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 Abstract: Background: Alzheimer’s disease (AD) is a chronic neurodegenerative disease with no 

specific disease-modifying treatment. β-secretase (BACE1) is considered the potential and rationale 

target because it is involved in the rate-limiting step, which produces toxic Aβ42 peptides that leads 

to deposits in the form of amyloid plaques extracellularly, resulting in AD.  

Objective: This study aims to discuss the role and implications of BACE1 and its inhibitors in the 

management of AD. 

Methods: We have searched and collected the relevant quality work from PubMed using the follow-

ing keywords “BACE1”, BACE2”, “inhibitors”, and “Alzheimer’s disease”. In addition, we includ-

ed the work which discusses the role of BACE1 in AD and the recent work on its inhibitors. 

Results: In this review, we have discussed the importance of BACE1 in regulating AD progression 

and the current development of BACE1 inhibitors. However, the development of a BACE1 inhibitor 

is very challenging due to the large active site of BACE1. Nevertheless, some of the BACE1 inhibi-

tors have managed to enter advanced phases of clinical trials, such as MK-8931 (Verubecestat), 

E2609 (Elenbecestat), AZD3293 (Lanabecestat), and JNJ-54861911 (Atabecestat). This review also 

sheds light on the prospect of BACE1 inhibitors as the most effective therapeutic approach in delay-

ing or preventing AD progression.  

Conclusion: BACE1 is involved in the progression of AD. The current ongoing or failed clinical 

trials may help understand the role of BACE1 inhibition in regulating the Aβ load and cognitive sta-

tus of AD patients. 
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1. INTRODUCTION 

Dementia is characterized by a long-term and gradual in-
ability to think and remember. Alzheimer's disease (AD) is 
the most general form of dementia, covering nearly 50-70% 
among all the cases [1]. Approximately 5.8 million people 
from the United States were suffering from AD in 2019, and 
out of them, 5.6 million people were aged 65 years or higher 
[2]. About 121,404 people died due to AD in 2017. In 2018 
AD was ranked as the sixth major cause of death in the US 
and the fifth for Americans aged > 65 years [3]. The two 
main pathological indications of AD are the deposition of 
intracellular neurofibrillary tangles (NFT) and extracellular 
amyloid plaques [4, 5]. The cleavage of amyloid precursor 
protein (APP) by β- secretase and γ-secretase enzymes at 
specific sites lead to the formation of Aβ peptides and  
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amyloid precursor protein intracellular domain (AICD), 
which further aggregate to form Aβ plaques (Fig. 1) [6]. The 
current AD treatment includes acetylcholinesterase (AChE) 
inhibitors and NMDA receptor antagonists, which only pro-
vide symptomatic relief. Hence there is a need for disease-
modifying treatments along with treatments that provide 
symptomatic benefits. There have been many potential ther-
apeutic targets that have been explored to combat AD pro-
gression like β-secretase 1 (beta-site APP cleaving enzyme 1 
(BACE1)), γ-secretase, nuclear factor E2 related factor 2 
(Nrf2), protein tyrosine phosphatase 1B (PTP1B) and phos-
phodiesterases (PDE), etc. [7]. BACE1 inhibition is the most 
rational approach as it blocks the first rate-limiting step for 
the formation of Aβ peptides. The design and development 
of the BACE1 inhibitors have proven to be very challenging 
due to the large binding pocket and structural flexibility of 
the BACE1 enzyme [8].  

Decades of research have been done to find selective and 
safe BACE1 inhibitors. Some of the molecules showed prom-
ising results of cellular Aβ reduction in animal models and 
reached advanced human phase clinical trials. Unfortunately, 
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Fig. (1). The amyloidogenic pathway of amyloid precursor protein (APP) proteolysis [5]. 

 
most of them were terminated from the clinical trials due to 
inefficacy in providing cognitive benefit and exhibiting toxici-
ty. The lack of efficacy of the BACE1 inhibitors in clinical 
trials may involve many factors, including being administered 
too late in the time course of the disease following irreversible 
synapse and neuron loss or due to the unresolved complicated 
pathophysiology of AD [9]. This review summarizes the im-
portance of BACE1 in the regulation of AD progression and 
the current development of selective BACE1 inhibitors.

2. BACE1 / β SECRETASE 

BACE1 is a type 1 transmembrane aspartyl protease con-
sisting of 501 amino acids mainly expressed in the neurons. 
The extraneuronal portion of APP is cleaved by BACE1 to 
generate a large soluble extracellular fragment sAPPβ and an 
intracellular C-terminal fragment (βCTF) which is called 
C99 (Fig. 1). Intramembrane cleavage of C99 by γ secretase 
complex gives a cytosolic C57 or C59 AICD fragment and 
extracellular Aβ peptides of different lengths. The 42 amino 
acid form of Aβ (Aβ1-42) is vulnerable to oligomerization and 
leads to the formation of amyloid plaques [7]. 

2.1. Genomic and Proteomic Information About BACE1 
and BACE2 

The catalytic domain of BACE1 consists of two signature 
motif sequences called DTGS (93-96 amino acid residues) 
and DSGT (289–292 amino acid residues). They show ac-
tivity at an acidic pH and are located within the lumen of the 
intracellular cavity, incorporating the trans-Golgi network 
and endosomes (Fig. 2) [10]. Other aspartyl proteases in-
clude BACE2, pepsin, cathepsin D, rennin, and cathepsin E 
[4, 11].

 
There are minimum structural differences between 

these enzymes, indicating that high selectivity is required for 
BACE1 inhibition and to avoid proteolysis of unintended 
substrates. BACE2 is a close homolog of BACE1, showing 
64% amino acid similarity, but BACE2 is not present to a 
high level in neurons and does not form toxic Aβ peptides 
upon cleavage of APP [12-14]. 

Analysis of BACE1 and BACE2 protein sequences from 
some mammalian species utilizing the ET (Evolutionary 

trace sequence) method revealed the difference in ligand 
binding sites. Although BACE1 and BACE2 have a similar 
biological role in proteolyzing APP, they cleave at different 
sites producing various cleavage products, one which is amy-
loidogenic from BACE1 and others that are non-
amyloidogenic from BACE2 [15]. The structural characteris-
tics of BACE1 were further elucidated after discovering 
some early potent BACE1 inhibitors like OM99-2 containing 
eight residues whose interactions with the BACE1 sub-
pockets are shown in Fig. (3) [16]. 

Twenty-eight amino acid residues for BACE1 and twen-
ty-four amino acid residues for BACE2 were recognized as a 
ligand-binding site for OM99-2. The surface of the ligand‐
binding site consists of subpockets S1, S2, S3, S4, S1′, S2′,
S3′, and S4′ [17]. Two catalytic aspartic acid residues were 
identified to be required for enzymatic activity Asp32 and 
Asp228 of BACE1 and Asp48 and Asp241 of BACE2. Three 
main entities that form the large ligand binding site are the 
catalytic dyad, the flap region, and the 10s loop. The 10s 
loop is positioned around Ser10 in the S3 pocket. It acquires 
an open conformation allowing maximum binding of the 
inhibitor to the S3 pocket [18]. The ligand-binding site com-
prises four group-specific residues, which are Pro70, Ile110, 
Ile126, and Asn233 of BACE1 and Lys86, Leu126, Leu142, 
and Leu246 of BACE2. Although amino acid residues like 
Ile and Leu are hydrophobic and equally small, the orienta-
tion of the alkyl group in the 3D protein structure accounts 
for selectivity in binding of the ligand to BACE1 and 
BACE2. Most of the aspartyl proteases possess a loop struc-
ture that covers the active site called the flap region. Tyr71 
in the flap region of BACE1 plays a crucial role in determin-
ing conformational flexibility. In the flap region, Pro70 of 
BACE1 is replaced with Lys86 of BACE2. The cyclic nature 
of the proline residue may affect the flexibility of the flap 
region in BACE1 compared to the linear chain of lysine in 
BACE2, so ligand interaction with the proline residue might 
enhance the selectivity of the ligand towards BACE1. The 
last group-specific residue in the ligand-binding site is 
Asn233 of BACE1 and Leu246 of BACE2, which indicates 
that the BACE1 binding site in this region is more hydro-
philic than BACE2. These differences can help in the design 
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Fig. (2). BACE1 primary sequence features [The complete primary structure (sequence) is not shown, only select features] [14]. 

 

 

Fig. (3). Binding interactions of the first BACE1 inhibitor OM99-2 with different sub-pockets of BACE1 [16]. 
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and development of selective inhibitors for either BACE1 or 
BACE2 [14]. 

2.2. Significance of Genetic Mutations in Alzheimer’s 
Disease 

Genetic studies have revealed that over 200 autosomal 
dominant missense mutations have been observed in the am-
yloid precursor protein (APP) and presenilin 1 and 2 genes. 
These mutations increase the production of either total Aβ 
forms or only the toxic Aβ42 form causing familial Alz-
heimer’s disease (FAD). The FAD mutations are located 
very close to β-secretase and γ-secretase cleavage sites influ-
encing APP processing by these enzymes, ultimately increas-
ing the accumulation of Aβ peptides. Particularly, the Swe-
dish mutation (K670N; M671L) [19] and the A67RV muta-
tion [20] are specifically located C-terminal to the β-
secretase cleavage site. Naturally, these mutations effectively 
increase the APP cleavage by BACE1, forming more C99 
fragments and toxic Aβ peptides. However, there is the 
A673T mutation, which is protective against AD. The 
A673T mutation leads to nearly a 40% reduction in Aβ pro-
duction due to reduced cleavage of APP by BACE1. Most 
carriers contain one copy of the A673T mutation, leading to 
a 20% reduction in Aβ production, which protects against 
AD [21-23]. This data provides strong evidence that BACE1 
inhibition decreases the Aβ load in the brain and thus can be 
used as a disease-modifying treatment option for AD if em-
ployed before the accumulation of cellular Aβ plaques.  

2.3. BACE1 Substrates and their Physiological Role 

Proteomics analyses in cultured primary neurons have 
found BACE1 substrates with neuronal functions, excluding 
amyloid precursor protein (APP). Most of the substrates 
cleaved by BACE1 release an ectodomain fragment extracel-
lularly, which might bind to the same (autocrine) or different 
(paracrine) cells to alter signal transduction and cell-cell in-
teractions. Two BACE1 substrates are type III neuregulin 1 
(NRG1), which triggers a myelination process in Schwann 
cells, and neuronal cell adhesion molecule close homolog of 
L1 (CHL1), which controls axonal functions. Thus, lack of 
BACE1 processing of type III NRG1 and CHL1 may lead to 
hypomyelination in BACE1- null mice and mistargeted ax-
ons in the hippocampus [24-26]. Analyzing the proteolysis of 
the different BACE1 substrates may be used to understand 
the underlying mechanism causing the toxicity following 
BACE1 inhibitor administration [27-29].  

2.4. Role of BACE1 in the Production of Toxic Aβ Pep-
tides  

Amyloid plaques are extracellular deposits of Aβ42 frag-
ments in the brain parenchyma and cerebral blood vessels. 
These fragments are formed by the cleavage of APP by dif-
ferent secretase enzymes (β and γ-isoforms) in brain neu-
rons, as discussed in the previous section. APP (APP695) is a 
transmembrane glycoprotein observed on the cell membrane 
of many cells like microglia, astrocytes, and neuronal cells in 
the CNS [30]. APP is important in neural growth, synaptic 
formation, and repair [31]. But highest activity levels were 
observed in neural tissue and neuronal cells [32, 33]. The α-
secretase cleaves APP mainly outside the CNS in peripheral 
cells and tissues. The β and �-secretase cleave APP mainly 

in the CNS neuronal cells and, with sequential reactions, lead 
to shorter insoluble peptide fragments called Aβ- fragments, 
which are ~39-43 amino acids long (Fig. 4). These Aβ-
fragments form unusual insoluble complex structures around 
neuronal cells in the brain and comprise a histopathological 
characteristic of AD pathophysiology called senile plaques. 
The control of amyloid processing of APP protein can be 
carried out by modulation of β-secretase (BACE1) [21-23]. 

3. BACE1 INHIBITORS IN CLINICAL TRIALS 

Some small molecule BACE1 inhibitors have been de-
veloped orally bioavailable and have entered into human 
clinical trials, as summarized below in Table 1 [5, 9, 34]. 

AstraZeneca developed AZD3293 (Lanabecestat), and it 
belongs to the acyl guanidine class of BACE1 inhibitors. The 
phase I trial results of Lanabecetat demonstrated excellent 
safety and metabolic profiles. The results of phase II/III trials 
showed improved cognition and decreased CSF Aβ42 levels. 
However, the phase II/III trials were discontinued because 
they caused psychiatric adverse events, weight loss, and 
depigmentation of the epidermis (outer layer of the skin) [3]. 
Merck pharmaceutical company developed one of the most 
promising BACE1 inhibitors, MK8931 (Verubecestat) (IC50 

= 2.2 nM), which entered a phase III clinical trial. The high 
potency of Verubecestat is due to the interaction of the ami-
dine moiety with the catalytic diad of BACE1. The lower 
pKa of the iminothiadiazinane core of Verubecestat is re-
sponsible for the low P-gp efflux [35]. Even though it 
showed remarkable pharmacokinetics and physiochemical 
properties, it was discontinued in the phase III trial. The ma-
jor reasons to discontinue were the lack of efficacy of Veru-
becestat to produce cognitive benefits for AD patients and 
adverse effects like rashes [8]. Eisa developed E2609 (Elen-
becestat) as a small molecule BACE1 inhibitor. The phase I 
trial of Elenbecestat demonstrated that a single oral ascend-
ing dose of 5, 10, 25, 50, 100, 200, 400, or 800 mg could 
reduce CSF Aβ42 levels by 92 % at an 800 mg single dose. 
CSF Aβ42 levels are frequently inversely proportional to the 
brain, so decreased CSF levels likely indicate increased lev-
els of brain Aβ42 levels. Decreased CSF Aβ42/ Aβ40 is a 
promising biomarker for AD [36]. These results were con-
sistent with the phase II trial, and it was recently discontin-
ued due to notable side effects like dizziness and nightmares. 
E2609 also caused elevation of liver enzymes and hippo-
campal atrophy [5]. JNJ-54861911 (Atabecestat) is a brain 
penetrable small molecule BACE1 inhibitor developed by 
Janssen. The phase I trial showed promising results, which 
allowed it to enter phase II trials. The results of the phase II 
trial demonstrated that 5, 25, and 50 mg doses of Atabecestat 
could reduce CSF Aβ levels by 50, 80, and 90 %, respective-
ly, indicating high potency for BACE1 inhibition. However, 
the phase II trials were terminated due to adverse effects like 
abnormal elevation in liver enzymes [34]. LY3202626 is a 
compound in the acylguanidine class of BACE1 inhibitors 
developed by Eli Lilly and Co. No clear effect on cognition 
was found; hence the phase II trial of LY3202626 was ter-
minated. The phase II/III trial of Umibecestat (CNP520) was 
discontinued due to cognitive worsening in the active treat-
ment group [37]. 
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Fig. (4). Schematic representation for the formation of toxic Aβ peptides and NFTs. APP is a type 1 transmembrane protein sequentially 

cleaved by two aspartic proteases to generate Aβ. First, the β-secretase enzyme cuts the APP to create the N-terminus of Aβ. Gamma-

secretase cleavage next yields production of Aβ42 monomer, followed by aggregation of Aβ and deposition of Aβ. The amyloid plaques are 

extracellular deposits of Aβ42 fragments in the brain parenchyma. 

Table 1. BACE1 inhibitors in different phases of clinical trials. 

Compd. Name/Code and Structure Clinical Trial Position Company Refs. 

MK8931 (Verubecestat) 

 

Ki  : 2.2 nM  (hBACE1) Ki  : 0.34 nM  (hBACE2) 

Phase III 

 
Terminated Merck [5] 

AZD3293 (Lanabecestat) 

 

Ki  : 0.4 nM  (hBACE1) Ki  : 0.8 nM  (hBACE2) 

 

Phase II/III 

 
Terminated 

Astra Zeneca, Eli 

Lilly, and Co. 
[5, 9] 

JNJ-54861911 (Atabecestat) 

  

Ki  : 9.8 nM  (hBACE1) 

Phase II/III 

 
Terminated Janssen [5, 9] 
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Compd. Name/Code and Structure Clinical Trial Position Company Refs. 

E2609 (Elenbecestat) 

 

Ki  : 27 nM  (hBACE1) 

Phase II 

 
Terminated Eisai, Biogen [5, 9] 

LY3202626 

        

Phase II/III 

 
Terminated Eli Lilly and Co [9,34] 

Umibecestat (CNP520)                  

 

IC50  : 11 nM (hBACE1) IC50  : 30 nM (hBACE2) 

Phase II/III 

 
Terminated Amgen, Novartis [5, 9, 34] 

 
4. DESIGN AND DEVELOPMENT OF BACE1 INHIB-

ITORS 

The first group of BACE1 inhibitors developed was pep-
tidomimetics based on the non-cleavable peptide transition 
state analogs with the amino acid sequence of the APP β site 
[38]. These peptidomimetic molecules are potent since they 
efficiently bind to the large active site of BACE1. But, un-
fortunately, these peptide inhibitors possess poor in-vivo 
pharmacological properties such as oral bioavailability, se-
rum half-life, and BBB penetration [39]. 

The second group developed consists of small molecule 
BACE1 inhibitors that are large enough to bind to the active 
site and small enough to exhibit good pharmacokinetic prop-
erties and brain penetration. However, most of the second-
generation molecules are substrates of P-glycoprotein, an 
ATP-dependent drug efflux pump for xenobiotics in the 
brain, hence cannot attain high concentrations in the brain. 
The third modern group of small molecule BACE1 inhibitors 

has been developed with adequate BBB penetration, phar-
macokinetic properties, and Aβ level-reducing activity in the 
brain (Fig. 5). 

4.1. Peptidomimetic BACE1 Inhibitors 

This class of compounds contains an amide bond or one 
of its isosteres. Transition-state bioisosteres like hydroxyl 
ethylene,-hydroxyl ethylamine-, isopthalamide-based inhibi-
tors as well as reduced amide, statins, norstatins, and macro-
cyclic-based inhibitors are used for the design of aspartyl 
protease inhibitors [14, 39, 40]. 

Hydroxyethylene isosteric inhibitors are known to be the 
first class of BACE1 inhibitors discovered. Compound 1 (Fig. 
6), which includes hydroxy ethylene along with an oxazol-
ylmethyl substituent at the P3 position, is a more potent pep-
tidomimetic BACE1 inhibitor (IC50= 0.12 nM) with high se-
lectivity of >2500 over Cathepsin D (CatD) and >3800 fold 
over BACE2. On the other hand, Compound 2 (Fig. 6) con-
sists of bulkier substituents like benzyl and isopropylamine on 
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Fig. (5). Schematic representation of different types of BACE1 inhibitors. 

 

a hydroxy ethylene skeleton to accommodate P1 and P3 posi-
tions present on the binding site of the enzyme BACE1 (IC50= 
1.1 nM) but gave poor in-vivo inhibition of Aβ  [41, 42]. An 
example of a hydroxyl ethylamine inhibitor is Compound 3 
(Fig. 6) with the 3-methoxybenzyl group at P1 with a phenyl-
alanine side chain at the P1’ position. It showed an IC50 of 1.0 
nM and a 39-fold selectivity for BACE1 over BACE2 and 23-
fold over CatD. It showed a 65% reduction in Aβ levels in 
transgenic mice as well as improvement in cognitive function 
[43]. Another example consists of a six-membered ring sultam 
derivative Compound 4 (Fig. 5) having an IC50 of a 4 nM and 
44-fold selectivity for BACE1 over BACE2 and 663-fold over 
CatD. The high potency of this compound was due to the 
presence of a meta ethylene moiety that fits the S3 subpocket 

of BACE1, which increases binding affinity to the active site 
by enhancing interaction with the catalytic dyad. Compound 

4 exhibited low oral bioavailability within transgenic mice 
when co-administered with a P-gp inhibitor, and also a 55 % 
reduction in Aβ42 levels was observed [44, 45]. Isopthalamide 
isostere-based inhibitors with a substituent like a hydroxyethyl 
amine, as demonstrated by Compounds 5 and 6), showed 
high potency and selectivity for BACE1 [46]. Compound 5 

(Fig. 6) showed an IC50 of 2.5 nM, but low selectivity against 
CatD hence required modification. The main difference in S1’ 
subpockets of BACE1 and CatD was studied by structure-
activity relationship (SAR) to increase the selectivity of the 
inhibitor toward BACE1. It was observed that the S1’ sub-
pocket of BACE1 can accommodate large groups with polar 
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Fig. (6). Peptidomimetic BACE1 inhibitors. 

 
interactions, while the S1’ subpocket of CatD can only form 
hydrophobic interactions with the ligand. This information led 
to adding a small polar group like methoxy at the P1’ position 
present in Compound 6 (Fig. 6) with increased potency 
(IC50= 0.3 nM) and 1,000-fold selectivity for BACE1 over 
CatD. Most of the peptidomimetic inhibitors exhibited poor 
oral bioavailability, limited BBB penetration, low serum half-
life, and low reduction of Aβ levels, which shifted the research 
interest towards the next generation of BACE1 inhibitors 
called nonpeptidomimetic inhibitors [47]. 

4.2. Non-peptidomimetic BACE1 Inhibitors 

Development of non-peptidomimetic inhibitors was per-
formed by high-throughput screening (HTS) campaigns fol-
lowed by SAR studies of the best hit compounds. Non-

peptidomimetic inhibitors showed better metabolic stability 
and oral bioavailability, improved BBB penetration, and 
reduced P-gp efflux ratio. The main feature of these com-
pounds is the presence of an aminoazine residue in their 
structure. The different classes of these inhibitors include the 
compounds that contain acylguanidine, 2-aminopyridine, 
thioamidine, aminoimidazole-amino/iminohydantoin, dihy-
droquinazoline, and amino- thiazoline/oxazoline/quinoline/ 
pyrrolidine moieties [14, 48].

 

4.2.1. Acyl Guanidine  

The acyl guanidine scaffold is the most promising class 
of inhibitors with high BACE1 potency, excellent pharma-
cokinetic characteristics, and lower P-gp efflux. Thus some 
molecules of this class were entered into human phase 
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Fig. (7). Acyl guanidine BACE1 inhibitors. 

 
clinical trials [49, 50]. In Compound 7 (Fig. 7), adding a 
pyrrolidine moiety led to the development of a better and 
more potent compound with an IC50 of 0.25 µM against 
BACE1. Molecular modelling studies of this compound 
showed a unique U-shaped conformation that orients the aryl 
group to the S2 subpocket of BACE1. Moreover, SAR stud-
ies revealed that the addition of an ether linkage on the aryl 
group was directed toward macrocrystallzation through a 
rigidification strategy. 

Compound 8 (Fig. 7) was developed by the same strate-
gy and showed improved in-vitro and in-vivo potency with a 
significant reduction in Aβ levels. In addition, it showed 
BACE1 inhibition with an IC50 of 0.32 nM, a low P-gp ef-
flux ratio of 2.3, and a 700-fold selectivity over CatD [51]. 

Acyl guanidine in the heterocyclic ring led to the design 
of 2-amino-pyrimidin-4-ones, aminopyrimidines, and 
quinazolinones to treat AD [52]. The binding affinity of 
Compound 9 (Fig. 6, IC50 = 154 µM) with BACE1 was en-
hanced using a rigidification approach with sp

3
 hybridized 

carbon. A CH-pi interaction was reported between the rigid 
cyclopropane and the Tyr71 residue of BACE1 [53]. As acyl 
guanidine is a very important scaffold for targeting BACE1, 
quinazoline-hydrazones (Compound 10, Fig. 7, IC50 = 3.7 
µM)  have been explored recently as novel BACE1 inhibi-
tors [54]. Yan et al. discovered acyl guanidine molecules 
with a thioacetamide linkage (Compound 11, Fig. 6, IC50 = 
4.6 µM) to be potent BACE1 inhibitors. Thioacetamide link-
age also led to an increase in BBB permeability and low cel-
lular cytotoxicity [55, 56]. One of the highly effective com-
pounds containing the guanidine scaffold is MK8931 (Ver-

ubecestat) (Fig. 7), the first BACE1 inhibitor to reach a 
phase III clinical trial. It has 45000-fold selectivity for 
BACE1 over CatD and a potent IC50 of 2.2 nM due to strong 
hydrogen bonding between the amidine moiety and the cata-
lytic dyad. The S3 subpocket of BACE1 is occupied by the 
pyridine fluoro substituent of verubecestat, which is also 
close to the Ala335 methyl side chain [35]. E2609 (Elen-

becestat) (Fig. 7) is another guanidine-based inhibitor tested 
in phase III clinical trial with an IC50 of 27 nM [57-59]. 
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4.2.2. Iminohydantoin  

A compound with an iminohydantoin scaffold linked to a 
chloropyridine analog was developed (Compound 12) (Fig. 
8), having a BACE1 IC50 of 21 nM and selectivity of 350-
fold over CatD. A further modification was done to maxim-
ize the binding interaction with a subpocket of the enzyme, 
which was obtained by replacing the chloro group with the 
propenyl group. The linearity of the propenyl group led to 
strong interactions with the S3 pocket. The compounds with 
cyclopropyl substituent attained 6-fold more potency over 
compounds with phenyl substituent. Compound 13 (Fig. 8) 
was developed using the above modification and showed 5 
fold increased potency (IC50 = 5.4 nM), improved selectivity 
for BACE1  (7500 fold over CatD), and showed excellent 
bioavailability [60]. 

 

 

Fig. (8). Iminohydantoin BACE1 inhibitors. 

 

4.2.3. Thioamidine and Fused Thioamidine 

Compounds with a benzothiazine (thioamidine based) 
scaffold were recognized as a different class of non-
peptidomimetic BACE1 inhibitors. Compound 14 (Fig. 9) 
was the first orally bioavailable non-peptidomimetic inhibi-
tor, which was later terminated from Phase 1 clinical trials 
due to toxic effects on the epithelial pigment of the eyes 
[61]. Structural modification of Compound 14 led to the 
discovery of another Compound 15 (Fig. 9) with potent 
BACE1 inhibitory activity, but clinical side effects were the 
main concern [62]. Fused thioamidine core-based structures 
were selective towards BACE1 over CatD with enhanced 
pharmacokinetic properties and improved BBB permeation. 
Compound 16 (Fig. 9) with a fused thioamidine ring was 
reported to lower amyloid-beta load in plasma and lumbar 
CSF  in human subjects [56, 63]. 

 

Fig. (9). Thioamidine based BACE1 inhibitors. 

4.2.4. Amino-oxazoline and Xanthene based β-secretase 
(BACE1) Inhibitors 

Other aminoazine inhibitors, including amino-oxazoline 
and xanthene cores compounds, exhibited remarkable inhibi-
tory potencies but a high P-gp efflux ratio. Compound 17 
(Fig. 10), consisting of a functionalized 3-aza-2-fluoroxan- 
thene core, formed strong hydrogen bonds with Trp76. Other 
hydrogen bonds were formed between the oxygen of dihydro-
pyran and Tyr198 and pyridyl nitrogen with Ser229 as ob-
served in cocrystal structures of Compound 17 bound with 
BACE1 (IC50 = 0.3 nM and 2.2 P-gp efflux ratio) [64, 65]. 

An HTS campaign was performed on dihydrooxazine-
based analogs to lower P-gp efflux and mitigate hERG inhibi-
tory activity by controlling pKa [59, 60]. A lowering of the 
pKa of the amine or amidine moieties (which interact with the 
catalytic aspartates of BACE1) was obtained by incorporating 
the double bond in dihydrooxazine to convert it into an oxa-
zine, led to reduced P-gp efflux. Such additional modification 
led to the development of Compound 18 (pKa = 7.0) [66]. 

Compound 18 (Fig. 10) consisted of substituted amino-
oxazines with potent BACE1 activity (IC50 = 12 nM and 1.9 
P-gp efflux ratio), which showed a dose-dependent reduction 
in Aβ levels in the brain as well as good (68%) oral bioavail-
ability in rats. This class of inhibitors showed potent BACE1 
inhibition, but there was a lack of detail regarding their se-
lectivity profile. The X-ray structure of Compound 18 com-
plexed with BACE1 shows the different interactions of ami-
dine with the two catalytic aspartate residues 32 and 228 of 
the enzyme. Two aromatic rings like fluorophenyl and cyano 
pyridine accommodate the S1 and S3 pockets of the enzyme, 
and an amide NH forms a hydrogen bond with the backbone 
carbonyl oxygen of Gly230. Non-fluorine analogs were 
found to be 2-3 times less potent than the fluorine analog of 
Compound 18, indicating the importance of fluorine [67]. 

4.2.5. Novel Heteroaryl Fused Piperazineamidine Analogs 
as BACE1 InhibitorS  

Ciordia et al. previously reported new candidates using 
computational approaches to include a series of cyclic ami-
dines, acyl guanidines, and amino piperazinones [68-70]. 
Unfortunately, amino piperazinones (Compound 19, Fig. 
11) showed poor brain penetration, preventing further devel-
opment. Nevertheless, amino piperazinones inspired the de-
velopment of the amino morpholine series having high pKa 
values (pKa< 9.6) but a strong P-gp efflux. Lowering of the 
pKa (pKa 6.5-7.5) was achieved by the addition of an elec-
tron-withdrawing group (trifluoromethyl) at the C-2 position 
of the morpholine ring seen in Compound 20 (Fig. 11). 

A recent study focused on the bioisosteric replacement of 
an amide functional group of amino piperazinones with nitro-
gen fused to a five-membered heteroaromatic ring where the 
bridgehead nitrogen was maintained. Imidazopiperazine was 
first synthesized and compared with amino piperazinone and 
found to have similar potency in BACE1 cellular and enzy-
matic assays. Furthermore, the imidazopiperazine enabled 
deeper exploration of the synthesis of different bicycles based 
upon ring-opening of versatile cyclic sulphamidate. Cyclic 
sulphamidates are important and versatile intermediates used 
in organic synthesis to undergo highly selective reactions to-
wards O-, S-, N-, C-, P-, and F- based nucleophiles [71].  
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Fig. (10). Xanthene and amino-oxazoline based derivatives. 

 

 

Fig. (11). Fused piperazineamidine analogs. 

 
Out of several compounds, Compounds 20, 21, and 22 

(Fig. 11) exhibited the necessary in vitro profile merging 
potency with good intrinsic permeability, a reduced P-gp 
efflux, and hERG liability, and the heteroaryl fused ami-
nopiperazine have been adopted for further profiling and 
optimization [72]. 

4.2.6. Structure-based Design of BACE1 Inhibitors and 
Targeting the Flap Region to Achieve Selectivity Over 
BACE2 

Comparative analyses between inhibitor-bound BACE1 
and BACE2 structures revealed differences in conformation-
al flexibility in the flap and 10s loop region, where BACE1 
shows a stabilized open conformation with the large binding 
site (Fig. 12) [73, 74],

 
and BACE2 has a stabilized closed 

conformation [75, 76].
 
The reported selective BACE1 inhibi-

tor (Compound 23) utilized an interaction of the ethyl group 
on the pyridine ring with the flap region to gain selectivity 
over BACE2 ( > 227 fold and IC50 of 44 nM ) [77]. In addi-
tion, a distinct conformation was observed between BACE1 
and BACE2 in the 10s loop S3 pocket, where BACE2 has a 
smaller pocket than BACE1. Such differences offered anoth-
er approach to design a selective BACE1 inhibitor (Fig. 11). 
Hilpert et al. at Roche explored amide substituents in their 
oxazine series directed in the S3 pocket, which inspired the 
author to optimize the amide substituent by incorporating 
larger substituents to increase selectivity and potency [65]. 
Compound 24 has a thiazine ring as the main nucleus. Spi-
rocycles were added to the 5th position of thiazine, allowing 

for high selectivity over BACE2. This strategy was discov-
ered by leveraging cocrystal structures of Compounds 23 
and 24 (Fig. 12). 

A balanced profile of cellular potency and BACE1 selec-
tivity was seen by the introduction of a flouromethoxy group 
on the pyrazine ring as an amide substituent of Compound 

24, resulting in Compound 25 (IC50 = 4.9 nM, and 16-fold 
selectivity over BACE2). Compound 25 served as a starting 
point to explore substituents at the 5

th
 position of the thiazine 

ring. Previously the authors tried a phenyl ring substituent on 
the 5

th
 position of the thiazine with both R and S configura-

tions, but this resulted in increased potency on both BACE1 
and BACE2 and minimal selectivity. A cocrystal structure 
revealed that replacing the phenyl ring with bulky substitu-
ents like saturated cycle/spirocycle led to a favourable inter-
action with the flap region to gain selectivity. 

Compound 26, having difluorocyclohexyl as a spirocy-
cle, showed an IC50 of 16 nM and 104-fold selectivity over 
BACE2. In contrast, Compound 27 with a sulphonyl group 
replacing the difluoromethylene of Compound 26 showed 
an increased potency of IC50 of 3.8 nM and 550-fold selectiv-
ity over BACE2. However, Compound 27 reduced cellular 
potency because of poor permeability and high P-gp efflux 
ratio, whereas Compound 26 displayed good cellular poten-
cy due to optimum lipophilicity and low P-gp efflux. High P-
gp efflux in the case of Compound 27 may be due to the 
interaction of the polar sulfonyl group with the P-gp. Crystal 
structures of Compound 27 with BACE1 and BACE2 
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Fig. (12). BACE1 inhibitors that target the flap region. 

 
revealed that the flap of BACE1 forms an open conformation 
where the hydrogen bond between the phenolic OH of Tyr71 
and the NH of the indole of Tyr76 was disrupted. It was also 
observed that the spirocycle interacts with the side chain of 
Tyr71, supporting the design hypothesis. The selectivity ob-
served in Compound 27 is because BACE1 has a much 
larger movement of the flap compared to BACE2, which 
indicates a destabilization, hence resulting in the increased 
selectivity towards BACE1 and loss of  BACE2 potency 
[78]. 

4.2.7. Multi-target Drug Candidates 

(a) Deoxyvasicinone and Donepezil Hybrids 

Du et al. selected acetylcholinesterase (AChE), Aβ1-42 
peptide, and   BACE1 as targets for symptomatic relief and 
to halt the chronic progression of AD. Deoxyvasicinone is a 
naturally occurring alkaloid composed of a quinazolinone 
fused with pyrrolidine. Its derivatives were suggested to be 
novel AChE inhibitors by the author's previous study [79-
81].

 
Donepezil is an FDA-approved drug used as an AChE 

inhibitor to treat AD [82]. The pharmacophore benzyl piper-
idine of Donepezil binds to the active catalytic site of AChE 
[83, 84]. According to a literature study, the aryl piperazine 
class of molecules showed good BACE1 inhibition potency 
[85, 86]. Hence, the piperidine ring of donepezil was re-
placed with a piperazine ring to enhance the interaction with 
the active site of BACE1. According to a research study, 
some amount of reduction in the aggregation of Aβ can be 
achieved by the interaction of the ligand with the peripheral 
anionic site (PAS) of AChE. Deoxyvasicinone-donepezil 

hybrid compounds were synthesized (Fig. 13), out of which 
Compounds 28 and 29 exhibited remarkable inhibitory ac-
tivities against BACE1 (IC50= 0.834 nM, 0.129 nM), hAChE 
(IC50= 56.14 nM, 3.29 nM) and Aβ1-42 aggregation (IC50 = 
13.26 nM, 9.26 nM). Molecular docking studies of the most 
potent Compound 29 revealed binding with CAS and PAS 
of hAChE and important cationic-π interaction between pi-
perazine and the Tyr71 residue in the active site of BACE1. 
Furthermore, both Compounds 28 and 29 exhibited lower 
cytotoxicity and excellent neuroprotective activity against 
Aβ1-42-induced damage in SH-SY5Ycells. Therefore, this 
strategy of pharmacophore combination can be used to de-
sign multifunctional agents for treating AD [87]. 

(b) CID 9998128 Compound 

CID 9998128 is a multi-target drug candidate obtained 
from the large PubChem database [88] by a high-throughput 
screening protocol [89]. This compound exhibited a high 
binding affinity with Aβ fibrils, BACE1, γ-secretase, PPAR-
γ, and AChE.  CID 9998128 has three structural parts – a 
quinazoline (Part 1), an indazole (Part 2), and a methylpyri-
dine (Part 3) (Fig. 14). This compound showed potent inhibi-
tory activity against Aβ fibrils formation and β-secretase 
(BACE1) as confirmed by in-silico and in vitro experiments. 
Molecular docking simulation was carried out between the 
BACE1 crystal structure (pdb: 1M4H) [38] with CID 

9998128, and nine nonbonded interactions were observed 
(Van der Waal's interactions) along with three hydrogen 
bonds. The binding energy was found to be -9.8 kcal/mol, 
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Fig. (13). Deoxyvasicinone and donepezil hybrids. 

 
which was measured using a molecular mechanics Poisson-
Boltzmann surface area (MM-PBSA) method. This meas-
urement showed that Van der Waal's interactions were more 
important than electrostatic interactions. Furthermore, the 
compound's negatively charged indazole (Part 3) destabilizes 
the interaction with 1M4H and Aβ1-42 peptides due to repul-
sive coulombic forces. These results suggested the indazole 
moiety should not be used as a pharmacophore in a multi-
target drug candidate for AD. Furthermore, CID 9998128 
was shown to have an in vitro EC50 of 15 μM against 
BACE1 using a FRET assay as well as a dose-dependent 
inhibitory activity against Aβ1-42 fibrils formation recorded 
as an IC50 = 43.6 µM and a DC50 (half-maximal dissociate 
activity) = 22.7 µM. Hence, these measurements suggested 
that CID 9998128 could be potential multi-target drug 
treatment for AD [90]. 
 

 

Fig. (14). CID 9998128 compound. 

 

4.2.8. Membrane Targeting Strategy for Effective BACE1 
Inhibition 

Amyloid precursor protein (APP) is an amyloidogenic 
substrate cleaved by the BACE1 enzyme active at acidic pH 
in the endosomes. So, to specifically inhibit endosomal β-
secretase/BACE1, an endocytosis-dependent BACE1 inhibi-
tor is needed. This strategy will eliminate the off-target side 
effects associated with endocytosis independent non-
amyloidogenic substrates. It has been shown that endosome-
targeted inhibitors are more potent and efficient than free 
inhibitors [91]. It is reported that membrane targeting can be 
achieved by using the sterol group as the membrane anchor 
linked to the C terminus of the inhibitor, produced by solid-
phase synthesis. A sterol moiety will direct the inhibitor to-
wards the lipophilic endosomes. The above results were con-
firmed by in-vivo treatment of a Drosophila model with ster-

ol-linked BACE1 inhibitor. A high survival rate was ob-
served compared to the control model [92]. Another study 
demonstrated that treatment of APPs/PSDE9 mice hippo-
campus with sterol-linked BACE1 inhibitor or free BACE1 
inhibitor confirmed that the sterol-linked inhibitor has more 
Aβ reducing activity than the free inhibitor [93]. 

4.3. Naturally Occurring BACE1 Inhibitors 

In recent years, many drugs of natural origin have been 
studied. It is because of the ability of the phytoconstituents to 
bind with multiple therapeutic targets rather than a single 
target. This multi-target-based strategy is useful in treating 
complex diseases like AD [94]. 

Flavonoids like polymethoxy flavones obtained from the 
extract of black ginger, i.e., Kaemferia parviflora (KP), were 
found to have BACE1 inhibitory activity. KP plants also 

exhibit antioxidant and anticarcinogenic properties [95]. The 
extract of the KP plant consists of mainly three polymethox-
yflavone components, namely 3,5,7,3’,4’-pentamethoxy- 
flavone (PMF), 5,7-trimethoxyflavone (TMF), and 5,7,4’-

dimethoxyflavone (DMF), which inhibits BACE1 and shows 
high selectivity towards BACE1 over α-secretase and other 
serine proteases. An in-silico study was carried out by Youn 
et al., which highlighted the potent BACE1 inhibitory activi-

ty of poly methoxy flavones and strong H-bond interactions 
between poly methoxy flavones and amino acid residues of 
BACE1. Among the three components, TMF (Compound 

30) exhibited the most potent activity (IC50 = 36.9 µM), fol-

lowed by DMF (Compound 31) (IC50 = 49.5 µM) and PMF 
(Compound 32) displayed the lowest potency with an IC50 = 
59.8 µM [96]. Structure-activity relationship (SAR) studies 
revealed that methoxy groups at the C5 and C7 positions of 

ring A are necessary for BACE1 inhibition. Additionally, the 
methoxy group at C4’ position on ring B enhanced BACE1 
activity, while adding the methoxy groups at the C3 and C3’ 
positions reduced BACE1 activity (Fig. 15). These com-

pounds were reported to be non-competitive BACE1 inhibi-
tors, which means they will bind to allosteric sites of the 
BACE1 enzyme [97]. They can also pass the BBB, which 
was confirmed by their detection in the rat brain [98]. 

The Selaginella doederleinii (SD) plant is used in Chi-
nese herbal medicine as an anticancer, cardioprotective, and 
anti-inflammatory agent. Zou et al. isolated several triflavo-
noids like selagin triflavonoids from this plant, which have 
displayed potent BACE1 inhibitory activity. The results 
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Fig. (15). Naturally occurring BACE1 inhibitors. 

 
obtained in an in-vitro FRET assay suggested that Com-

pound 33 was the most potent BACE1 inhibitor with an IC50 
of 0.75 µM and Compound 34 was the weakest inhibitor 
(IC50 = 46.99 µM) (Fig. 15). Furthermore, SAR studies 
showed that selagin triflavonoids with a naringenin unit are 
preferred over those with an apigenin unit for potent BACE1 
activity  [99]. 

In traditional Chinese medicine, Rhizoma anemarrhenae 
(RA) and its related compounds are used to treat depression 
and dementia. Multiple bioactive constituents are present in 
RA, such as steroidal saponins, alkaloids, and flavonoids, out 
of which saponins are the main constituents [100]. Cell ex-
traction techniques were used to screen potent active com-

pounds from RA, and the pharmacological targets were pre-
dicted using a chemogenomics target knowledgebase and 
docking studies. As a result, Timosaponin A-III (TA-III) 
(Compound 35) was identified as the most potent active 
compound to inhibit BACE1. TA-III inhibited BACE1 in a 
dose-dependent manner with an IC50 of 7.45 µM. Further-
more, the pharmacological mechanism of action of TA-III 
was identified as reduction of Aβ aggregation by binding 
with BACE1 and prevention of the neuronal impairment by 
downregulation of NMDAR/ERK signaling pathway [101]. 

Hosen et al. isolated 40 compounds from different parts 
of the Leea indica plant [102], a folk medicinal plant and 
often used as an antispasmodic, antidiarrheal and anticancer 
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agent [103]. Out of all the isolated compounds, two triter-
pene molecules, ursolic acid (Compound 36) and lupeol 
(Compound 37) displayed potent BACE1 inhibitory activi-
ty. SAR studies revealed the binding interaction of these 
triterpenes with the BACE1 active site. Hydrogen bonds 
were found between ursolic acid and the Asn233 and Thr232 
residues. Also, there were hydrophobic interactions. In con-
trast, lupeol forms a hydrogen bond with Gly11 residue and 
displays strong hydrophobic interactions with the active site 
of BACE1. Lupeol was a more promising compound, as it 
was able to pass the BBB more efficiently than ursolic acid 
(based on their theoretical pharmacokinetics values) [102]. 
Lupeol is also neuroprotective and inhibits BACE1 with an 
IC50 of 5.12 µM  [102, 104]. 

Most of the synthetic BACE1 inhibitors were terminated 
from clinical trials due to toxicity problems. Naturally de-
rived BACE1 inhibitors are safe and display potent anti-AD 
effects. Further advanced in vivo studies are required to un-
derstand these natural compounds' mechanism of action and 
clinical benefits. 

5. FUTURE DIRECTIONS 

Since the active site of BACE1 (β-secretase) is large and 
has few structural similarities with other aspartyl proteases, it 
was very challenging to develop a potent, selective, and safe 
BACE1 inhibitor. Some compounds (e.g., verubecestat, and 
atabecestat) successfully entered the advanced phases of 
clinical trials but were unfortunately terminated due to lack 
of clinical benefits or toxicity problems [8]. Accumulation of 
toxic Aβ peptides in AD patients starts 10-15 years before 
the onset of AD symptoms which suggests that BACE1 inhi-
bition would not be effective if patients are symptomatic 
[105, 106]. The pathophysiology and genetics of AD are 
very complex, so BACE1 inhibition or, in general, any anti-
amyloid therapy might not be alone sufficient to reverse the 
progression of AD. The level of BACE1 inhibition required 
for reduction in Aβ load was revealed by the A637T APP 
mutation [21]. It was shown that 50% inhibition of BACE1 
is sufficient to provide a 20% lowering of the cellular Aβ 
load in transgenic mice. Reducing cellular Aβ peptides by 
around 20% is preventative for AD if commenced before 
significant Aβ accumulation [107, 108]. However, the rela-
tionship between BACE1 inhibition and Aβ reduction level 
is not fully understood in humans at present. In the future, 
AD prevention clinical trials should be carried out by enrol-
ling asymptomatic patients that carry FAD mutations and are 
at high risk for acquiring AD/prodromal AD. Recently, amy-
loid positron emission tomography (PET) and CSF Aβ42 
measurement have been developed as primary diagnostic 
tools for prodromal AD identification [109, 110]. A particu-
lar dose range needs to be defined for BACE1 inhibitors to 
provide clinical benefit and offer better safety without ham-
pering the synaptic functions of other BACE1 substrates. 
Treatments with BACE1 inhibitors are somewhat like cho-
lesterol-lowering statin drugs. In both cases, if the treatment 
does not generally begin before the deposition of cholesterol 
in coronary arteries or accumulation of toxic Aβ in the brain, 
there will be no reversal in the progression of these diseases. 
The informational data obtained from current clinical trials 
or even failed clinical trials of BACE1 inhibitors is useful in 
understanding the level of BACE1 inhibition required to 

lower the level of Aβ peptides to delay the onset of AD or 
provide cognitive benefits in AD patients. 

CONCLUSION 

Alzheimer’s disease (AD) is a chronic neurodegenerative 
disorder associated with cognitive deficits. The current FDA-
approved treatment for AD only provides symptomatic relief 
without any modification in disease progression. Some po-
tential targets have been discovered as disease-modifying 
treatments for AD; out of them, BACE1 is the most rational 
approach as it is possibly involved in the rate-limiting step to 
produce Aβ peptides. The active site of BACE1 is large and 
shares 64% sequence similarity with its close homolog 
BACE2. Hence, developing potent, selective, and orally bio-
available small molecule BACE1 inhibitors is very challeng-
ing. The BACE1 inhibitors are characterized as pep-
tidomimetic and non-peptidomimetic inhibitors, further clas-
sified into different structural classes. The peptidomimetic 
inhibitors mainly consist of hydroxy ethylene, hydroxyethyl 
amine, and isopthalamide-based inhibitors. These inhibitors 
exhibited good potency for BACE1 inhibition, but develop-
ment was terminated due to poor oral bioavailability and 
stability problems. The nonpeptidomimetic inhibitors were 
structurally classified into acylguanidine, thioamidine, 
iminohydantoin , aminooxazoline, and xanthene. The acyl-
guanidine class of inhibitors has been the most promising 
class of BACE1 inhibitors. Verubecestat, lanabecestat, elen-
besestat, and atabecestat are some of the molecules from the 
acylguanidine class which successfully reached to late stages 
of clinical trials. However, they all failed to enter the market 
because of toxicity or a lack of clinical efficacy. 

The literature suggests that the most effective BACE1 
inhibitor is a non-peptidomimetic with substantial binding 
affinity and blood-brain barrier (BBB) permeability. Also, 
there should be low or no affinity to P-gp. 

Looking at the bioactivity profile peptidomimetic Com-

pound 1 turns out to be the most potent with hydroxy eth-
ylene isosteric and oxazolylmethyl substituent (IC50= 0.12 
nM) as well as higher selectivity of >3800 fold over BACE2 
[41, 42]. But several limitations of the peptidomimetics like 
metabolic instability, poor oral bioavailability, and low BBB 
penetration led to the development of non-peptidomimetics 
with better pharmacokinetics and stability. In the case of 
non- peptidomimetics, the acyl guanidine Compound 7 with 
pyrrolidine moiety (IC50 of 0.25 µM against BACE1) is the 
most promising inhibitor with high BACE1 potency, excel-
lent pharmacokinetic characteristics, and lower P-gp efflux 
[49, 50].  

The multi-target drug ligands (MTDLs) approach was 
used to delay the progression of AD and provide cognitive 
benefit. A membrane targeting strategy was used to specifi-
cally deliver BACE1 inhibitors to the membrane where the 
cleavage process of APP is performed. With such a strategy, 
side effects caused by the deficiency of other non-
amyloidogenic BACE1 substrates are reduced. Amyloid PET 
and CSF Aβ42 measurements have been developed recently 
to identify patients who are in the prodromal stage of AD 
and are genetically at high risk of developing AD. The 
A673T FAD mutation is protective against AD. Studies 
showed that 50% BACE1 inhibition is sufficient to lower the 
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Aβ load by around 20%, which can delay the onset of AD if 
the treatment is started before the accumulation of significant 
levels of amyloid peptides. Deoxyvasicinone-donepezil hy-
brid compounds Compounds 28 and 29 were developed as 
multitargeted small molecules having inhibitory activity for 
BACE1 (IC50= 0.834 nM, 0.129 nM), hAChE (IC50= 56.14 
nM, 3.29 nM) and Aβ1-42 aggregation (IC50 = 13.26 nM, 9.26 
nM). Thus such a pharmacophore may be beneficial in the 
design of multifunctional agents for treating AD [87]. 

Results of the current clinical trials may be helpful in the 
future for understanding the connection between the level of 
BACE1 inhibition, amyloid load, and cognitive status. There 
is a need for the optimization of the correct dose of BACE1 
inhibitors. The dose must be sufficient to provide clinical 
benefit without causing side effects. BACE1 inhibitors could 
be the best potential approach to combat AD despite their 
past failure in advanced clinical trial studies. The data from 
these current ongoing or failed clinical trials can help under-
stand the relationship between BACE1 inhibition and amy-
loid load and the complexity of AD progression. A safe and 
selective BACE1 inhibitor is needed, which can be used as a 
treatment option in delaying or preventing the onset of AD. 
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