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20230810 Ambroxol – a unique disease-modifying compound in neurodegenera�ve disorders 1 
 2 
Studies conducted both in preclinical and clinical se�ngs, focusing on various disorders characterized by 3 
neuronal degenera�on, have demonstrated that ambroxol aids in promo�ng the survival of neurons 4 
through a range of interconnected mechanisms. Broadly, these studies indicate that ambroxol assists 5 
neurons in effec�vely clearing waste within their structures, improving their metabolic func�ons, and 6 
reducing inflammatory response.  7 
 8 
From a clinical perspec�ve, ambroxol has a well-established history of safe usage, even during prolonged 9 
periods and at elevated doses. Moreover, it exhibits strong bioavailability within brain �ssue. Based on 10 
these favorable atributes and the robust outcomes observed in model systems, ambroxol is currently 11 
undergoing clinical trials for several neurodegenera�ve condi�ons, including Parkinson’s disease (phase 12 
III (University College, London, 2023), phase II (Fondazione I.R.C.C.S. Is�tuto Neurologico Carlo Besta, 13 
2022)), Lewy body demen�a (phase I/II (Pasternak, 2022), phase II (Helse Fonna, 2021)), Amyotrophic 14 
lateral sclerosis (phase II (Turner, 2022)), and Gaucher’s disease (mul�ple open label trials (Shaare Zedek 15 
Medical Center, 2023; Zhan et al., 2023). Collec�vely, these results indicate ambroxol’s poten�al for 16 
treatment of neurodegenera�ve disorders including Alzheimer’s disease (AD). 17 
 18 
In terms of its underlying mechanisms, the ini�al evidence revealing ambroxol’s unexpected impact on 19 
the cellular waste elimina�on process, known as autophagy, emerged from screenings that 20 
demonstrated its ability to regulate enzymes responsible for processing sphingolipids. Sphingolipids are 21 
molecules that are predominantly processed by enzymes localized within lysosomes. These enzymes 22 
experience significant dysregula�on in pa�ents with Alzheimer’s disease (AD) and even in individuals at 23 
the early stages of AD progression (Byeon et al., 2021; Baloni et al., 2022). Through an extensive library 24 
screening, ambroxol was iden�fied as the primary candidate capable of ac�ng as a molecular chaperone 25 
for glucocerebrosidase (GCase) (Maegawa et al., 2009). Elevated GCase ac�vity has been demonstrated 26 
to enhance the lysosomes' ability to break down protein aggregates, such as those formed by alpha-27 
synuclein (Mazzulli et al., 2016). Notably, ambroxol has been shown to boost GCase ac�vity in human 28 
pa�ents with Gaucher’s disease (Narita et al., 2016) as well as in cases of idiopathic Parkinson's disease 29 
(PD) (Mullin et al., 2020), with posi�ve impacts on the overall reported quality of life in both instances. 30 
Ambroxol's effects also extend to inhibi�ng sphingomyelinase (Carpinteiro et al., 2021), an enzyme that 31 
tends to become overly ac�ve in AD pa�ents (Baloni et al., 2022). Heightened sphingomyelinase ac�vity 32 
is linked to the increased amyloidogenic processing of the amyloid precursor protein by gamma 33 
secretases (Grimm et al., 2005). Conversely, inhibi�ng sphingomyelinase has been demonstrated to 34 
rescue synap�c deficits in mouse models of AD (Baloni et al., 2022). 35 
 36 
Another aspect of AD's underlying mechanisms that ambroxol addresses is the unfolded protein 37 
response. In AD and other neurodegenera�ve disorders, the accumula�on of neurotoxic protein waste 38 
contributes to the emergence of endoplasmic re�cular stress. This stress triggers the produc�on of 39 
addi�onal intracellular protein aggrega�ons (Ajoolabady et al., 2022). Ambroxol plays a role in enhancing 40 
the removal of protein aggregates by promo�ng autophagy through the upregula�on of transcrip�on 41 
factor EB (McNeill et al., 2014; Choi et al., 2018; Magalhaes et al., 2018). Transcrip�on factor EB is a key 42 
controller of cellular autophagy processes (Medina et al., 2015). It's worth no�ng that many substances 43 
that amplify TFEB signaling also disrupt cellular metabolism by genera�ng free radicals as by-products 44 
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(Lu et al., 2017; Redmann et al., 2017). In contrast, ambroxol acts as a potent an�oxidant (Ledwozyw et 45 
al., 1991; Ste�nová et al., 2004). Its applica�on has demonstrated an associa�on with heightened 46 
func�onality of lysosomes and mitochondria both in cell cultures and in murine models (Magalhaes et 47 
al., 2018; Mishra and Krishnamurthy, 2020). Addi�onally, ambroxol has been shown to alleviate 48 
endoplasmic re�cular stress and protect neural func�on in mouse models of ischemic stroke when 49 
administered a�er reperfusion (Ge et al., 2020; Jiang et al., 2020). 50 
 51 
 52 
Lastly, ambroxol assumes a powerful role in governing the immune response, which increases during the 53 
prodromal phase of AD. Elevated levels of pro-inflammatory cytokines, such as interleukin 1β, 6, 8, and 54 
�ssue necrosis factor alpha, in longitudinally sampled AD pa�ent sera have been iden�fied as predic�ve 55 
of unfavorable clinical trajectories (Heneka et al., 2015). In contrast, heightened levels of an�-56 
inflammatory cytokines like interleukin 10 and interferon-γ associated with adap�ve immunity have 57 
been linked to slower cogni�ve decline in individuals with AD (Yang et al., 2022). Diverse studies across 58 
various organ systems (Takeda et al., 2016; Zhang et al., 2016; Jiang et al., 2020; Kókai et al., 2021; 59 
Schneider et al., 2021; Cavalu et al., 2022) have collec�vely affirmed that ambroxol exerts a 60 
transforma�ve influence on inflamma�on and immune response. For instance, in lung �ssue, ambroxol 61 
has demonstrated the ability to reduce the expression of pro-inflammatory cytokines like interleukins 1β, 62 
6, 8, and �ssue necrosis factor-α (Bianchi et al., 1990; Jang et al., 2003; Wang et al., 2011). It has also 63 
been shown to reduce ac�va�on of pathways leading to inflammasome ac�va�on, such as NF-κB, in the 64 
gut (Cavalu et al., 2022). 65 
 66 
This dampening of inflamma�on is par�ally atributed to ambroxol's capacity to scavenge free radicals 67 
(Peroni et al., 2013). Moreover, its effects on autophagy, par�cularly TFEB ac�va�on, could play a role in 68 
mi�ga�ng inflamma�on by degrading pivotal mediators of inflamma�on, including components of the 69 
inflammasome (Shi et al., 2012; Dere�c, 2021). Alongside its inhibitory effects on pro-inflammatory 70 
signaling pathways, ambroxol has been found to elevate the expression of interleukin 10, 12, and 71 
interferon-γ in lung �ssue following challenges with pathogens and ovalbumin (Takeda et al., 2016; Kókai 72 
et al., 2021), indica�ng a reinforced an�-inflammatory and adap�ve immune response. Collec�vely, 73 
these immune response effects may contribute to preclinical observa�ons of diminished inflamma�on in 74 
ulcera�ve coli�s models (Schneider et al., 2021) and a reduc�on in pro-inflammatory M1-type microglial 75 
ac�va�on in models of intracerebral hemorrhage (Jiang et al., 2020). 76 
 77 
Due to its demonstrated capacity to safeguard neuronal integrity in the face of challenges, ambroxol 78 
stands out as a promising contender for repurposing in the context of various neurodegenera�ve 79 
condi�ons. Notably, the Interna�onal Linked Clinical Trials program has singled out ambroxol as one of 80 
the select few FDA-approved drug candidates for repurposing in the treatment of Parkinson’s disease 81 
(Stot et al., 2021). Following encouraging outcomes in phase 2 trials (Mullin et al., 2020), this ini�a�ve 82 
joined forces with the Van Andel Ins�tute and the John Black Charitable Founda�on to finance a phase 3 83 
trial inves�ga�ng ambroxol's poten�al in trea�ng PD. This milestone marks ambroxol as one of only five 84 
candidate drugs to ever atain such a stage of clinical inves�ga�on for PD. 85 
 86 
In addi�on, ambroxol earned a place of prominence in the RENEWAL program through expert consensus, 87 
posi�oning it as the most promising candidate for clinical trials targe�ng Lewy Body Demen�a (O’Brien 88 
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et al., 2022). Furthermore, strong preclinical study results (Bouscary et al., 2019) have propelled 89 
ambroxol into the sphere of evalua�on as a prospec�ve therapy for amyotrophic lateral sclerosis. 90 
 91 
Thus, ambroxol boasts a robust clinical history and has garnered support from both preclinical and 92 
clinical realms as a poten�al remedy for neuronal loss in degenera�ve disorders. Its dis�nc�ve 93 
mechanisms of ac�on at the cellular level align effec�vely with allevia�ng the intracellular deficits 94 
characteris�c of such disorders. Coupled with its favorable safety profile and ability to cross the blood-95 
brain barrier, Ambroxol holds promise for deployment as a flexible solu�on in the treatment of 96 
Alzheimer’s disease. It could serve either as a standalone therapy or in synergy with newly approved 97 
monoclonal an�bodies, which are on the brink of becoming the standard of care. 98 
 99 
 100 
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