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ABSTRACT 

Objective: This study aims to explore the role of iNOS inhibitors in Alzheimer's disease (AD), a 

neurodegenerative disorder affecting millions worldwide. The main symptoms of AD include memory 

loss, cognitive decline, and behavioral changes. While the exact cause remains uncertain, both genetic 

and environmental factors are believed to contribute. Recent research has emphasized the significance 

of nitric oxide (NO) in AD development. Specifically, the upregulation of inducible nitric oxide synthase 

(iNOS) in AD patients leads to excessive NO production during neuronal inflammation, exacerbating AD 

and dementia. Therefore, the investigation focuses on the potential of iNOS inhibitors as a novel 

therapeutic approach for AD treatment. 

Result and Discussion: In this review, we present the current therapeutic strategies available for 

Alzheimer's disease (AD) and explore the promising potential of iNOS inhibitors in AD treatment. 

Specifically, we will focus on their capacity to mitigate NO production and examine their potential 

neuroprotective effects. Additionally, this review will offer an overview of both natural and synthetic 

iNOS inhibitors, emphasizing the importance of safety considerations during the development of iNOS 

inhibitors as therapeutic interventions for AD. 
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ÖZ 

Amaç: Bu çalışma, milyonlarca insanı etkileyen Alzheimer hastalığı (AD) ve iNOS inhibitörlerinin 

rolünü araştırmayı amaçlamaktadır. AD'nin temel belirtileri arasında hafıza kaybı, bilişsel gerileme 

ve davranış değişiklikleri bulunmaktadır. Kesin neden belirsiz olsa da, genetik ve çevresel 

faktörlerin katkıda bulunduğu düşünülmektedir. Son araştırmalar, nitrik oksit (NO)'nin AD 

gelişimindeki önemini vurgulamıştır. Özellikle, AD hastalarında induklenebilir nitrik oksit sentaz 

(iNOS) aktivasyonu, nöronal iltihaplanma sırasında aşırı NO üretimine neden olarak AD ve 

bunamayı kötüleştirmektedir. Bu nedenle, bu araştırma, iNOS inhibitörlerinin AD tedavisinde yeni 

bir terapötik yaklaşım olarak potansiyelini incelemektedir. 

Sonuç ve Tartışma: Bu derleme, Alzheimer hastalığı (AD) için mevcut terapötik stratejileri sunuyor ve 

AD tedavisinde iNOS inhibitörlerinin umut verici potansiyelini araştırıyoruz. Özellikle, iNOS 

inhibitörlerinin NO üretimini azaltma kapasitelerine odaklanacak ve potansiyel nörokoruyucu etkilerini 

inceleyeceğiz. Ayrıca, bu derleme doğal ve sentetik iNOS inhibitörlerinin genel bir bakışını sunacak ve 

AD için terapötik müdahaleler olarak iNOS inhibitörlerinin geliştirilmesi sürecinde güvenlik 

değerlendirmelerinin önemini vurgulayacaktır. 

Anahtar Kelimeler: Alzheimer hastalığı, iNOS, nöroenflamasyon, nitrik oksit  

 
* Corresponding Author / Sorumlu Yazar: Shkar Mariwan Ahmed 

e-mail / e-posta: shakerakam@gmail.com, Phone / Tel.: +905388841510 

 

Submitted / Gönderilme : 15.06.2023  

Accepted / Kabul : 26.09.2023   

Published / Yayınlanma : 20.01.2024 

 
İD 

 
İD 

 
İD 

https://orcid.org/0009-0002-1482-6324
https://orcid.org/0000-0002-9750-6563
https://orcid.org/0000-0001-7662-9364


Mariwan Ahmed et al.                                                                                    J. Fac. Pharm. Ankara, 48(1): 289-299, 2024 

 

290 

INTRODUCTION 

Alzheimer’s disease (AD) is an age-related neurodegenerative disease with a complex etiology. 

It is also the leading cause of dementia in the elderly, which accounts for 60-80% of all cases. According 

to the World Health Organization (WHO), approximately 50 million people worldwide are now living 

with dementia today, and this number is expected to triple by 2050 [1,2]. Symptoms of AD include 

language impairment, progressive memory loss, and visual-spatial impairment, all of which require 

caregiving [3,4]. Early signs of AD may vary from patient to patient, but typically memory problems 

are one of the early signs of AD. However, the very early stages of AD may also be indicated by a 

deterioration in other cognitive abilities [5,6], including the ability to express oneself clearly, problems 

with vision or spatial awareness, and impaired reasoning or judgment [7,8]. 

Although the pathology of AD has been studied for decades, the exact cause remains unknown. 

Recent developments in the diagnostic strategy of AD have aided to diagnose pathological abnormalities 

in the early stages of the disease. The current understanding of the pathological features of AD, which 

are the formation of neurofibrillary tangles (NFTs) inside the neurons [9], senile plaques outside 

neurons, and neuronal loss, is shown in Figure 1 [10]. However, there are other critical factors that 

promote the onset and development of AD, such as oxidative stress, neuroinflammation, and impaired 

glucose metabolism in the brain. In addition, amyloid plaques and tau protein-based neurofibrillary 

tangles may form years before clinical dementia manifests [11,12].  

 

Figure 1. Difference between a healthy brain and the brain of a patient with severe AD. De Loof et al, 

(2019) OBM Neurobiology journal, from ref [10]     

Although scientists have made great in the current decade to find a treatment that stops the 

progression and development of AD, we are still far from finding an effective treatment strategy [13]. 

This is because the currently available treatment only treats the symptoms of the disease. In recent years, 

scientists have focused on the role of neuroinflammation in finding an effective treatment for AD, 

because neuroinflammation is one of the major causes of the development and exacerbation of AD. 

Nitric oxide (NO) during neuroinflammation is overproduced by the inducible nitric oxide synthase 

(iNOS) enzyme in response to inflammatory stimuli, leading to the progression and exacerbation of AD, 

therefore, finding effective iNOS inhibitors will help in limiting and slowing the progression of AD 

[14]. This narrative review article will provide a brief overview of AD, and will highlight the promising 

role of iNOS inhibitors in AD. 

Neuroinflammation and Alzheimer’s Disease  

Recent investigations have demonstrated that neuroinflammation is one of the major causes of 

the development and exacerbation of AD [15,16]. Interestingly, neuroinflammation could be a beneficial 

immune response that limits and slows disease progression [17]. For example, in its normal range, 

neuroinflammation modulates microglial activation and involves in the clearance of Aβ and cellular 

debris via microglial phagocytosis [18,19]. On the other hand, some researchers believe that 

neuroinflammation is merely a byproduct of the disease process and may not significantly alter its 

course. However, evidence from clinical studies and animal experiments has demonstrated that 
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enhanced neuroinflammatory cascades mediated by primed microglial cells also contribute to AD 

pathogenesis [20,21].  

Neuroinflammation during AD is characterized by microglial activation and astrocyte release of 

various chemokines and cytokines, which impair blood-brain barrier (BBB) function and stimulate 

cognitive impairment [22,23]. Furthermore, during neuroinflammation, NO is overproduced by the 

enzyme iNOS in response to inflammatory stimuli, leading to an exacerbation of AD and dementia [24].     

Role of iNOS Inhibitors in Neuroinflammation 

NO acts as a mediator in several physiological and pathophysiological processes within the body. 

It is primarily produced by the inducible isoform of the enzyme, known as the iNOS, in response to 

inflammatory stimuli [25]. During neuroinflammation, excess NO is produced by iNOS enzymes in 

response to neuroinflammation. Furthermore, the overproduction of NO will lead to an exacerbation of 

AD and dementia [26]. 

To this end, many investigations and studies have been conducted by scientists to develop iNOS 

inhibitors, which will be an important treatment for the neuroinflammation of AD. However, many 

iNOS inhibitors showed neuroprotective effects, such as aminoguanidine, and two other amino acid 

amidines known as GW274150 and GW273629, but most iNOS inhibitors need further studies and 

investigations to ensure their affectivity and potency. In recent years, computational studies have been 

used by scientists to screen the inhibitory value of iNOS inhibitors in AD [14]. 

iNOS Inhibitors from Natural Sources 

In recent decades, plants have been used as medicines to treat various diseases, and many plants 

have been used as anti-inflammatory agents that act by inhibiting the production and expression of NO. 

Furthermore, compounds isolated from these plants provided a medical chemist with a crucial lead to 

find effective and safe iNOS inhibitors for the treatment of AD [27]. The anti-neuroinflammatory effect 

of four ligands, (+)-eudesmin (1), (+)-magnolin (2), (+)-yangambin (3), and epimagnolin B (4) isolated 

from Magnolia fargesii flower buds were tested for their iNOS inhibitory activity against 

neurodegenerative disorders such as AD (Fig. 2). These four compounds showed IC50 values ranging 

from 10.9-30.0 μM. Among the group, compound 4 showed the most potent inhibition of LPS-induced 

NO production with an IC50 value of 10.9 ± 1.6 μM compared to the positive control drug NG-

monomethyl-L-arginine (L-NMMA) IC50=19.2 ± 1.8 μM [28].                                                                           

 

Figure 2. Absolute configuration of natural iNOS inhibitors isolated from Magnolia fargesii 

Kohno et al. investigated the potential inhibitory effects of various terpenoid coumarins such as 

(methyl galbanate, galbanic acid, and farnesiferol A) that have been extracted from Ferula szowitsiana 

DC. Specifically, the study aims to investigate whether these compounds can inhibit the production of 

NO in RAW264.7 mouse macrophage cells that have been stimulated with lipopolysaccharide (LPS) 

and interferon-c (IFN-c). Among the terpenoid coumarins that studied, it was observed that in the 
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presence of methyl galbanate 5 (Figure 3), LPS/IFN-c-induced iNOS mRNA expression was 

significantly reduced to 52% of the level found with LPS/IFN-c stimulation alone [29].                       

 

Figure 3. Chemical structure of methyl galbanate 

In recent years, two other studies for the development of iNOS inhibitors from natural sources 

were performed by Liu et al. In both studies, the anti-neuroinflammatory effect of compounds isolated 

from plant sources was evaluated by inhibiting LPS-induced NO release in murine microglial BV-2 

cells. In addition, 2-methyl-2- thiopseudourea, sulfate (SMT) was used as a positive control in the 

studies. In the first study, the anti-neuroinflammatory effects of twelve daphnane diterpenoids isolated 

from the twigs of Trigonostemon thyrsoideus were investigated. The result of this study demonstrated 

that all the compounds had an inhibitory activity on LPS-induced NO production with an IC50 value 

range of 3.19-24.9 μM [30]. In the second study of the group, isolated sesquiterpenes and terpenes from 

the flowers of I. japonica were evaluated as anti-neuroinflammatory agents for AD through NO 

inhibition. All of the compounds showed inhibitory activity against NO production, however, five of 

them possessed a more inhibitory effect on LPS-induced NO release with lower IC50 values than 10 μM 

[27]. 

Ma et al. investigated the potential inhibitory effects of one new labdane diterpenoid and three 

new guaiane sesquiterpenoids, alongside ten known compounds from Blumea balsamifera. The study 

focused on assessing the anti-neuroinflammatory effects by impeding the release of NO in murine 

microglial BV-2 cells induced by LPS. Among these derivatives, three compounds 6-8 showed IC50 

values ranging from 15.4-22.7 μM, respectively, indicating notable inhibition against LPS-induced NO 

production in BV-2 cells, with their IC50 values falling below 30 μM (Figure 4) [31]. 

 

Figure 4. iNOS inhibitors as anti-neuroinflammatory agents for AD isolated from Blumea balsamifera 

In 2021, two crucial studies have been done to test the anti-neuroinflammatory activity of 

numerous glycosides isolated from the leaves and stems of Neoshirakia japonica, and 7-O-1,2,3-triazole 

hesperetin derivatives. In the first study, the anti-neuroinflammatory effects of all the isolates were 

evaluated by inhibiting NO production against LPS-induced BV-2 microglial cells. Notably, three 

compounds 9-11 exhibited IC50 values ranging from 2.7 to 5.5 μM, respectively. These values indicated 

a higher degree of inhibitory activity compared to the positive control, minocycline, which had an IC50 

O

OO

CH3

CH3

O
CH3 CH3

CH3

O

             5

CH3
CH3

H

CH3 CH3

R2

CH2

CH3

R1

OH

CH3

O

H
CH3

OH
CH3

CH3

OH

CH3

CH3O

6 : R
1
 = -OH, R

2 
= -H

7 : R
1
 = -H, R

2
 = -OH

8



J. Fac. Pharm. Ankara, 48(1): 289-299, 2024                                                                 Mariwan Ahmed et al.                                                                                              

 

293 

value of 15.6 μM. (Figure 5) [32]. 

 

Figure 5. iNOS inhibitors as anti-neuroinflammatory agents for AD isolated from Neoshirakia 

japonica 

In the second study, the anti-neuroinflammatory of 7-O-1,2,3-triazole hesperetin derivatives was 

evaluated by Wang et al. Most of the hesperetin derivatives showed better NO inhibitory activity 

compared to hesperetin (IC50=49.56 ± 2.39 μM). Furthermore, resveratrol (Res) was used as a positive 

control, and compound 12 (IC50=1.04 ± 0.31 μM) had an eight fold higher NO inhibitory capacity 

compared to the positive control Res (IC50=7.86 ± 1.49 μM) (Figure 6) [14].    

 

Figure 6. Hesperetin derivative potent iNOS inhibitor 

 iNOS Inhibitors from Synthetic Sources  

Synthetic iNOS inhibitors have been extensively studied for their potential therapeutic 

applications in a variety of disease, including neurodegenerative disorders. These inhibitors are designed 

to target the iNOS enzyme, which is responsible for the overproduction of NO in response to 

neuroinflammation. Overexpression of NO can lead to tissue damage and may play a role in the etiology 

of a number of diseases such as AD. A number of approaches, including structure-based drug design 

and high-throughput screening, have been used to develop synthetic iNOS inhibitors. These inhibitors 

have shown promising results in preclinical research, currently being evaluated in clinical trials to 

determine the efficacy and safety of iNOS inhibitors [26]. Synthetic iNOS inhibitors are classified based 

on their chemical structures into amidinic and guanidine-based compounds, quinone-based compound, 

oxadiazole-based iNOS inhibitors, steroidal compounds, and others.  

Amidine and Guanidine-based Compounds 

Amidine-based iNOS inhibitors, as the name suggests, have an amidine group (-C(=NH)-NH2) in 

their structure, which can participate in hydrogen bonding and electrostatic interactions with the active 

site of iNOS. It has been discovered that these compounds are being investigated as potential treatments 

for Alzheimer's disease [26]. 
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An example of an amidine-based iNOS inhibitor is GW274150 13 and 1400W 14, which are 

selective inhibitors of iNOS that have shown promising results in preclinical studies related to AD 

(Figure 7). GW274150 13 specifically inhibit the activity of iNOS by interfering with its enzymatic 

function, reducing the production of NO. Also, it has demonstrated anti-inflammatory effects and has 

been found to attenuate neuroinflammation and neurodegeneration in animal models of AD. 

Additionally, GW274150 13 has shown neuroprotective properties by reducing oxidative stress and 

preserving neuronal function. Similarly, 1400W 14 which is another amidine-based iNOS inhibitor is a 

potent and selective inhibitor of iNOS. It effectively suppresses iNOS activity and the subsequent 

production of NO. Preclinical studies utilizing 1400W have shown promising results in attenuating 

neuroinflammation, reducing amyloid-beta (Aβ) deposition, and improving cognitive function in animal 

models of AD. The inhibition of iNOS by 1400W has been associated with decreased oxidative stress 

and reduced neurodegeneration [14,26].  

 

Figure 7. Amidine-based iNOS inhibitors 

Guanidine-based iNOS inhibitors have a guanidine group (-C(=NH)-NH-C(=NH)-NH2) in their 

structure, which can also interact with the active site of iNOS. Examples of guanidine-based iNOS 

inhibitors include aminoguanidine 15, and L-NG -nitro arginine methyl ester (L-NAME) 16 (Figure 8).  

Two pivotal studies were conducted on guanidine-based compounds in mouse microglial for 

investigating their iNOS inhibitory activity in AD. The first study was conducted in 2003, during which 

scientists tested the inhibitory activity of two different guanidine-based iNOS inhibitors for inhibition 

of AGE-induced NO production in mouse microglial. Compound 15 exhibited the highest rate of iNOS 

inhibition, reaching 90%. On the other hand, the other guanidine-based iNOS inhibitors, compounds 16 

demonstrated inhibition values of 80% for NO production in AD [33]. 

In addition, Esposito et al. investigated the stimulation of PC12 cells with Aβ (1-42) (1 g/ml), 

which resulted in a significant increase in NO formation by iNOS enzymes compared to unstimulated 

cells. Both selective and nonselective iNOS inhibitors significantly reduced the effect of Aβ (1-42). For 

example, S-methyl-isothiourea (SMT) 17 (Figure 8), a selective iNOS inhibitor, demonstrated the 

highest level of iNOS inhibition activity in AD, achieving an impressive 80% inhibition rate. 

Conversely, L-NAME 16, a non-selective iNOS inhibitor, exhibited a lower inhibition rate of 45.6% for 

iNOS [34]. 

 

Figure 8. S-methyl-isothiourea and guanidine-based iNOS inhibitors 

Quinone-based iNOS Inhibitors  

Quinone-based compounds are a class of organic compounds characterized by the presence of a 

quinone structure in their chemical composition. Quinones are aromatic compounds that consist of a 
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benzene ring conjugated with two carbonyl groups (C=O) in different positions. Quinone-based 

derivatives have been investigated as iNOS inhibitors for AD due to their additional antioxidant 

properties. These compounds are designed to scavenge reactive oxygen species (ROS) and prevent 

oxidative damage, which is thought to contribute to the pathogenesis of AD. An example of a quinone-

based iNOS inhibitor is idebenone 18 shown in (Figure 9), which has been evaluated in preclinical and 

clinical studies for its potential as a therapeutic agent for AD. Yan et al. conducted a study to investigate 

the iNOS inhibitory effects of idebenone 18 on LPS-activated BV2 cells for the treatment of 

neurodegenerative diseases such as AD. The researchers examined the cytotoxicity of idebenone by 

analyzing its effects at different concentrations (1, 2.5, and 5 µM) on LPS-activated BV2 cells. The 

findings revealed that idebenone exhibited a dose-dependent reduction in the LPS-stimulated NO 

production, and decreased mRNA expression of TNF-α, IL-1β, iNOS, and IL-6 in LPS-stimulated BV2 

cells. In addition, the highest inhibition of iNOS activity was observed at the concentration of 5 µM 

[35]. 

 

Figure 9. Quinone-based iNOS inhibitors 

Oxadiazole-based iNOS Inhibitors  

Oxadiazole-based iNOS inhibitors are a class of compounds being developed as potential 

therapeutics for various inflammatory diseases such as neuroinflammation. These compounds have the 

potential to inhibit iNOS activity and reduce NO production, which may have therapeutic implications 

for Alzheimer's disease and other inflammatory conditions [36,37]. 

Two important studies were conducted on 1,2,4-oxadiazole-containing compounds to investigate 

their NO inhibitory activity in AD. In the first study, a series of novel 3-(4-pyridyl)-5-(4- sulfamido-

phenyl)-1,2,4-oxadiazole derivatives were synthesized, and the anti-neuroinflammatory activity of the 

compounds was assessed in LPS-induced BV2 microglial cells. All compounds showed better activity 

against NO compared to the positive drug, Res (IC50=10.16 ± 0.12 μM). Compounds 19 and 20 showed 

the best inhibition rate against NO production, with an IC50 value range of 0.47 to 0.72 μM, which was 

about ten times higher than that of the positive drug Res [36]. In the second study, researchers 

investigated the potential anti-neuroinflammatory effect of the novel (4-(1,2,4-oxadiazol-5-yl)phenyl)-

2-aminoacetamide derivatives in LPS-induced BV2 microglial cells. Among the derivatives tested, 

compounds 21 and 22 exhibited particularly noteworthy results, displaying more than 20-fold greater 

iNOS inhibitory activity compared to Res. Notably, compounds 21 and 22 demonstrated IC50 values 

ranging from 0.42 to 0.67 μM, highlighting their potent inhibitory effects on iNOS expression and NO 

production in AD (Figure 10) [37]. 

 

Figure 10. Oxadiazole-based iNOS inhibitors 
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Steroidal Compounds  

Steroid compounds are a class of organic compounds that have a characteristic structure 

consisting of a sterane ring. These compounds have numerous biological activities, including anti-

neuroinflammatory activity in AD [26]. 

Yang et al. synthesized novel steroidal derivatives, from readily available hyodeoxycholic acid 

(C24H40O4). In the study, the anti-neuroinflammatory activity of 5α-cholestan-6-one derivatives was 

evaluated in LPS-stimulated BV-2 microglial cells. As a result of the study, five compounds (23-27) 

strongly inhibited LPS-induced NO production with a percentage inhibition range of 73.6 – 60%, 

without causing cell toxicity while dehydroepiandrosterone, which was used as a reference drug in the 

study, has 55.3% percentage inhibition (Figure 11).    

Microglial activation is known to increase the expression of iNOS and COX-2, which are 

responsible for the production of PGE-2, and NO, and activated microglial cells also increase the 

production of proinflammatory cytokines such as IL-1b and TNF-a. As a further study, the effects of 

compound 23 on the mRNA expression of these cytokines were investigated. The result of the 

investigation clearly indicated that compound 23 which strongly inhibited LPS-induced expression of 

iNOS, IL-1b, TNF-a, and COX-2 in a dose-dependent manner [38].                                                                

 

Figure 11. Steroidal compounds as inhibitors of iNOS 

Others 

Other studies have been conducted to test the iNOS inhibitory ability of various synthetic 

compounds, such as the study by Watterson et al. that investigated the role of the anti-inflammatory 

drug K252a 28 (Figure 12), which is a CaMKII inhibitor, that exhibits dose-dependent inhibition of 

lipopolysaccharide-induced increases in iNOS production and NO accumulation by the BV-2 microglial 

cell line. Furthermore, the study showed that the anti-inflammatory K252a inhibits the accumulation of 

NO and IL-1, and other cytokines during neuroinflammation in AD [39]. 

Zhou et al. explored the effects of rolipram 29 which is a Phosphodiesterase-4 (PDE4) inhibitor, 

in AD by using bilateral Aβ25– 35 injections into the hippocampus of rats (Figure 12). Different doses 

of rolipram were administered daily for 25 days after Aβ 25-35 injections. The results of the study 

demonstrated that rolipram significantly inhibited NO and iNOS pathways in the hippocampus. 

Furthermore, rolipram improved memory and learning abilities in the Aβ25-35-induced AD rat model 

[40]. 

 

Figure 12. Other synthetic potent iNOS inhibitors 
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RESULT AND DISCUSSION  

In conclusion, iNOS inhibitors have shown potential as therapeutic agents for AD in various 

studies. Studies evaluating iNOS inhibitors, including amidine, guanidine, quinone-based derivatives, 

and oxadiazole-based compounds, have demonstrated promising results in various in vivo and in vitro 

models of AD. These inhibitors have shown the ability to reduce iNOS activity, inhibit NO production, 

attenuate neuroinflammatory responses, and improve cognitive function. Some of these compounds 

have also shown effects on amyloid beta plaque accumulation and oxidative stress. 

While the preclinical findings are encouraging, it's important to note that translating iNOS 

inhibitors into effective clinical treatments for AD has been challenging. Several factors, including the 

complexity of AD pathology, the multifaceted nature of iNOS signaling, and the need for targeted drug 

delivery to the brain, contribute to the difficulty in developing successful therapeutics. 

Further research and clinical trials are needed to determine the safety, efficacy, and optimal dosing 

regimens of iNOS inhibitors in the treatment of AD. Combining iNOS inhibitors with other therapeutic 

approaches, such as anti-amyloid or anti-tau strategies, may also hold promise for improving outcomes 

in AD patients. Overall, iNOS inhibitors represent a promising avenue for future studies and therapeutic 

intervention in this major neurodegenerative disease. 
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