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INTRODUCTION
Glutamate is a key compound in cellular metabolism. In humans, dietary proteins are broken
down by digestion into amino acids, which serve as metabolic fuel for other functional roles
in the body. A key process in amino acid degradation is transamination, in which the amino
group of an amino acid is transferred to an o-ketoacid, typically catalysed by
a transaminase.’ Glutamine plays very important roles in tumor cell. Firstly it acts as a
nitrogen donor in the nucleotide and amino acid biosynthesis, secondly glutamine helps in the
uptake of essential amino acid and it maintains the activation of TOR kinase (Wise and
Thompson, 2010). In many cancer cells, glutamine is the primary mitochondrial substrate and
it maintains mitochondrial membrane potential and integrity.®™ It provides support for the
NADPH production needed for redox control and macromolecular synthesis. Glutamine is the

respiratory fuel of tumor cells. Glutamic acid and glutamine both are inter convertible.

L-Glutamic acid-y-(4-hydroxyanilide) is isolated from mushroom Agaricus bisporous. It acts

as a growth regulatory substance for inhibiting the B16 melanoma cells in culture (Srikanth et
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al., 2002). Azaserine and 6-diaza-5-0xo-L-norleucine antagonized the metabolic process
involving L-glutamine and exhibited antitumor activity in animal models (Vishwanathan et
al., 2008). An aryl amide derivative of L-threo-y-hydroxy glutamic acid which is isolated
from Justica ghiesbreghtiana is active against various tumors (Nishiyama et al., 2001). The
synthetic amides of L-glutamic acid exhibit activity against Ehrlich ascites carcinoma (Vila et
al., 1990). Four N-(benzenesulfonyl)-L-glutamic acid bis(p-substituted phenylhydrazides)
have anticancer activity against PC-3 prostate cancer and in COLO-205 colon cancer. L-
Glutamic acid-y-monohydroxamate (GAH) demonstrated complete cytotoxicity against L-
1210 cells in the culture and marked antitumoral activity in vivo against L-1210 leukemia and
B-16 melanoma (Xu et al., 2005). Glutamate receptor is another important player in
hippocampal long-term potentiation and memory. Glutamic acid, a glutamate receptor agonist
enhances retention of memory (Cui et al., 2009).%* Glutamic acid is also useful in lowering
blood pressure. According to a study by the Imperial College of London, people who
consume more glutamic acid have low blood pressure than those who consume less (Stamler
et al., 2009). When the glutamine importer SLC1AD5 is impaired then the uptake of essential
amino acids is also impaired and without the aid of essential amino acids rapamycin-sensitive
MTORC1 is not activated. mMTORC1 is responsible for the regulation of cell growth, protein
translation and plays an important role in inhibiting macro autophagy (Nicklin et al., 2009).
That means if mTORCL1 is inactivated then there will be no cell growth and no protein
translation. In glioblastoma cells, metabolism of glutamine provides the bulk of oxaloacetic
acid (OAA) cellular pool (DeBerardinis et al., 2007).

Hanahan and Weinberg have argued that in order for a cell to become cancerous, it must
acquire six unique traits as a result of altered cell physiology.[*>*®! These defining traits of
cancer cells are: (1) the ability to generate their own growth signals or respond to weak
growth signals that are ignored by healthy cells; (2) insensitivity to antiproliferative signals;
(3) resistance to cellular suicide mechanisms that normally cause aberrant cells to die by
apoptosis; (4) the capacity for limitless replication; (5) the ability to stimulate new blood
vessel development in order to allow for tumour growth; and (6) the capacity to invade
tissues, at first locally and later to spread or metastasize throughout the body. Although
localized cancers can often be successfully treated by surgery and/or radiation therapy,
chemotherapy remains the usual treatment of choice for advanced or metastatic disease.
However, the use of conventional chemotherapeutic agents that typically target rapidly

dividing cancer cells is often associated with deleterious side-effects caused by inadvertent
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drug-induced damage to healthy cells and tissues.***® Moreover, cancer cells that are
quiescent or slowly proliferating are refractory to the cytotoxic effect of chemotherapeutic
drugs that act at the level of DNA synthesis. Cancer cells also frequently become resistant to
chemotherapy as a consequence of cellular changes that include increased expression of drug-
detoxifying enzymes and drug transporters, altered interactions between the drug and its
target, an increased ability to repair DNA damage and defects in the cellular machinery that
mediate apoptosis.***"!

Hence glutamine is the primary substrate in cancer cells that provides precursor molecules to
mitochondria for anaplerosis (replenishment of the carbon pool). c-MYC (Myc), a DNA
transcription factor regulates three out of the five steps of purine and pyrimidine synthesis at
oncogenic level. It also promotes glutaminolysis and this catabolism of glutamine leads to the
larger amount of carbon in the cell, which allows the cell to produce more NADPH (Wise
and Thompson, 2010). Since cancer cells depend on glutamine lack of glutamine can lead to
the death of cancer cells. But as it is also required for some other essential functions in the
body such as in the brain therefore that treatment should be adopted which can reduce the
ability of the cell to uptake glutamine by targeting Myc and other proteins that are
responsible for transporting glutamine into the cell. L-y-Glutamyl-p-nitroanilide (GPNA)
which inhibits SLC1A5 (Esslinger et al., 2005) and BCH (2-aminobicyclo-(2,2,1)heptanes
carbozylic acid) which blocks mMTORC1 (Nicklin et al., 2009) and that treatment which
reprograms the mitochondria so that it no longer depends on glutamine can also be
effective, e.g. amino-oxyacetic acid (AOA) is used because it is a transaminase inhibitor
(Moreadith and Lehninger, 1984).

Glutamic acid derivatives as anti-cancer drugs

Aminopterin (4-aminopteroic acid), a 4-amino analog of folic acid, is an antineoplastic drug
with immunosuppressive properties used in chemotherapy (Oaks et al., 2010). Folate is
involved in DNA synthesis and methylation which may reduce breast cancer risk, particularly
among women with greater alcohol consumption. High intake of folate may reduce the risk of
colon cancer (Giovannucci et al., 1998), but the dosage and duration relations and the impact
of diet compared with supplementary sources are not well understood (Boehm et al., 2009).
Folate intake decreased the risk of pancreatic cancer in women but not in men (Percival et al.,
2008).
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Chemically methotrexate is N-[4-[[(2,4-diamino-6-pteridinyl) methyl] methylamino]
benzoyl]-L-glutamic acid. Methotrexate tablets are used alone or in combination with other
anticancer agents in the treatment of breast cancer, epidermoid cancers of the head and neck,
advanced mycosis fungoides (cutaneous T-cell lymphoma)!*®%! and lung cancer, particularly
squamous cell and small cell types. Methotrexate tablets are also used in combination with
other chemotherapeutic agents in the treatment of advanced stage non-Hodgkin’s
lymphomas. It reduces dihydrofolates to tetrahydrofolates by the help of enzyme dihydrofolic
acid reductase which inhibits the synthesis of purines (Skeel, 2008).

Chemically L-theanine is y-ethylamino-L-glutamic acid. Limited studies evaluate the effects
of L-theanine in the prevention of cancer. The observed anticancer effects are largely
attributed to the catechins found in tea, while action on tumors may be due to an enhanced

immune response (McPhee et al., 2011).

It is a chemotherapeutic agent used against multiple myeloma, myelodysplastic syndrome,
leprosy etc. It acts by inhibiting VEGF, TNF-a, GI growth factor, proliferation of NK cells
and stimulation of T-cells.

Glutamine is the most abundant amino acid present in the body. It is also known as
levoglutamide, L-GA 5 amide, L-(+)-2-aminoglutamic acid. Glutamine is formed in the body
from GA and ammonia in an energy requiring reaction catalyzed by glutamine synthase
(Kulkarni et al., 2005).

Metabolism of glutamine takes place in the mitochondria. Glutamine is transferred from the
extra cellular medium of mitochondria to the inner surface of mitochondria through the
specific plasma membrane. Malignant cells transport glutamine across their plasma
membranes at a faster rate than their non-malignant cells. Malignant cells show an
uncontrolled rate of cellular proliferation and therefore require increased supply of precursor
amino acids for biosynthesis. Therefore they transport amino acids (glutamine) much faster
than normal cells (Medina et al., 1992). It has been seen in human hepatoma cells which
transport glutamine at a rate 10-20 times faster than normal hepatocytes (Bannai and Ishii,
1988).

Pharmacology of Glutamic acid

The drug phencyclidine (more commonly known as PCP) antagonizes glutamic acid non-

competitively at the NMDA receptor. For the same
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reasons, dextromethorphan and ketamine also have
strong dissociative and hallucinogenic effects. Acute infusion of the drug LY354740 (also
known as eglumegad, an agonist of the metabotropic glutamate receptors 2 and 3) resulted in
a marked diminution of yohimbine-induced stress response in bonnet macaques (Macaca
radiata); chronic oral administration of LY354740 in those animals led to markedly reduced
baseline cortisol levels (approximately 50 percent) in comparison to untreated control
subjects.?! LY354740 has also been demonstrated to act on the metabotropic glutamate
receptor 3 (GRM3) of human adrenocortical cells, downregulating aldosterone
synthase, CYP11B1 and the production
of adrenal steroids (i.e. aldosterone and cortisol).”! Glutamate does not easily pass the blood
brain barrier, but, instead, is transported by a high-affinity transport system.?*1 |t can also

be converted into glutamine.

Other Applications of Glutamic acid

It is hydrophilic by nature and can combine with hydrophobic fatty acids easily to form
molecules with both water-soluble and water repelling portions that can be used as
surfactants. There are many applications of GA derivatives as surfactants, especially due to
its lack of harmful effects to skin and their general smooth appearance. It is very much
favored by the cosmetic, moisture containing hair shampoo product manufacturers.”? GA is
an amphopteric substance that contains both acidic and basic functional groups and thus a
natural buffer by itself. GA has two carboxylic groups, which can form chelates with many
metal cations. Such chelating reaction is useful in the removal of heavy-metal contaminants
in the wastewater treatment processes. Monosodium glutamate (MSG), the single largest
amino acid product, has been used as a flavor enhancer throughout the world for the past
forty years. MSG is used worldwide in huge quantities as a flavor enhancer in foods. MSG is
known to produce a unique taste sensation termed ‘UMAMI’ the fifth taste, i.e. savory or
brothy taste present in tomatoes and cheese. Free glutamate content is said to increase during
the process of natural ripening and brings about a fuller taste in many foods, the basis behind
is not known. %!

GA happens to be one of the main components in the cell wall of Gram-positive bacteria. It is
also one of the most essential amino acids for other microorganisms to grow on. In most

cases, it is often necessary to add GA into culture media to effect normal growth.?
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GA is one of the major amino acids in plant proteins and plays a role of the major nitrogen
storage for plants. That is why GA is often one of the more prominent ingredients in many

plant growth supplements. Besides, GA is vital in the nitrogen metabolism in plants.[>?"]

CONCLUSION

Sometimes it is seen that it increases the anticancer activity of that drug with which it is
combined, as in the case of y--poly (a,L-glutamic acid)-cis-dichlorodiammineplatinum. This
conjugate produces less side effect and increased anticancer activity when compared with
cisplastin. Glutamine is the primary substrate in cancer cells that provide precursor molecules
which allows the cell to produce more NADPH. Since cancer cells depend on glutamine, if
glutamine synthesis and metabolism is blocked the anticancer activity can be produced. But
as glutamine is required for several other functions of body like in the brain therefore
blockage of glutamine is not a smart way to achieve anticancer activity. Rather the treatment
should be done in such a way which can reduce the ability of the cell to uptake glutamine,
such as by targeting Myc which is responsible for the synthesis of purine and pyrimidine at
oncogenic level and other proteins that are responsible for transporting glutamine into the
cell, or drugs which block mTORCL.
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