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Abstract

Naltrexone was first developed in 1963 as an opioid antagonist for therapeutic use in opioid-dependent

individuals (alcohol, narcotics, and tobacco) with a 50 mg/day dose approved by the Food and Drug

Administration (FDA). In 1985, Dr. Bernard Bihari explained that when naltrexone is taken in very low

doses (1-5 mg/day) before bedtime, it blocks opioid receptors for 2- 4 hours and leads to the release of

endorphins in the early morning hours, serving as an opioid agonist and immunomodulatory agent. This

extra endorphin secretion has been proven to enhance the immune system response in AIDS patients.

Endogenous opioids that affect cell development are referred to as opioid growth factor (OGF) and met-

enkephalin (ME). Low-dose-naltrexone (LDN) pharmacotherapeutically possesses immunomodulatory,

anticarcinogenic, antiviral, antibacterial, antiparasitic, and antifungal properties. LDN also increases

the production and sensitivity of OGF, ME, and OGF receptor (OGFr) in the bloodstream, thereby

enhancing quality of life. Based on these pharmacotherapeutic properties, LDN application is believed

to be effective in the treatment or prophylaxis of various infectious diseases in cats and dogs, particu-

larly vasculitis-related diseases such as feline infectious peritonitis (FIP) and infectious canine hepatitis

(ICH), hypothyroidism, gastrointestinal disorders, spondylosis, rheumatoid arthritis, autoimmune dis-

eases, pneumonia, atopic and allergic dermatitis, pyodermas, resistant pyodermas, methicillin-resistant

Staphylococcus aureus (MRSA) or various gastrointestinal disorders, alopecia, stubborn dermatomyco-

sis, stubborn demodicosis, various geriatric and oncogenic diseases, and deep depressions or obsessive-

compulsive disorders. Thus, this review aims to evaluate the pharmacotherapeutic properties of LDN

therapy usage and mechanisms of action in detail and assess the potential indications in cats and dogs

based on these mechanisms.
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Introduction
Naltrexone (NLX), an FDA-approved opioid receptor antago-
nist, has been used in the treatment of opioid addiction since
1984 at a daily dose of 50-150 mg. The intramuscular injection
formulation of NLX was approved by the FDA in 2006 for the
treatment of alcohol addiction and in 2010 for opioid addiction
(Bihari, 1995). The phenomenon of Hormesis best explains the
pharmacotherapeutic mechanism of low-dose naltrexone (LDN).
The phenomenon of Hormesis essentially refers to the conversion
of the antagonist effect to an agonist effect when any substance
with antagonist activity is used at low doses. When the same
active substance is used in very low doses, it can exhibit biphasic
action; in other words, when an antagonist substance is used in
low doses, it causes weak stimulation, but when given in high
doses, it results in the same inhibition as the antagonist (Kim
and West, 2019).

In a study conducted by Dr. Bernard Bihari in 1986, it was
reported that when NLX is taken in very low doses (1-5 mg/day)
before bedtime, it blocks opioid receptors for 2-4 hours. How-
ever, after the temporary blockade, it leads to the release of
endorphins in the early morning hours. Consequently, the appli-
cation of LDN results in the secretion of endorphins during this
time frame, contributing to the regulation and functional devel-
opment of the immune system. Research has demonstrated that
the immunomodulatory effect of LDN application can enhance

the immune system response in patients with Acquired Immune
Deficiency Syndrome (AIDS). Dr. Bihari further proved the sig-
nificant effectiveness of LDN use in the treatment of autoimmune
diseases like lupus and patients with cancer, such as lymphoma
or pancreatic cancer (Bihari, 1995).

Naltrexone is also administered in much-reduced dosages.
When NLX is administered at a dosage ranging from 1 to 0.001
mg per day, it is classified as very-low-dose NLX (VLDN). If
the dosage is below 0.001 mg per day, it is referred to as ultra-
low-dose NLX (ULDN). The efficacy of ULDN treatment in
reducing seizures has been demonstrated in individuals with
epilepsy (Honar et al., 2004). Furthermore, ULDN treatment
has been documented to decrease postoperative adverse effects
and the necessary opioid consumption following surgery (Toljan
and Vrooman, 2018).

This article aims to comprehensively analyze the pharma-
cotherapeutic properties and therapeutic mechanisms of LDN
therapy in human subjects across a range of diseases. The eval-
uation of potential indications for LDN therapy in feline and
canine pets will be conducted through the examination and anal-
ysis of relevant mechanisms (Figure 1).

Pharmacotherapeutic characteristics of LDN

The Micro/µ-opioid receptors (MOR), Delta/∆-opioid receptors
(DOR), Kappa/κ-opioid receptors (KOR), and Epsilon/ϵ-opioid
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Figure 1: Therapeutic effects of low-dose naltrexone. Abbreviations: COVID-19; Coronavirus Disease-19, IBD; Irrita-
ble Bowel Disease, CD; Crohn’s Disease, UC; Ulcerative Colitis, MS; Multiple Sclerosis.

receptors (EOR) are the many types of cell receptors that are
found throughout the human body. Studies have shown that
NLX, which is a nonselective opioid antagonist, has a signifi-
cant inhibitory effect on EOR, MOR, and DOR receptors when
administered at normal dosages. However, it has a less signifi-
cant effect on KOR receptors. In addition, recent studies have
demonstrated that NLX has an antagonistic impact on the re-
cently discovered member of the opioid family known as orphanin
FQ or nociceptin (N/OFQ) (Gharagozlou et al., 2006; Brown and
Panksepp, 2009). When LDN activates these receptors, it can en-
hance the secretion of met-enkephalin (ME) and beta-endorphin
(BE) both in the central nervous system and in the bloodstream
via acting on MOR, DOR, and EOR receptors. This process en-
hances psychological well-being positively (Brown and Panksepp,
2009; Clauw et al., 2011; McCusker and Kelley, 2013).

Data suggests that individuals with rheumatic disorders,
such as arthritis, lupus erythematosus, and gut-related ailments,
have a low concentration of BE in their blood. Moreover, a
notable negative link has been discovered between body mass
index (BMI) and rheumatoid factor, erythrocyte sedimentation
rate (ESR), and, therefore, the probability of inflammation. In
conditions such as fibromyalgia, Crohn’s disease, multiple scle-
rosis (MS), persistent migraines, and endometriosis, the levels
of BE in the blood are reduced by around 1/8 to 1/4 compared
to the standard levels. Hence, the utilization of LDN therapy
has been scientifically demonstrated to be highly productive in
treating these conditions through the augmentation of BE release
(Brown and Panksepp, 2009).

LDN temporarily inhibits opioids and opioid receptors, lead-
ing to an increase in the synthesis and sensitivity of endoge-
nous opioids such as methionine, ME, OGF, and OGFr. This
method effectively suppresses the growth and multiplication of
cancer cells (Zagon et al., 2009; Hammer et al., 2015). A study
conducted on mice found that the administration of NLX at a
dosage of 0.1 mg/kg resulted in a delay of clinical symptoms and
a reduction in the severity of progressive experimental autoim-
mune encephalomyelitis within a few days (Ibrahim et al., 2017;
Parkitny and Younger, 2017; Ekelem et al., 2019) (Figure 2).

Quality of life-enhancing therapeutic mechanisms

The LDN treatment stimulates a correlation between MOR and
central dopamine, resulting in heightened energetic functions
and ultimately improving the overall quality of life (Zagon and
McLaughlin, 1983). Psychiatrists have observed that an increase
in endogenous opioids can help alleviate different types of de-
pression and improve the body’s ability to handle cardiovascular
stressors. This can lead to an overall improvement in quality of
life (McCubbin et al., 1992, 1996).

Research endeavors have positioned LDN therapy as a
promising, safe, cost-effective modality, exhibiting a quality-of-
life augmenting effect in various viral, e.g., AIDS, autoimmune,
neurological diseases such as multiple sclerosis, and cancer vari-
ants. LDN is thus presented as a prospective approach for
the prophylaxis or treatment of these conditions, demonstrat-
ing both safety and affordability (Alcaro et al., 2007; Brown and
Panksepp, 2009). The therapeutic basis of LDN is in its ability to
stimulate energy-enhancing mechanisms, consequently improv-
ing the overall quality of life. This molecular phenomenon arises
from the interaction between MU-opioid receptors and central
dopamine neurons in the mesencephalon (Alcaro et al., 2007).

In a previous study, the therapeutic, prophylactic, and
quality-of-life enhancing effects of LDN therapy across a spec-
trum of illnesses have been explained. According to this elucida-
tion, LDN therapy emerges as a reliable and promising approach
among novel treatments, serving as an alternative therapeutic
option with a quality-of-life augmenting impact. It is asserted
that LDN therapy represents a dependable and hopeful approach
for the treatment and prophylaxis of numerous autoimmune, vi-
ral, cardiovascular, and neurological diseases, as well as depres-
sion and various cancer treatments (Brown and Panksepp, 2009).
In another study, it has been demonstrated that the administra-
tion of carboplatin chemotherapy in 60 female dogs with mam-
mary carcinoma not only elevates the quality of life but also
reduces the side effects of chemotherapy, resulting in a signifi-
cant increase in the survival rate of these dogs (Machado et al.,
2018). Fibromyalgia is recognized as a chronic pain condition
characterized by widespread musculoskeletal pain, profound fa-
tigue, cognitive impairment, and sleep difficulties (Clauw et al.,
2011; Metyas et al., 2018). Clinical studies have reported that
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Figure 2: Low-dose naltrexone therapy mechanism of actions.

the application of LDN is beneficial in increasing the quality of
life, improving motor activity, and alleviating fatigue in patients
with fibromyalgia, Crohn’s disease, or multiple sclerosis (Zagon
and McLaughlin, 2018).

Anticonvulsant therapeutic mechanisms

The efficacy of ULDN therapy in treating chronic seizure prob-
lems is demonstrated by its ability to block GS receptors, de-
crease sensitivity, and provide analgesic and anticonvulsant ef-
fects. Thus, ULDN medication is employed as a highly successful
therapeutic strategy for persistent seizures (Honar et al., 2004;
Roshanpour et al., 2009). A study done by Bahremand et al.
(2008) has shown that the combination of ULDN (500 pg/kg),
which is ineffective when administered alone, with Cannabinoids,
leads to a substantial reduction in tonic seizures. Additional re-
search has confirmed that both LDN and opioids possess notable
properties that can either suppress or induce seizures. The anti-
convulsant mechanism works by delaying the spontaneous depo-
larization and firing of nerve cells, which in turn prevents the
early onset of seizures (Mihály et al., 1990; Montaser-Kouhsari
et al., 2011).

Analgesic effect in chronic pain mechanisms

Microglia are immune cells of the central nervous system (CNS)
activated by a wide range of triggers. When toll-like receptor-4
(TLR-4) on macrophages like microglia is triggered, it has been
determined that microglia produce inflammatory and stimulat-
ing factors, leading to behavioral disorders such as pain sen-
sitivity, cognitive impairment, sleep disturbances, mood disor-
ders, and overall malaise. Previous studies have demonstrated
that the administration of LDN inhibits TLR-4 activity (Tejwani
et al., 1991; Chang et al., 2000; Kelley et al., 2003; McCusker
and Kelley, 2013; Younger et al., 2014). LDN therapy exerts
analgesic and neuroprotective effects through the suppression of
microglial activation, resulting in the inhibition of the produc-
tion of anti-inflammatory mediators such as C-reactive protein,
reactive oxygen species, and other potentially neurostimulatory
or neurotoxic chemicals (Younger et al., 2014).

Mechanisms of immunomodulation

An increase in the activity of natural killer (NK) cells is acknowl-
edged as a critical factor in the mitigation of viral infections. It
has been demonstrated that LDN therapy can increase the quan-
tity and functionality of NK cells during viral infections by in-
creasing the sensitivity of ME and beta-endorphin to MU-opioid
receptors (Tseng et al., 2005). The administration of LDN reg-
ulates the innate and adaptive immune responses by activating

the hypothalamus-pituitary-adrenal (HPA) axis and the sympa-
thetic nervous system (SNS). LDN treatment has been demon-
strated to improve the activity of T cells and macrophages while
also dramatically boosting the production of NK cells, TNF-α,
IL-6, and IL-1β (Yi et al., 2016). LDN therapy was explained
to significantly improve patients with sarcoidosis by regulating
the abnormally high activity of lymphocytes (Weinstock et al.,
2017).

Antineoplastic mechanisms

An extensive demonstration of the effectiveness of LDN therapy
in the treatment of cancer was made (Zagon and McLaughlin,
1983). The results of this investigation demonstrated that ad-
ministering 0.1 mg/kg NLX to mice resulted in significant im-
provements, including a 36% increase in survival rate, a 66%
reduction in the incidence of neuroblastoma tumors, and a sub-
stantial 98% delay in tumor development. ME is recognized as
an anti-neoplastic agent and is known as the most potent and
long-acting opioid in the body (Hytrek et al., 1996). The appli-
cation of LDN has been reported to induce remission in breast,
ovarian, lung, and prostate cancers, Hodgkin and non-Hodgkin
lymphoma, multiple myeloma, and neuroblastoma.

Additionally, it has been explained that the intravenous ad-
ministration of ME or its combination with LDN is effective in
the treatment of certain cancers. LDN therapy has been sub-
stantiated to increase the activity of NK cells by modulating the
release and activity of ME, BE, and MUR and binding to the
receptors of cancer cells (Brown and Panksepp, 2009). Another
study has provided evidence that LDN therapy induces the ac-
tivation of OGF and its receptor (OGFr) in mice with ovarian
cancer, leading to an increase in the quantity and functional-
ity of T and NK cells. As a consequence, the proliferation of
tumor cells and angiogenesis have been impeded, leading to a
decrease in the incidence of cancer. Human ovarian cancer cells
were transplanted into the peritoneal cavity of female mice in this
study. The mice were subjected to a daily treatment of OGF (10
mg/kg) and LDN (0.1 mg/kg) for 40 days. These findings re-
vealed a substantial decrease in the volume of ovarian tumors, as
measured by the number and weight of tumor nodules (Donahue
et al., 2011).

In another research conducted on squamous cell carcinoma
(SCC) cancer in the head and neck region, which has a high mor-
tality and recurrence rate in humans, LDN therapy has been doc-
umented as a highly effective therapeutic strategy without leav-
ing any toxic side effects. According to this research, LDN ap-
plication as a new approach, even with just once-a-week admin-
istration, has been proven to reduce DNA synthesis in these tu-
mors significantly (up to 1.6 times), reducing the tumor volume
and weight. The results indicate that LDN application, which
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Figure 3: The outline mechanism actions and the list of treatable diseases of Low-dose-naltrexone (LDN) therapy.
Abbreviations: opioid growth factor receptor (OGFr), Beta-Endorphin (BE), Met-Enkephalin (ME), Micro Opioid Re-
ceptors (MOR), Delta Opioid Receptors (DOR), Kappa Opioid Receptors (KOR), Epsilon Opioid Receptors (EOR),
Toll-Like Receptor-4 (TLR-4), Interleukin-2 (IL-2), TGF (Transforming Growth Factor), TNF (Tumor Necrosis Fac-
tor), G-CSF (Granulocyte-Colony Stimulating Factor), Multiple Sclerosis (MS), Acquired Immunodeficiency Syndrome
(AIDS), Irritable Bowel Disease (IBD), Coronavirus disease19 (COVID-19).

modifies the OGF– OGFr axis, is reported as both safe and cost-
effective, serving as a topically applicable method (McLaughlin
et al., 2012).

Methylnaltrexone (MNTX), reported as a selective periph-
eral MOR antagonist, has been indicated to inhibit angiogen-
esis and prevent in-vivo tumor growth (Yi et al., 2016). In
another research project, it has been proven that LDN ther-
apy triggers the OGF–OGF OGFr axis, inhibiting DNA synthe-
sis and angiogenesis in tumoral structures. This inhibition has
been demonstrated to halt or slow the development of type 2
diabetes, immune system diseases (MS, IBS, AIDS, etc.), and
tumors (Li et al., 2018). In a published case report, a fifty-year-
old male with non-small cell lung cancer (NSCLC, Lung Ade-
nocarcinoma) demonstrated that LDN therapy, without leaving
any side effects, strengthened the immune system at the cellular
level, improved the quality of life, significantly reduced the sever-
ity of symptoms, and additionally documented the painless and
successful outcome of chemotherapy and radiotherapy (Miskoff
and Chaudhri, 2018). In a scholarly inquiry conducted on mice
in 2020, the LDN therapy has been indicated to have a restrict-
ing effect on the progression of cervical cancer, which is known
as one of the most challenging cancers to treat metastasis. Ac-
cording to this research, the administration of LDN in cervical
neoplasia triggered apoptosis in tumoral cells, suppressed their
migration and invasion abilities, and additionally demonstrated
the proliferation of HeLa cells and an increase in the number and
activity of macrophages. Consequently, LDN therapy has been
identified as a therapeutic potential method for the treatment
of cervical cancer through these mechanisms (Choubey et al.,
2022).

Therapeutic indications and mechanisms of LDN ther-
apy in diseases

Irritable bowel disease (IBD), Crohn’s disease (CD) and
ulcerative colitis (UC)

The LDN therapy method was applied in the treatment of pa-
tients with IBD, which is generally refractory to existing routine
medications, with approximately 30% showing resistance or re-
curring symptoms over time. After administration of LDN in
IBD patients, the serum cytokine levels decreased, the mucosal
endoplasmic reticulum stress level decreased, and the epithelial
barrier function directly improved. Consequently, clinical symp-
toms disappeared, remission rates increased, and the repair of in-
testinal ulcerative lesions accelerated. In conclusion, LDN ther-
apy has been proven to be an effective, cost-efficient, and safe
method in the treatment of resistant IBD patients (Lie et al.,
2018) (Figure 3).

A two-year empirical investigation was conducted to examine
the efficacy of LDN therapy in 582 patients diagnosed with CD,
UC, and IBD. The results determined that LDN treatment was
significantly beneficial. Based on the findings of this research,
the concurrent administration of LDN and other intestinal im-
munosuppressive drugs induces a synergistic effect by stimulat-
ing intestinal motility and opioid-immunological receptors, which
expedites the treatment process, owing to the abundance of opi-
oid receptors in the gastrointestinal system (Raknes et al., 2018).

Autoimmune diseases

LDN therapy has been associated with elevated levels of ME and
T-cells in patients diagnosed with AIDS or AIDS-related com-
plex (ARC). Furthermore, it has been proposed that LDN ther-
apy may provide early-stage immunomodulatory benefits to pa-
tients who have undergone chemotherapy, radiation, or surgery
(Wybran et al., 1987). In an in-vitro andin-vivo investigation,
the administration of LDN demonstrated a significant augmen-
tation in ME, white blood cell (WBC) count, NK cell activity,
gamma-interferon, active T-cells, and other constituents of the
immune system in cancer patients afflicted with various forms of
pain, encompassing lung cancer, Kaposi’s sarcoma, melanoma,
and hypernephroma. Furthermore, LDN therapy exhibited a
substantial elevation in the expression of IL-2 (Interleukin-2) re-
ceptors, concomitant with a marked increase in IL-2 blood levels
(Plotnikoff et al., 1987).

In a clinical investigation involving a cohort of 60 individ-
uals diagnosed with multiple sclerosis (MS), the application of
LDN at a dosage of 4.5 mg per day over 8 weeks yielded note-
worthy improvements in various facets of quality of life. Specif-
ically, discernible benefits were observed in mental health, pain
perception, and cognitive functionality. Importantly, the LDN
intervention exhibited an admirable safety profile, with no dis-
cernible adverse effects reported during treatment (Cree et al.,
2010). OGF– OGFr axis is ubiquitously present in both nor-
mal and pathological cellular contexts, where it intricately reg-
ulates the essential function of maintaining homeostatic cell
replication. Individuals afflicted with conditions such as mul-
tiple sclerosis or other neurological disorders exhibit notably re-
duced levels of serum enkephalin (SE). The strategic adminis-
tration of LDN is documented to effectively elevate SE levels
by selectively inhibiting OGFr, thereby facilitating bioregula-
tory reactions. In a meticulously conducted clinical investiga-
tion involving murine subjects with experimental autoimmune
encephalomyelitis (EAE), a well-established model for MS, it was
empirically evidenced that both BE and enkephalin levels were
markedly diminished. Subsequent LDN therapy manifested the
rectification of SE levels and a consequential amelioration in clin-
ical behaviors, underscoring the therapeutic potential of LDN in
neurologically mediated disorders (Zagon and McLaughlin, 2018)
(Figure 3).

In the period spanning from 2006 to 2019, an extensive ex-
amination of case reports across diverse geographical locations
has underscored the therapeutic efficacy of LDN in the context of
chronic and refractory pemphigus. Particularly notable is LDN’s
ability to manifest a substantial anti-inflammatory and anti-
pruritic impact, devoid of any overt side effects. This was ob-
served prominently in cases where conventional treatments such
as antibiotics or steroids exhibited inadequate or negligible re-
sponses. The documented outcomes reveal LDN as a promising
intervention, fostering notable improvements in patient condi-
tions (Mashiko et al., 2006; Ibrahim et al., 2017; Parkitny and
Younger, 2017; Garayar Cantero et al., 2019). A research in-
vestigation carried out at the University of Alabama showcased
the effectiveness of LDN in reducing inflammation, specifically in
cases of fibromyalgia. The blood concentrations of inflammatory
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markers, such as IL-2, IFN, transforming growth factor (TGF),
tumor necrosis factor (TNF), and granulocyte-colony stimulat-
ing factor (G-CSF), were found to be substantially diminished by
this intervention. The results of the study indicate that LDN pre-
vents pro-inflammatory responses in fibromyalgia patients with
efficacy (Ekelem et al., 2019).

Therapeutic mechanisms in osteoporosis cases

The LDN therapy has been proven to make significant im-
provements in bone-related metrics, such as increased bone
mass, heightened bone production rate, increased number of os-
teoblasts, and improved values for bone surface (Seitz et al.,
2010; Thakur et al., 2016). Research conducted on mice showed
that LDN treatment augmented the signaling of OGF and its re-
ceptor (OGFr), hence controlling the proliferation of osteoblasts
and leading to a notable increase in bone mass and density
(Tanaka et al., 2019) (Figure 3).

Coronavirus Disease-19 (COVID-19)

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
2) is known as the cause of the global pandemic COVID-19.
SARS-CoV-2 infection leads to profound pro-inflammatory cy-
tokine storm, causing lung tissue damage and respiratory failure
and ultimately forming the basis for multiple organ failure. LDN
therapy against COVID-19 has been demonstrated to act as a
treatment and adjuvant treatment protocol by blocking both Ex-
tracellular Signal-Regulated Kinases (ERK) 1/2 and the inter-
action of angiotensin-converting enzyme2 (ACE2) with receptor
binding domain (RBD), the receptor-binding domain, in coron-
avirus infection (Choubey et al., 2022) (Figure 3).

Possible indications for LDN therapy in cats and dogs

In a conducted investigation involving 60 female dogs diagnosed
with mammary carcinoma tumors and undergoing mastectomy,
concurrent administration of LDN therapy and chemotherapy
with carboplatin was implemented. The comprehensive assess-
ment of clinical and preclinical parameters after the study un-
veiled a noteworthy correlation between LDN usage and both
prolonged survival and enhanced quality of life. These findings
provide evidence that LDN therapy serves as a therapeutic ap-
proach, preserving the quality of life and extending survival rates
in female dogs undergoing chemotherapy (Liu et al., 2020).

Analyzing the findings derived from studies conducted on
humans, dogs, and experimental animals revealed that LDN
therapy showed a spectrum of pharmacotherapeutic properties,
including immunomodulatory, analgesic, anticarcinogenic, anti-
convulsant, antiviral, antibacterial, antiparasitic, and antifungal
effects. Each of these properties is thought to act agonistically,
potentially elevating the quality of life in diverse diseases. The
multifaceted nature of LDN effects across different therapeutic
domains highlights its potential as a versatile and impactful in-
tervention in various medical contexts (Bilgiç et al., 2020). In
considering the mechanisms of LDN therapy mentioned above,
this method is envisaged to have various applications in both cats
and dogs. Due to its anti-viral, anti-bacterial, and immunomod-
ulatory properties, LDN is considered for the treatment of in-
fectious diseases such as feline leukemia virus (FeLV), feline im-
munodeficiency virus (FIV), parvo, distemper, etc. Also, LDN
therapy is considered to be effective in the treatment of infec-
tious diseases characterized by vasculitis, such as FIP and ICH,
due to its anti-inflammatory, immunomodulatory, anti-vasculitic,
and antiviral pharmacotherapeutic properties.

Additionally, the opioid-stimulating effect of LDN therapy
suggests its potential use in the treatment of various psychogenic
disorders, including deep depression or obsessive-compulsive dis-
orders. Furthermore, LDN’s anti-inflammatory, immunomodu-
latory, and anticarcinogenic properties make it a potential can-
didate for both solid and parallel treatments of various onco-
genic diseases. Moreover, considering the anti-inflammatory and
immunomodulatory characteristics of LDN therapy, it is antic-
ipated to be effective in the treatment of autoimmune diseases
such as hypothyroidism, spondylosis, rheumatoid arthritis, au-
toimmune hemolytic anemia (AIHA), pemphigus, or lupus ery-
thematosus. Furthermore, LDN therapy may find applications
in the treatment of various pneumonias, atopic and allergic der-
matitis, alopecia, as well as stubborn dermatomycosis, resistant

demodicosis, resistant pyodermas, methicillin-resistant Staphylo-
coccus aureus (MRSA), or various gastroenteritis diseases, given
its anti-parasitic, anti-bacterial, and antifungal pharmacological
characteristics.

Conclusion

In conclusion, it is proposed that integrating LDN therapy with
conventional treatments could present a more cost-effective, se-
cure, and efficient approach with minimal side effects for diseases
characterized by treatment resistance, complexity, or chronicity.
This synergistic approach may pave the way for enhanced thera-
peutic outcomes and improved patient experiences, emphasizing
the potential of LDN as a valuable adjunct in comprehensive
healthcare strategies. Further research and clinical studies are
warranted to explore the full scope of LDN’s therapeutic efficacy
and its application in diverse medical contexts.
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Kelley, K.W., Bluthé, R.M., Dantzer, R., Zhou, J.H., Shen, W.H.,

Johnson, R.W., Broussard, S.R., 2003. Cytokine-induced sickness

behavior. Brain, Behavior, and Immunity 17 Suppl 1, S112–8.

10.1016/s0889-1591(02)00077-6.

Kim, Y.H.J., West, K., 2019. Treating chronic pain with low dose

naltrexone and ultralow dose naltrexone: A review paper. Journal

of Pain Management and Therapy 3, 1–5.

Li, Z., You, Y., Griffin, N., Feng, J., Shan, F., 2018. Low-dose

naltrexone (LDN): A promising treatment in immune-related dis-

eases and cancer therapy. International Immunopharmacology 61,

178–184. 10.1016/j.intimp.2018.05.020.

Lie, M.R.K.L., van der Giessen, J., Fuhler, G.M., de Lima, A., Pep-

pelenbosch, M.P., van der Ent, C., van der Woude, C.J., 2018.

Low dose naltrexone for induction of remission in inflammatory

bowel disease patients. Journal of Translational Medicine 16, 55.

10.1186/s12967-018-1427-5.

Liu, N., Ma, M., Qu, N., Wang, R., Chen, H., Hu, F., Gao, S., Shan,

F., 2020. Low-dose naltrexone inhibits the epithelial-mesenchymal

transition of cervical cancer cells in-vitro and effects indirectly

on tumor-associated macrophages in-vivo. International Im-

munopharmacology 86, 106718. 10.1016/j.intimp.2020.106718.

Machado, M.C., da Costa-Neto, J.M., Portela, R.D., D’Assis,

M.J.M.H., Martins-Filho, O.A., Barrouin-Melo, S.M., Borges,

N.F., Silva, F.L., Estrela-Lima, A., 2018. The effect of naltrexone

as a carboplatin chemotherapy-associated drug on the immune

response, quality of life and survival of dogs with mammary car-

cinoma. Plos One 13, e0204830. 10.1371/journal.pone.0204830.

Mashiko, M., Akiyama, M., Tsuji-Abe, Y., Shimizu, H., 2006. Bac-

terial infection-induced generalized Hailey-Hailey disease success-

fully treated by etretinate. Clinical and Experimental Dermatol-

ogy 31, 57–59. 10.1111/j.1365-2230.2005.01948.x.

McCubbin, J.A., Cheung, R., Montgomery, T.B., Bulbulian, R.,

Wilson, J.F., 1992. Aerobic fitness and opioidergic inhibition of

cardiovascular stress reactivity. Psychophysiology 29, 687–697.

10.1111/j.1469-8986.1992.tb02047.x.

McCubbin, J.A., Wilson, J.F., Bruehl, S., Ibarra, P., Carlson, C.R.,

Norton, J.A., Colclough, G.W., 1996. Relaxation training and opi-

oid inhibition of blood pressure response to stress. Journal of Con-

sulting and Clinical Psychology 64, 593–601. 10.1037//0022-006x.

64.3.593.

McCusker, R.H., Kelley, K.W., 2013. Immune-neural connections:

how the immune system’s response to infectious agents influ-

ences behavior. Journal of Experimental Biology 216, 84–98.

10.1242/jeb.073411.

McLaughlin, P.J., Stucki, J.K., Zagon, I.S., 2012. Modulation of the

opioid growth factor ([met(5)]-enkephalin)-opioid growth factor

receptor axis: Novel therapies for squamous cell carcinoma of the

head and neck. Head & Neck 34, 513–519. 10.1002/hed.21759.

Metyas, S., Chen, C.L., Yeter, K., Solyman, J., Arkfeld, D.G.,

2018. Low dose naltrexone in the treatment of fibromyal-

gia. Current Rheumatology Reviews 14, 177–180. 10.2174/

1573397113666170321120329.
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