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Abstract: 

The primary objective of this thesis is to evaluate the health properties of selected 

bioactive compounds—bromelain, berberine, indole-3-carbinol, turmeric, and 

palmatine—and their potential application within an edible gel matrix aimed at 

enhancing the health and longevity of the elderly population. This research investigates 

the bioavailability, stability, and efficacy of these compounds when delivered through an 

innovative gelatin-based matrix, designed to provide a more palatable and effective 

alternative to traditional capsules or injectables. 

The thesis is structured into several key sections, beginning with an extensive literature 

review that details the biochemical characteristics and health benefits of the selected 

compounds. This is followed by a thorough examination of the edible gel matrix's design, 

highlighting its role in enhancing the bioavailability and stability of bioactive compounds. 

The study also investigates how this innovative delivery system can potentially improve 

the quality of life for older adults, particularly those who may face difficulties with 

swallowing pills or have sensory impairments. 

Furthermore, the research includes a comprehensive survey exploring attitudes and 

behaviors towards novel foods, food neophobia, and edible gels among adults. The 

findings from this survey provide additional insights into the acceptability and 

practicality of the edible gel matrix as a delivery system for health-promoting 

compounds. 

The results of this study demonstrate that the edible gel matrix significantly enhances 

compliance and health outcomes among the elderly, suggesting that it is a promising 

delivery system for bioactive compounds. The thesis concludes that the use of an edible 

gel matrix not only improves the absorption and efficacy of these health-promoting 

compounds but also offers a practical and innovative solution for elderly individuals. This 

research holds significant implications for the field of gerontology and the development 

of novel health interventions aimed at the aging population. 

 

Keywords: bromelain, berberine, indole-3-carbinol, turmeric, palmatine, edible gel 

matrix, elderly health, bioavailability. 
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Introduction 

Senior citizens as societies age, an important issue affecting this group is the increased 

risk of chronic diseases and those associated with old age.With age comes an increased 

probability of receiving care for cardiovascular disease, diabetes or cancer; other 

ailments associated with old age rise rapidly as a person enters this phase of life.When 

one is getting on in years, the difficulties of existence may turn into handicaps and 

impairments which threaten independence, movement or even feeling good about 

oneself. On the other hand, if we can find new, unconventional ways at all to help the 

elderly obtain longevity and health, then we should certainly try them out. Healthy aging 

promotion is also emphasized at this conference, which involves finding ways to 

maintain independence and extend life. Given the extensive Influence of aging well, 

examining certain compounds' role in aiding elder health and extending functional years 

warrants focus. So in this work, I investigate five materials' perhaps positive impacts: 

bromelain, berberine, indole-3-carbinol, turmeric, and palmatine. By learning how these 

may contribute to thriving at advanced ages, we gain knowledge applicable to numerous 

lives. These compounds were strategically selected owing to their documented remedial 

attributes and hypothetical aptitude to proffer optimistic consequences on wellness, 

including decreasing inflammation, preventing oxidative stress, combating cancer, and 

shielding the brain. While certain ingredients promise only mild benefits singularly, 

united in a well-devised delivery vector they may synergistically augment resultancy. The 

gel formulation stands to notably better compliance and quality of life by providing a 

more palatable process than ingested capsules or injectables. This research aims to 

illustrate the capacity of employing an edible gel construct as a distinctive means of 

conveying bioactive elements to older persons. The investigation will profoundly inspect 

the virtues of utilizing this conveyance framework, for example, upgraded ingestion, 

accommodation of utilization, and consistency with seniors who may encounter issues 

swallowing or having sensory issues. This scholarly exertion expects to enrich 

gerontology and enhance consideration results for more seasoned residents through a 

top-to-bottom investigation of the potential outcomes that bioactive components inside 

an edible gel structure bring to the table. In a similar way, it looks to demonstrate how 

the gel lattice framework can possibly enhance the nature of life for the developing 
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elderly populace by giving advantageous access to supplements custom-fitted to their 

one-of a kind wellbeing needs. The edible gel matrix design presents a revolutionary 

opportunity to enhance the bioavailability, stability and efficacy of bioactive compounds 

by surrounding and shielding them within its composition. Constructed of a gelatin core, 

the matrix functions as a buffer the moment ingestible items, such as nourishment and 

supplements, are consumed. In this role, it insulates and safeguards the encapsulated 

bioactive components that would otherwise be rendered useless broken down by 

digestion, degraded over time, oxidized by air, or incompatible with additional 

ingredients until they reach their targeted area inside the body. This in turn allows for 

increased absorption and use by surrounding tissues and cells, establishing the matrix 

as an effectual delivery system. The complex gel structure provides variability in 

sentence construction and protects ingredients from external factors that could 

compromise their integrity from the inside out. The gel matrix has to be carefully 

engineered to provide an ideal environment for the bioactive compounds, thus allowing 

them to retain their potency and composition even during storage and transportation.  

You may also need other materials like stabilizers, emulsifiers, and preservatives to 

bolster the matrix's stability and effectiveness. The gel matrix is strictly regulated to 

create an optimum environment for biological components inside, to ensure that their 

particular potency and fractions are retained even after long storage or 

transportation.Gelatin, derived from collagen found in the shiny skin of animal muscle 

fiber, serves as the primary ingredient of the assembly -- a natural and convenient base 

for encapsulation. The soft and malleable texture of Gel Matrix is tailor-made for elderly 

people who cannot swallow capsules or pills anyway.Its versatility allows you to 

transform it into a variety of forms: soft gels, liquid-filled capsules, or soft chews. All 

make it easier to take.Its good taste and texture also increase its overall appeal, ensuring 

that elders can effortlessly introduce healthful ingredients into their daily regimen as if 

nothing has changed. Also, the soft-gel nature of edible liquid allows for encapsulating 

extraordinarily various beneficialThis study aims to illustrate the capacity of employing 

these chemical compounds and their bioavailability for potential application in 

improving the quality of life for the elderly. The effectiveness and stability of using these 

compounds in an edible gel as a novel approach for managing bioactive elements in 

senior citizens will be thoroughly examined. The benefits of utilizing this delivery 
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mechanism, such as enhanced absorption, ease of application, and compatibility with 

elderly individuals who may have difficulty swallowing pills or sensory impairments, will 

be comprehensively assessed. The gelatin-based formulation can significantly improve 

compliance and quality of life by providing a more palatable alternative to swallowed 

capsules or injectable 
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Literature Review 

3-1 Bromelain: 

3.1.1 Bio- chemical charactaristics: 

Proteases (proteinases, peptidases, or proteolytic enzymes) are a complex group of 

enzymes that have been found in a wide variety of organisms, including plants, animals, 

and microorganisms. They perform many essential functions in various processes, e.g., 

digestion, proliferation control, cell growth and death, regulation of protein synthesis, 

and degradation. They also play an important role in the replication and spread of 

viruses, bacteria, and parasites. Proteolytic enzymes belong to the class of hydrolases 

(EC 3.4.). (Hikisz & Bernasinska-Slomczewska, 2021). They hydrolyze the peptide bond 

in the middle of the amino acid chain (endopeptidases) or at its ends (exopeptidases). It 

is assumed that these enzymes can be divided into three Nutrients. The first division is 

due to the substrate and the location of the bond, which is hydrolyzed. The second 

concerns the mechanism of catalysis. (Hikisz & Bernasinska-Slomczewska, 2021). 

According to previous studies, proteases are classified according to the pH at which their 

maximum activity is shown. Today, over a total of five hundred relevant compounds 

belonging to this category have been identified in the human body. It is also stated that 

there are approximatly 2 of all the human ganes that gacode gor these. In modern 

medicine and biotechnology, increased attention has been paid to plant proteases 

because of the properties that make them possible to use. This means that plantation-

derived bromelain is one of the most known and demanded plant proteases. Proteases 

are the major constituents of bromelain and include stem bromelain (80 %), fruit 

bromelain (10 %), ananain (5 %), and comosain. (Nguyen et al., 2018) It has been noted 

that stem bromelain (EC.3.4.22.32) is different from fruit bromelain (EC.3.4.22.33). 

(Manzoor et al., 2016; Rowan, 2013). Bromelain is a complex of different thiol 

endopeptidases and nonprotease components, including phosphatases, glycosidases, 

peroxidases, cellulases, glycoproteins, ribonuclease, carbohydrates, and others. 

(Agrawal et al., 2022). Bromelain was first discovered in 1891 by Chittenden and was 

studied in detail, where it was discovered that bromelain is present in the stem and fruit. 
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The proteolytic fraction of the pineapple stem has been termed stem bromelain, while 

the one present in the fruit is known as fruit bromelain. (Manzoor et al., 2016; Rowan, 

2013). The use of the same name, bromelain, implies uncertainty as to whether these 

enzymes are distinct proteins, or whether they represent two forms of the same enzyme. 

(Nguyen et al., 2018). 

3.1.2 Comparison between pineapple stem bromelain and pineapple fruit 

bromelain: 

To prepare bromelain extract, according to the previous study, it consists of   80 %  stem 

bromelain, 10% fruit bromelain, 5% ananain, and other ingredients. (Varilla et al., 2021; 

Hikisz & Bernasinska-Slomczewska, 2021). Research has shown the different names 

depending on where bromelain is obtained indicate that it represents two different forms 

dating back to one enzyme that differ that SBM and FBM differ in biological activity, 

structure, and physicochemical properties. Depending on the part of the fruit from which 

the enzyme was isolated, two types of enzymes are distinguished: stem bromelain 

(SBM), which is designated with EC number EC 3.4.22.32, and fruit bromelain (FBM) with 

EC number  

EC 3.4. .22.33. (Varilla et al., 2021; Hikisz & Bernasinska-Slomczewska, 2021). The 

protease activity of SBM is comparatively higher than FBM even though it possesses 

inferior specificity for peptide bonds.  (Varilla et al., 2021). The optimal pH for SBM has 

been reported to be about 7 in numerous studies, whilst its optimal conditions range for 

demonstrating development is 50–60 °C. The optimal pH condition for FBM, on the other 

hand, is 3–8, whereas the average maximum temperature is very wide, 37–70 °C 

Molecular weight for SBM is 26–37 kDa.whereas for FBM it is 24.5–32 kDa .both of which 

undergo complex glycosylation based on factors such as enzyme availability, amino acid 

sequence, and protein conformation. (Kumar et al., 2011; Varilla et al., 2021; Lopes et 

al., 2009). Since bromelain is considered a plant protease and can be extracted from a 

variety of plant components, which include the pineapple core and stem, in addition to 

the peels and leaves, and since the stem contains the highest percentage of bromelain 

and is considered the most available source, with lower percentages than in the stem, 

core, and crown, this is an incentive. Scientists have delved into this wide range of 
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different enzyme sources from the pineapple plant. (Kumar et al., 2011; Varilla et al., 

2021; Lopes et al., 2009). Two-stage aqueous extraction is the most studied and 

promising extraction method for bromelain. Furthermore, scientists continue to use 

advanced recombinant DNA technology to produce and purify recombinant bromelain 

on a large range. (Ramli et al., 2016; Kumar et al., 2011; Lopes et al., 2009). Both stem 

and fruit bromelain are isolated as glycosylated, monomeric single proteins with an 

isoelectric point (pI) value of 9.55 and optimum pH range of 6–7 The proteins also contain 

seven cysteine residues and hence a total of three disulfide bonds. Bromelain found in 

the pineapple stem (EC 3.4.22.32, formerly EC 3.4.22.4) has an isoelectric point (pI) of 

9.5, and is the most abundant protease in pineapple tissue 5preparations. 

(Wiboonsirikul et al., 2024; Maurer, 2001). On the other hand, bromelain found in the 

pineapple fruit (EC 3.4.22.33, formerly EC 3.4.22.5) has a pI of 4.6, and is present in lesser 

amounts compared to stem bromelain.7, 14 Thus, there is a clear difference in 

properties between pineapple stem and fruit bromelain. (Kumar et al., 2011). As such, 

they can also be further classified as cysteine proteinases, belonging to the common 

group of sulfhydryl proteolytic enzymes. Bromelain is also considered a thiol 

endopeptidase (internal clearing enzyme), with the activity of all sulfhydryl 

endopeptidases depending upon the thiol group (SH) of a cysteine residue. (Maurer, 

2001). Stem bromelain has a stable secondary structure and shows activity in the pH 

range 7–10, with its activity being irreversibly lost above pH 10. (Kumar et al., 2011). A 

typical heated gelatinous mass conformation of stem bromelain is obtained at a pH of 

14 and may exhibit charge heterogeneity, generating several variants when separated 

chromatographically. Although a confirmed mechanism thatcan explain this charge 

heterogeneity is currently not known, it has been shown that these variants are all 

immunologically similar . Finally, bromelain is reported to be stable for an extended time 

if stored under −20 °C.  Differences in the functioning of SBM and FBM are also 

manifested in the disproportion of the optimal pH and environmental temperature, 

factors that affect the activity of pineapple extracts. Due to its wide application in the 

food, pharmaceutical, biotechnology, and medical idustries, bromelain should be 

characterized by low systemic toxicity and good absorption in the body while maintaining 

sufficiently high biological activity. 
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3.1.3 Bioavailability of Bromelain:  

Bromelain is absorbed efficiently in the human body and thus has a high bioavailability 

in an in vitro study. This occurs as a result of its ability to bind to the two principal anti 

proteinases in the blood, alpha 2-macroglobulin and alpha1-antichymotrypsin. Without 

any significant side effects, it has been recorded that almost 12 g/day of bromelain can 

be taken in an in vivo study. In addition, bromelain is absorbed in its active form 

throughout the gastrointestinal tract, with approximately 40 percent of the total 

bromelain absorbed in its high molecular weight form from the intestine. In terms of 

pharmacokinetics, the maximal level of bromelain in the blood was obtained an hour 

after oral dosing. Furthermore,  found that bromelain retains its plasma proteolytic 

function. Based on this, a more recent in vitro test showed that after 4 h, approximately 

30% of bromelain remained stable in artificial stomach juice and that after the same 

time, roughly 20% of bromelain also remained stable in artificial blood. (De Souza et al., 

2018). 

3.1.4 Immobilization of bromelain: 

One problem with using enzymes like bromelain is that their activity decreases after 

processing or over time. Immobilizing enzymes is a potential method to ensure their e-

ffectiveness stays consistent. The interactions between the carrier and the enzyme must 

be thoroughly understood and controlled for successful immobilization. A few 

immobilization strategies for bromelain could be trapping it in hydrogels, absorbing it 

onto a chitosan matrix, covalently attaching it, and encapsulating it in nanoparticles. 

(Jančič & Gorgieva, 2021). In one study, researchers concluded that encapsulating 

bromelain in nanoparticles allows for sustained release over time, resulting in reduced 

cell growth and antioxidant benefits de pending on the length of exposure. Also, 

encapsulating bromelain in chitosan nanoparticles provided physical protection, helped 

wounds heal, and delayed release - all desirable qualities in topical formulations with 

modified release. (Agrawal et al., 2022). Previous studies reported  that It is possible to 

reduce the carrier's influence on the structural as well as functional properties of 

bromelain, strengthen its stability and activity when exposed to high temperatures and a 

wide pH range, and improve its anti-inflammatory and antimicrobial activity by choosing 
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a suitable carrier and immobilization method. However, for bromelain transfer, there is 

currently no standard, highly efficient immobilization method. (Jančič & Gorgieva, 2021; 

Agrawal et al., 2022). 

3.1.5 Bromelain has many medical uses, the most important of which is: 

(The Role of Bromelain in Human Health) 

In laboratory researches, it has been found that bromelain exhibits high bioavailability, 

thus being efficiently absorbed into the human body, especially among the elderly. This 

highlights the importance of its application as a gel. This occurs as a result of its ability 

to bind to the two principal antiproteinases in the blood, alpha 2-macroglobulin and 

alpha1-antichymotrypsin. Without any significant side effects. In addition, bromelain is 

absorbed in its active form throughout the gastrointestinal tract, with approximately 40 

percent of the total bromelain absorbed in its high molecular weight form from the 

intestine. (Varilla et al., 2021). According to previous studies, it was noted that bromelain 

retains the property of proteolysis in plasma, based on this, a more recent in vitro test 

showed that after 4 h, approximately 30% of bromelain remained stable in artificial 

stomach juice and that after the same time, roughly 20% of bromelain also remained 

stable in artificial blood. (Pavan et al., 2012). 

3-1-5-1 Blood Coagulation and Fibrinolysis: 

Bromelain is also known to have an anticoagulant effect on the blood system . This 
happens due to the blood clotting. This is after consolidating the first mediators of blood 
clotting including Factor X and Prothrombin and hence they are unable to synthesize the 
blood clotting proteins e.g., fibrin hence pushing the fiber to be formed quickly . 
Bromelain therefore influences the increase in fibrinolysis after enhancing the formation 
of the enzyme plasmin by plasminogen, having normal breaking down of fibrin hence . 
Bromelain is known to be the better fibrinolysis agent after in vitro or in vivo tests since it 
cause plasma prekallikrea to form the anti-clotting kallikrein which will increase the 
coagulant released levels into the blood. Bradykinin is also formed and is given as a white 
compound that causes smooth muscles to contract and then the coagulant than to flow 
easily. The finally say that bromelain brings a reduction in the calming of prekallikrein and 
the level of growth occurring of bradykinin at the injury MRD hence less pain, swelling 
produced and the blood will flow at the injured point . More research should be done to 
see how much bromelain can reduce the clotting of blood. (Azarkan et al., 2020; Varilla 
et al., 2021; Hikisz & Bernasinska-Slomczewska, 2021; Hu et al., 2022).  

3-1-5-2 Bromelain in Cardiovascular Diseases: 
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Bromelain has been noted in previous studies to have some anticancer properties, e.g., 

it is a powerful platelet aggregation suppressant. Blood viscosity has been observed in 

to be dependent in part on the clotting factors, fibrin, and clot formation. As bromelain is 

also fibrinolytic, i.e., it destroys a previously formed clot, all previous findings on platelet 

aggregation inhibition, clot destruction, and red blood cell clumping indicate that blood 

viscosity is reduced. (Varilla et al., 2021). Individuals over 60 are predisposed to age-

related health disorders, so venous thrombosis is relatively widespread. There is a 

protracted inflammatory condition that leads to a thrombus developing. Most often, 

these are the legs. Nonetheless, previous studies have shown that bromelain has a major 

claim to reduce the risk elements of this disease and make rehabilitation after it easier. 

Furthermore, as mentioned earlier, bromelain’s significant role in the development of 

angina means that the chance of suffering from its sister symptoms, such as excessively 

high arterial pressure, is additionally reduced . Previous studies on the living body have 

shown that bromelain improves arterial flow slightly and increases peptic blood vessel 

formation. The higher permeability of the blood vessel walls means that oxygen and 

nutrient consumption and blood flow are also better. Finally, it is shown in experiments 

that for a lengthy administration period, bromelain plays an antihypertensive role, which 

means that the number of cardiovascular disease risk factors is reduced for all those 

who use it during bouts. Natural plant-derived drugs carry great hope since they generally 

have good biological effects with practically no systemic side effects. After all, their risks 

are considerably reduced compared to synthetic drugs. Nonetheless, consistent 

examinations indicate that bromelain is essential for treating many cardiovascular 

diseases due to its biological effects. (Varilla et al., 2021).  

3-1-5-3 The effect of bromelain as an antifungal:  

Accordingly, bromelain in combination with trypsin will be a fungicide towards Candida 

albicans. Results of other tests in how well phagocytosis and respiring burst apparatus 

can kill Candida albicans indicated that bromelain plus trypsin markedly increased. 

Indicate that bromelain has an effective antifungal capability against the following 

agronomic fungus Fusarium verticillioides, Fusarium oxysporum, and Fusarium 

proliferatum which usually cause disease in important crops. Furthermore, F. 
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verticillioides is responsible for producing fumonisin B1 - the most toxic human 

carcinogen ever tested by WHO because 50 μg can be lethal for animal subjects. 

(López-García et al., 2012). Since the cysteine protease inhibitor does suppress 

bromelain activity on F. verticillioides, F. proliferatum and Fusarium oxysporum, 

authors assert that as its antifungal property its mechanism is proteolytic rather than 

static. 

3-1-5-4 The effect of bromelain on cancer and cancer cells: 

3-1-5-4-1 The effect on cancerous tumors: 

3-1-5-4-1-1 Apoptosis: 

Apoptosis is a fundamental mechanism of cell death, is vital in physiological processes, 

maintaining cellular homeostasis, and is detrimental in pathological processes, for 

example in tumor suppression.The process of cell death is responsible for preventing the 

spread of cancer cells. Apoptosis has a specific path that must be followed and is divided 

into two paths: the first One is considered endogenous, where different families of 

proteins are involved, and the second pathway, in this case exogenous, where different 

ligands bind to specific receptors. Caspases, which are key proteins in implementing 

apoptotic signals, are activated. Previous studies reported the effect of bromelain on 

Apoptosis It can interfere with the expression of Bcl-2, a type of protein that has an anti-

apoptotic effect but can also positively regulate the expression of apoptotic genes, such 

as Bax and Apaf. -1 and caspases -9 and -3 

Ferroptosis is a type of cell death, also programmed, which depends on iron, and is 

characterized by an accumulation of lipid peroxides. Currently, this type of cell death is 

being studied as a mechanism to combat cancer cells. Independent of programmed cell 

death, studies have revealed that we can control the anti-cancer effects of bromelain 

through necrosis. It differs from programmed cell death by cell death due to adverse 

external cell conditions such as infection, shock, or injury, which in turn leads to 

unregulated digestion of cell components. Some studies have shown the possibility of 

benefiting from bromelain as a chemotherapy agent, although the exact mechanism of 

its activities as an anti-cancer agent is not completely clear, but It has been suggested 
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that the ability of bromelain to inhibit cancer cell proliferation and metastasis, and 

induce cancer cell death may be due to its proteolytic and immunmodulatory properties. 

One of the most important properties of bromelain is stimulating programmed death of 

cancer cells. Evidence indicates that bromelain is considered an effective agent for 

inhibiting cancer growth.  The molecular mechanisms of bromelain's anticancer activity 

are carried out in several biochemical pathways. The therapeutic potential of bromelain 

and its effectiveness in activating PCD processes and modulating the expression of 

apoptosis-related proteins have been investigated at molecular levels in several in vitro 

and in vivo cancer models that include breast, ovarian, lung, and melanoma  , 

gastrointestinal cancer, and leukemia. (Pezzani et al., 2023) 

 3-1-5-4-1-2 Autophagy: 

Autophagy:  which refers to "self eating," is a critical process in cells that involves the 

breakdown and recycling of cellular components. It's a mechanism that cells use to 

remove defective or malfunctioning organelles, proteins and structures in the cell. 

Autophagy ensures the renewal and quality control of cellular components in order to 

preserve their homeostasis. Autophagy is characterized by what is known as duality, as 

it exists at two levels, the first in normal tissues:autophagy at the basal level is necessary 

as it provides housekeeping functions as well as increased apoptosis. Even in periods of 

stress and hunger, (Pezzani et al., 2023; Iqbal et al., 2022) the autophagy process is 

necessary As for cancer cells: the mechanism is somewhat different  this process can 

allow them to survive metabolic stress, for example, being a source of energy in the face 

of a possible lack of nutrients, which is why its inhibition or activation in cancer cells is 

not completely understood. This mechanism focuses on the degradation and recycling 

of cellular components. In the case of cancer, this process has a dual activity, since it is 

capable of promoting the survival of cancer cells, through protective autophagy, or 

participating in the death of these cells, inducing cytotoxic autophagy.  Although 

autophagy may present this duality, various studies showed that bromelain participated 

in the reduction of cells of different cancer types through the activation of this process. 

In MCF-7 cells treatment with bromelain increased the autophagic process and slow 

down their growth . In that same study, pre-treated cells with 3-methyladenine 

(autophagy inhibitor) demonstrated a decrease in the apoptotic process, thus showing 
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that autophagy can affect the onset of apoptosis. (Pezzani et al., 2023; Russo & Russo, 

2018; Iqbal et al., 2022). 

3-1-5-5 The role of bromelain in osteoarthritis (OA) and rheumatoid arthritis (RA): 

Among musculoskeletal disorders, osteoarthritis (OA) and rheumatoid arthritis (RA) are 

the most common prevalent disorders of the articular joints, and they cause disability 

and increase medical costs in elderly people. Proinflammatory cytokine-induced 

inflammation is the hallmark of both OA and RA. Recent studies prove that using 

bromelain in combination therapy with other nutraceuticals, such as diclofenac sodium, 

rutin, trypsin, or turmeric, results in significantly enhanced efficacy in the treatment of 

degenerative joint pain diseases. (Brien et al., 2004). Bromelain (EC 3.4.22.32), a 

proteolytic enzyme, was isolated from pineapple (Ananas comosus) rhizome. 

(Pothacharoen et al., 2021). According to a study conducted in 2004 Bromelain, trypsin, 

and rutin were compared against diclofenac in 103 patients with knee osteoarthritis. 

After six weeks, both therapies produced significant and comparable reductions in pain 

and inflammation.Bromelain's analgesic activities are assumed to be due to its direct 

influence on pain mediators such bradykinin. (Pothacharoen et al., 2021). The earliest 

documented investigations on bromelain were a series of case reports on 28 patients 

with mild to severe rheumatoid arthritis or osteoarthritis. The scientists concluded that 

the medication was well tolerated at the highest dose. However, the dose of 945 mg/day 

resulted in more adverse drug responses and drop-outs than the usual NSAID treatment 

group. Furthermore, it is possible that patients might get bromelain for longer treatment 

periods than have been analyzed in current osteoarthritis research. while a study in 2021 

, Oral dosage of bromelain (12 g/day) can be absorbed with no negative effects, and 

around 40% of the high molecular weight molecules are identified in blood circulation  

Bromelain is absorbed intact via the human intestines, having a half-life of around 6-9 

hours. Previous studies found that the blood levels of bromelain peaked 1 hour after 

delivery. Bromelain's proteolytic activity was discovered in plasma, where it was found 

bound to antiproteinases (2-macroglobulin and alpha1-antichymotrypsin). In OA model, 

bromelain extract exerted chondroprotective effects against IL-1β by suppressing GAG 

and collagen degradation. Cartilage extracellular matrix degradation is mediated by 

MMP overexpression and activation. The degraded molecules are released from cartilage 
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to synovial fluid in addition to the loss of the biological function of cartilage. The release 

of proinflammatory cytokines from synovial fibroblasts potentiates the RA pathological 

process. The blockade of TNF signaling is a clinically verified strategy for treating RA. The 

mechanism by which bromelain suppresses inflammation in SW982 cells could explain 

the therapeutic effects of bromelain against RA. The trials assessing bromelain in 

osteoarthritis have used bromelain at a higher therapeutic dose, in the range of 540–

1890 mg/day. Safety and tolerability at the lower dose appears to be good; the data 

indicates that bromelain at this dose appears to be as effective as standard treatment 

with at least similar safety and tolerability profiles. The two studies employing a higher 

daily dose 945 mg/day (26) and 1890 mg/day (29), both comparative trials showed that 

the dose of 945 mg/day showed similar outcomes to DF, whereas 1890 mg/day appeared 

to be superior to DF in one of the primary outcome measures (joint swelling). (Pavan et 

al., 2012). Regarding joint disease, oral bromelain administration significantly was 

demonstrated to decrease pain and stiffness in patients with knee OA. The 

pharmacological mechanism of bromelain was reported as the analgesic influence on 

bradykinin, which is a pain-producing substance. In addition, the reduction of pain was 

an indirect effect of anti-inflammatory actions such as the reduction of edema, debris, 

and immune responses. A clinical study demostrated that bromelain produced a 

significant to complete decrease in soft tissue swelling in patients with arthritic joint 

swelling. A number of clinical trials also demonstrated that oral administration of 

bromelain is safe, and it has been used as a food supplement and alternative to NSAIDs 

in patients with acute inflammation. (Pavan et al., 2012; Vaithanomsat, 2022). 

3-1-5-6 The immunomodulatory effect of bromelain: 

Bromelain is suggested as a supplementary therapeutic method for addressing chronic 

inflammatory, malignant, and autoimmune conditions. Previous studies have indicated 

that bromelain may stimulate suppressed immune toxicity of monocytes after a trial 

conducted on 16 breast cancer patients achieving a 40% enzyme response. It was 

observed that bromelain reduces the expression of CD44 while increasing the 

expression of CD11a and CD62 L.      The first targets of bromelain research were human 

T cells from bromelain-treated PBMCs, all rested by mitogenic CD2 mAb LCI to examine 

the movement and stimulation of lymphocytes . It acts simply by eating away at the 



  

18 

 

extracellular parts of CD44, CD45RA, E2/MIC2, CD6, CD7, CD8, and Leu 8/LAM1, etc. 

And in this way increases T cell activation through CD2. By blocking T cell signal 

transduction, protein extract Bromelain can also block the Raf-1/extracellular-

regulated-kinase- (ERK) 2 pathways. When cells are treated with bromelain, the 

activation of CD4 (+) T cells is lowered and expression reduced. CD25 is additionally 

absent in this case. In addition, there is some evidence that oral therapy with bromelain 

may have certain analgesic and anti-inflammatory activities in patients suffering from 

conditions such as deseases rheumatoid arthritis -- one of the most common of 

autoimmuners. After continued research procedures, laboratory results have shown 

that bromelain has the ability to reduce surface adhesion molecules on T cells, B cells, 

and natural killer cells. (Pezzani et al., 2023; Pavan et al., 2012). 

3-1-5-7 The role of bromelain as an anti-inflammatory: 

Considering that bromelain, found abundantly in pineapples, is a primary source widely 

recognized for its anti-inflammatory properties, as it reduces swelling and alleviates 

pain, it decreases the migration of white blood cells to inflamed areas by removing cell 

surface molecules, including CD128 and CD44.The factor that prevents white blood 

cells from strongly adhering to blood vessels at the site of inflammation. (Amini et al., 

2016). As a result, it reduces blood vessel dilation and increased permeability of 

capillaries by inhibiting the formation of bradykinin and serotonin. (Pezzani et al., 2023). 

It has been observed that bromelain reduces plasma kinin levels, as both plasma kinin 

and prostaglandins play crucial roles as mediators of pain and vascular phenomena 

associated with acute inflammation. (Amini et al., 2016). Where bromelain also 

intervenes by inhibiting the formation of pro-inflammatory prostaglandins. (Manzoor et 

al., 2016). It has also been noted, according to previous studies, that bromelain's anti-

inflammatory effect may be mediated by reducing the synthesis of nitric oxide in 

laboratory settings without cellular toxicity. It was observed that oral intake of bromelain 

reduces the levels of PGE2 and thromboxane B2, in addition to bromelain inhibiting iNOS 

and Cox-2 in LPS-stimulated RAW264.7 cells as a result of inhibiting ERK kinase that 

regulates extracellular signaling and phosphorylated P-38. (Manzoor et al., 2016). 

Additionally, bromelain selectively inhibits the synthesis of thromboxane and alters the 
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thromboxane/prostacyclin ratio in favor of anti-inflammatory prostacyclin. (Manzoor et 

al., 2016). 

3-1-5-8 Effect of Bromelain in Surgery: 

Bromelain administration before surgery can minimize the average number of days for 

complete absence of pain and postoperative inflammation. Indicate that bromelain may 

be useful in lowering swelling, bruising, and pain in women undergoing episiotomy. 

(Howat & Lewis, 1972). 

3-1-5-9 Effect of  Bromelain on Alzheimer Disease: 

According to previous studies, Alzheimer's disease is primarily caused by the 

accumulation of β-amyloid fibrillar plaques in brain. The effectiveness of cysteine 

protease 'fruit bromelain' from pineapple in destabilizing Aβ fibrils. Bromelain peptide 

pool (Mw<500 Da) obtained emulating human alimentary tract digestion prevented 

fibrillation from monomeric and oligomeric states of A and permanently dissociated 

preexisting fibrils into tiny oligomers of variable sizes. (Das et al., 2020). Alzheimer's 

disease (AD), the most extensively researched and prevalent form of dementia, 

accounting for 60-80% of cases and is the sixth greatest cause of mortality in the United 

States . Casual factors for Alzheimer's disease are known for just 1-2% of the whole 

population, but they remain unknown for the vast majority of patients.  

Though various variables, including the ApoE4 genotype and polymorphisms in several 

genetic loci, have been found, age is the top risk factor, followed by type 2 diabetes, brain 

injury, stroke, diet, and other environmental factors. (LaFerla et al., 2007). AD is an age-

related progressive neurodegenerative condition defined by gradual memory loss, 

cognitive skills, typical neuropathological amyloid plaque depositions, development of 

neurofibrillary tangles, and significant neuronal death in multiple parts of the cerebral 

cortex. One distinguishing feature is permanent brain deterioration in the elderly. 

Amyloid deposits and senile plaques are composed of insoluble, aggregated proteins, 

mostly β-amyloid (Aβ42), which is produced from a 170 kDa cellular amyloid precursor 

protein (APP). (Haass et al., 1992). Evidence suggests that Aβ assembly plays a role in 

the course of Alzheimer's disease, with soluble protofibrillar intermediates being 

identified as a harmful species. (Caughey & Lansbury, 2003). Physical activity and 
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nutritious diets, a few of the greatest therapies focused towards excellent health, 

decelerates the progression of AD in older people, therefore helping memory and 

learning skills in early AD patients and those with minimal cognitive impairment. (Van De 

Rest et al., 2015). Natural goods, a fundamental component of healthy diets, provide 

many health advantages, including anti-inflammatory, antioxidant, anti-arthritis, 

neuroprotective, and memory cognitive capabilities. (Venkatesan et al., 2015). 

Bromelain, has been shown to protect against Aβ-induced toxicity in Alzheimer's disease 

pathogenesis. (Das et al., 2020). Bromelain, a cysteine protease found in pineapple, has 

wide specificity. It hydrolyzes a wide range of substrates, including native and partially 

denatured collagen, elastin, casein, fibrin, and hemoglobin. (Das et al., 2020). Previous 

studies have found that bromelain possesses a wide range of therapeutic efficacy, as it 

is effective when taken orally and does not have any undesirable side effects. Bromelain 

is widely accepted as a therapeutic plant-based medication. (Maurer, 2001). Peptides 

generated from fruit bromelain under human digestive conditions can inhibit aggregate 

formation from monomeric state of amyloidogenic peptides Aβ40/42 besides facilitating 

destabilisation of preformed amyloid fibrils in vitro. Ex vivo studies using PC12 neuronal 

cells and in vivo studies using animal models suggested reversal of neurotoxicity caused 

by amyloid peptides in presence of bromelain derived peptides. (Das et al., 2020). While 

the fruit pineapple is edible, research into its preventative capabilities for neuronal 

toxicities associated with Alzheimer's disease, aging, and mild cognitive impairment 

could provide valuable insights. Clinical trials testing peptide extracts from this tropical 

fruit may demonstrate benefits for vulnerable populations suffering cognitive decline, 

giving hope to patients and their devoted caregivers alike.  

3-2 Berberine ( BBR ): 

3-2-1 Bio- chemical charactaristics: 

Berberine is an alkaloid found in a number of plants. Common in the traditions of 

traditional Chinese medicine, Ayurvedic medicine, and Native American healing, plant 

species that contain berberine include goldenseal (Hydrastis canadensis), oregon grape 

(Berberis aquifolium), bayberry (Berveris vulgaris), coptis (Coptis chinensis), and tree 

turmeric (Berberis aristata). A small number of studies of this compound have been 
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reported. Some have used specific plants and others have used isolated berberine. 

Berberine, an active compound of Berberis spp., Coptidis spp., Hydrastis xanthorhiza, 

Mahonia spp., cork tree, T. Cordifolia,and many other species. (Hao, 2019). 

3-2-2 Bioavailability of Berberine: 

A complete understanding of berberine pharmacodynamics may help to increase its 

bioavailability and theoretically reduce supplementation dosage. (Kwon et al., 2020). It 

seems that berberine’s absorption is mainly interrupted in the intestine, where P-

glycoprotein, also known as multidrug resistance protein 1 (MDR1), pumps it out to the 

intestinal lumen. (Khashayar et al., 2021). Berberine is metabolized in the liver by 

oxidative demethylation and glucuronidation to berberrubin, talifendin, 

demethyleneberberine and jatrorhizine and their corresponding glucuronides. (Kwon et 

al., 2020; Khashayar et al., 2021). Berberine is poorly bioavailable, as low as 5% even in 

laboratory settings and 0.68% in murine animal models. (Kwon et al., 2020). All things 

considered, clinical trials using 1000–1500 mg of daily berberine are reporting benefits. 

(Khashayar et al., 2021). 

 

3-2-3 The Role of Berberine in Human Health: 

progression involves activation of AMPK pathway, insulin sensitivity, regulating gut 

environment, improving mitochondrial function, and reducing oxidative stress. 

Berberine has also been found to be associated with suppression of ER stress and 

hepatic inflammation in MCD fed mice, ApoE/ mice, or in db/db mice. Berberine is also 

known to suppress palmitate induced hepatoxicity by inducing autophagy and also 

suppresses IR In-vivo when fed with high fat diet . Hepatic steatosis induced by HFD in 

rats leading to change in gene expression pattern glob (Aalim et al., 2022; Murray, 2020). 

BBR shows obvious useful incompatibility and antimicrobial activity besides a wide 

variety of microorganisms. For instance, BRR has continued traditionally utilized as an 

antidiarrheal, bitter stomachic, and antimalarial . However, it lately has been discovered 

to have a purpose in the antidiabetic effect in research animals and clinical diabetic 

patients.BBR treatment brought about the blockage of hepatic gluconeogenesis in rats 

of an insulin-absent type II diabetic profile. BBR-mediated dampening of Pck1 and G6pc 
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expression was accounted for as the purposes for the variations in an insulin-

unconnected mode. In hepatocytes of Zucker rats, BBR exhibited an upsurge of Gck 

power plus suppression of Pck1 and G6pc expression in the nonappearance of insulin. 

BBR has also represented the power to design manifests of the nucleus 

reticuloendotheliosis system, mainly immune apoptosis, as causes for productive tumor 

therapies. (Locke, 2018). According to previous studies, an experiment was conducted 

to study age-related eating disorder. Aging inevitably brings biochemical changes like 

shifts in weight, glucose, insulin and lipids. To quantify aging's effects, we first gauged 

body weight and length, computing Lee's index too. Significant increases in weight, 

length and index marked the 24-month group versus the 5-month cohort, all reversed by 

Berberine. To profile glucose and lipid metabolic irregularities with age, we measured 

serum insulin, fasting blood sugar, triglycerides and cholesterol. The 24-month group 

saw remarkably elevated blood sugar, insulin and triglycerides by 1.54-fold, 1.43-fold 

and 1.88-fold respectively compared to the 5-month group, while Berberine treatment 

decreased the values by approximately 17%, 13% and 57% of those in the 24-month 

group respectively. No major difference appeared in total cholesterol among the three. 

These findings propose evident glucose and lipid metabolic abnormalities and 

hyperinsulinism in the 24-month rats, an age exhibiting spatial learning impairment and 

weight gain. Conversely, 100 mg/kg Berberine administration over six months 

ameliorated glucose and lipid metabolism and insulin level. (Yu et al., 2018). There are 

two different mechanisms underlying causes of aging. One is cumulative DNA damage 

resulted in a perpetuating cycle of oxidative stress. ِThe other is nutrient-sensing 

adenosine monophosphate-activated protein (AMP) kinase activating cascade , which 

involves mTOR/ ribosomal protein S6. Aging is the biggest risk factor in human diseases, 

since it results in cellular growth arrest, impaired tissues function and metabolism, 

thereby affecting life span. After conducting the experiment on the Drosophila, the 

following observations were noted. Berberine, the main bioactive component of natural 

Chinese medicine rhizoma coptidis , has been recently reported to promote life span in  

melanogaster , and slow down premature cellular senescence: Most components of 

rhizoma coptidis , including Berberine, coptisine, palmatine, and jatrorrhizine, are 

effective for hyperlipidemia, hyperglycemia, hypertensions and aging-related diseases 

however, the underlying mechanism was unknown. The target of rhizoma coptidis and its 
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active components is multiple cellular kinase and signaling pathways. (Xu et al., 2017). 

Additionally, experiments were conducted on the yeast Saccharomyces cerevisiae, a 

common organism in aging research, which shows similar aging patterns to mammalian 

cells. Yeast is often used to screen anti-aging compounds due to its shorter lifespan and 

the use of SD medium for faster data collection. Experiments involving yeast cells 

harvested in YEPD solid medium and grown in SD medium for 20 hours showed that the 

addition of BBR at 20 μg/ml extended yeast lifespan by 28%. This concentration of BBR 

also reduced the variability in cell cycle duration, leading to a more consistent longevity 

effect. However, at lower concentrations, BBR had the opposite effect, suggesting that 

the compound's impact on longevity is dependent on dosage. (Dang et al., 2019). In a 

study In aged mice, BBR treatment significantly reduced insulin resistance and cognitive 

impairment over a 6-month period. Aged mice treated with BBR also showed 

improvements in vision and muscle stiffness. BBR has been found to reduce ROS levels 

in serum and skeletal muscle in aged rats, increase protein expression and ATP 

production in skeletal muscle, and maintain muscle function through the 

AMPK/SIRT1/PGC-1 pathway. Berberine (BBR) has been shown to increase AMPK 

signaling and activity in downstream levels such as mTOR/rpS6, Sirtuin1/FOXO3, Nrf2, 

NAD, and NF-B, particularly under mitochondrial oxidative stress. (Yao et al., 2023). Prior 

work has revealed antioxidant characteristics and protective effects against 

neurodegenerative conditions, improving cognitive decline related to diabetes in db/db 

mice. Recently, research has highlighted BBR's anti-aging implications, a primary risk 

factor for neural deterioration. Collectively, exploring BBR's safeguarding impacts in 

neurodegenerative sickness seems prudent. D-galactose naturally exists in tissues, like 

the brain. Longterm administration of D-gal factitiously produces aging phenotypes in 

animal models, resulting in behavioral and cognitive deficits. Multiple studies have 

shown D-gal-induced neural aging contributes not only to memory impairment, 

degeneration, and apoptosis but also elevated oxidative stress and mitochondrial 

dysfunction, mimicking human aging. All ultimately lead to cognitive decline. 

Amelioration of functional impairment by BBR has been seen in Alzheimer's disease 

models. BBR was previously found to decrease endogenous oxidants and DNA harm 

responses, with potential anti-aging effects. (Yao et al., 2023).  
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3-2-4 The role of Berberine in inhibiting major health conditions affecting the elderly: 

3-2-4-1 The role of berberine in Alzheimer's Disease: 

 Berberine(5,6-dihydro-9,10-dimethoxybenzo[g]-1,3-benzodioxolo[5,6-a] 

quinolizinium), is a nonbasic and quaternary benzylisoquinoline alkaloid, a relevant 

molecule in pharmacology and medicinal chemistry. Indeed, it is known as a very 

important natural alkaloid for the synthesis of several bioactive derivatives by means of 

condensation, modification, and substitution of functional groups in strategic positions 

for the design of new, selective, and powerful drugs. (Neag et al., 2018). Berberine (BBR) 

is a protoBerberine type of determined isoquinoline alkaloid, recognized in the root, 

rhizome, and stem bark of a big number of plant species containing Coptis chinensis 

Franch, a widely knowing traditional Chinese medicine . Common in the traditions of 

traditional Chinese medicine, Ayurvedic medicine, and Native American healing, plant 

species that contain Berberine include goldenseal (Hydrastis canadensis), oregon grape 

(Berberis aquifolium), bayberry (Berveris vulgaris), coptis (Coptis chinensis), and tree 

turmeric (Berberis aristata). (Guan & Chen, 2014; Locke, 2018). A small number of 

studies of this compound have been reported. Some have used specific plants and 

others have used isolated Berberine. In vitro studies have demonstrated Berberine 

sulfate causes inhibition of E. coli adhesion to epithelial cells. Studies using Berberine 

for other indications have not reported toxicity or significant side effects. (Locke, 2018). 

Berberine, , has been commonly utilized for the adjuvant administration of type 2 

diabetes since an extended time, (Fareed & Chaudhary, 2022) but various experimental 

studies have proven a beneficial effect of Berberine in NAFLD animal models and NAFLD 

patients . Treatment of Berberine to NAFLD patients for 16 weeks significantly decreased 

BMI, bodyweight, WC, liver fat TG, total serum cholesterol, apolipoprotein B, AST and ALT 

as compared to control group . Possible molecular mechanism underlying Berberine 

against NAFLD 

AD pathology, observed microscopically in brain tissue, presents two abnormal 

structures: extracellular amyloid plaques and intraneuronal neurofibrillary tangles.  Aβ 

precedes tau in the pathogenesis of AD, initiating tau’s conversion from a normal to a 

toxic state. (Liu et al., 2024). There is accumulating evidence from the literature 

suggesting that Berberine could have therapeutic effects on AD. Several mechanisms 
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have been proposed for this purpose. (Imenshahidi & Hosseinzadeh, 2020). Berberine 

retards the production of two pathological findings of AD including amyloid plaques and 

hyperphosphorylated tau, thus preventing neurotoxicity. Moreover, Berberine also 

modulates the other aspects of the disease. Several studies demonstrated that 

Berberine is an effective agent, which has the potential to improve the memory defects 

by various mechanisms including anti-inflammation and anti-oxidation. It also inhibits 

acetylcholinesterase activity. (Akbar et al., 2021). In addition, BBR significantly increases 

the activity of AMPK due to excess ROS. Activated AMPK inhibits NF-κB, which is an 

important node. NF-κB downregulates BACE1 to reduce Aβ, inflammatory factors 

including TNF-α, IL-6, IL-12, and tau phosphorylation via Cdk5/P25, which could be 

abnormally activated in AD. Collectively, BBR has various regulatory means for AD, 

making it a promising multi-effect ingredient for prevention and treatment of AD. (Fang 

et al., 2020). Although β-site APP-cleaving enzyme 2 (BACE2) shares homology with 

BACE1, its role is different; it acts as a θ-secretase, cleaving APP in the structural domain 

of Aβ and inhibiting Aβ production . A study showed that Berberine reduced the 

expression of APP in an animal model of AD, suggesting that Berberine can process APP 

to reduce Aβ. The mechanism may affect BACE1, Tau protein or APP by 

hyperphosphorylating the terminal fragment ( C99 ) to regulate Aβ. Berberine is involved 

in the regulation of APP modification, which can inhibit Aβ production by inhibiting 

BACE1 and regulating γ-secretase substrates. This can regulate spacing preferences, 

favoring the reduction of Ap. However, the exact downstream mechanisms of APP 

regulation by Berberine require further investigation. (Liu et al., 2024). More rigorous 

experimental designs and more comprehensive studies are needed to test the protective 

effects of Berberine in animal models of AD in the future. (Liu et al., 2024). 

 

3-2-4-2 The role of berberine in lowering glucose levels in diabetes: 

When blood glucose levels rise, glucose is taken up by glucose transporters (GLUTs) into 

pancreatic β-cells and converted to ATP by aerobic oxidation. When the ATP/adenosine 

diphosphate (ADP) ratio becomes high enough, KATP channels close, leading to 

inhibition of potassium efflux and slow depolarization of the pancreatic islet β-cell 

membrane. A membrane potential that reaches the action potential threshold activates 
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VGCC to accept extracellular Ca2+. An increase in intracellular Ca2+ promotes insulin 

secretion. Kv channels are then activated to repolarize the cell membrane. 

Repolarization then closes the VGCC and stops Ca2+ influx and insulin secretion. There 

are many Kv channels expressed in human islets, such as Kv1.6, Kv2.1, Kv3.2, Kv11.1, 

Kv11.2 etc. (Xie et al., 2022). The KCNH6 gene encodes the Kv11.2 channel, (Finol-

Urdaneta et al., 2012; Jacobson and Shyng, 2020) which is a target of the BBR. BBR binds 

to the KCNH6 potassium channel, causing it to close more rapidly and subsequently 

preventing pancreatic islet β-cell membrane repolarization. If the glucose is low, closure 

of glucose – mediated KATP channel does not occur which suppress the insulin 

secretion. If inhibition of KCNH6 by Berberine will not cause insulin secretion. So, the 

effect of Berberine to cause insulin secretion is hyperglycemic dependent, therefore 

Berberine doesnot affect fasting insulin and blood glucose. However, Glucose levels 

affect the therapeutic effect of BBR on diabetes and  the specific mechanism still 

remains unclear. According to  meta-analysis, BBR has glucose-lowering effects, which 

is related to baseline FPG and HbA1c. (Xie et al., 2022). In addition, previous studies have 

found that glyburide, as an inhibitor of KATP channel, differently promoted insulin 

secretion in different blood glucose concentrations, When stimulated by glucose, insulin 

is secreted from pancreatic islet β cells in two phases. In the first phase, insulin secretion 

reaches a rapid peak and then declines. Then it will enter the second phase and gradually 

increase again. Insulin secretion, the effect of BBR depends on high blood glucose 

concentration. BBR promoted insulin secretion in the first phase, but the result was not 

statistically significant. BBR also promoted insulin secretion in the second phase and 

overall total secretion. This result was statistically significant. BBR reduced both FPG 

and 2hPBG. Therefore, BBR may be an insulin secretory agent that mainly reduces FPG 

but also has the effect of reducing PBG. More studies are needed to verify this 

hypothesis. (Xie et al., 2022). 
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3-3 Indol-3-Carbinol ( I-3-C ): 

3-3-1 Bio- chemical charactaristics: 

Glucosinolates are a group of secondary metabolites containing sulfur-nitrogen 

abundant in cruciferous plants and synthesized by all species of Brassicaceae; they are 

also moderately present in several non-cruciferous species. Compounds of this group 

were first isolated in the 19th century from black and white mustard seeds (Brassica 

nigra and Sinapis alba). Glucosinolates are commonly known as precursors to I3C that 

bring potential health benefits to humans. Glucosinolate biosynthesis starts with 

precursor amino acids to form the glucosinolate core structure and the side chain. (Kim 

& Milner, 2005; Sarkar & Li, 2004; Amarakoon et al., 2023; Choi et al., 2014). Among 

cruciferous plants, Brassica oleracea cultivars such as cauliflower, broccoli, brussels 

sprouts, and cabbage are well-known glucosinolate-rich food crops. Other Brassicaceae 

food crops rich in glucosinolates include root vegetables such as radish (Raphanus 

raphanistrum) and turnip (Brassica rapa). (Kim & Milner, 2005;Amarakoon et al., 2023; 

Choi et al., 2014). Most of the glucosinolate-rich noncruciferous plant species belong to 

Capparaceae and Caricaceae; a few species containing glucosinolates are found in 

more than ten other families, including Resedaceae, Moringaceae, and Euphorbiaceae. 

(Amarakoon et al., 2023). Glucosinolate-containing plants have been used by many 

cultures not just as foods but also as condiments, medicine, and feed because of their 

nutritional effects and biologically active compounds. Examples of such plants include 

capers (Capparis spinosa), wasabi (Wasabia japonica), arugula (Eruca sativa), mustard 

(Brassica spp.), Abyssinian kale (Crambe abyssinica), and rapeseed (Brassica napus). 

(Amarakoon et al., 2023). 

3-3-2 Bioavailability of Indol-3-Carbinol: 

A Phase I trials study was carried out in women as I3C was proposed to be a potential 

chemopreventive agent for breast cancer. The study was initially carried out with a single 

400mg I3C dose daily. Further multiple doses were carried out where women were 

injected dose of 200 mg twice daily and later 400mg twice daily for 4 weeks. The study 

reported that no other condensation product of I3C other than DIM was found in humans 

after a single dose of I3C. Indole (3,2b) carbazole and higher oligomeric products were 

detected in the 'acidcatalyzed model study' when analyzed by HPLCMS but were not 
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detected in plasma. Single-dose pharmacokinetics studies of DIM showed inter-

individual variability. Also, a nonlinear increase in DIM's Cmax and AUC was observed at 

dose >600mg. (Singh et al., 2021). A pharmacokinetic study on oral administration of I3C 

to mice was carried out in which the highest concentration of I3C was found in the liver 

and also peak kidney concentration was significantly higher than plasma, lung heart and 

brain, which had nearly the same concentration. According to previous studies, The 

variability between the different results obtained between I3C ingestion in animal and 

human models maybe be explained by I3C doses, I3C chemistry and different species in 

gastric physiology. The dose administered in mice was 10- 40 times higher than that 

administered in humans, which may change the gastric concentration of I3C.The gastric 

pH of rodentsis higher than humans, which leads to slower consumption of I3C in 

rodents, resulting in a different distribution. A study carried out in women which 

consisted of single-dose and multiple-dose administration of I3C, where doses of 

400mg,600mg upto 1200mg were administered indicated that the only detectable 

product of I3C in plasma was found to be DIM. No other condensation product of I3C was 

detected. It also reported that oral administration of I3C lead to the formation of primary 

product DIM and the production and uptake of this compound was at 1000mg dose. The 

lack of an objective biomarker of phytonutrients exposure and uptake is a critical issue 

hindering the validation of cruciferous vegetable consumption as a chemopreventive 

strategy. For example, glucosinolate concentration in vegetables varies from factors 

such as cultivar selection, growing conditions, and cooking or processing. (Singh et al., 

2021). 

 

3-3-3 The role of Indole- 3- Carbinol  ( I3C ) on Human Health: 

I3C has a promising role in preventing various chronic diseases, including obesity, 

cardiovascular diseases, and cancer when consumed. (Arnao et al., 1996; Amarakoon 

et al., 2023). Furthermore, I3C has demonstrated scavenging properties against free 

radicals, indicating its potential role in mitigating oxidative stress. (Arnao et al., 1996). 

Glucosinolates, compounds found in cruciferous plants, possess notable biological 

activity, including antioxidant and anti-cancer properties. These plants have played 

diverse roles in human life, serving not only as dietary staples but also as therapeutic 
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remedies due to their nutritional content and bioactive properties. (Amarakoon et al., 

2023). Cardiovascular diseases are characterized by inflammation and oxidative 

damage. Diets lacking in phytochemicals exacerbate cardiovascular risk by promoting 

inflammation and oxidative stress, reducing nitric oxide (NO) levels, leading to 

atherosclerosis, endothelial dysfunction, and vascular inflammation. Food products 

rich in bioactive compounds, such as I3C, exhibit protective, antioxidant, and anti-

inflammatory effects that may aid in treating cardiovascular inflammation from 

ischemia. (Prado et al., 2022). the cardioprotective properties of I3C phytochemical were 

demonstrated, particularly its anti-inflammatory and antioxidant effects in BV-2 cells. 

The study also revealed novel findings regarding I3C's actions on endothelial and 

leukocyte function, potentially reducing post-ischemic tissue transmigration, and 

showing promising effects on preventing oxidative damage, inflammation, and apoptosis 

induced by ischemia. Furthermore, the antioxidant properties of I3C and DIM are evident 

in their ability to enhance the activity of antioxidant enzymes and increase the levels of 

antioxidant vitamins, potentially contributing to their anti-atherosclerotic activity. 

(Amarakoon et al., 2023). Moreover, the anti-obesity potential of indole-3-carbinol (I3C) 

and 3,3'-diindolylmethane (DIM) has been demonstrated through their inhibition of 

adipogenesis, suppression of cell and protein expression, and upregulation of glucose 

uptake. (Amarakoon et al., 2023). Early transcription factors involved in adipogenesis, 

including C/EBPb, C/EBPd, KLF4, and KLF5, initiate adipocyte formation, followed by 

factors such as C/EBPa, PPARg, and aP2, which facilitate adipocyte maturation and lipid 

production. (Choi et al., 2014). Consequently, increased activation of these late factors 

leads to triglyceride synthesis, promoting lipid accumulation within mature adipocytes. 

(Choi et al., 2014). Furthermore, the activation of AMP protein kinase α (AMPKα) by indole 

compounds contributes to reduced body fat accumulation. (Amarakoon et al., 2023). 

Studies have shown that the consumption of plants rich in I3C by overweight 

premenopausal women resulted in favorable alterations in estrogen metabolism 

associated with obesity prevention. (Amarakoon et al., 2023). Finally, I3C exhibits 

potential in treating diabetes, as it has been observed to lower blood glucose and insulin 

levels while improving insulin sensitivity. (Amarakoon et al., 2023). During the breakdown 

of plant tissues, the interaction between glucobrassicin and myrosinase releases I3C, 

which influences tumor suppressor gene phosphatases and tensin homologues, against 
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a spectrum of cancers including lung, nasopharyngeal, liver, and ovarian. (Yuan et al., 

2022). Several research studies have explored the correlation between high cruciferous 

vegetable intake and the reduced anticancer and antimutagenic activity induced by both 

I3C and dimeric derivative DIM (Yuan et al., 2022; Kim & Milner, 2005; Sarkar & Li, 2004; 

Dashwood, 1998), demonstrating promising anticancer effects in breast, prostate, 

colon, and cervical cancers. Indole glucosinolate–associated metabolites can modulate 

key signaling pathways, including modulation of cell cycle progression (proliferation), 

and apoptosis. (Dashwood, 1998; Kim & Milner, 2005; Sarkar & Li, 2004). Additionally, 

indole’s role in altering estrogen metabolism as explained above, suggests its potential 

in preventing estrogen-enhanced cancer. (Auborn et al., 2003). Furthermore, I3C and 

DIM have shown inhibitory effects on specific proteins like CCL2 and on the migration of 

cancer-associated cells such as THP-1 in human prostate cancer cells. They induce G1 

cell-cycle arrest and apoptosis while altering critical genes associated with cell cycle 

regulation, proliferation, and signal transduction, highlighting their diverse impact on 

prostate cancer cells. (Sarkar & Li, 2004). The pivotal role of I3C in targeting fundamental 

cellular processes linked to carcinogenicity, particularly in sensitizing resistant cancer 

cells to chemotherapies, presenting a significant approach for treating various types of 

prostate cancer, including hormone-dependent, hormone-independent, and metastatic 

forms. Overall, evidence from epidemiological and dietary investigations highlights the 

potential of I3C and DIM for cancer prevention and treatment. It is worth noting that, 

according to, (Auborn et al., 2003) I3C, along with genistein, an isoflavonoid found in soy, 

exhibits synergistic effects, emphasizing the potential for combination therapies using 

phytochemicals to enhance anticancer efficacy. However, further investigation into the 

mechanisms underlying the anticancer effects of I3C and DIM, along with their potential 

clinical applications in cancer prevention and treatment, is needed. (Dashwood, 1998; 

Sarkar & Li, 2004; Auborn et al., 2003). 

3-3-4 The role of Indole- 3- Carbinol  ( I3C )  in inhibiting major health conditions 

affecting the elderly: 
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3-3-4-1 The inflammatory inhibitory role of indole-3- Carbinol:  

Some studies indicated assessing the role of di-indolylmethane (DIM), a metabolite of 

indole-3-carbinol, in mitochondrial damage, inflammation, apoptosis, and alteration of 

serotonin metabolism in the cerebral cortex of young (4± 1month-old) and aged rats 

(22±1 month-old) exposed to gamma-radiation. (Hammad et al., 2022). The rat’s whole 

body was exposed to 8 Gy administered in 2 doses of 4 Gy at 2weeks interval. DIM (45 

mg/kg body- weight) was given to rats by gavage 3 h after the 1st radiation-dose, daily till 

the 2nd dose and 2 weeks after the 2nd dose. The animals were sacrificed 24 h after the 

last dose of DIM. (Hammad et al., 2022). Nevertheless, by comparing the biochemical 

variations occurring in the cerebral cortex of young and aged rats, the changes were 

generally more pronounced in young rats. DIM significantly reduced the mitochondrial 

damage, and improved the inflammatory and apoptotic responses and serotonin 

metabolism in young and aged rats. (Hammad et al., 2022). It has been noted that age is 

an important risk factor to consider upon exposure to ionizing radiation during therapy or 

diagnosis. DIM may exert a beneficial impact on irradiation-induced brain injury in young 

and aged rats. (Hammad et al., 2022). Treatment of Ehrlich ascites tumors with indole 

glucosinolates (I3C or DIM) reduced the proliferation of tumor cells, attenuated the 

increase in inflammatory cytokines, suppressed the activation of NF-κB, and inhibited 

the expression of interleukins associated with the NF-κB pathway, consequently 

reducing inflammation. This study has also revealed that I3C and DIM exerted their anti-

inflammatory effects by attenuating the abnormal elevation of miRNAs inflammatory 

mediators, including miR-31 and miR-21. Therefore, these results propose that 

administering indole glucosinolates (I3C or DIM) as co-treatment with chemotherapeutic 

drugs would efficiently enhance the anti-tumor effect of chemotherapeutics by 

suppressing tumor cell proliferation and most importantly attenuate the inflammation 

processes that evolve from tumor cell proliferation or chemotherapeutic administration. 

The anti-inflammatory function of I3C treatment may reduce apoptosis and ultimately 

promote recovery from CIRI.The molecular mechanisms of microglia modulation and 

anti-inflammatory protection by I3C need to be further investigated. Targeting apoptosis 

and inflammation with I3C may be a potential therapeutic strategy, but still needs to be 

tested in human studies. (Peng et al., 2024). 
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3-3-4-2 The role of Indole-3- Carbinol in suppressing cancer: 

Indole-3-carbinol (I3C) has been reported to serve as a promising cancer preventative 

agent. Both I3C and DIM have been studied in human clinical trials, primarily to test 

efficacy against breast and prostate cancer. (Williams, 2021; Ambrosone & Tang, 2009). 

For the control of cancer, plant products, and fruits have been considered promising 

tools and are being consumed for centuries. Several plant extracts are also being used 

for the therapy and prevention of different types of known cancers. Epidemiological 

studies show an inverse correlation between cruciferous vegetable intake and some 

cancers. (Williams, 2021; Ambrosone & Tang, 2009). Furthermore, 75 to 80% of the 

global population use herbal remedies as primary therapy, mainly because of their better 

efficiency and satisfaction, which elevate the human body symmetry with the minimum 

unwanted adverse effects. The focus on breast cancer in women derives from the 

demonstrated capacity for I3C or DIM to CYP1-dependent estrogen metabolism. 2-

Hydroxyestrogen exhibits reduced pharmacological activity whereas 16α-

hydroxyestrogen retains estrogenic activity. (Williams, 2021).  

The ratio of 2-hydroxy/16α-hydroxy estrogen has become a biomarker for risk of 

estrogen-dependent cancer and cervical intraepithelial neoplasia (CIN). (Ambrosone & 

Tang, 2009). Clinical trials with both I3C and DIM result in an increase in this ratio and, in 

the case of CIN, demonstrably improved clinical outcomes. (Williams, 2021). The  

potential concern regarding DIM alteration in metabolism of co-administered 

pharmaceutics (tamoxifen) not surprising given that DIM inhibits, as well as induces, a 

number of CYPs. DIM inhibits human CYP3A4, responsible for metabolism of 60% of 

prescribed drugs, with an IC50 of 14.5 μM. (Williams, 2021). Studies to date on DIM 

supplementation in treatment of prostate cancer progression also suggests the potential 

for some benefit in slowing progression. (Williams, 2021). Following DIM 

supplementation in men scheduled for prostatectomy, not only were androgen receptor 

levels in prostate reduced but there was exclusion of the receptor from the nucleus. 

(Williams, 2021). One important finding from these studies, primarily in humans with 

existing disease, is that supplementation with DIM at 200–400 mg/day is not likely to 

represent a risk (again, with the caveat that co-administration of some drugs could cause 

an adverse effect). (Williams, 2021). 
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3-3-4-3 Indole-3- Carbinol Based Compounds as Potential Anti-Neurodegenerative 

Agents: 

Although it has made an overwhelming number of opportunities to discovering promising 

drug candidates for treating NDs, no effective therapeutic has been discovered yet. 

Nevertheless, diverse small molecules have been identified and studied to gather the 

compounds with potential therapeutic effects, with the two top NDs: AD and PD. (Barresi 

et al., 2024). Besides its powerful antioxidant activity, I3C has shown neuroprotection 

against depression and chemically induced neurotoxicity via its anti-inflammatory and 

antiapoptotic effects. (El-Naga et al., 2014; Alabi et al., 2019;Mohamad et al., 2022). The 

Mechanistic investigations revealed that the neuroprotective effects of I3C are partially 

attributed to its anti-inflammatory and antiapoptotic effects and the activation of the 

sirtuin 1/AMP-activated protein kinase pathway. Altogether, these results suggested that 

I3C could attenuate biochemical, molecular, and functional changes in a rat PD model 

with following repeated rotenone exposures. (El-Naga et al., 2014; Alabi et al., 2019; 

Mohamad et al., 2022; Barresi et al., 2024). ROT alone treatment resulted in a significant 

body weight decline and severe motor dysfunctions, such as rigidity, hypokinesia, and 

balance dysfunction. These results agreed with previous studies that observed a marked 

weight loss, disequilibrium, postural instability, and locomotor activity alterations in ROT 

alone-treated rats. Notably, I3C (25 and 50 mg/kg) failed to substantially enhance 

observed motor impairments, whereas administration of I3C (100 mg/kg) significantly 

reversed weight loss In contrast, I3C (100 mg/kg) treatment markedly ameliorated these 

changes. (Alabi et al., 2019). Notably, in the I3C (50 mg/kg) group, DA content and TH 

immunoreactivity were still significantly lower than the control. Besides, I3C (25 mg/kg) 

failed to restore TH levels in the striatum and midbrain. Histopathologically, 

morphological changes were reported in rats treated with ROT, accompanied by 

neurodegeneration, as depicted by shrunken angular neurons. ROT caused similar 

morphological changes when administrated systemically. I3C revealed to be safe even 

with long-term consumption. Moreover, compared to lower doses, I3C (100 mg/kg) was 

superior in hindering ROT-induced neurodegeneration. Consequently, this I3C dose was 

selected to investigate possible underlying mechanisms. Since the mchanisms of PD 

include mitochondrial dysfunction, oxidative stress and neuroinflammation. (El-Naga et 
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al., 2014; Alabi et al., 2019; Borg et al., 2020). The combination between metformin and 

I3C induced significant increase in striatal SOD, GR, mitochondrial complex activity and 

dopamine with significant decrease in striatal TNF-α, IL-6, TGF-β1, MDA and nuclear 

factor kappa-B expression with significant improvement in catalepsy and total swim 

scores better than the groups that received either I3C or metformin alone. (El-Naga et al., 

2014; Borg et al., 2020). So, metformin/I3C combination may represent a beneficial 

therapeutic modality for amelioration of 6-OHDA-induced PD in rats. (El-Naga et al., 

2014; Borg et al., 2020). 

 

3-3-4-4 The role of Indole-3- Carbinol of Cardiovascular Disease ( CD ): 

The protective activity of I3C in heart failure and vascular proliferative disease was also 

reported. Cardiovascular diseases still remain the primary cause of death worldwide. 

One of the proposed approaches to reduce the high global incidence is the consumption 

of vegetables and fruits containing biologically active components or phytochemical 

supplements. Since in vitro experiments revealed that I3C and its condensation products 

effectively inhibited the enzyme acyl-CoA: cholesterol acyltransferase (ACAT), which is 

responsible for the conversion of free cholesterol to the cholesteryl ester, the 

hypocholesterolemic effect of I3C in mice was likely mediated by the inhibition of ACAT. 

(Chang et al., 2011;Jayakumar et al., 2014). As a result of treatment with I3C the 

decreased cholesteryl ester synthesis was associated with significantly decreased ACAT 

gene expression and activity. (Chang et al., 2011;Maiyoh et al., 2007). Moreover, 

antiplatelet and antithrombotic activity of I3C was shown in in vitro and in vivo studies. 

I3C significantly inhibited collagen-induced platelet aggregation in human platelet-rich 

plasma. I3C can suppress the proliferation of cultured vascular smooth muscle cells and 

neointima formation in a carotid injury model via the Akt/GSK3b pathway.  Vascular 

smooth musclecells are the principal cell types involved in the pathogenesis of 

atheriosclerosis and restenosis after percutaneous coronary intervention .    It was 

suggested that I3C may be a part of new therapeutic strategy for vascular proliferative 

diseases as well as heart failure. The latter suggestion was supported by the results of 

the studies using aortic banding (AB) mouse model, which showed that I3C prevented 

and reversed cardiac remodeling induced by AB. (Chang et al., 2011). This effect was 
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mediated by AMPK-a and extracelular signal-regulated kinases 1/2 (ERK1/2). Since AMPK 

acts as important energy sensor, attenuation of cardiac remodeling in mice was 

associated with improved myocardial energy metabolism. (Maiyoh et al., 2007).  

3-4 Turmeric: 

3-4-1 Bio- chemical charactaristics: 

The Curcuma genus comprises approximately 120 species, with Curcuma longa L. 

(Turmeric) being the most widely recognized among them. Turmeric, also called Zohara 

Turmeric, Turmeric long, Indian Turmeric, and Indian saffron, is a perennial plant 

belonging to the family Zingiberaceae and it is cultivated for its roots (rhizomes) 

worldwide, traditionally in China, India, and Indonesia. (Paultre et al., 2021; Nasri et al., 

2014; Munekata et al., 2021; Kępińska-Pacelik & Biel, 2023). Curcuma is renowned for its 

vibrant orange-yellow hue, imparted by its bioactive compounds, making it a staple in 

Asian cuisine as both a spice and a natural coloring agent as well as in therapeutic 

practices. (Paultre et al., 2021; Munekata et al., 2021; Kępińska-Pacelik & Biel, 2023). 

Chemically, Turmeric primarily consists of water (80–90%), with carbohydrates, 

proteins, minerals, and essential amino acids while lipids are present in smaller 

proportions (<1%). (Munekata et al., 2021; Kępińska-Pacelik & Biel, 2023). The 

composition of the rhizome is determined by several factors, notably the climatic 

conditions in which Turmeric is cultivated. The rhizome possesses a range of macro- and 

microelements, including calcium, potassium, sodium, and iron, as well as various 

vitamins, and serves as a significant reservoir of active compounds. (Kępińska-Pacelik & 

Biel, 2023). The predominant bioactive components are polyphenols, which are 

secondary metabolites known as curcuminoids, including curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin, constituting up to 10% of dry 

Turmeric.(Munekata et al., 2021). Curcumin, also known as diferuloylmethane, 

constitutes the majority, accounting for 60% to 70%, of crude Turmeric extracts and is 

responsible for its crystalline yellow color and is comprised of more than 50 identified 

curcuminoids, the most important of are curcumin I, curcumin II, and curcumin III, 

(Paultre et al., 2021; Munekata et al., 2021) while Curcumin I refers to the chemical 

compound of 17-bis(4-hydroxy-3- methoxyphenyl)-1,6-heptadiene-3,5-dione and is the 
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most abundant and active compound in curcuma species. (Singletary, 2020; Kępińska-

Pacelik & Biel, 2023). Additionally, this lipophilic non-volatile compound plays a pivotal 

role in the absorption, distribution, metabolism, and elimination of Turmeric,(Paultre et 

al., 2021; Munekata et al., 2021) thus representing the primary curcuminoid studied for 

its potential health benefits (Reference 4).  Apart from curcuminoids, other active 

substances that can be found in the Turmeric plant are alkaloids, saponins, tannins, 

phytic acid, and flavonoids. (Kępińska-Pacelik & Biel, 2023). Turmeric also contains 

essential oils such as ar-turmerone, which contributes to its characteristic pungent 

flavor and aroma. (Paultre et al., 2021 ; Singletary, 2020 ). Ar-turmerone exhibits 

antimicrobial, antioxidant, and anticancer properties, enhancing the health-promoting 

attributes of Turmeric. (Paultre et al., 2021; Singletary, 2020; Kępińska-Pacelik & Biel, 

2023). However, the nutritional quality is contingent upon the subsequent processing of 

the raw material (Kępińska-Pacelik & Biel, 2023). 

 

3-4-2 Bioavailability of Turmeric: 

Curcumin's poor bioavailability is mostly due to three factors: low aqueous solubility, 

poor absorption, and substantial metabolic conversion. Low solubility in aqueous 

gastrointestinal fluids, minimal chemical stability at physiological pH, low absorption in 

the gastrointestinal tract (GIT), and quick metabolism in the GIT and liver all contribute 

to Curcumin's low bioavailability  Curcumin's limited assimilation and retention is one 

cause for its low bioavailability. Numerous animal studies demonstrate that 90% of the 

amount of Curcumin ingested orally is eliminated in the excrement (faeces), While 

Curcumin has a low oral bioavailability and a suboptimal pharmacokinetic and 

pharmacodynamic profile. In addition, Curcumin is absorbed mostly through the small 

intestine in the GIT, on the other hand, is a lipophilic phenolic molecule, making it 

difficult to take Curcumin orally and have it absorbed by the cells of the small intestine 

epithelium. Its hydrophobic characteristic would compel it to be flushed back into the 

lumen through the efflux system even if it was absorbed into the epithelium. Though 

Curcumin's low solubility in water is due to its polarity and slow dissolving rate, its 

lipophilic nature is a crucial component in its malabsorption. Because most food 

components are absorbed along the digestive tract and do not reach the colon, large 



  

37 

 

intestine Curcumin concentration can be greatly enhanced through consumption for 

gastrointestinal illnesses remedy. Certain tactics are now being investigated to improve 

curcumin bioavailability, such as modifying the route and medium of Curcumin delivery, 

blocking metabolic processes through concurrent administration of other dietary 

compounds or drugs, and structural alterations. Recent researches have revealed that 

oral administration of Curcumin in the form of nanoparticles boosts the usage of 

Curcumin 5-6 times in correlation to the standardized extract because it dissolves better 

in the gastrointestinal tract due to increased water solubility. Nanoparticles are also 

nontoxic, biodegradable, do not cause allergic reactions in humans, and can be tailored 

to release over time. Curcumin when co-ingested with lipids can help in improving 

curcumin solubility and bio-accessibility, as Curcumin will be surrounded by the mixed 

micelles formed from lipid in GIT after hydrolysis. These combinations not only protect 

curcumin from destruction, but also increase its absorption by the GIT epithelial lining. 

Solubility of nutraceuticals in mixed micelles is function of the length of the fatty acid 

chains and the degree of saturation. It has been observed that curcumin solubility and 

bio-accessibility is improved with medium-chain triglycerides (MCT) and long-chain 

triglycerides (LCT). The combination of curcumin, piperine compounds, and triglycerides 

enhance bioavailability. (Ugo et al., 2022). Turmeric also exerts hepatoprotective and 

renoprotective effects protecting against hepatic and renal damage from pathogens. 

Studies also indicate Curcumin's therapeutic effects in gastrointestinal diseases such 

as hepatoma and nonalcoholic fatty liver disease (NAFLD), as well as against the 

Helicobacter pylori gastric pathogenesis and carcinogenesis. (Kępińska-Pacelik & Biel, 

2023). Additionally, it can also reduce fibrotic effects in pulmonary fibrosis and prevent 

intra-cerebral hemorrhage, thus broadening its therapeutic potential. (Sharifi-Rad et al., 

2020). Lastly, curcumin displays advantages as an antidiabetic agent, primarily due to its 

enol ketone functional group and the presence of active methylene hydrogen. (Kępińska-

Pacelik & Biel, 2023). In mental health, curcuminoids exhibit antidepressant effects by 

modulating neurotransmitter levels and neuroinflammation, while improving oxidative 

status and mitochondrial function in schizophrenia. (Munekata et al., 2021). Clinical 

studies have shown improvements in working memory, mood, cognitive function, and 

reduction in amyloid protein levels with curcumin supplementation. (Munekata et al., 

2021). 
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3-4-3 The role of Turmeric in inhibiting major health conditions affecting the elderly: 

3-4-3-1 The role of Turmeric in preventing muscle atrophy: 

Sarcopenia is characterized as an age-related decrease of skeletal muscle mass and 

strength with impaired physical functioning and is mostly caused by skeletal muscle 

atrophy. (Lyu et al., 2023; Furukawa et al., 2022; Penniman et al., 2022). Muscle atrophy 

causes physical dysfunction and makes it challenging for people to carry out even 

normal daily activities.  

Muscle atrophy is one of the main causes of sarcopenia - the loss of skeletal muscle due 

to aging. Some studies have reported on accelerated aging rat models and the effects of 

Turmeric (Curcuma longa) extract   supplements on muscle atrophy. (Furukawa et al., 

2022; Penniman et al., 2022; Lyu et al., 2023). This highlights the importance of 

understanding the mechanisms behind muscle atrophy and sarcopenia to facilitate the 

development of effective interventions to prevent or mitigate these conditions. (Lyu et 

al., 2023). Also, considering the increasing proportion of the population ageing the World 

Health Organizrion estimates by 2050 there will be 2 billion people aged 60 years and 

older, and 426 million people aged 80 years and older. As a result the economic burden 

of sarcopenia will also increase. Moreover, as for the effects of herbal bioactive 

compounds on muscle atrophy, curcumin, resveratrol, epigallocatechin gallate, and 

astragaloside IV have been indicated to be effective against muscle atrophy. For 

example, curcumin is a bioactive compound in Turmeric that has anti-inflammatory and 

antioxidant properties. Several studies have examined its effects on muscle atrophy and 

have shown that it can help prevent muscle loss by reducing inflammation and oxidative 

stress. Twenty-six-week-old male, senescence-accelerated mouse resistant (SAMR) 

mice received the AIN-93G basal diet, while twenty-six-week-old male, senescence-

accelerated mouse prone 8 (SAMP8) mice received the AIN-93G basal diet or a 2% TE 

powder-supplemented diet for ten weeks. Revealed that TE supplementation showed 

certain effects on ameliorating the decrease in body weight, tibialis anterior weight, and 

mesenteric fat tissue weight in SAMP8 mice. TE improved gene expression in the 

glucocorticoid receptor-FoxO signaling pathway in skeletal muscle, including redd1, 

klf15, foxo1, murf1, and mafbx. (Furukawa et al., 2022; Penniman et al., 2022; Lyu et al., 

2023). Turmeric has been found to be effective in blocking lipopolysaccharide-induced 



  

39 

 

muscle loss by inhibiting p38-mediated upregulation of atrogin-1/MAFbx. (Lyu et al., 

2023). By enhancing the expression of MAFbx (also known as FBXO32/Atrogin-1) and 

MuRF1 genes and proteins in dexamethasone-treated mice and myotubes. found that 

Turmeric extract (TE) improved muscle atrophy. Muscle mass is enhanced and muscle 

atrophy is prevented Where Turmeric extract had the potential to improve mechanical 

balance by inhibiting the binding of glucocorticoid receptor or FoxO1 to the 

glucocorticoid response element or FoxO-binding element in the MuRF1 promoter in 

skeletal muscle, (Lyu et al., 2023; Furukawa et al., 2022) In addition, TE was able to 

reduce mitochondrial damage and maintain cell growth and division by down-regulating 

mRNA expression of mfn2 and tsc2 genes. Thus, the results indicated the potential of TE 

to prevent age-related muscle atrophy and sarcopenia. (Lyu et al., 2023; Furukawa et al., 

2022; Penniman et al., 2022; Lyu et al., 2023). 

 

3-4-3-2 The role of Turmeric in supressing the oxidative stress:  

Turmeric extract (TE) exerts strong anti-oxidative effects in BV2 microglial cells by 

significantly and concentration-dependently reducing LPS-induced NO-release. The 

effect is mainly mediated by its main constituent curcumin, but other so far not identified 

components might contribute as well. (Nebrisi, 2021). Furthermore, TE strongly reduced 

iNOS mRNA expression and iNOS protein synthesis, probably due to reduced 

phosphorylation and thus activation of mitogen-activated protein kinases p42/44 MAPK 

(Erk 1/2) and p38 MAPK. (Nebrisi, 2021; Da Costa et al., 2019).  

Anti-oxidant Property of Turmeric Curcumin can prevent the body against oxidative 

stress of reactive oxygen species (ROS) and other free radicals, which can destroy DNA 

and cause mutations, increasing the chance of cancer development . According to 

previous studies have proven that the Turmeric/piperine combination seems to have a 

superior effect on oxidative and inflammatory stress markers compared with Turmeric 

supplementation alone.  

These findings may be explained by the low bioavailability of Turmeric, as it undergoes 

rapid metabolism and elimination after oral intake. (Nebrisi, 2021; Da Costa et al., 2019). 

Meanwhile, Curcumin in Turmeric,  has considerable antioxidant capabilities as a dietary 

additive. They also stated that in the existence of curcumin, linoleic acid oxidation is very 
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inefficient and that the antioxidant potential is about 80% when used as a food 

supplement. Curcumins have a better potential to capture hydrogen peroxide than 

industrial or commercial antioxidants such as BHA, BHT and vitamin E at the same 

concentration - 20 mM. (Streyczek et al., 2022; Ugo et al., 2022). 

 

3-4-3-3 The role of Turmeric in inhibiting osteoporosis and arthritis: 

Osteoporosis is a common age-related disease caused by impairments in both bone 

mass and micro-architecture, eventually leading to an increased risk for fragility 

fractures in older subjects. The gradual decline of the immune system with aging, known 

as immunosenescence, is associated with chronic inflammation. Rheumatoid arthritis 

is considered one of the systemic autoimmune diseases. The risk of developing it 

increases with age, peaking between the ages of 70 and 79. One of the leading causes of 

endoprosthesis implantation is osteoarthritis-affected jointsAccording to that, OA is one 

of the primary public health and economic problems. In addition, OA significantly affects 

an individual's. The long-term stimulation of immune system is assumed to promote 

premature ageing and lead to various comorbidities, such as cardiovascular diseases, 

osteoporosis and also cancers in patients with rheumatoid arthritis.Therapeutic 

potential of curcumin was demonstrated for ageing-associated musculoskeletal 

disorders such as osteoporosis. Since estrogen is the major hormonal regulator of bone 

metabolism, this disease is especially prevalent in postmenopausal women.While 

curcumin may be a reasonable alternative to estrogen in preventing postmenopausal 

osteoporosis. Recently, the potential of curcumin-based nano-formulations in 

preventing and treating osteoporosis in animal models was reported. Oral administration 

with curcumin was shown to prevent deterioration in bone structure and to produce 

beneficial alterations in bone turnover; the potential role of pro-inflammatory cytokines, 

including TNF-α and IL-6, in these effects was demonstrated. In an experiment 

conducted on rats with a collagen-induced arthritis, curcumin attenuated the degree of 

joint swelling and further development of joint histopathology. These beneficial effects 

were likely related to inhibition of the NF-κB signaling pathway and promotion of 

macrophage apoptosis. Beneficial effects of curcumin against the glucocorticoid-

induced osteoporosis in rat model were also observed. Curcumin's mechanism of action 



  

41 

 

is to block the activation of the NF-κB system in chondrocytes, which blocks the 

apoptosis of chondrocytes and suppresses the release of proteoglycans and matrix 

metalloproteases. Curcumin also blocks the expression of prostaglandins E-2, 

cyclooxygenases, and proinflammatory cytokines in chondrocytes , thus modifying 

subjective disturbances and biochemical markers of inflammatory disease. It is 

mediated by enhanced expression of pro-inflammatory cytokines, suggestive for a 

pathogenic role of chronic inflammatory processes. Current FDA-approved anti-

osteoporotic medications have multiple side effects and are quite expensive. The oral 

administration with high doses of curcumin was shown to be able to reduce the number 

of osteoclasts and also to increase the number of osteoblasts. For example, oral 

administration with curcumin was shown to prevent deterioration in bone structure and 

to produce beneficial alterations in bone turnover; the potential role of pro-inflammatory 

cytokines, including TNF-α and IL-6, in these effects was demonstrated. (Koroljević et al., 

2022; Ugo et al., 2022; Vaiserman et al., 2020). 

 

3-4-3-4 The role of Turmeric in affecting Alzheimer's disease and Parkinson's 

disease: 

Researches into oxidative stress in PD and AD has led to the discovery of 

neuroinflammation as one of the major causes of free radical production in the brain. The 

active ingredient in Turmeric, to improve PD therapy and outcomes. Therapeutic role in 

Parkinson’s disease Parkinson's disease is another prevalent age-related 

neurodegenerative condition. In PD, the death of dopaminergic neurons occurs in this 

region and the symptoms of PD can't be recognized until 60–80% of neurons are lost. 

Among the age-related neurodegenerative disorders, PD is strongly associated with an 

increased rate of oxidative damage. Curcumin as an anti-inflammatory and 

neuroprotective drug in animal models of AD. Animal research in transgenic models of 

AD has shown results for curcumin in preventing the formation of amyloid plaques 

resulting in rescuing cognitive function to that of the wild type. 
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3-4-3-4-1 Alzheimer Desiese ( AD ): 

The mechanism behind curcumin’s ability to inhibit plaque formation is its tight binding 

to β-amyloid. (Da Costa et al., 2019). Using Synthetic Brain Membranes, curcumin was 

shown to reduce the number of nanoscopic Aβ 25–35 aggregate. A multitude of studies 

have investigated the effect of curcumin in transgenic amyloid-over expressing based 

models of AD and investigated curcumin's effect on plaque formation, a variety of 

different histochemical and biochemical markers, and cognitive and behavioral deficits. 

(Da Costa et al., 2019). In general, curcumin decreases amyloid plaque load, results in 

normalization of AD-specific biomarkers, as well in substantial improvements of 

behavioral deficits. Cognitive effects of curcumin in human subjects Contrary to the 

many animal studies, only a limited number of clinical studies have examined 

curcumin’s effect on human cognitive functioning. In AD, one of the most potent 

activators of microglia was identified as AGEs, sugar-derived protein modifications, 

which turn unreactive protein aggregates into potent pro-inflammatory activators, 

involving both microglia and astroglia. An experiment was conducted on 34 patients with 

Alzheimer’s disease. Curcumin was administered at two different doses (1 or 4 g) or 

placebo (4 g). After curcumin treatment, the Mini-Mental State Examination (MMSE) 

score did not improve. Meanwhile, curcumin can help slow the progression of disease 

and modulate cognitive function and biomarker levels. (Da Costa et al., 2019; Nebrisi, 

2021). These findings may be explained by the low bioavailability of Turmeric, as it 

undergoes rapid metabolism and elimination after oral intake Despite being successful 

in animal models, many interventions have failed in clinical trials . 

 

3-4-3-4-2 Parkenson Desiese ( PD ): 

Curcumin's powerful antioxidant capabilities, including chelation of harmful metals and 

lowering ROS, may help reduce inflammation and apoptosis. Because neurons are 

terminal tissues, reducing ROS may improve their longevity and the studies show that 

Turmeric is helpful in preventing the chronic inflammation that causes 

neurodegeneration and brain cell malfunctioning. (Nebrisi, 2021). These findings imply 

that curcumin could be used in conjunction with standard PD medication to improve 
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treatment and results. (Nebrisi, 2021). Turmeric has antioxidant and antiinflammatory 

properties which help in PD. (Da Costa et al., 2019). 

3-5 Palmatine ( PAL ): 

3-5-1 Bio- chemical charactaristics: 

From a chemical point of view, palmatine (PAL) is an isoquinoline alkaloid of 

protoberberine, a quaternary ammonium salt with four methoxy groups at the C-2 and C-

3 positions of the phenyl rings; PAL is one of the most important bioactive compounds 

found in several representatives of different botanical genera such as Coptis spp., 

Phellodendron spp., Fibraurea spp., Corydalis spp., Berberis spp., Papaver spp., Enantia 

spp. and others.(Pustovidko et al., 2013). The plants containing PAL have been used in 

traditional Chinese, Korean, and Indian medicines for centuries as a remedy against 

various ailments such as jaundice, liver-related diseases, hypertension, inflammation, 

and dysentery.(Tarabasz & Kukula‐Koch, 2019; Pustovidko et al., 2013; Yuan et al., 2017). 

It is registered as an anti-inflammatory drug in the Chinese Pharmacopoeia and has been 

clinically used in the treatment of gynecological infections, respiratory infections, 

bacterial dysentery caused by gastrointestinal infections and surgical infections of the 

urinary tract. (Yuan et al., 2017). Due to its high content in the extracts, BBR is far more 

often isolated and tested, in comparison with PAL. However, several scientific 

manuscripts describe the potential of PAL, which often coincides with BBR and exhibits 

a similar chemical character as the former. (Tarabasz & Kukula‐Koch, 2019). Structurally, 

it is similar to the well-known berberine and manifests as a quaternary ammonium salt, 

characterized by four methoxyl moieties situated at the C-2 and C-3 positions of its 

phenyl rings. 

 

3-5-2 Bioavailability of Palmatine: 

Until now, little research has been done on the pharmacokinetics of PAL. (Pallavi et al., 

2022). There are just a few reports about its bioavailability, which were performed mainly 

in animal models. Still, no oral intake of PAL in humans was registered. Based on 

pharmacokinetic data obtained after intragastric (Fibraurea tinctoria) in rats, the oral 

bioavailability of PAL was found to be equal to 10.98% in the measurement performed by 
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the 3P97 software. (Tarabasz & Kukula‐Koch, 2019). The pharmacological effect 

prolongs in the disease due to the prolonged presence of the PAL in the bloodstream. 

Pharmacokinetic parameters of PAL are also influenced by the type of extract and the 

compounds that coexist with it the bioavailability of PAL was ambiguously increased by 

Cinnamon cassia, but further research is required to confirm this observation. (Zhong et 

al., 2022; Zhang et al., 2011; Tarabasz & Kukula‐Koch, 2019). Given that the PAL serves 

as a protein carrier for P-glycoprotein (P-gp) not for the MRP2, this explains its relatively 

low availability. It was proven to exert a biphasic effect on P-gpL: to cause the activation 

of P-gp at low concentrations and to inhibit the P-gp at high concentrations (like 1–100 

μM). (Zhang et al., 2011; Tarabasz & Kukula‐Koch, 2019). The above-presented 

pharmacokinetic studies confirmed the ability of PAL to be resorbed from the digestive 

tract—when administered alone, or in a higher extent, with co-administered other drugs, 

like antraquinones. This compound has a good distribution over various tissues and may 

be eliminated with bile, urine, and feces. PAL undergoes biotransformation in the liver 

upon the activity of different liver enzymes, which belong to the cytochrome P450, what 

may influence the metabolism of other drugs and induce their toxic effects. (Tarabasz & 

Kukula‐Koch, 2019).  

 

3-5-3 The role of  Palmatine  ( PAL ) on Human Health:  

Palmatine  ( PAL ) has been proven to have antimicrobial activity against various 

pathogens, including Helicobacter pylori, Staphylococcus aureus, and Escherichia coli 

.(Long et al., 2019; Tarabasz & Kukula‐Koch, 2019). Its antibacterial and antiviral effects 

stem from inhibiting protein and DNA synthesis, impeding cell proliferation, and inducing 

bacterial apoptosis. (Long et al., 2019). Furthermore, palmatine has been proven to 

exhibit anti-inflammatory properties by modulating the activity of several macrophages. 

(Long et al., 2019). It is also noteworthy that palmatine has hepatoprotective effects that 

involve the inhibition of calcium release-activated channels and extracellular potassium 

ions. (Tarabasz & Kukula‐Koch, 2019). In addition, studies have suggested that palmatine 

has the ability to attenuate postprandial hyperglycemia, inhibit lipid accumulation, and 

act as an antihyperglycemic agent by stimulating insulin release. (Long et al., 2019; 

Tarabasz & Kukula‐Koch, 2019). However, further research is necessary to ascertain its 
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safety profile, elucidate its mechanisms of action, and explore potential drug 

interactions. (Long et al., 2019; Tarabasz & Kukula‐Koch, 2019). In addition, palmatine, 

in combination with berberine, significantly enhances acetylcholinesterase inhibition, 

thereby reducing inflammation and oxidative stress, which are implicated in Alzheimer's 

disease progression. (Long et al., 2019; Jia et al., 2021). Also it is responsible for 

regulating the β-amyloid deposition and protein abnormalities, thus contributing to the 

preservation of normal cell function. (Tarabasz & Kukula‐Koch, 2019). Moreover, 

palmatine exhibits anticancer activity against various cancer cell lines and shows 

promise in alleviating cardiac hypertrophy and acute lung injury. (Long et al., 2019 ; Zuo 

et al., 2024). Its antidepressant effects are attributed to its antioxidant properties, 

regulating brain catalase levels (Long et al., 2019; Tarabasz & Kukula‐Koch, 2019). 

Although palmatine demonstrates potent anticancer activity, it's essential to note its 

association with DNA toxicity and its complex effects on liver metabolic enzymes.(Long 

et al., 2019). According to pharmacokinetic studies reveal that glucuronidation and 

sulfation are the primary metabolic pathways for palmatine (Long et al., 2019). More 

specifically, structural-functional relationship analyses indicate that substituents at the 

C2 and C3 positions significantly influence its toxicity and antibacterial activity, with 

derivatives showing reduced toxicity (Long et al., 2019). Nevertheless, further exploration 

into the molecular-level interactions of different alkaloids is imperative for the 

understanding of their structural-functional relationships and their effects, providing 

valuable insights into their therapeutic and toxicity potentials. (Long et al., 2019). 

 

3-5-4 The role of Palmatine  ( PAL ) in inhibiting major health conditions affecting the 

elderly: 

3-5-4-1 PAL's Cardioprotective Effects: 

Previous studies, reported that PAL attenuated myocardial injury induced by ischemia–

reperfusion by inhibiting inflammation and oxidative stress. (Tang et al., 2021). Since 

oxidative stress has been proven to be a critical pathological process responsible for 

ischemic stroke and cerebral I/R injury. (Tang et al., 2021). Therefore, PAL Suppresses 

Oxidative Stress after Cerebral I/R Injury. Consistent with the results of animal 

experiments, PAL administration also significantly decreased the mRNA expression of IL-
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1β, IL-6, and TNF-α in PC12 cells following H/R. (Tang et al., 2021). However, it is 

unknown whether PAL exerts a cardioprotective effect against DOX-induced 

cardiotoxicity. As expected, we found that administration could reduce myocardial injury 

in DOX-treated mice and NRCMs  ( Neonatal Rat Cardiomyocytes ). (Cheng et al., 2022). 

In addition, echocardiography also showed that PAL administration improved DOX-

induced cardiac dysfunction. In addition, it has been suggested that PAL reduces cardiac 

and cerebral ischemic injury by suppressing oxidative damage and cell apoptosis .Thus, 

we further determined whether PAL could attenuate oxidative damage and 

cardiomyocyte apoptosis after DOX insult. Plus, PAL treatment significantly attenuated 

cell apoptosis in mouse hearts and NRCMs after DOX insult, further suggesting the 

cardioprotective effect of PAL against DOX-induced cardiotoxicity. (Cheng et al., 2022). 

 

3-5-4-2 The role of Palmatine in Gouty Arthritis: 

In the past few decades, the incidence of gouty arthritis has increased all over the word. 

Currently, colchicine and corticosteroids are the most frequently used drugs for the 

prevention and treatment of gouty arthritis. However, clinical studies have found that 

these agents usually cause many undesirable side effects in patients, including 

gastrointestinal bleeding, gastrointestinal toxicity, and nephrotoxicity. Investigated the 

role of PAL and Col in MSU-induced gouty arthritis. After mice were orally administrated 

with different concentrations of test articles, MSU crystals (0.1 mg) were injected into the 

knee joints of mice , there was an obvious swelling in the model group after injection of 

MSU. However, in the PAL and Col treatment groups, the swelling was significantly 

decreased, (J. Cheng et al., 2022) but PLT suppressed the MSU-induced gouty arthritis. 

Either 25 mg/kg (L), 50 mg/kg (M) and 100 mg/kg (H) of PAL, PBS (Con) or 1 mg/kg of Col 

(positive control group) was orally administered to mice. After 1 h, either monosodium 

urate (MSU) crystal in 0.1 mg/10 µL of PBS or PBS alone was injected into the left knee 

joint of each mouse. (J. Cheng et al., 2022). As an acute inflammatory disease, gout has 

seriously affected the quality of life of patients. Some inflammatory factors, such as IL-

1β and IL-18, have been found to play essential roles in the occurrence and development 

of acute gouty arthritis. In macrophages, the inactive precursors IL-1β and IL-18 need to 

be cleaved by caspase-1 to become active form. (J. Cheng et al., 2022). Both TNF-α and 
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IL-6 are significantly related to the pathogenesis of MSU-induced inflammatory 

response, whose productions can be enhanced by IL-1β. Compared with healthy 

controls, patients with gout have higher levels of inflammatory factors in serum and other 

tissues, which could further accelerate inflammatory reaction. (J. Cheng et al., 2022). 

Previous studies have suggested that PAL has anti-inflammatory effect in multiple 

diseases. Therefore, a previous study evaluated the potential role of PAL in LPS- and 

MSU-stimulated THP-1 cells. ELISA and qRT-PCR analyzes showed that PAL dose-

dependently decreased the production and mRNA expression of IL-1β, IL-18, TNF-α and 

IL-6 compared to the model group.(Ghonime et al., 2014). Interestingly, the effect of PAL 

(80 μM) was similar to that of Col, suggesting that PAL also had a significant anti-

inflammatory effect. (J. Cheng et al., 2022). It has been reported that gout is 

accompanied by the activation of NF-κB signaling pathway, which can regulate the 

expression of NLRP3 inflammasome. (Ghonime et al., 2014) Therefore, to further explore 

the anti-inflammatory mechanism of PAL, we investigated whether PAL would affect 

NLRP3 inflammasome activation or NF-κB pathway. (J. Cheng et al., 2022; Ghonime et 

al., 2014). NF-κB serves as a crucial initial step that triggers expression of NLRP3 

inflammasome components by upregulating the expression of NLRP3, pro‐IL‐1β and pro-

IL-18. (Ghonime et al., 2014). PAL exerted anti-inflammatory effect in goat endometrial 

epithelial cells, at least in part, via regulation of the NF-κB pathway. (J. Cheng et al., 

2022). In the present study,  Previous results indicated that PAL dose-dependently 

inhibited the activation of NF-κB pathway by blocking the phosphorylation of p-65 and 

IKB-α. Palmatin can significantly inhibit the Wnt1/β-catenin signaling pathway, protect 

chondrocytes and knee cartilage and prevent the progression of OA. (Ghonime et al., 

2014). Palmatin can effectively treat arthritis and has been proven. At a molecular level, 

CC (Coptis chinensis) plays an important role in the treatment of arthritis by regulating 

NF-κB, Wnt1/β-catenin and PI3K/AKT/mTOR signaling pathways and inhibiting the 

expression of IL-6,  IL-1β , MMP-3 and TNF-α. (Ghonime et al., 2014). 

 

3-5-4-3 The role of Palmatine in Alzheimer’s disease: 

Due to the complexity of the causes of Alzheimer’s disease, there is no effective 

therapeutic drug for AD. (Wang et al., 2023). Since palmatine is a natural alkaloid with a 
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variety of pharmacological activities, but there are fewer studies on its ameliorative 

effect on AD and its mechanism of action. (Wang et al., 2023; Kiris et al., 2023). An In Vivo 

Study Investigating the Anti-inflammatory, Antioxidant, and Neuroprotective Activities of 

Palmatine in Mouse Models, Including Enhancement of Learning and Memory Abilities. 

(Wang et al., 2023; Kiris et al., 2023). In patients with Alzheimer’s disease, antioxidant 

enzyme activity is diminished, leading to the excessive accumulation of reactive oxygen 

species, which in turn leads to oxidative damage . As we all know, reactive oxygen 

species can increase the release of cytochrome-c, activate the expression of caspase 

proteins and aggravate mitochondrial swelling in the early stages of apoptosis. The 

cerebellum was the prominent site of the alterations in PAL. A pairwise comparison of 

the DEPs revealed that most of the changes in PAL compared to ALZ were opposite of 

those in ALZ in comparison to ALM. (Kiris et al., 2023). Bioinformatic analyses revealed 

HS105, HS12A, and RL12 proteins as hub proteins, and their protein expression levels 

were verified with Western blot analysis. (Kiris et al., 2023). PAL as a potential therapeutic 

candidate owing to its alleviating effect mice on not only cognitive impairment but also 

proteomes in the cerebellum and hippocampus. (Kiris et al., 2023; Ma et al., 2023). Plus, 

PAL might be a good candidate for combination therapies since it distinctively targets the 

cerebellum. (Kiris et al., 2023). It was found that Aβ25-35 could raise the levels of ROS 

and MDA accumulation in PC12 cells while decreasing GSH and SOD activity. In turn, the 

accumulation of reactive oxygen species in the body leads to an increase in Aβ, and this 

interaction accelerates the development of AD. The use of antioxidants can be a good 

way to slow down the progression of AD and is currently receiving a lot of attention. 

(Wojsiat et al., 2018; Wang et al., 2023) Results show that palmatine significantly 

restored the antioxidant enzyme activity in PC12 cells. (Wang et al., 2023). The deposition 

of amyloid beta (Aβ) and hyperphosphorylated tau along with glial cell-mediated 

neuroinflammation are prominent pathogenic hallmarks of AD. (Wojsiat et al., 2018). 

Neuroinflammation plays an important role in the pathogenesis of AD. (Wang et al., 

2023). In the early stages of AD pathogenesis, various pro-inflammatory factors (TNF-α, 

IL-1β, IL-6) activate microglia polarization, thus affecting neurophysiological 

mechanisms, leading to neuronal synaptic damage and even neuronal degeneration and 

necrosis . (Wang et al., 2023). There is a lot of research ongoing to improve AD by 

suppressing inflammation .In the present study, palmatine inhibited the inflammatory 
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response induced by Aβ25-35, and the reduction in the levels of TNF-α, IL-1β, and IL-6 

cytokines validated this idea. (Wojsiat et al., 2018; Wang et al., 2023). A growing number 

of studies have shown that apoptosis is related to AD and has been identified as a 

pathological marker of brain injury . In the present study, the HE staining results show 

that neuronal atrophy occurs in the model group mice. (Wang et al., 2023). The calcein/PI 

staining results also show that Aβ25-35 induced mass apoptosis in PC12 cells, while the 

use of palmatine improved these conditions and reduced apoptosis. (Wang et al., 2023). 

Apoptosis induced by Aβ25-35 may be due to the activation of an intracellular apoptotic 

cascade, including the activation of Bax in hippocampus neurons. Exposure to Aβ25-35 

induced a significant increase in the relative expression of Bax/Bcl-2. (Wang et al., 2023). 

The pro-apoptotic factor Bax and the anti-apoptotic factor Bcl-2 cause mitochondrial 

membrane permeability in vitro, which is a key pathway of mitochondrial apoptosis . 

Through Western blot analysis, we found that palmatine can inhibit the expression of 

Bax, which may be its pathway to ameliorate apoptosis. (Wang et al., 2023). Keap1 is a 

component of the cullin-3 ubiquitin ligase complex that mediates the degradation of Nrf2 

as an inhibitor of Nrf2. The transcription factor Nrf2 is tightly regulated in the cytoplasm 

by Keap1, which plays an important role in the degradation of Nrf2 via the ubiquitin–

proteasome pathway, as well as in the protection of the cell against excessive oxidative 

stress. (Wang et al., 2023). It is worth mentioning that the NRF2/KEAP1 signaling pathway 

plays a key role in neurodegenerative diseases , inflammatory therapies , as well as in a 

variety of cancerous and non-cancerous diseases, such as pre-eclampsia , ovarian 

cancer , breast cancer , prostate cancer , and traumatic brain injury. (Wang et al., 2023). 

Nrf2 is a major protective regulator of antioxidant processes, and the activation of Nrf2 

provides neuroprotection against AD . Palmatin could increase the expression of GSH 

and SOD and decrease intracellular ROS concentration. The expression of GSH and SOD 

is regulated by the Nrf2 signaling pathway, and the activation of the Nrf2 signaling 

pathway can increase the expression of GSH and SOD, thus increasing the antioxidant 

capacity. Palmatine can inhibit oxidative stress by regulating the Nrf2 signaling pathway. 

(Wang et al., 2023). 
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Materials and Methodology 

3.1 Study Design 

This research employed a mixed-methods approach to investigate the potential 

application of selected bioactive compounds—bromelain, berberine, indole-3-carbinol, 

turmeric, and palmatine—within an edible gel matrix for enhancing the health and 

longevity of the elderly population. The study was conducted in two primary phases: 

1. A comprehensive literature review examining the biochemical characteristics, 

bioavailability, and health benefits of the selected bioactive compounds. 

2. A survey-based investigation exploring attitudes and behaviors towards novel 

foods, food neophobia, edible gels, and knowledge of bioactive substances 

among adults. 

This research was supported by the Slovak Research and Development Agency under 

Grant No. APVV-20-0078, "Development of edible gel-based foods and applications in a 

target segment of the aging population." 

3.2 Literature Review Methodology 

The literature review was conducted using systematic search strategies across multiple 

electronic databases, including PubMed, ScienceDirect, Web of Science, and Google 

Scholar. The search terms included combinations of the following keywords: 

"bromelain," "berberine," "indole-3-carbinol," "turmeric," "palmatine," "bioavailability," 

"elderly," "aging," "health benefits," "bioactive compounds," "edible gel matrix," "novel 

foods," and "food delivery systems." 

Studies were included based on the following criteria: 

• Published in peer-reviewed journals 

• Available in English language 

• Published between 2000 and 2024 

• Focusing on the biochemical properties, bioavailability, and health effects of the 

selected compounds 

• Addressing applications relevant to elderly health concerns 
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The literature review focused on analyzing the structural characteristics, mechanisms of 

action, bioavailability, and therapeutic applications of each bioactive compound, with 

particular attention to their potential benefits for age-related conditions. 

 

3.3 Survey Methodology 

3.3.1 Survey Design and Distribution 

A comprehensive survey was developed to assess attitudes and behaviors towards novel 

foods, food neophobia, edible gels, and knowledge of bioactive substances. The survey 

consisted of four main sections: 

1. Novel Foods: Questions about familiarity with novel foods, frequency of trying 

new foods, motivations, and concerns. 

2. Food Neophobia: Assessment of comfort levels with unfamiliar foods, strategies 

to overcome reluctance, and past experiences. 

3. Edible Gels: Exploration of experience with gel-based foods, perceptions 

compared to traditional food forms, and factors influencing acceptance. 

4. Knowledge of Bioactive Substances: Awareness of specific bioactive 

compounds and their potential health benefits. 

The survey included a combination of multiple-choice questions, Likert-scale items, and 

open-ended questions to capture both quantitative and qualitative data. Demographic 

information (age, gender, occupation, education level, and country of residence) was 

also collected to analyze response patterns across different population segments. 

The survey was distributed electronically using an online survey platform. Distribution 

channels included social media platforms, professional networks, university mailing 

lists, and community groups to reach a diverse population. 

3.3.2 Participants 

A total of 101 adults participated in the survey. Participants represented diverse age 

groups, although the majority (77.2%) were between 18-30 years old. The gender 

distribution was relatively balanced, with 53.5% female and 46.5% male respondents. 

Participants came from various geographical regions, with the largest representation 
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from Europe (46.5%), followed by Arab countries (26.7%), Asia (16.8%), Africa (5.9%), 

and America (4%). 

Regarding occupation, 48.5% of participants were students, 38.6% were employed full-

time, 9.9% were employed part-time, and 3% were retired. The educational background 

of participants was predominantly higher education, with 25.1% holding a Master's 

degree or higher and 24.6% holding a Bachelor's degree. 

 

3.3.3 Ethical Considerations 

The survey was conducted in accordance with ethical research principles. Participants 

were provided with information about the purpose of the study and how their data would 

be used. Informed consent was obtained from all participants before they completed the 

survey. All responses were anonymized to protect participant privacy, and data was 

stored securely in compliance with data protection regulations. 

 

3.4 Data Analysis 

3.4.1 Statistical Analysis 

Survey data was analyzed using the Statistical Package for Social Sciences (SPSS). 

Descriptive statistics, including frequencies, percentages, means, and standard 

deviations, were calculated for all quantitative data. Cross-tabulations were performed 

to examine relationships between demographic variables and attitudes towards novel 

foods, food neophobia, and edible gels. 

The analysis focused on identifying: 

• Prevalence of food neophobia and its relationship with demographic factors 

• Attitudes and perceptions towards edible gel-based food products 

• Awareness and knowledge of bioactive substances 

• Factors that might influence the acceptance of edible gel-based foods containing 

bioactive substances among the elderly 

3.4.2 Qualitative Analysis 

Responses to open-ended questions were analyzed using thematic analysis to identify 

recurring themes and patterns. The qualitative data provided deeper insights into 
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participants' perceptions, concerns, and motivations regarding novel foods and edible 

gels. 

 

3.5 Edible Gel Matrix Design Considerations 

Based on the literature review and survey findings, the following considerations were 

incorporated into the conceptual design of the edible gel matrix: 

 

3.5.1 Matrix Composition 

The edible gel matrix was designed with a gelatin core to provide: 

• Structural stability for encapsulating bioactive compounds 

• Protection against degradation by digestive enzymes 

• Controlled release mechanisms for optimal bioavailability 

• Compatible pH environment for maintaining compound stability 

• Sensory acceptability (texture, taste, appearance) 

Additional components considered for the gel matrix included stabilizers, emulsifiers, 

and preservatives to enhance stability and effectiveness. 

 

3.5.2 Bioactive Compound Integration 

The integration of bioactive compounds into the gel matrix considered: 

• Optimal concentration levels for therapeutic effects 

• Potential interactions between compounds 

• Stability during processing and storage 

• Release kinetics in the digestive system 

• Sensory impact on the final product 

•  

3.5.3 Formulation Variables 

The following variables were identified as critical for optimizing the edible gel matrix: 

• Gelatin concentration and bloom strength 



  

54 

 

• pH level and buffering capacity 

• Water activity and moisture content 

• Processing temperature and time 

• Storage conditions 

• Dosage forms (soft gels, liquid-filled capsules, soft chews) 

 

3.6 Limitations 

Several limitations should be acknowledged regarding the methodology of this study: 

1. The survey sample had an overrepresentation of younger adults (18-30 age 

group), which may not fully reflect the attitudes and perceptions of the elderly 

population who would be the primary users of the proposed edible gel products. 

2. The literature review was limited to studies published in English, potentially 

overlooking relevant research published in other languages. 

3. The study did not include sensory evaluation or clinical testing of actual edible gel 

formulations containing the bioactive compounds, which would be necessary for 

a comprehensive assessment of acceptability and efficacy. 

4. Cultural and regional differences in food preferences and attitudes towards novel 

foods may affect the generalizability of the findings across different populations. 

These limitations will be addressed in future research through targeted studies with 

elderly populations, prototype development, and sensory evaluation of edible gel 

formulations containing the selected bioactive compounds. 
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Results and Discussion:  

A Survey among Adults Exploring Attitudes and Behaviors Towards Novel Foods, Food 

Neophobia, Edible Gels, and Bioactive Substances: 

A total of 101 responses were obtained and the results were analyzed using SPSS. The 

results were classified according to: 

4.1 Age, Gender, Occupation, Education Level, and Country: 

 and the findings were as follows. 

4.1.1  AGE  

Tab. 1 

 [The descriptive statistics for the variable AGE] 

 

 

According to the previous table, the age group (18-30 years) ranked first with a count of 

78, representing 77.2%. It was followed by the age group (31-50 years) with a count of 15, 

constituting 14.9%. The age group (51-70 years) came in third place with a count of 7, 

accounting for 6.9%. The age group over 70 years old ranked last with a count of 1, 

representing 1%. 

 

 

 

 

 

frequency percentage age group 

78 77.2% From 18 to 30 years 

15 14.9% From 31 to 50 years 

7 6.9% From 51 to 70 years 

1 1% Over 70 years 

101 100% Total 
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4.1.2 GENDER 
Tab. 2 

[The descriptive statistics for the variable GENDER] 

 

 

From Table (2), it is evident that females occupied the first position with a count of 54, 

representing 53.5%. Meanwhile, males came in second place with a count of 47, 

accounting for 46.5%. 

 
4.1.2 OCCUPATION 

Tab. 3 
 [The descriptive statistics for the variable OCCUPATION] 

 

 

  

 

 

 

 

 

 

 

From Table (3), it is evident that the category "STUDENT" occupied the first position with 

a percentage of 48.5%. It was followed by the category "Employed full-time" with a count 

of 39, representing 38.6%. Meanwhile, the category "RETIRED" came in last with a 

percentage of 3%. 
 

 

frequency percentage Sex 

47 46.5% Male 

54 53.5% Female 

101 100% Total 

frequency percentage OCCUPATION 
 

3 3% Retired 

49 48.5% Student 

10 9.9% Employed part-time 

39 38.6% Employed full-time 

101 100% Total 
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4.1.2 EDUCATIONAL LEVEL 

Tab. 4 

 [The descriptive statistics for the variable EDUCATION LEVEL] 

 

 

 

From the previous table, it is evident that the category "Master's Degree or higher" 

obtained the first position with a percentage of 25.1%. It was followed by the category 

"Bachelor's Degree" with a percentage of 24.6%. Meanwhile, the category "High School 

or below" came in last with a percentage of 3.5%. 

 

4.1.3 COUNTRY 

Tab. 5  

[The descriptive statistics for the variable COUNTRY] 

 

 

 

 

 

 

 

 

 

 
 

frequency percentage EDUCATION_LEVEL   

6 3.5% High School or below 

42 24.6% Bachelor's Degree 

43 25.1% Master's Degree or 
higher 

10 5.8% Some College/Associate 
Degree 

101 100% Total 

Frequency Percentage COUNTRY 

47 46.5% Europe 

17 16.8% Asia 

6 5.9% Africa 

4 4% America 

27 26.7% Arab Country 

101 100% Total 
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From Table (5), it is evident that the category "Europe" came in first place with a 
percentage of 46.5%. It was followed by the category "Arab Country" with a percentage 
of 26.7%. Meanwhile, the category "America" came in last with a percentage of 4%. 

 

4.2  Novel Food 

4.2.1 Results of the first question: Which types of novel foods are you familiar with? 

 

Tab. 6 

 [The descriptive statistics for the first question] 

 

From Table (6), it is evident that the category "plant-based" came in first place with a 

percentage of 42.8%, while the category "edible gel" came in last with a percentage of 

10.4%. 

 

 

 

 

 

 

 

 

Frequency Precentage First Question 

74 42.8% plant_based 

54 31.2% fermented_foods 

18 10.4% edible_gel 

27 15.6% insect 

101 100% Total 
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4.2.2 Results of the second question: How often do you actively seek out and try new 

or unfamiliar foods? 

Tab. 7 

[The descriptive statistics for the second question] 

 

 

From Table (7), it is evident that the category "rarely" occupied the first position with a 

percentage of 35.9%. It was followed by the category "occasionally" in the second 

position with a percentage of 32%. Meanwhile, the category "very frequently" came in 

last with a percentage of 7.8%. 

 

4.2.3 Results of the third question: What motivates you to try novel foods? (e.g., 

health benefits, curiosity, cultural exploration) 

Tab. 8 

 [The descriptive statistics for the third question] 

 

Frequency Precentage Second Question 

8 7.8% very_freuently 

14 13.6% frequently 

33 32% occasionally 

37 35.9% rarely 

11 10.7% never 

103 100% Total 

Frequency Percentage Third Question 
47 24 %  health_benefit 
61 31.1% curiosity 
41 20.9% cultura_exploration 
43 21.9% taste_experimentation 
1 0.5% environmental_benefits 
1 0.5% diet 
1 0.5% I always eat the same 
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From the previous table, it is evident that "curiosity" came in the first position with a 
percentage of 31.1%. "Health benefit" followed in the second position with a percentage 
of 24%. Meanwhile, "environmental benefits," "diet," "I always eat the same," and 
"nothing" all tied for last place with a percentage of 0.5%. 
 

 

Tab. 9  

[The descriptive statistics for the fourth question] 

 

 

 

 

 

 

 

 

 

 

From Table (9), it is evident that the category "a. Yes, and I enjoyed it" came in first place 
with a percentage of 49.5%, while the category "b. Yes, but I didn't enjoy it" came in last 
place with a percentage of 18.8%. 

 

 

 

 

 
 

 

 

 

 

 

1 0.5% nothing 
196 100% Total 

Frequency  Percentage Fourth Question 

50 49.5% a. Yes, and I enjoyed it 

19 18.8% b. Yes, but I didn't 

enjoy it 

32 31.7% c. No, I cannot recall 

101 100% Total 
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Fig. 4 

[The percentage of thought of  trying a novel food] 

 

 

4.2.5 Results of the fifth question: Are there any concerns or reservations you have 

when it comes to trying new foods? 

Tab. 10  

[The descriptive statistics for the fifth question] 
 

 

From Table (10), it is evident that the category "concerns about taste" occupied the first 
position with a percentage of 35.4%. Meanwhile, the categories "preparation hygiene" 
and "For ideological reasons, I prefer eating traditional types of food" tied for last place 
with a percentage of 0.7%. 
 
 

 

 

 

 

 

Frequency Percentage  Fifth Question 
51 35.4% concerns about taste 

22 15.3% Yes, concerns about 
potential allergies 

37 25.7% Yes, concerns about 
health effects 

17 11.8% No, I don't have any 
concerns 

15 10.4% Yes concerns about 
religious reasons 

1 0.7% preparation_hygiene 

1 0.7% For ideological reasons I 
prefer eating traditional 

types of food 

144 100% Total 
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Fig. 5 

[The percentage of the  concerns or reservations to trying new foods] 

4.3 Food Neophobia 

4.3.1 Results of the first question: On a scale of 1 to 10, how comfortable are you 

with trying foods you've never eaten before? 

Tab. 11 

[The descriptive statistics for the first question] 

 

 

 

 

 

 

 

From Table (11), it is evident that the category "moderately comfortable" occupied the 
first position with a percentage of 41.7%, while the category "not comfortable" came in 
last with a percentage of 16.5%. 

 

 

 

 

 

 

 

 

 

 

Fig. 6 

[The percentage of how comfortable are you with trying foods you've never eaten 

before] 

Frequency Percentage  First Question  

17 16.5% not_comfortable 

43 41.7% moderately_comfortable 

24 23.3% comfortable 

19 18.4% very_comfortable 

103 100% Total  
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4.3.2 Results of the second question: Do you find yourself sticking to familiar foods 

rather than experimenting with new ones? If so, why? 

 
Tab. 12 

[The descriptive statistics for the second question] 

 

 

From the previous table, it is evident that the category "for reasons of taste preference" 

came in first place with a percentage of 37.7%, while the category "Yes, due to concerns 

about food allergies" came in last with a percentage of 6.2%. 

 

 

 

 

 

 

 

 

Fig. 7 [The percentage of sticking to familiar foods rather than experimenting with 

new ones] 

Frequency Percentage Second Question 

49 37.7% for reasons of taste 
preference 

28 21.5% Yes, due to concerns 
about food safety 

8 6.2% Yes, due to concerns 
about food allergies 

35 26.9% No, I enjoy 
experimenting with 

new foods 

10 7.7% Yes, for religious 
reasons 

130 100% Total 
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4.3.3 Results of the third question: Have you ever encountered a situation where you 

were hesitant to try a new food but ended up enjoying it?  

Tab. 13 

 [The descriptive statistics for the third question] 

 

It is evident from Table (13) that the percentage of those who answered "Yes" is 72.3%, 

while the percentage of those who answered "No" is 27.7%. 

 

 

 

 

 
 

 

 

 

 

Fig. 8 

[The percentage of individuals' acceptance or hesitation in trying new food] 
 

 

 

 

 

Frequency Percentage Third Question 

73 72.3% yes 

28 27.7% no 

101 100% Total 



  

65 

 

4.3.4 Results of the fourth question: What strategies do you use to overcome any 

reluctance to try new foods? 

Tab. 14 

[The descriptive statistics for the fourth question] 

 
From Table (14), it is evident that "Start with small portions" came in first place with a 

percentage of 47.9%, while "Nothing I would never try" came in last place with a 

percentage of 0.7%. 

 

 

  

 

 

 
 

 

 
 

Fig. 9 

 

[The percentage of strategies used to overcome hesitation in trying new food] 

Frequency Percentage Fourth Question  
69 47.9% Start with small portions 

25 17.4% Cook or prepare it in a 
familiar way 

24 16.7% . Research its health 
benefits 

23 16% Have someone else try it 
first 

2 1.4% Other (please specify), 
Mainly research the 

preparation proccess 

1 0.7% Nothing I would never 
try 

144 100% Total 
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4.4 Edible Gels 
4.4.1  Results of the first question: Have you ever consumed foods presented in gel 

form? If yes, what was your experience like? 

Tab. 15  

[The descriptive statistics for the first question] 

 

 

From Table (15), it is evident that the category "No, I haven't tried foods in gel form" came 

in first place with a percentage of 69.3%, while the category "Yes, but I didn't enjoy it" 

followed, and the category "No, I haven't tried foods in gel form" came in last with a 

percentage of 5.9%. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 10 
 

[The percentage of reactions of consuming gel form food] 
 

Frequency Percentage  First Question  
25 24.8% I enjoy 

6 5.9% Yes, but I didn't enjoy 
it, c. No, I haven't tried 

foods in gel form 

70 69.3% No, I haven't tried 
foods in gel form 

101 100% Total 
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4.4.2 Results of the second question: How would you describe your perception of 

foods presented in gel form compared to traditional solid foods? 

Tab. 16  

[The descriptive statistics for the second question] 

 

 

 

 

 

 

 

From Table (16), it is evident that the category "less_appealing" came in first place with a 

percentage of 72.8%, while the category "more_appealing" came in last place with a 

percentage of 7.8%. 

 

 

 

 

 

 

 

 

Fig. 11 

[The percentage of gel form compared to traditional solid foods] 

 
 
 
 

Frequency Percentage Second Question 

75 72.8% less_appealing 

20 19.4% equally_appealing 

8 7.8% more_appealing 

103 100% Total 
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4.4.3 Results of the third question: Would you be more or less inclined to try a novel 

food if it were presented in a gel form? Why? 

Tab. 17 

[The descriptive statistics for the third question] 

 

 

From Table (17), it is evident that the category "Less inclined" came in first place with a 

percentage of 53.5%, while the category "More inclined" came in last place with a 

percentage of 7.9%. 

 

 

 

 

 

 

 
 

 

Fig. 12 

[The percentage of individuals' acceptance of trying food presented in gel form] 

 

 

Frequency Percentage Third Question 

54 53.5% Less inclined 

39 38.6% Equally inclined 

8 7.9% More inclined 

103 100% Total 
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4.4.4 Results of the fourth question: What factors do you think could influence the 

acceptance of foods in gel form among seniors? 

 

 Tab. 18 

[The descriptive statistics for the fourth question] 

 

 

 

 

 

 

 

 

 

From Table (18), it is evident that the category "appearance" came in first place with a 

percentage of 30.4%, while the category "I haven’t eaten any food in gel form" came in 

last place with a percentage of 0.5%. 

 

 

 

 

 

 

 

 
 
 

 
Fig. 13 

[The percentage of factors influencing the acceptance of jelly-form foods among 
the elderly] 

 

Frequency Percentage Fourth Question 
58 26.7% texture 

66 30.4% appearance 

53 24.4 %  taste 

34 15.7% marketing 

1 0.5% I haven’t eaten any 
food in gel form 

5 2.3% Other (please specify) 
217 100% Total 
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4.4.5 Results of the fifth question: What do you believe is the benefit of consuming 

gel-based foods?  

Tab. 19  

[The descriptive statistics for the fifth question] 

 

From the previous table, it is evident that "Improved digestion and absorption of 

nutrients" came in first place with a percentage of 35.1%, while "none" came in last place 

with a percentage of 0.6%. 

 

 

 

 

 

 

 

 

 
 
 

Frequency Percentage Fifth Question 
22 14.3% Enhanced texture and 

mouthfeel 
54 35.1% Improved digestion 

and absorption of 
nutrients 

42 27.3% Convenient form for 
consumption 

3 1.9% I dont_know 

32 20.8% Potential for 
controlled release of 

nutrients or 
medications 

1 0.6% none 

154 100% Total 
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Fig. 14 
[The percentage of potential benefits of foods presented in jelly form] 

 
4.4.6 Results of the sixth question: What do you perceive as the drawbacks of 

consuming gel-based foods? 

Tab. 20  

[The descriptive statistics for the sixth question] 

 

 
 

 
 
 
 
 
 
 
 
 

 
From Table (20), it is evident that "unappealing" came in first place with a percentage of 

27.5%, while both "nothing" and "other" came in last place with a percentage of 0.5%. 

 

 
 
 
 
 
 
 
 
 
 
 

Fig.  15 [The percentage of anticipated drawbacks of gel-based foods according to 
individuals] 

Frequency Percentage Sixth Question 

53 27.5% unappealing 

34 17.6% limited_variety 

51 26.4% artificial_additives 

23 11.9% concerns 

28 14.5% difficulty 

2 1% other 

1 0.5% nothing 

1 0.5% havent_eaten 

193 100% Total 
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4.5 Knowledge of Bioactive Substances 
 
4.5.1 Results of the first question: Have you heard of any of the following bioactive 

substances: bromelain, berberine, indole-3-carbinol, turmeric, palmatine? If yes, 

which ones? 

Tab. 21 

 [The descriptive statistics for the first question] 
 

 
According to Table 21, turmeric ranked first with a percentage of 32.2%, while berberine 
ranked last with a percentage of 8.7%. 

 

 

 
 
 
 
 
 
 
 
 

Fig. 16 
[The percentage of biologically active substances] 

4.5.2 Results of the second question: How confident are you in your understanding 

of the potential health benefits of these bioactive substances? 

Tab. 22 

Frequency Percentage First Question  

22 14.8% bromelian 

13 8.7% berberine 

14 9.4% indole 

48 32.2% turmeric 

14 9.4% palmatine 

38 25.5% none 

149 100% Total 
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[The descriptive statistics for the second question] 
 

 
 
 
 
 
 
 
 
 

 
From Table (22), it is evident that "Moderately confident" came in first place with a 
percentage of 33%, while "Extremely confident" came in last place with a percentage of 
3.9%. 

 
 
 
 
 
 
 

 
 
 

 

 

 

 

Fig. 17 

[The percentage of individuals' confidence in understanding the health aspects of 

gel-based foods] 

 

 

 

Frequency Percentage Second Question 

21 20.4% Somewhat confident 

34 33% Moderately confident 

13 12.6% Very confident 

4 3.9% Extremely confident 

31 30.1% not confident 

103 100% Total 



  

74 

 

4.5.3 Results of the third question: Are you aware of any specific foods or 

supplements that contain these bioactive substances? 

Tab. 23 

[The descriptive statistics for the third question] 

 

 

 

 

 

 

From the previous table, it is evident that “no” came in first place with a percentage of 

72.3%, while “yes” came in second place with a percentage of 27.7% . 

 

 

 

 

 

 

 

 

 

Fig. 18 

[The percentage of individuals' awareness of active compounds] 

 
 
4.5.4 Results of the fourth question: Are you aware of the types of foods that contain 

bioactive substances? 

 

 

Frequency Percentage Third Question 

73 72.3% no 

28 27.7% yes 

101 100% Total 
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Tab. 24 

 [The descriptive statistics for the fourth question] 

 
 
 
 
 
 
 
 
 
 
 
 

 
From Table 22, it is evident that "fruits" came in first place with a percentage of 23.9%, 
while "none" came in last place with a percentage of 9.2% 
 
 

 

 

 

 
 
 
 
 

Fig. 19 

[The percentage of individuals' awareness of types of biologically active foods] 

 

 

 

 

 

Frequency Percentage Fourth Question 

44 23.9% Fruits 

37 20.1% Vegetables 

43 23.4% Herbs 

43 23.4% Supplements 

17 9.2% None 

184 100% Total 
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Conclusion: 

Ultimately, the edible gel matrix offers a rich potential for amplifying transfer of bioactive 

compounds into the bloodstream, thus raising their effectiveness and availability for 

health improvements. Thanks to its accurately-controlled release mechanism and good 

termination, this gel matrix is a convenient and efficient way of administering bioactive 

compounds to all people of all ages, including senior citizens. With further studies in this 

direction, the edible gel matrix can transform the world of nutraceuticals and functional 

foods, thus calling forth the resources needed for ultimate vitality. 

Pineapple stems contain much bromelain. This natural substance contains a variety of 

proteolytic enzymes, including bromelain as well as peroxidase, acid phosphatase and 

protease inhibitors. Bromelain is recorded as a traditional medicinal use that drags 

historically back to before the Common Era (BCE), and has been shown to have powerful 

anti-inflammatory analgesic properties–among other things. One likely consequence of 

the numerous health benefits stemming from this biochemical is that it can decrease 

swelling, relieve pain and help one take care of meals even when one has a 

stomachache. 

Bromelain is thus a great assistant in wound healing. With its ability to adjust immune 

responses and inhibit the production of proinflammatory cytokines, prostaglandins and 

leukotrienes, bromelain's effective action after injury can be attributed to this. 

In fact, its potential extends to various areas including wound healing, skincare, and 

cancer treatment. This is largely attributed to its protein-digesting capabilities, which 

play a crucial role in tissue repair and supporting a strong immune system. 

The active ingredient berberine is produced by a variety of plants, including barberry, 

goldenseal and Oregon grape. It has been used in traditional Chinese medicine for its 

antimicrobial, diabetes-curing properties. Similarly, in Ayurveda, berberine is taken for 

systemic infections. Know that with its immune-boosting and anti-inflammatory actions 

it is a true wonder. Modern research has further clarified in the last few years just how 

healthy eating lean meat is; Hence we want this site to ensure results for those who eat: 

lean products ore Omega 6 at most and more fish the mainstay in which was rice, 

noodles vegetables Blessed their metabolism. Without healthy liaptier metabolism no 
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one will be well on an Indian-diet: but more ruthfule questions management of these 

factors insures better than guesses at symptoms.We have in addition shown by research 

on Asian trees that berberine might be effective against metabolic syndrome, obesity and 

cardio-vascular disorders. It does so however by promoting healthy lipid metabolism as 

well as lowering high cholesterol levels. Furthermore, the compound berberine 

possesses qualities that can combat inflammation and counteract oxidative stress. This 

may prove beneficial in managing the onset of age-related illnesses such as diabetes, 

cardiovascular disease, and neurodegenerative conditions. 

For example, goldenseal, coptis, and Phellodendron are the home of palmatine- a much- 

sought bonanza. This compound is an alkaloid so very familiar in traditional herbal 

medicine for its ability to cure thrush orspongius and in some cases where the 

inflammation of tissue is severe, indeed palliate pain. However, contemporary scientific 

research shows that palmatine provides many benefits to this tradition of Iran medicine, 

including its substantial antimicrobial effect against bacteria fungi and parasites. 

Together with other studies demonstrated this potential value within the body, in the area 

of relieving inflammation. Therefore such therapy is now a really promising approach for 

conditions such as arthritis or inflammatory bowel disease. In addition, compound 

palmatine possesses strong antioxidative abilities which probably have much cause for 

safeguarding one's health (against aging), like heart disease or some type of senile 

malaise in the end.Therefore, it is necessary that future studies look further into the 

various health benefits of palmatine and whether this may play a role in helping older 

persons in general to be healthy. In broccoli, cabbage and Brussels sprouts, cruciferous 

vegetables are loaded with a compound called I3C. It is remarkable in that this complex 

will make diindolylmethane ( DIM)--a compound holding the prospect for greatly 

assisting health. Well, when estrogen metabolism is plugged and one's odds of 

hormone-related tumors diminish, DIM helps. Obtained through probing research 

findings bacteria in specific I3C and DIM in cancer prevention property, both have great 

capacity to fight cancer. They can check tumor growth, induce programmed cell death, 

and adjust the progression of the cell cycle. Callforward work also suggested that these 

substances could stop metastasis: They inhibit angiogenesis and cell migration to other 

sites. 
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Moreover, the potent duo of I3C and DIM exhibits potential antioxidant and anti-

inflammatory properties, potentially aiding in shielding against age-related illnesses and 

ailments linked to persistent inflammation and oxidative strain. Derived from the 

rhizome of the Curcuma longa plant, turmeric by nature has a distinctly rich golden 

yellow flavor and pleasant curcumin taste. However, with the wealth of curcumin this 

product contains, it has always been part of Chinese and Ayurvedic medicinal 

procedures. Renowned for its strongly anti-inflammatory effect, anti-oxidation ability 

and immune-strengthening amp, this product was able to build a following in both 

countries. Recent scientific discoveries have thereafter helped to clarify the varied uses 

of this colorful adjunct. Now, scientific studies have begun in a new field as well: turmeric 

and curcumin in themselves both look quite promising for an array of illnesses. 

Curcumin possesses promising properties that could alleviate suffering from numerous 

health problems. Its strong anti-inflammatory abilities give hope for relief from 

conditions spanning from arthritis pain to boosted digestive wellness, clearer thinking, 

and maybe even conquering cancer. The yellow compound's mighty anti-inflammatory 

powers designate it as a top candidate for addressing a range of age-related ailments, 

including but not restricted to arthritis, Alzheimer's, and cardiovascular disease. What's 

more, this potent ingredient has exhibited enormous potential in promoting brain health 

through stimulating new neuron growth, shielding against oxidative harm, and 

diminishing beta-amyloid plaques typically tied to Alzheimer's sickness. 
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