plays a fundamental role in optimizing 
reproductive efficiency in cattle, contributing to significant improvements in the 
productivity and profitability of animal production systems.
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