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ABSTRACT

Drug addiction is regarded as a major public health problem in Thailand. The
most common addictive drugs are methamphetamine (METH) and over the counter
medication such as dextromethorphan (DXM). Drug addiction has been reported as a
behavioral abnormality, through the alteration of molecular and cellular levels in the
brain, such as the frontal cortex. METH is an addictive psychostimulant with potent
effects on the central nervous system (CNS), prolonged use can impair brain structures
and functions. As well, DXM is an antitussive agent which is included in several over-
the- counter cough and cold medications, prolonged use can cause psychoactive effects
and hallucinogen-like addiction. Several studies have shown drug addiction's effect on
the neurotransmitters including glutamate, GABA, dopamine and associated protein in
the frontal cortex, resulting in cognitive, behavioral, and physiological abnormalities.
So, the therapeutic approaches for drug addiction have been involved in these
neurotransmitter systems, such diazepam have anxiolytics that are specific to the
GABAergic system, but chronic use can develop into addiction. Nutraceuticals are an
alternative abundant interest, that is pre-germinated brown rice (PGBR), high GABA
contents. However, little is known about the underlying mechanisms of PGBR effects
on neurobiological proteins. Therefore, the aim is to investigate the protein expression
profiling in the rat frontal cortex after exposure to addictive drugs and addiction
treatments. Male Sprague-Dawley rats were divided into 2 groups of addiction models,
including METH and DXM addiction. In METH, the rats were treated with saline (CM)



and escalating binge dose of METH (0.1 to 4 mg/kg of METH (3 times /day), for 14
days and binge dose, 6 mg/kg (4 times /day) at day 15), respectively. In DXM, The
animals were divided into six groups including control (CD), dextromethorphan (D),
withdrawal (DW), diazepam (DD), synthetic GABA (DS), and pre-germinated brown
rice (DR). The animals in the control group received saline i.p. for 15 days and treated
with distilled water by oral administration for 60 days. Animals in the DW group were
drug-withdrawal by receiving oral administration of distilled water. Animals in the DD
group received 10 mg/kg diazepam. Animals in the DS group were administered with
0.8 mg/kg synthetic GABA. Animals in the DR group were treated with 5 mg/kg PGBR.
After the last administration of the subgroup, animals were sacrificed, and the brain was
collected. The alteration proteins in rat frontal cortex were investigated by proteomic
technique (LC-MS/MS). An expression level of some protein was validated by western
blotting technique. The proteomic result shows the alteration of neuronal signaling
proteins expression in rat frontal cortex after drug addiction, drug withdrawal and drug
treatment (diazepam, GABA and PGBR). Several biochemical functions appear to be
enriched among these proteins, the glutamatergic and GABAergic pathway. These
pathways were enriched in receptor, transporter, enzyme and associated proteins.
Moreover, western blotting confirmed the associated candidate proteins, which refer to
glutamatergic and GABAergic dysfunction after METH addiction. These findings
highlight the identification of glutamatergic and GABAergic neurotransmitter systems
and provide insight into the biological function involved in drug addiction and its

treatment.
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CHAPTER |

INTRODUCTION

Rationale and significance of the study

Drug addiction is regarded as a major public health problem. Drug addiction
has been defined as a neuropsychiatric disorder characterized by behavioral changes
and other responses resulting in compulsion to drug seeking and continued taking.
Repeated uses of drugs induce stable changes in the brain at the molecular and cellular
levels which may possibly underlie behavioral abnormalities (Zou et al., 2017).
Furthermore, addiction can contribute to psychiatric disorders, such as schizophrenia,
anxiety, mood, or impulse-control disorders. The most common addictive drugs are
heroin, methamphetamine, tobacco and over the counter medication such as
dextromethorphan. Psychostimulant drugs such as methamphetamine are a growing
public health problem worldwide, that over half of the world resides in Southeast Asia,
including Thailand. Methamphetamine use in Thailand has been reported more
common among men than women and also found in children and youth (up to 25 years)
which is a common and risky behavior due to curiosity (Angkurawaranon et al., 2018;
Kanato et al., 2020). Long-term behavioral effects of methamphetamine have many
negative consequences, including cognitive impairments, anxiety or depression, violent
behavior, insomnia, repetitive movements and psychosis (Moszczynska & Callan,
2017). Methamphetamine use is directly associated with the release and blocks the
reuptake of catecholamines in the central nervous system, including adrenaline,
dopamine and serotonin (Courtney & Ray, 2014). In addition to the catecholamines,
methamphetamine also leads to excessive glutamate release and decreases GABA
(gamma-aminobutyric acid) (Hsieh et al., 2014). Chronic methamphetamine produces
long-lasting alterations of these neurotransmitters, which may be leading to potentially
of methamphetamine-induced neurotoxicity. The neurotoxic effects of METH include
neuronal damage, neuronal apoptosis and neuroinflammatory response within the
several brain regions (Yang et al., 2018), the frontal cortex as well. Not only

methamphetamine is the drug problem in Thai youth but also over-the-counter cough



medicine dextromethorphan. Many teenagers feel that recreational use of
dextromethorphan is safe to abuse because they are legal. In addition, it has an
inexpensive price, easily accessible and a false perception that high-dose drugs are not
dangerous. In contrast, other drugs of abuse such as ketamine and methamphetamine,
which are not as easily accessible (Chomchai & Manaboriboon, 2012).
Dextromethorphan is commonly used as an antitussive activity and is devoid of
analgesic or addictive properties at therapeutic doses. Psychoactive and physical
effects, including tachycardia, hypertension, agitation, ataxia, and psychosis have been
reported following high-dose dextromethorphan (Banken & Foster, 2008; Bryner et al.,
2006). Particularly, dextromethorphan and its major metabolite, dextrorphan, action is
N-methyl-d-aspartate (NMDA) receptor antagonist, which high dose of
dextromethorphan can produce hallucinations similar to ketamine and phencyclidine
(Reissig et al., 2012). These properties of dextromethorphan can lead to high abuse and
misuse potential. Other mechanisms of action of dextromethorphan are serotonin
reuptake inhibitor and a sigma-1 receptor agonist (Nguyen et al., 2014; Silva & Dinis-
Oliveira, 2020), both actions are efficient in inducing psychoactive effects.

There is much evidence that indicates addiction effects on several brain regions,
which can cause cognitive, behavioral, and physiological abnormalities (Simon et al.,
2001; Verdejo-Garcia et al., 2006). Several studies showed that the drugs marked
structural changes in hippocampus(Thompson et al., 2004), striatum and frontal brain
regions (Ersche et al., 2011). The structural abnormalities also have related to
behavioral problems of drug abuse. Specifically, the frontal cortex is a direct effect of
drug abuse, including cocaine, cannabis and methamphetamine (Goldstein & Volkow,
2002). Interestingly, several neurochemical studies have shown drug addiction effect
on the neurotransmitters including glutamate (Kerdsan et al., 2009; Kerdsan et al.,
2012), amino acids y-aminobutyric acid (GABA) (Brummelte et al., 2007), dopamine
(Volkow et al., 2002) and associated protein (Veerasakul et al., 2016) in the frontal
cortex. Furthermore, the altered proteins involved in oxidative stress,
neuroinflammation and neurotrophic factor were also evidenced after drug exposure in
the frontal cortex (A. Quinteros et al., 2019; Berrios-Carcamo et al., 2020). So, over
many years more research of therapeutic approaches for drug addiction have been

utilized. GABAergic system is the major inhibitory neurotransmitter of the central



nervous system, which is the target of drug treatment, such as antidepressants,
anticonvulsants, sedatives, and anxiolytics. Sedatives and anxiolytics are used to
prevent and treat psychiatric symptoms in drug abusers. However, several GABAergic
drugs, including benzodiazepines, barbiturates, neurosteroids and anesthetics, possess
toxicity properties on cognitive function, physical health, and mental health (Henschel
et al., 2008; Vargas, 2018). Nowadays, nutraceuticals are an alternative abundant
interest due to potential nutritional, safety and therapeutic effects. Pre-germinated
brown rice (PGBR), which is a new type of rice contains more nutritional components,
such as GABA, y-oryzanol, alpha-tocopherol (Vitamin E), pyridoxine (Vitamin B6)
and thiamine (Vitamin B1) (Roboon et al., 2017). Particularly, GABA is found in high
amounts in PGBR, and exhibits antidepressant and mood-stabilizing effects (Mamiya
et al., 2007; Sakamoto et al., 2007). In addition, it was previously reported that PGBR
induced enhancement of learning and memory ability in mice (Mamiya et al., 2004).
However, there are few studies examining the effects of PGBR on brain functions.
Therefore, it is good to investigate protein profiles in order to understand the underlying
mechanisms after drug addiction administration and its treatment.

Proteomics is a tool in elucidating global changes in complex biological systems
that involve large numbers and networks of proteins. The proteomic analysis has been
performed to evaluate the effects of drug addiction on differential expression of proteins
and functional biological processes. Several studies have demonstrated the association
of drug exposures with differential expressions of proteins involved in oxidative stress,
apoptosis, inflammation, and mitochondrial metabolism (Faure et al., 2009; Li et al.,
2008). Similarly, the alterations in the expression of proteins in synaptic regulation,
protein phosphatase signaling, mitochondrial function, and inhibitory GABAergic
network were identified in methamphetamine administration (Wearne et al., 2015).
Therefore, this study has investigated that drug addiction may affect alterations of
proteins related to neurotransmitter signaling in rat frontal cortex, and the drug

addiction treatment as well.



Purpose of the study
A general experiment objective
This experiment is designed to investigate the protein expression profiling in
the rat frontal cortex after exposure to addictive drugs and addiction treatments.
Specific objectives
1. To investigate the protein expression profiling in the rat frontal cortex after
exposure to addictive drugs.
2. To examine the comparative effects of drug addiction treatments in the rat
frontal cortex of drug addiction.
3. To examine the alteration of identified protein expression in rat frontal cortex

after exposure to drug addiction.

Hypotheses
A general experiment hypothesis
Drug addiction may affect the protein expression profiling in the rat frontal
cortex.
Specific hypotheses
1. The effects of drug addiction may lead to changes in protein expression
profiling of the rat frontal cortex.
2. Drug withdrawal and addiction treatments may lead to changes in the protein
expression profiling of rat frontal cortex in addiction models.
3. The differential expression of neurotransmitter proteins in each group may be

related to behavioral changes in the animal model of drug addiction.

Scope of the study

This study investigated the alteration of protein expression profiling in the rat
frontal cortex of drug addiction models induced by methamphetamine and
dextromethorphan by proteomic technique. Moreover, protein expression profiling of
withdrawal and treatments (GABA, pre-germinated brown rice and diazepam drug)
were also observed in the rat frontal cortex of DXM addiction model. The selected
protein was then validated the proteomics results using the western blotting technique.
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Anticipated outcomes

1.

To provide an understanding about the alteration of differentially expressed
proteins in the rat frontal cortex of drug addiction.

To provide information about the possible mechanisms of the frontal cortex in
methamphetamine and dextromethorphan addiction.

To support information about the proteomics data in the frontal cortex of
methamphetamine and dextromethorphan addiction.

To provide an understanding of the pathways involved will lead to better
treatment approaches to the addicted abusers.

To provide novel knowledge of pre-germinated brown rice for addiction

treatment in the methamphetamine and dextromethorphan addiction.

Conceptual framework

Methamphetamine ’l’ Dextromethorphan ——

Drug addiction

4
¢

—— Withdrawal
Brain function change, Recovery??
especially frontal cortex
—— Treatment
l Alteration??
o PGBR
Protein expression profile o  GABA pure
o Diazepam
Neurotransmitters and associated protein

l Alteration??
Behavioral abnormalities

Figure 1 Conceptual framework of this study



CHAPTER Il

REVIEW OF RELATED LITERATURE AND RESEARCH

Drug addiction

Drug addiction or substance abuse refers to the misuse of medication without
the use of drugs for treatment, but to be used for the change of mood, perception or to
increase the bravery to do any activity. Addiction is a chronic mental disorder
characterized by compulsive drug-seeking and drug-taking behavior continued use
despite serious negative consequences (Nestler, 2001). When receiving the drugs for a
period, the body will adjust from the effects of drugs as follows: drug dependence, drug
tolerance, and drug withdrawal that these symptoms lead to drug addiction. Drug abuse
can affect several aspects of a person's physical and psychological health that are long-
lasting and permanent, certain drugs lead to drowsiness, insomnia, paranoia, or
hallucinations. The classification of drugs used categorizes according to their expected
major clinical effects into depressants, stimulants, hallucinogens, and volatile
substances (Hill & Thomas, 2016). However, that some drugs have actions in more than
one of these categories. Trends in drug use, cannabis is the most used illegal drug
worldwide, followed by opioids and amphetamines (UNODC, 2021). Thailand is one
of the one country in Southeast Asia in drug production and trafficking (Windle, 2017).
Methamphetamine is the most used drug in Thailand (Macdonald & Nacapew, 2013;
Saingam, 2018), among children and youth. In addition, found that the misuse of
prescription drugs has been increased such as dextromethorphan, morphine,
pseudoephedrine, diazepam, and others. Taking prescription drugs in a way that has not
been recommended by a doctor can lead to drug addiction. Dextromethorphan, they
represent the most abused substances among Thai youths (Chomchai & Manaboriboon,
2012).

Neurobiology of addiction
Drug addiction includes a relapsing cycle of intoxication, binging, withdrawal

and craving that results in excessive drug use (Figure 2). Addiction appears to be a
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combination of environmental factors and biological risk factors, like other
neurobehavioral disorders, like schizophrenia or depression Drug addiction includes a
relapsing cycle of intoxication, binging, withdrawal and craving that results in
excessive drug use (Figure 2). Addiction appears to be a combination of environmental
factors and biological risk factors, like other neurobehavioral disorders, like
schizophrenia or depression (Crews & Boettiger, 2009) (Crews & Boettiger, 2009). All
drugs of abuse trigger euphoric feelings consequent to increase of dopamine levels in
the brain by mesolimbic system. Mesolimbic pathway has dopaminergic cells, play a
pivotal role in the rewarding action of drugs of abuse. Mesolimbic pathway begins in
the ventral tegmental area (VTA) and connects the nucleus accumbens, amygdala,
hippocampus, and prefrontal cortex (Figure 3), that to be especially important to
mediating pleasure, rewarding experiences and cognitive processes. When using an
addictive drug or experiencing something otherwise rewarding, dopamine neurons in
the VTA are activated. These neurons project to the nucleus accumbens via the
mesolimbic dopamine pathway, and dopamine levels in the nucleus accumbens to rise.
Suggesting that, these areas are important to addictive behavior. However,
dopaminergic projections from the VTA travel to the prefrontal cortex as well; these
fibers are involved in reward and motivational cognition (Adinoff, 2004; Volkow et al.,
2013). The brain regions and biological mechanisms that underlie addiction that
perturbation of cognitive control. As cognitive control is the pivotal role of the frontal

cortex, there is interest to investigate the frontal cortex in the addiction.

Addiction

e

Figure 2 Behavioural manifestations of drug addiction (Goldstein & Volkow, 2002)
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Green = reward prediction and pleasure
Purple = cognitive control 1
Blue = motivation drive and salience attribution |

Red = leamning and memory
Baler, R.D. & Volkow, N. D, Trends Mol. Med. 2006

Figure 3 the brain circuits involved in addition. Image credit: Tocris Bioscience

Abnormalities in frontal cortex related with drug addiction

Frontal cortex, it is located at the front of the cerebrum that plays a critical role
in the organization of behavioral, linguistic, and cognitive actions. In anatomy, it
includes the parts of the brain from the frontal to the central sulcus. Therefore, if the
frontal cortex is damaged, it will result in impairment in working memory, executive
function, and emotional dyscontrol (Hoffmann, 2013; Stuss, 2011). Several studies in
the brain's prefrontal cortex have been associated with impulsive action as a character
of addictive behavior. Additionally, patients with damage to the prefrontal cortex are
similarities in behavior to addicted individuals (Crews & Boettiger, 2009). Drug abuse
alters the structure and function in frontal cortex (Mueller & Meyerhoff, 2021),
producing cognitive abilities disruption that promote continued drug use and difficulty
of abstinence (Goldstein & Volkow, 2011). The frontal cortex is responsible for
cognitive control and depends on a GABA/glutamate balance. Drugs of abuse are
critical to inducing or reducing one or the other, changing the glutamate and GABA
balance (D'Souza, 2015). In addition, dopamine involvement in drug addiction is likely
to mediate functional and structural changes in the frontal cortex (Goldstein & Volkow,
2002). The short-term drug administration has been traditionally associated with higher
extracellular dopamine concentrations in frontal regions (Goeders & Smith, 1986). In
human imaging studies have also revealed that the cues associated with drug-induced
craving increase dopamine release in the prefrontal cortex, in human and animal models
(Franklin et al., 2007; Milella et al., 2016).
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Methamphetamine

Methamphetamine (METH) is a highly addictive central nervous system (CNS)
stimulant drug, which causes a serious and growing worldwide problem associated with
medical, social, and economic domains. In 1919, Akira Ogata synthesized METH using
ephedrine, a compound of ephedra, with the pharmaceutical goals to CNS stimulation,
bronchodilation, or nasal vasoconstriction (Vearrier et al., 2012). Globally, the
production, distribution, and sale of METH is restricted or illegal in many countries,
due to psychotropic substances. Southeast Asia is one of the largest synthetic markets,
and consumption of METH, including Thailand. The drug was popularly used by
workers, including male truck drivers, factory workers and farmhands, to work for
longer periods and combat fatigue. In 1996, the Thai Ministry of Public Health changed
the name to “Ya Ba” to give a negative implication to the drugs (Chomchai &
Manaboriboon, 2012). The Thais population prevalence of drug use 82% in ages 15-64
years and use is higher among men than women. This drug is usually sold in tablet
form (called "YA BA") and crystalline form (called “crystal meth” or “ice”), with the
majority as d-methamphetamine form (Courtney & Ray, 2014; Macdonald & Nacapew,
2013). The routes of administration are intranasal sniffing, oral ingestion, inhalation,
and injection. The plasma half-life of METH is approximately 10-12 hours and acute
effects can persist to 8 hours, even though received only once (Cruickshank & Dyer,
2009). METH can be lipid-soluble due to the methyl group, which can distribute to
many parts of the body, especially blood-brain-barrier. METH rapidly accumulates in
the brain, and this is likely to increase its neurotoxicity (Turowski & Kenny, 2015).

The prominent effects of METH administration include heart rate, blood
pressure, body temperature, loss of appetite, euphoria, arousal, and psychomotor
activation (Cruickshank & Dyer, 2009). However, the effects are different depending
on the dosage of drug administration. At the acute low doses (0.01-0.03 mg/kg), METH
responses include hypolocomotion in mice whereas moderate (0.3-2.5 mg/kg) to high
doses (5-10 mg/kg) induced hyperlocomotion (Singh et al., 2012). A chronic
administration study of METH, at low, moderate, and high doses, evoked behavioral
responses more than in acute studies (Peachey et al., 1976). Among METH users,
dosing patterns tend to be initially used at lower doses before progressively increasing

the dose (Clark et al., 2007), that is similarly to the escalating-binge dose model in
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animals (Segal & Kuczenski, 1997). Importantly, the METH-induced alteration of
neuropathological in frontal cortex and hippocampus have been reported in animal
models, treated with escalating-binge dose (Kuczenski et al., 2007; Veerasakul et al.,
2016). The evidence from several approaches suggests that prolonged METH exposure
results in persistent changes in brain function.

The effect on neurotransmitter systems of methamphetamine primarily relates
to the monoamine neurotransmitter systems, due to its structure, including dopamine,
noradrenaline, and serotonin (Figure 4). Administration of METH increases the
extracellular dopamine levels through prevents the reuptake of released dopamine and
stimulates dopamine efflux. The extensive dopamine overflow after METH treatment
appears critical to the subsequent neurotoxicity. Furthermore, the degeneration of
dopamine nerve terminals was observed in animals exposed to METH, with reductions
in dopamine transporter (DAT), tyrosine hydroxylase, and vesicular monoamine
transporter-2 (VMAT2) protein levels (Lohr et al., 2015; Nordahl et al., 2003). In
addition to dopamine, METH also impacts serotonin (5-HT), noradrenaline, and
glutamate neurotransmitter systems through interactions with 5-HT transporters
(Haughey et al., 2000), monoamine transporters, and N-methyl-D-aspartate (NMDA)
receptors (Kerdsan et al., 2009). The mechanism of METH damage to other
neurotransmitters is unknown, and the release of dopamine overflow is predicted to be
an intermediate in the cause of another neurodegeneration (Courtney & Ray, 2014;
Stephans & Yamamoto, 1994).
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Figure 4 the chemical structures of METH and monoamine neurotransmitter
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Dextromethorphan

Dextromethorphan (DXM) is a drug used in over-the-counter cough and cold
medicines worldwide for over 50 years. It is a synthetic compound, which is the
d-isomer of the levorphanol and codeine analogue (Siu & Drachtman, 2007). In
Thailand, the first report of DXM misuse appeared in 2005, teenagers and young adults
(age 12 to 25 years) have been popularly abusing of DXM for euphoria and
hallucination (Bryner et al., 2006; Chomchai & Manaboriboon, 2012; Rosenbaum et
al.; Schwartz, 2005). At the present, DXM is classified as a dangerous drug that can be
received only when prescribed medication. DXM is a centrally acting agent cough
suppressant, it is believed to suppress cough by acting on the medulla oblongata. It does
not affect the central nervous system (CNS) when taken at therapeutic doses. At the
high doses, it may produce adverse effects such as hallucinations, agitation, fatigue,
drowsiness, especially addictive properties. The symptoms of the above are like
dissociative drugs such as ketamine or phencyclidine (PCP) (Burns & Boyer, 2013;
Chyka et al., 2007; Nguyen & Matsumoto, 2015).

DXM has three major metabolites: major active metabolite dextrorphan (DXO)
and two minor 3-hydroxymorphinan, and 3-methoxymorphinan (Silva & Dinis-
Oliveira, 2020). Both DXM and major metabolite DXO are responsible for the drug’s
psychoactive effects (Reissig et al., 2012). However, its pharmacology is not clear.
DXM has been shown to bind to sigma opioid receptors (o opioid receptor) in medulla
oblongata to produce antitussive activity. In addition, DXM can risk to serotonin
syndrome to be due to excessive stimulation at the 5SHT2 receptor cause to neuronal
serotonin release (Schwartz et al., 2008), which appear as altered mental status,
seizures, hyperthermia, and death (Chyka et al., 2007; Rosenbaum et al.). High doses
of DXM, an NMDA antagonist, which action results in neurobehavioral effects like
dissociative agents (e.g. dysphoria, hallucinations, agitation, sedation) (Reissig et al.,
2012). However, the excessive release of glutamate was evidenced by DXM or its
metabolite treatment in rat cerebral cortex nerve terminals (Lin et al., 2009).

Pre-germinated brown rice (PGBR)
For Thai people, rice (Oryza sativa) is a daily dietary staple food and the source

of carbohydrate and energy. Pre-germinated brown rice (PGBR), one kind of rice, is
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slightly germinated by soaking brown rice in water as this reduces the hardness of
brown rice and makes it easier to eat. PGBR is necessary for enhancing nutrients
required for good health, and is evaluated as a functional food because it is good in
digestion and absorption. Consumption of PGBR is increasing attention supported by
evidence on effects reduction in the risk of some diseases such as obesity (Lim et al.,
2016), cardiovascular diseases (Liang et al., 2020), type 2 diabetes (Bui et al., 2014;
Liang et al., 2020) and neurodegenerative diseases (Mamiya et al., 2004). During
germination, many nutrients in PGBR were increased nutritious (proteins, fat, and
dietary fibre) and bioactive compounds (gamma-oryzanol, ferulic acid, and phytate)
(Banchuen et al., 2009; Patil & Khan, 2011). The examples of biological activities in
germinated rice as shown in Table 1. The y-Oryzanol, which has a lot of beneficial
effects, is a mixture of ferulic acid. It has been associated with various beneficial effects
such as antioxidants, immune system, inflammation and neuroprotective (Sulaiman et
al., 2021). The major phenolic acids of rice were ferulic acid, which has the capability
to help to reduce blood pressure and protect skin (Patil & Khan, 2011). Phytates or
phytic acid is the major storage form of phosphate in cereal grains, such as rice. Phytic
acid has some anticancer and antioxidant functions because of its functions in reducing
lipid peroxidation and inhibits hydroxyl radical formation (Shamsuddin, 2002).
Besides, many studies reported that germination could induce the formation of new
bioactive compounds, such as GABA (Céceres et al., 2017). The protein in PGBR can
break down into free amino acids, especially glutamic acid which can be changed into
GABA compound (Jannoey et al., 2010) and can be carried into the brain through the
BBB (Mamiya et al., 2007).

Table 1 Examples of biological activities in germinated rice

Nutrients | Biological activities in germinated rice

GABA Hypotensive effect, accelerating metabolism in brain, preventing
headaches or depressions aftereffects of cerebral arteriosclerosis and
cerebral apoplexy, preventing climacteric disorder, preventing
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Nutrients | Biological activities in germinated rice

presenile derangement such as insomnia and mental irritation,

Activating renal function

Dietary Relieving constipation, preventing cancer of colon, Regulating blood
fiber sugar levels

Ferulic Scavenging super oxides, Suppressing melanogenesis

acid

Phytic acid | Antioxidative effect, protecting cardiovascular disease, preventing

platelet aggregation

Gamma- Antioxidative effect, preventing skin aging, modulating cholesterol

oryzanol values

Source: (Patil & Khan, 2011)

Proteomic techniques

The proteomics describes the study and characterization of proteomes that is
characterized regarding the localization, interactions, and post-translational
modifications and turnover, at a time. The proteome is the overall protein