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INTRODUCTION

After the discovery of gonadotropin-releasing hormone (GnRH) in 1971,

numerous GNRH agonists and antagonists were developed in the 1970s and
1980s to treat various diseases and conditions. These medications exert their
effects by altering the levels of circulating hypothalamic-pituitary-gonadal
(HPG) hormones. Leuprolide acetate was infroduced in 1985 as a treatment
for prostate cancer, providing an alternative to surgical castration and
estrogen therapy. Over the past two decades, leuprolide acetate has
become a well-established treatment for endometriosis, uterine fibroids, and
central precocious puberty (CPP), as well as being used in in vitro fertilization
(IVF) procedures. Additionally, it is being investigated as a potential treatment
for Alzheimer's disease (AD), polycystic ovary syndrome (PCQOS), functional
bowel disease, short stature, premenstrual syndrome (PMS), and as an
alternative method of contraception. Leuprolide acetate is currently the best-

selling GnRH agonist.!

Overview of GnRH and GnRH Receptors (GnRHRs)

GnRH, a small decapeptide, functions as a crucial link between the neural and
endocrine systems. This oligopeptide, composed of pyroGlu-His-Trp-Ser-Tyr-Gly-
Leu-Arg-Pro-Glyamide, is produced and stored in the medial basal
hypothalamus and is released in a pulsatile manner. It targets anterior pituitary
gonadotrophs that express GNRHRs, promoting both the synthesis and release
of the gonadotropin hormones, luteinizihg hormone (LH) and follicle-
stimulating hormone (FSH), into the bloodstream. With a short half-life of 3-4
minutes, the amplitude and frequency of GnRH pulses directly control the

differential production of LH and FSH.!

The release of LH and FSH is directly influenced by the frequency and

amplitude of GnRH pulses. Continuous (non-pulsatile) administration of GnRH



or long-acting GnRH agonists desensitize GNnRHR, reducing or inhibiting the
release of LH and FSH from the pituitary. Because of its role in regulating LH,
FSH, sex steroid production, and gametogenesis, GnRH is crucial for
reproductive function and overall hormonal control through the HPG axis. This
critical function led to the initial development of GNnRH agonists to manage
reproductive functions, before their tumor-inhibiting properties were

discovered.!

The actions of GNnRH and its analogs are mediated by high-affinity receptors
for GnRH located on the membranes of pituitary gonadotrophs. The
mammalian GnRHR is a G-protein-coupled receptor that spans the membrane
seven times and consists of 328 amino acids. While this receptor is well-known
for its expression on pituitary gonadotrophs, it is also found in various other
human tissues, including the placenta, uterus, ovary, prostate gland, breast,
liver, heart, skeletal muscle, and kidney. Recent studies have also identified

high expression of this receptor in the human hippocampus and cortex.!



MECHANISMS OF ACTION AND
PHARMACOLOGY OF LEUPROLIDE

Leuprolide acetate is a synthetic nonapeptide analog of GnRH, with the

chemical name 5-oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-D-leucyl-L-
leucyl-L-arginyl-N-ethyl-L-prolinamide acetate. Leuprolide acetate is available
in many different dose and administration forms. This super agonist is more
potent than the natural GnRH peptide due to its increased affinity for GNRHRs
and longer half-life (~3 h versus 3-4 min compared with endogenous GnRH).
Bioavailability is similar for both the infravenous and subcutaneous routes of
administration. There is <5% of the dose that is recoverable following
administration of the 3.75-mg depot. Finally, although no official studies have

been conducted, it is speculated that there is no drug-drug interactions.!
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Figure 1. chemical structure of leuprolide acetate!

Mechanism of Action

Leuprolide acetate, classified as an agonist, functions as an inhibitor of
gonadotropin secretion when administered continuously at therapeutic doses.
Both animal and human studies illustrate that leuprolide acetate inifially

triggers a sharp increase in pituitary secretion and serum levels of LH and FSH,



leading to elevated serum sex steroids within 3 days of freatment initiation.
However, chronic administration of GNnRH agonists results in the inhibition of the
hypophyseal-gonadal axis due to downregulation of pituitary receptors for
GnRH, desensitization of pituitary gonadotrophs, and suppression of circulating
levels of LH, FSH, and sex steroids within 2 to 4 weeks. This downregulation of
GnRH signaling is the foundation for clinical applications in gynecology and
oncology. In males treated with leuprolide acetate, serum gonadotropins and
testosterone decrease to castration levels, while in premenopausal women,
serum gonadotropins fall to postmenopausal levels. These actions of leuprolide
acetate, like all GnRH analogs, are fully reversible upon discontinuation of

freatment.!

Pharmacodynamics

Following an initial surge in GnRH-induced steroidal synthesis, such as
testosterone and estradiol, prolonged administration leads to a marked
decrease in circulating steroid levels, comparable to those achieved with
other types of androgen-deprivation therapy (ADT). These associated
hormonal and steroidal alterations result in distinct adverse effects observed in

various patient cohorts.?

In women receiving treatment for endometriosis or uterine leiomyomata,
careful consideration of pregnancy status is recommended. The initfial rise in
estradiol levels can exacerbate symptoms such as pain and bleeding.
Prolonged use of leuprolide is linked to decreased bone mineral density.
Patients receiving concomitant norethisterone may encounter sudden vision
loss, proptosis, diplopia, migraine, thrombophlebitis, and pulmonary embolism,
and may also face an increased risk of cardiovascular disease. Those with a
history of depression may experience severe recurrence of depressive

symptoms.2



In men receiving palliative freatment for advanced or metastatic prostate
cancer, transient increases in testosterone levels may trigger tumor flare,
leading to symptoms such as bone pain, hematuria, neuropathy, bladder or
ureteral obstruction, and spinal cord compression. Moreover, patients face an
elevated risk of hyperglycemia, diabetes, and cardiovascular disease,
potentially resulting in myocardial infarction, stroke, cardiac death, or
prolonged QT/QTc interval. Leuprolide may also induce convulsions and pose

risks of embryo-fetal toxicity.2

Pharmacokinetics

Physiological production of gonadotfropins requires intermittent GnRH
secretfion while the pituitary is continuously stimulated by either natural GnRH
or long-acting GnRH synthetic agonists which desensitize gonadotropin
secretion, a process that has important clinical applications. The frequency of
the hypothalamic secretion of GnRH is approximately circahoral. GnRH is not
bound to circulating proteins but is readily accessible to plasma enzymes,
lioble to rapid degradation and to a substantial dilution as it leaves the
hypothalamic-pituitary portal system. Thus, biologically important amounts of
this neurohormone are present only in this system. GnRH analogues are used
clinically to induce a selective and reversible suppression of the pituitary
gonadal axis. This clinical application requires the continuous administration of
GnRH or the use of along-acting GnRH agonist, such as the leuprorelin acetate

depot formulation, to induce biochemical castration.3

Single daily injections of leuprorelin or its retard formula, given at intervals of
every 4 weeks or longer, have been implemented for various disorders
requiring complete suppression of gonadotropin secretion and subsequent
reduction of gonadal steroids to castration levels. Future advancements may
involve the development of lower-molecular-weight GnRH analogues or
potent orally active nonpeptide GnRH antagonists, potentially enhancing

bioavailability via oral administration in the future.3



FORMULATIONS OF LEUPROLIDE

Because leuprolide is administered chronically, all formulations are designed

to ensure a consistent release of the drug with minimal administrations.4

Parenteral Administration (Injections and Implants)

The implantable device comprises a compact cylinder housing the drug
dissolved in dimethyl sulfoxide, along with a rate-controlling membrane and a
piston. Adjacent to the main structure, osmotic tablets are incorporated,
which, upon water absorption, exert pressure on the piston, facilitating a
gradual release of the drug. Leuprolide's stability improves with higher
concentrations of dimethyl sulfoxide, rendering it well-suited for implantable

devices.4

The primary alternative to implant devices is depot formulations, typically
comprising biodegradable and biocompatible polymers. Upon injection,
these formulations create a depot that gradually releases the drug.
Administration frequency varies depending on the formulation, ranging from
every 1 to 6 months, and requires mixing the components immediately before

injection by a qualified individual .4

In situ forming biodegradable drug delivery systems offer a promising
alternative to biodegradable implants and microparticles. They feature simpler
administration, a less complex fabrication process, and more straightforward
manufacturing conditions for delicate drugs. Utilizing polylactic acid (PLA),
these systems achieve sustained release of leuprolide acetate for up to 3

months, maintaining testosterone levels at castration levels in vivo.4

Research into leuprolide injectable formulations has extended to include a

novel lipid-based delivery technology, offering versatility across multiple



administration routes such as skin, inframuscular, or intraocular. This innovative
formulation platform holds promise for delivering a range of proteins and
peptides beyond leuprolide alone, including insulin, metenkefalin, and

octreotide.4

Non-parenteral Administration

Transdermal Route

Comparing transdermal administration of leuprolide via patches with electrical
current to subcutaneous administration revealed similar pharmacokinetic

parameters.4

Oral Route

The oral route presents a compelling alternative to parenteral administration,
offering advantages in ease, cost-effectiveness, and patient compliance. Oral
administration of a leuprolide w/o/w emulsion demonstrated potential for

reducing serum testosterone levels.4

Pulmonary and Nasal

The pulmonary route has been suggested for leuprolide administration, offering
distinct advantages over muscular and intestinal routes, including a large
surface area, extensive vasculature, permeable membrane, and low
enzymatic activity. Co-administration with EDTA and alpha-cyclodextrin
(alpha-CD) did not significantly affect the pharmacokinetics of nasally

administered leuprolide acetate in humans.4

Leuprolide, an LH-RH super agonist, is utilized in clinical practice to treat diverse
conditions such as prostate cancer, breast cancer, endometriosis, and
precocious puberty. However, despite its wide-ranging applications, leuprolide
is currently available commercially only in injectable formulations and

implantable devices.4
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EFFICACY, SAFETY, AND ADVERSE
EVENTS

Efficacy

The efficacy of leuprolide acetate in achieving and maintaining castrate levels
of serum testosterone has been demonstrated to be high in multiple clinical
studies. In a US-based trial, after one month of freatment, 99% of patients
(108/109) achieved castration levels (serum testosterone <50 ng/dl).
Furthermore, 97% of the trial’s 111-patient intent-to-tfreat population reached
castration levels at the same time point. By the 12th month, 99% (102/103) of

the patients continued to maintain castrate testosterone levels.5

The leuprolide acetate trial also reported that 88% of the patients achieved
more stringent castration levels (serum testosterone <20 ng/dL) by the end of
the study. These efficacy rates are comparable to those achieved with shorter-
term GnRH agonist depot formulations, which have shown 100% castration
rates in 1-, 3-, and 4-month formulations in various studies. Specifically, 94% to
98% of patients reached serum testosterone levels <50 ng/dL after one month

of therapy with these formulations.>

In addition, during the initial phase of tfreatment, the leuprolide acetate trial
observed a mean time to castration of 21.2 days. The initial testosterone flare
observed in the study, which is common with GnRH agonists, did not lead to
clinically significant flare reactions, suggesting that higher-dose leuprolide
acetate formulations may not carry a greater risk of tumor flare responses

compared to lower-dose products.>

Overall, leuprolide acetate demonstrates a robust ability to achieve and
sustain castration levels of testosterone, making it an effective option for

managing conditions like advanced prostate cancer.5
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Safety and Adverse Events (AE)

Leuprolide acetate, like other GnRH analogs, is generally associated with mild
side effects primarily stemming from testosterone suppression. In clinical
studies, AE reporting rates varied, with 74% of patients (82/111) in the leuprolide
acetate study and 95% (115/120) in the triptorelin study experiencing AEs. Most

of these events (86.7%) in the triptorelin study were mild.>

The most commonly reported AE across the studies was hot flashes, which
affected 57.6% of patients in the leuprolide acetate study (33.3% mild, 24.3%
moderate) and 71.7% in the triptorelin study. These rates are consistent with
those observed in 1-, 3-, and 4-month leuprolide acetate formulations, where

hot flashes occurred in 56.7%, 59%, and 78.9% of patients, respectively.5

Injection site reactions were also noted, with 15.3% of patients in the leuprolide
acetate trial experiencing injection-site burning, while the ftriptorelin ftrial

reported a lower rate of 6.7%. The majority of these reactions were mild.5

Serious AE (SAEs) were relatively uncommon. The triptorelin trial reported an
SAE rate of approximately 14% (17/120 patients), none of which were deemed
related to the study medication. Only one patient in the leuprolide acetate
trial experienced an SAE, though its relation to the medication was not
specified. Additionally, the triptorelin study observed clinically significant
treatment-emergent laboratory abnormalities in nine patients, with only two
mild events (increased alanine transaminase/ALT and aspartate
transaminase/AST) related to the study drug. Seventeen events of
hypertension or its worsening were noted, but only one was considered drug-
related, which could be attributed to the 62% baseline hypertension rate in the

study population.s

One of the primary concerns with GnRH analogs, including leuprolide acetate,

is the initial stimulatory effect, known as a "flare up.," which can exacerbate
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symptoms of the underlying condition before hormone levels drop to
castration or postmenopausal levels. In prostate cancer, this flare-up can
cause bone pain and worsening of symptoms such as hematuria and urinary
tract obstruction, necessitating careful monitoring during the initial weeks of

freatment.!

General side effects due to sex hormone suppression are comparable to those
experienced during menopause and andropause, including nauseaq,
amenorrhea, changes in bone mineral density (BMD), decreased libido,
depression, hot flashes/sweats, insomnia, headache, weight gain, and
impotence. In women, fertility can be affected during therapy, though it is
generally reversible within 24 weeks after discontfinuation. The most significant
risk associated with leuprolide acetate is potential loss of BMD due to
decreased serum estradiol production. This necessitates monitoring of BMD,
and recent clinical trials are exploring "add-back” hormone replacement

therapy to mitigate this effect without compromising the drug's efficacy.!

Overall, leuprolide acetate is considered a safe and tolerable medication for
its intended uses, with manageable side effects and a well-understood safety

profile.



THERAPEUTIC USES

Leuprolide acetate, a versatile GnRH agonist, effectively manages diverse

medical conditions like prostate cancer and endometriosis. Its targeted
mechanism of action, backed by extensive research, alleviates symptoms and
improves patfient outcomes. Across various diseases, leuprolide acetate
remains a cornerstone therapy, demonstrating promising results in halting

disease progression.

Prostate Cancer

Prostate cancer is the most commonly diagnosed cancer in men and the
second leading cause of cancer deaths among this population. In 2007, an
estimated 218,890 new cases and 27,050 deaths from prostate cancer were
expected in the United States. The mortality rate for prostate cancer has been
decreasing, partly due to earlier diagnosis and improved treatment options.
For early-stage prostate cancer, treatment often involves surgery and
radiation. However, advanced prostate cancer is typically managed by
suppressing testosterone production, which can be achieved through
orchiectomy or hormonal ablation therapy. Despite the simplicity and safety
of orchiectomy, its psychological impact leads many patients to prefer

medical therapies such as hormone ablation.!

GnRH agonists, including leuprolide acetate, have been used for
approximately 20 years to reduce serum testosterone levels in advanced
prostate cancer. These long-acting synthetic analogs initially cause a transient
increase in serum testosterone and dihydrotestosterone, known as a "flare-up,"
which can exacerbate symptoms such as skeletal pain, spinal cord
compression, uremia, paralysis, and, in severe cases, death. To mitigate these
effects, a short-term anfiandrogen such as flutamide, nilutamide, or

bicalutamide is often administered concurrently. Following this initial phase,
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serum testosterone levels decrease to castration levels (<50 ng/dL) within 14-

28 days, effectively reducing tumor progression.!

Leuprolide acetate is particularly advantageous in the management of
advanced prostate cancer due to its ability to lower testosterone levels
significantly and sustain these levels over time. This therapy has been shown to
halt disease progression and potentially increase survival in certain patients.
However, the initial testosterone surge remains a challenge, which newer
GnRH antagonists like abarelix aim to circumvent by inducing medical
castration more rapidly and without the associated flare-up. Additionally, the
long-term use of GnRH agonists, including leuprolide, necessitates calcium
supplementation to prevent bone loss and osteoporosis, a common side effect

due to decreased testosterone levels.!

As prostate cancer freatment evolves, several therapeutic strategies are being
explored alongside GnRH agonist therapy. Antiandrogen monotherapy,
combined androgen blockade, and intermittent hormonal therapy are
among these alternatives. Combined androgen blockade, which pairs a
GnRH agonist with an antiandrogen, aims to block androgen signaling
comprehensively but may present additional side effects. Intermittent
hormonal therapy offers a promising approach by allowing periods of
androgen recovery, potentially prolonging the fime until tumors become
hormone-refractory. These evolving therapies highlight the ongoing efforts to

optimize prostate cancer treatment and improve patient outcomes.!

Endometriosis

Endometriosis, affecting approximately 10% of women of childbearing age, is
characterized by the presence of endometrial-like tissue outside the uterine
cavity, typically on the ovaries and other areas of the pelvic peritoneum. This
condition leads to pelvic pain and dysmenorrhea due to the cyclic changes

in HPG axis hormones that stimulate these benign cells. Leuprolide acetate, a
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GnRH agonist, has been extensively studied for its effectiveness in managing
endometriosis symptoms. Although leuprolide acetate does not eliminate the
endometrial tissue, it significantly reduces the size of the lesions and alleviates

pain and bleeding associated with the condition.1

Clinical studies have demonstrated the efficacy of leuprolide acetate in
relieving the symptoms of endometriosis. Typically administered in depot
suspension form (either 3.75 mg monthly or 11.25 mg every three months) for
up to six months, leuprolide acetate has shown a clear positive effect in
reducing dysmenorrhea and pelvic pain by the third month of tfreatment. In a
study with 52 women, leuprolide acetate 3.75 mg monthly was compared to
a placebo, confiiming its safety and effectiveness in symptom relief.
Furthermore, trials comparing leuprolide acetate to danazol, a synthetic
androgen, found it equally effective in reducing symptoms and lesion size,

though with different side effect profiles.!

Leuprolide acetate does have side effects, such as a significant decrease in
bone mineral density (BMD), which necessitates careful monitoring.
Comparisons with other treatments, such as medroxyprogesterone acetate,
show that while leuprolide acetate is highly effective in symptom relief, it has a
more pronounced impact on BMD. To mitigate these side effects, current
research focuses on "add-back" therapy, where estrogen and/or
progesterone are added to leuprolide acetate treatment. Preliminary studies
indicate that this combination extends pain relief and helps preserve BMD,

making long-term treatment more viable.!

Uterine Leiomyoma

Uterine leiomyomata, commonly known as fibroids or myomas, are benign
tumors arising from the smooth muscle cells within the uterus. Affecting 20-50%
of women during their reproductive years, these tumors lead to symptoms such

as pelvic pain, dysmenorrhea, abnormal bleeding, and dysfunction of
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reproductive and adjacent organs. Given their responsiveness to hormonal
changes, hormone suppression using GnRH agonists like leuprolide acetate is
a standard freatment approach, particularly as a preoperative measure to

reduce tumor size before surgery.!

Leuprolide acetate is typically administered for about three months
preoperatively to shrink uterine leiomyomas by suppressing estradiol and
progesterone signaling. This hormonal suppression results in significant
reduction in tumor size, which facilitates easier and less invasive surgical
procedures. However, the effects of leuprolide acetate are reversible upon
cessation of treatment, with the tumors potentially returning to their original

size.!

In addition to leuprolide acetate, other GnRH agonists such as goserelin and
triptorelin have also been used to treat symptoms like menorrhagia and to
induce endometrial thinning before hysteroscopic endometrial ablation or
resection. The use of these treatments underscores the importance of
hormonal manipulation in managing the symptoms and size of uterine fibroids

effectively.

Overall, leuprolide acetate remains a cornerstone in the management of both
endometriosis and uterine leiomyoma. Its ability to modulate hormone levels
and provide significant symptom relief makes it a valuable therapeutic agent.
However, the associated side effects, particularly on bone health, necessitate
carefulmanagement and the potential use of adjunctive therapies to optimize

patient outcomes.!

Central Precocious Puberty (CPP)

CPP is characterized by the early onset of secondary sexual characteristics in
children, typically before the age of 8 in girls and 9 in boys. This condition results

from the premature activation of the HPG axis due to the secretion of GnRH.
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Treatment goals for CPP include managing physical and psychological well-
being, preventing early menarche, and ensuring normal growth and body
proportions. Since the 1980s, GNRH agonists like leuprolide acetate have been
used to treat CPP effectively. These medications work by desensitizing the
pituitary gland to GnRH, thereby suppressing the premature hormonal activity

that triggers early puberty.!

Leuprolide acetate administration has evolved significantly, moving from daily
subcutaneous injections to more convenient monthly depot injections. In the
United States, the starting dose is typically 7.5 mg per month, while in Europe,
itis 3.75 mg per month. Early studies revealed that the 7.5 mg monthly dose did
not achieve complete desensitization in some children, highlighting the need
for precise dosing and monitoring to ensure effective treatment. This finding
led to the recommendation of using a GnRH stimulation test to monitor
hormonal suppression, ensuring LH levels are kept below 2 IU/l to maintain the

drug's effectiveness.!

To improve freatment outcomes and reduce the burden of frequent injections,
researchers have investigated various dosing schedules. A French study
assessed the efficacy of a 3-month leuprolide acetate depot at 11.25 mg per
dose. The study demonstrated successful gonadotropin suppression in children
weighing more than 20 kg, indicating that quarterly dosing could be a viable
option for CPP tfreatment. This approach not only stabilized puberty progression
and reduced growth rates but also improved patient tolerance due to fewer

injections annually.!

However, recent research from Stanford University suggests that the 1T-month
dose of 7.5 mg leuprolide acetate is more effective at suppressing
gonadotropin levels, pubertal stage progression, and height advancement
compared to both the 1-month dose of 3.75 mg and the 3-month dose of 11.25

mg. This highlights the importance of personalized dosing and regular
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monitoring to ensure optimal freatment outcomes for children with CPP.
Overall, leuprolide acetate remains a cornerstone in managing CPP, with
ongoing research aimed at refining dosing strategies to enhance efficacy and

patient adherence.!

In vitro Fertilization (IVF) Techniques

Leuprolide acetate has become a valuable ftool in controlled ovarian
hyperstimulation (COH) and IVF freatments. When used in conjunction with oral
contraceptives or FSH stimulation, it enhances the suppression of androgens,
which is beneficial forimproving IVF outcomes. The primary advantage of using
GnRH agonists like leuprolide in reproductive treatments is their ability to
prevent premature luteinization by reducing the incidence of a premature LH
surge. This suppression leads to lower ovarian androgen concentrations,
resulting in improved oocyte quality, an increase in the number and
synchronization of developing follicles, and a greater number of oocytes

retrieved during collection.!

The most effective protocol involving GnRH agonists and gonadotropins is
known as the "long protocol." In this regimen, the GnRH agonist is administered
either in the early follicular phase or the midluteal phase of the preceding
cycle to suppress the pituitary gland before inducing ovulation. This
suppression helps in better managing the timing and quality of follicular

development and ovulation, which is crucial for successful IVF outcomes.!

Different studies have explored various administration methods for leuprolide
acetate to optimize patient comfort and treatment efficacy. For instance, one
study compared daily subcutaneous injections (0.5 mg) of leuprolide acetate
with a single-dose depot (1.88 mg) in women using oral contraceptives. The
results showed no significant differences in the number and quality of oocytes
retrieved or in pregnancy and implantation rates between the two groups.

However, the single-dose depot was preferred due to its convenience,
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comfort, and cost-effectiveness, making it a more attractive option for

patients.!

Comparative studies of different GnRH agonists have demonstrated the
efficacy of leuprolide acetate relative to other freatments. For example, a
comparison between a single depot dose of goserelin (3.6 mg) and multiple
daily doses of leuprolide acetate (1 mg) showed similar outcomes in pituitary
suppression and ovulation induction, although goserelin required more
ampoules of human menopausal gonadotropins for superovulation. Another
study comparing long-acting depot preparations of leuprolide acetate (3.75
mg) and triptorelin (3.75 mg) found higher implantation and clinical
pregnancy rates for leuprolide acetate, potentially due to differences in
metabolism and potency. Furthermore, a study comparing infranasal sprays of
buserelin and nafarelin with a single intramuscular injection of leuprolide
acetate (3.75 mg) concluded that despite similar effectiveness, leuprolide
acetate depot was preferred for its convenience, cost, and better patient

compliance.!

Potential Clinical Applications

Alzheimer’s Disease (AD)

Leuprolide acetate has shown promising potential for tfreating AD based on its
effects observed in various studies. Research has indicated that leuprolide
acetate can modulate classic markers of AD neuropathology, such as
amyloid-beta (AR) and tau phosphorylation, thereby preventing cognitive
decline associated with the disease. Specifically, treatment with leuprolide
acetate significantly reduced the concentrations of AR1-42 and AR1-40 in the
brain, suggesting its beneficial effects through the suppression of serum
gonadotropins, particularly LH, which has been implicated in the

amyloidogenic processing of amyloid precursor protein (ARPP).1
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The mechanism by which leuprolide acetate influences AR levels is thought to
involve the suppression of LH, which promotes the processing of ABPP towards
the production of amyloidogenic AP. In vitro studies have demonstrated that
LH enhances the generation and secretion of AP while decreasing the
secrefion of ARBPP and increasing the production of ARPPCTI00, a toxic
fragment of the precursor protein. Additionally, LH has been shown to dose-
dependently alter tau phosphorylation, increase oxidative stress, and induce
cytotoxicity in neuroblastoma cells. These findings highlight the potential of
leuprolide acetate to mitigate multiple pathological processes in AD by

targeting LH and its downstream effects.!

Further evidence of leuprolide acetate's therapeutic potential comes from
clinical observations. Treatment with leuprolide acetate has been associated
with halted deposition of AR and improved cognitive performance, suggesting
its efficacy in preventing AD progression. While these effects are believed to
be mediated primarily through LH, it is also possible that leuprolide acetate
exerts its effects directly via GNnRHRs, which have been identified on neurons in
the human brain. This dual mechanism of action provides a strong rationale for

exploring leuprolide acetate as a treatment for AD.!

Building on these findings, leuprolide acetate has been evaluated in Phase I
clinical trials for its safety and efficacy in treating AD. Subgroup analysis of
women with mild-to-moderate AD who were receiving acetylcholinesterase
inhibitors and were implanted subcutaneously with leuprolide acetate at 0, 12,
24, and 36 weeks showed stabilization in cognitive decline, as measured by
the AD Assessment Scale Cognitive Subscale and the AD Cooperative Study -
Clinical Global Impression of Change. Additionally, improvements were
observed in activities of daily living, as assessed by the AD Cooperative Study
— Activities of Daily Living Scale at 48 weeks. These promising results have paved
the way for further clinical trials to fully elucidate the potential of leuprolide

acetate in the freatment of AD and other neurologic disorders.!
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Functional Bowel Disease

Functional bowel disease, commonly known as irritable bowel syndrome (IBS),
is characterized by spasms within the colon wall, leading to symptoms such as
abdominal pain, cramping, nausea, constipation, or diarrhea. The primary
goalin treating IBS is to alleviate these symptoms and improve patients' quality
of life. Current treatments often involve the use of antispasmodics and muscle
relaxants to control the muscular spasms that contribute to the condition. In
this context, leuprolide acetate has emerged as a potential therapeutic

option for managing IBS symptoms.!

The potential use of leuprolide acetate for symptom relief in IBS was first
explored in 1989 through an informal pilot study. This initial investigation
provided preliminary evidence supporting the efficacy of leuprolide acetate
in reducing IBS symptoms. Building on these initial findings, a more rigorous
double-blind, placebo-controlled study was conducted a few years later,
incorporating a long-term follow-up to assess the sustained effects of the

freatment.!

In this study, patients were administered a 3.75-mg monthly depot of leuprolide
acetate over a 12-week period. Following this initial freatment phase, patients
were given the option to continue the therapy for an additional 40 weeks,
allowing for a comprehensive evaluation of long-term outcomes. Remarkably,
89% of participants completed the entire 52-week treatment plan, providing a
robust dataset for analysis. The results demonstrated significant reductions in a
range of IBS symptoms, including nausea, abdominal pain, early satiety,

anorexia, and abdominal distension.!

The successful outcomes observed in this study highlight the potential of
leuprolide acetate as an effective treatment for IBS. By targeting the
underlying mechanisms that contribute to the symptoms of IBS, leuprolide

acetate offers a novel approach to managing this challenging condition.!
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Polycystic Ovary Syndrome (PCOS)

PCOS is a prevalent disorder affecting women during their reproductive years,
characterized by elevated androgen production that disrupts menstrual cycle
control and ovulation. Although the etiology of PCOS remains unclear,
treatment strategies typically focus on re-establishing the menstrual cycle
through hormonal contraception and progesterone, as well as suppressing
ovarian steroidogenesis. In this context, GNRH agonists like leuprolide acetate
have been investigated for their potential therapeutic benefits in managing
PCOS.

Leuprolide acetate has shown promise as an effective therapy for PCOS by
suppressing ovarian steroidogenesis. Studies indicate that leuprolide acetate
can be as effective as laparoscopic laser diathermy, a surgical treatment
option for PCQOS, in improving symptoms and promoting ovulation. By
suppressing the production of androgens, leuprolide acetate helps to regulate
the menstrual cycle and restore normal ovulatory function, making it a

valuable tool in the management of PCOS.!

Moreover, the use of leuprolide acetate in combination therapies has been
particularly beneficial for enhancing ovulation and improving outcomes in IVF
forwomen with PCQOS. By integrating leuprolide acetate with other tfreatments,
healthcare providers can optimize the therapeutic regimen to address the
multifaceted aspects of PCOS, ultimately improving reproductive outcomes
and quality of life for patients. This combination approach underscores the
importance of personalized medicine in effectively managing complex
disorders like PCOS.!

Premenstrual Syndrome (PMS)
Leuprolide acetate has been explored as a potential therapy for alleviating
symptoms associated with PMS, such as water retention, pain, and

psychological disturbances including depression. Early investigations in the
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1990s demonstrated that leuprolide acetate could effectively reduce these
symptoms. Two pilot studies assessed the impact of monthly injections of
leuprolide acetate at doses of 3.75 mg and 7.5 mg, showing promising results

in symptom improvement.!

One study explored the combination of leuprolide acetate with '‘add-back’
therapy, which included estrogen and progesterone, to counteract the long-
term effects of GnRH agonist treatment. This combination approach aimed to
manage the symptoms of PMS effectively while mitigating the potential side
effects of prolonged hormone suppression. The study found significant
improvements in managing PMS symptomes, indicating that ‘'add-back’ therapy
could be a valuable addition to leuprolide acetate treatment for long-term

use.!

These findings suggest that the efficacy of leuprolide acetate in treating PMS
may be attributed to its ability to suppress gonadotropin release rather than
directly affecting sex steroids. By reducing the levels of gonadotropins,
leuprolide acetate can help alleviate the hormonal fluctuations that
contribute to PMS symptoms. This hormonal modulation provides a promising
therapeutic avenue for women suffering from PMS, improving their overall

quality of life and well-being.!

Short Stature

Leuprolide acetate, while controversial, has been utilized in combination with
growth hormone (GH) or other anabolic drugs to address short stature in
certain individuals. One study focused on adolescent girls with familial short
stature who did not exhibit GH deficiency or abnormal puberty onset. These
girls underwent a tfreatment regimen comprising leuprolide acetate injections
every 25 days and daily GH injections for approximately 28 months. Results
showed a significant improvement in predicted height after 12 months of

treatment, which persisted unftil the end of the protocol. However, upon
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discontinuation of the GH and leuprolide acetate therapy for 2 years, no
significant increase in adult stature was observed compared to their initial
height.!

In adult patients with congenital adrenal hyperplasia and compromised height
prediction, leuprolide acetate was also investigated for the treatment of short
stature. Patients received daily GH injections along with monthly injections of
leuprolide acetate for a total of 2 years. Both treatment modalities, either GH
alone or combined GH with leuprolide acetate, resulted in significant
improvements in growth rate and height prediction. Additionally, leuprolide
acetate has been combined with anabolic steroids in certain cases to address
short stature, leading to increased pubertal height gain in children entering

puberty with short stature for various reasons.!

In conclusion, leuprolide acetate's therapeutic scope expands beyond
prostate cancer, benefiting conditions like endometriosis and CPP. Despite
controversies, its proven efficacy and ongoing research solidify its role in
modern healthcare. As a cornerstone therapy, leuprolide acetate offers hope

and relief across various challenging medical conditions.
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