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Abstract 

Spices are utilized for both culinary and medicinal purposes and have been for a very long time originating from Sri 
Lanka and southern India, Cinnamomum verum may also be found in other Asian, Caribbean, Australian, and African 
countries. The principal compounds contained are Cinnamaldehyde and Eugenol, both of which have unique medicinal 
qualities in the leaves of Cinnamomum verum. Cinnamonaldehyde (CA), a bioactive phytochemical offer therapeutic 
advantages against the beginning of cardiovascular illnesses. Eugenol is an organic compound found in the leaves of 
Cinnamomum verum. Eugenol has antihypercholesterolemic and antiatherogenic effects. Eugenol's smooth muscle 
relaxant effect is due to its inhibition of receptor-operated and voltage-sensitive channels. Endothelial cells create nitric 
oxide (NO), which relaxes blood vessels. Eugenol has substantial anti-inflammatory properties. The antipyretic activity 
of eugenol is well recognized, since it reduces fever by reducing prostaglandin and sodium archidonate synthesis. 
Eugenol's hydrophobic nature allows it to pass the blood-brain barrier and enter the brain. Eugenol protects neuronal 
cells against the oxidative and excitotoxic effects of N-methyl-D-aspartate (NDMA). Eugenol has neuroprotective 
properties in hippocampal tissues due to its capacity to reduce brain-derived neurotrophic factor (BDNF) and postpone 
amyloid β -peptide (A- β) induced cell death via abnormal Ca2+ blocking. Anti-hypertensive property of Eugenol is 
known as it has the ability to activate TRPV channels and to relax endothelium-depleted arteries. Eugenol, which is 
found in Cinnamomum verum leaves, has been shown to be beneficial in the control of hypertension and so may be 
beneficial in the management of vascular dementia. 
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1 Introduction 

Spices are vital food components that play an important function in meal preparation. Around the world, over a hundred 
plant species are utilized as spices and condiments. They are fragrant, dried plant pieces derived from seeds, fruits, 
leaves, roots, and bark, among other things. Since ancient times, they have been used to add flavor to dishes and improve 
food quality [1]. A variety of spices also serve as great preservatives, extending the shelf life of food by delaying the 
rotting process [2]. Furthermore, spices, as a rich reservoir of physiologically active chemicals, have antioxidant, 
antibacterial, anti-inflammatory, anti-diabetic, and anticancer effects, among others [3]. 

Cinnamon is a spice derived from the inner bark of many plants of the genus cinnamomum. Cinnamon is known in 
German as ceylonzeimt/kaneel, in hindi as dal-chini, and in Italian as cannella [4]. Cinnamomum is one of the earliest 
spices known to have been used in cooking. Though several species in this genus are sold as cinnamon, the inner dried 
bark of Cinnamomum verum J. Presl (family lauraceae) has traditionally been regarded as the authentic cinnamon. Its 
medicinal and culinary benefits have been widely documented in ancient literature extending back 4000 years [1]. 
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The principal varieties of cinnamon grown for commerce are: 

Cinnamomum burmannii is a tiny tree or shrub that belongs to the lauraceae family. It is sometimes referred to as 
indonesian cassia, batavia cassia, and padang cassia. The plant is found across Southeast Asia and is grown in some 
areas of Indonesia and the Philippines. It has glossy green, oblong-elliptical leaves that are placed in opposition and an 
ovoid, 1-cm-long fruit. The plant's dried bark, which is used for flavoring and cooking, is sold on the market in the forms 
of rolls and quills [5].The essential oil (0.4%) found in C. burmannii leaves was thought to be mostly composed of 
cinnamonaldehyde (45–62%) and eugenol (10%) [6]. C. Burmannii has biological activity that includes antibacterial, 
anti-inflammatory, analgesic, anti-diabetic, antioxidant, anti-tumor, and anti-thrombotic properties, among others [7] . 

 

Figure 1 Cinnamomum burmanii leaves [8] 

Cinnamomum cassia peral is a lauraceae family tropical fragrant evergreen tree that is frequently utilized in traditional 
Chinese medicine [9]. Cinnamomum cassia Presl is found in China, India, Vietnam, Indonesia, and other countries; in 
China, production is centered in Guangxi, Guangdong, Fujian, and Hainan provinces [10]. From C. cassia, more than 160 
compounds have been isolated and identified. Terpenoids, phenylpropanoids, glycosides, and other compounds are the 
primary ingredients of C. cassia. Modern research indicates C. cassia's antitumor, anti-inflammatory and analgesic, anti-
diabetic and anti-obesity, antibacterial and antiviral, cardiovascular protective, cytoprotective, neuroprotective, 
immunoregulatory effects, anti-tyrosinase activity, and other effects [9].   

 

 Figure 2 Cinnamomum cassia peral tree [10] 

 Cinnamomum verum has long been used as a spice for both medicinal and culinary purposes. It is indigenous to Sri 
Lanka and southern India, although it is also found in a number of Asian, Caribbean, Australian, and African nations [1]. 
Typically, the Palani Hills in Tamil Nadu and the Malabar Coast are home to cinnamon verum in India [11, 12]. 
Cinnamomum verum (lauraceae) is cultivated in a number of Asian nations, most notably Sri Lanka and Southern India. 
Cinnamon is an ancient folk herb found in Korea, China, and Russia. Cinnamon has been utilized for centuries by 
numerous civilizations all over the world. Cinnamomum zeylanicum (CZ) and Cinnamon cassia (CC) are two types of 
cinnamon derived from the inner bark of the tropical evergreen shrub Cinnamomum zeylanicum (CZ). Cinnamomum 
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verum shoots from underneath the parenchyma of their outer cork is used to create the medicine. The surface is striated 
longitudinally, and the fracture is short and splintery [13]. Research has found Cinnamomum zeylanicum (a synonym 
for Cinnamomum verum) to be high in cinnamaldehyde and its derivatives, followed by linalool, caryophyllene, and 
eugenol. As a result, it is conceivable that the composition difference between C. verum's leaf and flower essential oils 
is responsible for the observed differences in activity [14]. Because of its numerous therapeutic characteristics, 
including astringent, aphrodisiac, antiseptic, aperitif, fragrant, carminative, digestive, stimulant, hypertensive, sedative, 
tonic, and vasodilator [15] diabetic, antinociceptive, astringent, and diuretic properties [16] this species has been 
employed in traditional medicine. 

Table 1 Taxonomical rank and toxon of the cinnamon verum [17] 

Taxonomical rank Taxon 

Domain Eukaryota 

Kingdom Plantae 

Phylum Spermatophyta 

Subphylum Angiospermae 

Class Dicotyledonae 

Family Lauraceae 

Genus Cinnamomum 

Species Cinnamomum verum 

2  Chemical constituents of cinnamon in various parts  

2.1. Bark 

Cinnamon Verum bark comprises a minimum of 12 millilitres of essential oil produced by steam distillation per 
kilogramme. It has a unique perfume that is fragrant as well as pleasant. It tastes pungently spicy, mildly sweet, and 
mucilaginous, with barely a hint of roughness. Cinnamon bark contains up to 4% essential oil, with the majority of it 
being cinnamaldehyde (60-75%), cinnamyl acetate (1-5%), eugenol (1-10%), caryophyllene (1-4%), linalool (1-3%), 
and 1.8-cineole (1-2%). pentacyclic diterpenes cinnzeylanol and its acetyl derivative cinnzeylanine, sugars mannitol,5 
L-arabino-Dxylanose, L-arabino-Dxylose, D-xylose, D-glucane, and mucilage polys Several studies have shown that 
cinnamon has anti-inflammatory, anti-microbial, blood glucose, cardiovascular, cognitive function, and anticarcinogenic 
properties. Cinnamon is recognized as a powerful neuroprotective agent in traditional Chinese medicine as well as a 
medication to treat type 2 diabetes mellitus [13] . 

 

Figure 3 Cinnamom verum bark  
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2.2. Leaf and flower 

The yield of leaf (LEO) and flower (FEO) essential oil by steam distillation was 1.44 ± 0.09 and 1.07 ± 0.12%. Both the 
essential oils possessed similar volatile components, with a different percentage composition. The common compounds 
among these two essential oils were the cinnamaldehyde, eugenol, and linalool. The most abundant (< 10%) compounds 
in the LEO were (E) Cinnamaldehyde (35.6%), linalool (18.92%), eugenol (18.69%), and (E) Cinnamyl acetate (12.5%). 
In the FEO, compounds with highest abundance were (E) Cinnamaldehyde (42.88%), eugenol (21.33%), and linalool 
(15.62%) [14]. 

 

Figure 4 Cinnamon verum leaves 

 

Table 2 GC-MS analysis of Cinnamomum verum LEO and FEO essential oils 

No. Compound Kovats Index (KI) % a 

LEO b FEO c 

1 Camphene 945 0.24 0.41 

2 β-pinene 967 0.33 0.14 

3 Sabinene 972 0.85 0.22 

4 Myrcene 988 1.54 1.99 

5 1,4-Cineole 1010 0.52 0.13 

6 Limonene 1020 0.38 0.64 

7 Cis-β-Ocimene 1024 0.08 0.11 

8 trans-β-Ocimene 1028 0.07 0.15 

9 p-Cymene 1018 1.88 2.68 

10 Linalool 1095 18.92 15.62 

11 γ-Terpinene 1054 0.19 0.55 

12 α-Terpineol 1296 0.84 1.33 

13 Piperitone 1247 0.22 0.41 

14 Geraniol 1254 0.62 0.18 

15 (E)-Cinnamaldehyde 1262 35.6 42.88 

16 (Z)-Cinnamaldehyde 1271 0.65 0.88 

17 Eugenol 1358 18.69 21.33 
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18 (E)-Cinnamyl acetate 1443 12.5 8.26 

19 Eugenyl acetate 1496 1.38 0.74 

20 Benzyl benzoate 1754 0.25 0.22 

a Relative area = relative contents expressed as percentages of the total oil composition. b LEO—essential oil obtained from leaves. c FEO—essential 
oil obtained from flowers [14]. 

2.3. Leaves  

After being hydro-distilled, C. verum leaves produced 1.5% (v/w-on a dry weight basis) of colorless essential oil. Ninety-
seven percent of the examined sample, or 19 components, were identified. Eugenol (81.7%), linalool (3.8%), and benzyl 
benzoate (3.9%), together with their respective biological functions, were the main constituents found.  

 Table 3 Constituents of the essential oil extracted from leaves of C. verum  

 SL. No  RIa  Name  Area %b  Method of identification  

1.    933  α-Thujene  0.1  RI,MS  

2.    936   α-Pinene  0.5  RI,MS  

3.    952  Camphene  0.2  RI,MS  

4.    981  β-Pinene  0.2  RI,MS  

5.    1005  α-Phyllandrene  0.3  RI,MS  

6.    1027  ρ-Cymene  0.4  RI,MS  

7.    1031  β-Phellandrene  0.5  RI,MS  

8.    1034  1,8-Cineole  0.1  RI,MS  

9.    1100  Linalool  3.8  RI,MS  

10.  1171  Borneol  0.1  RI,MS  

11.  1192  α-Terpeneol  0.1  RI,MS  

12.  1274  (E)-Cinnamaldehyde  0.8  RI,MS  

13.  1363  Eugenol  81.7  RI,MS  

14.  1422  (E)-Caryophyllene  1.7  RI,MS  

15.  1440  γ-Elemene  1.1  RI,MS  

16.  1455  (E)-Isoeugenol  0.3  RI,MS  

17.  1579  Caryophyllene oxide  1.2  RI,MS  

18.  1591  Humulene epoxide II  0.6  RI,MS  

19.  1764  Benzyl benzoate  3.9  RI,MS  

  Total identified   

a.Retention indices as tested on HP-5 column using the homologous series of C8-20 n-alkanes ; b.Relative percentages of components based on GC-
FID peak areas [11] 

3  Pharmacological activities of cinnamon 

Different components contain some primary elements, namely cinnamaldehyde and trans-cinnamaldehyde (Cin), which 
are present in the essential oil of its bark and contribute to the aroma and varied biological activity [18]. Several MDR 
pathogenic microorganisms are inhibited by eugenol (leaf) [19]. Its leaf and bark have digestive, blood purifier, 
astringent, carminative, warming stimulant, antiseptic, antibacterial, antifungal, and antiviral qualities, as well as the 
ability to lower cholesterol and blood sugar levels [20]. 
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3.1. Anti-oxidant activity  

Antioxidants have been considered the most important drivers in the progress and existence of humans, as they respond 
to free radicals and damage in metabolic diseases and age-related syndromes of humans and other animals [21, 22] 
Cinnamon flavonoids have free-radical scavenging and antioxidant effects [23]. The essential oils and key chemicals 
found in cinnamon, such as (E)-cinnamaldehyde, eugenol, and linalool, were studied in terms of peroxynitrite-induced 
nitration and lipid peroxidation. Eugenol and essential oils outperformed the other two chemicals [24]. A rat study 
found that administering 10% bark powder of C. verum for 90 days exhibited antioxidant activity as measured by 
cardiac and hepatic antioxidant enzymes, lipid conjugate dienes, and glutathione (GSH) [25]. 

3.2. Anti-inflammatory activity  

Several investigations on medicinal plants and their constituents have revealed that cinnamon has anti-inflammatory 
properties [26, 27]. Several studies have found that cinnamon and its essential oils have anti-inflammatory properties 
[28, 29]. To date, various flavonoid compounds with anti-inflammatory properties have been identified (e.g., gossypin, 
gnaphalin, hesperidin, hibifolin, hypolaetin, oroxindin, and quercetin) [30, 31]. 

3.3. Anti-diabetic activity  

Cinnamon contains a component known as "insulin-potentiating factor" (IPF) [32]. Methylhydroxychalcone polymer 
(MHCP) is a pure hydroxychalcone polymer that can promote glucose oxidation [33, 34]. A novel molecule derived from 
hydroxycinnamic acid derivatives known as naphthalenemethyl ester has been found as having blood glucose-lowering 
properties [35]. Several studies have also found that cinnamon extracts reduce blood glucose and cholesterol levels [36, 
37]. 

3.4.  Anti-microbial activity 

Cinnamon and its oils have been shown to have antibacterial properties in multiple investigations [38-40]. According 
to Hili et al., cinnamon oils may have antibacterial (Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia 
coli) and yeast (Torulopsis utilis, Schizosaccharomyces pombe, Candida albicans, and Saccharomyces cerevisiae) 
activity [41]. 

3.5. Anti-cancer activity 

The aqueous extract and the HPLC fraction of cinnamon suppress vascular endothelial growth factor subtype 2 
(VEGFR2) kinase activity, consequently decreasing cancer angiogenesis. According to the study's findings, cinnamon 
might potentially be employed in cancer prevention [42]. Cinnamaldehydes have been produced and investigated as 
anti-angiogenesis agents [43]. CB403's antitumor and growth-inhibitory activities in animal and cell culture tests show 
that cinnamon has the potential to be employed as an anticancer drug [44]. 

3.6. Cardiovascular disease management 

Cinnamaldehyde has hypotensive properties [45]. A recent study showed that cinnamaldehyde expands rat vascular 
smooth muscle in an endothelium-independent manner. The ability of cinnamaldehyde in vasodilatory function may be 
because it impedes both Ca2+ influx and Ca2+ release [46] Cinnamaldehyde averts the progress of hypertension in types 
1 and 2 diabetes by abridging vascular contractility, in addition to its insulinotropic effect in insulin deficiency [47]. 

3.7. Cholesterol and lipid lowering activity 

Administration of Cinnamon to mice improved the lipid profile by lowering high density lipoprotein (HDL), cholesterol 
levels and plasma triglycerides [35]. A research found that taking cinnamon at 1, 3, and 6 g dosages per day reduced 
blood glucose, triglyceride, total cholesterol, and LDL cholesterol levels in adults [48]. 

4 Eugenol and Its Uses 

Eugenol is a natural chemical present in dietary plants such as cinnamon, cloves, basil and nutmeg [49]. Eugenol is a 
pale yellow to transparent liquid with an oily viscosity and a pungent scent. It is only slightly soluble in water but very 
soluble in organic solvents [50]. Eugenol, also known as phenylpropanoid or C10H12O2, is an aromatic chemical that is 
a member of the phenol group. Natural essential oils of plants belonging to the Lamiaceae, Lauraceae, Myrtaceae, and 
Myristicaceae families are typically used to obtain it [51]. 



International Journal of Science and Research Archive, 2024, 11(02), 678–699 

684 

Eugenol has limited chemical stability and is susceptible to oxidation and other chemical reactions. When taken orally, 
it is quickly absorbed by multiple organs and processed in the liver. As a result, encapsulation of eugenol appears to be 
the ideal strategy for preventing early absorption, improving its water solubility, and hence increasing its activity [50, 
52]. Eugenol is well recognized for its pharmacological properties, antimicrobial, anticancer, antioxidant, anti-
inflammatory, and analgesic. Different derivatives of eugenol are used in medication as a local anesthetic and antiseptic 
[53] eugenol also used in management of hypertension and digestive complications [54]. 

 

Figure 5 Chemical structure of eugenol [51] 

4.1.  Cardiovascular protective property of eugenol  

Hyperlipidemia is the most frequent social problem in the general population, and it is the root cause of cardiovascular 
disease (CVD) and lipid-related disorders [55]. Less physical activity and a high fatty acid consumption are the root 
causes of CVDs and hyperlipidemic diseases [56]. High levels of low-density lipoprotein cholesterol (LDL-c) cause 
toxicity in vascular tissues and atherosclerosis/atherogenesis, eventually leading to diabetes, obesity, and hypertension 
[57]. Eugenol possesses powerful anti hypercholesterolemic and antiatherogenic properties [58] [59]. The smooth 
muscle relaxant activity of eugenol is owing to its inhibiting action on receptor-operated and voltage-sensitive channels. 
Nitric oxide (NO) produced by endothelial cells relaxes the blood vessels [60]. A recent study employing a 
hyperlipidemic zebra fish model found that eugenol significantly reduced triglyceride (80%) and cholesterol (68%) 
levels in blood samples [61]. 

4.2. Anti-inflammatory and analgesic activity of eugenol  

Inflammation is the body's adaptive immune response to unpleasant stimuli, tissue infection, and damage [62]. It can 
be either chronic or acute [63]. Many modern anti-inflammatory medicines have negative side effects [64] Eugenol, 
which has no adverse effects, has a significant anti-inflammatory potential [65]. In one research, male Swiss albino mice 
treated with eugenol had lower LOP and higher levels of inflammatory markers such as COX-2, iNOS, and the cytokine 
tumor necrosis factor (TNF-α), as well as antioxidant enzymes [66]. It is also known to inhibit pro-inflammatory 
mediators such as IL-1 and IL-6, tumor necrosis factor alpha (TNF-α), prostaglandin E2 (PGE2), expression of inducible 
oxide nitrate synthase (iNOS), cyclooxygenase-2 (COX-2) and leukotriene C4 and 5-lipoxygenase (5-LOX) [67]. 

Eugenol is extremely effective in relieving pain by reducing the pain-related reactions. It inhibits numerous reactions 
to histamine, norepinephrine, and periarterial sympathetic nerve stimulation [69] as well as inhibiting prostaglandin 
synthesis [70]. Its analgesic action is connected to the suppression of voltage-dependent Na+, K+, and Ca2+ channels 
[71, 72]. TRPV-1 receptors are implicated in pain stimulation. According to one study, eugenol suppressed TRPV-1 via 
inhibiting voltage-activated Na+ and Ca2+ channels [49, 73]. Eugenol is a common pain reliever and anesthetic used in 
dentistry. In numerous investigations, including one using a rat model, it was discovered to block voltage-gated sodium 
channels (VGSC) in primary supply neurons of the teeth [72, 74]. 
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Figure 6 The anti-inflammatory effect of eugenol[68] 

4.3. Antipyretic activity of eugenol 

Feng and associates investigated the antipyretic effectiveness of eugenol [75]. Where they discovered that EUG had an 
antipyretic effect against acetaminophen, a well-known antipyretic, in rabbits produced feverish by IL-1β, when 
administered intragastrically, centrally, and intravenously, it has a greater antifever effect than acetaminophen. In 
contrast to acetaminophen, eugenol generates mild hypothermia when administered intravenously. Acetaminophen 
lowered fever by 68% at a dose of 1.3 mM/kg, but eugenol reduced fever by 68% at a significantly lower dosage. When 
administered peripherally, it significantly reduces fever. When administered intravenously, rabbits' respiration and 
vasodilatation in the ears increased. Increased respiration indicates that eugenol has a favorable effect on the central 
nervous system (CNS). If prostaglandins and sodium archidonate cause fever in the CNS, acetaminophen and eugenol 
can suppress fever by inhibiting prostaglandin and sodium archidonate production. Both of these medications have the 
same antipyretic effect, although eugenol is more powerful when compared to acetaminophen [76]. 

4.4. Effects of Eugenol on the Central Nervous System (CNS)  

Eugenol acts not just on the periphery but also in the central nervous system. The hydrophobic feature of eugenol allows 
it to cross the blood-brain barrier and enter the brain [77]. Eugenol protects neuronal cells from N-methyl-D-aspartate 
(NDMA)induced oxidative and excitotoxic damage [78]. Eugenol has a neuroprotective potential in hippocampus tissues 
due to its ability to diminish brain-derived neurotrophic factor (BDNF) and to delay amyloid-β peptide (A-β) caused cell 
death via aberrant Ca2+ blockage (as a result of A-β) [79]. Eugenol increases the functions of a few glutathione-related 
proteins in cell models and protects critical brain cells from oxidative and excitotoxic effects [80, 81]. The inhibitory 
impact of eugenol on 5-lipoxygenase has been observed, as well as an enhanced action in response to excitotoxic and 
ROS-injured neuron cells [82]. 

Depression, a neurological condition, causes frequent psychiatric problems, and it affects 10-20% of the general 
population. Eugenol had a significant antidepressant effect in the force swimming test (FST) and tail suspension test 
(TST), equivalent to the antistress medication imipramine [78]. These two medications have distinct mechanisms of 
action. Real-time PCR (RT-PCR) revealed that metallothionein-III (MT-III) was associated with the antidepressive action 
of eugenol in a way that imipramine was not. If patients acquire resistance to standard medications, this becomes the 
basis of an alternate treatment. Eugenol has antiepileptic properties. It works by inhibiting long-term potentiating and 
synaptic transmission in neurons [83]. Eugenol can help with Alzheimer's disease (AD) and depression. Furthermore, 
Eugenol regulates BDNF gene expression in the hippocampus. It also inhibits monoamine oxidase A (MAO-A) and 
occasionally restores monoamines that are depleted in the brains of depressive people [77]. Eugenol has been shown 
to be beneficial in the treatment of stress-induced irritable bowel syndrome (IBS) [84]. 

4.5. Antihypertensive activity of eugenol  

Eugenol is a naturally occurring chemical found in plants such as cloves, basil, cinnamon, and nutmeg [49]. These plants 
exhibit antihypertensive effects, albeit the molecules that mediate this action have not been identified [85-87]. Eugenol 
and capsaicin have a vanillyl group, which is critical for bioactivity. As a result, eugenol, like capsaicin, can activate TRPV 
channels [88]. TRPV1 channels in trigeminal ganglion neurons and TRPV3 channels in keratinocytes and endothelial 
cells are activated by eugenol [89-92]. Eugenol lowers blood pressure and produces bradycardia in normotensive and 
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deoxycorticosterone acetate-salt hypertensive rats. Both investigations hypothesized that eugenol-induced 
hypotension was caused by vasorelaxation [59, 93]. Eugenol also eased endothelium-depleted arteries. One reason for 
this action is because eugenol inhibits voltage-dependent Ca2+ channels in arterial smooth muscle cells, causing 
vasodilation [94]. HC-067047, a selective TRPV4 channel blocker, reduced eugenol-induced relaxation in endothelium-
depleted arteries, indicating that TRPV4 channels in cells other than endothelial cells are implicated in this reaction. 
TRPV4 channel activation in arterial smooth muscle cells activates BK channels, resulting in membrane 
hyperpolarization and vasodilation, which is one explanation for this conclusion [95]. 

Eugenol decreases systemic blood pressure by activating TRPV4 channels. In anaesthetized rats, the effect of eugenol 
on systemic blood pressure was examined in vivo. An intravenous dose of eugenol resulted in a biphasic reaction 
consisting of an initial transitory decrease in blood pressure and lasting hypotension [96]. 

4.6. Eugenol’s role in Brain Ischemia-Reperfusion Injury 

One of the most dangerous illnesses endangering people's health and lives is stroke, which is brought on by cerebral 
artery blockage and the ensuing hypoperfusion that results [97]. Stroke is the second most prevalent cause of death and 
dementia in those over 60, and it is also the most common cause of lasting impairments [98]. Autophagy is a 
fundamental biological process involved in several physiological and pathological processes. It breaks down and 
recycles damaged organelles and intracellular macromolecules. It has been established that autophagy contributes to 
the development of a number of illnesses, including neurological conditions [99], diabetes, obesity and so on. 

Significantly, mounting data suggests that autophagy may have a role in a variety of ischemic illnesses, such as cerebral 
ischemia reperfusion injury, renal ischemia reperfusion injury, and myocardial infarction. Although autophagy may be 
induced during an ischemic stroke, its significance in relation to stroke is currently debatable. According to a number 
of studies, autophagy has both advantageous and detrimental effects on brain neurons in response to an ischemic 
stimulation [100].  

Eugenol may be able to prevent hepatic ischemia-reperfusion damage, according to a research [101]. Significantly, 
research indicates that eugenol may be effective in treating cerebral ischemia damage [102]. Furthermore, it has been 
shown that methyleugenol, a related substance, reduces brain ischemia damage by preventing oxidative stress, 
inflammation, and apoptosis [103].  

Via the experiment conducted by (Sun et al., 2020) it was coming to know that, In MCAO rats, eugenol therapy 
successfully reduced the neurological impairment. Additionally, eugenol treatment clearly decreased the infarct volume 
in rats given MCAO. Reduced neurological score due to eugenol induction, Eugenol treatment resulted in a reduction in 
the brain's water content. TUNEL was also used to assess the apoptosis in brain tissues. Eugenol significantly reduced 
the number of apoptotic cells in the brain tissues' ischemic penumbra region.Eugenol treatment increased the level of 
Bcl-2 while decreasing the amounts of cleaved caspase-3 and Bad. 

After MCAO challenge, the p-AMPKα/AMPKα ratio increased, whereas the p-mTOR/mTOR and p-P70S6K/P70S6K 
ratios decreased, according to research on the molecular mechanisms of eugenol in cerebral I/R damage. Eugenol 
therapy may significantly amplify the aforementioned alterations. Eugenol therefore contributed to the protective 
mechanisms against cerebral I/R damage through the AMPK/mTOR/P70S6K pathway. 

The HT22 cell viability was significantly reduced by OGD/R, however this effect was countered by incubating the cells 
with 30 or 100 μM eugenol. Given that the best result was obtained with 100 μM eugenol. Furthermore, HT22 cells 
treated with eugenol showed a significant suppression of OGD/R-induced apoptosis, indicating that eugenol reduced 
OGD/R-induced damage in HT22 cells. Following OGD/R exposure, there was a noticeable rise in Beclin-1 level but a fall 
in p62 level. Eugenol, as predicted, caused a decrease in p62 and an increase in Beclin-1 when compared to the OGD/R 
group. The p-AMPKα/AMPKα ratio was increased by eugenol treatment, but the p-mTOR/mTOR and p-P70S6K/P70S6K 
ratios were decreased. Eugenol, thus, increased HT22 cell viability by triggering autophagy that is reliant on AMPK, 
mTOR, and P70S6K. 

Afterwards, the research came to the conclusion that, when considered collectively, the data demonstrated that 
autophagy activation through AMPK/mTOR/P70S6K pathway regulation was responsible for eugenol's protective 
action against cerebral I/R damage [100]. 

Eugenol and its correlation with levodopa in rats with hemiparkinsonia produced by 6-hydrodopamine. 
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Chemically known as 2-methoxy-4-(2-propenyl-phenol) or 4-allyl-2-methoxy-phenol, eugenol is a derivative of 
phenylpropanoid [104]. In both neuronal cells and in vivo 6-hydroxydopamine (6-OHDA) models in mice, eugenol has 
demonstrated neuroprotective properties [82, 105].  

4.7. Hypertension and stroke linkage 

There are several ways in which hypertension can result in stroke. In intracerebral arteries, a high intraluminal pressure 
will cause significant changes in the endothelium and smooth muscle function. Increased permeability across the blood–
brain barrier and local or multifocal cerebral oedema might result from the increased stress on the endothelium. 
Ischemic lesions and localized thrombi development can result from endothelial injury and changed blood cell–
endothelium interaction. Focal stenosis and occlusions brought on by fibrinoid necrosis can result in lacunar infarcts. 
Intracerebral hemorrhages are predisposed by degenerative alterations in smooth muscle cells and endothelium. 
Moreover, hypertension quickens the arteriosclerotic process, raising the risk of cerebral lesions from stenosis and 
embolism coming from the heart, the aortic arch, and major extracranial arteries [106]. 

4.8. Hypertension and cognitive dysfunction linkage 

Despite the fact that hypertension is well acknowledged as a cause of vascular dementia (VaD) [107]. Recent research 
indicates that hypertension has a role in the etiology of Alzheimer's disease (AD). Mild cognitive impairment (MCI) is 
considered a risk factor for dementia, and early detection is expected to contribute to secondary prevention by lowering 
the risk of cardiovascular disease. Recent research has found that disturbance of diurnal blood pressure (BP) fluctuation 
is strongly linked to cognitive impairment [108, 109]. In several clinical trials, BP-lowering with antihypertensive agents 
was shown to substantially reduce the risk of dementia or cognitive decline [110]. 

4.9. Hypertension and cerebrovascular dysfunction linkage 

Hypertension is the major cause of cognitive decline and dementia, as well as the greatest risk factor for stroke [111]. 
There is a linear link between blood pressure and stroke mortality, and a 1 mm Hg increase in systolic blood pressure 
increases stroke fatalities by 2% in people with controlled hypertension [112]. Furthermore, hypertension is a 
significant risk factor for Alzheimer's disease, the leading cause of dementia in the elderly [113]. 

Recent breakthroughs in neurovascular control and hypertension pathobiology have provided a better knowledge of 
how hypertension alters cerebral blood flow. These novel discoveries allow for a current reconsideration of the 
cerebrovascular consequences of hypertension [114]. 

Stroke and dementia are two primary brain disorders that are exacerbated by hypertension. Stroke can occur as a result 
of the obstruction of a major cerebral artery (ischemic infarction) or the rupture of intracerebral arterioles 
(hemorrhage). Hypertension can also induce berry aneurysms of the circle of Willis to rupture, resulting in bleeding 
into the subarachnoid space (subarachnoid hemorrhage). Ischemia can cause bleeding by ischemic vascular rupture or 
extravasation of blood from leaky blood vessels. Hemorrhage, on the other hand, can cause ischemia by squeezing the 
surrounding tissues and limiting local blood supply. Vascular cognitive impairment (VCI) is caused by the obstruction 
of tiny arterioles in the subcortical white matter, which disrupts neuronal connections that are important for cognition 
and memory [115]. 

By disrupting brain circuits related to memory and cognition, such as the midline thalamus, a single stroke can cause 
dementia (strategic infarct dementia, SID). several-infarct dementia, or MID, is a kind of dementia brought on by 
cumulative brain damage from several strokes. Alzheimer's disease is a gradual dementia brought on by a buildup of β-
amyloid, and hypertension is one of its risk factors [116]. 

Although Alzheimer's disease and vascular dementia have always been seen as distinct conditions, new research 
indicates that they may have shared pathogenic elements that interact [117]. 

4.10. Hypertension and Aβ accumulation 

About 20% of the heart's output is absorbed by the central nervous system, which depends on a complex vascular 
network for both nutrition delivery and neuronal regulation. Maintaining proper cognitive function depends on the 
cerebral circulation operating in an appropriate manner. The most common cardiovascular risk factor associated with 
middle and late life, arterial hypertension, appears to be a major obstacle to the start and progression of dementia. Aging 
and vascular factors are the primary drivers of cerebrovascular dysfunction. 
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Specifically, hypertension is a significant risk factor for Alzheimer's disease (AD), which is the most prevalent form of 
dementia in the elderly. In fact, a growing body of epidemiological studies strongly links vascular risk factors, such as 
arterial hypertension, with increased probability to develop AD, reducing the boundary between AD and vascular 
dementia. This is contrary to the long-held belief that AD is distinct from vascular dementia, having a nonvascular origin 
[118]. 

Amyloid-β peptide (Aβ) buildup in the brain is a pathogenic characteristic of AD that underlies cognitive impairment 
and dementia [119], and growing data indicates that Aβ transit across the blood-brain barrier plays a crucial role in 
regulating Aβ concentrations in the central nervous system, considering peripheral Aβ's capacity to engage with the 
cerebral vasculature and impact its own accumulation in the brain [119].  

The blood-brain barrier (BBB) keeps the intracerebral Aβ pool and the bloodstream pool in the proper proportion [120]. 

In actuality, the BBB's structural makeup prevents unrestricted transfers of polar solutes like Aβ between the brain and 
blood or the opposite. Nonetheless, several pathways play a role in the natural entry and exit of amyloid beta into and 
from the brain. Aβ can be transported from the central nervous system into the circulation or vice versa via specialized 
receptors at the blood-brain barrier (BBB)[121, 122]. The BBB transport of Aβ into the brain is dominated by the 
receptor for advanced glycation end products (AGE; RAGE) among these receptor systems. Thus far, the onset of 
diabetes mellitus has been linked to RAGE activation. More recently, it has been shown that RAGE is activated in mouse 
models of AD where the disease originates in the nervous system, such as transgenic models [121]. Nevertheless, 
conclusive data is lacking regarding the possibility that a blood pressure challenge might initiate and maintain Aβ 
precipitation in the brain by activating RAGE in brain arteries. 

Use of specific mouse model of arterial hypertension obtained by transverse aortic coarctation, or TAC that is 
predisposed to develop AD-related brain disease in order to shed light on this problem. It has previously been shown 
that cerebral amyloid deposition occurred as early as 4 weeks after TAC's hemodynamic stress to the brain, preceded 
by neuroinflammation and hypoperfusion. The cortex and hippocampus are two examples of specific brain regions that 
affect cognitive functioning where the resultant brain damage was mostly focused. Additionally, we have demonstrated 
that the production of soluble oligomers and intermediate amyloids is increased in TAC-induced hypertension [123, 
124], the Aβ types that are most neurotoxic. It's interesting to note that oligomer levels in the brain, rather than the 
overall Aβ load, have been shown to correlate more strongly with the severity of the cognitive deficit in AD [125, 126]. 

It was coming to know that hypertension activates a biological target called RAGE, which leads to amyloid accumulation 
and cognitive decline that are hallmarks of Alzheimer's disease. Specifically, we have discovered that elevated blood 
pressure triggers oxidative stress, which in turn controls the AGEs that circulate and activate RAGE in brain capillaries. 
Ultimately, we demonstrate that blocking RAGE or the oxidant stress-related AGE/RAGE axis can stop amyloid buildup 
and cognitive decline brought on by TAC's prolonged hemodynamic strain to the brain. Long-term hypertension causes 
memory decline in the Morris water maze test, which evaluates hippocampal functioning, and in the NOR test, which 
evaluates cortical function, closely reflecting changes typical of Alzheimer's disease.  

Memory impairment fully characterize this experimental condition as a model of vascular-induced AD, along with the 
earlier observations showing that TAC-induced hypertension also reproduces other typical features of AD, such as brain 
amyloid deposition, hypoperfusion, and neuroinflammation [118]. 

4.11. RAGE signaling contributing in amyloid-β transport and neuronal dysfunction 

Aβ, an intracellular peptide, has been linked to neuronal death in Alzheimer's disease. Aβ is mostly released into the 
extracellular environment, although its transport routes at the neuronal cell membrane are not entirely understood. 
Our findings show that the receptor for advanced glycation end products (RAGE) helps transport Aβ from the cell 
surface to the intracellular region. Mouse cortical neurons exposed to extracellular human Aβ exhibited detectable 
peptides in the cytosol and mitochondria using confocal microscope and immunogold electron imaging. Cultured 
neurons from wild-type mice were pretreated with a RAGE-neutralizing antibody, while neurons from RAGE knockout 
animals showed reduced Aβ absorption and protection from Aβ-induced mitochondrial dysfunction. Aβ activated p38 
MAPK but not SAPK/JNK, leading to intracellular absorption of Aβ-RAGE complexes. Transgenic animals producing 
mutant amyloid precursor protein showed intraneuronal co-localization of Aβ and RAGE in their hippocampus. These 
data suggest that RAGE plays a role in the translocation of Aβ from the extracellular to the intracellular area, increasing 
its cytotoxicity [127].  
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4.12. RAGE and Alzheimer's Disease 

RAGE, a member of the immunoglobulin superfamily, acts as a receptor for amyloid-β peptide (Aβ) on neurons, 
microglia, astrocytes, and arterial wall cells. Alzheimer's disease (AD) causes increased expression of RAGE in brain 
areas. In vitro, Aβ-RAGE interaction causes cell stress, reactive oxygen species production, and activation of 
downstream signaling systems such as the MAP kinase pathway. RAGE activates p38 MAP kinase in neurons, inhibiting 
Aβ-induced long-term potentiation in entorhinal cortex slices. Transgenic mouse models overexpressing RAGE in an 
Aβ-rich environment exhibit faster and more severe clinical, biochemical, and behavioral problems than mice 
overexpressing solely mutant amyloid-β protein precursors. In a mouse transgenic model of Aβ accumulation, infusing 
soluble RAGE inhibits Aβ interaction with RAGE and reduces Aβ content and amyloid burden while increasing learning 
and memory and synaptic function. These findings show that RAGE might be a potential therapeutic target for 
Alzheimer's disease.  

4.13. RAGE and cognitive decline 

RAGE, also known as a pattern recognition receptor, is a multiligand cell surface protein that was first discovered in the 
bovine lung. This receptor binds a variety of inflammatory ligands, including N-carboxymethyl-lysine-modified protein 
(CML/AGE) (Kislinger et al., 1999) and high-mobility group box 1 (HMGB1). As a result, RAGE is not only implicated in 
diabetes-related AGE degradation, but it also plays a crucial role in inflammatory control. RAGE is expressed in 
microglia, monocytes, and endothelium and may enhance the inflammatory process in the brain. RAGE is also 
recognized as a key component in the pathogenesis of metabolic diseases [128]. RAGE knockout mice have been shown 
to be protected from HFD-induced adipocyte hypertrophy, obesity, and insulin resistance [128, 129]. RAGE has also 
been demonstrated to govern the evolution of atherosclerosis, endothelial inflammation, and obesity via regulating the 
inflammatory process [128]. 

Soluble RAGE (sRAGE) is an isoform of RAGE generated by the proteolytic cleavage of RAGE on cell surfaces by 
metalloproteinase [130]. TNF-α stimulates RAGE shedding via JNK and ATF4 pathways [131]. Endogenous secretory 
RAGE (esRAGE) is a splice variation that controls the production of RAGE proteins without the transmembrane and 
signaling domains [132]. The serum sRAGE and esRAGE levels are regarded as a potential protective factor against 
cognitive decline for APOE ε4 carriers or MCI patients. 

Because of its tight link to metabolism and inflammation, we hypothesized that RAGE coordinates latent chronic 
inflammation, intracerebral inflammation, and cognitive impairment [128]. 

4.14. Aβ causing decrease in the Cholinergic functioning and transmission 

According to many studies, when Aβ peptides are given to the brain, they can cause dopaminergic hypofunction [133].In 
the absence of toxicity, injection of Aβ25-35/1-40 into the rat medial septum reduces the amount of ACh released from 
the hippocampus. By employing a similar method, Harkany et al.39 shown that Aβ1-42 is harmful to cholinergic neurons 
by showing a decrease in ChAT-immunoreactive cell bodies in the basal forebrain and fibers in the cerebral cortex [134]. 
Additional research has demonstrated that adult rats' lateral ventricles infused with Aβ exhibit a comparable learning 
and memory impairment to that of glutamatergic inhibition [135-137]. Also it has been established that Aβ inhibits the 
release of ACh in rat and guinea pig cortical synaptosomes, [138] rat retinal neurons [139], and in cholinergic 
synaptosomes taken from the Narke japonica electric ray's electric organ [140]. These effects may be affected by 
aging.Aged rats with cognitive impairments had higher levels of Aβ1–40 in their hippocampal regions than did young 
adult rats, and it's possible that the cholinergic neurons in these older rats are more susceptible to Aβ-mediated 
inhibition of hippocampal ACh release [140]. 

4.15. Cholinergic function reduction/ loss causing neuronal degradation (Brain atrophy) 

A decrease in cholinergic function may be caused by abnormalities in the expression of muscarinic and nicotinic 
acetylcholine receptors, changes in acetylcholine release, high-affinity choline uptake, and imbalances in the expression 
of NGF, its precursor proNGF, and the high and low NGF receptors, trkA and p75NTR, respectively. These findings 
provide credence to the theory that the cholinergic system plays a significant role in the physiological mechanisms 
leading to AD. Pharmacological intervention in cholinergic and neurotrophic signaling cascades has been demonstrated 
to improve the cholinergic deficit in the early stages of the illness and halt its course, making it possible to treat 
cholinergic system dysfunction. Unlike many other dementing disorders, AD's cholinergic dysfunctions are 
accompanied by the presence of two major histopathological hallmarks: neurofibrillary tangles and β-amyloid plaques. 
This raises the question of whether these hallmarks have a specific role in mediating or causing cholinergic dysfunction 
in AD. It is widely known that β-amyloid can cause cholinergic dysfunction via binding to α7 nicotinic acetylcholine 
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receptors, altering NGF signaling, facilitating tau phosphorylation, interacting with acetylcholinesterase, and having a 
particular impact on the proteome of cholinergic neurons [141]. 

4.16. AD and Vascular Dementia 

The two most prevalent types of dementia are Alzheimer's disease (AD) and vascular dementia (VaD). Cerebrovascular 
disease (CVD)-related dementia is currently being evaluated for therapy with cholinergic medications, which have 
shown strong, long-lasting, and comprehensive effectiveness in AD. These two kinds of dementia share many 
pathological, clinical, and neurochemical aspects. Recent research has revealed that dementia in the elderly is a 
continuum of diseases, with "mixed" dementia (AD with CVD) occurring in between and perhaps accounting for the 
majority of cases, and pure AD and VaD being the two extremes. However, because most diagnostic techniques lean 
toward a diagnosis of AD, "mixed" dementia is seldom identified in clinical settings [142]. 

4.17. Vascular dementia (VaD) and Cardiovascular Risk Factors 

VaD can result after a stroke that affects brain regions important for memory processing,[143, 144] Subcortical small 
vessel disease is known to be related with VaD in the elderly. Microvascular injury occurs when tiny brain arteries are 
exposed to greater blood pressure, pulsatile pressure, and flow.[145]The progress of multiple infarction dementia is 
gradual yet unpredictable, depending on the magnitude, placement, and number of ischemia insults [144]. Stroke 
survivors had a 2.0-2.8-fold higher incidence of dementia than controls in a case-control study nested inside the 
Framingham cohort [146]. 

4.18. Alzheimer’s disease and Cardiovascular Risk Factors 

The extraneuronal and intraneuronal accumulation of amyloid β-peptide (Aβ) starts a pathogenetic cascade that results 
in neurotoxicity among AD patients, toxicity begins in the entorhinal cortex and spreads to neurons in other locations. 
The second histological feature of Alzheimer's disease is neurofibrillary tangles, which are made up of 
hyperphosphorylated microtubule-associated protein Tau [147]. These tangles form pairs of filaments known as paired 
helical filaments, which influence the nutrition of axon terminals and dendrites [110]. 

4.19. The mechanism that underpins the link between cardiovascular disease risk and cognitive impairment 

Neuroimaging [148], as well as postmortem histopathology [149],According to research, up to one-third of AD patients 
have some degree of vascular pathology, and AD lesions are also present in a comparable proportion of VaD patients 
[110].Treatments with cholinesterase inhibitors increase regional cerebral blood flow (CBF) in individuals with AD or 
VaD [150]. A constricts the cerebral arteries of human [150]. A inhibits the rise in neocortical CBF in response to 
somatosensory stimulation and attenuates endothelium-mediated dilatation in the cerebral arteries via producing 
reactive oxygen radicals.[151] CBF is reduced in transgenic mice that overexpress mutant types of amyloid precursor 
protein, which is the source of misfolded A β [151, 152] and a reduced autoregulation of the cerebral circulation 
[153].The APOE4 allele is important in plaque formation [154],These pathophysiological similarities and interactions 
between AD and VaD were summarized by Staessen et al. [116]. 

VaD and Alzheimer's disease have the same pathogenesis. Each vascular and cholinergic component is linked to 
decreased cerebral blood flow. This might be a contributing cause of silent brain damage, such as leukoaraiosis or brain 
shrinkage. Alzheimer's disease (AD); vascular dementia (VaD) [110]. 
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Figure 7 VaD and Alzheimer's disease have a same pathogenesis. Each vascular and cholinergic component is linked 
to decreased cerebral blood flow. This might be a contributing cause to silent brain damage, such as leukoaraiosis or 

brain shrinkage. Alzheimer's disease (AD); vascular dementia (VaD) [110] 

5 Conclusion 

Based on evidences from several sources, it is obvious that Eugenol, a prominent chemical ingredient found in 
Cinnamomum verum leaves, is an effective antihypertensive. As hypertension causes stroke through a variety of 
mechanisms, it can result in local or multifocal cerebral oedema. It is also a big cause of Aβ-accumulation, which puts a 
significant danger in the factor of Alzheimer's disease. This buildup reduces chollinergic functionality and transmission. 
This decrease in cholinergic transmission leads to neuronal degeneration and, as a result, brain shrinkage. Which plays 
an important part in the physiological mechanism that leads to dementia. AD, VAD, or mixed dementia were the three 
types of dementia. Despite the literature's emphasis on the dualism of Vascular dementia, Alzheimer's disease and 
Parkinson's disease, rational states the role of cardiovascular risks in the genesis of Vascular Dementia. So, while it is 
possible to hypothecate that consumption of Cinnamon leaves might be beneficial in the prevention of Hypertension, 
Cognitive dysfunction and ultimately Vascular dementia, it is concluded that more research on a larger scale is required 
to understand the mechanism of action on Cinnamomum verum leaves. 
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