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ABSTRACT 

Alzheimer’s disease (AD), a slowly progressive neurodegenerative disorder, is the 

main cause of dementia worldwide. AD is a genetic and an environmental disease 

involving a diversity of etiophatogenic processes. In fact, an efficacious treatment for 

this complex and multifactorial disorder remains to be discovered, demanding the 

urgent development of new therapeutic approaches for the disease, such as the use of 

bioactive secondary metabolites (SMs) from natural sources. It is known that the major 

AD clinical indications (CIs) are extracellular senile plaques of amyloid-β (Aβ) protein, 

intracellular hyperphosphorylated tau (τ) neurofibrillary tangles (NFTs), uncommon 

neuroinflammatory response, oxidative stress, and synaptic and neuronal dysfunction. 

The evaluation of the neuroprotective potential of phytosterols is imperative. Surely, 

pyhytosterols targeting more than one AD pathogenic mechanism, multi-target drug 

ligands (MTDLs), have the potential to become a leading AD treatment. Thus, this 

review analyzes, for each CI, the scaffolds of the phytosterols leading to the highest 

activity. 

INTRODUCTION 

Alzheimer dementia (AD) is one of the most severe organic psychoneurological 

diseases comprising as much as 60% of dementia [1]. The genetic tendency toward 

the late-onset form of AD and the role of other risk factors remains unclear [2]. 

Although the mechanisms of action of the genes in AD pathogenesis have been studied 

extensively, those involved in AD progression are still not clear, suggesting that AD is 

driven by a complex combination of genetic and other risk factors, such as biological 

and environmental factors [3]. Owing to this complexity, there is currently no cure for 

AD [4]. The action against AD has mostly focused on symptom management. The major 

clinical indications (CIs) of AD are extracellular plaques of Aβ-42 protein, intracellular 

neurofibrillary tangles (NFTs) formed by hyperphosphorylated τ-protein, uncommon 

neuroinflammatory response, oxidative stress, and synaptic and neuronal dysfunction 

[5-7]. Aβ-42 plaques may cause cell death as they interfere with the communication 

at synapses between neurons, while NFTs block the axonal transport with 

neuropathological consequences [8]. Concerning Aβ-42 plaques formed by the 

cleavage of the transmembrane protein APP in which are involved two enzymes: β-

secretase (BACE 1) and γ-secretase. Thus, one therapeutic strategy to combat AD is 

by the inhibition of those two enzymes [9]. Regarding NFTs, their major constituent is a 

hyperphosphorylated form of τ-protein, Thus, another promising strategy to combat 
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AD is the inhibition of protein kinases [9-22]. The most 

important protein kinase that is involved in τ-protein 

phosphorylation is the glycogen synthetase kinase-3 beta 

(GSK3β) [4,23,24]. The inflammatory response of microglial 

cells is another key hallmark of AD pathology [25,26]. 

Microglia, the brain’s resident immune cells [27], upon 

stimulation can convert themselves, enabling their phagocytic 

functions and releasing a diversity of proinflammatory factors 

(P-IFs), including tumor necrosis factor-α (TNF-α), interleukins 1 

and 6 (IL-1 and IL-6), reactive oxygen species (ROS), nitric 

oxide (NO), prostaglandin E2 (PGE2), and cyclooxygenase-2 

(COX-2). Accumulation of proinflammatory factors results in 

damage and degeneration of nearby neurons [28-33]. 

Therefore, another potential therapeutic strategy to combat AD 

is the use of inhibitors of microglia response. Cognitive or 

memory-related impairments in AD patients are associated 

with the deficiency of the brain neurotransmitter acetylcholine 

(ACh). Nevertheless, upon action of acetylcholinesterase 

enzyme (AChE) and butirylcholinesterase (BuChE), ACh breaks 

down into acetate and choline. Thus AChE and BuChE inhibition 

prevents the hydrolysis of ACh, increasing its concentration and 

duration of action, which is clinically beneficial for AD patients 

[34,35]. 

Among several strategies that have been identified to combat 

AD, multi-target drug ligands (MTDLs) represent an effective 

strategy for the treatment of this multifactorial disease, as 

compared to single-targeted agents and combined therapy 

[36].  

Phytosterols are natural products biosynthesized in plants fungi 

and algae with profound biological activities. Phytosterols are 

modified triterpenes containing a characteristic tetrayclic 

carbon skeleton of perhydrogenated 

cyclopenta[α]phenanthrene. like the triterpene lanosterol, but 

lacking the three methyl groups at C4 and C14 (see Figure 1-

(8) for numbering). The biosynthesis of these compounds 

proceeds by the general pathway of triterpenes [9]. 

Phytosterols have a huge potential for being novel, multi-

targeted, and low-toxicity anti-AD drugs. Thus, this review 

focuses on the several pytosterols that have been analyzed for 

their neuroprotective effects. 

 

 

ACTIVITIES OF PHYTOSTEROLS  

Inhibition of Aβ-42 production 

The load of amyloid plaques in the neuronal cells will be 

reduced by slowing or reversing the process. 

From the marine-derived fungus Dichotomomyces cejpii 16-O-

desmethylasporyergosterol-β-D-mannoside (1) was isolated, 

reducing Aβ-42 with an IC50 value of 8.00 µM [37]. 

Sarsasapogenin (2), isolated from Asparaguss racemosus, 

inhibits Aβ-42 with an IC50 value around 44.00 µM [38,39]. 

β-sitosterol (3) , isolated from Polygonum hydropiper L., at 

Pakistan, inhibits Aβ-42 with an IC50 value around 0.05 µM 

[40]. 

5β-cholanic acid (4), isolated from jequirity bean seeds (Abrus 

precatorius L.) in India [41], exhibits γ-secretase modulatory 

activity (GSM)with an IC50 value of 5.70 µM [42]. 

Stigmasterol (5), isolated from Rhazya stricta commonly 

distributed in Pakistan, reduces amyloid plaques by decreasing 

the β-secretase cleavage of APP [43]. 

Fucosterol (6), isolated from the brown algae Ecklonia 

stolonifera, showed significant β-secretase inhibitory activity 

with an IC50 value of 64.12 µM [44]. As shown in 

computational analysis, fucosterol (6) can be docked on the 

active site of β-secretase via hydrogen bonding and 

hydrophobic interactions [45]. Moreover, it shows competitive 

binding energies of −10.1 [34] and −19.88 kcal/mol [45], 

respectively, indicating that hydrogen bonding may ensure 

close association with enzyme active site, leading to a more 

effective β-secretase inhibition [46]. 

Inhibition of GSK3β 

The compounds stigmasterol-5,22-diene-3- O-β-D-

glucopyranoside (7) and stigmast-1,5-dien-3-O-β-D-

glucopyranoside (8), extracted from Centaurea pumilio L., 

existing in Burg El-Arab, Alexandria province, Egypt, were 

able to bind to the substrate binding site of GSK3β and 

potentially interact with the key active site residues, forming 

strong π and hydrogen interactions with the catalytic site 

residues, revealing low binding energy (−7.185 and −6.303 

kcal/mol, respectively) and so they represent strong natural 

GSK3β inhibitors [47]. 
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Figure 1 - Structure of phytosterols that inhibit several clinical indications of Alzheimer disease 
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 Compound Mechanism IC50 

(μM) 
Inhibition *     

(%) 

Ref 

      

1 16-O-desmethylasporyergosterol-β-D-

mannoside 

Aβ-42 8.00  37 

2 sarsasapogenin Aβ-42 44.00  38, 39 

  AChE 9.90  38 

  BuChE 5.40  38 

3 β-sitosterol  Aβ-42 0.05  40 

  Infl. Factors** ND  54-55 

  DPPH  0.34  56-58 

  ABTS 0.29  56-58 

  H2O2 0.68  56-58 

  AChE 14.57  60 

  BuChE 0.56  60 

4 5β-cholanic acid   γ-secretase 5.70  42 

5 stigmasterol  β-secretase ND  43 

  ROS ND  60, 61 

  AcChE 645.00  43 

6 fucosterol  β-secretase 64.12  44 

  Infl. Factos** ND  64, 65 

  AChE IN  69 

  BuChE 421.72  68-70 

7 stigmasterol-5,22-diene-3- O-β-D-

glucopyranoside  

GSK3β ND  47 

8  stigmast-1,5-dien-3-O-β-D-glucopyranoside  GSK3β ND  47 

9 gitogenin-3-O-{O-β-D-glucopyranosyl-

(1→2)-O-[β-D-xylopyranosyl-(1→3)]-O-β-D-

glucopyranosyl-(1→4)-β-D-

galactopyranoside}  

NO 17.66  48 

10  gitogenin-3-O-{O-β-D-glucopyranosyl-

(1→2)-O-[O-α-L-rhamnopyranosyl-(1→4)-β-

D-xylopyranosyl-(1→3)]-O-β-D-

glucopyranosyl-(1→4)-β-D-

galactopyranoside}  

NO 13.16  48 

11 (2α,3α, 20R)-trihydroxy-5α-regnane 16β-

methacrylate 

NO 57.8  49 

12 diosgenin Infl. Factors** ND  51-53 

13  β-Sitosterol-3-O-β-D-Glucopyranoside  AChE 5.22  66 

  BuChE 11.83  66 

14 Campesterol AChE 0.005  67 

  BuChE 0.01   

15  24-hydroperoxy 24-vinylcholesterol  AChE 389.10  69 

  BuChE 176.46  68-70 

16  timosaponin N  AChE  17.9 71 

  BuChE  37.6 71 

17  timosaponin M  AChE  15.2 71 

  BuChE  28.1 71 

Table 1 - Phytosterols that inhibit several clinical indications of Alzheimer disease. 
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18  timosaponin BII  AChE  12.5 71 

  BuChE  75.8 71 

19 25S-officinalisnin  AChE  14.1 71 

  BuChE  35.3 71 

20  timosaponin BIII AChE  17.9 71 

  BuChE  36 71 

21 timosaponin G  AChE  14.2 71 

  BuChE  0.6 71 

22  timosaponin A2  AChE  7.9 71 

  BuChE  4 71 

23 timosaponin AIV  AChE  1.7 71 

  BuChE  15.1 71 

24  timosaponin AIII  AChE  18.5 71 

  BuChE  0.5 71 

25  25R-timosaponin AIII  AChE  27.2 71 

  BuChE  4.2 71 

26  timosaponin AI AChE  21.6 71 

  BuChE  0 71 

27 25(27)-ene-anemarrhena saponin I AChE  0.9 71 

  BuChE  0.1 71 

(*) – inhibition for a solution 105 µM ;  (**) – Compound inhibits several inflammatory factors (iNOS, COX-2; IL-1β; Il-6;  
TNF-α; NO; PGE2) 

Inhibition of Pro-Inflammatory Factors 

From Hosta longipes (FR. et SAV.), an edible vegetable in 

Korea and widely distributed throughout Korea, China, and 

Japan, gitogenin-3-O-{O-β-D-glucopyranosyl-(1→2)-O-[β-D-

xylopyranosyl-(1→3)]-O-β-D-glucopyranosyl-(1→4)-β-D-

galactopyranoside} (9) and gitogenin-3-O-{O-β-D-

glucopyranosyl-(1→2)-O-[O-α-L-rhamnopyranosyl-(1→4)-β-

D-xylopyranosyl-(1→3)]-O-β-D-glucopyranosyl-(1→4)-β-D-

galactopyranoside} (10) were isolated, exhibiting inhibitory 

effect against NO production with IC50 values of 17.66 and 

13.16 µM [48], respectively. Another steroid, (2α,3α, 20R)-

trihydroxy-5α-regnane 16β-methacrylate (11), isolated from 

the leaves of Melia azedarach L. indigenous to Japan, Tai-Wan, 

China, India, and Southeast Asia, ex-hibits inhibitory activity 

toward NO production with an IC50 value of 57.80 μM [49]. 

Diosgenin (12), a steroid existing in Rhizoma polygonati, also 

named as huangjing and Trigonella foenum-graecum [50] at 

China, inhibits the production of iNOS and COX-2 [51-53]. 

β-sitosterol (3) also displays anti-inflammatory action in BV2 

cells upon exposure to LPS by reducing the expression of pro-

inflammatory markers, such as interleukin-6 (IL-6), inducible 

nitric oxide (iNOS), tumor necrosis factor-α (TNF-α), and 

cyclooxygenase-2 (COX-2) [54,55]. In antioxidant assays, β-

sitosterol (3) presented IC50 values of 0.34, 0.29 and 0.68 µM 

in the DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate), ABTS 

(2,2 -azino-bis (3-ethylbenzothiazoline-6-sulfonic acid )) and 

H2O2 (hydrogen peroxide) assays respectively [56-58].  

Stigmasterol (5), occurring in the plant fats or oils of numerous 

plants, such as soybean, calabar bean, and rape seed [59], 

significantly attenuated intracellular ROS production [60,61]. 

Figure 1 - Structure of phytosterols that inhibit several clinical 

indications of Alzheimer disease 

Fucosterol (6), isolated from the brown alga Eisenia bicyclis 

inhibits ROS production [64,65], as well as, it suppresses iNOS 

and COX-2 in a concentration of 5-20 μM [64,65]. It also 

lowers the secretion of several other proinflammatory factors 

like IL-1β, IL-6, TNF-α, nitric oxide (NO), and PGE2, [64].  
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Inhibition of acetylcholinesterase and butirylcholinesterase 

Sarsasapogenin (2) isolated from Asparaguss racemosus 

inhibits AChE and BuChE with IC50 values of 9.90 μM and 5.40 

μM, respectively [38]. 

β-sitosterol (3), isolated from Crataegus oxyacantha, collected 

from local area of Pashtonai , Pakistan [21], during flower-ing 

season. exhibited an IC50 values of 14.57 μM and 0.56 μM 

against AChE and BuChE, respectively [66]. The inhibition was 

confirmed by in silico studies in which β-sitosterol (3) was 

strongly bound to the active sites of AChE and BChE [66].  

 β-Sitosterol-3-O-β-D-Glucopyranoside (13), also isolated from 

Crataegus oxyacantha,, Pakistan [66], exhibited IC50 values of 

5.22 M and 11.83 µM against AChE and BuChE respectively 

[66]. From molecular docking point of view, the high activity 

against AChE can be attributed to the hydrocarbon side chain 

and sugar moiety [66].   

Campesterol (14) existing in several plants like rapeseed oil 

(Brassica napa), soybean oil (Glycine max) and wheat germ oil 

(Triticum spp.) presents cholinesterase inhibitory activity with 

IC50 values of 0.005 μM (AChE) and 0.01 μM (BuChE) [67]. 

Stigmasterol (5), isolated from Rhazya stricta fruits displayed in 

vitro AChE inhibitory activity with an IC50 of 645.00 µM [43]. 

Fucosterol (6) and 24-hydroperoxy 24-vinylcholesterol (15) 

extracted from Ecklonia. stolonifera exhibit inhibitory activity 

against butyrylcholinesterase (BuChE) with IC50 values of 

421.72 and 176.46 μM, respectively [68-70]. However, 

Fucosterol (6) was found to be inactive against AChE 

(IC50>500 µM). Conversely, 24-hydroperoxy 24- 

vinylcholesterol (15) shows inhibitory activities toward AChE 

with an IC50 value of 389.10 µM [69].  

 Twelve steroid saponins with some AChE and BuChE inhibitory 

activities were isolated from the rhizomes of Anemarrhena 

asphodeloides Bge, China. Five of them had a glucopyranoside 

moiety linked to C26. They were identified as timosaponin N 

(16), timosaponin M (17), timosaponin BII (18), 25S-

officinalisnin (19), and timosaponin BIII (20) wich exhibited 

inhibitions of AChE (%) with a concentration of around 105 µM 

of 17.9, 15.2, 12.5, 14.1 and 17.9 %, respectively. Thes 

results suggest that the chain linked to C16 and C17 is not 

significant for the inhibition of AChE. For the inhibition of BuChE 

(%), with the same concentration, the values were 37.6, 28.1, 

75.8, 35.3 and 36.0 %, respec-tively. The scaffold of other six 

steroid saponins present a tetrahydropyran group linked to 

C21. They were identified as timosaponin G (21), timosaponin 

A2 (22), timosaponin AIV (23), timosaponin AIII (24), 25R-

timosaponin AIII (25), and timosaponin AI (26). The AChE 

inhibition (%) of them was 14.2, 7.9, 1.7, 18.5, 27.2 and 21.6 

% suggesting that the configuration R of C25 is important for 

an increase of the inhibitory activity. When the activities of 

timosaponin G (21 ) and timosaponin A2 (22) are compared 

there is a decrease suggesting that the presence of an 

hydroxyl group at C2 decreases the inhibitory activity of AChE. 

It also can be concluded that the sugar moiety linked to C3 is 

not significant for the activity. For the inhibition of BuChe these 

six compounds are also very weak inhibitors (0.6, 4.0, 15.1, 

0.5, 4.2, 0,0 %, respectively). 25(27)-ene-anemarrhena 

saponin I (27) is also inactive against AChE and BuChE (0.9 and 

0.1 % respectively) suggesting that the presence of an acyclic 

side chain with no glucopyranoside moiety linked to C26 

decreases the activity of the two enzymes [71]. 

CONCLUSION 

Some phytosterols show to be potential anti-Alzheimer agents.  

The most active phytosterols against the formation of Aβ-42 

are β-sitosterol (3) and 16-O-desmethylasporyergosterol-β-D-

mannoside (1), with IC50 values of 0,05 and 8,00 µM 

respectively. The difference of activity between these two 

phytosterols should be due to steric hinderance of the 

mannoside moiety. The comparison of the structure of these two 

compounds with the other ones who showed lower activity 

against Aβ-42, suggests that the 𝜋 bond between C5 and C6, 

as well as the saturated side chain linked to C17 are significant 

for the reduction of Aβ-42.  

The compounds stigmasterol-5,22-diene-3- O-β-D-

glucopyranoside (7) and stigmast-1,5-dien-3-O-β-D-

glucopyranoside (8) are the only compounds which presented 

activity against GSK3β. No other ones were studied yet 

however, it should be noticed the presence of two double 

bonds in each molecule, as well as the glucopyranoside moiety 

β-linked to C3. 

Concerning the inhibition of the pro-inflammatory factories six 

phytosterols were studied. β-sitosterol (3) and Fucosterol (6) 

are the compounds which exhibited a more effective inhibition 
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of the several pro-inflammatory factors like ROS, NO, iNOS, 

IL-6 and TNF-α. It should be noticed the existence of the 

double bond between C5 and C6 and the hydroxyl group β-

linked to C3. 

When comparing the IC50 values for the inhibition of AChE of 

β-sitosterol (3) and Campesterol (14) there is a huge increase 

of inhibition (14,57 and 0,005 µM, respectively) suggesting 

that a smaller side chain linked to C17 is very efficient for the 

inhibition of AChE due to the less steric hinderance of it for the 

aproximation of the molecule to the enzyme AChE. β-Sitosterol-

3-O-β-D-Glucopyranoside (13) increases the inhibition of AChE 

(IC50 = 5,22 µM) when compared to β-sitosterol (3) suggesting 

that the glucopyranoside moiety β-linked to C3 increases the 

inhibition by hydrogen bonding. On the other hand, 

Stigmasterol (5), fucosterol (6) and 24-hydroperoxy 24-

vinylcholesterol (15) are inactive. 

Concerning the inhibition of BuChE, the comparison of the IC50 

values for the inhibition of BuChE of β-sitosterol (3) and 

Campesterol (14) there is a huge increase of inhibition (0.56 

and 0,01 µM, respectively) suggesting that a smaller side chain 

linked to C17 is also very eimportantt for the inhibition of 

BuChE due to the less steric hinderance of it for the 

aproximation of the molecule to the enzyme BuChE. β-

Sitosterol-3-O-β-D-Glucopyranoside (13) decreases the 

inhibition of BuChE (IC50 = 11.83 µM) when compared to β-

sitosterol (3) suggesting that the glucopyranoside moiety β-

linked to C3 decreases the inhibition also by steric hinderance. 

Finally, comparing the IC50 values for β-sitosterol (3) and 

Sarsasapogenin (2) (IC50 = 5.4 μM) it suggests that the double 

bond between C5 and C6 is significant as it allows π–π 

stacking interactions between the compound and BuChE only 

possible for planar sites.  

The results reported here only concern the interaction of one 

phytosteol with the active site of one enzyme. However, AD has 

multiple pathogenic factors, as described. Thus, using more than 

one pharmacological approach can be highly advantageous 

[72,73] as AD is such a complex disease involving several 

mechanisms which may work altogether through interaction 

between genetic, molecular and cellular events. One possible 

successful strategy might be multitarget-directed ligands 

(MTDL), that is, using a multitarget therapy. This therapy can be 

achieved when only one active ingredient is administered [74]. 

The prevision of pharmacokinetic and pharmacodynamics 

properties is simplified with a single agent. The MTDL strategy 

looks to be more advantageous [75]. Analyzing the scaffold of 

the several phytosterols isolated, which inhibit one of the 

mechanism of AD, it is concluded that all of those mechanisms 

are inhibited mostly by β-sitosterol (3).  
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