Plasma Glutamic Acid Levels and their association with cancer progression 

Abstract

Introduction
[bookmark: _GoBack]: Cancer remains a major global challenge characterized by uncontrolled cell proliferation and metabolic reprogramming. Cancer cells reconfigure their metabolic pathways to sustain rapid proliferation and meet elevated energy demands, with amino acid metabolism being a crucial component of cancer metabolism. 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 study aims to evaluate the levels of glutamic acid in cancer patients and healthy control subjects.

Study Design: This was a cross-sectional study design of cancer patients attending oncology clinic in the hospitals.

Methodology: A total of 100 participants (50 cancer patients and 50 control healthy 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 analyzed using glutamic acid colorimetric kits.

Results: The mean plasma glutamic acid concentration in cancer (134.83 ± 14.66) subjects was higher compared to the healthy control subjects (101.82 ± 10.99), confirming increased glutaminolysis and alteration in metabolic pathways in cancer. The result obtained also shows 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.

Conclusion: There was a significant increase in glutamic acid in cancer patients compared to the control healthy subjects. Thus, indicating metabolic reprogramming in cancer leads to its progression.
 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 obstacle to life expectancy. According to the International Agency for Research on Cancer (GCO, 2022) of the World Health Organization, about 20 million new cases of cancer were diagnosed in 2022, out of which 9.7 million died. These figures highlight the rising global burden of cancer, particularly in low-and-middle-income countries that are undergoing economic and epidemiological transition, despite the advancement in cancer genetics (Sung et al., 2021). This increased morbidity and mortality rate in the human population have resulted in monumental loss of life and potentials, 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)
The causes of cancer are multifactorial, and includes infectious biological agents such as 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 are other risk factors in the human population (Singh et al., 2024) as well as exposure to radiation (Saini et al., 2020). Studies have proven that cancer is caused by mutation of genes and proteins such as tumour suppressor gene (P53), antigen-presenting cells (APC), Kirstein Rat Sarcoma (KRAS) and Mitogen-activated protein kinase (MAPK) (Mundel et al., 2023). More studies suggest that dysfunction in the mitochondria is a contributing factor to cancer. This dysfunction entails metabolic reprogramming of various pathways such as glycolysis, the Krebs cycle, the electron transport chain (ETC), etc. (Seyfried et al., 2020; Nan et al., 2025). Tumor cells consume high amounts of glucose and glutamine to produce lactic and succinic acid, respectively, via substrate-level phosphorylation. Hence, it serves as a crucial machinery that drives cancer progression, resistance to therapies, and reduced patient survival outcome (Vaupel & Multhoff, 2021).
Among the emerging hallmarks of cancer is altered amino acid metabolism, which provides both bioenergetic support and critical signaling cues for tumor growth (Yang et al., 2024). In this context, glutamic acid (glutamate), a non-essential amino acid derived primarily from glutamine metabolism, has gained increasing attention as a central mediator of cancer cell survival and aggressiveness (Tufail et al., 2024). Glutamic acid occupies a pivotal position in cellular metabolism, serving as a key substrate for the tricarboxylic acid (TCA) cycle through its conversion to α-ketoglutarate, thereby supporting mitochondrial energy production and anabolic biosynthesis (On the Origin of Cancer, 2023). In cancer cells, enhanced glutaminolysis leads to elevated intracellular glutamate levels, fueling nucleotide, lipid, and amino acid synthesis required for uncontrolled proliferation (Li et al., 2023). Beyond its metabolic role, glutamic acid also contributes to redox homeostasis by participating in glutathione synthesis, enabling cancer cells to counteract oxidative stress and resist chemotherapy-induced cytotoxicity (Lian et al., 2018).
Recent evidence has further highlighted the non-metabolic functions of glutamic acid in cancer biology. Extracellular glutamate acts as a signaling molecule through metabotropic and ionotropic glutamate receptors, which are aberrantly expressed in several malignancies, including breast, prostate, glioma, and colorectal cancers (Huang et al., 2023). Activation of these receptors has been linked to enhanced tumor cell proliferation, migration, invasion, angiogenesis, and immune evasion, underscoring the role of glutamate signaling in shaping the tumor microenvironment and promoting metastatic potential (Li et al., 2021).

Through a variety of amino acid transporters, rapidly reproducing cancer cells absorb glutamine from plasma, which is subsequently transformed into glutamate in the mitochondria by the two types of glutaminase, kidney-type GLS28 and liver-type GLS1. Notably, the initial and rate-limiting stage of glutaminolysis is GLS-mediated deamination of glutamine to glutamate, which makes it a desirable target for medication. A higher disease stage and a worse prognosis are linked to the overexpression of GLS1 in a variety of cancer cells. Mechanistically, Myc and mTORC111,12 indirectly control GLS1 expression by suppression of miR-23a and miR-23b. GLS2, in contrast to GLS1, inhibits the growth and migration of cancer cells, leading to the creation of cancer treatments that focus on glutamine metabolism (Jin et al., 2023).
[image: figure 1]
Fig. 1 - Metabolism of glutamine between normal and cancer cells (Stine & Dang, 2020)

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 presentation/diagnosis, out of pocket payments and limited access to treatment are major factors responsible for high mortality rate in the region (National Cancer Registries (NCR, 2022). Although the prevalence of cancer across the continent (Africa) differs, in Nigeria, estimated new cases were nearly 128,000 new cases in 2020-2022. 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 women. With approximately 20% of the population of Africa, Nigeria contributed 15% to the estimated 820,000 new cases of cancer that occurred in the continent in the year, 2020-2022 (WHO, 2022). From the population increase and ageing, the cancer burden in the member nations is predicted to double in three decades. Sustainable investments in population-based cancer registries (PBCR) as the distinct source of cancer incidence and survival are still essential to guide national implementation of cancer-control measures and track progress and impact, including expanding the World Health Organization's (WHO) hallmark initiatives. Cancer cases and deaths in sub-Saharan Africa are projected to rise by about 150% by 2050 (WHO, 2022).
Given its dual function as a metabolic hub and signaling mediator, glutamic acid represents a critical intersection between cancer metabolism and oncogenic signaling pathways (Nan et al., 2025). Understanding how dysregulated glutamic acid metabolism and signaling contribute to tumor initiation, progression, and therapeutic resistance is essential for identifying indicators and developing targeted interventions (Lv et al., 2025). 

Despite the significant advancements and comprehensive research on cancer metabolism, several critical knowledge gaps persist, primarily revolving around the role of specific metabolites and their interaction with clinical treatments. Strategies targeting this biological process have been developed due to the significance of cancer cell metabolism and the limits of traditional cancer therapies such as resistance to chemotherapy or radiation (Stine et al., 2022). A key challenge is the limited clinical validation of glutamic acid as a possible indicator, even though its noticeable elevation is a consistent finding in various cancer cases. While its presence is clear, the direct clinical utility and standardized assessment protocols for using glutamic acid to guide patients care remain underdeveloped. This research, therefore, aims to explore the mechanistic roles of glutamic acid in cancer development and progression, and clinical implications in oncology.
2.0 MATERIALS AND METHODS
2.1 Study Area
The study was conducted on cancer patients attending River’s State University Teaching Hospital (RSUTH) and University of Port Harcourt Teaching Hospital (UPTH), Port Harcourt, River’s state, Nigeria. A total of 50 samples were collected from cancer patients at different stages of cancer, and 50 healthy control subjects (mostly students from these universities), who were not diagnosed with any form of cancer. These hospitals are tertiary hospitals with special oncology departments that deal with the diagnosis and treatment of different cancer cases.
2.4 Sample Collection and Preparation
Five (5) ml of the participants’ venous blood sample was collected in a di-potassium ethylenediamine tetra-acetic acid (EDTA) anticoagulant bottle using standard phlebotomy procedure, and the samples were spun in the centrifuge at 3000 RPM 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.
2.6 Laboratory Analysis
Glutamic acid in the sample was analyzed using the glutamic acid colorimetric kits following the instructions by the manufacturer (Elabscience, Lot: WK04FTLF45914). Before the laboratory analysis, the reconstituted reagent was stored in the freezer for 7 days, and the samples were brought from the freezer and allowed to stand on the bench, thawing 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 3000 RPM 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 the standard solution, respectively was added alongside the working reagents in each tube. Absorbance was read at 340 nm 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) x C x 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 analyzed using SPSS version 26. The results were expressed as a percentage, mean ± standard deviation. The comparison of means between the group was done using an independent (student) t-test and one-way ANOVA. Tukey post hoc with p ≤ 0.05 was considered statistically significant.
3.0 RESULTS
Table 1 shows the demographic characteristics of the study population. 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 ± 9.38 years. The healthy control subjects had a sex distribution of 20 (40%) and 30 (60%) for male and female subjects, respectively. The cancer group was predominantly female, consisting of 41(82%) females and 9 (18%) males. A notable difference was found in marital status: the cancer group comprised 44 married persons and 6 singles, while the healthy control subjects 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 healthy control subjects 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
________________________________________________________
[bookmark: OLE_LINK3]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




Fig. 2 – Graphical representation of Table 1

Table 2 shows the social and dietary lifestyle of the study population. From this table, 14 subjects (28%) of the control group have never consumed alcohol, 35 (70%) consumed it occasionally, and 1 (2%) regularly. From the cancer group, 33 (66%) subjects had never consumed alcohol, 16 (32%) consumed it occasionally, and 1(2%) consumed it regularly. All healthy control subjects had never smoked, while in the cancer group, 2 (4%) subjects were current 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.  Based on 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 healthy control subjects all had good appetites.

Table 2: Social and dietary lifestyles of the study population 
_________________________________________________________
 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 shows the levels of glutamic acid in cancer subjects and control subjects. The results show that the level of glutamic acid was significantly higher (134.83 ± 14.66) in the cancer patients than in the control subjects (101.82 ± 10.99) (p-value <0.001). This implies that there is a 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: Glutamic Acid Levels in Cancer Patients and Healthy Controls
_________________________________________
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









Fig. 3 - Graphical representation of Glutamic Acid Levels in Cancer Patients and Healthy Controls

Table 4 shows the levels of glutamic acid in different cancer stages. Glutamic acid levels 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 glutamic acid levels with the stages is statistically significant (p-value 0.001). Based on the age, subjects in the Stage III have a higher mean age (52.87 ± 10.77) than Stage I-II (49.38 ± 16.44) and Stage IV (48.07 ± 15. 01), however the differences in age 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 superscripts are significantly different from each other in the same column and vice versa


Table 5 shows that Glutamic acid levels based on sex were significantly higher in female cancer subjects (136.97 ± 15.14) compared to their male counterparts (125.11 ± 6.27) (p-value 0.026). On the other hand, the levels of glutamic acid in the control subjects were not significantly different in males (105.02 ± 8.79) when compared to the females (99.69 ± 11.90) (p-value 0.093).






Table 5: Mean ± SD of Glutamic Acid Levels of Cancer Subjects and Controls 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

Table 6: Column chart of the different Cancer types 
This chart presents the number of cancer type in the recruited cancer subjects. The highest prevalence was breast cancer (31cases), followed by prostate and ductal cancer with 3 cases each, while just a case was observed across the others in the group recruited.


Fig 4: Column chart of the different Cancer types

4.0 Discussion
The study evaluated the levels of glutamic acid in patients diagnosed and confirmed with cancer and healthy control subjects. The result obtained from the social demographic data showed that cancer subjects have a higher age (50.06 ± 14.42) than the healthy control subjects (27.04 ± 9.38). The healthy control subjects were mostly students from the universities were the study was carried out, showing the difference in mean from the test subjects. This demonstrates that cancer prevalence increases with age. This finding goes in tandem with McGuire et al (2015), who established through their study 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, showing an increased prevalence of cancer in females than males. Study 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). The educational qualification of the subjects varied significantly. 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 reflect limited awareness and occupational exposure, while cases among graduates and postgraduates respectively, despite their levels of cancer enlightenment could 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. 

Additionally, findings from the clinical history implied that the majority of the cancer subjects (66%) had never consumed alcohol, 32% had some occasionally, and 2% consumed regularly. Similarly, 96% (48) of the cancer subjects had never smoked cigarettes, while 4% were current smokers. These variable lifestyle, 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 major contributors to developing cancer (Saini et al., 2020). 

Anorexia, which is 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 inhibit the hypothalamus from sending hunger signals, consequently, leading to a 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 study. They 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 subjects 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 reflect 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). Under situations of genotoxic, oxidative, and nutritional stress, cancer cells need amino acids to proliferate; these amino acids are substrates for the synthesis of glucose, lipids, and nucleic acids as well as building blocks for protein synthesis. In particular, glutamine plays a critical role in this process not only by providing a carbon source to the TCA cycle but also by acting as a nitrogen source for the biosynthesis of alanine, aspartate, and serine (Wei et al., 2021). The result aligns with the study on the quantitative analysis of amino acid metabolism in liver cancer that showed an elevated glutamic acid production in liver cancer cells (Nilsson et al., 2020). Wang and colleagues reported glutamine elevation in breast cancer, making it a possible indicator for diagnosis, therapy, and understanding of cancer pathogenesis (Wang et al., 2018). 

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 the tumour advances, it exhibits an increase in metabolic demand, thus consuming more glutamine and producing more glutamic acid as a byproduct of sustained anaplerosis. Yusof et al. (2018), in their  study titled “Metabolomics profiling on different stages of colorectal cancer: a systematic review,” 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.

Additionally, 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 have shown that tumour cells in males metabolise more glutamine and are sensitive to glutaminase inhibition. This sensitivity to glutaminase inhibition in males is believed to be driven by their dependence on glutamine-derived glutamate for α-ketoglutarate synthesis and tricarboxylic acid (TCA) cycle replenishment. The higher glutamic acid in females could be attributed to hormonal regulation and differential metabolic enzymes. Female exhibits resistant to glutaminase inhibition via enhanced pyruvate carboxylase activity, promoting glutamic acid 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 males (105.02 ± 8.79) than female (105.02 ± 8.79), but their differences are not statistically significant. 

This study showed that breast cancer had the highest prevalence (31 cases), (Table 6) followed by ductal and prostate cancer (3 cases each) and then cervical and endometrial cancer with 2 cases each. Others had just a case each. These findings are in tandem with reports from other studies which opined that the prevalence of cancer continues to increase despite the advancement in cancer genetics, with breast cancer making the top, estimated about 2.3 million cases globally, followed by colorectal and prostate cancer (Sung et al., 2021).

5.0 CONCLUSION
Findings from this study, which assessed the levels of glutamic acid in healthy control and cancer subjects, established that there is a significant increase in glutamic acid levels in cancer subjects compared to healthy control subjects. Additionally, plasma glutamic acid concentration increases proportionally with cancer stage, underscoring its crucial role as a biochemical indicator of cancer progression. 
The study also revealed a disparity in the levels of glutamic acid in males and females. 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 could serve as a potential diagnostic, prognostic, and therapeutic indicator, providing an effective link between cancer metabolism and disease progression.
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control 	Age (Years)	Male	Female 	Married	Single	widowed	FSLC	SSCE	OND	Undergraduate	Graduate	Post graduate	27	40	60	22	76	2	0	4	0	78	18	0	Test	Age (Years)	Male	Female 	Married	Single	widowed	FSLC	SSCE	OND	Undergraduate	Graduate	Post graduate	50	18	82	88	12	0	6	6	4	4	34	8	Frequency (%)
cancer Patients	134	control 	101	Plasma Glutamic Acid (ug/mol)



Total	
breast	bronchogensis	cervical	colon	colorectal	ductal	endometrial	oropharyngeal squamous cell carcinoma	osteocarcinoma	prostate	rhabdomyosarcoma	skin	thyroid	vulva	31	1	2	1	1	3	2	1	1	3	1	1	1	1	Cancer Type
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