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 Acridine is one of the simple alkaloids found in nature. Acridines are hetero-aromatic 

compounds, which interact with both nucleic acids and proteins. The targeting of these 

biopolymers is broadly applied in cancer therapy and gene delivery. Interestingly, due 

to direct interactions of acridines with various enzymes, acridines can be suitable drugs 

for treatment of neurodegenerative diseases, inflammation, immunological disorders, 

protozoal diseases, diabetes, etc. Numerous processes (involve a change in the 

composition of a substance and also the mechanism by which these changes occur), 

including reductive alkylation, nucleophilic addition, electrophilic substitution, 

reduction, oxidation, and photo-alkylation, occur with acridines. Gallic acid (GA) is a 

very rich in many edible and herbal plants and has an antioxidative and anti-

inflammatory effects on some metabolic disorders. To have a better understanding of 

its antidiabetic properties and its therapeutic important on human health care, the 

available review supporting the effective properties of GA. This review outlined the 

uses of acridine and Gallic acid for treatment of different diseases. 
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1. ACRIDINE 

     1.1 Introduction  

Acridines are hetero-aromatic compounds that were 

used for treatment of many diseases in the past [1]. 

Acridines are very soluble in physiological liquids 

so they used as antiprotozoal and antibacterial drugs. 

Heinrich Caro and Carl Gräbe in 1870 identified 

acridine, one of the most well-known and 

extensively used classes of bioactive agents, from 

the extract of boiling coal tar [2]. 

     1.2 Method of Acridine extraction and its uses 

Acridine is extracted from coal tar by shaking it off 

with diluted sulphuric acid and then using potassium 

dichromate to precipitate it out of the sulphuric acid 

solution. In the last stage, ammonia breaks down the 

resultant acridine dichromate. Acridine and its 

derivatives are stable substances with a weakly basic 

nature. In the past, anti-tumor activity of acridines 

was attributed to their interactions with nucleic 

acids; however, the more recent studies favor an 

explanation based on direct interaction of acridines 

with biologically important proteins [1]. The 

development of human society has incorporated 

acridine drugs to daily life of millions of individuals 

worldwide [3, 4-5]. Due to their wide variety of 

pharmacological actions, acridines and their 

analogues are a significant class of fused 

heterocyclic rings that contain nitrogen. Analogues 

of acridine are distinguished by their unique 

industrial, chemical, physical, and biological uses 

[6-7]. Because of their effectiveness in treating and 

preventing a variety of illnesses, including 

antimalarial [8-9], antitubercular [10], 
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antiiflammatory [11-12], antiviral [13], anticancer 

[14-15], antioxidant [15], antimicrobial [15], 

antidiabetic [16], antiparasitic [15-17], 

acetylcholinesterase inhibitors [18], and fungicidal 

activities [19], acridines and their related derivatives 

are pharmacologically acceptable.  

Moreover, acridines have a variety of uses in laser 

technology, dyes, and as fluorescent materials for 

the identification of biological molecules. The semi-

planar heterocyclic structure of acridines is 

responsible for these characteristics, and it interacts 

significantly with several biomolecular targets [15]. 

Derivatives of acridine, which are present in a 

variety of marine species and natural plants, have 

been shown to exhibit a wide range of biological 

activities [20, 21]. Over the past ten years, a 

growing understanding of acridines' method of 

action has led to significant and interesting studies 

in this heterocyclic family [15].Furthermore, it is 

significant to highlight that the biological 

characteristics and selectivities observed are 

determined by the position and nature of the 

substituent on the heterocyclic core. Acridine 

derivatives have been being screened as antidiabetic 

drugs in recent years, and the results have been 

encouraging. Acridine's smooth surface mostly aids 

in intercalation [20]. Because of their lipophilic and 

hydrophilic balance, acridines can pass through 

biological membranes and enter the nucleus to carry 

out their mode of action. 

1.3 Applications of Acridine for Treatment 

of some Diseases 

1.3.1   Alzheimer’s And Parkinson’s disease 

The accumulation of aberrant protein aggregates in 

the brain, primarily made up of amyloid-like fibrils, 

is linked to neurodegenerative disorders. "Diseases 

of protein misfolding" is a common term used to 

describe these conditions [1]. Novel insights into the 

pathophysiology or therapeutic approaches of one 

neurodegenerative disease may be significant for 

other neurodegenerative disorders. Future 

therapeutic approaches are likely to be based on 

drug linkages that enhance various aspects of 

cellular and organismal dysfunction, as altering 

multiple pathways can improve disease-related 

phenotypes [22]. Alzheimer’s and type II diabetes 

are the most harmful from a social and economic 

aspect [23, 24]. The symptoms of these two 

conditions are different [1]. All of these illnesses 

have one thing in common: usually soluble proteins 

may accumulate into insoluble forms that can cause 

harmful deposits in skeletal and muscular tissue as 

well as in organs like the liver, heart, pancreas, and 

brain. However, the toxicity is thought to be caused 

by soluble aggregates from the early stages of the 

process [1, 25]. Amyloidogenic lysozyme 

aggregates can be depolymerised by acridine [26]. 

From the strongest tetrahydroacridines, through 

spiro-acridines, to planar acridines, the 

depolymerisation diminishes in a sequential manner. 

The target-selective artificial proteases could give a 

treatment option for amyloid disorders such as 

Alzheimer’s disease, prion diseases, and diabetes 

[27]. In order to model Parkinson's disease, 

acridines are primarily utilised to induce tremulous 

jaw movements [1, 28]. There are very few 

instances of acridine being used to treat Parkinson's 

disease. 

1.3.2 Diabetic Disease 

The illness profile can shift from neurodegenerative 

to, for example, type II diabetes if we take into 

account the aberrant protein's deposition in organs 

other than the brain, including the pancreas. 

Acridines can serve as inhibitors of ribosomal 

protein S6 kinase 1 involved in diseases such as 

obesity, diabetes and cancer [1]. As we described 

the target-selective artificial proteases could give a 

treatment option for amyloid disorders such as 

diabetes [27]. Formation of pancreatic islet amyloid 

correlates with occurrence of advanced type II 

diabetes mellitus. Acridine orange (AO) can inhibit 

formation of amyloids from human amylin in dose 

dependent manner [1]. 

1.3.3 Antiparasitic, antibacterial and antiviral 

activity. 

When a particular enzyme for a pathogenic system 

is inhibited, acridines can play a significant role as 

potential medications for the eradication of 

undesirable microorganisms or pathogenic 

situations. Acridines can therefore be used to treat a 
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variety of tropical diseases brought on by protozoal 

parasites, such as African sleeping sickness; 

antibacterial agents to treat tuberculosis (TB); 

antiviral agents to treat human immunodeficiency 

virus (HIV); and failure of the human immune 

system to suppress either cancer or a severe 

autoimmune reaction. Furthermore, because of their 

specific interactions with protozoal enzymes and 

processes, acridines are among the most effective 

antiprotozoal medications. [92, 1–03]. Acridines 

have advantages structures that improve the 

effectiveness of drug discovery in the field of 

protozoan diseases [92, 01] because they are less 

expensive and cause fewer intellectual property 

challenges. 

Although more potent antibiotics like penicillin 

were eventually found, acridines were once also 

used to treat bacterial infections [29, 35 - 38]. It is 

still possible to use some acridines as local 

antiseptics. Currently, some acridines may be used 

again due to the growing resistance of microbes to 

popular antibiotics. Acridines exhibit activity 

against Gram-negative bacteria, including 

Escherichia coli, Proteus vulgaris, Pseudomonas 

aeruginosa, and Klebsiella pneumoniae, as well as 

Gram-positive bacteria, including methicillin-

resistant strains of Bacillus aureus and Bacillus 

subtilis. [39]. the biological activity of acridines is 

linked to the selective inhibition of DNA gyrase in 

the case of Mycobacterium smegmatis and 

Mycobacterium tuberculosis [40]. Additionally, 

Rzad et al. highlight the potential of acridines as 

fungicides, specifically against Candida albicans, 

Candida glabrata, Candida krusei, and 

Saccharomyces cerevisiae. [41] 

1.3.4 Anticancer activity 

Acridines and their derivatives mainly work by 

blocking topoisomerase II and interfering with DNA 

synthesis [09, 00–03]. This scaffold has made it 

easier to create a wide variety of derivatives with 

different structures, which has led to a wider range 

of pharmacological activity linked to these 

substances. Acridines' selective toxicity has also 

been used to treat disorders linked to tumours and 

cancer. Sections on the interactions of acridines with 

nucleic acids 4 and nucleic acid processing proteins 

5.1 have already covered some of these applications. 

[92, 03, 1–03]. Acridine 173 was able to treat 

malignant glioma cells and cross the blood–brain 

barrier [03]. 

1.3.5. Acridines Used for Staining 

Another potent photosensitiser that can both initiate 

and prevent a spectrum of biological changes and 

cell development is acridine orange, an acridine-

based chemical [42, 43]. Many acridines are utilised 

to stain proteins [43, 1], lipids, nucleic acids [1–45], 

and low molecular weight medications including 

ceftriaxone, fluvoxamine, and isoniazid [46] 

because they are distinctive chromophores and 

fluorophores [1, 43]. Increased fluorescence is 

typically the result of acridine interactions with 

hydrophobic areas of macromolecules, and this is 

advantageous for a variety of staining procedures 

[1]. A variety of fluorophores were created by 

conjugating acridines with biotin [1]. 

2. Gallic Acid 

2.1 Introduction 

Gallic acid (GA) found in many plants, including 

Chinese gallnut, dogwood, pomegranate, palmate-

leaf rhubarb, peony bark, and others. Gallic acid a 

naturally occurring polyphenolic molecule with a 

straight forward chemical structure. Anti-

inflammatory, antioxidant, antibacterial, and 

antiviral properties are among its many 

pharmacological traits [47–48]. It offers a wide 

range of potential applications for diseases such as 

cardiovascular disease [49], nervous system diseases 

[50], diabetes [51], liver fibrosis [52], and tumour 

growth [53]. Additionally, GA inhibits α-

glucosidase and α-amylase, two protein targets 

implicated in hypoglycemic effects, according to 

Oboh et al. Gallic acid is therefore thought to 

contribute to the hypoglycemic impact and could be 

an active component of diabetes medications [54]. 

Gallic acid has low solubility in cool water and 

limited bioavailability during the absorption process 

[56] frequently discredit its therapeutic usefulness, 

despite the fact that it has virtually no toxic or 

adverse effects, even at high dosages [55]. Gallic 

acid is a naturally occurring phenolic acid that has 
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been shown to improve glucose absorption and 

regulate insulin secretion by reducing the 

inflammatory response in peripheral tissues brought 

on by STZ-induced hypoglycemia [57]. Gallic acid 

is an active ingredient in several plants that have 

been shown to have antidiabetic effects [58]. The 

prevention of diabetes mellitus is linked to the 

consumption of fresh fruits, vegetables, and plants 

that are high in natural antioxidants [59]. 

Polyphenols generated from plants have a variety of 

pharmacological characteristics, and in recent years, 

there has been a lot of interest in learning more 

about how they work. Gallic acid (GA), an 

endogenous plant phenol (3, 4, 5-trihydroxybenzoic 

acid), has drawn a lot of interest due to its strong 

antihyperglycemic and free radical scavenging 

properties [57]. Additionally, grapes, berries, fruits, 

and wine are rich sources of Gallic acid. GA has 

been shown to have antioxidant, anti-inflammatory, 

and anti-cancer properties [60]. 

2.2 Structure 

With the molecular formula C6H2 (OH) 3COOH, 

Gallic acid (GA) is a naturally occurring phenolic 

acid that is widely dispersed in a variety of food 

plants, such as tea leaves, oak bark, blueberries, 

grape seeds, rose flowers, sumac, witch hazel, gall 

nuts, and Syzygium cumini fruit [61]. The 

nutritional value of these GA-rich plant products 

may be influenced by the biological actions of GA 

and its derivatives. For instance, numerous studies 

have shown that tea has antioxidant and cholesterol-

lowering properties [62]. Phenolic compounds, 

which have demonstrated a broad range of 

pharmacological activities regarding antioxidant, 

anti-inflammatory, and protective properties against 

severe metabolic disorders, including cardiovascular 

and neurodegenerative diseases, cancer, 

hyperlipidaemia, obesity, and diabetes, are primarily 

responsible for the health benefits of tea. 

Furthermore, Hibiscus sabdariffa, a refreshing 

beverage, was shown to include GA and 

protocatechuic acids as antihyperglycemic 

principles. It has also been demonstrated that 

drinking this beverage can help with liver problems, 

dyslipidaemia, and hypertension. 

As an antioxidant and immune-regulating agent 

against infections, Gallic acid (GA), a naturally 

occurring phenic acid derived from edible plants, 

has been used in nutraceutical goods. The primary 

reason for GA's many health benefits may be its 

capacity to scavenge free radicals, which aids in the 

prevention or treatment of OS, a condition that is 

closely linked to diabetes mellitus and its 

consequences [63]. GA is frequently produced by 

hydrolysing polyphenol tannic acid or tannins 

(gallotannins and ellagitannins) [64]. Furthermore, 

GA may be produced by enzymatic, biological, 

acidic, or alkaline mechanisms. Tannic acid could 

be hydrolysed using an Enterobacter spp. inducible 

hydrolase to produce GA. 

2.3 Gallic Acid in Traditional Chinese Medicine 

Some therapeutic plants, such as Terminalia chebula 

Retz. (Chebulae Fructus), Punica granatum L. 

(Pomegranate rind), and Sanguisorba officinalis L. 

(Sanguisorbae radix), have been found to have GA 

as a bioactive phytochemical component. Following 

treatment with the accompanying herbal remedy, the 

host's metabolic profile improves, which is linked to 

the bioactive actions of GA and its derivatives found 

in traditional Chinese medicine [65, 66].   

2.4 Mechanism of Gallic Acid’s Antioxidant and 

Anti-Inflammation  

The phenolic hydroxyl groups can mediate radical 

oxidation because they can interact with the benzene 

ring of molecules that have the capacity to produce 

free radicals. Furthermore, transition and subtract 

metal ions that encourage free radical destruction 

may be chelated by phenolic compounds. In addition 

to forming hydrogen-bonding contacts, phenolic 

structures with hydrophobic phenyl rings and 

phenolic hydroxyl groups may also work in tandem 

with proteins like cytochrome P450 isoforms, 

cyclooxygenases, lipoxygenases, and xanthine 

oxidases. They may thereby prevent the generation 

of radicals by inhibiting certain oxidative enzymes, 

such as malondialdehyde (MDA), oxidised low-

density lipoproteins (oxLDLs), and advanced 

oxidation protein products (AOPPs). In addition to 

its capacity for scavenging, GA may also have pro-

oxidative properties [67].  
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In fact, GA's biological actions may depend on 

whether it acts as a prooxidant or an antioxidant. By 

forming stable semiquinone Free Radicals (FRs), 

GA demonstrated strong antioxidant properties that 

reduced the deaminating power of FRs. Numerous 

studies have demonstrated that its strong antioxidant 

properties of scavenging free radicals are related to 

oxygen radical absorbance capacity (ORAC), 2,2-

diphenyl-1-picrylhydrazyl (DPPH), and ferric-

reducing antioxidant power (FRAP) [67]. 

 By avoiding tyrosine nitration, GA's phenolic 

hydroxyl group allows it to react with reactive 

nitrogen species (RNS) or Reactive oxygen species 

(ROS) to prevent the overproduction of damaging 

FRs, such as peroxyl, hydroxyl, and superoxide 

radicals, as well as peroxynitrite radicals.  

Meanwhile, the production of Glutathione (GSH) 

and Glutathione Peroxidase (GPX) is linked to a 

process that regulates Oxidative stress (OS). By 

controlling Carbon catabolite repressor A and 

Fungal Activator of Riboflavin biosynthesis (CreA 

and FarB) transcription factors, which are involved 

in the attenuation of OS through the GSH- and 

thioredoxin-dependent systems, GA prevented 

aflatoxin production in Aspergillus flavus [68]. 

 Furthermore, in endothelial cells, delphinidin and 

its metabolite GA may raise intracellular GSH [69]. 

GA may be able to stop tissue oxidative damage 

caused by acute ketamine or dibutylphthalate 

exposure. In order to prevent cell damage brought 

on by the negative side effects of cancer radiation 

therapy, GA demonstrated radio-protective qualities 

[70]. Addition of GA (100 mg/kg) decreased 

radiation-induced cellular DNA damage in whole-

body irradiation mice's spleenocytes, bone marrow 

cells, and blood leukocytes. By inhibiting the 

peroxidation of membrane lipids, GA 

supplementation repaired the radiation-induced drop 

in GPX and GSH levels in diverse irradiated mice's 

tissues, resulting in less weight loss and death 

following irradiation [71]. 

Dependent cellular apoptosis, and it is recognised 

that lung cancer cells triggered by GA By 

controlling ROS death, which is linked to ROS rise 

and GSH depletion, GA may be able to stop the 

proliferation of Hematopoietic cell transplantation-

15 (HCT-15) colon cancer cells. By activating 

nuclear factor erythroid 2-related factor 2 (Nrf2), 

GA has also been shown to return the inflammatory 

and antioxidant status to normal [72, 73]. 

 Proptosis and the Nucleotide-binding 

oligomerization domain, Leucine rich Repeat and 

Pyrin domain containing3 - NIMA (never in mitosis 

gene a)-related kinase 7 (NLRP3–NEK7) 

interaction, which is important on Nrf2 signalling, 

were both inhibited by GA [74]. The Extracellular 

signal-Regulated Kinase (ERK)/Nrf2-induced 

antioxidative signalling pathway may also be 

modulated by GA, and the possible mechanism 

suggested that GA may have competed with Nrf2 

for binding to Kelch-like ECH-associated protein 

1(Keap1) [75]. The effects of GA reduced the levels 

of Superoxide dismutase (SOD), Catalase (CAT), 

and glyoxalase1 expression in methylglyoxal-

induced diabetic nephropathy and reversed the 

methylglyoxal-induced changes in albuminuria, 

MDA, Nrf2, micro RNA 192 (miR-192), and miR-

204 overexpression. 

2.5 Gallic Acid for Diabetic Therapy 

With the ability to regulate inflammation, apoptosis, 

or oxidative stress in various pathophysiological 

cases, GA and its derivatives are strong antioxidants 

and free radical scavengers. Due to its anti-

inflammatory and antioxidant qualities, GA has 

been shown to have anti-hyperglycemic potential 

[76]. Adipocytes' glucose homeostasis and insulin 

sensitivity were improved by GA from E. officinalis 

fruit juice [77].  

Mechanistically, Glucose Transporter 4 (GLUT4) 

translocation in adipocytes was facilitated by the 

simultaneous activation of Peroxisome Proliferator-

Activated Receptor (PPAR) and CCAAT/enhancer-

binding proteins (C/EBPs). Furthermore, via 

controlling the Ak strain transforming (Akt) and 

AMP-activated protein kinase (AMPK) signalling 

pathways, GA may improve insulin sensitivity, 

demonstrating that E. officinalis fruit juice dual 

activates Akt and AMPK [77]. The results showed 

that GA's antidiabetic effect was facilitated by 

PPAR, Akt, and AMPK activation [78]. 
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 Furthermore, GA may have antidiabetic benefits 

through controlling the expression of Tumor 

Necrosis Factor (TNF) and adipocytokines, by 

preventing cellular death linked to caspase-9, GA 

enhanced cell function. Different oxidative-based 

diabetes problems, including nephropathy, were 

caused by advanced glycation end-products/ 

Advanced Lipoxidation End-products (AGE/ALE). 

Advanced glycation inhibition could result from GA 

reversing the effects of glyoxal on renal cell 

viability reduction, membrane lysis, ROS 

production, lipid peroxidation, mitochondrial 

membrane potential collapse, and lysosomal 

membrane leakage. Through its antioxidative 

potential in diabetic complications, this polyphenol 

compound modulated various antidiabetic signalling 

pathways. In the meantime, GA may alleviate 

cardiac complications, diabetic nephropathy (DN), 

and neuropathy, as well as prevent OS-induced liver 

and renal damage in the diabetic state [78]. 

2.6 Alpha-glucosidase inhibitory activity of Gallic 

acid 

One kind of glycoside hydrolase that is found in the 

brush cells of the mucosa of the small intestine is 

alpha-glucosidase. It is in control of breaking the 

bond between sugar and non-carbohydrate ligands 

and/or catalysing the breakdown of polysaccharides 

and oligosaccharides into a single glucose. One of 

the more efficient methods for creating an Active 

Pharmaceutical Ingredient (API) for the treatment of 

diabetes is to screen for glucosidase inhibitors. It has 

been found that GA inhibits α-glucosidase [79]. 

Given that the cocrystal former's (CCF) and GA's 

hydrogen bond interactions change the α-

glucosidase inhibitory activity [80]. 

1. CONCLUSIONS 

Acridines and their equivalents are an important 

class of fused heterocyclic rings that contain 

nitrogen because of their diverse range of 

pharmacological activities. Their distinct industrial, 

chemical, physical, and biological applications set 

acridine analogues apart. 

 Acridine has a flat surface which primarily 

facilitates intercalation. Acridines can penetrate 

biological membranes and enter the nucleus to 

conduct their mode of action due to their balance of 

lipophilic and hydrophilic. 

Gallic Acid (GA) is found in a variety of plants, 

such as peony bark, dogwood, pomegranates, 

palmate-leaf rhubarb, Chinese gallnut, and others. 

GA has a simple chemical structure and is a 

naturally occurring polyphenolic compound. The 

pharmacological characteristics of this substance 

include anti-inflammatory, antioxidant, antibacterial, 

and antiviral effects. 

GA and its derivatives are potent scavengers of free 

radicals and antioxidants. GA has demonstrated 

antihyperglycemic potential due to its antioxidant 

and anti-inflammatory properties. 
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