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1. Abstract
Increasing evidence is starting to accumulate from doctors, scientists, patient groups and online
discussion forums, whereby the seemingly unrelated 5ARI substances finasteride, dutasteride,
isotretinoin and saw palmetto extract are causing consumers to suffer from long-term, irreversible
and serious health damage. The vast array of persistent sexual, mental and physical adverse
reactions have a clear denominator in that they all relate to androgen mediated functions.
Individuals affected by this syndrome often develop an acquired form of treatment-resistant tertiary
hypogonadism, low Vitamin D3 and low 3α-diol-G values, amongst numerous other hormonal
imbalances. The acquired hypogonadism can manifest while on the 5ARI, but typically occurs within
days or weeks after discontinuation. Increasing androgen levels by various means usually results in
little or no symptomatic improvement; often a deterioration occurs. Such observations have led a
number of doctors and the authors of this paper to believe a novel form of chemically induced
androgen resistance is involved.
We propose that reducing DHT by 32-94%, depending on the 5ARI inhibitor used, leads to androgen
receptor hypersensitivity. The combination of a hypersensitive AR, and the return of baseline DHT
levels after 5ARI withdrawal, results in a sharply overexpressed AR signal. This in turn triggers an AR
negative autoregulation mechanism, which silences the overexpressed AR signal.
Because this silencing is of persistent nature, we propose that an epigenetic process is involved,
possibly in the form of DNA methylation. In this paper we demonstrate that AR gene expression has
an important influence on 3α-HSD induction. Beyond physical and sexual AR-mediated dysfunction,
we propose a silencing of the AR signal is likely to cause a sharp drop in the 3α-HSD metabolized
neurosteroids THDOC, pregnanolone and allopregnanolone. Downregulation of these critical
neurosteroids can lead to depression, anxiety and various neurological problems. We believe that
this mechanism is a strong contributing factor in the previously reported cases of isotretinoin and
also finasteride related suicides.
As the described syndrome seems to apply to 5ARIs in general, which typically manifests after 5ARI
withdrawal, we have termed this enigmatic medical problem the "5ARI Withdrawal Syndrome"
(5ARI-WS). This paper documents the theory related to 5ARI-WS, which is based on the interaction of
four known and scientifically documented molecular mechanisms:
1.
2.
3.
4.

AR overexpression (hypersensitivity) as a result of decreased androgen (DHT) availability
Silencing of AR signal through negative autoregulation as a result of overexpressed AR signal
Lacking induction of the 3α-HSD enzyme as a result of a silenced AR signal
Epigenetic changes in homeostasis resulting in permanently altered levels of gene expression
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2. Introduction
Increasingly overwhelming evidence is starting to accumulate from doctors, scientists, patient groups
and online discussion forums, whereby seemingly unrelated substances such as finasteride,
dutasteride, isotretinoin and saw palmetto extract (SPE) based preparations are causing young
consumers to suffer from long-term, irreversible and serious health damage. The experienced
persistent side effect have a clear denominator in that they all relate to physiological and
psychological functions which require androgens to function correctly:
















Loss of libido (1) (2)
Low energy, fatigue (1)
Depression (including suicidal depression)* (3) (4) (5) (6)
Impaired thought processes* (7)
Memory failure* (7)
Erectile dysfunction (8) (9) (2)
Penile atrophy (9)
Impaired spermatogenesis (10) (11) (12)
Muscle atrophy/wasting (13) (14) (15)
Gynecomastia (16)
Dry skin and dry eyes (17) (18) (19)
Prostate problems (2)
Metabolic syndrome (20)
Osteoporosis (21) (22)
Anxiety and sleep disorders, muscle twitches/fasciculations (23) (24) (25)

* Indirect action through 3α-HSD as described later in this document
Of substantial note is that most side effects typically surface or reach full extent between 1-14 days
after quitting the 5ARI substances. Androgen dependent tissue atrophy (penile, scrotum, muscle,
prostate) often takes weeks or months before becoming apparent, while osteoporosis typically takes
years to develop. Of equally important note is that attempts to supplement androgens (TRT, DHT)
often make symptoms worse.
In addition to the previously listed symptoms, the following blood values have been highly correlated
with affected patients:




Low LH/FSH and Testosterone values
Low 3α-diol-G values
Low 25(OH) Vitamin D3 values (26)

From a pharmacological point of view, the common denominator between the involved 5ARI
substances is the reduction of DHT at the cellular and circulating level through 5AR inhibition. Indeed,
finasteride (27), dutasteride (27) (28) (29) , isotretinoin (30) (31) (32) (33) (34) and saw palmetto
extract (35) (36) (37) (38) (39) (40) exert their effect on BPH, hair loss and acne through the potent
inhibition of 5-alpha reductase.
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As the described syndrome seems to apply to 5ARIs in general, and manifests mainly after 5ARI
withdrawal, we will henceforth refer to the enigmatic medical problem described in this paper as the
“5ARI Withdrawal Syndrome” (5ARI-WS).
To date, the vast majority in the medical and scientific community remain unaware that 5ARIs can
cause permanent health damage. Nonetheless, an increasing body of media and medical awareness
is starting to recognize aspects of this serious condition, as evidenced below:


2006 - Swedish Medical Products Agency begins safety investigation into reports of persistent
sexual side effects which continue despite quitting finasteride (Propecia).
[Original | Google English translation]



2007 - National Swedish TV interviews a 5ARI-WS sufferer, Merck, and research scientists
about the damaging effects of Propecia and possibility of permanent sexual side effects.
[Watch on Youtube]



2007 - Dr. Eugene Shippen, M.D. & author of “The Testosterone Syndrome”, speaks out about
5ARI-WS (“The Proscar/Propecia problem - "rare" but dangerous reactions of 5 alpha
reductase inhibitors – the “Post Propecia Syndrome”) in his itinerary for the 15th Annual
World Congress on Anti-Aging Medicine & Regenerative Biomedical Technologies. [Source]



2008 - Swedish Medical Products Agency concludes safety investigation, adds persistent
erectile dysfunction after discontinuation of finasteride (Propecia) as officially reported side
effect & possible outcome from use. [Source, pg. 3, section 4.8]



2009 - UK's MHRA updates finasteride 1mg prescription information to include permanent
erectile dysfunction as a reported side effect and possible outcome of use. [Source, pg. 7,
section 4.8]



2009 - Swedish TV broadcasts follow-up news story on persistent sexual side effects from
Propecia. Despite long denying it, Merck, Sharpe & Dohme Sweden required to inform
customers of this possible outcome from use via labeling updates. [Watch on Youtube | News
article – Swedish, Google English translation]



2009 - Dr. John Crisler, D.O. speaks out at a medical symposium on the dangers of finasteride,
its dangerous effects on the endocrine system and possibility of permanent hypogonadal
sexual, mental and physical side effects. [Watch on Youtube]



2010 - Dr. Michael Irwig, M.D., F.A.C.E, and Director of Andrology at George Washington
University launches clinical study into persistent finasteride sexual side effects from Propecia
in young men aged 18-40. [Source | Details & updates]



2010 - Dr. Alan Jacobs, M.D. & Neuroendocrinologist confirms existence of irreversible
hypogonadism from finasteride use and 5ARI-WS, unlisted mechanisms of action of
finasteride/neurosteroid inhibition, and the possibility of acquired androgen resistance as a
cause for persistent finasteride side effects. [Source – article 1, article 2, article 3]



2010 - The Italian House of Representatives Hon. Alexander Maran (Democratic Party)
presents written parliamentary question to Italian Minister of Health, regarding the risks of
permanent sexual, mental and physical side effects from finasteride use, questionable safety
of Propecia use in young men, and what the Ministry of Health intends to do to protect
Italian consumers, and investigate and treat 5ARI-WS in men suffering from the condition.
[Source]
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Much of the available clinical experience and data, on which this paper is based, relates to men who
have taken finasteride. Additionally, from growing anecdotal evidence and member stories on online
discussion forums such as propeciahelp.com, as well as other patient groups, it is becoming
increasingly clear that other 5ARI drugs and substances such as dutasteride, isotretinoin and saw
palmetto extract can cause similar side effects to those of finasteride users, which may persist longterm.
According to user experience of over 1000 men on www.propeciahelp.com, numerous men who quit
the drug experience persistent side effects and acquired form of tertiary hypogonadism which
remains highly resistant to treatment. In many of these men, supplementation of testosterone or
DHT has little, if any, impact on long-term symptomatic relief. As noted by certain doctors (41) (42),
there are men who, despite having normal testosterone values after quitting, continue to experience
a vast array of hypogonadal-like symptoms, whereby the available androgens often seem to have no
effect. As a result, many sufferers and some doctors (41) (42) hypothesize that the mechanism of
these persistent hypogonadal symptoms and loss of androgenic action are due to an acquired and
novel form of 5ARI-induced androgen resistance.
We, the authors of this paper, have spent many months researching scientific publications, compiling
case studies, and reviewing adverse reaction reports related to these 5ARI substances. An extensive
meta-analysis of existing scientific research material was then used to correlate the timeline and
profile of the adverse reaction scope with known molecular mechanisms, in an effort to explain the
possible causes of this problem in further detail.
Through this process, we believe to have arrived at a groundbreaking new finding; that is, that all
5ARI substances can cause a common set of persistent side effects resulting from their common
mechanism of action, namely the reduction of DHT. As part of our work, we propose a possible
molecular mechanism, which may, for the first time, plausibly explain Accutane (isotretinoin) related
suicides (43).
Unfortunately, as of June 2010, nothing has been published concerning persistent 5ARI induced side
effects or 5ARI-WS from a scientific point of view. Until this occurs, the following theory is meant to
be a source of direction and inspiration for future scientific investigation.
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3. The 5ARI-WS Theory
The following illustration provides an overview of the 5ARI-WS theory:

In the following, each of the above illustrated phases will be explained in further detail.

Step 1

DHT is synthesized from Testosterone by the 5alpha reductase enzyme*. Two isoforms are known to
exist: Type 1 and 2 (44). Recently, an additional type 3 isoform has been discovered (45). The main
mode of action and common denominator of all 5ARI’s is that they reduce DHT levels at the
circulating, and above all cellular level in different parts of the body, depending on which isoform is
inhibited (46).
* Note: Recent research challenges this pathway and suggests that 5a-reduction rather catalyzes 4dione into 5a-androstane-3,17-dione, which then undergoes a 17keto-reduction step to DHT through
17b-HSD’s (47).
As anti-androgenic and androgen deprivation therapy agents, 5ARIs have a broad range of
mechanisms and resultant sexual (48) (49) (50) (51), physiological/neurological (52) (53) (54) and
hormonal (55) (56) (57) effects. Depending on the agent (saw palmetto, isotretinoin, finasteride,
dutasteride), a significant (32% - 94%) reduction in DHT and neurosteroids (THDOC, Pregnanolone,
Allopregnanolone) will result from 5ARI use.
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While on the drug, and given the above consequences of inhibiting 5AR and related hormonal
effects, side effects can sometimes arise in a subset of men which lead them to stop taking the 5ARinhibiting substance. While the full extent of 5ARI-WS symptoms typically appears between 1 to 14
days following 5ARI withdrawal, it is also possible that the involved mechanisms can start occurring
while still on the 5ARI substance. Such observations have been corroborated by medical
professionals who have noted acquired hypogonadism can occur either while on the medication or
shortly after discontinuation (41) (42).

Step 2

Affected men often present with low LH, FSH and T values after discontinuing the 5ARI medication.
Although few men have baseline hormonal values available before finasteride use, it must be
assumed that most individuals had no pre-existing medical conditions and were not hypogonadal
before having taken a 5ARI. This is supported by the low statistical probability (2.5%) of young men in
their 20s being affected by hypogonadism (58).
The presentation of low LH, FSH and T values has been diagnosed in such patients as tertiary
hypothalamic hypogonadism, implying a hypothalamic failure (59). This is remarkable because
normally, low T would be expected to lead to a positive GnRH response as a result of negative
feedback on the hypothalamus, which in turn would stimulate LH and T production (60). With most
of those affected, this is not the case.
Given the fact that androgens negatively regulate GnRH production (61), we postulate the acquired
hypogonadal state of these men is due to the body falsely sensing high androgen levels at the
hypothalamus. Further extrapolating from this line of thought, we propose that some form of
androgen “amplification” is causing the body to sense an excess of androgens, despite low T values
being present. What could be the mechanism of such an “amplification”, which causes the body to
sense an excess of androgens despite the presence of low androgen levels?
AR hypersensitivity may provide the answer. Research has shown that reducing activation of the
androgen receptor (either by reducing DHT through 5AR inhibition or by AR antagonism through an
anti-androgen such as bicalutamide) can lead to androgen receptor hypersensitivity (62) (63) (64)
(65) (66). A state of AR hypersensitivity would cause an amplification of the AR signal (67), mainly
through HSP90 acetylation (68). We thus postulate that such amplification of the AR signal also
occurs at the hypothalamic site, causing excessive negative regulation of GnRH production.
We thus propose that a hypersensitive AR would cause the hypothalamus to falsely sense an excess
of androgens, causing the pituitary to reduce LH output and thus lower overall testosterone
production to hypogonadal levels – resulting in the acquired hypogonadal values many men affected
by 5ARI-WS present with clinically.

The 5ARI Withdrawal Syndrome (August 2010 / Awor, Mew)

6

Step 3

How does AR hypersensitivity contribute to silencing the AR signal, leading to what we believe to be
an acquired form of androgen insensitivity?
We propose that when DHT returns after 5ARI withdrawal and binds to the hypersensitive AR, the
resulting overexpressed signal will lead to a strong negative AR autoregulatory response. In the
following, we will attempt to outline the complex molecular mechanisms involved in such a response.
Overview of androgen receptor function and regulation
The androgen receptor (AR) mediates the physiologic effects of androgens (T, DHT) by binding to
genomic androgen response elements (AREs), which influence transcription of AR target genes (69).
In the process of transcription, the target gene DNA sequence is copied into an intermediary
molecule called RNA. Transcription is controlled by other DNA sequences called transcription factors,
which show a cell where genes are located, and control how often they are copied (70).
The RNA copy made from a gene is then fed through a structure called a ribosome, which translates
the sequence of nucleotides in the RNA into protein (70). In some cases the protein must undergo
further transformation in the form of posttranslational modification in order to become a functional
gene product (typically a protein). The functional gene product (gene expression) is ultimately what
exerts androgenic response in the body (69). If this gene product is not expressed at normal levels,
androgen dependent functions will fail.
After 5ARI withdrawal and restoration of DHT levels to baseline, a hypersensitive AR, probably
through amplification at the transcriptional level (68), will result in an overexpressed gene product if
not offset by other regulation mechanisms. Several studies have documented that the androgen
receptor has sophisticated mechanisms to autoregulate its own gene expression levels through
negative and positive autoregulatory feedback loops (71) (72) (73) (74) (75). A (genetic network)
feedback loop means that the receptor is regulated by its own gene product (76). These
autoregulation mechanisms normally assure that AR gene expression remains within precisely
determined ranges (73). If this were not the case, cancer, runaway muscle growth or blood clotting
could occur, which would eventually lead to death.
Those affected by 5ARI-WS share a number of common hypogonadal-like symptoms; however, not all
symptoms are experienced to the same degree by all affected individuals. Such variability is likely
explained through the unique genetic profile of each affected individual. To date, over 200 AR target
genes (androgen responsive genes – ARGs) have been identified (69), giving credence to the fact
there are innumerous androgen-mediated processes within the body which can be affected to an
individual degree by gene regulation mechanisms. Alternative RNA splicing can further increase the
number of proteins translated from target genes (77) (78).
As described previously, transcription factors are complex molecular machines that control the
expression of target genes. At any given time, depending on the context and cellular stimuli, a
transcription factor will affect only a subset of its target genes (79). Proteins that modulate the
activity of transcription factors, often called modulators, play a critical role in creating tissue- and
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context-specific gene expression responses to the signals cells receive. Currently, nearly 300
modulators of AR gene expression are known (79). These modulators work in concert to amplify or
silence gene expression (67).
It is assumed that AR hypersensitivity is the result of a set of modulators that enhance AR
transcription (enhancers, promoters, activators) (67). If the resulting level of expression becomes too
high, another set of autoregulation mechanisms will take effect to offset this (71) (80) (81) (75) (79)
(82), for example:






modulators and chromatin remodeling at the transcriptional level
DNA methylation at the transcriptional level (83) (84)
RNA splicing at the posttranscriptional level (78)
RNA sequestration at the translational level
Posttranslational modifications such as phosphorylation, acetylation, sumoylation, etc.

Autoregulatory mechanisms can thus operate at the transcriptional, post-transcriptional,
translational and posttranslational level (82), and the result of such (negative) autoregulation can be
a partial or complete silencing of the AR signal (72). As stated above, transcription factors only affect
a subset of target genes. Given that modulators only affect a subset of transcription factors, it is clear
that gene regulation of the androgen receptor is a very sophisticated and fine grained mechanism,
allowing for an individual regulation of the expression of target genes.
The effect of these modulators or the balance thereof can be temporarily modified by epigenetic
regulation processes such as phosphorylation, or more permanently modified by processes such as
DNA methylation. Such modifications are considered to be responsible for more or less permanent
changes in gene expression levels. It has been hypothesized that epigenetic changes in gene
expression are the basis for persistent side effects from drugs. This includes permanent side effects
from 5ARI class substances such as isotretinoin (85), and presumably other 5ARIs such as finasteride,
dutasteride and even saw palmetto extract (SPE).
Scientific research has shown that methylation of the androgen receptor promoter CpG island is
associated with loss of androgen receptor expression in prostate and human leukemia cancer cells.
The demethylating agent 5-aza-2’ deoxycytidine induced a re-expression of AR RNA (86) (87). This
gives further credence to the concept that DNA methylation may be involved in the persistent
silencing of the AR signal.
Of interesting note, a small number of affected men have reported experiencing a short period of
recovery after administrating ciprofloxacin or other antibiotics. Ciprofloxacin is known to significantly
alter protein levels in both directions through changes in gene expression rates over a broad range of
target genes (88). This could indicate that a change in proteins which regulate AR expression levels
allowed for a short lasting “recovery” phase, giving further support to the hypothesis that some form
of misguided AR negative autoregulation mechanisms lies at the root of this problem.
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Theory related to AR gene regulation
In summary, theory related to gene regulation in the context of 5ARI-WS is as follows:







According to research, it seems plausible that AR hypersensitivity, due to androgen
depletion, occurs through amplification at the transcriptional level.
Given the sophistication of AR autoregulation mechanisms, it seems plausible that an errant,
overexpressed AR at the transcriptional level can lead to downstream negative
autoregulation, i.e. at the posttranscriptional, translational or posttranslational level. Such
gene regulation mechanisms can partially or totally silence the AR signal in response to an
overexpressed AR signal.
Given the cell specific expression of 5AR isoforms, and the fine grained nature of AR
autoregulation mechanisms which vary depending on cellular context and genotype of the
affected person, it seems plausible that not every AR-mediated body function is affected to
the same degree and that not all suffering men have the same symptomatic profile.
Given the role of epigenetic processes, such as chromatin remodeling and DNA methylation
in the persistent alteration of homeostasis (82) (89) (85), it seems plausible that the
combination of these elements could work in concert to persistently downregulate AR gene
expression.

Step 4

Consumers experiencing side effects from 5AR inhibitors will typically choose to withdraw from using
the medication in order to resolve their side effects, as per the manufacturer’s claims that side
effects experienced will resolve upon discontinuation of the medication (90).
Within 7 days of quitting the 5ARI medication, as presumably functional 5AR enzyme returns,
baseline DHT levels are restored (91). Following the suppression of DHT by over 70% while on the
medication (i.e. finasteride) (91), the return of baseline DHT levels represents a rapid increase of DHT
concentrations at the cellular level by over 333% (from 30% to 100%, which equates to 1 / 0.3 =
3.33). Depending on where the body has determined the reference point for “normal” androgen
levels to be (i.e. 30% mark or 100% mark), and assuming the body has become “accustomed” to a
significantly reduced level of DHT (and thus gene expression) while on the medication, we postulate
that a rapid restoration of baseline (100%) DHT levels after a period of androgen deprivation may be
perceived as excessive by the body.
Assuming that this flood of DHT now binds to an already overexpressed and hypersensitive AR, we
propose that the resultant strongly overexpressed AR signal, combined with the body’s perception of
a much lower “normal” level of gene expression, leads to a substantial negative and persistent
autoregulatory response. We propose that this response effectively silences the AR signal and that in
effect, all dependent downstream processes (e.g. induction of 3α-HSD enzyme) become
downregulated. We propose that methylation is involved in the context of this negative
autoregulatory response, leading to persistent silencing of the AR signal.
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4. Evaluation of the Hypothesis
Evidence of AR silencing: Downregulation of 3α-HSD and low 3α-diol-G values
Most tested 5ARI-WS patients tested via serum assays display low levels of 3α-androstanediol
glucuronide (3α-adiol-G). What is this telling us? In order to answer this question, we need to
precisely understand what regulates the production of 3α-diol-G.
5α -DHT is reduced by the enzyme 3α-HSD to the inactive androgen 3α-diol-G. (92). 3α-diol-G is an
inactive androgen because it does not bind to the androgen receptor (93). By deactivating
androgens, 3α-HSDs determine the amount and the type of androgen available for the androgen
receptor and hence affect transcription of genes under androgen control (92).
3α-diol-G is considered to be a marker of androgen metabolism (94) (95). Studies have proposed that
3α-diol-G is a marker of 5α-reductase activity (96) as well as a marker of androgen insensitivity (97)
(98). However, little has been published on how androgens (DHT, T) induce 3α-HSD to transform
these hormonal precursors into 3α-diol-G.
Two theoretical possibilities exist:



Direct: Androgens induce 3α-HSD expression by directly influencing its modulators
Indirect: Androgens modulate AR gene expression, which in turn induces 3α-HSD

Unfortunately, very little has been published on the regulation of 3α-HSD. Research related to the
gene regulation of 3α-HSD in bacteria (a short chain version of 3α-HSD), may give us some clues,
although this is purely hypothetical. In the hsdA encoding gene of 3α-HSD in the Comammonas
testeroni, hsdA is regulated by several activators and repressors which interact with steroid
substrates (99). Repressor repA positively regulates hsdA gene expression through de-repression by
forming a binding complex with testosterone (99).
This does not answer the question, however, as to which mechanism (direct, indirect) is the most
important in determining 3α-HSD gene expression in humans, as 3α-HSD in humans belongs to the
AKR superfamily (100). Our approach to this question was to study documented CAIS (Complete
Androgen Insensitivity Syndrome) cases with an androgen receptor defect, effectively mimicking a
human AR “knock-out” model.
Should 3α-HSD be mainly induced by testosterone or DHT, then 3α-diol-G levels would be expected
to fall within normal ranges with CAIS subjects. If, however, 3α-HSD is induced by AR gene
expression, and since AR gene expression would be missing in such CAIS patients, we would expect to
find substantially lower levels of 3α-diol-G in these patients.
A study of two CAIS patients with a post-receptor defect, but normal wild type (WT) AR gene and
normal mRNA size provided suitable data. Testing of these two patients revealed the following (101):






No detectable androgen binding to AR
Normal to high testosterone values
High LH/FSH
Normal 5AR activity
LOW 3α-diol-G (only 25.9 – 38.3% of normal male reference range level)
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These results suggest that direct induction of 3α-HSD through androgens, or perhaps other
hormones, can only account for roughly 25 – 40% of total 3α-HSD induction (perhaps through derepression by T/DHT as with short chain version of 3α-HSD). Considering that the patient whose
result was 25.9% (50/193 g/24hr) had testosterone levels much closer to the male reference level of
5.8 ng/dl (101) than the other, which was higher, a figure of roughly 25% is probably more realistic
than is 38.3%.
This result suggests that 3α-HSD is mainly (~75%) induced by AR gene expression. Hence, low 3α-diolG values would infer low or lacking AR gene expression.
Verification of 3α-diol-G as a marker of AR gene expression
To verify this hypothesis, we should be able to apply 3α-diol-G as a marker of AR gene expression to
prove or disprove the involvement of some form of silencing of the AR signal.
With WT men, 3α-diol-G and testosterone levels are known to be significantly correlated (r = 0.37; p
less than 0.01) (102). In other words, an increase/decrease in testosterone should lead to a
proportional and significant increase/decrease in 3α-diol-G.
This is also evidenced by the following graph from a study, which compares mean T, DHT, 3α-diol-G
and ADT-G values from before and after castration (103):
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The correlation analysis between testosterone and 3α-diol-G levels from 5ARI-WS patients would
allow us to verify this hypothesis.
We thus proceeded to analyze available patient data from the Propeciahelp.com website with the
help of a scatter plot diagram, where 3α-diol-G was plotted against total testosterone levels. All
values were normalized against reference ranges using following formula:
norm(Val) = (Val – Lr) / (Ur – Lr)
Where Val = assay value, Lr = lower ref. range limit, Ur = upper ref. range limit
The result was as follows:

Tot. Testosterone vs. 3a-diol-G @ Ref. Range%
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3a-diol-G @ Ref.%

80%
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WT correlation

60%
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Linear (3a-diol-G ref%)

The data from 5ARI-WS patients (90) yielded an almost flat linear regression line, indicating
practically no correlation between testosterone and 3α-diol-G values. This is in strong contrast with
the above cited studies. Given that low 3α-diol-G values suggest low AR gene expression, this graph
strongly supports the notion that higher testosterone values seem to have little to no effect on
(functional) AR gene expression.
Linking low 3α-HSD induction to mental symptoms (Depression, Cognitive difficulties)
To date, four functional isoforms of 3α-HSD [i.e. types 1, 2 and 3 3α-HSD, and 20α(3α)-HSD] have
been characterized on the basis of their affinity for 5α-DHT. Types 2, 3 and 20α(3α)-HSD are also
actively expressed in the human brain, whereas 3a-HSD type 1 is not (104). All types are likely to be
induced by AR gene expression.
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5ARI-WS often suffer from a wide array of mental symptoms which include:










Various degrees of depression (from light to suicidal)
Slowdown of cognitive function, often described as “brain fog”. This is sometimes
accompanied by slurring of speech.
Impairment of short and long-term memory
Disturbed sleeping patterns and insomnia
Social phobia
Anxiety
Emotional flatness
Lack of libido, loss of sexual interest
Loss of aggression and self-confidence

Scientific publications (105) (104) (106) have shown that:











Major depressive disorders are linked to a deficiency in 3α-reduced neuroactive steroids,
specifically allopregnanolone (3α,5α-THP).
Allopregnanolone (3α,5α-THP), pregnanolone(3α,5β-THP), and allotetrahydrodeoxycorticosterone(THDOC) are perhaps the most potent positive modulators of GABAA receptor
function.
Neurosteroids may regulate their own biosynthesis through modulation of GABAA receptor
function.
Neurosteroids are also involved in the control of a number of behavioral, neuroendocrine
and metabolic processes such as regulation of food intake, locomotor activity, sexual activity,
aggressiveness, anxiety, depression, body temperature and blood pressure.
Dysfunction in GABAergic neurotransmission may contribute to the pathophysiology of mood
disorders.
Insomnia has been linked to a deficiency GABAA-receptor-active 3α-reduced neurosteroids.
Allopregnanolone (3α,5α-THP ) plays a key role in inhibiting fear and anxiety.
Allopregnanolone is reduced in prefrontal cortex in Alzheimer's disease patients.

The above listed publications (105) (104) are summaries of current knowledge and understanding of
neurosteroid metabolism and action. From these it is clear that the most potent neurosteroids
(allopregnanolone, pregnanolone and THDOC) are synthesized by 3α-HSD. These are especially
important because of their central role in modulating GABAA receptor function and regulation of
other neurosteroids.
Given that AR gene expression seems to have an important influence on 3α-HSD induction, as
previously evidenced by low 3α-diol-G levels with CAIS patients, it becomes plausible that a silencing
of the AR signal would cause a sharp drop in 3α-HSD metabolized neurosteroids which in turn would
lead to an onset of the above listed symptoms.
It must be noted that 3α-HSD already gets downregulated while on the 5ARI (due to reduction in
DHT, and as evidenced through concomitant decrease in 3α-diol-G values during usage of finasteride)
(107). We propose that the presumably abrupt silencing of the AR signal, once DHT returns and binds
to hypersensitive AR, would lead to a further, strong downregulation of 3α-HSD. This in turn would
cause a sharp drop in these neurosteroids, resulting in an almost immediate onset of strong
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depression and anxiety in many of the affected persons. We regard this as a plausible explanation for
the suicides which have occurred in relation with isotretinoin (Accutane) and in certain cases with
finasteride use. Such negative changes in neurosteroid levels, particularly significantly reduced
allopregnanlone values, provide a likely explanation for the many cognitive issues ("brain fog") which
are often reported by affected individuals.
Conciliating AR hypersensitivity with LH downregulation in the light of silenced AR signal:
As previously mentioned in this paper, an important clinical observation after quitting the 5ARI is a
sharp drop in LH and testosterone levels, leading to tertiary hypogonadism in affected patients. At
first thought, this effect is not consistent with the concept of a silenced AR signal – that is, in the case
of a silenced AR signal, the lack of AR induction at the hypothalamus would lead to a surge in LH and
thus testosterone, not a drop. Therefore, for the manifestation of hypogonadal LH and testosterone
values to be compatible with the concept of a silenced AR signal, the signaling mechanism at the
hypothalamic site must be uniquely different.
A unique mode of AR action at the hypothalamic site seems to be the case. Recent research has
demonstrated that the regulation of GnRH by AR is not only through genomic mechanisms but rather
differentially through a novel form of non-genomic membrane mediated AR signal transduction (61).
This difference in the AR signaling mechanism between the hypothalamus and the rest of the body
makes it plausible that AR autoregulation functions differently or does not apply at the hypothalamic
site.

Step 5

Following the silencing of the AR signal described in STEP 4, which results from the returning DHT
binding hypersensitive androgen receptors, a persistent form of AR silencing likely results. This is
evidenced by the regression of androgen mediated tissue (penile, muscle and prostate tissue) as well
as androgen mediated physiological processes (libido, erectile function, spermatogenesis, sebum
production, etc.).
The genotype of the affected persons is currently unknown. There is much case evidence that not all
individuals are affected in the same way or to the same degree. Some get only weak side effects such
as mild ED or depression, while others get a very broad range of serious side effects, which include
strong muscle wasting, life threatening depression, metabolic syndrome, osteopenia/osteoporosis,
destruction of penile structure and complete loss of all sexual function. There appears to be a broad
range between those end-points, which presumably is determined by individual genetics and the 5AR
isoform which was inhibited.
We have observed that 5ARI-WS resulting from isoform specific inhibition of 5AR (finasteride = type 2
vs. isotretinoin = type 1) tends to more severely affect areas in which the inhibited isoform is strongly
expressed (5AR1 vs. 5AR2 tissue).
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5. Discussion: Explaining persistency
As stated earlier in this paper, hypogonadal LH and T values, while coming off the drug, are proposed
to be caused by AR hypersensitivity. In some affected individuals, LH and T values appear to increase
somewhat over time, but in most cases never reach normal levels again. It thus must be assumed
that AR remains persistently hypersensitive to a certain degree in numerous affected men.
Why AR hypersensitivity would remain persistent, even after restoration of baseline DHT values, is
unclear. Scientific literature describes AR hypersensitivity to be reversible upon restoration of normal
androgen levels (63). This is often not the case as evidenced by affected men. Therefore, how could
such a persistent state be explained?


As stated prior, persistency generally could be explained by an epigenetic alteration of
homeostasis through direct (chromatin remodeling, DNA methylation) or indirect
mechanisms (alteration of transcription factor activity at gene promoters) (85).



As another possible explanation, a recent study found that cell turnover rate increases with
decreasing androgen levels, which may increase the rate of mutation and malignant
evolution. The study further found that low androgen environments, caused either by low
serum testosterone or by reduced 5a-reductase activity, select more strongly for elevated AR
expression than do normal environments (108). Such a change would presumably be slow to
reverse.



Of particular note is a study in which the AR within animal model prostates, which were
subjected to finasteride, remained hypersensitive even 21 days after stopping the treatment.
This is a further indication that persistency of AR hypersensitivity is possible, probably due to
a persistent change at the transcriptional level given the observed nuclearisation of the AR
(109).



Another noteworthy parallel to the 5ARI-WS is the Anti Androgen Withdrawal Syndrome
(AAWS). Discontinuation of an anti-androgen treatment sometimes results in prostatespecific antigen (PSA) decline, often associated with clinical improvement of the prostate
tumor (110) (111). These benefits typically persist for a number of months. It is known that
both PSA and prostate cancer tumors are androgen dependant (112). The reduction of both
could suggest that some form of AR silencing has occurred, similar to the phenomenon we
are describing in this paper. With AAWS we basically have the same sequence of events as
with 5ARI-WS: Androgen depletion, AR hypersensitivity, returning androgens binding
hypersensitive AR, the result of which is that androgen mediated processes stop working. It is
interesting to note that PSA values of many affected men are in the low range (< 0.5). It
would be very interesting to test 3α-diol-G values and determine if AAWS patients also suffer
from 5ARI-WS symptoms in order to confirm a possible link.
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Consequences of the Hypothesis and Summary
We the authors have attempted to present here in this paper, for the first time, a unified theory to
explain the 5ARI-Withdrawal Syndrome, reasons for persistent side effects, and mechanisms behind
the acquired hypogonadism and androgen resistance which can result from 5ARI use. In this regard,
we believe that the links which we have hypothesized between the covered 5ARI substances and the
combined molecular mechanisms of the observed adverse reactions is ground breaking, in that:















Androgen depletion through 5ARI use can result in persistent AR hypersensitivity.
Hypogonadal LH/FSH and testosterone levels, commonly observed with 5ARI-WS patients,
are the result of excess negative GnRH regulation due to AR hypersensitivity at the
hypothalamic site.
Withdrawal of 5ARI and return of DHT to baseline levels typically represents an increase of
over 330% compared with suppressed levels while on the 5ARI (finasteride). The
combination of AR hypersensitivity and a threefold increase in hormonal levels can lead to
extreme AR negative autoregulatory response which involves epigenetic silencing
mechanisms such as DNA methylation.
In light of AR hypersensitivity and a misguided negative AR autoregulation, attempts to
supplement testosterone and DHT can further exasperate the situation, leading to a
persistent worsening of the symptoms, possibly through further methylation.
Downstream AR mediated processes, such as the induction of 3α-HSD, become substantially
downregulated as a result of the silenced AR signal. This is evidenced by low 3α-diol-G values
with affected patients. Failed induction of 3α-HSD results in a critical drop in neurosteroid
levels which in turn is causative for depression, impaired cognitive function and loss of sexual
desire (libido).
Androgen dependent tissues such as penile tissue, muscle and the prostate gland undergo
apoptosis as a result of the silenced AR signal.
Androgen dependent physiological processes such as the male erection are impaired. Lacking
activation of sebaceous glands as a result of a silenced AR signal typically leads to dry skin
and other skin problems.
Commonly diagnosed low vitamin D3 values amongst 5ARI-WS patients suggests that the
pathway for vitamin D3 synthesis is in part dependent on AR signaling. The abundance of
5AR1 in the skin gives support to this hypothesis.
Bone metabolism, which is also androgen-mediated, can become impaired, leading to
osteopenia or even osteoporosis. Low Vitamin D values further aggravate this risk factor.

We believe this problem has possible implications for the development of new therapy options for
prostate cancer. The problem described in this paper makes it plausible that there are ways to
persistently silence AR gene expression without continued chemical intervention. If it is possible to
determine the involved molecular mechanisms, and if it would be possible to apply these locally in
the prostate, medicine could potentially have a completely new set of therapy options to work with –
without the risk of AR antagonists turning into agonists during therapy.
Likewise, it is only through an in-depth scientific research study on persons affected by 5ARI-WS that
the molecular mechanisms of this problem will likely ever be verified. Such a study involving research
scientists, androgen receptor specialists and geneticist could be coordinated and accomplished, if the
medical community and health authorities were to realize the severity and broad implications of this
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problem. The obtained results could shed groundbreaking new insights into the mechanisms of
androgen metabolism, AR function and implications of 5AR inhibition. Genetic profiling of the
affected patients would allow for the development of genetic testing prior to taking antiandrogens/5AR inhibitors to determine genetic risk factors.
To that end, the authors propose such a study involve the following areas of investigation:









Assessment of the methylation status of the androgen receptor promoter CpG island
Possibly genome wide assessment of methylation status
Testing for AR post-translational modification or protein-protein interactions (gene silencing)
via mass spectrometry protein profiling techniques
Testing for AR gene expression via microarray tests
Genetic profiling of 5ARI-WS patients in order to develop a genetic testing for determining
the 5ARI-WS risk factor before 5ARI treatment
Testing of 3α-diol-G levels with AAWS patients (pre and post withdrawal) in order to verify
the link between 5ARI-WS and AAWS, and to confirm 3α-diol-G as a marker of AR gene
expression.
Study of the induction of 3α-HSD (AKR superfamily) to verify induction by AR signaling and
thus further confirm 3α-diol-G as a marker of in vivo AR gene expression.

Considering the fact manufacturers of such 5ARI substances continue to market these medications as
overtly safe and reversible in terms of side effects, ensures the vast majority of consumers and the
medical community remain unaware of the potential life-altering or even life-threatening
consequences consumers risk by using a 5ARI for hair loss or for acne treatment.
In the end, consumers can only make a decision based on the information they are given, and it is the
authors' opinions that current official prescribing literature for agents such as finasteride,
dutasteride, isotretinoin and saw palmetto do not provide strong enough warning labels regarding
the possibility of permanent side effects from use.
Ultimately, determining the molecular mechanisms involved in 5ARI-WS will help science better
understand the complex functioning of the androgen receptor and its autoregulatory mechanisms.
The knowledge gained will enable safer application of and therapies with 5ARI agents, possibly
shedding new insights into prostate cancer research and potentially, offering new therapy options in
the future. Potential broad scale medical, media and social awareness regarding the potential risks
related to 5ARI use would inform both those who prescribe 5ARI medications as well as those who
consume them for cosmetic purposes, BPH and prostate cancer, so that each can make a more
informed choice in the end.

The authors of this paper can be contacted as follows:
research@propeciahelp.com
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