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Abstract: Salicylic acid is a known component of various cosmetic products and forms the backbone of the cosmetic industry. Studies 

have shown that apart from functioning as a peeling agent, multiple derivatives have varied roles. Aspirin, a well - known derivative of 

SA is a known analgesic and is widely used by hospitals and individuals to overcome pain. Salicylic acid has been found to reduce the 

neurotoxic effects caused by cancer in patients. Awareness and understanding about the property of salicylic acid is a must. Many people 

around the world have been using it without understanding what concentrations can be useful. Our studies have tried to understand what 

is known to the common man about salicylic acid and its derivatives. Through our studies we plan to create an understanding about 

salicylic acid and its derivatives not just as a medicinal or cosmetic component but as a potential cure for dreaded diseases such a s cancer 

and neurodegenerative disorders. Even though this research is under trials, making people aware is the need of the day and understanding 

the background information of the product and society in relation is a must. With further research, our study envisions that cancer death 

rates could be reduced in large numbers around the world, even without the development of any unique expensive treatments.  
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1. Introduction 
 

Salicylic acid and its role 

Salicylates are obtained through deacetylation of aspirin 

(pharmacological intervention) which is in the form 

acetylsalicylic acid, it is the primary metabolite of aspirin. In 

the metabolic process, 10% remains unchanged, while the 

other 90% undergoes various metabolism pathways to form 

different metabolites including salicylic acid and gentisic acid 

[1].  

 

Due to salicylic acid’s comedolytic property and the ability to 

exfoliate the stratum corneum, it is considered to be a good 

peeling agent. Salicylic acid is now considered to be a good 

desmolytic agent due to its ability to disrupt cellular junctions 

instead of being presented as a keratolytic agent as it doesn’t 

particularly break or lyse intercellular keratin filaments. Since 

it belongs to the hydroxy acids group, it has various properties 

and is widely used in cosmetic dermatology. Salicylic acid 

has distinct chemical properties to alpha and beta hydroxy 

groups. Unlike a beta hydroxy acid, it has a carboxyl and 

hydroxyl group directly attached to an aromatic benzene ring; 

the hydroxyl group has acidic properties instead of neutral; 

miscible with epidermal lipids and sebaceous gland lipids in 

hair follicles because it is lipid soluble. Salicylic acid, an 

organic acid, is used in skin chemical peeling because of its 

anti - hyperplastic effect on the epidermis. It has various 

properties ranging from antimicrobial and antifungal to 

having an anesthetic effect as prominent as seen through 

patients' increased ability to tolerate the chemical peeling 

procedure. Furthermore, this lipophilic agent can extensively 

reduce sebum secretion in acne patients. In addition, it 

decreases adhesion of corneocyte cells leading to their 

loosening and detachment. It can also extract desmosal 

proteins such as desmogleins, which affects cohesion of 

epidermal cells, resulting in exfoliation as the cohesion of 

epidermal cells is lost. Apart from this, it alters underlying 

dermal tissues and thin the corneal layer without directly 

wounding the skin or changing epidermic thickness. Although 

it's suitable to all ethnic groups and skin types of Fitzpatric (I 

- VI), its restricted in certain conditions including acute viral 

infection, skin malignancy, tanned skin and active dermatitis 

at the site [2].  

 

Use of salicylic acid and application of chemical peeling can 

result in a variety of issues such as the presentation of 

prolonged erythema in a small proportion of acne vulgaris 

patients, but this can be treated by applying topical 

moisturizers. It also results in intense exfoliation and crusting 

but this eventually settles within the span of 7 - 10 days 

without causing any permanent damage. Although relatively 

safe, a very small proportion of dark ethnic groups may suffer 

from mild symptoms ranging from hyperpigmentation to 

hypopigmentation and temporary crusting to temporary 

dryness. Salicysm also poses to be a huge concern which may 

be due to the immediate absorption when applied topically on 

the skin and then the rate can be increased by pairing it up 

with a hydrophilic base or kept under occlusion. Cutaneous 

absorption can potentially result in an extremely serious, yet 

rare concern known as systemic toxicity. Apart from this, 

salicylates can be toxic to the CNS in high concentrations, and 

this can be manifested through a range of symptoms including 

nausea, psychosis and dizziness, eventually leading to coma 

and death. Tinnitus - like symptoms may emerge as a result 

of increased labyrinthine pressure and there is always a risk 

of metabolic acidosis in infants and children. Additionally, 

the respiratory system is affected such as the stimulation of 

the respiratory centre in the medulla causing hyperventilation 

and eventually respiratory alkalosis. Salicylates also pose to 

be toxic when its concentration exceeds by 35 mg/dL in the 

blood which can be due to various reasons including the 

application of 20% SA on over 50% body surface area. 

However, since chemical peeling only uses 30% formulation, 

it’s not risky. Certain groups of patients must also be cautious. 

For instance, uremic patients are more vulnerable in suffering 

from hypoglycemia post systemic absorption of salicylate 

because “these patients have reduced protein binding of 

salicylate” so the “free form in the blood increases”. Some 

may also suffer with contact allergy, but this can be due to 

other components involved in the complete procedure of 

chemical peeling apart from salicylic acid. Unlike α - hydroxy 

acid peels which belong to category B, thus safe, SA peels are 

highly discouraged in pregnant patients as it belongs to 
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category C and has a similar structure to aspirin that can cause 

miscarriage, birth defects and salicylism [3].  

 

Derivatives of Salicylic acid 

 

Aspirin 

Aspirin is a medication used for a variety of illnesses 

including inflammation, fever, pain, and for its antiplatelet 

properties through the inhibition of COX (acetylation - 

mediated inactivation). Salicylic acid, however, is the 

hydrolyzed form of aspirin, and its derivatives and 

metabolites can be produced through fruits and vegetables. 

Different salicylic acid derivatives interact with different 

derivatives of CDK (CDK is a salicylic acid binding protein), 

which is a cell cycle regulating protein. It has been found to 

have analgesic and antipyretic properties and functions 

through irreversible inhibition of prostaglandin synthesis. 

Studies have found that chemical peeling with SA in 

polyethylene glycol helps to reduce and prevent ultraviolet B 

- induced skin tumors in hairless mice. Also, a risk of 

salicylism is low in humans with intact skin during chemical 

peeling using the formulation of SA 30% in polyethylene 

glycol [4].  

 

Salicyl - carnosine 

Salicyl - carnosine is a derivative of ASA and carnosine, and 

it is synthesised by the condensation of the 2 compounds, 

coupling antiplatelet agent ASA with a natural antioxidant L 

- carnosine. These 3 compounds have various effects on the 

body. For example, “SC has inhibited platelet aggregation 

more effectively compared to carnosine and was comparable 

in effectiveness with ASA and another antiplatelet agent 

ticlopidine”. Carnosine ensures that platelet aggregation 

remains within a constant range and prevents the development 

of gastric ulceration and erosion, while ASA can induce this. 

ASA also causes the development of gastric ulceration and 

erosion. Within 15 - 20 mins, ASA is converted into SA by 

deacetylation, resulting in an anti - inflammatory, antipyretic 

and an analgesic effect. Furthermore, after oral 

administrations, all NSAIDs, including ASA, have poor local 

and systemic effects on the GI tract mucous membrane, 

affecting the liver and kidney functions. However, ASA side 

effects can be reduced, and effectiveness can be increased by 

producing numerous derivatives of SA. SC has substantially 

retained its pharmacological properties of its precursors while 

lacking the detrimental side effects of ASA. SC is also 

resistant to specific hydrolysis by serum and tissue 

carnosinase. Superoxide scavengers: superoxide is a 

compound that contains the superoxide ion, which has the 

chemical formula O2. Cu/Zn - SOD carries Cu and Zn in its 

active center, playing a vital role in the antioxidant effect of 

this dipeptide in vivo. Polymorphonuclear leukocytes are 

cells that produce reactive oxygen metabolites once 

stimulated, whilst an increased consumption of molecular 

oxygen enhances this effect. NSAIDs and antioxidants are 

used to treat chronic anti - inflammatory conditions as they 

“are able to react directly with these metabolites or to inhibit 

their generation in the respiratory burst by specific 

mechanisms, in addition to NSAIDs classical inhibition of 

cyclooxygenase [5] [6].  

 

 

 

Salicylic acid and Cancer 

Aspirin is already known to prevent cardiovascular and 

cerebrovascular disease, but it can potentially also affect 

cancer. A study shows that long - term aspirin administration 

(consumption for 5+ years and between 75 mg to 250 mg) 

demonstrates a statistically significant positive correlation 

with cancer prevention, especially in colorectal, pancreatic 

and prostate cancer, as well as have a possible protective 

effect in stomach, esophageal, hepatocellular carcinoma, 

breast, lung, and bronchial. Aspirin reduces the risk of 

pancreatic cancer by “inhibiting proliferation and stimulating 

pancreatic cancer cell apoptosis by inactivating the 

P13K/Akt/mTOR signaling pathway”. It furthermore reduces 

the risk of prostate cancer by “by reducing MMP - 9 activity 

and uPA expression and decreasing IKK - β - mediated NF - 

kB activation” to “suppress prostate cancer cell invasion”. 

However, correlation between lymphoma and aspirin remains 

ambiguous and requires further research in order to draw a 

conclusive statement. Furthermore, aspirin demonstrates a 

chemoprotective effect. Although aspirin has an effect on 

cancer, various factors including age, smoking, alcohol 

consumption, diabetes and obesity can have a significant 

impact [7].  

 

Another study has shown that out of various salicylic acid 

metabolites and their derivatives, the ones with a DHBA 

compound with a common - OH group at the 2nd carbon 

inhibit CDK enzyme activity to varying degrees by binding to 

the same pocket in CDK1. Asp146 and Lyss33 have the 

ability to inhibit CDK1 based on the interacting functional 

groups and the orientation at the binding pocket which 

ultimately affects CDK1’s conformation and activity. 

Moreover, because Asp146 and Lys33 are conserved across 

several CDK family members and constitute an integral 

portion of the enzyme's active site, salicylic acid interacts 

with CDK1 through these amino acids. Apart from this, 

salicylic acid has the ability to bind to a number of cellular 

proteins such as IKK, AMP, GAPDH and CDK - 2. Although 

further research is required regarding the mechanism 

involved in aspirin reducing the risk of cancer, it is considered 

to be the most effective against CRC. Aspirin mediated 

inhibition of COX - 1 causes the prevention of CRC with 

sequential steps involving COX - 1 and COX - 2. Aspirin and 

salicylic acid can be absorbed in the intestinal and the colonel 

epithelial cells, especially if it’s an enteric coated tablet which 

is designed to resist dissolution in the acidic stomach 

environment. This is followed by its metabolization in the 

liver. Since it’s too hydrophilic, it eventually accumulates 

within these cells to finally inhibit CDK and present 

anticancer effects. Meanwhile, it can also be generated 

through the GI microflora or intracellularly within colonic 

epithelial cells [4] [8].  

 

A study on breast cancer showed the Antimetastatic effect of 

low dose aspirin in early intravascular phase of metastasis of 

breast cancer. Aspirin induces a complex pattern of change in 

the eicosanoid profile. Other effects of ASA included 

decrease platelet TXB2 production, thrombin - induced 

platelet reactivity remains constant, Same number of 

metastases in the lungs, Infiltration of lung parenchyma by 

inflammatory cells increased, higher G - CSF + serotonin 

concentrations in the lungs increased too → so a more pro - 

inflammatory environment, Increased platelet count, 
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Increased granulocyte count, decreased systemic NO 

bioavailability, increased markers of systemic oxidant stress” 

such as NO deficiency, reduced GSH concentration and 

increased GSSG concentration, High ASA dose inhibits both 

isoforms of COX. Salicylic acid is the principal metabolite of 

aspirin, therefore responsible for its anticancer properties in 

addition to dietary salicylates [9]. All salicylates including 

aspirin specifically share the anti - platelet action. Salicylic 

acid is responsible for aspirin’s anti - inflammatory action. 

Additionally, this compound has a major responsibility in the 

“development of local and systemic disease resistance to 

pathogen infection in plants”. With a similar property to 

NSAID, aspirin has the ability to reduce the chances of 

colorectal cancer by 40%. More specifically, it has the ability 

to reduce the risk of colorectal adenoma and carcinoma in 

which it has the ability to inhibit “chemical‐induced colonic 

carcinogenesis”. The inflammatory process is involved in 

“carcinogenesis and cancer growth” therefore salicylates 

effect on this process indirectly gives it its anticancer 

properties. This links with the 2 enzymes of COX in which 

COX 1 converts arachidonic acid into prostaglandins, 

contributing to the inflammatory response while COX 2 is 

induced by various growth factors and is associated with 

tumor progression. On a side note, NSAIDs too inhibit the 

COX - 2 activity. COx - 2 gene induction takes place in 

numerous cases such as esophageal and gastric cancers; 

monocytes, macrophages and fibroblasts; and cells associated 

with atherosclerosis. Salicylic acid exerts its anti - 

inflammatory action by preventing the transcription of the 

COX - 2 gene by at least 50%. In plants, on the other hand, 

salicylic acid increases “defense gene expression, enhance 

cell death and alter the expression or activity of various 

enzymes” to achieve “containment of infection, activation of 

cell death and induction of local and systemic disease 

resistance”. Limitations in various studies include the 

restrictions involved in the use of urinary analysis (issues 

arise in terms of urinary salicylate concentrations, excessive 

metabolization, urinary pH and flow), effect of dietary 

salicylate intake and salicylate drugs. Further areas of 

research include the optimal aspirin dose to produce a 

chemoprotective effect, ideal baseline, choosing an ideal 

dietary plant which is continuously affected by pathogen 

attacks and deciding upon the overall diet [10].  

 

Although Paclitaxel (PAC) and cisplatin (CIS) are used to 

treat various solid tumors, its limitation is restricted due to its 

substantial neurotoxic effect as they inhibit cell viability on 

neuron cells according to MTT ([3 - (4, 5 - dimethylthiazol - 

2 - yl) - 2, 5 - diphenyltetrazolium bromide) assay which is 

used in its detection. PAC “exposure caused a decrease of cell 

viability and an increase in the ratio of apoptotic cells in 

dorsal root ganglion (DRG) neurons”. CIS induced lipid 

peroxidation and reduced potency of the antioxidant defense 

system. Moreover, due to its antioxidant effect, salicylic acid 

has an effect against the toxicity caused by both these 

medicines, particularly CIS by reducing the induced oxidative 

stress (caused by the medicines). SA searches for free radicals 

in the brain and has an effect as a hydroxyl radical scavenger. 

Anti - cancer properties of low dose aspirin is related to the 

inhibition of COX - 1 and thromboxane A2 (TXA2) synthesis 

by platelets. ASA used at low antiplatelet dose reduced 

primary cancer and metastasis incidence, but these effects are 

not certain in aged groups. Additionally, optimal dosage, 

duration of use, and ideal timings remain unknown to achieve 

anti - cancer effects in various types of malignancies, 

especially the ones which are non - gastrointestinal. ASA 

appears to have an impact on the lungs of patients with breast 

cancer. To elaborate, while long term treatment at a low dose 

doesn’t significantly impact a number of metastases, it has a 

significantly negative impact on the phenotype of late - phase 

breast cancer. This is seen through several indications: 

decreased lung airiness, higher G - CSF concentrations in the 

lung homogenates, decreased local pulmonary and systemic 

NO bioavailability, increased GSSG/lower GSH 

concentrations in RBC, and some unfavorable changes in 

eicosanoid generation in the blood of mice. Moreover, breast 

cancer patients who received long term treatments exhibited 

increased infiltration of lung parenchyma by inflammatory 

cells along with increased serotonin concentration in the lung 

homogenate, suggesting a pro - inflammatory environment. 

To add on, it also resulted in increased production of G - CSF 

which increases neutrophil survival, potentiates their 

responses to chemotactic signals and increases 

immunosuppression. The administration of ASA or other 

NSAIDs enhances recruitment of hematopoietic stem cells. In 

plants, salicylic acid behaves as a phytohormone, controlling 

the various aspects of growth and development. It serves as 

an endogenous signal and using its antioxidant and antifungal 

features, it protects plants against pathogens [11].  

 

Aspirin and flavonoid metabolites are effective in inhibiting 

cancer cell and tumour growth as large amounts are left 

unabsorbed in the intestinal lumen and therefore are subjected 

to degradation by the host and bacterial enzymes, “generating 

simpler phenolic acids”. Both aspirin and flavonoids belong 

to the group of phytochemicals and are largely derived from 

naturally occurring plant sources. They both metabolise in the 

gut and the liver to produce several other metabolites [12].  

 

Melanoma is one of the most fatal types of cancer due to its 

tendency to metastasize and resist therapy. However, SA and 

ASA are linked with promoting pro‐apoptotic effect by 

activating ER stress and UPR with the help of PERK and 

ATF6 branches. Specifically, SA/ ASA have the ability to 

trigger ER stress, a physiological condition which is related 

to protein accumulation, protein misfolding, or other stress 

signals. So, in order to achieve intracellular protein 

homeostasis and survival, ER activates a number of reactions, 

such as an unfolded protein response. Furthermore, the 3 

independent signaling pathways (PRKR - like ER kinase 

(PERK), activating transcription factor 6 (ATF6), and inositol 

requiring protein 1α (IRE1α)) which composes the UPR also 

promotes the expression of the transcription factor C/EBP 

homologous protein (CHOP), which signals cell growth arrest 

and apoptosis. Meanwhile, ASA and SA also cause the 

activation of AMPK, Akt and mTOR which are associated 

with cellular oxidative stress via activation of the nitric oxide 

generation enzyme eNOS. This increases nitric oxide and 

reactive oxygen species production inducing ER stress 

response. Both in vivo and in vitro experiments demonstrate 

that interference with ER stress in cancer cells, particularly 

melanoma, will significantly affect them psychologically and 

result in cell apoptosis. Additionally, SA and ASA also have 

a positive, indirect effect on cancer patients such as 

preventing myocardial infarct and reducing incidence of 

metastasis [13].  
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The fact that aspirin has the ability to rapidly deacetylate to 

form SA and previous in vivo and in vitro models have shown 

SA to be an antiproliferative and antitumor agent, partially 

explains SA’s chemo preventive effect. While various studies 

account for the positive effect of SA on CRC, not taking into 

account many factors such as the complex relationship 

between genotype and metabolite levels and untargeted 

metabolomics approach will result in inaccurate results. Other 

limitations include the use of a weak instrument that doesn't 

proxy the metabolite levels and a small sample size. Overall, 

the study concludes that aspirin is insufficient at reducing 

CRC risk [14].  

 

Aspirin consumption demonstrated a positive association in 

which at least 75 mg of dosage up to 5 years resulted in overall 

20% decreased risk of dying from cancer. Aspirin 

consumption is related to a number of cancels including 

prostate (decreasing overall and advanced prostate cancer 

risk), esophageal and minimally breast cancer. There is, 

however, no clear association with melanoma due to 

inconsistent studies. Not only is aspirin associated with 

reducing CRC, it also decreases the risk for CRC relapsing 

post treatment. A wide spectrum of growth factors and pro - 

inflammatory cytokines triggers the overexpression of COX 

2 at the sites of inflammation which then induces cellular 

transformation. On the contrary, aspirin reduces CRC specific 

mortality in those who suffered from the overexpression of 

COX 2. Also, high doses of NSAIDs can modulate the growth 

of cultured cells and bind and inhibit the 2 isoforms of COX.  

 

Other potential anti - cancer effects of aspirin include 

reducing lung metastases in which “aspirin first affects 

platelets, then leads to a subsequent interaction between 

platelets and COX 2” [15].  

 

Another research confirmed that aspirin metabolite salicylate 

induces programmed cell death in cancer cells. Aspirin has an 

effect on different types of cancer at various degrees as seen 

in multiple studies with little to no variation. For example, 

RCT’s have shown the reduction of lung cancer mortality by 

20%, risk of breast cancer by 25% and stomach cancer by 20 

- 40%. However, it has little to no effect on pancreatic, 

ovarian, and prostate cancer. Apart from this, it can have a 

90% survival rate in cancer patients suffering from acute 

coronary syndrome and thrombocytopenia. It can effectively 

be used along with chemotherapy because it reduces its side 

effects later [16]. A review clearly pointed out effects of 

Aspirin not only on cancer but how it holistically effects other 

diseases too. Although aspirin is administered to subjects in 

suffering from various diseases including Lynch syndrome, 

high risk of cardiovascular disease and inflammation, it also 

has some disadvantages such as increasing the risk of GI 

bleeding (but this is also dependent on patient’s age, gender 

and ulcer history) and hemorrhage in patients older than 70. 

Like other NSAIDs, aspirin works by inhibiting 

cyclooxygenases - COX 1 is vital for the “production of 

thromboxane (TX), TXA2, which is involved in platelet 

aggregation and vasoconstriction” while COX 2 is expressed 

in inflammatory and hypoxic conditions. Aspirin has the 

ability to reduce the risk of CRC by over 25%. In non - 

malignant cells, nutrient - sourced carbons are mainly used to 

produce ATP while malignant cells “increase the import of 

nutrients from the tumor microenvironment and reprogramme 

CRC metabolic pathways, primarily to fuel biosynthetic 

processes”. The reprogramming supports tumor development 

and “the switch to an increased glycolytic rate has been shown 

to occur early in CRC progression”. Thus, a common 

therapeutic approach involves targeting cancer metabolism. 

Aspirin has various effects: it inhibits the phosphorylation and 

therefore activation of PI3K and Akt; mimic the effects of 

glutamine depletion on the cell cycle and biosynthetic 

pathways, by both inducing G1 arrest and causing mTOR 

complex 1 (mTORC1) inhibition; upregulates upregulate 

glutaminolysis - associated genes, large neutral amino acid 

transporter 1 (LAT1), and glutamic - pyruvic transaminase 2 

(GPT2) in PIK3CA mutant CRC cells. It also downregulates 

many glutaminolysis enzymes resulting in decreased levels of 

glutaminolysis. Regulation of metabolic processes such as 

energy, nucleotide, and amino acid metabolism is key to the 

chemopreventive effect of aspirin as presented by the 

decreased risk of adenoma in human colon tissues of those 

who received 81 mg of aspirin. Aspirin can also acetylate 

several metabolic proteins and enzymes such as 14 lysine 

residues, glucose - 6 - phosphate dehydrogenase (G6PD) 

protein, pyruvate kinase M2 (PKM2) and lactate 

dehydrogenase (LDH) through a transacetylation reaction. 

Furthermore, acetylation of G6DP is vital as it is 

overexpressed in CRC patient and predicts poor prognosis. 

Moreover, aspirin targets the oncogenic pathways that are 

otherwise dysregulated in CRC where they also drive 

metabolic reprogramming in tumors [17].  

 

2. Mechanism of Action 
 

Many groups have predicted detailed mechanisms, either one 

of which could be involved in the anti - carcinogenic 

properties of Salicylic acid. The first one is the HIF pathway. 

Hypoxia is a common feature of solid tumors where the cells 

must rewire cellular metabolism - with the help of the 

transcription factor HIF - 1α - to favor glycolysis and 

therefore promote the Warburg effect leading to a 

downregulation of GLUT1, decreased glucose import, and 

reduced cellular proliferation HIF - 1α is commonly 

overexpressed in CRC and has been found to be associated 

with poorer prognosis. However, aspirin can decrease HIF - 

1α resulting in a downregulation of GLUT1, decreased 

glucose import by inhibiting glycolysis and reduced cellular 

proliferation [18]. Another pathway is the NF - κB pathway 

which is a family of transcription factors which can induce 

the expression of genes involved in cell survival and 

inflammation. Elevated NF - κB activity in CRC cells plays a 

role in cell proliferation and survival. Moreover, it promotes 

glycolysis through the regulation of HK2 or GLUT3 and 

mediates metabolic reprogramming. While NF - κB drives a 

metabolic programme favoring glycolysis via the 

upregulation of GLUT1, aspirin downregulates GLUT1, 

resulting in decreased glucose import and lactate generation, 

antagonizing the Warburg effect [19]. Furthermore, the 

mTOR and AMPK pathway in which the mTOR, which exists 

as multiple subtypes, is a kinase complex involved in cellular 

survival and proliferation. AMPK is a critical energy sensor 

that monitors the ratio of AMP: ATP. Aspirin administration 

reduced mTOR signaling by inhibiting phosphorylation, and 

thus activating the downstream effectors and eukaryotic 

initiation factor which are important for protein synthesis. It 

alters the AMP: ATP ratio which causes AMPK activation to 
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restore it and finally causes the inhibition of mTORC1 [20]. 

Finally, the Wnt pathway involving Wnt signaling which 

plays an etiological role and influences metabolic 

reprogramming by favoring aerobic glycolysis. It also 

regulates the expression of PMK2 and LDHA which are 

involved in the promotion of the Warburg effect. Wnt5B can 

also suppress mitochondrial function by the c - myc signaling 

axis. Aspirin treatment can decrease the nuclear pool of β - 

catenin in CRC lines by the phosphorylation and inhibition of 

a specific protein that is a positive regulator of β - catenin. 

Also, “aspirin reverses the Wnt - mediated cystic phenotype 

in intestinal organoids by decreasing Wnt signaling and 

stemness marker expression”. It can also decrease glutamine 

transporter expression and glutamine metabolism. Overall, 

aspirin targets this frequently dysregulated pathway in CRC 

and its metabolic consequences [21].  

 

Another group of researchers showed that the mechanism 

involved is that aspirin affects the pathogenic pathways of 

neoplastic processes at a cellular level and the dynamic 

metastatic cancer spread. It disrupts the COX enzyme which 

is responsible for the formation of proteinoids that are key 

signaling lipids. They directly interfere with energy 

metabolism by targeting key enzymes involved in the 

proliferation of cancer cells as well as do this indirectly by 

inhibiting COX. Aspiring also interferes with the proliferative 

pathways, platelet - driven pro - carcinogenic activity and 

cancer - associated inflammation to inhibit cancer 

progression.  

 

It also directly impacts angiogenesis, a process which allows 

cancer cells to grow and spread, in which it inhibits the 

overexpressed COX and directly modulates vascular - 

endothelial growth factor (VEGF) activity. It also stimulates 

the pro - apoptotic pathways and enhances the p53 mediated 

DNA repair. It can reduce metastatic cancer spread in which 

the platelets have a major contribution through a number of 

mechanisms including growth factor secretion, association of 

platelet aggregation with tumor cells, secretion of microDNA 

inhibitors of tumor suppressor genes and interfering with 

phospholipid metabolism resulting in pro - metastatic signals. 

Cancer patients also appear to suffer from increased vascular 

and thromboembolic disease events. Aspirin can reduce 

thromboembolism by blocking COX and inhibiting 

thromboxane A2 formation. The Mendelian randomization 

stands on the grounds that genetic variants avoid confounding 

and yield evidence similar to that of randomized trials. The 

biological effects of aspirin can be mimicked where the 

polymorphism changes the nucleotide in COX - 2, therefore 

reducing colorectal adenomas in polymorphism patients and 

colorectal cancer. Aspirin is also administered to patients 

suffering from Lynch syndrome, a dominant gene error 

associated with high risk of CRC and other cancer types, 

because it enhances the DNA repair mechanism. It is 

considered to be potentially prophylactic in which it has the 

ability to reduce the expression of MCM6 and RRM2 proteins 

(they are both involved in DNA repair) in human colon cells 

that is associated with increased colon risk cancer [22]. 

Another group further reconfirmed about the COX 

independent and COX dependent pathways. In the COX 

dependent reaction, aspirin suppresses the COX - 2 

expression at multiple levels, an enzyme which is 

overexpressed in cancer. This results in a decreased 

production of pro - inflammatory prostaglandins such as 

PGE2, which are associated with cancer cell survival, 

migration, and angiogenesis. COX - 2 acetylation generates 

lipoxins which inhibit cell proliferation and angiogenesis. In 

the COX independent reaction, aspirin and salicylates inhibit 

IkB kinase (IKK) b and prevent NF - kB activation both in 

vivo and in vitro. NF - kB promotes transcription of many 

proteins that are involved in inflammatory responses and 

angiogenesis. Furthermore, the induction of human colorectal 

cancer also requires the activation of the NF - kB signaling 

pathway. It also interferes “with extracellular - signal - 

regulated kinase (ERK) signaling leading to its inhibition by 

preventing the binding of c - Raf with Ras”. This ERK 

pathway is involved in cellular processes like proliferation, 

differentiation and survival. Other mechanisms under COX 

independent reaction include the inhibition of mitochondrial 

calcium uptake by salicylic acid resulting in anti - 

proliferative effects and the Wnt/b - catenin pathway. They 

further suggested that aspirin is mainly absorbed and then 

hydrolysed in the GI tract, but the hydrolysis can also take 

place in the liver and other organs. The acetyl group present 

in aspirin can acetylate several proteins apart from COX such 

as haemoglobin, DNA, RNA, histones, transglutaminase, 

hormones and enzymes. The acetyl group can reach large 

distant organs as it can bind to several proteins, glycoproteins 

and lipids of the stomach, kidney, liver and bone marrow. 

Additionally, it can acetylate the p53 protein or its mutants 

which are responsible for suppressing tumour. Aspirin is 

more effective in treating CRC as the intestinal epithelial cells 

are exposed to higher aspirin concentrations compared to 

other types of cancer which receive aspirin via the plasma 

which has lower concentrations of aspirin. The hydrolysis of 

large amounts of aspirin quenches it, resulting in high 

concentrations of salicylic acid exposed to the cells to interact 

cellularly and disrupt their activity with respect to NF - xB. 

Moreover, introducing electrophiles into the cells has the 

ability to alter their activity as they quench lysine and cysteine 

reactivity. These reactions are enhanced by “binding into the 

active sites to lower the transition state and then reacting to 

quench activity”. Aspirin, therefore, similarly behaves when 

binding the COX enzyme. Low dose aspirin is considered to 

be equally effective as higher doses. The platelet hypothesis 

states that low dose aspirin’s sequential inhibition to COX in 

platelets prevents platelet activation and the release of 

cytokines/growth factors/ lipid mediators at GI lesions sites. 

Other theories such as the inhibition of mTOR signalling 

leading to the activation of AMP - kinase, inhibition of Wnt 

signalling, inhibition of NF - κB, inhibition of polyamine 

synthesis and modulation of EGFR expression. after 

absorption, the aspirin is partially hydrolyzed to salicylic acid 

by esterases in the blood and liver which is then excreted or 

metabolised for elimination through kidney or bile. Aspirin 

can be metabolised in multiple ways: conjugation with 

glycine to form salicylic acid; conjugation with glucuronic 

acid; CYP450 enzymes in the liver; and in the gut by resident 

microflora. Additionally, aspirin’s bioavailability can 

increase if it is administered with ampicillin. Aspirin 

metabolites have the ability to inhibit the CDK enzyme 

activity, cancer cell growth, and some metabolites can also 

inhibit cell proliferation in HCT - 116 and HT - 29 cells, 

demonstrating its role in preventing CRC. COX independent 

mechanisms also play a role in this. Additionally, HBAs are 
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selective in their modes of action as not all HBAs can 

successfully inhibit cancer cell growth [23] 

 

3. Methodology 
 

A survey was done to understand the awareness pattern for 

salicylic acid in individuals and how they understand the 

effects of the drug in reference to cancer and other dreaded 

disorders affecting our society. During the survey questions 

such as “According to your knowledge which products 

contain Salicylic acid” and “Do you think Salicylic acid has 

anticancer properties”  

 

4. Results 
 

Our survey showed that many people have been using 

salicylic acid around the world because of its cosmetic 

properties. The Fig 1.1 clearly shows that about 54.5 % of the 

individuals knew about Salicylic acid.  

 
Figure 1: The Pie chart shows the result to the question 

“Have you ever used salicylic acid or its derivatives” 

showing that the it is a known chemical 

 

Our study further showed that even though the name of 

Salicylic acid is not that known, but the derivative aspiring is 

widely used among the many other forms available in the 

market.  

 

 
Figure 2: The graph clearly shows that Aspiring a well known name among individuals as compared to Salicylic acid or its 

other derivatives. It is known to about 90 percent of the people 

 

Even though aspiring was a known name among the 

participants, most still believed that skin care products and 

medicines for fever have the derivatives of Salicylic acid. 

This is clearly shown in Fig 3. Also, people are still unaware 

of the anticarcinogenic properties of salicylic acid and its 

derivatives as shown in Fig 4.  

 

 
Figure 3: Shows the view of people on the presence of salicylic acid in various products available in the market 
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Figure 4: Shows that people still believe that it possesses no 

anticancer properties and is more of a cosmetic or a 

medicinal drug. 

 

5. Conclusion 
 

Understudied potential targets for aspirin: Aspirin’s 

reactivity can be increased with structural interactions that 

increases the binding affinity “for either steric blocking of 

enzymatic transformations, or the covalent acetylation of 

nucleophilic functional groups to render proteins 

enzymatically dead”. The 2 understudied targets are RNA and 

metabolites.  

 

Conclusion- Acetyl and salicylate groups of aspirin have 

distinct targets but they both contribute to its anti - cancer 

effects. Acetylation is a unique characteristic of aspirin which 

is not present in other NSAIDs; it’s a critical endogenous post 

translational modification that affects a range of proteins; has 

a ubiquitous nature; and can potentially control enzyme 

activity by activating, inactivating or destabilising metabolic 

enzymes. Cancer, for example, is one of the diseases linked 

with the deregulation of acetylation which is why identifying 

acetylated targets of aspirin and modifying their function can 

result in its chemoprotective properties.  

 

Flavonoids and cancer prevention: based upon their 

chemical structure, flavonoids are divided into 6 categories 

which are extremely sensitive to the environment and can 

rapidly degrade under high temperature and unstable pH. 

They inhibit cancer through multiple mechanisms such as 

antioxidant properties or regulation of apoptosis, but they also 

downregulate Akt/mTOR pathway, induce mitochondrial 

mediated apoptosis, inhibit NF - κB pathway, attenuate Wnt 

signalling, activate AMPK and suppress abnormal epithelial 

cell proliferations just like aspirin.  

Generation of HBAs through aspirin and flavonoid 

metabolism:  

  

HBAs of Aspirin Exhibit Anti - Proliferative Effects in 

Cancer Cells: Dietary sources of HBAs - consumption of 

spices rich in salicylic acid; 2, 3 - DHBA present in fruits and 

vegetables, medicinal herbs, fermented soy products; 2, 5 - 

DHBA in plants and vegetables.  

 

Metabolite hypothesis - The rapid hydrolysis of aspirin in 

the gut, the unstable nature of flavonoids, and the reports on 

the cancer - preventive potential of their degraded products 

through inhibition of cancer cell growth all point to the 

possibility that the HBAs produced from flavonoids and 

aspirin play a major role in their anti - cancer properties. Both, 

parent compounds and HBAs, play a chemo preventive role. 

The gut microbial enzymes may use unabsorbed flavonoids 

and aspirin/salicylic acid as substrates to transform them into 

simpler, pharmacologically active HBA from aspirin and 

flavonoids. The “metabolite hypothesis” shows how aspirin, 

flavonoids, and diet come together to form HBAs through the 

action of microbial and host enzymes.  

 

→ effective cancer prevention requires the collaboration of 

parent compounds and the right microbial species responsible 

for HBA generation.  

 

Clinical effects 

Aspirin can increase the estimated survival by 5 years in men 

and 4 years in women who are suffering from CRC.  

 

Vascular mortality significantly increases in patients who 

suffer from CRC as the patient may suffer from various 

diseases such as venous thromboembolism, coronary artery 

disease, stroke and heart failure. However, cancer can reduce 

the risk of venous thromboembolism 

 

Adverse effects of aspirin  

Aspirin increases the risk of GI bleeds, but these are usually 

seen in the early stage of development of the pathology 

responsible for the bleed and can be successfully treated. It 

significantly also increases the risk of cerebral bleeding, but 

this can be mitigated by monitoring the blood pressure before 

administering this drug.  

 

Further research is required behind “dosage, duration of use 

and timing for initiation of the therapy” in order to achieve 

the best possible anticancer effects.  
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