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ABSTRACT
Background: Cancer remains a major global challenge characterised by uncontrolled cell proliferation and metabolic reprogramming. Beyond the traditional somatic theory, emerging evidence supports the mitochondrial metabolic theory of cancer, which attributes disease progression to impaired oxidative phosphorylation and increased reliance on glutaminolysis.
Aim: The aim of the study is to evaluate the levels of glutamic acid in cancer patients and apparently healthy control subjects.
Study Design: This was a cross-sectional study and subjects were recruited using a convenience sampling technique. 
Methodology: A total of 100 participants (50 cancer patients and 50 apparently control subjects) were recruited for the study from Rivers State University Teaching Hospital and University of Port Harcourt Teaching Hospital in Port Harcourt, Rivers State. The plasma concentration of glutamic acid was analysed using glutamic acid colourimetric kits.
Results: The mean plasma glutamic acid concentration in cancer (134.83 ± 14.66) subjects was higher compared to the healthy control (101.82 ± 10.99), confirming increased glutaminolysis and alteration in metabolic pathways in cancer. The result obtained also show a statistically significant difference in glutamic acid level across the various stages of cancer progression, with stage iv having the highest (150.93 ± 12.54), followed by Stage III (134.25 ± 12.12) and then Stage I-II (124.52 ± 5.29). From the results, glutamic acid, a byproduct of glutamine metabolism can be used as a biomarker for early cancer detection.
CONLUSION: There was significant increase in glutamic acid in cancer patients compared to the apparently healthy control. Thus, indicating metabolic reprogramming in cancer supports substrate level phosphorylation.
 Keywords: Cancer, mitochondria, glutaminolysis, substrate level phosphorylation

INTRODUCTION
Cancer is a systemic disease affecting not just human beings but other species of animals, like dogs etc. (Kattner et al., 2021). In the human population, cancer is considered the second leading cause of death globally, and an important barrier to life expectancy. According to the International Agency for Research on Cancer (IARC) of the World Health Organisation (WHO), about 18.1 million new cases of cancer was diagnosed in 2018 out of which 9.6 million died (Bray et al., 2018). Going forward on cancer prevalence, global statistics on cancer in 2020 (GLOBOCAN 2020) reported 19.3 million new cases and 10 million deaths. These figures highlight the rising global burden of cancer, particularly in low-and-middle-income countries that are undergoing economic and epidemiological transition notwithstanding the advancement in cancer genetics (Sung et al., 2021). This increased morbidity and mortality rate in the human population have resulted in monumental losses of life and potential, leaving behind emotional trauma, depression and even psychological instability (Quinto et al., 2022). While cancer can occur at any age, studies shows that its prevalence increase significantly with aging (McGuire et al., 2015).
In Nigeria and sub-Saharan Africa, the prevalence of cancer is alarming and demands urgent intervention and public health concern to curtail its death related cases. Late diagnosis, poor health infrastructure, financial constraints and limited access to treatment are major factors responsible for decreased survival and increased cancer-related death in the region (Mattiuzzi & Lippi, 2019). Although the prevalence of cancer across the continent (Africa) differs, but in Nigeria, about 100,000 new cases occur annually with a high fatality ratio. Studies of cancer epidemiolocal pattern from registries showed that the most frequent cancer among Nigerian men are prostate and colorectal cancer while breast and cervical cancer are predominant in female. With approximately 20% of the population of Africa, Nigeria contributed 15% to the estimated 681,000 new cases of cancer that occurred in the continent in the year, 2008 (Fapohunda et al., 2020).
The causes of cancer are multifactorial, including infectious biological agents like human immunodeficiency virus (HIV), hepatitis B, Epstein Barr virus (Saini et al., 2020). Unhealthy lifestyle such as smoking of tobacco, poor diet intake, excessive consumption of alcohol and lack of physical exercise is another factor liable to cause cancer in the human population (Singh et al., 2024) as well as exposure to radiation (Saini et al., 2020). Away from infectious biological agents and unhealthy lifestyle, different studies have proven that cancer is caused by mutation of genes and proteins such as tumour suppressor gene (P53), antigen-presenting cells (APC), keinstein rat sarcoma (KRAS) and MAPK (Mundel et al., 2023).
Cancer is described by different researchers in diverse ways, but largely conform to the current definition by the National Cancer Institute (NCI) in 2021. NCI defines cancer as a disease characterised by the uncontrolled growth of some body’s cells, which have the tendency of spreading to other parts of the body. These proliferating body cells are transformed cells, having abnormal structure with an altered physiological function that differ from normal cells (Brown et al. 2023). 
Traditionally, cancer is viewed as a genetic disease that arises as a result of genetic and epigenetic mutation of the somatic cells. This mutation usual occurs in nonreproductive cells like p53 and tumour suppressor gene that safeguard the nuclear and mitochondrial deoxyribonucleic acid (DNA) against damage (Saini et al., 2020). The somatic mutation theory (SMT) establishes a dogma in oncology that serve as a hallmark for the general acceptance of the traditional view of cancer as a genetic disease. This theory was established by Theodore Boveri in 1914 (Seyfried et al., 2020).
Contrary to the somatic mutation theory, different studies suggests that dysfunction in the mitochondria is a contributing factor to cancer. This dysfunction entails metabolic reprogramming of various pathways such as glycolysis, Krebs cycle, electron transport chain (ETC) etc. (Seyfried et al., 2020). The concept of cancer as a metabolic disease is rooted in the work of Otto Warburg. Otto Warburg was a German biochemist and physiologist, who, discovered that cancer cell relies on the fermentation of glucose even in the presence of excess oxygen. This is termed Warburg effect (Warburg, 1925). Tumor cells consume high amounts of glucose and glutamine to produce lactic and succinic acid respectively via substrate level phosphorylation. The Warburg effect undermine the shift from oxidative phosphorylation to substrate level phosphorylation by cancer cells as a bioenergetic alteration mechanism to meet up their high energy demands (Potter et al., 2016). Hence, it serves as a crucial machinery that drives cancer progression, resistance to therapies and reduced patient survival outcome (Vaupel & Multhoff, 2021).
The mitochondria, often refer to as the powerhouse of the cell, is an intracellular organelle situated in the cytosol of cells, and are responsible for the generation of respiratory ATP for metabolism and other cellular activities like intracellular signaling in eukaryotic cells (Annesley & Fisher, 2019). It is involved in the production and clearance of reactive oxygen species (ROS), synthesis of nucleotides and amino acids, calcium homeostasis and initiation of apoptosis- natural cell death. However, despite the relevance of mitochondria to life, its dysfunction, which is characterized by alteration in structural morphology and reprogrammed metabolic pathways could lead to several pathological condition such as cancer, type-1 diabetes, aging, Alzheimer’s disease and Parkinson’s disease among others (Li et al., 2024). Over production of ROS which causes damage to the cell’s genome and inhibits cellular activity occur as a result of dysfunctional mitochondria (Kausar et al., 2018). These  
Glutamic acid, a nonessential amino acid under physiological condition is crucial for the synthesis of other amino acid proteins and also serves as neurotransmitter in the central nervous system (Axmedov, 2025). It serves as a substrate for the synthesis of glutathione, which is crucial for protecting the mucosa from peroxide damage, dietary toxins and prevent the toxic effects of ROS on tumour cells. Glutamic acid is produced from glutamine, under the catalytic effect of the enzyme glutaminase, through the glutaminolysis pathway (Korytko, 2024).
In cancer, glutaminolysis is upregulated leading to elevated concentration of glutamic acid (glutamate) (Yi et al., 2020). This is also supported by previous study on cancer metabolism which suggests that glutamine is converted to glutamic acid via glutaminolysis pathway, making glutamic acid concentration increased in blood plasma (Li & Le, 2018).With this significant increase in glutamic acid concentration in cancer patients compared to apparently healthy counterpart, other studies suggested that glutamic acid can be used as a diagnostic marker for detection of cancers, particularly breast cancer (Wang et al., 2018). This increased generation of glutamate were as a result of cancer metabolic pathways reprogramming (Nilsson et al., 2020).
Therefore, this study aims to explore the clinical implications of glutamate alterations in cancer patients and apparently healthy control, viewed through the lens of the mitochondrial metabolic theory of cancer. Understanding how mitochondrial glutamate metabolism responds to cytotoxic stress may not only enhance diagnostic and prognostic approaches but also support the development of more targeted therapeutic interventions in Nigerian oncology practice and the world at large.
2.0 MATERIALS AND METHODS
2.1 Study Area
The study was conducted in Rivers state University Teaching Hospital (RSUTH) and University of Port Harcourt Teaching Hospital (UPTH), Port Harcourt, Rivers state, Nigeria. 
RSUTH is situated in Port Harcourt city local government area, precisely at 5-8 Harvey Street, Old GRA, Port Harcourt, Rivers State. It is a tertiary hospital, which handle referral and complex medical cases from different part of the region. UPTH on the other hand, is a federal government owned teaching hospital attached to the university of Port Harcourt. it is situated in Obio/Akpor local government area, East-West Road opposite Alakahia junction, port Harcourt, Rivers state, with postal address P.M.B 6173. It is also a tertiary hospital with special oncology department that deal on the diagnosis and treatment of different cancer cases.
Port Harcourt, the Headquarters of Rivers State is a metropolitan city located in South-South geopolitical zone of Nigeria. It is situated within latitude 4°49´27ʺ N and longitude 7°2´1 ʺ E with an estimated population of 3,480,101 and a land area of 369 km2. Port Harcourt is known for its rich heritage and mineral resources, making it a hub for different industrial activities.
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Figure 1 Map of Rivers State showing UPTH and RSUTH (from google map)

2.2 Study Population
The study was carried out in RSUTH and UPTH among patients who were diagnosed with cancer (both those receiving chemotherapy and others that are yet to start) and apparently healthy control subjects.
2.3 Selection Criteria
Individuals diagnosed and confirmed with cancer and apparently healthy control subjects within the age 17-55 years and above, and attending RSUTH and UPTH were recruited for the study. Control subjects with liver or kidney dysfunction, children and subjects below age 17 were not recruited to participate in the study, as well as those who refused to give their consent of participation.
2.4 Sample Collection and Preparation
Five (5) ml of the participants’ venous blood sample was collected in ethylenediamine tetra-acetic acid (EDTA) anticoagulant bottle using standard phlebotomy procedure. The procedure was strictly followed to ensure the subjects’ safety and well-being, and reducing risk. After collection, the sample was spun in the centrifuge at 3000RPM for 5minutes, and plasma was extracted into a well labeled plain sample bottle(s). The extracted plasma in the plain bottles was stored in the freezer at below 40 Celsius, awaiting laboratory analysis.
2.5 Sample Size Determination
The study used a prevalence of 30% determined by (Folorunso et al., 2024) in University of Ibadan Teaching Hospital. Using the Cochran formula of sample size, n = Z2 p q/d2, the appropriate sample size given the specified combination of precision, confidence and variability was 99.6. Therefore, the sample size was 100 (50 cancer patients and 50 apparently health control).
2.6 Laboratory Analysis
Glutamic acid in the sample was analysed using the glutamic acid colourimetric kits following the instruction by the manufacturer. Before the laboratory analysis, the reconstituted reagent stored in the freezer for 7 days and the samples were brought from the freezer and allow to stand on the bench, thaw, until room temperature was attained. 0.6ml of protein precipitate solution was added to a test tube containing, 0.2ml of plasma and mixed properly. After which the test tube was spun in the centrifuge at 3100RPM for 10 minutes. After centrifugation, 0.5ml of the supernatant was placed in a clean grease free test tube and 1.5ml of the reaction working reagent was added, mixed using the vortex mixer for 3 seconds. In the blank and standard test tube, 0.5ml distilled water and standard solution respectively was added alongside the working reagents in each tube. Absorbance was read at 340 nm of wavelength using the spectrophotometer. After the first absorbance reading, 0.2ml of enzyme working reagent was added to the solution, mixed properly and incubated at 370 Celsius for 40 minutes. The second absorbance of the test solution was read using the spectrophotometer at 340nm.
2.7 Results Interpretation
The concentration of glutamic acid in the test samples was determined using the formula below:
Glutamic acid concentration = (A2sample -A1 sample) – (A2 blank-A1blank) * c * 4
                                                 (A2 standard-A1 standard) – (A2 blank-A1blank)

Where: A1 is the absorbance value when the test was first read
A2 is the value of absorbance for the second reading
c= concentration of the standard solution, which is 200µmol/l. The dilution factor is 4
2.8 Data Analysis
Data obtained from this study were analysed using Excel and IBM SPSS Statistics version 26. The results were expressed as percentage, mean ± standard deviation. The comparison of means between the group was done using independent (student) t-test and one-way ANOVA, Turkey post hoc with p ≤ 0.05 considered statistically significant.
3.0 RESULTS
From table 1 below, the cancer subjects were significantly older, with a mean age of 50.06 ± 14.42 years compared to the healthy control group, which had a mean age of   27.04 ± 9.380 years. The control subjects had a sex distribution of 20 (40%) and 30 (60%) for male and female subjects respectively. While the cancer group were predominantly female, consisting 41(82%) female and 9 (18%) males. A notable difference was found in marital status: the cancer group comprised 44 married persons and 6 singles, while the control group had 11 married persons, 38 single individuals and one widow. This suggests a higher prevalence of cancer among the married population, which is also noted to be mostly dependent on their age and lifestyle. Based on the educational qualification of the recruited participants, the control group had 2 (4%) persons with SSCE, 39 (78%0) undergraduates and 9 (18%) graduates while the cancer group had 3 (6%) persons with FSLC, 22 (44%) with SSCE, 2 (4%) with OND, 2 (4%) undergraduates, 17 (34%) graduates and 4 (8%) postgraduates.




Table 1 Demographic Characteristics of the subjects
________________________________________________________
Parameters                        Control                          Cancer Subjects       
                                           (n=50)                              (n=50)
_________________________________________________________
Age (mean ± SD)                27.04 ± 9.38                        50.06 ± 14.42

Sex  n(%):
Male                                    20 (40%)                             9 (18%)
Female                                30 (60%)                             41 (82%)

Marital status:
Married                                11 (22%)                             44 (88%)
Single                                   38 (76%)                             6 (12%)
Widow                                  1 (2%)                                        −

Educational level:
FSLC                                           −                                    3 (6%)
SSCE                                      2 (4%)                                22 (44%)
OND                                             −                                    2 (4%)
Undergraduate                        39 (78%)                             2 (4%)
Graduate                                 9 (18%)                               17 (34%)
Post graduate                              −                                      4 (8 %)
________________________________________________________
Key: SD – standard deviation



















In table 2 below, 14 subjects (28%) of the control group have never consumed alcohol, 35 (70%) consumed it occasionally and 1 (2%) on regular basis. From the cancer group, 33 (66%) subjects had never consumed alcohol, 16 (32%) consumes it occasionally and 1(2%) consumes it regularly. All control subjects had never smoked, while in the cancer group, 2 (4%) subjects were currently smokers and 48 (96%) subjects had never smoked.  A majority of the cancer subjects, 31 (62%) reported weight loss, while the remaining 19 (38%) did not.  On the basis of appetite, out of the 50 recruited participants in the cancer group, 30 (60%) subjects had good appetite, but a substantial number of 14 (28%) reported poor appetite and 6 (12%) fair appetite for food; while the apparently healthy control subjects all had good appetites.
Table 2 Clinical History and Nutritional Status of Subjects 
_________________________________________________________
 Parameters                       Control                         Cancer Subjects       
                                           (n=50)                             (n=50)
__________________________________________________________
Alcohol n(%):
Never                                    14 (28%)                            33 (66%)                     
Occasionally                         35 (70%)                            16 (32%)
Regularly                               1 (2%)                                1 (2%)

Smoking:
Current                                    −                                        2 (4%)
Never                                   50 (100%)                            48 (96%)

Weight loss:
No                                         50 (100%)                          19 (38%)
Yes                                            −                                     31 (62%)

Appetite:
Poor                                           −                                     14 (28%)
Fair                                            −                                     6 (12%)
Good                                      50 (100%)                          30 (60%)
_________________________________________________________



Table 3 showed that the levels of glutamic acid in cancer subjects were higher (134.83 ± 14.66) than the control subjects (101.82 ± 10.99), and the difference was statistically significant (p-value <0.001). This imply that there is high concentration of glutamic acid levels in cancer subjects, which is considered consequential of increased metabolic activity and alterations in the pathways of metabolism. 

Table 3 Comparison of Glutamic Acid level in Cancer Patients and Healthy Control
_________________________________________
Subjects (n)                        Glutamic acid (µmol/L)               
_________________________________________
[bookmark: _Hlk210992602]Cancer                              134.83 ± 14.66 (50)                        
[bookmark: _Hlk210992902]Control                             101.82 ± 10.99 (50)                        
t-value                              12.743                                             
p-value                             <0.001                                             
Remark                              S                                                      
_________________________________________
Key: S – Significant, n – number of subjects








The levels of glutamic acid progressively increase with the cancer stage, with the highest value observed in Stage IV (150.93 ± 12.54), followed by Stage III (134.25 ± 12.12) and then Stage I-II (124.52 ± 5.29). Hence, the proportional increase of the acid levels with the stages is statistically significant (p-value 0.001). Based on the age value, subjects in the Stage III have a higher mean age value (52.87 ± 10.77) than Stage I-II (49.38 ± 16.44) and Stage IV (48.07 ± 15. 01), however the differences in age value between the different stages of cancer are not statistically significant (p-value 0.653).
Table 4 Comparison of the Levels of Glutamic Acid and Age based on the Cancer Stages
____________________________________________________________________________
Parameters (n)                         Glutamic acid (µmol/L)                  Age (years)
____________________________________________________________________________
Stage I and II                        124.52 ± 5.29a (21)                    49.38 ± 16.44a (21)
Stage III                                134.25 ± 12.12b (15)                  52.87 ± 10.77a (15)
Stage IV                                150.93 ± 12.54c (14)                  48.07 ± 15. 01a (14)
F-ratio                                   29.572                                         0.430
p-value                                  <0.001                                         0.653
Remark                                   S                                                NS
______________________________________________________________________________
Key: S – significant (p<0.05), NS – Non-Significant (p>0.05), mean value with different superscript are significantly different from each other in the same column and vice versa




In table 5 below, Glutamic acid levels were significantly higher in female cancer subjects (136.97 ± 15.14) compared to their male counterparts (125.11 ± 6.27), with a statistically significant difference (p-value 0.026). On the other hand, the levels of glutamic acid in the control subjects were higher in males (105.02 ± 8.79) than in females (99.69 ± 11.90), but the difference between them were not statistically significant (p-value 0.093).
Table 5 Mean ± SD of Glutamic acid Levels of Cancer Subjects and Control based on Sex
________________________________________________________________________
Subjects (n)                          Glutamic acid (µmol/L)               Glutamic acid (µmol/L)
                                                 Cancer                                             Control
________________________________________________________________________
Female                             136.97 ± 15.14 (41)                       99.69 ± 11.90 (30)
Male                                 125.11 ± 6.27 (9)                           105.02 ± 8.79 (20)
t-value                              2.291                                             -1.712
p-value                             0.026                                              0.093
Remark                              S                                                     NS
________________________________________________________________________
Key: NS – Non-Significant, S - Significant








4.0 DICUSSION
The research study, conducted in Rivers State University Teaching Hospital (RSUTH) and University of Port Harcourt Teaching Hospital (UPTH), evaluated the levels of glutamic acid in patients diagnosed and confirmed with cancer and apparently healthy control. In this study, a total of 100 subjects participated out of which 50 were cancer patients and remaining 50 were healthy control subjects without kidney or liver dysfunction. 
The result obtained from the social demographic data showed that cancer subjects have a higher age value (50.06 ± 14.42) than the healthy controls (27.04 ± 9.38). This conspicuously demonstrated that cancer prevalence increases with age. This finding goes in tandem with McGuire et al, (2015), which established through experimental work that cancer can occur at any age, but its prevalence increases significantly with aging. Among the 50 cancer subjects that participated in the study, 41were female and 9 were male counterparts, showing an increased prevalence of cancer in female than male. Other studies by Siegel and his colleagues in 2025, have reported a gradual decline in overall cancer incidence among men and a slight increase among women, thereby reducing the male-to-female rate ratio from approximately 1.6 to 1.1 as of 2021 (Siegel et al., 2025). On the bases of educational level, out of the 50 cancer subjects that participated in the study, 22 had SSCE, 17 were graduates and 4 post graduates. Higher cancer prevalence among SSCE holders may reflects limited awareness and occupational exposure, while cases among graduates and postgraduates respectively, despite their levels of cancer enlightenment may be influenced by lifestyle, occupational risk and environmental factors. This agrees with Dong & Qin (2020), who reported that women with higher educational levels had an increased prevalence of breast cancer compared to those with lower educational attainment. 
In addition, findings from the clinical history implied that majority of the cancer subjects (66%) had never consumed alcohol, 32% takes it occasionally and 2% consumed it regularly. Also, 96% (48) of the cancer subjects had never smoked cigarette, with 4% who were currently smokers. These lifestyle variables, though relevant, appear secondary to intrinsic metabolic and mitochondrial alterations driving tumour progression. This view is supported by Saini and his colleagues in their research work titled: “Cancer Causes and Treatment” which identified factors like infectious biological agents, exposure to radiation and carcinogens, and lack of physical exercise as a major contributor to developing cancer (Saini et al., 2020). 
The issues of anorexia which was substantially noticed in cancer subjects is multifactorial, involving cytokines, chemical mediators, hormones and receptors. In most cases, pro-inflammatory cytokines like interleukin-6 and other chemicals released by cancer cells inhibits the hypothalamus from sending hunger signal. Consequentially, leading to loss of weight (62%), which was observed in the cancer subjects. These findings are consistent with the report by Hariyanto and Kurniawan (2021) in their researcher work titled: “Appetite problem in cancer patients: Pathophysiology, diagnosis, and treatment”. Theses researchers observed that anorexia and weight loss are common manifestations in cancer patients due to cytokine-mediated appetite suppression (Hariyanto & Kurniawan, 2021).
The results obtained from the analytical comparison of the levels of glutamic acid in healthy control and cancer subjects demonstrated (Table 3) that cancer subjects had a higher level of glutamic acid concentration in plasma (134.83 ± 14.66) than the healthy control (101.82 ± 10.99). These increased levels of glutamic acid in cancer subjects reflects metabolic alterations, involving substrate level phosphorylation, where energy production occurs in the absence of oxygen, even when it is abundantly present in the body. The elevation of glutamic acid in cancer subjects supports existing literature describing cancer as a mitochondrial metabolic disease rather than a purely genetic one. It also suggests enhanced glutaminolysis – a process involving the breakdown of glutamine to glutamate by the enzyme, glutaminase; which fuels the TCA cycle to produce ATP for tumour survival (Seyfried et al., 2025; Choi & Coloff, 2019). This aligns with studies on the quantitative analysis of amino acid metabolism in liver cancer that reported an elevated glutamic acid production in liver cancer cells (Nilsson et al., 2020). It is also confirmed by other studies by Wang and his coresearchers showing its elevation in breast cancer, as such can be used as biomarker for diagnosis, therapy and understanding of cancer pathogenesis (Wang et al., 2018). The metabolic shift also correlates with the Warburg effect, where impaired oxidative phosphorylation drives compensatory substrate level phosphorylation via glutaminolysis
Furthermore, result obtained from this study also showed significant variability in glutamic acid concentration (levels) in the different stages of cancer. Stage IV had the highest level of glutamic acid (150.93 ± 12.54), followed by Stage III (134.25 ± 12.12) and then Stage I-II (124.52 ± 5.29). From this statistical information, it can be deduced that glutamic acid levels are proportional to the cancer progression (stage). As tumour advances, it exhibits increased in metabolic demand, thus consuming more glutamine and producing more glutamic acid as a byproduct of sustained anaplerosis. This finding aligns with reports from Yusof et al., (2018), a study titled: “Metabolomics profiling on different stages of colorectal cancer: a systematic review” which opined that glutamic acid in cancer, particularly colorectal cancer increases with the stages of progression.  However, there was no significant difference in the ages associated with the various stages, implying that age is not a major determinant of glutamic acid levels in cancer patients.
Moreso, the study also revealed a higher concentration of glutamic acid in female cancer subjects (136.97 ± 15.14) compared to the male (125.11 ± 6.27) counterparts with a p-value of 0.026 (significant). This variability in the concentration of glutamic acid is due to differences in cellular metabolism, hormonal influence and catalytic activity of enzymes. Studies showed that tumour cells in male metabolised more quantity of glutamine and are sensitive to glutaminase inhibition. This sensitivity to glutaminase inhibition in males was driven by their dependence on glutamine-derived glutamate for α-ketoglutarate synthesis and tricarboxylic acid (TCA) cycle replenishment. The higher glutamic acid in female may be attributed to hormonal regulation and differential metabolic enzymes expression. Female exhibits resistant to glutaminase inhibition via enhanced pyruvate carboxylase activity, promoting glutamic acids accumulation (Sponagel et al., 2022). Also, oestrogen and progesterone which are predominant female hormones are known to regulate metabolic processes, increase survival of tumour cells, which are driven by oestrogen receptor signaling. In the control subjects, the levels of glutamic acid are slightly higher in male (105.02 ± 8.79) than female (105.02 ± 8.79), but their differences are not statistically significant.
5.0 CONCLUSION
Findings from this research study, which aimed to evaluate the levels of glutamic acid in healthy control and cancer subjects, established that there is significant increase in glutamic acid level in cancer subjects compared to the healthy control. Also, plasma glutamic acid concentration increases proportionally with cancer stage, underscoring its crucial role as a biochemical indicator of cancer progression. The findings substantiate the Mitochondrial Metabolic Theory of cancer, which explain cancer as a metabolic disorder resulting from mitochondrial dysfunction and altered energy metabolism. 
Moreover, the study also revealed a disparity in the levels of glutamic acid in male and female. This variation is as a result of hormonal differences and enzymatic activity. The elevated glutamic acid level reflects enhanced glutaminolysis which fuels tumour proliferation, metastasis and resistance to therapy.
Therefore, glutamic acid serves as a potential diagnostic, prognostic and therapeutic biomarker, providing an effective link between cancer metabolism and disease progression.
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