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Steroid compounds are important messengers in the human body that can be described using multiple
nomenclature systems, each reflecting a different perspective on structure or function. Chemical
nomenclature, based on IUPAC conventions, classifies steroids according to their ring structure and
functional groups, whereas functional nomenclature reflects a compound's source, biological action,
regulatory pathways, metabolism, or clinical application. These parallel systems are often applied
inconsistently across disciplines, leading to ambiguity in interpretation and communication. This review
outlines the foundations of chemical and functional naming, highlights circumstances in which
nomenclature becomes inconsistent, and illustrates how physiology, molecular biology, receptor
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1. Introduction

Steroids are a large and diverse class of biologically active lipids
that play fundamental roles in human biology and physiology.
They function as structural components of cell membranes,
signalling molecules, metabolic regulators, and hormones.
Steroids can be designated by several nomenclature systems
that reflect distinct scientific priorities. Some inconsistencies
are the results of the historical evolution of steroid discovery
and knowledge of their biological effects as well as the effects
from multiple biochemical pathways. Steroids were first
distinguished alphabetically in order of isolation™ but this
became inadequate as the number of steroids exceeded 26 in
number. Chemical nomenclature follows rules of the Interna-
tional Union of Pure and Applied Chemicals (IUPAC) and
identifies compounds according to the characteristic four-ring
carbon skeleton and associated functional groups.® Functional
nomenclatures, in contrast, emphasize the sources, physiolog-
ical actions, regulatory mechanisms, metabolic pathways, and
therapeutic indications. Because these systems capture
different dimensions of a steroid's identity, a single compound
may be described by multiple, correct, but potentially confusing
names (Fig. 1). As interdisciplinary research involving endocri-
nology, neuroscience, pharmacology, oncology, molecular
genetics, and microbiome science expands, inconsistent
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support more precise application of steroid nomenclature in academic publications.

nomenclature complicates the interpretation of results and the
comparison of findings across fields.

This review examines where problems arise between chem-
ical and functional naming, identifies the scientific and clinical
contexts in which terminology diverges, and outlines consid-
erations for more accurate and uniform nomenclature in
publications. The consequences of inconsistent nomenclature
can lead to a breakdown in communication between disciplines
or ambiguity in clinical interpretation. A discussion of the
issues is timely with the increasing use of molecular biology, the
continued development of new classes of steroid analogues and
the rapid expansion of interdisciplinary research enriched with
improved analysis of steroids and systems biology.

2. Chemical nomenclature

From a chemical perspective, steroids can be divided into
several categories based on structural characteristics and
modifications to the steroid nucleus.® Cholesterol is the most
prominent sterol in humans and serves as a critical component
of cell membranes as well as the precursor for steroid
hormones, bile acids, and vitamin D. Sterols are one of the most
important classes of steroids and are characterized by the
presence of a hydroxyl group at the third carbon position and
a side chain at carbon seventeen. Bile acids and bile salts
represent another chemically distinct group of steroids derived
from cholesterol in the liver. Bile acids are derivatives of the 24
carbon atom cholane and the 27 carbon atom cholestane mostly
with a carboxyl group. Bile acids play an essential role in the
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Fig.1 Chemical and functional nomenclatures for steroids. Steroids can be defined by chemical structure according to clear rules. Functional
nomenclatures depend on sources, actions at receptors, actions in organs and tissues, regulation and clearance.

digestion and absorption of dietary lipids by facilitating the
emulsification of fats in the small intestine. A nomenclature for
bile acids was proposed.* Another chemically distinct group is
the secosteroids, in which one of the steroid rings is broken.
Vitamin D is an example of secosteroids and is an important

regulator of calcium and phosphate metabolism. Secosteroids
and bile acids will not be discussed further in this review.?
Historically, steroids were assigned trivial names based on
order of discovery"*® (Table 1) or origin (e.g., estrone, proges-
terone from estrous and pregnancy respectively), many of which

Table 1 Chemical nomenclature of steroids by letters (Kendall, Reichstein, Wintersteiner)”

Kendall Kendall Reichstein Wintersteiner
A 11-Dehydrocorticosterone 5a-Pregnan-3f,11,17a,208,21-pentol 5a-Pregnan-3f,11,17a,208,21-pentol
B Corticosterone H
C Allo-THF Allo-THF D
D Adrenosterone 5a-Pregnan-3f,17a,21-triol-11,20-dione A 11-dehydrocorticosterone
E Cortisone 4-Pregnene-11p3,172,20p,21-tetrol-3-one FCortisol
Epi E 20B-dihydrocortisol
F Cortisol M
Fa Cortisone
G 5a-Pregnan-3f,17a,21-triol-11,20-dione D Adrenosterone - androst-4-ene-3,11,17-trione B corticosterone
H 5a-Pregnan-34,21-diol-11, 20-dione Corticosterone
] 5a-Pregnan-3f,17a,20pB-triol J 50-pregnan-3f3,17f,20pB-triol
K 5a-Pregnan-3f3,178,20p,21-tetrol K 5a-Pregnan-38,17a,2083,21-tetrol
L 50-Pregnan-3f,17a-diol-20-one 5o-Pregnan-38,17a,21-triol-11,20-dione
M Cortisol
(6] 5a-Pregnan-3f,17a,20a-triol
P P 5a-Pregnan-3f,17a,21-triol-20-one
Q Dihydro-DOC 21-Hydroxy-4-pregnene-3,20-dione (DOC)*
R R 5a-Pregnan-3f,11p,21-triol-20-one
S 11-Deoxycortisol 11-Deoxycortisol
T 20B Dihydro-11-dehydrocorticosterone
U 20B-Dihydro cortisone
A% 5a-Pregnan-3f,11,17a,21-tetrol-20-one

“ Cortexone is sometimes used for * DOC 11-deoxycorticosterone. Uro is used for tetrahydro-cortisol and cortisone metabolites in urine —

urocortisol, urocortisone.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Structure of cholesterol and numbering of carbon atoms. Single hydrogen atoms are placed at C3, 5, 6, 8, 9, 14, 17, 20 and 25. Two
hydrogens atoms are placed at C1, 2, 4, 7, 11, 12, 15, 16, 22, 23, 24. Three carbon atoms are placed at C18, 19, 21, 26, 27.

persist in common use. Modern research often relies on interdisciplinary contexts. Chemical nomenclature defines
abbreviations (e.g., T for testosterone, E2 for estradiol, DHEA for ~ steroids by their core cyclopentanoperhydrophenanthrene
dehydroepiandrosterone), which simplify communication but structure, with the carbon atoms numbered and rings (A-D)
obscure structural relationships and can introduce ambiguity in  labelled systematically according to IUPAC rules (Fig. 2). Carbon

& o
HSD3B2
CYP11A1
— —
HO “
Cholesterol Pregnenolone Progesterone
Qg ~CHs CYP17A1
CHs| .\OH
HSD3B2

OH CYP21A1

CYP11B1

11-deoxycortisol CORTISOL

Fig. 3 Synthesis of cortisol. The actions of five enzymes convert cholesterol to cortisol in the adrenal cortex. Four enzymes are cytochrome
P450 oxidoreductases (CYP). The C3B-hydroxyl group is oxidised by 3B-hydroxysteroid dehydrogenase type 2 (HSD3B2).
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atoms are numbered according to a standardized system used
in steroid chemistry, which facilitates comparison between
different steroid molecules. Structural diversity among steroids
arises from the chemical modifications. Structural features
such as bond saturation, oxidation state, and the presence and
orientation of substituents are defined by precise chemical
terms. These include the addition or removal of functional
groups such as hydroxyl or keto groups, variations in the posi-
tion of double bonds within the rings, and differences in the
length or composition of side chains attached to the nucleus.
Stereochemistry also plays a crucial role, as the spatial orien-
tation of substituent groups can significantly influence shape of
the molecule and biological activity. Cortisol, for example, is
chemically 118,17a,21-trihydroxypregn-4-ene-3,20-dione, while
aldosterone is 11,21-dihydroxypregn-4-ene-18-al-3,20-dione.
These designations capture structural detail but do not reflect
physiological activity.

Steroid biosynthesis begins with cholesterol, which serves as
the principal precursor for all steroid hormones in humans
(Fig. 3). Through a sequence of enzymatic transformations
involving hydroxylation, oxidation, and cleavage reactions,
mainly in the mitochondria and smooth endoplasmic retic-
ulum of steroidogenic cells, cholesterol is converted into
various steroid intermediates and ultimately into different
classes of biologically active steroids.

2.1 Limitations of chemical classification

Although chemical nomenclature is unambiguous, it is
impractical for routine clinical or physiological communica-
tion. Semi-systematic chemical nomenclature includes the
trivial names that are widely used for steroids. Most scientific
writing therefore intermixes chemical names, trivial names,
and abbreviations, creating opportunities for inconsistency
unless each term is clearly defined. The chemical classification
that organizes steroids based on structural features is never-
theless particularly useful for understanding biosynthetic rela-
tionships among steroid molecules. Chemical classification
alone does not however adequately account for biological
function. Cholesterol for example is structurally classified as
a sterol but performs several distinct roles, including main-
taining membrane fluidity, serving as a precursor for steroid
hormones, and participating in cellular signalling pathways.”
Another limitation of structural classification is that relatively
small chemical modifications can significantly alter biological
activity. Differences in hydroxylation patterns or stereochemical
orientation may dramatically influence receptor binding and
metabolic stability.® As a result, structurally similar molecules
may exhibit substantially different physiological effects.

Recent advances in analytical techniques, particularly mass
spectrometry-based steroid profiling, have also revealed
numerous steroid metabolites that do not fit neatly into tradi-
tional chemical categories® These discoveries suggest that the
diversity of steroid structures in biological systems is greater
than previously recognized, highlighting the limitations of
purely structural classification systems.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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3. Functional nomenclatures of
steroids in human biology and

physiology

Functional nomenclature refers to steroids by where they orig-
inate, what they do, or how they act, how they are controlled,
and how they are removed from the body. Unlike chemical
nomenclature, which is fixed, functional nomenclature is
context-dependent and can shift with advances in physiology or
molecular biology.

3.1 Source-based nomenclature

Terms such as adrenal steroid, gonadal steroid, placental
steroid, or neurosteroid arise from the tissue of origin.
Cholesterol is the basis for all steroid synthesis but the
complement of enzymes varies between and within the tissues.
The enzymes in steroid biosynthesis are cytochrome P450
enzymes'®" and hydroxysteroid dehydrogenases'> that need
certain redox partners and co-factors."* Each organ can have
more than one zone with different complements of enzymes.
The steps in biosynthesis are linked in common pathways from
cholesterol to cortisol (Fig. 3), to aldosterone (via progesterone,
deoxycorticosterone and corticosterone) and to the sex steroids
(from pregnenolone via dehydroepiandrosterone). The adrenal
cortex has three layers of cells with different functions. The
outer zona glomerulosa meets aldosterone synthesis, the
intermediary zona fasciculata is for cortisol synthesis and inner
zone reticularis secretes DHEAS. In the testes leydig cells
produce testosterone and sertoli cells produce sperm. In the
ovary androgens are produced in thecal cells and estrogens are
produced in granulosa cells, through a paracrine route. In
addition to classical endocrine routes between cell types and
cellular compartments the mitochondria and endoplasmic
reticulum, there are now recognised to be a backdoor route to
dihydrotestosterone'* (Fig. 4) and novel pathways to androgens
in some disease states.”> Molecular biology has refined the
genetic basis of the enzymes,*'® studies have revealed addi-
tional sites of synthesis such as skin and adipose tissues."”*® A
prominent example is the transition from “neurosteroid”* to
“neuroactive steroid”*® reflecting evidence that many such
compounds active in the brain are not necessarily synthesized
there.

Improvements in analytical chemistry have been funda-
mental to realising the concentrations of steroids in circula-
tion®* and the tissue content of steroids.?” Multiple reference
ranges are needed for the variations with sex, age, development,
phase of life and period in the menstrual cycle when inter-
preting results from patients for example polycystic ovary
syndrome.™

3.2 Action-based nomenclature

In addition to structural classification, steroids can also be
categorized according to their physiological functions based on
dominant biological actions each linked with receptors in target
tissues (Fig. 5). Glucocorticoids are steroid hormones produced

RSC Adv, 2026, 16, 27678-27691 | 27681
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Classic and alternative routes to DHT
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Fig. 4 Classic and alternative paths to DHT. Classic pathway of steroidogenesis. Pregnenolone is formed by action of P450scc on cholesterol.
HSD3B2 mediates the conversion of A5 steroids present in the left-hand column to A4 steroids in middle column. The 17, 20 lyase activity of
P450c17 transforms 170OH-pregnenolone into DHEA in the zona reticularis and testicular leydig cells; only tiny amounts of 170H-progesterone
are transformed to androstenedione in humans. Testicular 3B-hydroxysteroid dehydrogenase type 2 (HSD3B2) transforms DHEA to androst-
enediol; low concentrations of adrenal 17BHSD5 (AKR1C3) in the zona reticularis yield small amounts of testosterone. In genital skin, 5a-
reductase type 2 (SRD5A2) further activates testosterone to dihydrotestosterone (DHT). 170H-Preg, 170OH-pregnenolone; DHEA,
dehydroepiandrosterone. Backdoor pathway of androgen biosynthesis. The backdoor route is similar to the classic route but with sequential 5a.-
and 3a-reduction of 170H-progesterone, first by SRD5A1 to 170OH-dihydroprogesterone, and then 3a-reduction by AKR1C2 or AKR1C4 to
produce 170H-allopregnanolone. P450cl7 can catalyze 17, 20 lyase activity using 170H-allopregnanolone as the substrate; this reaction
produces androsterone, which can be catalyzed by testicular 173-hydroxysteroid dehydrogenase type 3 (17BHSD3) or adrenal 17BHSD5 (AKR1C3)
to produce androstanediol. Androstanediol may then undergo 3a-oxidization, probably mediated by AKR1C4 (also called retinol dehydrogenase,

RoDH), to produce the most active androgen, DHT. DHEA, dehydroepiandrosterone; DHT, dihydrotestosterone; AKR, aldo-ketoreductase.

primarily in the adrenal cortex. The most well-known gluco-
corticoid in humans is cortisol. These hormones regulate
carbohydrate, protein, and lipid metabolism and play a central
role in the body's response to stress. They also possess powerful
anti-inflammatory and immunosuppressive properties.

Mineralocorticoids are another class of adrenal steroids that
regulate electrolyte and fluid balance. Aldosterone is the prin-
cipal mineralocorticoid in humans and acts primarily on the
kidneys to promote sodium retention and potassium excretion,
thereby maintaining blood pressure and extracellular fluid
volume.

Androgens are steroid hormones responsible for the devel-
opment and maintenance of male reproductive tissues and
secondary sexual characteristics. Testosterone is the primary
androgen produced by the testes, although smaller amounts are
also produced by the adrenal glands. Androgens also contribute
to muscle growth, bone density, and overall anabolic processes.
Estrogens represent the major class of female sex hormones
and are primarily produced by the ovaries. Key estrogens
include estradiol, estrone, and estriol. These hormones regulate
the menstrual cycle, promote the development of female

27682 | RSC Adv, 2026, 16, 27678-27691

secondary sexual characteristics, and play important roles in
bone metabolism and cardiovascular health. Progesterone is
important for the maintenance of pregnancy.

3.2.1. Receptor biology and the complexity of steroid
action. Traditional models of steroid hormone action empha-
size genomic mechanisms involving intracellular nuclear
receptors. In this model, steroid hormones diffuse across the
cell membrane, bind to specific receptors, and regulate gene
transcription by interacting with hormone response elements in
DNA* (Fig. 6). However, increasing evidence indicates that
steroids can also exert rapid non-genomic effects through
membrane-associated receptors and intracellular signalling
pathways.”* These mechanisms allow steroid hormones to
influence cellular processes within seconds or minutes, sug-
gesting that steroid signalling operates through multiple
parallel pathways.

Another complicating factor is receptor promiscuity. Recep-
tors have a similar arrangement of domains labelled A to F
(Fig. 7.) but overall structures unique for binding of androgens
(AR), estrogens (ER), glucocorticoids (GCR) and mineralocorti-
coids (MR). Many steroid receptors are capable of binding more

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig.5 Classes of steroids based on source and actions. Adrenal cortex synthesises glucocorticoid and mineralocorticoids that affect glucose and
electrolyte homeostasis. Oestradiol and progesterone are female hormones produced in the early and late stages of the menstrual cycle.
Progesterone then supports pregnancy. Androgens are produced by the adrenal cortex and gonads. Androgens influence male secondary sex

characteristics.

than one ligand with varying affinity, and some steroids can
activate multiple receptor types.”® This cross-reactivity chal-
lenges the idea that individual steroids can be assigned to
strictly defined functional categories. Cortisol binds to the
mineralocorticoid receptor (MR) as well as the glucocorticoid
receptor (GCR), however in most sites rich in MR, cortisol is
inactivated to cortisone through the action of 11B-hydroxyste-
roid dehydrogenase type 2 (HSD11B2).>®

The steroid receptors are part of a family of receptors that
includes thyroid hormones and vitamin D. Steroids bind to
intracellular receptors that act as transcription factors for
enzymes, transporters, channels.”” Steroid binds to the
receptor, causing a conformational change that allows it to act
as a transcription factor or trigger signaling cascades, resulting
in effects on reproduction, the nervous system, and immune
modulation. Activation of a steroid receptor (R) leads to physi-
ological responses through genomic signaling (slow, nuclear-
mediated gene transcription) and non-genomic signaling
(rapid, membrane-associated, and cytoplasmic signaling).

3.2.2. Genomic mechanism (classical pathway). This is the
primary mechanism acting over hours or days by modifying
gene transcription in 4 stages.

© 2026 The Author(s). Published by the Royal Society of Chemistry

3.2.2.1. Ligand binding and activation. Steroid diffuses
through the cell membrane and binds to receptors located in
the cytoplasm or nucleus. The steroid receptor is a member of
the steroid receptor superfamily, the ER and PR existing
primarily in two forms: -A (often acts as a repressor) and R-B
(usually a stronger activator).

3.2.2.2. Dimerization and nuclear translocation. Upon steroid
binding, the receptor dissociates from chaperone proteins (like
heat shock protein [Hsp] 90), undergoes a conformational
change, and forms dimers AA, AB, BB.

3.2.2.3. Gene regulation. The dimerized complex trans-
locates to the nucleus, binding to specific DNA sequences
known as steroid-responsive elements (REs) in the promoter
regions of target genes.

3.2.2.4. Physiological response. This interaction initiates the
transcription of target genes, leading to protein formation that
causes cellular changes. Gene expression can be regulated
indirectly by co-activators and co-repressors that act as accel-
erators and brakes to gene transcription.

3.2.3. Non-genomic mechanism (rapid signaling). Steroids
also have rapid, non-genomic effects through signalling
cascades at the cell membranes to affect ion channels, gamma

RSC Adv, 2026, 16, 27678-27691 | 27683
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Fig. 6 Steroid hormone signalling. (1) Genomic signalling (blue arrows) — ligand bound hormone receptors bind to hormone response elements
(HRE) in the promoters of target genes. Co-activators and co-repressors and epigenetic regulatory enzymes interact with ligand bound nuclear
receptors regulating their effect on transcription. (2) Non-genomic signalling (green arrows) — steroid hormones act rapidly with membrane

hormone receptors that activate PI3, ASkt and MAPK pathways and downstream transcription factor (TF) signalling pathways.
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amino butyric acid (GABA) and N-methyl-p-aspartate (NMDA)
receptors, kinases, G-protein coupled receptors.”® These effects
occur within seconds to minutes and are often independent of
gene transcription.

3.2.3.1. Membrane-bound receptor signaling (mRs). Steroid
binds to membrane receptors (mRsa, B, v), which are G-protein
coupled receptors.

3.2.3.2. Cytoplasmic kinase activation. Activated receptors
stimulate second messenger signaling pathways, including the
activation of the mitogen-activated protein kinases (MAPKSs),
originally called extracellular signal-regulated kinases (ERKs) or
MAPK/ERK  pathway, cyclic AMP cyclic adenosine
monophosphate/protein kinase A (cAMP/PKA), and phosphoi-
nositide 3-kinase/protein kinase B (PI3K/Akt) pathways.

3.2.3.3. Src kinase interaction. The R can also interact
directly with Src kinases (family of protein tyrosine kinases) at

27684 | RSC Adv, 2026, 16, 27678-27691

Chaperone —such
as Heat shock
protein

A

the cell membrane, activating signaling cascades that influence
cell survival, migration, and rapid tissue responses.

Animal models have proved useful in the studies but are not
ubiquitous. Many steroids exhibit pleiotropic and context-
dependent effects. Deoxycorticosterone (DOC), for instance,
demonstrates both mineralocorticoid and glucocorticoid prop-
erties, challenging single-label classifications.” Receptor
promiscuity, differential gene regulation, and sex-specific
responses further complicate action-based naming.

3.3 Regulation-based nomenclature

Steroids are not stored in the endocrine glands but secreted on
demand through peptide stimulation and second messengers
(Fig. 8). Adrenocorticotrophic hormone ACTH directs synthesis
of cortisol. Stress is an important drive to endocrine function.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig.7 Schematic for estrogen receptor beta (Erb) isoforms. As in all steroid receptors there are distinct functional domains labelled A to F. A/B N-
terminal domain NTD; DBD/C NA binding domain; D hinge and E/F C-terminal region for ligand binding. Composition is unique to each receptor
type. The full length Erb is 530 amino acids (59 kDa), truncated shorter forms are 54, 49 and 44 kDa, and an elongated isoform is 61 kDa due to

alternative splicing and or alternate translation start sites.

Luteinising and follicle stimulating hormones (LH and FSH
respectively, gonadotrophins) determine functions of the testes
and ovaries. Nomenclature based on hypothalamic-pituitary
regulation (e.g., “gonadotropin-dependent steroids”) can shift
across developmental stages or disease states. For example, sex
steroids produced during minipuberty, puberty, adulthood,
pregnancy, and menopause differ substantially in regulatory
control, leading to changing functional descriptions.

Aldosterone synthesis is driven by a cascade of peptides from
renin release by the juxtaglomerular apparatus of the kidney
that in turn releases angiotensin I (Ang 1) from angiotensi-
nogen. The action of angiotensin converting enzyme (ACE) on
Ang1 releases angiotensin II to act on the adrenal cortex to
release aldosterone thus completing the renin-angiotensin-
aldosterone system.

3.4 Metabolic-based nomenclature

Steroids need to be cleared from the body to limit further
activity. The liver is the principal organ for inactivation of the
steroids and the metabolites are removed in urine, bile and
faeces.*® Reduction of the double bond at C4,5 is known to
reduce activity of steroids but overall two phases of steroid
metabolism are recognised. The first phase involves reduction,
oxidation and hydroxylation whilst the second phase involves
conjugation of steroid metabolites with sulphate or glucuronide
to reduce hydrophobicity. Steroid metabolites may however
retain biological activity or acquire new functions, raising
questions about appropriate naming.® Pathway-based terms
(e.g., 5a-reduced steroids, 11-oxygenated androgens)***' are
chemically descriptive but can blur functional categorization
when metabolites exert actions distinct from their precursors.

3.5 Application-based nomenclature

In pharmacology and clinical medicine, steroids are named
according to therapeutic use (e.g., “corticosteroids,” “estrogen
therapy,” “androgen deprivation therapy”). Here, physiological
function and chemical structure may be secondary to clinical
context, again generating inconsistencies when compared with
biochemical or molecular biological terminology. Steroids were
first recognised to be anaesthetics®? then the benefits of steroids

© 2026 The Author(s). Published by the Royal Society of Chemistry

to patients with rheumatoid arthritis started the age of anti-
inflammatory actions® followed by the use of contraceptives®*
and anti-cancer agents.***¢

3.6 Microbial metabolism and the microbiome

The drive to the pharmaceutical industry to produce vast
amounts of steroids led to the use of microorganisms to
improve on chemical modifications of plant sterols.*” The
identification of steroids in bile and faeces enabled character-
isation of steroid modifications by intestinal bacteria.*®*** The
activities were ablated in antibiotic treated animals** and
spontaneously hypertensive rats.*> Early work stalled because
many of the microorganisms were anaerobic and difficult to
culture and classify by chemical tests. This was decades before
the microbiome could be identified with genetic techniques*®
and was recognised to have the power greater than the enzymes
of the body to influence homeostasis. The microbiome intro-
duces an additional layer of complexity by transforming host
steroids into metabolites that may be absorbed and exert
systemic effects. Bacterial enzymes—hydroxysteroid dehydro-
genases, ketosteroid isomerases, sulfatases, and reductases—
generate a diverse array of compounds with variable hormonal
activity (Table 2).*”** Historically, such metabolites were
presumed to lack function.” Modern sequencing and meta-
bolomics reveal that many microbial derivatives exhibit endo-
crine, neuroactive, or immune-modulating actions. As
microbiome research expands, clearer conventions are needed
to integrate microbial metabolites into steroid nomenclature
frameworks.

3.7 Life events and context-dependent nomenclature

Steroid profiles differ markedly across developmental stages
and physiological states. Minipuberty, adrenarche, pregnancy,
lactation, menopause, and aging each involve distinct regula-
tory patterns and steroidogenic pathways. Functional nomen-
clature often shifts with these contexts; a compound termed
“androgenic” in one setting may have metabolic or neuroactive
relevance in another. Such temporal variability reinforces the
need for explicit definition of terms used in publications.
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Fig. 8 Regulation of steroid hormone production. The hypothalamus secretes gonadotrophin releasing hormone (GnRH) and corticotrophin
releasing hormone (CRH) in response to low concentrations of sex hormones and cortisol respectively. The pituitary gland responds to GnRH to
secrete luteinising hormone (H) and follicle stimulating hormone (FSH) that acts on the ovaries or testes. The pituitary responds to CRH with
adrenocorticotrophic hormone (ACTH) release that stimulates the adrenal cortex production of cortisol. Aldosterone synthesis is mainly
controlled through the release of renin from the kidney and angiotensin production in the circulation.

3.8 Pathological effects and clinical practice

Abnormalities in steroid production can lead to diseases such
as Addison's disease, which results from insufficient adrenal
hormone production, and Cushing's syndrome, which is caused
by excessive glucocorticoid levels. Congenital adrenal hyper-
plasia (CAH) is another important disorder characterized by
defects in steroid biosynthesis enzymes. Clinical nomenclature
frequently diverges from biochemical terminology. Terms such
as “Cushingoid,” “Addisonian,” “androgen excess,” “disorder of
sexual development” and “estrogen deficiency” summarize
complex hormonal patterns but do not specify chemical iden-
tities. Disorders of steroidogenesis, including CAH through
enzyme deficiencies®™* and steroid action disorders expressed
as androgen insensitivity for instance,” introduce additional
layers of naming based on pathway disruption rather than
chemical structure for estrogens®** and adrenal steroids.*
Diagnostic conventions often rely on shorthand labels, for
example CAH, that must be interpreted within a clinical context.
Nomenclature becomes particularly complicated when genetic
variants modify enzyme activity or receptor function, generating
phenotypes that do not correspond cleanly to established
functional categories. CAH due to 21-hydroxylase deficiency can
lead to adrenal insufficiency, loss of mineralocorticoid and
androgen excess.

27686 | RSC Adv, 2026, 16, 27678-27691

The microbiome is beginning to reveal many links with
disease processes such as mental health and immunity needing
greater clarification.®*** The increased power of analytical
chemistry with machine learning to process the data in auton-
omous  cortisol  seretion,”” primary aldosteronism,*
preeclampsia,® adrenal tumours,* intrahepatic cholestasis,®
diagnosis CAH,* polycystic ovary syndrome®®*® for example and
artificial intelligence to recognise the significance of bone
health,”” skin problems,” changes in paediatric growth,”
infertility,”® IVF treatment” and there will be further important
studies in the next few years.

64

Table 2 Actions on steroids by bacteria in the intestine. The reactions
were found to be catalysed by microbial enzymes in the intestinal tract
of conventional rats

16a-dehydroxylation, saturation 16,17 double bond
21-dehydroxylation

Hydrolysis of glucuronides

Hydrolysis of sulphates

Saturation of 5,6 double bond

3o and 3p-hydroxysteroid oxidoreduction

11a and 11B-hydroxysteroid oxidoreduction
17B-hydroxysteroid oxidoreduction

20a. and 20 hydroxysteroid oxidoreduction
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Human-associated bacteria interact with host-produced
steroids, but the physiological impact of such interactions
remain unclear. Human gut bacteria were shown to convert
corticoids into progestins through 21-dehydroxylation, thereby
transforming a class of immuno- and metabo-regulatory
steroids into a class of sex hormones and neurosteroids.”
Levels of certain bacterial progestins, including allopregnanol-
one, are substantially increased in feces from pregnant
humans. Allo-pregnanolone is better known as brexanolone, an
FDA-approved drug for postpartum depression, the conclusion
was that bacterial conversion of corticoids into progestins may
affect host physiology, particularly in the context of pregnancy
and women's health. The caveat is that cortisol is not excreted in
bile.

3.9 Steroids and cancers

Hormone-dependent malignancies—including those affecting
the prostate,” breast,”” and ovary’”® highlight the interplay
between chemical structure, receptor action, and therapeutic
application. Oncology frequently employs nomenclature based
on receptor modulation (e.g., selective estrogen receptor
modulators, androgen receptor inhibitors),”*** which does not
necessarily reflect chemical class. The emergence of receptor-
modifying drugs, enzyme inhibitors, and novel steroid
analogues often yields naming practices that prioritize mecha-
nism of action over structural features. As precision oncology
advances, harmonizing chemical and functional terminology
becomes increasingly important for accurate reporting and
interpretation of clinical studies.

3.10 Pharmacological relevance

Steroids have extensive clinical applications due to their potent
biological effects. Synthetic corticosteroids are widely used as
anti-inflammatory and immunosuppressive agents in the
treatment of conditions such as asthma, autoimmune diseases,
and allergic reactions. Hormone replacement therapies
involving estrogens, progesterone, or testosterone are used to
treat hormonal deficiencies and certain endocrine disorders.

Synthetic anabolic steroids, which mimic the effects of
androgens, have legitimate medical uses in certain conditions
but are also widely abused to enhance athletic performance and
physical appearance. Such misuse can lead to serious health
consequences, including cardiovascular disease, liver damage,
and hormonal imbalance.

The complexity of steroid biology has significant implica-
tions for pharmacology. Synthetic steroids are widely used in
medicine, particularly as anti-inflammatory and immunosup-
pressive agents.*” However, the structural similarity between
different steroid hormones often leads to unintended receptor
interactions and adverse side effects. For example, synthetic
glucocorticoids may produce mineralocorticoid-related effects
such as sodium retention and hypertension if they interact with
mineralocorticoid receptors.** Conversely, attempts to design
receptor-specific steroid analogues have demonstrated that
achieving complete selectivity is challenging due to overlapping
receptor binding properties.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Modern pharmacological approaches increasingly focus on
selective receptor modulators and tissue-specific steroid
analogues in order to minimize systemic side effects while
maintaining therapeutic efficacy.® These strategies highlight
the importance of understanding steroid function within
complex biological networks rather than relying solely on
traditional classification systems.

4. Emerging perspectives in steroid
research

Advances in steroidomics and systems biology are transforming
the understanding of steroid metabolism and signalling. High-
resolution analytical techniques now allow researchers to
identify large numbers of steroid metabolites and map their
interactions within metabolic networks.*® These findings
suggest that steroids should be viewed as components of
dynamic biochemical systems rather than isolated hormone
classes. Furthermore, the growing recognition of intracrine and
paracrine steroid signalling challenges the traditional view that
steroid hormones act primarily through endocrine mecha-
nisms.?** Future classification systems may therefore need to
incorporate metabolic pathways, receptor interactions, and
tissue-specific regulation in order to provide a more compre-
hensive framework for understanding steroid biology.*®

5. Conclusions

Steroids represent a structurally diverse and biologically
important class of molecules derived from cholesterol. Their
classification can be understood from both chemical and
functional perspectives, reflecting differences in molecular
structure and physiological activity. Chemically, steroids
include sterols, bile acids, steroid hormones, and secosteroids,
each distinguished by specific structural modifications. Func-
tionally, the steroid hormones encompass glucocorticoids,
mineralocorticoids, and sex hormones, as well as neurosteroids
with specialized roles in the nervous system.

A comprehensive understanding of steroid classification
provides important insights into their physiological functions
and clinical applications. Continued research in steroid
biochemistry and endocrinology is likely to reveal new mecha-
nisms of action and therapeutic opportunities for steroid-based
treatments. Chemical and functional classifications of steroids
have historically provided valuable frameworks for under-
standing the structural diversity and physiological roles of these
molecules. Chemical classification highlights structural rela-
tionships and biosynthetic pathways, whereas functional clas-
sification emphasizes endocrine activity and physiological
effects. However, growing evidence from molecular endocri-
nology, receptor biology, and metabolomics indicates that
steroid signalling is more complex than these traditional cate-
gories suggest. Many steroids exhibit overlapping functions,
and tissue-specific metabolism can significantly alter their
biological effects.
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As research continues to reveal the complexity of steroid
networks, more integrative classification approaches that
incorporate metabolic pathways, receptor interactions, and
tissue-specific regulation will likely become increasingly
important for advancing both basic research and clinical
applications.

Steroid nomenclature spans chemical, functional, regula-
tory, metabolic, and clinical systems, each valid within its own
domain but potentially confusing when used inconsistently.
Advances in molecular biology, receptor characterization,
microbiome science, and clinical therapeutics have broadened
the range of contexts in which steroids are studied, revealing
numerous situations in which traditional nomenclature is
ambiguous or inadequate. A comprehensive understanding of
steroid classification provides important insights into their
physiological functions and clinical applications. Continued
research in steroid biochemistry and endocrinology is likely to
reveal new mechanisms of action and therapeutic opportunities
for steroid-based treatments.

To promote clarity in scientific communication, authors
should explicitly define all nomenclature systems used, espe-
cially when combining chemical and functional terms. Authors
should state the context in which functional names are applied
(physiological, developmental, pathological, or microbial).
Clinical or historical terms should be avoided when precise
chemical naming is essential. Metabolites and analogues
should be clearly identified, specifying whether nomenclature
reflects structure, origin, or action. Steroids should be
acknowledged to exhibit overlapping or divergent activities,
particularly when a single term may be misleading.

In conclusion, consistent and well-defined nomenclature
enhances interdisciplinary communication, supports repro-
ducibility, and ensures accurate interpretation of findings
across the diverse fields that study steroid biology.

Author contributions

The author is responsible for conceptualization, reviewing,
writing and editing of the review. A draft was refined with the
help of ChatGP.

Conflicts of interest

The author declares no conflict of interest.

Data availability

No primary research results, software or code have been
included and no new data were generated or analysed as part of
this review.

Acknowledgements

The author received no funds during the writing of this review.
The author would like to thank Cedric Shackleton for intro-
ducing my interest in mass spectrometry and David Morris for
helpful discussions over many years on aspects of steroid

27688 | RSC Adv, 2026, 16, 27678-27691

View Article Online

Review

endocrinology. The author is grateful for support and collabo-
rations with clinical staff at Middlesex Hospital, London and
University College London especially Professors Charles Brook,
Howard Jacobs, Gerard Conway, Peter Hindmarsh, Jonathan Fry
and technical staff in particular Richard Hodkinson and Elvira
Conway.

References

1 H. L. Mason, W. M. Hoehn, B. F. McKenzie and E. C. Kendall,
Chemical studies of the suprarenal cortex: IV Structures of
the compounds A,B and H, J. Biol. Chem.,1937,120, 719-730.

2 H. L. Mason, W. M. Hoehn, B. F. McKenzie and E. C. Kendall,
Chemical studies of the suprarenal cortex: IV Structures of
the compounds C, D, E, F, AND G, J. Biol. Chem., 1937,
124, 459-474.

3 G. Moss, IUPAC-IUB Joint Commission on Biochemical
Nomenclature (JCBN). The nomenclature of steroids.
Recommendations 1989, Eur. J. Biochem., 1989, 186, 429-
458; Eur. J. Biochem., 1993, 213, 2.

4 A. F. Hofmann, J. Sjovall, G. Kurz, A. Radominska,
C. D. Schteingart, G. S. Tint, Z. R. Vlahcevic and
K. D. Setchell, A proposed nomenclature for bile acids, J.
Lipid Res., 1992, 33(4), 599-604.

5 M. F. Holick, T. C. Chen, Z. Lu and E. Sauter, Vitamin D and
skin physiology:a D-lightful story, J. Bone Miner. Res., 2007,
22(Suppl 2), V28-V33.

6 T. Reichstein and C. Y. Shoppee, Steroids of the adrenal
cortex, Vitam. Horm., 1943, 1, 345-413.

7 E. Ikonen, Cellular cholesterol trafficking and
compartmentalization, Nat. Rev. Mol. Cell Biol., 2008, 9,
125-138.

8 W. L. Miller and R. J. Auchus, The molecular biology,
biochemistry, and physiology of human steroidogenesis
and its disorders, Endocr. Rev., 2011, 32(1), 81-151.

9 A. Odermatt and D. J. Morris, What can we learn from the
history of steroid metabolites and the ongoing
identification of novel biologically active steroid
metabolites, J. Steroid Biochem. Mol. Biol., 2026, 259, 106954.

10 P. F. Hall, Cytochromes P-450 and the regulation of steroid
synthesis, Steroids, 1986, 48, 131-196.

11 M. R. Waterman and E. R. Simpson, Regulation of
biosynthesis of cytochromes P-450 involved in steroid
hormone synthesis, Mol. Cell. Endocrinol., 1985, 39, 81-89.

12 T. M. Penning, Human hydroxysteroid dehydrogenases and
pre-receptor regulation: insights into inhibitor design and
evaluation, J. Steroid Biochem. Mol. Biol., 2011, 125, 46-56.

13 L. Schiffer, L. Barnard, E. S. Baranowski, L. C. Gilligan,
A. E. Taylor, W. Arlt, C. H. L. Shackleton and
K. H. Storbeck, Human steroid biosynthesis, metabolism
and excretion are differentially reflected by serum and
urine steroid metabolomes: A comprehensive review, J.
Steroid Biochem. Mol. Biol., 2019, 194, 105439.

14 H. G. Lee and C. ]J. Kim, Classic and backdoor pathways of
androgen biosynthesis in human sexual development, Ann.
Pediatr. Endocrinol. Metab., 2022, 27, 83-89.

© 2026 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra08275g

Open Access Article. Published on 22 May 2026. Downloaded on 5/24/2026 6:39:48 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Review

15 E. M. Altinkilic, T. du Toit, O. Sakin, R. Attar, M. Groessl and
C. E. Fluick, The serum steroid signature of PCOS hints at the
involvement of novel pathways for excess androgen
biosynthesis, J. Steroid Biochem. Mol. Biol.,, 2023, 233,
106366.

16 W. L. Miller, A. V. Pandey and C. E. Fliick, Disordered
Electron Transfer: New Forms of Defective Steroidogenesis
and Mitochondriopathy, J. Clin. Endocrinol. Metab., 2025,
110(3), e574-e582.

17 A. Slominski, B. Zbytek, G. Nikolakis, P. R. Manna,
C. Skobowiat, M. Zmijewski, et al., Steroidogenesis in the
skin: implications for local immune functions, J. Steroid
Biochem. Mol. Biol., 2013, 137, 107-123.

18 S. Laforest, M. Pelletier, N. Denver, B. Poirier, S. Nguyen,
B. R. Walker, et al, Simultaneous quantification of
estrogens and glucocorticoids in human adipose tissue by
liquid-chromatography-tandem mass spectrometry, J.
Steroid Biochem. Mol. Biol., 2019, 195, 105476.

19 C. Corpéchot, P. Leclerc, E. E. Baulieu and P. Brazeau,
Neurosteroids: regulatory mechanisms in male rat brain
during heterosexual exposure, Steroids, 1985, 45(3-4), 229~
234.

20 S. M. Paul and R. H. Purdy, Neuroactive steroids, FASEB J.,
1992, 6, 2311-2322.

21 H. Frederiksen, T. H. Johannsen, S. E. Andersen,
J. H. Petersen, A. S. Busch, M. L. Ljubicic, et al, Sex- and
age-specific reference intervals of 16 steroid metabolites
quantified simultaneously by LC-MS/MS in sera from 2458
healthy subjects aged 0 to 77 years, Clin. Chim. Acta, 2024,
562, 119852.

22 T. J. Upton, E. Zavala, P. Methlie, O. Kdmpe, S. Tsagarakis,
M. Oksnes, et al., High-resolution daily profiles of tissue
adrenal steroids by portable automated collection, Sci.
Transl. Med., 2023, 15, eadg8464.

23 D. J. Mangelsdorf, C. Thummel, M. Beato, P. Herrlich,
G. Schiitz, K. Umesono, et al, The nuclear receptor
superfamily: the second decade, Cell, 1995, 83(6), 835-839.

24 R. Losel and M. Wehling, Nongenomic actions of steroid
hormones, Nat. Rev. Mol. Cell Biol., 2003, 4, 46-56.

25 R. M. Evans and D. ]J. Mangelsdorf, Nuclear receptors, RXR
and the big bang, Cell, 2014, 157, 255-266.

26 C. R. Edwards, P. M. Stewart, D. Burt, L. Brett,
M. A. McIntyre, W. S. Sutanto, E. R. de Kloet and
C. Monder, Localisation of 11 beta-hydroxysteroid
dehydrogenase - tissue specific protector of the
mineralocorticoid receptor, Lancet, 1988, 2(8618), 986-989.

27 L. S. Trevifio and D. A. Gorelick, The Interface of Nuclear and
Membrane Steroid Signaling, Endocrinology, 2021, 162,
bgab107.

28 B. M. Schmidt, D. Gerdes, M. Feuring, E. Falkenstein,
M. Christ and M. Wehling, Rapid, nongenomic steroid
actions: A new age?, Front. Neuroendocrinol., 2000, 21, 57-94.

29 G. P. Vinson, The mislabelling of deoxycorticosterone:
making sense of corticosteroid structure and function, J.
Endocrinol., 2011, 211, 3-16.

© 2026 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

30 M. Charni-Natan, R. Aloni-Grinstein, E. Osher and V. Rotter,
Liver and Steroid Hormones-Can a Touch of p53 Make
a Difference?, Front. Endocrinol., 2019, 10, 374.

31 A. C. Swart, B. Heyns, M. Kidd, R. Pieters and S. L. Atkin, The
in vivo metabolism of 11-oxyandrogens and 11-
oxyprogesterones: novel pathways in the steroid
metabolome, Mol. Cell. Endocrinol., 2026, 613, 112719.

32 H. Selye, Correlations between the chemical structure and
the pharmacological actions of the steroids, Endocrinology,
1942, 30, 437.

33 P. S. Hench, E. C. Kendall, C. H. Slocumb and H. F. Polley,
Effects of cortisone acetate and pituitary ACTH on
rheumatoid arthritis, rheumatic fever and certain other
conditions, Arch. Intern. Med., 1950, 85, 545-666.

34 C. Djerassi, Steroid oral contraceptives, Science, 1966, 151,
1055-1061.

35 O. H. Pearson, L. P. Eliel, R. W. Rawson, K. Dobriner and
C. P. Rhoads, Adrenocorticotropic hormone- and cortisone-
induced regression of lymphoid tumors
a preliminary report, Cancer, 1949, 2, 943-945.

36 E. Z. Ezdinli, L. Stutzman, C. W. Aungst and D. Firat,
Corticosteroid therapy for lymphomas and chronic
lymphocytic leukemia, Cancer, 1969, 23, 900-909.

37 J. W. Honour, A historical perspective on the role of micro-
organisms in steroid pharmacology and endocrinology,
Microbiota Host, 2025, 3, €250005.

38 H. Eriksson, Absorption and enterohepatic circulation of
neutral steroids in the rat, Eur. J. Biochem., 1971, 19, 416-
423.

39 H. Eriksson and ]. A. Gustafsson, Excretion of steroid
hormones in adults. Steroids in faeces from adults, Eur. J.
Biochem., 1971, 18, 146-150.

40 H. Eriksson, Steroids in germfree and conventional rats.
Unconjugated metabolites of [4-14C]Jpregnenolone and [4-
14C]corticosterone in faeces from female rats, Eur. J.
Biochem., 1970, 16, 261-267.

41 H. Eriksson and J. A. Gustafsson, Steroids in germfree and
conventional rats. Sulpho- and glucuronohydrolase
activities of caecal contents from conventional rats, Eur. J.
Biochem., 1970, 13, 198-202.

42 H. Eriksson, J. A. Gustafsson and ]. Sjovall, Steroids in
germfree and conventional rats. 21-dehydroxylation by
intestinal microorganisms, Eur. J. Biochem., 1969, 9(4),
550-554.

43 H. Eriksson, J. A. Gustafsson and ]. Sjovall, Steroids in
germfree and conventional rats. 4. Identification and
bacterial formation of 17 alpha-pregnane derivatives, Eur.
J. Biochem., 1968, 6(2), 219-226.

44 J. W. Honour, The possible involvement of intestinal
bacteria in steroidal hypertension, Endocrinology, 1982,
110, 285-287.

45 J. W. Honour, S. P. Borriello, U. Ganten and P. Honour,
Antibiotics attenuate experimental hypertension in rats, J.
Endocrinol., 1985, 105, 347-350.

46 S.R. Gill, M. Pop, R. T. Deboy, P. B. Eckburg, P. ]J. Turnbaugh,
B. S. Samuel, et al., Metagenomic analysis of the human
distal gut microbiome, Science, 2006, 312, 1355-1359.

in man;

RSC Adv, 2026, 16, 27678-27691 | 27689


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra08275g

Open Access Article. Published on 22 May 2026. Downloaded on 5/24/2026 6:39:48 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

47 N. Sultana, Microbial biotransformation of bioactive and
clinically useful steroids and some salient features of
steroids and biotransformation, Steroids, 2018, 136, 76-92.
S. B. Mahato and S. Garai, Advances in microbial steroid
biotransformation, Steroids, 1997, 62, 332-345.

G. Arp, A. K. Jiang, K. Dufault-Thompson, S. Levy, A. Zhong,

J. T. Wassan, M. R. Grant, et al., Identification of gut bacteria

reductases that biotransform steroid hormones, Nat.

Commun., 2025, 16, 6285.

50 A. M. Miller and R. I. Dorfman, Metabolism of the steroid
hormones: isolation of 13 steroid metabolites from
a patient with probable) adrenal hyperplasia,
Endocrinology, 1950, 46, 514-525.

51 F. C. Bartter, F. Albright, A. P. Forbes, A. Leaf, E. Dempsey
and E. Carroll, The effects of adrenocorticotropic hormone
and cortisone in the adrenogenital syndrome associated
with congenital adrenal hyperplasia: an attempt to explain
and correct its disordered hormonal pattern, J. Clin.
Invest., 1951, 30, 237-251.

52 A. L. Southren, The syndrome of testicular feminization, Adv.
Metab. Disord., 1965, 2, 227-255.

53 M. Fukami and T. Ogata, Congenital disorders of estrogen
biosynthesis and action, Best Pract. Res., Clin. Endocrinol.
Metab., 2022, 36(1), 101580.

54 G. Benagiano, N. Pluchino, D. F. Archer and F. Z. Stanczyk,
Estrobolome: Is there a missing link?, J. Steroid Biochem.
Mol. Biol., 2026, 259, 106967.

55 K. H. Storbeck, L. Schiffer, E. S. Baranowski, V. Chortis,
A. Prete, L. Barnard, et al., Steroid Metabolome Analysis in
Disorders of Adrenal Steroid Biosynthesis and Metabolism,
Endocr. Rev., 2019, 40, 1605-1625.

56 M. Valles-Colomer, G. Falony, Y. Darzi, E. F. Tigchelaar,
J. Wang, T. Y. Tito, et al., ] The neuroactive potential of the
human gut microbiota in quality of life and depression,
Nat. Microbiol., 2019, 4, 623-632.

57 L. Liu, H. Wang, X. Chen, Y. Zhang, H. Zhang and P. Xie, E
Gut microbiota and its metabolites in depression: from
pathogenesis to treatment, Biomedicine, 2023, 90, 104527.

58 Z. Ling, Y. Cheng, F. Chen, X. Yan, X. Liu, L. Shao, et al.,
Changes in fecal microbiota composition and the cytokine
expression profile in school-aged children with depression:
A case-control study, Front. Immunol., 2022, 13, 964910.

59 T. S. Postler and S. Ghosh, Understanding the Holobiont:
How Microbial Metabolites Affect Human Health and
Shape the Immune System, Cell Metab., 2017, 26, 110-130.

60 F. Hosseinkhani, A. Heinken, I. Thiele, P. W. Lindenburg,
A. C. Harms and T. Hankemeier, The contribution of gut
bacterial metabolites in the human immune signaling
pathway of non-communicable diseases, Gut Microbes,
2021, 13, 1-22.

61 D. Zheng, T. Liwinski and E. Elinav, Interaction between
microbiota and immunity in health and disease, Cell Res.,
2020, 30, 492-506.

62 A. Prete, L. Abdi, M. Canducci, E. L. van den Brandhof,
A. Albors-Zumel, C. Jenkinson, et al, with ENSAT EURINE-
ACT Investigators. Endocrine and metabolic determinants

48

49

27690 | RSC Adv, 2026, 16, 27678-27691

63

64

6

9]

66

67

68

69

70

71

72

73

74

75

76

View Article Online

Review

of cardiometabolic risk in mild autonomous cortisol
secretion, EBioMedicine, 2026, 124, 106126.

G. Eisenhofer, M. Peitzsch, K. Mantik, M. Schulze,
G. Constantinescu, Z. Lu, et al, Robustness of
steroidomics-based machine learning for diagnosis of
primary aldosteronism: a laboratory medicine perspective,
Clin. Chem. Lab. Med., 2025, 63, 2236-2246.

Q. Chen, Y. Qian, M. Feng, H. Zhang and H. Xie, Integrating
urine metabolomic biomarkers and machine learning
algorithms to predict preeclampsia, Eur. J. Med. Res., 2025,
30, 1103.

S. A. Wudy, J. Pons-Kithnemann, M. Kunstreich, A. Redlich,
M. F. Hartmann and M. Kuhlen, Delineating pediatric
adrenocortical tumors by GC-MS urinary steroid
metabolome analysis: observations from the MET study, J.
Clin. Endocrinol. Metab., 2025, dgaf613.

E. Dajti, V. Tripodi, Y. Hu, M. C. Estiu, D. Shan, G. Mazzella
and F. Azzaroli, Intrahepatic cholestasis of pregnancy, Nat.
Rev. Dis. Primers, 2025, 11, 51.

C. Sow, T. Nguyen-Khoa, C. Moreau, ]. Fiet, G. Bachelot,
B. Ribault, FIRENDO Group, et al, Advances in congenital
adrenal hyperplasia newborn screening: 11-
ketotestosterone and 21-deoxycortisone as additional
discriminatory biomarkers, Eur. J. Endocrinol., 2025, 193,
677-686.

N. H. Khobragade, D. B. Sheth, C. A. Patel, J. V. Beladiya,
S. Patel and M. Dalal, Polycystic ovary syndrome: Insights
into its prevalence, diagnosis, and management with
special reference to gut microbial dysbiosis, Steroids, 2024,
208, 109455.

Y. Li, Y. Fang, H. Wang and H. Zhang, Balancing Act:
Exploring the Gut Microbiota-Brown Adipose Tissue Axis in
PCOS Pathogenesis and Therapeutic Frontiers, Front.
Biosci., 2024, 29, 208.

K. Hansdah and J. C. Lui, Emerging Insights into the
Endocrine Regulation of Bone Homeostasis by Gut
Microbiome, J. Endocr. Soc., 2024, 8, bvael17.

S. Y. Lee, E. Lee, Y. M. Park and S. J. Hong, Microbiome in
the Gut-Skin Axis in Atopic Dermatitis, Allergy, Asthma
Immunol. Res., 2018, 10, 354-362.

Y. Deng, N. Yang, J]. Wang and T. Tu, Understanding the role
of hormones in pediatric growth: Insights from a double-
debiased machine learning approach, Steroids, 2025, 214,
109552.

Y. Wang and Z. Xie, Exploring the role of gut microbiome in
male reproduction, Andrology, 2022, 10, 441-450.

S. Hanassab, S. M. Nelson, A. Akbarov, A. C. Yeung,
A. Hramyka, T. Alhamwi, et al, Explainable artificial
intelligence to identify follicles that optimize -clinical
outcomes during assisted conception, Nat. Commun., 2025,
16, 296.

M. D. McCurry, G. D. D'Agostino, J. T. Walsh, J. E. Bisanz,
I. Zalosnik, X. Dong, et al, Gut bacteria convert
glucocorticoids into progestins in the presence of
hydrogen gas, Cell, 2024, 187, 2952-2968.

G. Snaterse, A. E. Taylor, J. M. Moll, D. M. O'Neil,
W. J. Teubel, M. Wytske and W. M. van Weerden, Prostate

© 2026 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra08275g

Open Access Article. Published on 22 May 2026. Downloaded on 5/24/2026 6:39:48 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Review

cancer androgen biosynthesis relies solely on CYP17A1
downstream metabolites, J. Steroid Biochem. Mol. Biol.,
2024, 236, 106446.

77 ]. Byemerwa, C. Ching-Yi and D. P. McDonnell, The Roles of
Natural Killer Cells in Breast Cancer Pathobiology and Their
Regulation by Estrogens, Endocr. Rev., 2025, 46, 690-708.

78 M. Gjorgoska, B. Pir$, S. Smrkolj and T. L. Rizner, A novel
serum-based steroid-protein panels for differentiating
ovarian cancer from non-malignant adnexal masses,
Cancer Cell Int., 2025, 25, 410.

79 F. H. Yagin and A. Pinar, Metabolomics Analysis-Based
Machine Learning for Endometrial Cancer Diagnosis:
Integration of Biomarker Discovery and Explainable
Artificial Intelligence, J. Clin. Pract. Res., 2025, 47, 503-511.

80 J. R. Schreiber, A. J. Hsueh and E. E. Baulieu, Binding of the
anti-progestin RU-486 to rat ovary steroid receptors,
Contraception, 1983, 28, 77-85.

© 2026 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

81 D. L. Healy, Progesterone receptor antagonists and
prostaglandins in human fertil ity regulation: a clinical
review, Reprod., Fertil. Dev., 1990, 2, 477-490.

82 D. C. Guzman, N. O. Brizuela, H. J. Olguin, M. O. Herrera,
A. V. Peraza, E. H. Garcia, et al, Novel Synthetic Steroid
Derivatives: Target Prediction and Biological Evaluation of
Antiandrogenic Activity, Curr. Issues Mol. Biol., 2025, 47,
1059.

83 P. J. Barnes, Inflammatory mechanisms in patients with
chronic obstructive pulmonary disease, J. Allergy Clin.
Immunol., 2016, 138, 16-27.

84 J. W. Funder, Aldosterone and Mineralocorticoid Receptors-
Physiology and Pathophysiology, Int. J. Mol. Sci., 2017, 18,
1032.

85 F. Labrie, Intracrinology in action: importance of
extragonadal sex steroid biosynthesis and inactivation in
peripheral tissues in both women and men, J. Steroid
Biochem. Mol. Biol., 2015, 145, 131-132.

RSC Adv, 2026, 16, 27678-27691 | 27691


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra08275g

	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology

	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology

	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology
	Problems in the use of chemical and functional nomenclatures for steroids in human physiology, biology and pharmacology


