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ABSTRACT 

             Benign tumor incidence increased as a result of bad lifestyle and 

dietary habits. Finding natural dietary antioxidants may help control tumor 

incidence and spread.   Pheochromocytoma is a rare neoplastic chromaffin 

cell-based benign tumor in the adrenal glands medulla. Pheochromocytoma 

incidence may increase as a result of the aging process or due to dietary 

consumption of sugar alcohols. Ellagic acid is a naturally occurring 

polyphenolic molecule that possesses multiple health benefits and can 

potentially compete with the development of pheochromocytoma. 50 male 

Wistar rats were used to investigate the efficacy of ellagic acid in protecting 

against aging and dietary-induced pheochromocytoma. Biochemical 

parameters in all experimental rats were determined. Results revealed that 

both aged and dietary-induced pheochromocytoma caused significant 

(p≤0.05) boost in systolic blood pressure, catecholamines (dopamine and 

norepinephrine),metabolites, blood glucose, and serum calcium levels. It 

also impaired significantly (p≤0.05) renal and hepatic functions, induced 

oxidative inflammatory status as well as apoptotic gene expression. Ellagic 

acid consumption protects from pheochromocytoma biochemical 

alterations and maintains normal body function and hemostasis.   

Pheochromocytoma is associated with many adverse biochemical changes 

that may be lethal if it is not diagnosed and treated quickly. Ellagic acid is 

a promising antioxidant and its consumption can protect from benign 

tumors. The study is expected to encourage people to change their bad 

dietary habits and consume natural antioxidants from nature. 

 

  

     INTRODUCTION 

 

              Pheochromocytomas are typically neoplastic chromaffin cell-based benign tumors 

that develop in the adrenal glands, specifically in the adrenal medulla, which exists on top 

of the kidneys. These tumors lead to the overproduction of catecholamines, including 

adrenaline and noradrenaline, resulting in various symptoms and health implications. While 

the precise causes of pheochromocytomas are not always well-defined, they are often 

associated with genetic mutations in adrenal medulla cells (Lenders and Eisenhofer, 2017). 

 Excessive catecholamine production in pheochromocytomas frequently results in 

severe and intermittent hypertension, irregular heart rhythms, palpitations, heart damage, 
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severe headaches, excessive sweating, tremors, and feelings of anxiety or panic. However, 

these tumors can also occur spontaneously without a clear genetic predisposition due to 

dietary and physiological causes such as the aging process (Pacak and Tella,2018). 

Aging is a complicated process caused by the progressive buildup of compounds 

that damage cells as reactive oxygen species (ROS) over time, leading to problems with cell 

organelles, disruptions in cell membrane structure, damage to large molecules, and a decline 

in the functioning of cells and organs (Micheli et al., 2023 and li et al., 2023).  

Apoptosis is the apparent mechanism triggered by oxidative stress, which includes 

protein oxidation, lipid peroxidation, mitochondrial and DNA damage, and the activation of 

pro-inflammatory responses (li et al., 2023). Endogenous enzymatic and non-enzymatic 

antioxidant defense mechanisms are compromised by ROS, either through direct or indirect 

means (Armaini and Imelda, 2021). 

D-galactose (D-gal), a monosaccharide, is the prevalent form of galactose found in 

nature and is widely distributed in dairy products, fruits, and vegetables (Haider et al., 

2015). It serves as a crucial component in the D-gal-prompted aging model, which has 

become increasingly important in aging investigation (Mohamed et al., 2022).  

In normal consumption amounts, D-gal is metabolized into glucose. However, in 

excess, galactose oxidase converts it into aldose and hydroperoxide, leading to the 

generation of oxygen-derived free radicals and superoxide anions. In addition, excessive 

amounts of D-gal can attach to free amine groups, leading to the accumulation of advanced 

glycation end products (AGEs) via a process of non-enzymatic glycation (Budni et al., 

2016). 

Advanced glycation end products (AGEs) bind to their receptors, triggering ROS 

production and activating intracellular inflammatory signaling pathways. This, in turn, 

initiates the transcription of downstream genes, including nuclear factor NF-κB, which 

becomes phosphorylated in the nucleus and leads to various responses such as oxidative 

stress and inflammation leading to the pathogenesis of several disorders (Hudson and 

Lippman, 2018; Li et al.,2019 and Liu et al., 2021). 

Certain dietary components, such as high levels of sorbitol (Sor), lactose, xylitol, 

and mannitol, along with other sugars and sugar alcohols, have been linked to a greater 

incidence of pheochromocytomas and adrenal medullary hyperplasia (Chattopadhyay et al., 

2014). 

These dietary components, which are frequently used as food additives in human 

food products without apparent adverse effects, have been shown to develop 

pheochromocytomas in animal models (Tappy and Lê, 2010 and Bourdeau et al., 2018). 

Sorbitol (Sor), or D-glucitol, is a six-carbon alditol with a sweet flavor that naturally 

occurs in fruits and vegetables (Chukwuma and Islam, 2017). It is notable for its sweetness 

as sucrose but with fewer calories (Latona and Akinola, 2020). Sor undergoes metabolism 

primarily in the liver, with a portion that remains non-absorbed and is metabolized by 

colonic bacteria. High dietary levels of Sor and certain nutrients can induce 

pheochromocytomas and adrenal medullary hyperplasia (Al-Salih and Abbas, 2021). 

Ellagic acid (EA) is a compound, with the chemical formula C14H6O8. It is often 

found in nuts, vegetables, and fruits (Naghibi et al., 2023).  EA exhibits powerful 

antioxidant and anti-aging properties due to its structure, which includes two lactones, four 

hydroxyl groups, and two hydrocarbon rings (Zhu et al., 2022). EA has garnered significant 

attention for its diverse health advantages through its capacity to combat harmful reactive 

oxygen and nitrogen species (RONS), by-products of aerobic metabolism, cellular repair, 

and collagen production (Chen et al., 2018 and Sharifi-Rad et al., 2022). 

Anti-aging effects are typically influenced by a combination of factors, including 

genetics, lifestyle, and overall diet. Incorporating a well-balanced diet rich in antioxidants, 
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including EA from natural sources like berries and nuts, can be a valuable part of an anti-

aging strategy (Zhu et al., 2022). 

The current investigation sought to determine whether EA may have any impact on 

pheochromocytoma, which was caused by D-gal-induced aging patterns or high dietary Sor 

levels. 

 

    MATERIALS AND METHODS 

 

Chemicals and Reagents:  

  D-gal (No.100151-230, purity ≥99%), Sor (No. 200-061-5, purity≥98%) and EA 

(No.207-508-3, purity ≥95%) were supplied by Sigma-Aldrich Company for Chemicals, 

(St. Louis, MO, USA), all additional solvents and reagents were of high analytical purity 

and provided by El-Gomhoria Company for Chemicals in Cairo, Egypt. 

Diet: 

           Commercially available standard diet (National Research Council,1995) bought 

from the Biological Products and Vaccines Organization (Helwan, Egypt). 

Animals: 

           Fifty male adult albino Wistar rats, 180-200g and 7 weeks old, were bought from the 

National Research Centre (Cairo, Egypt). The animals were maintained individually in steel 

enclosures with a regulated temperature of 25±5°C, air humidity of 55%±10%, and a 

light/dark cycle of 12/12 hours. The animals were provided with commercial food and water 

ad libitum for 7 days, (acclimatization period). 

Experimental Design:  

Animals were split into 5 groups, each consisting of ten rats-: 

1-Group 1(G1): Normal control (NC), rats received Tween 80 orally and injected with 

normal saline subcutaneously. 

2-Group 2 (G2): Aged-induced pheochromocytoma (AP), rats were administered D-gal 

subcutaneously at a dosage of 300mg per kilogram of body weight per day, dissolved in a 

solution of normal saline with a concentration of 0.9% (weight/volume) (Bo-Htay et al., 

2018). 

3-Group 3 (G3): Aged-induced pheochromocytoma supplied with EA (AP+EA), rats were 

administered subcutaneously with D-gal at a dose of (300mg/kg B.W/d) dissolved in normal 

saline (0.9%, w/v). EA was dissolved in Tween 80 and delivered via oral gavage at a dose 

(150 mg/kg B.W) (Wang et al., 2015). 

4-Group 4 (G4): Dietary-induced pheochromocytoma (DP), rats received Sor at a dose of 

(15g/kg B.W) dissolved in water by oral gavage (WHO, 2023). 

5-Group 5 (G5): Dietary induced pheochromocytoma supplied with EA (DP+EA), rats 

received Sor at a dose (15g/kg B.W) dissolved in water and EA was dissolved in Tween 80 

and delivered via oral gavage at a dose (150 mg/kg B.W). 

 
Fig.1:Design of study .D-gal;D-galactose.Sor.Sorbitol;EA;Ellagec acide.   
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Systolic Blood Pressure Measurement:  

            The systolic blood pressure (SBP) was determined while the animals were under 

anesthesia on the sacrifice day. This was accomplished by means of a blood pressure tail-

cuff device (Model 29 pulse amplifier equipped with an integrated tail-cuff sensor and a 

modified rodent restrainer). To determine the final measurement for SBP, three consecutive 

readings were recorded and averaged (Azlina et al., 2009). 

Collection of Samples:  

            After the 6-week experiment, each animal was put in a metabolic cage to gather 

urine samples over 24 hours. At first, to the test tubes, a drop of strong hydrochloric acid 

was added as a preservative (Mariappan et al., 2016). After the urine collection period, rats 

were administered 1% sodium pentobarbital as an anesthetic to get blood samples after a 

period of overnight fasting.  Serum and plasma were separated from blood and renal tissues 

homogenate prepared from separated kidneys and then stored in a deep freezer at a 

temperature of -20°C until analyzed. 

Biochemical Analysis: 

Determination of Dopamine, Norepinephrine, Chromogranin A and Metanephrine"  

            Serum and urine dopamine and norepinephrine, plasma chromogranin A 

(parathyroid secretory protein 1), and metanephrine in serum and urine were determined 

using a rat ELISA kit from MyBioSource Company (San Diego, California, USA), in stat 

fax-2100 equipment.  

Determination of Fasting Blood Glucose and Serum Calcium Levels: 

            Blood glucose during fasting was measured using the enzymatic colorimetric 

technique (Trinder, 1969), and serum calcium level was measured using the colorimetric 

method (Gindler and King, 1972). 

Determination of Kidney Functions: 

             Colorimetric test kits obtained from a Bio- diagnostic company (Dokki, Giza, 

Egypt) were used to measure serum urea, creatinine, and protein levels. 

Measurement of Antioxidant Activity and Lipid Peroxidation: 

             The activity of erythrocyte superoxide dismutase, (SOD) and level of reduced 

glutathione (GSH) were done (Nishikimi et al., 1972 and Beutler et al., 1963). Serum 

malondialdehyde (MDA) content was measured (Draper and Hadley,1990) by a 

colorimetric assay kit purchased from a Biodiagnostic company (Dokki, Giza, Egypt).  

Determination of Inflammatory Markers in Serum:  

            Tumor necrosis factor – α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) 

levels in serum were analyzed by rat ELISA kit from MyBiosource company (San Diego, 

California, USA), in stat fax-2100 equipment.  

 Biochemical Parameters of Hepatic Marker Enzymes: 

            Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 

activities were measured using the colorimetric technique using kits of Spectrum 

Diagnostics, Egypt (Reitman and Frankel, 1957). 

 Relative Gene Expression of Apoptotic Markers in Renal Tissue:  

            The real-time quantitative polymerase chain reaction method was used to determine 

B-cell lymphoma2 (Bcl2) and Bcl2 associated x-protein (BAX) gene expression in renal 

tissue using SV total RNA isolation system (CAT. NO. #Z3500, Promega, USA) tissue 

extraction kit, high capacity cDNA reverse transcription kit (CAT. NO. #K4374966, Thermo 

Fisher Scientific, USA), and Maxima SYBR Green qPCR Master Mix (2X) kit with ROX 

solution (CAT. NO. #K0252, Thermo Fisher Scientific, USA) following Bcl2 Forward: 5'- 

GTGGATGACTGAGTACCT -3' and Reverse: 5'- CCAGGAGAAATCAAACAGAG -3' 

primers as well as forward:5'- CTACAGGGTTTCATCCAG -3'and reverse: 5'- 

CCAGTTCATCTCCAATTCG -3' primers for BAX (Afonina et al., 1997). 
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Statistical Analysis:  

             The findings were presented as mean ± SE or standard error. Version 20 of the 

Statistical Program for Social Sciences (SPSS) was used to examine values using one-way 

ANOVA. The least significant difference (LSD) at the (P≤0.05) level was used to examine 

the average difference (Levesque, 2007) 

 

     RESULTS  

 

Analysis of Systolic Blood Pressure:  

              Data illustrated in Figure 2, revealed that both aged and dietary-induced 

pheochromocytoma rats suffered from high systolic blood pressure in comparison with 

normal control rats (p≤0.05). Contrary EA consumption improved systolic blood pressure 

levels in affected rats (G3 and G5) (p≤0.05) in comparison to non-supplemented rats (G2 

and G4).   

 
Fig. 2: Systolic blood pressure in all experimental groups. 

  

Dopamine and Norepinephrine Levels: 

            Results presented in Figure 3 (a,b,c, and d), illustrated that both aged and dietary 

induction of pheochromocytoma caused an increased secretion of dopamine and 

norepinephrine resulting in their high level in both serum and urine. On the other hand EA 

attenuated hormone secretion in supplemented groups. Aged pheochromocytoma rats 

recorded the highest serum and urine dopamine and norepinephrine levels (p≤0.05).  

 
Fig.3: Serum and urine dopamine and nor-epinephrine levels in all experimental groups. 
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Exploring Chromogranin A and Metanephrine Concentrations  

           Plasma chromogranin A, plasma, and urine metanephrine concentrations were 

significantly elevated (p≤0.05) in aged and dietary-induced pheochromocytoma groups         

(Fig. 4 a,b, and c). Health-promoting properties of EA improved these results by decreasing 

levels of plasma chromogranin A and metanephrine in plasma and urine significantly 

(p≤0.05) in G3 and G5.  

 

 
Fig. 4: Chromogranin A and metanephrine concentrations in all experimental groups. 

 

Fasting Blood Glucose and Serum Calcium Levels:  

           One of the biochemical signs of pheochromocytoma is increased levels of fasting 

blood glucose and calcium significantly as in G2 and G4 (p≤0.05) in comparison with the 

normal control group. EA oral intake in G3 and G5 improved blood glucose and calcium 

concentrations significantly (p≤0.05) (Fig. 5 a and b).  

 

 
Fig. 5: Fasting blood glucose and serum calcium contents in all experimental groups. 

 

Estimation of Kidney Function: 

               Pheochromocytoma deteriorated kidney functions ( Fig. 6 a, b and c) as indicated 

by increased serum urea, creatinine, and total protein levels significantly (p≤0.05) in both 

aged and dietary forms while EA-consumed rats showed enhanced renal functions as in G3 

and G5. 
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Fig. 6: Serum urea, creatinine, and total protein levels in all experimental groups. 

 

Antioxidants and Lipid Peroxidation Effects:  

               Values shown in Figure 7(a, b, and c), illustrated that pheochromocytoma caused 

an oxidative status by decreased SOD activity, GSH level, and increased MDA values 

significantly (p≤0.05) in G2 and G4. Antioxidant properties of EA counteracted the 

oxidative status in supplemented groups by improving antioxidant activity and level with 

attenuating MDA formation in G3 and G5 significantly (p≤0.05).  

 

 
Fig.7: Erythrocytes SOD activity, blood GSH, and serum MDA levels in all experimental 

groups. 

 

Serum Inflammatory Markers:  

             Serum inflammatory marker levels such as TNF-α, IL-1β, and IL-6 were 

significantly elevated (p≤0.05) in aged and dietary-induced pheochromocytoma (Fig 8). The 

most significant (p≤0.05) increment was recorded in G2 in comparison to a normal control 

group. EA prevented inflammation in supplemented groups and improved inflammatory 

marker levels significantly (p≤0.05) in G3 and G5. 

    

 
      Fig. 8: Serum TNF-α, IL-1β, and IL-6 levels in all experimental groups. 
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Serum Hepatic Markers Enzyme Activities:  

        Liver function deteriorated significantly (p≤0.05) in pheochromocytoma-induced rats 

(G2 and G4) (Fig. 9a and b). The most significant increment (p≤0.05) in serum ALT and 

AST was recorded in aged-induced pheochromocytoma rats. EA preserved hepatic function 

in supplemented groups (G3 and G5) significantly (p≤0.05). 

 

 
Fig. 9: Serum ALT and AST activities in all experimental groups. 

 

Renal Apoptotic Markers Gene Expression:  

            As a result of oxidative stress and inflammation apoptosis was initiated in aged and 

dietary-induced pheochromocytoma rats. Renal apoptotic marker (Bax) gene expression 

increased significantly while gene expression of renal anti-apoptotic marker (Bcl2) 

decreased significantly in pheochromocytoma groups (G2 and G4).EA controlled the 

apoptotic process by improving apoptotic and anti-apoptotic marker gene expression in 

supplemented groups ( Fig 10a and b).  

 

 
Fig.10: Renal Bax and Bcl2 gene expression in all experimental groups. 

 

     DISCUSSION  

 

               Pheochromocytomas are typically tumors growing from chromaffin cells, 

primarily found in the adrenal medulla. Catecholamines including dopamine, epinephrine, 

and norepinephrine are naturally produced by chromaffin cells. Pheochromocytoma 

diagnosis usually needs several tests, the most significant of which is biochemical proof of 

the tumor's excessive synthesis of catecholamines. Measurements of catecholamines and 

their specific metabolites in urine or plasma are typically used to confirm 

pheochromocytomas (Lenders et al., 2020 and Gupta and Marwaha, 2023). 

             Serum and urine dopamine and norepinephrine levels were increased significantly 

in association with higher systolic blood pressure by D-gal and Sor administration as 
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evidenced by pheochromocytoma induction. Zuber et al., (2011) found favorable 

associations between dopamine, epinephrine, and norepinephrine excretion in the urine and 

systolic blood pressure.  

            Tischler et al., (1996) found that rats who ate diets containing 20 percent xylitol or 

Sor, showed an increase in catecholamine concentration in their adrenal glands. This 

suggests that dietary sugars and their alcohols affect the function of the adrenal medulla. 

This elevation was minimized in groups supplemented with EA and such results are 

emphasized by another study done by Hoseinynejad et al., (2021) who found that EA is 

effective as a therapy for illnesses involving the kidneys. EA's antioxidant action 

demonstrates its ability to block the angiotensin-converting enzyme, which has rendered it 

a desirable molecule for the management of hypertension (Sharifi-Rad et al.,2022 and 

Gbinigie et al., 2017). 

           Adrenal tumor chromaffin cells increase the generation of norepinephrine and 

adrenal hormones, which are then metabolized into metanephrine and normetanephrine 

(Mohr et al., 2021). Plasma metanephrine is a highly sensitive and specific way to diagnose 

pheochromocytomas and its concentration is correlated with the size of the tumor (Mula-

Abed et al., 2015). 

           Chromogranin A (parathyroid secretory protein 1) is a biomarker for the assessment 

of neuro-endocrine tumors including adrenal system tumors such as pheochromocytoma. It 

has been proposed that employing chromogranin A as an indicator could aid in 

differentiating pheochromocytoma as part of the secondary diagnostic assessment for 

arterial hypertension (Bílek et al., 2019). 

              Chromogranin A and catecholamine release, which affects the control of blood 

pressure, have a more complex interaction, the kidneys eliminate chromogranin A, and even 

a little renal failure can cause large increases in its serum concentration (Mir et al., 2020). 

 The value of measuring the amount of chromogranin A; (a tumor marker for several 

diseases) was higher in 89% of pheochromocytomas (Bílek et al., 2019). 

             Pheochromocytomas in rats can lead to the formation of the rat’s adrenal medulla 

proliferative lesions. These lesions function by changing the calcium homeostasis, which 

causes the adrenal medulla's cells to proliferate. Numerous non-genotoxic substances that 

cause pheochromocytomas in rats appear to share this route (Tischler et al., 1996; Tischler 

et al.,1999 and Greim, et al.,2009 ). 

            In rats, the development of adrenal tumors caused by high dosages of slowly or 

poorly absorbed carbohydrates, such as lactose or sugar alcohols like Sor, is influenced by 

three main factors. These factors include a strong genetic susceptibility that predisposes 

to adreno-medullary proliferation, excessive absorption of calcium in the intestines which 

leads to disruption of the hormonal system responsible for maintaining calcium balance, 

and the adrenal gland's proliferative and functional response to such changes in calcium 

homeostasis (Lynch et al., 1996 and Tischler et al., 1996). 

            Ca2+up-controls tyrosine hydroxylase, which in turn controls the synthesis of 

catecholamines (Liu et al., 2020). It was proposed that abnormal calcium homeostasis would 

promote the growth of chromaffin cells, which are susceptible to oxidative damage from 

byproducts of catecholamine metabolism (Tischler et al., 1996 and Baez et al., 1994 ) 

ultimately leading to the development of pheochromocytomas in rats (Tischler et al.,1999 

and Berends et al., 2019).  

            The organs and blood vessels' receptors for catecholamines respond with released 

catecholamines, activating an intracellular signal chain through membrane-bound G 

proteins. Increased Basel metabolic rate, increased muscle perfusion, increased heart rate, 

elevated blood pressure, and an increase in the values of glucose and free fatty acids in the 

blood linked with insulin resistance are all triggered by two main mechanisms: direct 
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adrenergic receptor stimulation and indirect glucagon secretion   (Greim et al., 2009 and 

Moustaki et al., 2023 ).  

              Norepinephrine and dopamine play a role in controlling renal function. Both 

dopamine and norepinephrine are released by the renal nerves, and the excretion of both 

catecholamines in the urine is significantly changed when the kidney is enervated (Choi et 

al., 2015). This explained the impaired renal function in AP and DP groups. Many research 

studies have proved the effectiveness of EA as a preventative and treatment for renal 

problems (Hoseinynejad et al., 2021). EA may be able to avoid nephrotoxicity by reducing 

biochemical oxidative stress, as measured by parameters such as MDA, which is linked to 

an improvement in the evaluation of kidney function (Sonaje et al., 2007). 

              Both AP and DP biochemical investigations were linked with elevated ROS 

production causing oxidative stress, inflammation, mitochondrial malfunction, and 

apoptosis.  TNF-α, IL-6, and IL-1β are among the cytokines that manipulate a crucial part 

in the onset and advancement of oxidative stress because they are linked to ROS (Ullah et 

al., 2015 and Wang et al., 2022).   

            While EA intake improved the antioxidant activity, because of its basic structure that 

scavenges both superoxide radicals and hydroxyl anion. EA's pharmacological properties 

are dependent on its antioxidant activity (Chen et al., 2018 and Naraki et al., 2023). 

            In addition, EA can stimulate the activation of genes responsible for the production 

of molecules involved in antioxidant defense. It also promotes proteins, enzymes, and 

transcription factors expression that inhibit pathways that produce oxidative stress, such as 

cytochrome P450-dependent phase I enzymes and nicotinamide adenine dinucleotide 

phosphate oxidase (Zhong et al., 2018 and Alfei et al., 2020).  

              Rats given EA exhibited a considerable decrease in the levels of cytokines linked 

to inflammation (Gupta et al., 2021). Results suggest that EA effectively minimizes 

inflammation in AP and DP rats by modulating the production of ROS and pro-

inflammatory mediators consequently reducing TNF-α, IL-1β, and IL-6 levels, hence 

preventing renal cell death (Marín et al.,2013 and Liu et al., 2020).  

             Elevated ALT and AST activities were recorded in AP and DP rats. There are 

numerous facets of liver physiology in which catecholamines are involved. Previous reports 

have indicated their involvement in several pathophysiological processes, including the 

initiation of fibrosis and the advancement of cancer through inflammation and lipid 

precipitation (Lelou et al., 2022). There have been reports of liver injury and malfunction 

after D-gal injection, which would result in various serum enzymes elevated activities (Li 

et al., 2016). Also, the liver is the main organ responsible for metabolizing Sor. Sor enters 

the glycolytic route in the liver after being converted to fructose or glucose, which may have 

an impact on lipogenesis (Ellwood et al., 1999 and Iizuka, 2023).  

              In the present study elevation of apoptotic marker BAX and decreases in anti-

apoptotic marker Bcl2 in AP and DP groups as a result of pheochromocytoma development 

associated with oxidative stress and inflammation initiating apoptosis and cell death. 

Administration of EA caused correction of such levels, this is in approval with (Guo and Li, 

2018; Liu et al., 2020 and Mohammed et al., 2021). In the meantime, BAX's primary role 

is to speed up apoptosis. It works in tandem with Bcl2 to control cell death. Consequently, 

EA treatment reduces apoptosis by dramatically regulating the production of Bcl2 and BAX 

proteins (Chen et al., 2018 and Čižmáriková et al., 2023).  

CONCLUSION 

               Pheochromocytoma is a neoplastic chromaffin benign tumor that develops in the 

adrenal medulla atop the kidney. Its development is associated with genetic causes but 

changes in lifestyle with more consumption of food additives such as D-gal and Sor made 

pheochromocytoma more common. Investigation of pheochromocytoma is not easy as a 

result of its associated various symptoms but its main symptom and cause is the increased 

https://link.springer.com/article/10.1007/s12020-023-03492-7#auth-Melpomeni-Moustaki-Aff1
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catecholamines secretion. Incorporating dietary polyphenolic compounds as EA competes 

with such diseases due to its many health benefits.  
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