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Thunbergia laurifolia Linn. (T. laurifolia), “Rang-jert”, is a Thai traditional medicine that has been used 

as an antidote for poisons detoxification including ethanol. T. laurifolia can stimulate neuronal activity and dopamine 
release in striatum and nucleus accumbens which are correlated in motor and reward systems in a similar way as 
drug abuse. However, chronic administration of T. laurifolia can not induce addiction. Moreover, its antioxidant 
property and bioactive compound, iridoid glycoside, show effects against neurotoxics. The aims of this thesis were to 
investigate the potential protective effect of T. laurifolia on behavior changes and alterations in the nigrostriatal and 
mesolimbic dopaminergic pathways in acute and chronic ethanol administrations rats. The four groups of male Wistar 
rats (control, ethanol, T. laurifolia and T. laurifolia plus ethanol groups) were used to test of acute and chronic 
treatments followed by the determination of various behaviors (motor coordination impairment, anxiety, exploratory 
and addiction) and tyrosine hydroxylase expression.  In acute ethanol administration studies, T. laurifolia showed 
protective effects on the ethanol-induced motor coordination impairment on balance beam. Acute ethanol produced a 
significant increase in tyrosine hydroxylase expression in the striatum but not in substantia nigra, nucleus accumbens, 
and ventral tegmental area. Administration of T. laurifolia before acute ethanol reversed the expression of tyrosine 
hydroxylase in the striatum back to the control level. Chronic administration of T. laurifolia prior to ethanol for 30 
consecutive days demonstrated a potential protective effect to ethanol-induced motor coordination impairment and 
addiction. Moreover, the expression of the tyrosine hydroxylase in the striatum and nucleus accumbens were 
reversed to the control level by the action of T. laurifolia. From both acute and chronic experiments, it can be 
concluded that T. laurifolia extract showed the protective effects on ethanol-induced motor coordination impairment, 
addiction, and tyrosine hydroxylase expression changes in the striatum and nucleus accumbens in rats. The findings 
can be suggested that the effects of T. laurifolia may perhaps improve an ability to prevent the alcohol-related 
impairment of motor coordination and motor skill to drive, addiction, and neurodegenerative diseases. 
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CHAPTER I 
INTRODUCTION 

 
Thunbergia laurifolia Linn. (T. laurifolia), commonly known Rang-jert in Thai, is a 

Thai traditional medicine in the Acanthaceae family. The profiling of T. laurifolia was 
suggested to have high contents of the phenolic and flavonoid compounds that act as 
an antioxidant agent (1, 2). The different parts of the plant are used for various purposes in 
a Thai traditional treatment. For example, the leaves, root, and vine have been used in a 
local Thai traditional recipe for poisonous substances and toxic mushroom 
detoxification, thirsty, antipyretic, anti-diarrhea, abnormal menstruation and, anti-allergy. 
Based on the traditional recipe, several reports have suggested that T. laurifolia has an 
antinociceptive effect, wound healing, anti-diabetic, antioxidant property, 
hepatoprotective effect (3-6). The effect of T. laurifolia detoxification of poisonous 
substances such as paraquat and insecticides in rats was reported (7-9). Furthermore, T. 
laurifolia leaves extract has been reported to protect ethanol-induced hepatotoxicity 
using hepatic lipid peroxidation, blood ethanol concentration, alcohol dehydrogenase, 
and aldehyde dehydrogenase activity as indicators (10). Generally, this plant commonly 
used as a Thai traditional recipe for drug addiction treatment (11). T. laurifolia is a major 
ingredient in a mixture compound to treat drug addiction (11) and alcohol-dependent 
patients (12-14). The extraction of T. laurifolia extract stimulates endogenous dopamine 
release from striatal tissue slides similar to amphetamine action (15). From the study using 
functional magnetic resonance imaging (fMRI) technique, the administration of T. 
laurifolia extract to the rats increase the neuronal activity in brain areas responsible for 
reward and locomotion such as nucleus accumbens, striatum [caudate putamen globus 
pallidus], amygdala, frontal cortex, and hippocampus (16). T. laurifolia shows an increase 
in cerebral blood flow in anesthetized rats in doses and timely manner (17). Acute 
administration of T. laurifolia extract in rats induces an enhancement of extracellular 
dopamine release in the nucleus accumbens similar to cocaine stimulation using the 
microdialysis technique (18). From all these results, it is indicated that T. laurifolia extract 
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was used in addicted drug treatment due to the property that it can stimulate 
endogenous dopamine release and similarly increase dopaminergic function as 
amphetamine and cocaine. However, chronic T. laurifolia administration does not induce 
addiction in rats (19).  

Alcohol consumption is reported as a serious problem worldwide for health and 
society. According to the global status report from the World Health Organization (WHO) 
on alcohol and health in 2018, more than half of the global population (57%, or 3.1 billion 
people) aged 15 years and over drink alcohol. Total alcohol per capita consumption 
continued to elevate from 5.5 liters of pure alcohol in 2005 to 6.4 liters in 2010 and 
maintain the average value of 6.4 liters until the year 2016. The WHO suggests that 
alcohol consumption could increase to 6.6 liters in 2020 and may be increased up to 7.0 
liters in 2025 (20). The Center for Alcohol Studies (CAS) in Thailand reported that alcohol 
consumption in Thai drinkers ages 15 years and older is 16,992,017 person or 31.5 
percent of the population in 2014 (21). 

The adverse effect of alcohol drinking is under concerned as it has effect on 
society and health. Alcohol intoxication is a common cause of accidents, vandalism, 
fighting, and other forms of social interaction including family violence and breakdown 
(22). National Statistical Office of Thailand (NSO) reported that most of road accidents 
from drivers ages 15 years and older (about 7,792 person in 2014) were caused by 
alcohol drinkers (23). The road accidents caused by alcohol drinkers have greatly 
increased during long weekends or festivals. The Road Safety Operation Center (RSOC) 
in Thailand reported that the causes of accidents during festivals such as New Year 
festival and Songkran festival were drinking alcohol before driving (24, 25). Moreover, Road 
Safety Thailand Road Safety Policy Foundation (RSPF) reported an increasing rate of 
injuries and deaths from drunk drivers during New Year and Songkran festivals in the 
year 2016-2019 (26).  

Concerning the health problem, acute alcohol intoxication is clinically 
harmful.  An abnormal behavioral or psychological disturbance usually present during or 
shortly after alcohol ingestion. Aggressive behavior, unstable mood, and impaired 
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judgment conditions are found in alcohol drinkers. Following signs after alcohol use are 
slurred speech, lack of coordination, impairment of attention or memory and stupor or 
coma which correlated with blood alcohol concentration (BAC) (27). Alcohol drinkers are 
at risk for many diseases. WHO has shown the research that 1.7 million alcohol drinkers 
died from non-communication diseases including digestive, cardiovascular disease, 
and cancer. Globally, alcohol use disorder or alcohol addiction, developmental of 
chronic alcohol consumption, has 237 million men and 46 million women (28). 

Ethanol is a major compound of alcoholic beverages. Ethanol absorption 
occurs mainly in the stomach and duodenum. The remaining occurs in other parts of the 
intestinal tract (29). Gastric alcohol dehydrogenase (ADH), generally known as "first-pass 
metabolism", transforms ethanol to acetaldehyde. The remaining of ethanol (90%) is 
metabolized in the liver by three liver enzymes including liver ADH, microsomal ethanol 
oxidizing system and catalase (30). Ethanol induces organ damage such as liver, heart, 
and respiratory system and promotes disease stages and neuropsychological disorders 
(31). Ethanol suppresses the central nervous system (CNS) in a similar manner as some 
depressant drugs. It affects cellular and molecular levels and changes in synaptic 
functions of neurons. Acute ethanol intoxication either stimulates or inhibits the function 
of proteins implicated in synaptic transmission. Chronic ethanol intoxication presents 
opposing and /or compensatory/homeostatic effects on the expression, localization, and 
function of these proteins (32). Many synaptic transmissions have been affected by acute 
and chronic ethanol intoxication and promoted many abnormal behaviors. Several 
channels, secondary messenger systems, and neurotransmitters such as dopamine 
(DA), -aminobutyric acid (GABA), glutamate, and serotonin (5-HT) implicate with 
ethanol actions (33). Exposure of ethanol to the central nervous system causes behavioral 
changes such as motor coordination impairments, anxiety, exploratory behavior, and 
addiction behavior (34-36). 

From many reports on the ethanol intoxication, the first neuronal circuit 
correlating with ethanol action is a dopaminergic system. The processes correlate with 
the dopaminergic system including acute intoxication, reinforcement, tolerance, 
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dependence, and withdrawal. The studies show the correlation between ethanol effect 
and the dopaminergic system. For example, alcohol consumption was blocked by 
injection of a low dose of dopamine antagonists which disturbed dopamine activity (37, 38). 
Several publications suggest the acute and chronic ethanol exposure via several routes, 
i.e., intravenous injection, intraperitoneal injection, and oral administration, in rats and 
human. The acute ethanol intoxication increases dopaminergic neurons firing and 
dopamine release in rodents (39, 40) and human (41, 42). Chronic ethanol intoxication on 
dopamine levels during ethanol withdrawal are found to have some controversial results 
i.e., a decrease dopamine release in adult female alcohol-preferring (P) rats (43), no 
change of dopamine level in adolescence male mice, (44) or increase dopamine release 
in adult female alcohol-preferring rats (45).  

Dopamine is a monoamine neurotransmitter. The original dopaminergic neurons 
are in the ventral tegmental area, substantia nigra, midbrain, and the arcuate nucleus of 
the hypothalamus. Dopaminergic neuron projections have effects to regulate many 
behaviors. Nigrostriatal dopaminergic pathway is a projection of dopaminergic neurons 
in substantia nigra to striatum, caudate nucleus, and the putamen. This projection 
implicates movement, motor function, and learning new motor skills. The original 
dopaminergic neurons in the ventral tegmental area projects to nucleus accumbens also 
called mesolimbic dopaminergic pathway and regulates emotion and reward systems. 
Another projection from ventral tegmental dopaminergic neurons is called the 
mesocortical dopaminergic pathway. This pathway projects to prefrontal cortex and 
functions to regulate cognitive and emotional behavior. The tuberoinfundibular 
dopaminergic pathway originates in the arcuate nucleus of the hypothalamus and 
projects to pituitary gland. The dopamine in this pathway inhibits prolactin release (46).  

Ethanol intoxication induces dopamine activity changes and promotes 
abnormal behaviors. The ethanol intoxication in the nigrostriatal dopaminergic pathway 
has been reported to have a different response dependent on the dose of ethanol used. 
Low dose of intravenous injection of ethanol excited the dopaminergic neurons in the 
substantia nigra of Male Sprague-Dawley rats but inhibited the activity when using a 
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high dose (47). These findings were also found in the striatum by acute ethanol 
administration (48). These imbalances of dopamine activities by ethanol cause abnormal 
behaviors that are regulated by dopaminergic pathways. Motor coordination was 
impaired within a few minutes after intraperitoneal injection of ethanol in both rats and 
mice and continued to impair toward a hangover (49, 50). The electrophysiological studies, 
in vivo and in vitro, demonstrating ethanol effect on mesolimbic and mesocortical 
dopaminergic pathways that ethanol increases the firing rate of dopaminergic neurons 
in the ventral tegmental area (51, 52). Exposure of chronic ethanol causes an increase in 
dopamine-releasing in the ventral tegmental area (53). When the ventral tegmental area 
was activated, the brain areas which are the targets of its projection i.e., nucleus 
accumbens (of alcohol-preferring (P) rats (54) and prefrontal cortex (of the Long-Evans 
rat (55) exhibited the increase in dopamine release. However, the withdrawal effect of 
ethanol intoxication showed a decrease in dopamine level (56). Acute and continuously 
exposure of ethanol increased dopamine activity and promoted the biphasic behavior 
response to ethanol. Low to moderate doses induced exploratory behavior, anxiolytic, 
and increased locomotor activity (57, 58). High dose of ethanol caused sedation and 
decreased locomotor, and exploratory behaviors (59). Moreover, continuous ethanol 
exposure was found to develop alcoholism in mice which is also known as alcohol 
addiction(60). Furthermore, ethanol intoxication showed an effect in the tuberoinfundibular 
dopaminergic pathway. Prolactin release was observed in acute ethanol intoxication and 
chronic ethanol intoxication (61, 62). 

As mentioned earlier, T. laurifolia is a traditional plant that can be used to treat 
for prevention and detoxification of drug toxicity and addiction. Many studies have 
reported that T. laurifolia can activate many brain areas (16) and dopamine (15, 18) in 
rewarding and motor areas similar to that of abusive drugs such as cocaine or 
amphetamine. However, chronic administration of T. laurifolia did not cause addiction in 
rats (19). Therefore, it is interesting to investigate preventive effects of T. laurifolia on 
behaviors changes and dopaminergic system response in rat treated with acute and 
chronic ethanol administration through the following aspects: 
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1. The preventive effect of T. laurifolia on behavioral changes and 
dopaminergic system response in male Wistar rats induced by acute administration of T. 
laurifolia, ethanol, and T. laurifolia plus ethanol. 

1.1 To determine motor coordination impairment, anxiety, and 
exploratory behavior changes in response to acute administrations by using balance 
beam, elevated plus maze, and hole board apparatus, respectively  

1.2 To determine the expression and alteration of the tyrosine 
hydroxylase in mesolimbic and nigrostriatal dopaminergic pathways in response to 
acute administrations by using western blot analysis and immunohistochemistry method 

2. The preventive effects of T. laurifolia on behavioral changes and 
dopaminergic system response in male Wistar rats induced by chronic administration of 
T. laurifolia, ethanol, and T. laurifolia plus ethanol 

2.1 To determine ethanol addiction, motor coordination impairment, 
anxiety, and exploratory behavior changes in response to chronic administrations by 
using condition place preference test, balance beam, elevated plus maze, and hole 
board apparatus, respectively 

2.2 To determine the expression and alteration of the tyrosine 
hydroxylase in mesolimbic and nigrostriatal dopaminergic pathways in response to 
chronic administrations by using western blot analysis and immunohistochemistry 
methods  
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Conceptual framework 
 
In this study, the protection of T. laurifolia on the expression and alteration of 

tyrosine hydroxylase in mesolimbic and nigrostriatal dopaminergic pathways was 
studied in rats treated with T. laurifolia prior to acute and chronic ethanol administration. 
Behaviors that implicated with mesolimbic and nigrostriatal functions, changes in the 
administration of T. laurifolia prior to acute and chronic ethanol administration could 
explain the protective effect of T. laurifolia on the functional pathways of dopamine. 
Understanding the effects of T. laurifolia on dopaminergic response in these pathways 
of acute and chronic ethanol administration may explain the protective mechanism of T. 
laurifolia to ethanol administration. 
 

 
 

Figure 1 Conceptual framework.  
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CHAPTER II 
REVIEW LITERATURE 

 
Thunbergia laurifolia Linn. 

Thunbergia laurifolia Linn. (T. laurifolia) is a Thai traditional herb that has been 
used as an antidote for poisonings detoxification. Different parts of T. laurifolia such as 
leaves, root, and vine are used for toxic substances and toxic mushroom detoxification, 
thirsty, antipyretic, anti-diarrhea, abnormal menstruation, and anti-allergy in a local Thai 
traditional recipe. 

Thai traditional uses of T. laurifolia 
T. laurifolia has long been used as a Thai traditional medicine which has no 

publications for its effects in use. In Thailand, T. laurifolia is used locally as an antidote 
for several detoxifications such as arsenic, strychnine, insecticide, and ethanol. In Thai 
tradition recipes, the dried leaves extraction with hot water is used for detoxification of 
acute paraquat administration. T. laurifolia leaves are pounded and extracted in water or 
rice wash water as known as nam sow kow in Thai for local use. After that, the extracts 
are squeezed before drinking as a detoxification treatment. Furthermore, the pounded 
root and vine are used to reduce the poisoning effect in the body. 

Taxonomy  
T. laurifolia is commonly known in Thai as “Rang-jert” or babbler’s bill, laurel 

clock vine, blue trumpet vine, or laurel-leaved in English name. T. laurifolia is classified 
in the Acanthaceae family and Genus, Thunbergia which distributed in Southeast Asia. 
T. laurifolia is a climbing plant that the woody green vine has a hairless and climbing 
with the stem (figure 2A). Its leaves are laurel or heart-shaped, dark green, opposite 
pairing, a pointed tip, and slightly serrated leaf (figure 2B). The leaves are bright and 
thin when young and tend to be dark green when mature. Its flower is a trumpet-shaped 
with 5 lobes purple-blue color shade and a yellow throat (figure 2C).  
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Figure 2 Characteristics of T.laurifolia. 

T. laurifolia shows in figure 2A, its leaf in figure 2B and flower in figure 2C. 
 

Phytochemical substances of T. laurifolia 
T. laurifolia flower extract contains apigenin-7-o--D-glucopyranoside 

delphinidin 3:5-di-o--D-glucopyranoside, and apigenin (63). Methanolic extract of the 
aerial part of T. laurifolia shows two iridoid glucosides including 8-epi-grandifloric acid 
and 3’-O--glucopyranosyl-stilbericoside along with benzyl -glucopyranoside, (E)-2-
hexenyl -glucopyranoside, 6-C-glucopyranosylapigenin, benzyl -(2’-O--
glucopyranosyl) glucopyranoside, hexanol -glucopyranoside, grandifloric acid, and 
6,8-di-C-glucopyranosylapigenin (64). The extractions of the leaves with boiling water, 
ethanol, and acetone contain the phenolic, caffeic acid, apigenin, carotenoids, gallic 
acid, chlorophyll a and b, pheophorbide a, pheophytin a, and lutein (1). 

Pharmacological effects of T. laurifolia 
Various publications have reported the studies of T. laurifolia both in vitro 

and in vivo in order to explain many effects of T. laurifolia in traditional uses. Several 
effects of T. laurifolia including neuronal and behavior, detoxifying, antioxidant, 
hepatoprotective, and other effects such as anti-inflammatory, anti-fibrosis, anti-cancer, 
and wound-healing.  
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Neuronal and behavior effects 
In 2002, Thongsaard and colleagues studied the stimulation effect of T. 

laurifolia on endogenous dopamine release in rat striatal tissues slice comparing with 
amphetamine by using high-performance liquid chromatography system with 
electrochemical detection (HPLC-ECD). The T. laurifolia crude water extract (0.1 g/ml) 
showed a stimulating effect on potassium-stimulated dopamine release similar to that of 
amphetamine when compared to control (15). Furthermore, Thongsaard W. et al. (2005) 
showed that 200 mg/kg of leaves T. laurifolia methanol extract increased cerebral 
activity in several brain areas responsible for reward and locomotion including striatum 
(caudate and putamen), nucleus accumbens, globus pallidus, amygdala, frontal cortex, 
and hippocampus by using functional magnetic resonance imaging (fMRI) technique 
while blood pressure, blood pH, partial pressure of CO2 (pCO2), and partial pressure of 
O2 (pO2) of rats did not change (16). Intraperitoneal injections of T. laurifolia at the doses 
of 100, 200, and 300 mg/kg increased cerebral blood flow in a dose-related and timely 
manner in anesthetized rats at 5, 10, 20, and 30 minutes after injection of T. laurifolia (17). 
A single injection of 200 mg/kg T. laurifolia methanol extract compared with 10 mg/kg 
cocaine showed that T. laurifolia increased dopamine release in rat nucleus accumbens 
in a similar manner as cocaine by using microdialysis technique. The increased 
dopamine exhibited within 20 minutes after T. laurifolia injection followed by a decrease 
after 40 minutes of injection by using HPLC-ECD (18). Thongsaard W and co-workers 
(2015) exhibited that chronic administration of 1 and 10 g/kg T. laurifolia methanol 
extract for 30 consecutive days did not cause addiction when compared with 10 mg/kg 
cocaine administration using a standard behavior model for addiction called condition 
place preference test (19). Furthermore, the oral administration of 250 and 500 mg/kg T. 
laurifolia for 3 weeks decreased cognitive, depression-like behavior deficits and 
reversed expression levels of choline acetyltransferase (ChAT) and muscarinic M1 
receptor in hippocampus of Alzheimer’s disease model mice (OBX mice) (65). 

Detoxifying effects 
Several publications suggest the detoxification effect of T. laurifolia on 

several poisons. In vitro study, T. laurifolia promotes detoxification effect on 
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organophosphorous (chlorpyrifos) inhibited neurotransmitter system damage. The 
organophosphorous (chlorpyrifos) inhibited activity of cholinesterase (ChE) was 
decreased by T. laurifolia (2 and 4 mg/ml) treated mouse brains and red blood cells (66). 
The attenuation of paraquat toxicity showing an administration of T. laurifolia 1 hour 
before paraquat injection increased survivor rate of rats treated with mortality dose (70 
mg/kg) of paraquat and decreased plasma concentration of malonaldehyde (MDA) in 
rats receiving 60 mg/kg paraquat (67). Chronic feeding of T. laurifolia at a human dosage 
of 3 cups (250 ml/cup) for 20 consecutive days before injection of 1 mg/kg/day 
cadmium for 20 days reduced toxicity signs and also kidney and liver damages caused 
by cadmium(68). A reducing lead concentration in liver and muscle of Oreochromis 
niloticus (Nile tilapia or Plah Nin in Thai) was observed for T. laurifolia leaf extract dietary 
supplement administration for 28 days(69).  

Antioxidant effect 
Antioxidant activity and total phenolic compounds of T. laurifolia were 

evaluated using free radical scavenging, ferric reducing antioxidant power assay 
(FRAP) and the Folin-Ciocalteu method. Water, ethanol, and acetone extracts of dried 
leaf of T. laurifolia showed 2430, 565, and 142 mg GAE/100 g of total phenolic content, 
respectively. A higher free radical scavenging at 0.13 mg GAE/ml was observed in 
water extraction whereas ethanol and acetone extract showed at 0.26 and 0.61 mg 
GAE/mL respectively. Besides, water, ethanol, and acetone had total antioxidant activity 
at 0.93, 0.18, and 0.04 mmol/g, respectively using FRAP assay(2). Different drying 
methods of T. laurifolia show a difference in total phenolic containing. Freeze-dried, 
microwave dried, oven-dried, and fresh leaves of T. laurifolia had 3850 ± 127, 3080 ± 
202, 1800 ± 57, and 577 ± 39 mg GAE/100 g of total phenolic content, respectively (70). 
Furthermore, A decrease in hemolysis of mice infected with Plasmodium berghei 
(malaria infection) was suggested that its antioxidant property may reduce oxidative 
stress during malaria infection in erythrocytes (71). Furthermore, T. laurifolia 
administration in a diet as a food supplement increased the intrinsic antioxidant 
(glutathione) and the activities of catalase, glutathione reductase, and glutathione 
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peroxidase. Lipid peroxidation in gill, kidney, and liver in Nile tilapia were also 
decreased after chronic exposure to lead (69).  

Hepatoprotective activity 
The hepatoprotective effect of T. laurifolia leaves extract was found in 

rats treated with ethanol both in vitro and in vivo studies. Rat hepatocytes treated with 
ethanol before 2.5, 5.0, 7.5, and 10.0 mg/ml concentrations of T. laurifolia leaves extract 
showed that T. laurofolia decreased the percentage of MTT and recovered 
transaminase enzymes, aspartate transaminase, and alanine aminotransferase in rat 
hepatocytes to baseline. Chronic ethanol administration for 14 days and followed by 7 
consecutive days of T. laurifolia administration also showed the recovery of 
transaminase enzymes and hepatic triglyceride to the normal levels (72). 

Other effects of T. laurifolia  
Administration of T. laurifolia to male Sprague Dawley rats before 

inflammation induction for 1 hour reduced ear and paw edema by using ethyl 
phenylpropiolate (EPP)-induced ear edema, carrageenan or arachidonic acid-induced 
paw edema, and cotton pellet-induced granuloma formation test(73). Lipopolysaccharide-
induced nitric oxide production, inflammatory response molecule, and cell proliferation 
in murine macrophage cells were inhibited by T. laurifolia exposure (74). T. laurifolia 
treatment reduced the inflammatory cells in the surrounding of the hepatic bile ducts of 
Syrian hamsters infected with Opisthorchis viverrini (Southeast Asian liver fluke)(3). T. 
laurifolia exposure to hepatic stellate cells treated with transforming growth factor-beta 1 
resulted in a suppression of the extracellular matrix (𝛼-SMA) and collagen-I production, 
decreasing matrix metallopeptidase 9 activity, and inhibiting signal transduction 
pathways such as p38 MAPK and Erk1/2 kinases (75). The observation of anti-cancer 
activity of T. laurifolia suggested that T. laurifolia exposure to breast cancer cells for 24 
hours decreased cell growth, clonogenic cell survival, and cell viability in a dose-
dependent manner. A significant increase in cell population in the G1 phase and 
decreased in the S phase of the breast cancer cells cycle at a higher dose of T. 
laurifolia indicated its effect to induce breast cancer cell cycle arrest (76). Furthermore, 
Second-degree burn wound in male Wistar rats treated with leaves T. laurifolia extract 
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gel for 28 consecutive days was shown to abolish edema or congestion in second-
degree burn, rapidly promote in epithelialization, fibroblast infiltration, and angiogenesis 
and increase wound healing rate and collagen content (4).  

Toxicity of T. laurifolia 
The observation of T. laurifolia toxicity was suggested by Chivapat S et al 

(2010). Water extract of T. laurifolia leaves was chronically administered to rats for 6 
months at a dose of 20, 200, 1,000, and 2,000 mg/kg/day. The parameters used for T. 
laurifolia toxicity determination were hematological parameters, body weight, food 
consumption, behavior, or general health. The observations showed that T. laurifolia 
administration at any doses did not significantly change food consumption, physical 
appearance, or behavior and any toxic signs or mortality throughout the treatments. 
Chronic treatment of T. laurifolia showed a decrease in red blood cell and an increase in 
white blood cells. Besides, albumin and bilirubin levels were higher than that of the 
control group given drinking water. However, any doses of T. laurifolia used in this 
experiment did not induce any histopathological alterations of visceral organs in both 
sex rats (77). 
 
Alcohol  

Alcohol is an organic compound. The general formula of alcohol is CnH2nOH. 
The alcohol structure has a saturated carbon atom joined with a hydroxyl functional 
group (-OH). The hydroxyl group is an important part responsible for the physical and/or 
chemical properties of the alcohol molecule. Alcohol can be classified based on a 
carbon atom that joined with a hydroxyl group. The connection between the carbon 
atom that joins with the hydroxyl group and alkyl group represents a type of alcohol. The 
primary alcohol has only one alkyl group that connected, while secondary or tertiary has 
two and three alkyl groups that connect with carbon atom (figure 3) (78). 
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Figure 3 A ball-and-stick model of alcohol molecule. 

The alcohol structure consists of hydroxyl functional group and alkyl groups. 
 

Source: https://en.wikipedia.org/wiki/Alcohol(79) 
 
Alcoholic beverages 

An alcoholic beverage (or alcoholic drink) is a drink that contains ethanol. In 
industry, ethanol is prepared by acid-catalyze hydration of ethylene (80). Generally, the 
production of alcoholic beverages uses different fermentation processes and materials. 
Types of alcoholic beverages such as beer, wine, whiskey, brandy, rum, gin, and vodka 
are difference in the percentage of ethanol, methods, and materials. Beer use starches 
mainly derived from cereal grains such as malted, barley, cereal, or corn for a 
fermentation process and stop the process when the fermentation contains 4 to 8 
percent of ethanol. Wine has 10 to 12 percent of ethanol and commonly uses grapes for 
fermenting process. Distilled fermented juices such as whiskey, brandy, rum, and gin 
contain 40 to 55 percent of ethanol. Whiskey and brandy are distilled fermented juices 
brewed in wooden casks while rum and gin are not stored in wooden casks.  Whiskey 
made from fermented grain mash i.e., barley, corn, rye, wheat, and leave for 
fermentation in wooden casks made of charred white oak. However, brandy is distilled 
from fermented fruit juices such as apple and grapes and stored in an oak cask. 

Blood alcohol concentration (BAC) and symptoms 
After alcohol consumption, alcohol is rapidly absorbed into the blood 

circulation and reaches maximum blood alcohol concentration (BAC) within 10 and 60 
minutes after consumption. The blood alcohol concentrations are related to clinical 
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symptoms (Table 1). BAC less than 50 mg/dl causes increased talkativeness and 
relaxation while ataxia, poor motor coordination, mood, behavioral changes, and 
nystagmus occur at a BAC higher than 100 mg/dl. Respiratory depression, coma, and 
death present at BAC higher than 400 mg/dl (81). 
 
Table 1 Main symptoms correlated blood alcohol concentrations (BAC) in alcohol 
consumption. 
 

Symptoms BAC 
Impairment in some task requiring skill BAC < 50 mg/dl 
Increase in talkativeness  
Relaxation  
Altered perception of the environment BAC > 100 mg/dl 
Ataxia  
Hyper-reflexia  
Impaired judgment  
Lack of coordination  
Mood, personality, and behavioral changes, nystagmus  
Prolonged reaction time  
Slurred speech  
Amnesia BAC > 200 mg/dl 
Diplopia  
Dysarthria  
Hypothermia  
Nausea  
Vomiting  
Respiratory depression BAC > 400 mg/dl 
Coma  
Death   
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Ethanol 
Ethyl alcohol or commonly known as “ethanol” is simple alcohol with a chemical 

formula of C2H6O. It is naturally produced by the fermentation of sugars by yeasts or via 
petrochemical processes. Ethanol is an active gradient in alcoholic beverages.  

After alcohol consumption, ethanol undergoes the pharmacokinetic process 
including absorption from the gastrointestinal tract, distribution to liver and other organs, 
metabolism in the liver or other cells and excretion from the body. Ethanol-induced 
symptoms exhibit a dose-dependent pharmacokinetic. The metabolism of ethanol by 
liver enzyme, hepatic alcohol dehydrogenase (ADH), is saturated at BAC above 15-20 
mg/100 ml. This is a cause that has ethanol in blood circulation and penetrates into the 
cells. In the central nervous system, ethanol easily crosses the blood-brain barrier and 
interacts with nerve cell membranes and receptor proteins to cause many impairments 
of drinkers (figure 4) (82). 
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Figure 4 Diagram of ethanol in the body. 

 
Source: Jones AW. (2019) (83) 

 
The diagram exhibits ethanol consumption, pharmacokinetics, 

pharmacodynamics in the brain and, symptoms. After alcohol consumption, ethanol is 
absorbed into blood circulation via the oral cavity, stomach, and small intestinal. The 
liver is the first organ that ethanol distributes to. Ethanol is metabolized by oxidative and 
non-oxidative metabolism in the liver. The remaining ethanol penetrates into the heart 
and other organs. Ethanol in blood circulation crosses the blood-brain barrier and 
interacts with cell body, receptor, and ion channels. The interactions produce an 
inhibition or stimulation of neurons and result in abnormal behaviors. 



  

  

18 

Pharmacokinetics of ethanol 
Absorption 

The absorption process refers to uptake ethanol into blood circulation. 
Ethanol penetrates from the gastrointestinal tract into blood circulation by a hydrophilic 
molecule of ethanol, a hydroxyl group. An uncharged molecule of ethanol easily passes 
membranes by a passive diffusion process that depends on the concentration gradient 
(84, 85). In the mouth, ethanol molecules can be absorbed by mucous surfaces in an oral 
cavity. The absorption areas of ethanol are stomach and small intestine. The study of an 
absorption rate in the stomach showed an absorption increased to 40 % of ethanol 
within 20 minutes (86) and up to 60 % in an hour (87) using rats pylorus ligation. Generally, 
ethanol consumption is mainly absorbed in the small intestine which has a large 
absorptive area i.e., villi and microvilli. Several factors are correlated with the rate of 
absorption in the gastrointestinal tract such as gastric emptying, food types, portal 
blood flow, and percent of alcohol contents (85, 88). Drinking alcohol during meals or after 
meals delayed gastric emptying and slowed the absorption of ethanol into the blood 
circulation (89). Protein and fat that induced cholecystokinin release from the duodenum 
resulted in an inhibition of gastric emptying in the stomach. The sympathetic effect and 
vasoconstriction of the portal vein in the liver caused the reduction of ethanol absorption 
by decreasing the flow rate in the portal vein. Percentage of ethanol in alcoholic 
beverages has been reported to have an effect on an absorption rate. The moderate 
percentage of ethanol in alcoholic beverages, 20-30 % ethanol, has been reported to 
have the fastest rate of absorption. High dose of ethanol induced irritation to the 
intestinal mucosa and mucus secretion and resulted in the decrease in gastric emptying 
(88). 

Distribution 
The heart pumps ethanol to the blood circulation and penetrates into 

extra- and intra-cellular compartments. The ethanol distribution within systemic blood 
circulation dose not bind to plasma proteins or biomolecules. The rate of ethanol 
equilibrium in the body depends on the cross-section of local capillary and blood flow 
per gram tissue (84). Ethanol diffuses from systemic blood circulation into extra- and 
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intracellular by gradient equilibrium. High water containing organs such as brain, liver, 
and kidneys have a high distribution of ethanol. Furthermore, gender has a different 
effect on the relationship between water containing in the body and ethanol distribution. 
Men have more rate of ethanol distribution than women. This evidence suggests that 
women have a lower ethanol distribution into extra- and intracellular fluid than men 
leading to a higher blood alcohol concentration in systemic circulation in women than 
men (83). 

Metabolism 
The main metabolism process is in the liver by the action of two liver 

enzymes including hepatic alcohol dehydrogenase (ADH) and aldehyde 
dehydrogenase enzymes (ALDH). About 85% of ethanol ingestion is metabolized via 
oxidative metabolism. Other hepatic enzymes involved in ethanol metabolism are the 
microsomal ethanol-oxidizing system and catalase enzyme. Ethanol is metabolized via 
this system approximately 10 % of ethanol consumption. Oxidative metabolism 
metabolizes ethanol into acetate, entries into Kreb's cycle, and converts into CO2 and 
H2O while the microsomal ethanol-oxidizing system and catalase enzyme metabolize 
ethanol into acetaldehyde. Less than 1 % of the remaining ethanol is metabolized via 
non-oxidative metabolism (90).  

Oxidative metabolism  
The cytosolic enzyme, ADH, transforms ethanol to acetaldehyde, a 

highly reactive compound that can bind to macromolecule in stool. This is a rate-limiting 
step of ethanol metabolism. The acetaldehyde is transformed into acetate in 
mitochondria. The oxidative metabolism step of ethanol requires nicotinamide adenine 
dinucleotide (NAD+) as a co-enzyme. Therefore, NAD+ is reduced during the metabolism 
process. Apart from the first step of oxidative metabolism, the microsomal ethanol-
oxidizing system uses the microsomal enzyme in a smooth endoplasmic reticulum 
called cytochrome P450 2E1 (CYP2E1) for a transformation of ethanol to acetaldehyde. 
This process is induced by chronic heavy drinking. Acetate is a final product of 
oxidation metabolism and enters into the Kreb’s cycle to produce carbon dioxide and 
water. The multiple isoforms of ADH and ALDH with a difference in kinetic and variable 
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of polymorphism result in a different rate of ethanol metabolism. The ethanol metabolism 
in a different individual and between racial and ethnic found a variation in toxicity among 
racial groups. Normally, class I ADH and class II ALDH is considered as the main 
isoform responsible for ethanol metabolism (85). The addition system is the catalase 
enzyme located within cell bodies called peroxisomes. The system is a hydrogen 
peroxide (H2O2)-generating system that converts ethanol into acetaldehyde. The 
oxidative metabolism of ethanol is shown in figure 5.  
 

 

 
Figure 5 Oxidative pathways of ethanol metabolism. 

 
Source: Zakhari S. (2006)(91) 

 
Non-oxidative metabolism 

Non-oxidative metabolism of small fraction that contains a hydroxyl 
group. Non-oxidative biotransformation involves the conjugated enzyme of ethanol with 
endogenous substrates, fatty acids, phospholipids, sulfate, or glucuronic acid produce 
fatty acid ethyl esters (FAEEs), phosphadityl ethanol (PEth), ethyl sulfate (EtS), and ethyl 
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glucuronide (EtG), respectively. Ethanol in non-oxidative metabolism involves mainly two 
enzymes including fatty acid ethyl ester (FAEE) and phospholipase D (PLD). The 
reaction by catalyzed FAEE produces FAEEs molecules. The enzyme phospholipase D 
produces phosphadityl ethanol (90) (figure 6). 

 

 
 

Figure 6 Non-oxidative metabolism of ethanol. 
 

Source: Zakhari S. (2006) (91) 
 

Elimination 
The main ethanol elimination is an oxidative metabolism by converting 

ethanol to acetate following transferring into H2O and CO2 in Krebs’s cycle. Less than 
10% of total ethanol is eliminated unchanged via breath, urine, and sweat excretion (82, 

88). (figure 7). 
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Figure 7 Ethanol elimination. 
 

Source: Jones AW. (2011)(83) 
 

Pharmacodynamics of ethanol in the brain 
In the central nervous system, ethanol can pass the blood-brain barrier and 

directly trigger neurons. Ethanol exerts particular effects to induce an imbalance of 
neuronal activity and exhibits neuronal damages, neuronal dysfunctions, and abnormal 
behaviors. 

Ethanol effects on brain activity 
Several publications have been reported the acute effect of ethanol 

on several brain areas using many methodologies such as functional magnetic 
resonance imaging (fMRI) and positron emission tomography (PET) studies. The PET 
scan is used for detecting brain activity with glucose conjugated radiation. A moderate 
dose of ethanol significantly decreased glucose metabolism in several brain areas but 
exhibited an increase of the glucose metabolism in the striatum, nucleus accumbens, 
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amygdala, insula, and mesencephalon (92). A correlation between ethanol consumption 
and cerebral blood flow in alcohol drinker who consumed 1.0 g/kg of ethanol presented 
the increase in cerebral blood flow in the prefrontal and temporal lobes whereas 
cerebellum presented a reduction in cerebral blood flow using co-functional of PET scan 
and arterial spin labeling (ASL) study (93). Furthermore, Ingvar et al. (1998) studied an 
ethanol effect on brain activity at rest in thirteen humans. The PET scan showed an 
increase of the cerebral blood flow in medial parts of the temporal lobes and a decrease 
of blood flow in the cerebellum during blood alcohol concentration steady-state in non-
alcoholic volunteers infused with alcohol (94). Administration of 0.7 g/kg ethanol 
increased activity of the visual network, auditory network, anterior cingulate cortex, and 
brainstem in healthy subjects using fMRI study (95).  

Effects of ethanol on neurotransmitters and receptors  
Effects of ethanol on dopamine 

Dopamine is a neurotransmitter that has been suggested to involve 
in drug abuse and ethanol action. The injection of a low dose of ethanol stimulated the 
firing of dopaminergic neurons in the substantia nigra par compacta of unanesthetized 
paralyzed rats whereas a high dose of ethanol inhibited these firing in 
electrophysiological study (47). The results were confirmed by the finding that low dose of 
ethanol stimulated dopamine release while high dose inhibited dopamine release from 
the rat striatums (48). Ethanol has been reported to facilitate dopaminergic neuron firing 
and induced dopamine releases from rat ventral tegmental area (96). The physiological 
mechanism of ethanol on dopaminergic neurons in the ventral tegmental area was 
suggested to stimulate directly onto neurons (97) and other channels (98, 99). The firing of 
ventral tegmental dopaminergic neurons induced an increase of dopamine release in 
nucleus accumbens of ethanol-treated rats (100) and increased dopamine release and 
reduced dopamine clearance in the medial prefrontal cortex (101). The observation of the 
correlation between dopamine release in the nucleus accumbens and blood ethanol 
concentration indicated that dopamine release in the nucleus accumbens did not 
respond to ethanol in a linear fashion. Dopamine release in the nucleus accumbens 
increased and followed by a decrease to basal level even when an ethanol blood 
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concentration is still high (102). Repeated ethanol exposure in mice midbrain slices 
containing the ventral tegmental area and the substantia nigra pars compacta produced 
down-regulation of the hyperpolarization-activated cation current in dopaminergic 
neurons (103). Whole-cell voltage-clamp on midbrain slices of mice previously given 
chronic administration of ethanol have been reported to enhance dopamine receptor 
type 2 autoreceptor-mediated inhibition of dopaminergic neurons in the ventral 
tegmental area (44). Up-regulation of dopamine auto-inhibition may play an important role 
in mesolimbic dopaminergic output during ethanol withdrawal in vivo (104). These 
suggested that the reduction in the stimulatory effect of ethanol may responsible for the 
increase in alcohol consumption in alcoholism (105). 

Effects of ethanol on gamma-aminobutyric acid (GABA)  
GABA is a main inhibitory neurotransmitter of the CNS. Previous 

reports have suggested the effects of ethanol on GABAergic pre- and postsynaptic 
terminal. At the presynaptic terminal, ethanol increased GABA function and GABA 
release in several brain areas (106, 107). Ethanol caused an increase in spontaneous GABA 
release in the hippocampus (108), hypoglossal nucleus (109), amygdala, both basolateral 
and central nuclei, (110) and ventral tegmental area (111). At the postsynaptic terminal 
neurons, the electrophysiological method showed an increase in the activity of GABA-A 
receptor by acute ethanol exposure in cerebellum tissue slices of the Sprague-Dawley 
rats (112). Ethanol exposure to hippocampal tissue slices showed a reducing in the 
excitability of the dentate gyrus via alpha 5 subunit of GABA-A receptor (113). 
Furthermore, ethanol exhibited a decrease in the current of thalamocortical neurons 
indicating decrease in neuronal excitability and firing rate in response to depolarization 
of neurons (114). However, chronic ethanol consumption exhibited a different expression 
of GABA-A subunits at a transcription and translation processes(115). The GABA-A 
subunits in the cerebral cortex have shown to decrease in the mRNA and protein 
expression of the α1, α2, and α3 subunits (116, 117). 

Effects of ethanol on glutamate 
Glutamate is a main excitatory neurotransmitter in the brain that 

excites ventral tegmental dopaminergic neuron cells (118).  Ethanol can alter glutamate 
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release and glutamate transmission. Acute ethanol administration blocked glutamate 
receptors such as N-methyl-D-aspartate receptors (NMDA) and non-NMDA receptors, 
as well as decreased glutamate release (119) while chronic ethanol consumption 
increased glutamate release (120) and receptors (115). Zhu W et al. (2007)(121) studied 
glutamate synaptic transmission in CeA neurons of the central amygdala by whole-cell 
voltage-clamp recording. The results showed an acute effect of ethanol on the inhibition 
of synaptic transmission while a chronic ethanol exposure increased synaptic 
transmission of glutamate.  

Effects of ethanol on opioid systems 
An endogenous opioid is naturally produced in the body. This 

small molecule has long been reported to involve in drug abuse and alcohol. Three 
classes of endogenous opioid including endorphins, enkephalins, and dynorphins were 
altered by the effect of ethanol (122). Ethanol can alter the opioid system in several levels 
such as synthesis, release, degradation of opioid peptides, and binding to opioid 
receptors (123). Intraperitoneal injection of ethanol to male Sprague–Dawley rats caused 
an increase of β-endorphin and dynorphin A1–8 in the amygdala (124). The ethanol 
administration for three consecutive days per week during 4 to 9 weeks of age 
enhanced Met-enkephalin-Arg6Phe7 in the substantia nigra and the ventral tegmental 
area of the rats (125). 

Effects of ethanol on serotonin (5-HT) 
The serotonin neuron locates in the raphe nucleus where it 

produces and releases serotonin (126). The function of serotonin involves emotion and 
motivation regulation. Acute ethanol consumption increased in serotonin levels within the 
brain (127) and serotonin receptor type 3 (115). Chronic ethanol consumption and alcohol 
withdrawal resulted in neuro-adaptation of the serotonin system by decreasing serotonin 
release (128). 

From the above reviews, it has been shown that ethanol affects 
many neurotransmission. The present study concentrates only on the effect of ethanol 
on dopaminergic system in order to understand the preventive effect of T. laurifolia on 
ethanol intoxication. There are many reports from our lab on the effect of T. laurifolia on 
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dopaminergic neurotransmission in response to drug addiction. Therefore, it was 
interesting to find out how T. laurifolia affected the brain dopaminergic 
neurotransmission in ethanol intoxication. The dopaminergic neurotransmission will be 
reviewed as followed. 
 
Dopamine 

Dopamine (3-hydroxytryptamine) is a neurotransmitter and hormone. Dopamine 
is classified as catecholamine similar to norepinephrine and epinephrine (figure 8). It is 
an intermediate in the synthesis of norepinephrine and epinephrine (figure 9). Dopamine 
plays a critical role in both the central nervous system and the peripheral nervous 
system functions. Dopamine was first synthesized in 1910 and used as an intermediate 
in the synthesis of noradrenaline. Until Blaschko H. (1957) who was the first to show that 
dopamine could lower the pressure and this effect was inhibited by monoamine oxidase 
which led to the suggestion that dopamine may have some physiologically significance 
(129). The nuclei of dopaminergic neurons located in the substantia nigra and ventral 
tegmental area are projected to striatum, nucleus accumbens, prefrontal cortex, and 
other limbic structures (130). In dopamine biosynthesis, dopamine is produced in the 
cytosol of dopaminergic neurons and stored in synaptic vesicles until the neurons are 
stimulated and endogenous dopamine release occurred. Dopamine released from 
presynaptic dopaminergic neurons binds to dopamine receptors and exert effects on 
postsynaptic neurons. The remaining of dopamine is reuptaked and being recycled by 
dopaminergic neurons or degraded after uptake by glial cells. 
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Figure 8 Chemical structures of catecholamines. 
 

 
 

Figure 9 Catecholamine synthesis pathway. 
 

Source: Sonne J et al. (2020) (131)  
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Dopamine biosynthesis  
The biosynthesis of dopamine takes place in the cytosol of catecholamine 

neurons and dopaminergic neurons. Phenylalanine is transformed into tyrosine in the 
liver by phenylalanine hydroxylases and enters into dopaminergic neurons. The 
dopamine biosynthesis has two steps. The first step is a transformation of L-tyrosine to 
L-dihydroxyphenylalanine (L-DOPA) with hydroxylation of tyrosine hydroxylase enzyme 
at the phenol ring of L-tyrosine. This step is accounted for a rate-limiting step enzyme 
and requires tetrahydrobiopterin (BH4), which produced from guanosine triphosphate 
(GTP) by GTP cyclohydrolase (GTPCH) and molecular oxygen as co-factors. Final 
product, dopamine, is a molecule that regulates this step. Second step, L-DOPA is then 
transforming to dopamine by decarboxylation of L-aromatic amino acid decarboxylase. 
The decarboxylation of L-aromatic amino acid decarboxylase requires pyridoxal 
phosphate as a cofactor and this step is more rapid (figure 9). Dopamine is then entry 
into synaptic vesicles via the vesicular monoamine transporter 2 (VMAT2) with 
secondary active transport (132, 133).  

Dopamine receptors 
The physiological action of the G-protein-coupled receptor can be divided 

dopamine receptors into two subdivisions including D1 and D2 like receptors. The 
classification of the dopamine receptor is based on the ability to modulate adenylyl 
cyclase activity and activate cyclic adenosine monophosphate (cyclic AMP)-dependent 
pathways, mainly protein kinase A (PKA) and other downstream signals. 

D1 like receptors include D1 and D5 receptors. The activation of adenylyl 
cyclase by D1 like receptors via stimulating  subunit of G-protein (Gs/olf proteins) 
enhances level of cyclic AMP and then induces phosphorylation of cellular proteins 
(figure 10). D1 like receptor modulates Na+, Ca2+, and K+ channels (134). In the brain, the 
D1 receptor mostly expresses in nigrostriatal, mesolimbic, and mesocortical areas such 
as the caudate-putamen (striatum), nucleus accumbens, substantia nigra, olfactory 
bulb, amygdala, and frontal cortex and less in the hippocampus, cerebellum, thalamic 
areas, and hypothalamic areas. D5 receptor located in a lower level in pyramidal 
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neurons of the prefrontal cortex, premotor cortex, cingulate cortex, entorhinal cortex, 
substantia nigra, hypothalamus, hippocampus, and dentate gyrus.  
 

 
 

Figure 10 D1-like receptor. 
 

Source: Mishra A et al. (2018); Ledonne A et al. (2017)(135, 136) 
 

D2 like receptors includes D2, D3, and D4 receptors. The activation of D2 like 

receptor contrasts with D1 like receptors. D2 like receptors inhibit the induction of the  
subunit of G-protein (Gi/o proteins) resulting in an inactivation of adenylyl cyclase and 
cyclic AMP (figure 11). These inhibitions lead to the inhibition of PKA, as well as 
activation GIRK channel and closure Ca2+ channel (134). The expression of D2 and D3 
receptors are found in both presynaptic and postsynaptic neurons. The D2 receptor in 
the presynaptic neuron of dopaminergic neurons acts as an autoreceptor and regulates 
extra-dopamine concentration. D2 receptor located in the substantia nigra, ventral 
tegmental area, hypothalamus, cortical areas, septum, amygdala, and hippocampus. D3 
receptor distributed in limbic areas such as in the shell of the nucleus accumbens, 
olfactory tubercle, and the islands of Calleja. D4 receptor expresses in the frontal cortex, 
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amygdala, hippocampus, hypothalamus, globus pallidus, substantia nigra pars 
reticulata, and thalamus (134, 137).  
 

 
 

Figure 11 D2-like receptor. 
 

Source: Mishra A et al. (2018); Ledonne A et al. (2017) (135, 136) 
 

Dopamine reuptake and metabolism 
Upon excitation of dopaminergic neurons, dopamine is released from 

synaptic vesicle by exocytosis into the synaptic cleft. Dopamine binds to their receptors 
at postsynaptic neurons in order to exert effects. Some dopamine molecules bind to 
autoreceptor (D2 like receptor) at presynaptic dopaminergic neurons which caused the 
inhibition of dopamine release. The extracellular dopamine is cycled into synaptic 
vesicles in dopaminergic neurons by the dopamine transporter (DAT) depending on Na+ 
and Cl- or uptaked into surrounding glial cells or astrocyte for degradation.  

Dopamine reuptake by DAT is followed by recycling into the synaptic 
vesicle. The remaining is oxidized into hydrogen peroxide and the 3, 4 
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dihydroxyphenylacetaldehyde (DOPAL) by monoamine oxidase (MAO) in the outer 
mitochondrial membrane. The DOPAL is converted into 3, 4-Dihydroxyphenylacetic acid 
(DOPAC) by alcohol dehydrogenase (ADH) or aldehyde dehydrogenase (ALDH). The 
DOPAC is then metabolization into homovanillic acid (HVA) by cytosol enzyme, 
catechol-o-methyl transferase (COMT). On the other hand, dopamine uptake into 
surrounding glial cells or astrocyte is also metabolized into HVA by MAO and COMT in 
these cells (138, 139) (figure 12).  
 

 
 

Figure 12 Dopamine metabolism. 
 

Source: Meiser J et al. (2013)(132) 
 

After dopamine reuptake by dopamine transporter (DAT), dopamine is 
cycled into synaptic vesicles in dopaminergic neurons (1). A few of dopamine is 
metabolized by MAO to DOPAC (2) in dopaminergic neurons. Besides, dopamine in the 
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synaptic cleft is also uptake into the surrounding cell such as microglia for 
metabolization into HVA by MAO and COMT enzymes (3). 

Dopaminergic pathways and functions 
Dopamine localization has both long and short projections that can be 

divided into four pathways of dopamine including three long projections and one short 
projection. The three long projections are called nigrostriatal, mesolimbic, and 
mesocortical pathways. The class of short projection is called the tuberoinfundibular 
pathway. Three long dopaminergic neurons projections have two original dopaminergic 
neurons areas including the substantia nigra and ventral tegmental area (VTA). The 
three long projections are called mesocortical, mesolimbic, and nigrostriatal pathways 
(figure 14). 

The nigrostriatal dopaminergic pathway has the extending dopaminergic 
neurons of substantia nigra par compacta into the striatum. This pathway is important for 
the expression of basal ganglia mediated motor behavior and extrapyramidal system. 
Dopamine released from the nigrostriatal dopaminergic pathway modulates medium 
spiny neurons (MSNs) of the striatum and produces direct and indirect pathways of 
movement by binding D1 and D2 receptors, respectively (140). In the direct pathway of 
movement, dopamine from substantia nigra binds to D1 receptor in MSNs of striatum 
and produces activation of MSNs, GABAergic neurons, follows by release of GABA, an 
inhibitory neurotransmitter, into substantia nigra par reticular (SNr) and globus pillidus 
par interna (GPi). This inhibition in SNr and GPi leads to disinhibition of thalamic 
glutaminergic neurons that project to cortex resulting in movements and locomotor 
activation. Conversely, the binding of dopamine to D2 receptor reduces movements and 
locomotor activation by indirectly stimulates SNr and GPi via the inhibition of globus 
pillidus par externa (GPe) and stimulates the subthalamic nucleus (STN) (figure 13) (140). 
The dysfunction of this pathway causes motor coordination impairment and movement 
disorders such as parkinsonian syndrome, dystonia, and chorea (141).   
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Figure 13 The direct and indirect pathways of movement. 
 

Sourec: Calabresi P et al. (2014)(140) 
 

The binding of dopamine from substantia nigra par compacta (SNpc) 
regulates movements and locomotor activation by direct (Red lines) and indirect 
pathways (Blue lines) via D1 and D2 receptors, respectively. The direct inhibition of 
substantia nigra par reticular (SNr) and globus pillidus par interna (GPi) activates 
movements and locomotion, while indirect stimulation of both brain areas inhibits 
movements and locomotion. 

In the mesolimbic dopaminergic pathway, the axons from ventral tegmental 
area mainly project to nucleus accumbens and also project to amygdala, bed nucleus of 
stria terminal (BNST), hippocampus, and lateral septal area. This projection involves 
natural rewards such as food preference, sexual behavior, social interactions, and drug 
addiction. Alcohol addiction is suggested to cause dysfunction of the mesolimbic 
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dopaminergic pathway (142). Furthermore, mesolimbic pathway and nucleus accumbens 
are suggested to specially involve in anxiety-like behavior (143). Another projection of VTA 
dopaminergic neurons into the prefrontal cortex is called the mesocortical dopaminergic 
pathway. The mesocortical dopaminergic pathway involves a cognitive function and 
motivation. The dysfunction of the mesocortical dopaminergic pathway leads to 
abnormal functions in psychoses such as schizophrenia (144). Furthermore, the projection 
of the VTA dopaminergic neurons into two main areas, nucleus accumbens, and 
prefrontal cortex, is called the mesocorticolimbic dopaminergic pathway which has 
been reported to correlate with the rewarding system and drug and ethanol addiction 
(145). 

The short projection that projects dopamine from the arcuate nucleus of the 
hypothalamus into the pituitary gland and inhibits prolactin release from the pituitary 
gland. The prolactin regulates the last step of gametogenesis as final oocyte maturation, 
ovulation in females, and spermatogenesis in males.  
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Figure 14 Three main dopaminergic pathways. 
 

Source: Teicher MH et al. (2016)(146) 
 

Dopamine neuron cell bodies are located primarily in substantia nigra par 
compacta and ventral tegmental area. The dopaminergic neuron projection of 
substantia nigra into the striatum is called the nigrostriatal dopamine pathway (black). 
Mesocorticolimbic pathway (red) consists of the projections of ventral tegmental area 
dopaminergic neurons into nucleus accumbens, as known as mesolimbic pathway and 
prefrontal cortex, as known as mesocortical pathway.  
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Brain areas correlated dopaminergic systems 
Brian areas associated with dopaminergic pathways include substantia 

nigra, ventral tegmental area, striatum, nucleus accumbens, prefrontal cortex, and 
hypothalamus 

Nigrostriatal pathway 
Substantia nigra 

The substantia nigra is a part of basal ganglia and located in the 
midbrain. The substantia nigra can be divided into two parts including par reticular (SNr) 
and par compacta (SNc). The SNc composes of dopaminergic neurons, as known as A9 
group, whereas SNr consists of GABAergic neurons. The substantia nigra par compacta 
are compact more than par reticular (147). The SNc dopaminergic neurons are called 
neuromelanin due to cutaneous melanin deposits in dopaminergic neurons (148). Figure 
15A shows tyrosine hydroxylase-immunoreactive neurons substantia nigra. 

The SNc dopaminergic neurons mainly project dopamine onto 
striatum, as known as the nigrostriatal dopaminergic pathway and other areas such as 
the subthalamic nucleus (STN), and globus pallidus (149, 150). The SNc dopaminergic 
neuron projection involves voluntary movement control.  

Afferent input from various areas has been reported to either 
stimulate or inhibit the SNc dopaminergic neurons in order to release dopamine to the 
striatum. Generally, the GABAergic afferent input from various areas projects axons onto 
the SNc dopaminergic neurons in order to inhibit dopamine release. SNc dopaminergic 
neurons receive input from the striatum, globus pallidus and SNr GABAergic neurons, 
and local interneurons via binding to GABA-A receptor (151). On the other hand, the SNc 
dopaminergic neurons receive strong excitatory input from glutamatergic neurons of the 
medial prefrontal cortex and STN via NMDA receptor. The strong excitation afferent 
input from glutamatergic neurons via the NMDA receptor induces the bursty firing 
pattern of the SNc dopaminergic neurons. Functionally, the bursty firing of the SNc 
dopaminergic neurons causes an increase of extracellular dopamine in the striatum (152). 
Besides, SNc dopaminergic neurons also receive serotonergic projection from raphe 
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nuclei, acetylcholinergic input from pedunculopontine tegmentum, and local opioid input 
from peptidergic neurons (153). 

Striatum 
The dorsal striatum or neostriatum is located in the subcortical part 

of the forebrain. The striatum has two regions including the caudate nucleus and the 
putamen (154) The caudate nucleus is located in the medial dorsal striatum and putamen 
is located in the lateral dorsal striatum. The striatum consists of two classes of neuronal 
cell types including spiny projection neurons and aspiny interneurons. The spiny 
projection neurons, known as medium spiny neurons (MSNs), are GABAergic neurons 
and major neurons in the striatum. The MSNs can be subclassed into striatonigral and 
striatopallidal. The striatonigral MSNs project monosynapse directly to internal globus 
pallidus and the SNr. The striatopallidal MSNs indirectly connect into globus pallidus by 
polysynaptic neurons (155). Aspiny interneurons consist of medium-size GABAergic 
neurons and large cholinergic cells. 

The striatonigral MSNs involve the direct pathway of movement 
control that express high levels of D1 receptor, opioid peptide, substance P, and 
muscarinic M4 receptors. The striatopallidal MSNs involve in the indirect pathway of 
movement control and express D2 receptor, opioid peptide, and adenosine A2A 
receptors. The SNc dopaminergic neuron axons highly synapse to the dendrites and 
spine neck of the MSNs. Tyrosine hydroxylase staining showed positive immunolabelling 
within striatum (figure 15B)(156). Under the light microscope, the striatum exhibits the 
patches-matrix organization. The patches form of the striatum, as called as striosome, 
consists of the MSNs that strongly express the µ-opioid receptor and substance P but 
less express the acetylcholine. The MSNs in this area receive input from the SNc 
dopaminergic neurons and involve the regulation of dopaminergic neurons of the SNc 
for movement control. The matrix form represents the MSNs that have strong 
connections of cholinergic neurons and an input from cortex and thalamus (157). 
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Mesolimbic and mesocortical dopaminergic pathways 
Ventral tegmental area (VTA)  

The VTA implicates in reward behaviors, cognitive functions, arousal, 
motivation, and memory. The VTA is derived from the mesencephalic floor plate and is 
located in the midbrain. The VTA consists of two regions including the anterior-lateral 
VTA (aVTA) and posterior-medial VTA (pVTA). The VTA neurons are loosely arranged 
and small. These neurons have an averages diameter between 10 to 53 µm. It mainly 

contains dopaminergic cell group A10 (70%) and other neurons including GABAergic 

neurons (30%) and glutamatergic neurons (2-3%) (158). Figure 15A shows tyrosine 
hydroxylase-immunoreactive neurons ventral tegmental area. 

The output of VTA dopaminergic neurons innervates neurons in 
several areas such as nucleus accumbens, prefrontal cortex, septal area, amygdala, 
and lateral habenula. The projections of VTA dopamine in nucleus accumbens is called 
the mesolimbic dopaminergic pathway and in prefrontal cortex is called mesocortical 
dopaminergic pathway. 

The mesolimbic and mesocortical dopaminergic pathways, known as 
the mesocorticolimbic system, regulate reward behaviors and cognitive functions. 
Furthermore, VTA GABAergic neurons and glutamatergic neurons also project their axon 
onto dopaminergic neurons in the VTA. However, VTA dopaminergic neurons are 
regulated the activation not only by input from various regions but also by other local 
VTA neuron types. The nucleus accumbens input axon onto VTA dopamine and 
GABAergic neurons in rats and mice (159). A monosynaptic connection from medial 
prefrontal cortex projects neuron onto VTA dopaminergic neurons (160). 

VTA dopaminergic neurons also regulate other VTA neurons locally 
through the expression of the D2 receptor. Whereas, the VTA GABAergic neurons 
regulates the VTA dopaminergic neurons through the GABA-A receptor. The VTA 
glutamatergic neurons firing induces the activation of the VTA dopaminergic neurons 
which project axon onto nucleus accumbens (161).  
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Nucleus accumbens 
The nucleus accumbens or ventral striatum is a subcortical brain 

structure that is located anterior to posterior border of anterior commissure. Functionally, 
this brain area involves psychological disorders such as addiction, obsessive-
compulsive disorder, anxiety, and depression (162). The nucleus accumbens can be 
divided into two sub-regions including a central core and a shell region. The central 
core of the nucleus accumbens is located surrounding in the middle region and the shell 
region is located in the ventral and lateral of the core region. Furthermore, the nucleus 
accumbens can be determined as an arrangement of patch-matrix compartment under 
microscope. 95% of the GABAergic medium spiny neurons in the nucleus accumbens 
neurons express with either D1 or D2 receptors. The remaining 5 % of the nucleus 
accumbens neuron composes of a heterogeneous population interneuron such as 
GABAergic interneuron and tonically activity of cholinergic neurons (TANs)(163). 

Generally, the nucleus accumbens receives dopaminergic projection 
input via mesolimbic dopaminergic neurons of the ventral tegmental area which tyrosine 
hydroxylase staining shows positive immunolabelling within nucleus accumbens (figure 
15B) (156) and glutamatergic projections from the prefrontal cortex, amygdala, thalamus, 
and hippocampus. The afferent input onto the patch and matrix compartment in both 
regions of nucleus accumbens receive an input from different regions. The patch 
compartment receives afferent input from prelimbic cortex and substantia nigra while 
the matrix receives afferent input from prefrontal, motor, and sensory cortex areas. 
Moreover, the patch has a high expression of µ-opioid receptor while the matrix exhibits 
a high connecting of cholinergic neuron axons and plexus of somatostatin fiber and less 
of µ-opioid receptor (164). 

The output of GABAergic medium spiny neurons project to various 
region of mesencephalon and basal ganglia such as the substantia nigra-ventral 
tegmental area, the lateral hypothalamus, cingulum, thalamus, globus pallidus, 
subpallidal region, stria terminalis, preoptic region, nucleus parataenialis, nucleus 
mediodorsalis thalami, and lateral habenular nucleus (165).  
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Figure 15 Tyrosine hydroxylase-immunoreactive in nigrostriatal and mesolimbic brain 
areas.  

 
Source: Furlanetti LL et al. (2016) (156) 

 
Tyrosine hydroxylase staining exhibits strong positive 

immunolabeling within dopaminergic neurons of substantia nigra (SNc and SNr) and 
ventral tegmental area (VTA) (A) and target brain areas of nigrostriatal and mesolimbic 
pathway including striatum (str) and nucleus accmbens (NAC) (B), respectively. 

Prefrontal cortex 
The prefrontal cortex is a cortex of frontal lobe. From the 

cytoarchitectonic map of Brodman, the prefrontal cortex is located in areas 8-13, 24, 32, 
46, and 47 (166). The prefrontal cortex can be divided into three regions including the 
orbital, medial, and lateral prefrontal cortex. The orbital and medial prefrontal cortexes 
involve emotional behavior. The lateral prefrontal cortex involves the cognitive that 
support the temporal organization of behavior, speech, and reasoning.  

The neurons of the prefrontal cortex connect to several areas such 
as brainstem, thalamus, the limbic system, and basal ganglia. The prefrontal cortex 
neurons project axon and receive input from the subcortical brain areas neurons. The 
afferent input from the ventral tegmental area and the limbic system to the prefrontal 
cortex correlate with the internal environment, level of arousal, drives, and motives of 
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animals. Besides, the prefrontal cortex has a connection with the other areas of the 
cortex (167). 
 

Ethanol effect on dopamine (DA) 
Many neurotransmitter systems involve the behavioral effect of ethanol. The 

dopaminergic system is the main neurotransmitter system of acute ethanol stimulation 
(168). The ethanol induces dopaminergic neuron firing, dopamine release, and leads to 
behavior changes in an animal including motor coordination, alcohol addiction, anxiety 
behavior, and exploratory behaviors. 

Nigrostriatal pathway 
The nigrostriatal pathway is a projection of dopaminergic neurons from 

substantia nigra par compacta to the striatum and responsible for the regulation of 
movement. Many studies have reported that ethanol administration exerted the effect on 
the SNc and striatal dopaminergic neurons and led to motor coordination impairment. 

The acute ethanol administration on the substantia nigra was 
demonstrated by Mereu G et al. (1984). The observation shows a difference of the SNc 
dopaminergic neuron firing to different doses of ethanol administration. The intravenous 
injection of 0.5 to 2.0 g/kg ethanol to male Sprague-Dawley CD rats increased the 
frequency and duration of spontaneous of dopaminergic neurons in the SNc. From the 
observation, the administration of 1 or 2 g/kg ethanol excited the overall neurons of the 
SNc dopaminergic neurons. In opposite, a high dose of ethanol (4 g/kg) inhibited the 
dopaminergic neurons firing. The study using anesthetic drugs including chloral hydrate 
and halothane found that the anesthetic drugs stimulated SNc dopaminergic neurons 
firing and these results were inhibited when combined anesthetics drugs with ethanol 
administration. 4 g/kg ethanol inhibited the SNc dopaminergic neurons firing in 
anesthetized rats without producing the initial stimulation of firing as found in 
unanesthetized rats (47). Ethanol has been reported to stimulate extracellular dopamine 
release in caudate nucleus of striatum in freely moving rats (169). From the study of 
chronic administration of ethanol, the administration of ethanol at doses of 2 or 4 g/kg for 
30 consecutive days to male Wistar rats found that dopamine level of the striatum 
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decreased after the last administration and continuously decreased until 48 hours after 
last administrations (170). 

The stimulation of ethanol on the SNc dopaminergic neurons and the 
striatum resulted in psychomotor disabilities. Low to moderate doses of ethanol caused 
motor stimulation while a high dose of ethanol showed an ataxic effect. For instance, 
Ornelas LC et al. (2015) (49) studied the correlation between doses of acute ethanol 
administration and ages of male Sprague-Dawley rats. The study used adolescent and 
adult male Sprague-Dawley rats for determining ethanol-induced motor coordination 
impairment using the rotarod apparatus. The rats were injected intraperitoneally with 1 
or 2 g/kg ethanol and validated time in the apparatus. The observation found that 
ethanol-induced motor coordination impairment in ages and doses dependent manners. 
The rat received ethanol exhibited an impairment within 10 minutes after injections when 
compared with saline injection. Similarly, White AM et al. (2002) studied the motor 
impairment in adolescent and adult rats using the tilting plane test. The intraperitoneal 
injection of ethanol at the doses of 1, 2, and 3 g/kg to the rats was followed by motor 
coordination impairment test at 15, 30, 60, 120, and 180 minutes after ethanol injection. 
The study presented the motor coordination impairment in both ages at 2 and 3 g/kg of 
ethanol injections. The impairment on the tilting plane test was observed at every time 
point (34). Moreover, the motor coordination impairment was found in alcohol hangover 
rats that received 3.8 g/kg of ethanol (50, 171). The study of chronic ethanol administration 
for 55 days from adolescence to adulthood rats exhibited that the rats receiving daily 
administration of 6.5 g/kg showed the impairments of motor coordination and muscle 
strength (172). 

Mesocorticolimbic system 
Robinson and Berridge. (2008) (173) reported that the mesocorticolimbic 

system correlated with the ethanol sensation. The dopaminergic neurons project 
dopamine from the ventral tegmental area to the nucleus accumbens (NAc), known as 
mesolimbic dopaminergic pathway, and prefrontal cortex, known as mesocortical 
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dopaminergic pathway. These two projections involve with an alcohol addiction in 
chronic ethanol administration.  

In vitro and in vivo studies with the electrophysiological method 
demonstrated that acute ethanol administration increased the firing rate of dopaminergic 
neurons in the ventral tegmental area. In vitro study, ethanol at 20 to 320 mM 
concentrations produced 89% excitation of dopaminergic neurons of the ventral 
tegmental area using tissue slides in involved in concentrations of ethanol used (52). 
Intravenous injection of ethanol at the doses of 0.125 to 0.5 g/kg to unanesthetized rats 
stimulated 30-80% dopaminergic neurons firing of the ventral tegmental area (51). 
Increase of dopaminergic neuron firing of the ventral tegmental area correlated with the 
dopamine release and tyrosine hydroxylase of the ventral tegmental area and nucleus 
accumbens (122, 174, 175). The microdialysis study showed that ethanol administration 
produced dopamine release in nucleus accumbens (54). Besides, an intravenous 
injection of 1 g/kg ethanol to male Long-Evans rats increased dopamine levels in the 
medial prefrontal cortex (55). Ethanol administration to the alcohol preferring rats showed 
an increase in dopamine release more than that found in non- alcohol preferring rats (176). 

The study of the effect of chronic ethanol administration on the firing rate 
of the ventral tegmental area dopaminergic neurons was performed using the ventral 
tegmental area tissue slices from the C57BL/6J mice treated with the twice a day 
injection of 3.5 g/kg ethanol for 21 consecutive days. The result showed an increase in 
dopaminergic neurons firing in the ventral tegmental area tissue slices (53). Chronic 
alcohol administration leads to alcohol addiction. Alcohol addiction refers to the loss in 
control of consumption which normally follows by high alcohol consumption, alcohol-
seeking behavior, and unable to drop its use (177). A common behavioral test in animals 
for drug addiction behavior is a conditional place preference (CPP) test. Ciccocioppo R 
et al. (1999) reported that chronic administration of 1.5 g/kg ethanol caused an 
enhancement of the time spent in a non-preference compartment of CPP when 
compared with the time spent in the non-preference compartment before chronic 
ethanol administration (178) During chronic ethanol administration, the dopaminergic 



  

  

44 

system is suggested to be modulated in response to ethanol stimulation. The studies 
showed the modulation of dopaminergic neurons in response to chronic ethanol 
stimulation by decreased sensitivities of reinforcing in nucleus accumbens (179) and 
increased affinity of the D2 receptor in nucleus accumbens and the prefrontal cortex in 
Fisher 344 rats (180). These adaptations produced an inhibition of dopamine release of 
the nucleus accumbens and the ventral tegmental area. Thus, these adaptation 
produced a decrease in dopamine synthesis and dopamine release in the mesolimbic 
system. This is the reason why alcoholism has to enhance drinking in order to stimulate 
dopamine release up to the started level.  

In anxiety behavior test, Cruz J et al. (2012) studied an anxiety and 
anxiolytic stage in male Swiss mice treated with acute and chronic ethanol 
administration. It was found that acute 1 and 1.2 g/kg ethanol produced the anxiolytic 
effect. Chronic administration of ethanol at the doses of 0.1, 0.2, 0.4, 2, or 4 g/kg for 14 
consecutive days found to have anxiolytic effect doses of 0.2 and 0.4 g/kg but not found 
in high doses (181). Ethanol administration to adolescent rats treated with acute stress 
using plastic flat-bottom restrainers found that ethanol administration reduced anxiety 
induced by acute stress (182). On the other hand, an anxiety behavior was found during 
withdrawal (183) that occurred after stop drinking alcohol (184). Stefka Valcheva-
Kuzmanova  S et al. (2013) demonstrated that the rats receiving chronic ethanol at the 
dose of 8 g/kg for 14 consecutive days and stopped ethanol administration for 16 hours 
exhibited an anxiety behavior tested on the elevated plus-maze test (185). 

The response of exploratory behavior to ethanol administration showed 
dose-dependence effects. Exploratory behavior test commonly uses to test for 
locomotion, rearing, and head-dipping. The study of systemic ethanol administration at a 
series dose of 0.12 to 1.5 g/kg in alcohol-preferring and non-preferring rats showed that 
spontaneous motor activity was found to increase in alcohol-preferring rats (186). Besides, 
the adolescence and adult rats receiving 2.5 g/kg of ethanol exhibited an increase in 
locomotor activity (187). A high dose of ethanol administration exhibited a suppression of 
locomotor activity (188). 
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Tubuloinfundibular pathway  

The tuberoinfundibular pathway is a dopamine projection from 
hypothalamus to the pituitary gland. The projection regulates prolactin release via an 
inhibitory effect of dopamine. Ethanol administration has been reported to stimulate 
dopamine release, therefore, ethanol should inhibit prolactin release. However, several 
studies also showed an opposing effect that the action of dopamine to inhibit prolactin 
release was reversed to stimulation of prolactin release by ethanol administration (189). 
For instance, Fernández-Mateos P et al. (2012) reported that male Wistar rat receiving 
ethanol for 35 consecutive days exhibited an increase of prolactin (62). Alfonso M et al. 
(1991) study showed that an inhibition effect of dopamine to regulate prolactin release 
was abolished by ethanol administration (190). 

The dopaminergic transmission was determined by the levels of tyrosine 
hydroxylase and/or dopamine in the areas of dopaminergic neurons and/or projection 
targets. The tyrosine hydroxylase enzyme is a rate-limiting enzyme of catecholamine 
such as dopamine biosynthesis. The western blot is a basic protein determination. The 
dopaminergic transmission by determining tyrosine hydroxylase levels has long been 
used in animals. Tran S et al. (2017) studied the acute ethanol effect on the zebrafish 
dopaminergic system by focusing on tyrosine hydroxylase. Using western blot, they 
used the ratio of tyrosine hydroxylase and -actin in the whole brain for explaining the 
ethanol effect on the dopaminergic system (191). Furthermore, the ratio of tyrosine 
hydroxylase and -tubulin levels in western blot analysis was used to determine the 
modulation of nicotinic acetylcholine receptors to the dopamine system in the nucleus 
accumbens and striatum of C57BL/6 mice (192). In another drug abuse, the western blot 
and immunohistochemistry were used to determine the melanin effect on chronic 
methamphetamine-induced reduction of tyrosine hydroxylase in rats. The western blot 
analysis showed that melatonin attenuated methamphetamine effect using the ratio of 
tyrosine hydroxylase of the mesolimbic, mesocortical, and nigrostriatal dopamine 
pathway. The immunohistochemistry method was used to observe the tyrosine 
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hydroxylase expression and morphological dopaminergic neurons for confirming the 
western blot’s result (193). Thiele TE et al. (2000) used the tyrosine hydroxylase-
immunoreactivity for examining the neuroanatomical location of cells and identifying the 
neurochemical identity of rat neurons that are activated after ethanol administration (194). 

The abnormal behaviors in response to ethanol or drug abuse intoxication in 
animals can be verified using various behavioral tests. The motor coordination was 
assessed in mice and rats by using balance beam. The balance beam test was useful 
for detecting the deficits in motor skill, (195) motor coordination, and balance (196). In 1998, 
Metz and colleagues reported that a lesion of the pyramidal tract in rodents caused an 
increase in the number of hindlimb hanging down from the balance beam indicating the 
sign of motor impairment (197). da Silva FBR et al. (2018) used the time taken to traverse 
a balance beam and the number of slips as indicators for analysis motor coordination, 
ataxia and, dystonic movements in adolescent female Wistar rats treated with chronic 
ethanol administration (198). The elevated plus-maze (199, 200) has been used to identify 
potential anxiolytic drug based on the observation that rats normally spend more time in 
the closed rather than open arms due to an aversion to open spaces and height (201, 202) 
but administration of anxiolytic drug such as diazepam increase time in the open arms 
(203, 204). The time in each arm and the number of crossed in the open arms of the 
elevated plus-maze were used to examine an anxiety stage of male Wistar rats treated 
with acute ethanol intraperitoneal injection (205). The hole board is used to determine the 
exploration in rats based on the observations that the curiosity and fear regulate 
behavior for an approach to a new environment. The repeated head-dip into the holes 
(206) and the rearing, temporarily stands on its hindlimbs and lifts both forelimbs,  were 
used as indicators for investigating the exploratory behavior (207). The exploratory 
behavior was used to determine anxiety stages by total number of head-dips of 
adolescent C57BL/6 mice treated with nicotine on the hole board apparatus (208). 
Conditioned place preference (CPP) test is a standard behavior model that is used to 
determine the reward system. The different environments of CPP with drug treatment 
represent the basic determination in addiction behavior. The CPP consists of three 
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phases including pre-test, condition and test pahases. Pre-test phase refers to 
preference and non-preference compartment of each rat. The compartment where the 
rat spend longer time in is determined as its preference compartment. On the other 
hand, the compartment where the rat spend less time in is determined as a non-
preference compartment. Condition phase, the rat is forced to stay in the non-
preference compartment after given the addicted drug, tested drug or combination of 
drugs. This process is repeated for a certain period of time. On the testing phase, each 
rat is placed in the middle of the CPP again without given any drugs and allowed to 
move freely in the CPP without guillotine door. The comparison of time spent in the non-
preference compartment between pre and post-drug administration is used to 
determine the possible effect of drug addiction (209). Ethanol and drugs induced 
addiction can be assessed directly in laboratory animals by using the conditioned place 
preference test (210). The time that animals spend more in a non-preference compartment 
before and after pairing with ethanol or drugs is used to determine the addiction 
behavior. If the time in the non-preference compartment after pairing is more than the 
time before pairing with ethanol or drugs, it means that ethanol or drugs induces 
addiction (211, 212).   
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CHAPTER III 
MATERIALS AND METHODS 

 
Experimental designs  

Acute effect of T. laurifolia and ethanol administration in rats  
Male Wistar rats were randomly divided into four groups including control, 

ethanol, T. laurifolia, and T. laurifolia plus ethanol groups. Each group was given the 
different combination of treatments. T. laurifolia was given by oral administration and 
ethanol was given by intraperitoneal injection (i.p) once at 8 a.m. on the experiment 
date. 

Control group was given 0.3 ml of 0.9% normal saline via oral 
administration and after 1 hour, they were given 0.3 ml of 0.9% normal saline via 
intraperitoneal injection. 

Ethanol group was given 0.3 ml of 0.9% normal saline via oral 
administration and after 1 hour, they were given 2 g/kg of 20% ethanol via intraperitoneal 
injection. 

T. laurifolia group was given 200 mg/kg of T. laurifolia methanol 
extraction via oral administration and after 1 hour, they were given 0.3 ml of 0.9% normal 
saline via intraperitoneal injection. 

T. laurifolia plus ethanol group was given 200 mg/kg of T. laurifolia 
methanol extraction via oral administration and after 1 hour, they were given 2 g/kg in 
20% ethanol via intraperitoneal injection. 

At 30 minutes after injection of different treatments, rats were tested for 
various behaviors such as motor coordination, anxiety, and exploratory behaviors. In 
tissue analysis, each group of rats were divided into 2 groups. The first group was used 
to determine the levels of tyrosine hydroxylase of striatum and nucleus accumbens 
using western blot. The second group was used to confirm the expression and 
determine an intensity of tyrosine hydroxylase of ventral tegmental area and substantia 
nigra. In the first group, striatum and nucleus accumbens were snap frozen and kept in -
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80C before evaluations. The second group was perfused with normal saline, 4% 

paraformaldehyde, and collected the whole brain in cryopreservation solution in 4C 
before immunohistochemistry processes.  

The purposes of each test are classified as follows: 
 1. To examine the preventive effect of T. laurifolia on motor coordination 

in acute ethanol intoxication using balance beam model 
2. To examine the preventive effect of T. laurifolia on anxiety in acute 

ethanol intoxication using elevated plus-maze model 
3. To examine the preventive effect of T. laurifolia on exploratory 

behavior in acute ethanol intoxication using hole board model 
4. To examine the preventive effect of T. laurifolia on the expression 

levels of tyrosine hydroxylase in striatum and nucleus accumbens in acute ethanol 
intoxication using western blot analysis 

5. To examine the preventive effect of T. laurifolia on the expression and 
localization of tyrosine hydroxylase in substantia nigra and ventral tegmental area in 
acute ethanol intoxication using immunohistochemistry method   
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Figure 16 The acute study of T. laurifolia and ethanol effect on behaviors and tyrosine 
hydroxylase expression of nigrostriatal and mesolimbic dopamine pathways in rats.  
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Chronic effect of T. laurifolia and ethanol administration in rats  
Male Wistar rats were randomly divided into four groups which are control, 

ethanol, T. laurifolia, and T. laurifolia plus ethanol groups. Each group received a 
different combination of treatments by oral administration following intraperitoneal 
injection (i.p), once at 8 a.m. 

Control group received 0.3 ml 0.9% normal saline via oral administration 
and after 1 hour, they received 0.3 ml 0.9% normal saline via intraperitoneal injection. 

Ethanol group received 0.3 ml 0.9% normal saline via oral administration 
and after 1 hour, they received 1 g/kg in 15% ethanol via intraperitoneal injection. 

T. laurifolia group received 200 mg/kg of T. laurifolia methanol extraction 
via orally administration and after 1 hour, they received 0.3 ml 0.9% normal saline via 
intraperitoneal injection. 

T. laurifolia plus ethanol group received 200 mg/kg of T. laurifolia 
methanol extraction via oral administration and after 1 hour, they received 1 g/kg in 15% 
ethanol via intraperitoneal injection 

After 30 consecutive days of the different combination treatments, rats were 
examined to see the change in behaviors including ethanol addiction, motor 
coordination, anxiety, and exploratory behavior. In tissue analysis, each group of rats 
was divided into 2 groups. The first group was used to determine the levels of tyrosine 
hydroxylase of striatum and nucleus accumbens using western blot. The second group 
was used to confirm the expression and determine an intensity of tyrosine hydroxylase 
of ventral tegmental area and substantia nigra. In the first group, striatum and nucleus 

accumbens were snap frozen and kept in -80C before evaluations. The second group 
was perfused with normal saline, 4% paraformaldehyde, and collected the whole brain 

in cryopreservation solution in 4C before immunohistochemistry processes. 
The purposes of each test are classified as follows: 

1. To examine the protective effect of T. laurifolia on ethanol addiction in 
chronic ethanol intoxication using condition place preference test 
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2. To examine the protective effect of T. laurifolia on motor coordination 
in chronic ethanol intoxication using the balance beam  

3. To examine the protective effect of T. laurifolia on anxiety in chronic 
ethanol intoxication using elevated plus-maze  

4. To examine the protective effect of T. laurifolia on exploratory 
behavior in chronic ethanol intoxication using hole board  

5. To examine the protective effect of T. laurifolia on the expression 
levels of tyrosine hydroxylase in the striatum and nucleus accumbens in chronic ethanol 
intoxication using western blot analysis 

6. To examine the protective effect of T. laurifolia on the expression and 
localization of tyrosine hydroxylase in the substantia nigra and ventral tegmental area in 
chronic ethanol intoxication using immunohistochemistry method. 
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Figure 17 The chronic study of T. laurifolia and ethanol effect on behaviors and tyrosine 
hydroxylase expression of nigrostriatal and mesolimbic dopamine pathways in rats.  
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Chemical and antibody 
Chemical 

Sodium dodecyl sulfate (SDS), Ponceau-S red, and 3,3'-diaminobenzidine-
tetrahydrochoride hydrate (DAB) were purchased from Sigma-Aldrich (St. Louis, MO). 
Protein assay kit was purchased from bio-Rad (Hercules, CA). The ECL Plus TM Hyper 
film ECL was purchased from Amersham Biosciences (Piscataway, NJ).  

Antibody  
Mouse monoclonal antibody against tyrosine hydroxylase and -actin were 

purchased from Millipore (Billerica, MA). Horseradish peroxidase (HRP) conjugated 
rabbit anti-mouse IgG antibody was purchased from Cell Signaling Technology (MA, 
USA). The biotinylated rabbit anti-mouse IgG was purchased from DAKO (Glostrup, 
Denmark). The avidin-biotin horseradish peroxidase (HRP) complex from Vector 
(Burlingame, CA) was purchased from Sigma.  
 
T. laurifolia extraction and identification 

Fresh T. laurifolia leaves were obtained from Tanusorn garden, Surin province 
and collected in September to December 2015. The leaves were washed before putting 

to dry on the controller oven at 60C for 6 hours. Dried leaves were blended into powder 
and leave to soak in 80% methanol solution in a ratio of 1 g. of T. laurifolia powder to 20 
ml of methanol-water overnight. T. laurifolia liquid was filtered with filter paper (Whatman 
No. 4) before removing out methanol solution by rotary evaporator on 337 mbar under 

40C. Sequentially, T. laurifolia extract was lyophilized into the powder with freeze dryer 

and kept at -20C. In the identification of T. laurifolia pattern with the thin-layer 
chromatography (TLC) method, the T. laurifolia extract was dissolute in the solution 
containing 90% methanol/water and separated in a mobile phase of 10% methanol/ethyl 
acetate containing. After running the extract in chromatography, the visible light, UV 
light, and spay with anisaldehyde sulfuric acid were used to identify T. laurifolia 
patterns.  
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Experimental animals 
Male Wistar rats weighing 300-350 g. were used to determine the acute effects 

of T. laurifolia and ethanol administration. The rats weighing 200-250 g were used to 
determine the chronic effect of T. laurifolia and ethanol administration. They were 
obtained from the National Laboratory Animal Center, Mahidol University, Thailand. Rats 
were housed in groups of four in a plexiglass-wall cage and given food and water ad 
libitum in a controlled temperature and humidity environment. The rats were maintained 
in a 12-h light/dark cycle. 
 
Methods 

Behavior studies  
Balance beam apparatus 

The acute and chronic effect of T. laurifolia and ethanol administration 
on motor coordination impairment was determined using balance beam. The balance 
beam has a square stainless steel beam of 180 cm in length that connected with a black 
box. The beam was elevated 50 cm above the floor (figure 18).  

The motor coordination test consists of training and tested dates. On the 
training date, rats were trained to cross the balance beam at the distance of 30, 50, 80, 
and 100 centimeters from the start point toward the other end where the black box was 
located. The training was performed for 3 consecutive times in 3 consecutive days. On a 
tested date, each rat received four different combination treatments and placed on a 
start point. They were allowed to walk on balance beam at the distances of 30, 50, 80, 
and 100 centimeters for 3 times. The numbers of hindlimb slips in each rat were counted 
and compared between each group and used to determine the motor coordination 
impairment. A higher number of hindlimb slips was used to indicate the motor 
coordination impairment in rats. 
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Figure 18 Balance beam.  
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Elevated plus-maze  
The acute and chronic effect of T. laurifolia and ethanol administration 

on anxiety behavior was determined using elevated plus-maze. Elevated plus-maze 
consists of two open and closed arms that elevated above the ground. The elevation of 
open arms of the platform induces anxiety and fear in animals. The elevated plus-maze 
has two open and two closed arms. Each arm has 45 centimeters in length and 15 
centimeters in width and has a wall high of 10 centimeters in the close arm. The platform 
of the apparatus is elevated 67 centimeters above the floor (figure 19). 

In our experiment, male Wistar rats were used to determine the 
protection of T. laurifolia on ethanol-induced anxiety stage. After finishing the different 
combination treatments, each rat was placed on the center of the elevated plus-maze 
and allowed to freely travel in the platform for 5 minutes. The traveling on elevated plus 
maze was recorded on video and later analyzed the time entries, time in open arms, and 
time in end of open arms by using Microsoft visual studio 2010. The apparatus was 
cleaned with tap water and then 70% ethanol after the end of each experiment to avoid 
a bias based on olfactory cues. 

The time entries, time in open arms, and time in end of open arms were 
used as indicators for anxiety determination. The longer time spent on each indicator on 
the open arm of the elevated plus-maze than that of the control value indicating that the 
rats present an anxiolytic effect. On the other hand, if the rat spent less time in these 
parameters than that of the control value, indicating that the rats present anxiety 
behavior i.e., more anxious.  
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Figure 19 Elevated plus-maze.   
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Hole board 
The acute and chronic effect of T. laurifolia and ethanol administration 

on exploratory behavior was determined using hole board. The hole board composes of 
55 cm in width and 65 cm in length and surrounded by 45 cm walls height and four 
pores on the floor (figure 20). 

After finished four combination treatments, the rats were placed on the 
center of the apparatus and let them search on the apparatus for 10 minutes. The 
number of rearing and head dipping under the hole was recorded by the video 
recorder. The apparatus was cleaned with tap water and then 70% ethanol after the end 
of the experiment of each rat to avoid a bias based on olfactory cues. 

The number of rearing and head dipping were used to validate the 
exploratory behavior. The higher number of rearing and head dipping represent a high 
exploratory behavior in rats.  
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Figure 20 Hole board.  
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Conditioned place preference (CPP) test 
The chronic effect of T. laurifolia and ethanol administration on addiction 

behavior was determined using the CPP The CPP has two compartments (30x30x40 
cm.) with different designs of horizontal black and white thickness in the wall, thick (2.5 
cm) or thin (1.0 cm), and each compartment is separated by guillotine door (figure 22). 
The CPP test for addiction behavior consists of 3 phases including pre-test, condition, 
and testing phases (figure 21). 

During the pre-test phase, each rat was placed in the middle of the CPP 
apparatus without the guillotine door down i.e., allow to move freely in the model for 15 
minutes and the time in each compartment was recorded on video for behavior analysis. 
The compartment where the rat spent longer time in was determined as its preference 
compartment. On the other hand, the compartment where the rat spent less time in was 
determined as a non-preference compartment. These were recorded for each individual 
rat for further study. 

During the condition phase, each rat was given four different 
combination treatments and followed by placing in the non-preference compartment of 
CPP with the guillotine door down for 10 minutes. This process was repeated daily for 30 
consecutive days. 

On the testing phase, each rat was placed in the middle of the CPP 
again without given any treatments and allowed to move freely in the CPP without 
guillotine door for 15 minutes. The time in each compartment was recorded. The 
comparison of time spent in the non-preference compartment between pre and post-
drug administration was used to determine the possible effect of drug addiction. 

 An increase in time spent in the non-preference compartment at post-
drug administration more than pre-drug administration indicates that drug-induced 
addiction.  
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Figure 21 Diagram of conditioned place preference test. 
 

 

 

 
Figure 22 Conditional place preference apparatus.  
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Microsoft visual studio 2010 
Microsoft visual studio 2010 is used to evaluate the movement duration 

and distance in elevated plus-maze model. The program was invented by Associate 
Professor Theekapun Charoenpong, Department of Biomedical Engineering, 
Srinakharinwirot University (213). The process of analysis consists of two main steps: rat 
segmentation and parameters measurement. First, the movement of the rat is recorded 
and separated into image sequence format. The rat in each frame is extracted from the 
background by using background subtraction technique, i.e., difference in color of rat 
(white) and behavior model (black). Second, the center of the rat is computed from rat 
body. The center position of the rat is used to evaluate the distance that the rat move 
around on the model. Frame rate is an additional parameter to calculate the duration 
(time) of the movement of the rat. 

Western blot assay 
Tissue preparation 

The acute and chronic effect of T. laurifolia and ethanol on the 
expression levels of tyrosine hydroxylase protein in the striatum and nucleus accumbens 
in rats was determined after finishing different combination of treatments. The rats were 
sacrificed, the striatum and nucleus accumbens were immediately dissected, frozen, 

and kept at -80C. 
Protein determination  

Protein concentrations in the striatum and nucleus accumbens were 
determined by the Bradford method using bovine serum albumin (BSA) as the protein 
standard.  

Western blotting 
Striatum and nucleus accumbens were homogenized with RIPA buffer 

(50mM Tris-Cl, 150 mM NaCl, 1%Triton X-100, 1% sodium deoxycholate, 0.1% SDS and 

1% protease inhibitor cocktail) followed by centrifuged 12,000 rpm at 4C for 10 

minutes. The supernatants were collected and kept at -80C for further analysis. Sample 
proteins concentrations were determined using the Bradford method. Each sample was 

denatured in a mixture of loading buffer and -mercaptoethanol at 65C for 5 minutes. 
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For gel electrophoresis, 30 µg/lane of protein concentration was loaded into 10 % 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) for separating 
protein based on molecular weight. The resolved proteins were transferred onto 
polyvinylidene difluoride membranes (PVDF). The transfer potency was checked by 
Ponceau-S red solution. The membranes were blocked with 3% BSA in Tris-buffered 
saline (TBS) containing 0.1% Tween-20 (TBST) for 1 hour to prevent non-specific protein 
binding. The membranes were then washed with TBST followed by overnight incubation 
with the primary antibody; 1:10000 mouse monoclonal antibody against tyrosine 
hydroxylase (Millipore, Billerica, MA, #MAB318) or 1:40000 mouse monoclonal antibody 
against -actin (Millipore, Billerica, MA, #MAB1501) diluted in TBST. After washing with 
TBST, the membranes were incubated for 1 hour at room temperature with the 
horseradish peroxidase (HRP) conjugated rabbit anti-mouse IgG secondary antibody 
(Cell Signaling Technology, Inc., Danvers, MA, USA, #7076S) at a dilution of 1:10,000 for 
the detection of tyrosine hydroxylase or 1:40,000 for the detection of actin. The 
membranes were then washed with TBST, and the protein bands were visualized using 
enhanced chemiluminescence plus (ECL PlusTM, Amersham Biosciences, Piscataway, 
NJ) and exposed to X-ray film. The tyrosine hydroxylase band was exposed for 1 minute 
and 10 seconds for -actin exposure. The immunoblot bands were quantified by 
measuring the density of each band using densitometry with the Scion image program 
(National Institutes of Health, Bethesda, MD). The ratio of tyrosine hydroxylase and -
actin is used as an indicator for evaluation of tyrosine hydroxylase level in western blot 
study.  

Histological study 
Tissue preparation  

The acute and chronic effect of T. laurifolia and ethanol on the 
expression and localization of tyrosine hydroxylase protein in the substantia nigra and 
ventral tegmental area in rats were determined after finishing different combination of 
treatments. Male Wistar rats were anesthetized with 46 mg/kg sodium pentobarbital and 
rapidly transcardially perfused with normal saline and followed by fixative (4% 
paraformaldehyde mixed with 0.35% glutaraldehyde in 0.1 M PBS buffer). After 
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dissection, each rat brain was removed and post-fixed with the same fixative at 4C 
overnight and then transferred to 30% sucrose for 1 day to ensure cryoprotection. The 
rat brains were sectioned at a thickness of 50 µm with cryostat (Leica CM 1950; Leica, 
Watzlar, Germany). The tissue sections were collected in 0.1 M phosphate-buffered 

saline (PBS) and kept at 4C.  
Immunoperoxidase assay 

The free-floating sections were washed in 0.1 M PBS following 
pretreated with 1 % hydrogen peroxide (H2O2) in PBS for 10 minutes. The sections were 
washed with PBS-B (PBS containing 0.1% Triton X-100 and 0.25% BSA) for 10 minutes 
and then incubated with 5% normal rabbit serum in PBS-A (PBS containing 0.3% Triton 
X-100 and 1% BSA) for 30 minutes at room temperature. The sections were then 
incubated with mouse monoclonal antibody against tyrosine hydroxylase at a dilution of 

1:10,000 for 12 hours at 4C. After washing with PBS-B, they were incubated with 
secondary antibody (biotinylated rabbit anti-mouse IgG antibody) at a dilution of 1:400 
for 1 hour at room temperature. After washing with PBS-B and PBS, the sections were 
treated with avidin-biotin HRP complex diluted 1:250 in PBS for 1 hour and then washed 
sequentially with PBS and 0.05 M Tris-HCl buffer (pH=7.6). The sections were reacted 
with the solution of 3,3'-diaminobenzidine-tetrahydrochloride hydrate (DAB) in 0.05 M 
Tris–HCl buffer containing 0.01% H2O2 and were then washed with distilled water. The 
sections were mounted on a gelatinized slide, air-dried, and coverslipped with 
Permount®. The immunoperoxidase activity was visualized by light microscopy 
(Olympus BH2, Tokyo, Japan) and photographed with a digital camera (Olympus DP70, 
Tokyo Japan). The intensity of tyrosine hydroxylase was determined by image J. 
 
Statistical analysis 

The data were shown as mean ± SEM and analyzed statistically using analysis 
of variance (ANOVA) with Newman-Keuls multiple comparison test to compare 
differences among individual groups. The scientific statistic software Graphpad Prism 5 
was employed. The significance levels were set at p values less than 0.05 and 0.01.  
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CHAPTER IV 
RESULTS 

 
T. laurifolia identification 

 T. laurifolia extraction used in the experiments was identified the consistency 
by TLC. T. laurifolia was dissolved in the solution containing of 90% methanol/water 
before spotting on the TLC. The spotting of T. laurifolia extract was isolated in a running 
buffer containing 10% methanol/ethyl acetate. The result of four time extractions of T. 
laurifolia showed the same pattern (figure 23). Figure 23A showed the distance of each 
band of T. laurifolia on TLC. Seven bands of T. laurifolia on TLC was identified by visible 
light, UV light, and spay with anisaldehyde sulfuric acid (figure 23B). 
 

 
 

Figure 23 T. laurifolia extract pattern on thin-layer chromatography paper. 
 

The TLC shows a distance of each substance of T. laurifolia extract that 
dissolved in a solution containing 90% methanol/water and isolated in a running buffer 
containing 10% methanol/ethyl acetate (A) and shows the components of T. laurifolia by 
visible light, UV light, and spay with anisaldehyde sulfuric acid (B). 
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 The acute study of T. laurifolia and ethanol effect on behaviors of nigrostriatal 
dopamine pathway in rats  

Motor coordination behavior 
The acute administrations of T. laurifolia and ethanol on motor coordination 

in male Wistar rats were evaluated using the number of hindlimbs slips from the balance 
beam at 30, 50, 80, and 100 cm. distance from the started point as indicators. The 
higher number of hindlimbs slip indicates greater motor coordination impairment in rats.  

A high number of hindlimbs slips of acute ethanol administration rats 
showed at all distances of the balance beam. On the other hand, T. laurifolia 
administration alone did not differ in the number of hindlimbs slips compared with the 
control group. T. laurifolia administration prior to ethanol administration diminished the 
effect of ethanol (figure 24). The significant increase the number of hindlimbs slips in 
acute ethanol administration rats displayed at 30 (p < 0.05), 50 (p < 0.01), 80 (p < 0.05), 
and 100 (p < 0.01) cm. of distance when compared with the control rats. The number of 
hindlimbs slips was reduced at 30 (figure 25), 50 (as shown in figure 26), 80 (figure 27), 
and 100 (figure 28) cm. distance, and significant at 50 (p < 0.05) and 100 (p < 0.05) cm. 
distances in T. laurifolia before acute ethanol administration. Furthermore, T. laurifolia 
administration alone did not observe the difference in the number of hindlimbs slips 
when compared to the control. The mean±SEM values of all group treatments were 
shown in Table 2.  

These results indicated that pre-administration of T. laurifolia could protect 
acute ethanol administration-induced motor coordination impairment. Moreover, T. 
laurifolia did not exhibit the effects to induce motor coordination impairment.  
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Figure 24 The number of hindlimbs slips of control, ethanol, T. laurifolia, and T. laurifolia 

+ ethanol groups on the balance beam. 
 

Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined 30 minutes after drugs administration. The number of hindlimbs slips on the 
balance beam was counted at 30, 50, 80, and 100 cm. distances from the started point. 
The data were mean±SEM. *p < 0.05, **p < 0.01 compared with control group; #p < 
0.05, ##p < 0.01 compared with the ethanol group at each distance using a one-way 
ANOVA and Newman-Keuls multiple comparison test.  
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Figure 25 The number of hindlimbs slips of four groups on the balance beam at 30 cm. 

distance. 
 

Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined 30 minutes after drugs administration. The number of hindlimbs slips on the 
balance beam was counted at 30, 50, 80, and 100 cm. distances from the started point. 
The data were mean±SEM (control n = 7, EtOH n = 6, T. laurifolia n = 7, T. laurifolia + 
EtOH n = 6). *p < 0.05 compared with control group at each distance using a one-way 
ANOVA and Newman-Keuls multiple comparison test.  



  

  

70 

Contro
l

Saline + EtOH

T. la
urifo

lia + Saline

T. la
urifo

lia + EtOH
0

2

4

6

**

# #

#

Nu
mb

er 
of 

hin
dli

mb
 sl

ips

 

 
Figure 26 The number of hindlimbs slips of four groups on the balance beam at 50 cm. 

distance. 
 

Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined 30 minutes after drugs administration. The number of hindlimbs slips on the 
balance beam was counted at 30, 50, 80, and 100 cm. distances from the started point. 
The data were mean±SEM (control n = 7, EtOH n = 5, T. laurifolia n = 5, T. laurifolia + 
EtOH n = 5). **p < 0.01 compared with control group; #p < 0.05, ##p < 0.01 compared 
with the ethanol group at each distance using a one-way ANOVA and Newman-Keuls 
multiple comparison test.  
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Figure 27 The number of hindlimbs slips of four groups on the balance beam at 80 cm. 

distance. 
 

Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined 30 minutes after drugs administration. The number of hindlimbs slips on the 
balance beam was counted at 30, 50, 80, and 100 cm. distances from the started point. 
The data were mean±SEM (control n = 6, EtOH n = 5, T. laurifolia n = 7, T. laurifolia + 
EtOH n = 6). *p < 0.05 compared with control group at each distance using a one-way 
ANOVA and Newman-Keuls multiple comparison test.   
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Figure 28 The number of hindlimbs slips of four groups on the balance beam at 100 cm. 

distance. 
 

Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined 30 minutes after drugs administration. The number of hindlimbs slips on the 
balance beam was counted at 30, 50, 80, and 100 cm. distances from the started point. 
The data were mean±SEM (control n = 6, EtOH n = 6, T. laurifolia n = 7, T. laurifolia + 
EtOH n = 6). **p < 0.01 compared with control group; #p < 0.05, ##p < 0.01 compared 
with the ethanol group at each distance using a one-way ANOVA and Newman-Keuls 
multiple comparison test.  
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The acute study of T. laurifolia and ethanol effect on behaviors of mesolimbic dopamine 
pathway in rats  

Anxiety behavior 
The acute effect of T. laurifolia and ethanol on anxiety behavior in male 

Wistar rats was determined using time entries to open arms, %time in open arms, and 
time in end open arms in the elevated plus-maze as indicators. A high value of these 
parameters represents anxiolytic behavior while the low value of these parameters 
represents anxiety behavior.  

Acute ethanol administration did not significantly alter the time entries 
(figure 29), % time in open arms (figure 30), and time in end open arms (figure 31) when 
compared with the control group. However, T. laurifolia administration prior to acute 
ethanol administration did not show a significant difference in these parameters when 
compared with the control group. T. laurifolia administration alone did not observe the 
difference of the time entries to open arms, %time in open arms, and time in end open 
arms when compared with the control group. The mean±SEM of all group treatments are 
shown in Table 3. 

These results indicated that acute ethanol administration with the dose used 
did not induce anxiolytic or anxiety behavior in rats. The administration of T. laurifolia 
before acute ethanol administration is not able to show a protective effect on acute 
ethanol administration intoxication. However, T. laurifolia administration alone did not 
induce anxiolytic or anxiety behavior in rats.  
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Figure 29 Time entries to open arms of control, ethanol, T. laurifolia, and T. laurifolia + 
ethanol groups. 

 
Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Anxiety behavior in the elevated 
plus-maze was determined at 30 minutes after drug administration. Each group was 
counted the time entries to open arms on elevated plus-maze for 5 minutes. The data 
were mean±SEM (control n = 7, EtOH n = 10, T. laurifolia n = 8, T. laurifolia + EtOH n = 
8). Statistical analysis was examined by using a one-way ANOVA and Newman-Keuls 
multiple comparison test.  
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Figure 30 Percent time spent in open arms of control, ethanol, T. laurifolia, and T. 
laurifolia + ethanol group. 

 
Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Anxiety behavior in the elevated 
plus-maze was determined at 30 minutes after drug administration. Each group was 
counted the percent that rats spent in open arms on elevated plus-maze for 5 minutes. 
The data were mean±SEM (control n = 7, EtOH n = 10, T. laurifolia n = 8, T. laurifolia + 
EtOH n = 8). Statistical analysis was examined by using a one-way ANOVA and 
Newman-Keuls multiple comparison test.  
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Figure 31 Time in end open arms of control, ethanol, T. laurifolia, and T. laurifolia + 
ethanol groups. 

 
Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Anxiety behavior in the elevated 
plus-maze was determined at 30 minutes after drug administration. Each group was 
counted the time that rats spent in end open arms on elevated plus-maze for 5 minutes. 
The data were mean±SEM (control n = 7, EtOH n = 10, T. laurifolia n = 8, T. laurifolia + 
EtOH n = 8). Statistical analysis was examined by using a one-way ANOVA and 
Newman-Keuls multiple comparison test. 
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Table 3 Time entries to open arms, %time in open arms and time in end open arms on 
the elevated plus-maze (Mean±SEM). 
 

Groups Time entries %time in open arms time in end open arms 
Control 11.43 ± 1.04  

(n = 7) 
29.92 ± 4.48 

(n = 7) 
26.29 ± 14.31 

(n = 7) 
Saline + Ethanol 13.60 ± 1.48 

(n = 10) 
24.00 ± 2.74 

(n = 10) 
22.70 ± 8.01 

(n = 10) 
T. laurifolia + Saline 10.25 ± 1.03 

(n = 8) 
30.53 ± 7.22 

(n = 8) 
34.25 ± 10.86 

(n = 8) 
T. laurifolia + Ethanol 12.25 ± 1.68 

(n = 8) 
26.63 ± 5.53 

(n = 8) 
18.75 ± 6.51 

(n = 8) 
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Exploratory behavior  
The acute effect of T. laurifolia and ethanol on exploratory behavior in male 

Wistar rats was determined using the numbers of rearing and head dipping into the 
holes of the hole board as indicators.  

Acute ethanol administration did not induce the difference in the number of 
rearing (figure 32) and head dipping (figure 33) when compared with the control group. 
T. laurifolia administration before ethanol administration and T. laurifolia administration 
alone did not show a significant difference in the number of rearing and head dipping 
when compared with the control or ethanol groups. However, T. laurifolia administration 
alone was found to significantly decrease (p < 0.05) the number of rearing in rats when 
compared with T. laurifolia administration prior to ethanol administration. These results 
were shown as mean±SEM in Table 4.  

These results suggested that acute ethanol administration did not alter 
exploratory behavior. T. laurifolia administration did not show the protective effect on 
exploratory behavior when given prior to ethanol administration.  
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Figure 32 The number of rearing in the exploratory behavior test of control, ethanol, T. 
laurifolia, and T. laurifolia + ethanol group.  

 
Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Exploratory behavior in the hole 
board was determined at 30 minutes after drug administration. Each group was counted 
the number of rearing on hole board for 10 minutes. The data were mean±SEM (control 
n = 10, EtOH n = 10, T. laurifolia n = 9, T. laurifolia + EtOH n= 9). $p < 0.05 compared 
with the T. laurifolia + ethanol using a one-way ANOVA and Newman-Keuls multiple 
comparison test.  
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Figure 33 The number of head dipping in the exploratory behavior test of control, 
ethanol, T. laurifolia, and T. laurifolia + ethanol groups. 

 
Each group received either the saline, ethanol (2 g/kg, 20% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Exploratory behavior in the hole 
board was determined at 30 minutes after drug administration. Each group was counted 
the number of head-dipping on hole board for 10 minutes. The data were mean±SEM 
(control n = 10, EtOH n = 10, T. laurifolia n = 9, T. laurifolia + EtOH n= 9). Statistical 
analysis was examined by using a one-way ANOVA and Newman-Keuls multiple 
comparison test.   
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Table 4 The number of rearing and head dipping in hole board (Mean±SEM). 
 

Groups Rearing Head dipping 
Control 27.00 ± 4.18 (n = 10) 15.50 ± 2.43 (n = 10) 

Saline + Ethanol 28.20 ± 1.98 (n = 10) 18.00 ± 1.32 (n = 10) 
T. laurifolia + Saline 17.89 ± 4.34 (n = 9)$ 11.89 ± 4.20 (n = 9) 
T. laurifolia + Ethanol 34.89 ± 4.69 (n = 9) 14.78 ± 1.54 (n = 9) 

$p < 0.05 compared with the T. laurifolia +EtOH group.  
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The acute study of T. laurifolia and ethanol effect on tyrosine hydroxylase levels of 
nigrostriatal dopamine pathway in rats  

The expression levels of tyrosine hydroxylase level in the striatum altered by 
acute administration of T. laurifolia and ethanol were determined by western blot. The 
expression and localization of tyrosine hydroxylase in the substantia nigra used the 
immunohistochemistry method to determine. The mean±SEM of all group treatments is 
shown in Table 5. 

Tyrosine hydroxylase levels on the striatum (figure 34) displayed a significant (p 
< 0.05) increase by 44% in acute ethanol administration when compared with control 
group. T. laurifolia administration alone showed no different effect in tyrosine 
hydroxylase level when compared to the control group but significantly (p < 0.01) 
showed lower tyrosine hydroxylase level when compared with acute ethanol 
administration group. T. laurifolia administration prior to ethanol administration 
significantly (p < 0.01) reduced the level of tyrosine hydroxylase in the striatum when 
compared to acute ethanol administration group. 

The tyrosine hydroxylase- immunoreactivity in the substantia nigra was used to 
validate the expression and localization in all groups. The results showed the tyrosine 
hydroxylase localization in the substantia nigra neurons in all groups (figure 35). The 
expression of tyrosine hydroxylase of the substantia nigra (figure 36) did not exhibit any 
difference in all groups. The acute ethanol administration did not induce an increase in 
tyrosine hydroxylase intensity.  

These results indicated that the acute ethanol administration could up-regulate 
the level of tyrosine hydroxylase in the striatum but not in the substantia nigra. T. 
laurifolia showed protective effect of acute ethanol administration by maintaining the 
tyrosine hydroxylase level in the striatum to the control level. However, T. laurifolia 
administration alone had not effect on the expression of tyrosine hydroxylase in both 
areas.   



  

  

84 

 
 

Figure 34 Tyrosine hydroxylase expression levels of striatum of four groups (acute 
study). 

 
The expression ratio of tyrosine hydroxylase enzyme (TH) to β-actin in the 

striatum of control, ethanol, T. laurifolia, and T. laurifolia + Ethanol group. Each group 
received saline, ethanol (2 g/kg, 20% ethanol), T. laurifolia (200 mg/kg), or pre- T. 
laurifolia + ethanol. Tyrosine hydroxylase expression was determined by western blot 

analysis. Representative bands from different four groups were shown. The protein band 
was quantified via densitometry and normalized by β-actin. The results are mean±SEM 
(control n = 4, EtOH n = 5, T. laurifolia n = 5, T. laurifolia + EtOH n= 5). *p < 0.05 
compared with control group; ##p < 0.01 compared with the ethanol group using a one-
way ANOVA and Newman-Keuls multiple comparison test.  
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Figure 35 Tyrosine hydroxylase localization in the substantia nigra of four groups (acute 

study). 
 

Photomicrographs showing tyrosine hydroxylase localization in dopaminergic 
neurons. The tyrosine hydroxylase-immunoreactive neurons in the substantia nigra of 
control (A), ethanol (B), T. laurifolia (C), and T. laurifolia + EtOH groups (D), Scale bar, 
200 µm. (n=3).   
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Figure 36 Tyrosine hydroxylase expression in the substantia nigra of four groups (acute 

study). 
 

Semiquantitative densitometric analysis of tyrosine hydroxylase-
immunoreactivity in the substantia nigra was performed in control, ethanol, T. laurifolia, 
and T. laurifolia + Ethanol groups. Each group received saline, ethanol (2 g/kg, 20% 
ethanol), T. laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol, respectively. The 
expression was quantified by image J. Statistical analysis all data are expressed as 
mean±SEM (n=3). Statistical analysis was examined by using a one-way ANOVA and 
Newman-Keuls multiple comparison test.   
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The acute study of T. laurifolia and ethanol effect on tyrosine hydroxylase levels of 
mesolimbic dopamine pathway in rats  

The tyrosine hydroxylase expression level in the nucleus accumbens altered by 
acute T. laurifolia and ethanol administration was determined by western blot. The 
expression and localization of tyrosine hydroxylase of the ventral tegmental area were 
determined by immunohistochemistry method. The mean±SEM of all group treatments is 
shown in Table 6. 

The tyrosine hydroxylase expression level in the nucleus accumbens (figure 37) 
was unchanged in the acute ethanol administration group when compared with the 
control group. T. laurifolia administration alone groups did not show the difference in the 
expression level of tyrosine hydroxylase when compared to the control. T. laurifolia 
administration prior to acute ethanol administration showed no significant effect.  

The tyrosine hydroxylase- immunoreactivity in the ventral tegmental area was 
used to validate the expression and localization in all groups. The results showed the 
tyrosine hydroxylase localization in the ventral tegmental area neurons in all groups 
(figure 38). The expression of tyrosine hydroxylase in the ventral tegmental area did not 
change by acute ethanol administration when compared with the control group. T. 
laurifolia administration alone and administration of T. laurifolia prior to acute ethanol 
administration did not show any difference in the tyrosine hydroxylase expression with 
the other groups. (figure 39). 

These results suggested that an acute ethanol administration did not change 
the tyrosine hydroxylase expression level in the nucleus accumbens or ventral tegmental 
area, respectively. T. laurifolia administration had no effect to either stimulate or inhibit 
tyrosine hydroxylase expression in both areas. This result shows an unclear protective 
effect on the tyrosine hydroxylase level in both areas.  
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Figure 37 Tyrosine hydroxylase expression levels of nucleus accumbens of four groups 

(acute study). 
 

The expression ratio of tyrosine hydroxylase enzyme (TH) to β-actin in the 
nucleus accumbens of control, ethanol, T. laurifolia, and T. laurifolia + Ethanol group. 
Each group received saline, ethanol (2 g/kg, 20% ethanol), T. laurifolia (200 mg/kg), or 
pre- T. laurifolia + ethanol. Tyrosine hydroxylase expression was determined by western 

blot analysis. Representative bands from different four groups were shown. The protein 
band was quantified via densitometry and normalized by β-actin. The results are 
mean±SEM (control n = 4, EtOH n = 5, T. laurifolia n = 5, T. laurifolia + EtOH n= 6). 
Statistical analysis was examined by using a one-way ANOVA and Newman-Keuls 
multiple comparison test.  
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Figure 38 Tyrosine hydroxylase localization in the ventral tegmental area of four groups 

(acute study). 
 

Photomicrographs showing tyrosine hydroxylase localization in dopaminergic 
neurons. The tyrosine hydroxylase-immunoreactive neurons in the ventral tegmental 
area of control (A), ethanol (B), T. laurifolia (C), and T. laurifolia + EtOH groups (D), 
Scale bar, 200 µm. (n=3).   
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Figure 39 Tyrosine hydroxylase expression in the ventral tegmental area of four groups 

(acute study). 
 

Semiquantitative densitometric analysis of tyrosine hydroxylase-
immunoreactivity in the ventral tegmental area was performed in control, ethanol, T. 
laurifolia, and T. laurifolia + Ethanol groups. Each group received saline, ethanol (2 g/kg, 
20% ethanol), T. laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol, respectively. The 
expression was quantified by image J. Statistical analysis all data are expressed as 
mean±SEM (n=3). Statistical analysis was examined by using a one-way ANOVA and 
Newman-Keuls multiple comparison test.   
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Table 5 The expression of tyrosine hydroxylase of nigrostriatal pathway (Mean±SEM).  
 

Groups Striatum Substantia nigra 
Control 0.55 ± 0.11 (n = 4) 8.94 ±0.85 (n = 3) 

Saline + Ethanol 0.78 ± 0.08* (n = 5) 8.95 ±0.43 (n = 3) 
T. laurifolia + Saline 0.45 ± 0.04## (n = 5) 9.85 ± 0.47 (n = 3) 
T. laurifolia + Ethanol 0.41 ± 0.04## (n = 5) 10.17 ± 0.97 (n = 3) 

*p < 0.05 compared with the control group 
 ##p < 0.01 compared with the ethanol group 
 
Table 6 The expression of tyrosine hydroxylase of mesolimbic pathway (Mean±SEM). 
 

Groups Nucleus accumbens Ventral tegmental area 
Control 0.88 ± 0.11 (n = 4) 9.95 ± 0.34 (n = 3) 

Saline + Ethanol 1.11 ± 0.22 (n = 5) 9.33 ± 1.26 (n = 3) 
T. laurifolia + Saline 1.16 ± 0.25 (n = 5) 10.58 ± 0.59 (n = 3) 

T. laurifolia + Ethanol 1.22 ± 0.19 (n = 6) 11.08  ± 1.06 (n = 3) 
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The chronic study of T. laurifolia and ethanol effect on behaviors of nigrostriatal 
dopamine pathway in rats  

Motor coordination 
The motor coordination of chronic T. laurifolia and ethanol administration in 

male Wistar rats was evaluated using the number of hindlimbs slips from the balance 
beam at 30, 50, 80, and 100 cm. distances from the started point as indicators. The 
higher number of hindlimbs slip indicates greater motor coordination impairment in rats. 

Chronic ethanol administration induced a high number of hindlimb slips at 
all distances on the balance beam. The number of hindlimbs slips was significantly 
increased at 30 (figure 40) (p < 0.05) and 50 (p < 0.01) (figure 41) cm distances by 
chronic ethanol administrations when compared to the control group. Chronic T. 
laurifolia administration alone showed no significant difference in the number of hindlimb 
slips when compared to the control group (figure 40). Daily administration of T. laurifolia 
prior to ethanol administration showed a protective effect of ethanol-induced motor 
coordination impairment by significantly decrease the number of hindlimb slips when 
compared with chronic ethanol administration alone at 30 (p < 0.05) and 50 (p < 0.01) 
cm distances (figure 41-44). The mean±SEM of all group treatments is shown in Table 7.  

These results indicated that chronic ethanol administration produced a sign 
of motor coordination impairment. Daily administration of T. laurifolia prior to ethanol 
administration could reduce a sign of motor coordination impairment caused by chronic 
ethanol administration. Moreover, chronic T. laurifolia administration alone did not 
produce motor coordination impairment.  
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Figure 40 The number of hindlimbs slips of control, ethanol, T. laurifolia, and T. laurifolia 

+ ethanol groups on the balance beam. 
 

Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined after 30 consecutive days of four different combination treatments. The 
number of hindlimbs slips on the balance beam was counted at 30, 50, 80, and 100 cm. 
distances from the started point. The data were mean±SEM. *p < 0.05, **p < 0.01 
compared with control group; #p < 0.05, ##p < 0.01 compared with the ethanol group at 
each distance using a one-way ANOVA and Newman-Keuls multiple comparison test.  
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Figure 41 The number of hindlimbs slips of four groups on the balance beam at 30 cm. 

distance. 
 

Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined after 30 consecutive days of four different combination treatments. The 
number of hindlimbs slips on the balance beam was counted at 30, 50, 80, and 100 cm. 
distances from the started point. The data were mean±SEM (control n = 10, EtOH n = 9, 
T. laurifolia n = 9, T. laurifolia + EtOH n = 9). *p < 0.05 compared with control group; #p 
< 0.05 compared with the ethanol group at each distance using a one-way ANOVA and 
Newman-Keuls multiple comparison test.  
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Figure 42 The number of hindlimbs slips on the balance beam at 50 cm. distance. 
 

Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined after 30 consecutive days of four different combination treatments. The 
number of hindlimbs slips on the balance beam was counted at 30, 50, 80, and 100 cm. 
distances from the started point. The data were mean±SEM (control n = 8, EtOH n = 7, 
T. laurifolia n = 10, T. laurifolia + EtOH n = 7). **p < 0.01 compared with control group; 
##p < 0.01 compared with the ethanol group at each distance using a one-way ANOVA 
and Newman-Keuls multiple comparison test.  
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Figure 43 The number of hindlimbs slips on the balance beam at 80 cm. distance. 
 

Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined after 30 consecutive days of four different combination treatments. The 
number of hindlimbs slips on the balance beam was counted at 30, 50, 80, and 100 cm. 
distances from the started point. The data were mean±SEM (control n = 6, EtOH n = 6, 
T. laurifolia n = 9, T. laurifolia + EtOH n = 8). Statistical analysis was examined by using 
a one-way ANOVA and Newman-Keuls multiple comparison test.  
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Figure 44 The number of hindlimbs slips on the balance beam at 100 cm. distance. 
 

Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Motor coordination impairment was 
determined after 30 consecutive days of four different combination treatments. The 
number of hindlimbs slips on the balance beam was counted at 30, 50, 80, and 100 cm. 
distances from the started point. The data were mean±SEM (control n = 6, EtOH n = 6, 
T. laurifolia n = 6, T. laurifolia + EtOH n = 6). Statistical analysis was examined by using 
a one-way ANOVA and Newman-Keuls multiple comparison test.  
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The chronic study of T. laurifolia and ethanol effect on behaviors of mesolimbic 
dopamine pathway in rats  

Addiction behavior  
The chronic T. laurifolia and ethanol administration on addiction behavior in 

male Wistar rats was evaluated using the comparison of the time spent in the non-
preference compartment of CPP between pre-and post-treatments as an indicator. If the 
time spent in the non-preference compartment after chronic drug administration 
combined with forcing the animal to stay in the non-preferred compartment is higher 
than that of the pre-treatment, this means that this drug exhibit addiction behavior in 
rats.  

The time spent in the non-preference compartment of pre-drug treatment 
did not show any difference between each group. The time spent in the non-preference 
compartment before and after chronic drugs treatment was compared between each 
group. Chronic ethanol administration significantly (p < 0.01) increased the time spent in 
the non-preference compartment when compared with pre-drug treatment. The value 
increased up to 41.02±12.96% of that of the pre-drug administration value. Chronic 
administration of T. laurifolia alone did not increase the time spent in the non-preference 
compartment when compared to that of the pre-drug treatment. Daily administration of 
T. laurifolia prior to ethanol administration for 30 consecutive days inhibited the effect of 
chronic ethanol intoxication (figure 45). The mean±SEM of all group treatments is shown 
in Table 8.  

These results indicated that chronic ethanol administration produced 
ethanol addiction. Daily administration of T. laurifolia prior to ethanol administration 
prevented ethanol- addiction behavior. Chronic T. laurifolia administration did not 
produce addiction behavior.  
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Figure 45 The time spent in the non-preference compartment in CPP of control, EtOH, T. 

laurifolia, and T. laurifolia + EtOH groups. 
 

Each rat received saline, ethanol (1 g/kg, 15% ethanol), T. laurifolia (200 
mg/kg), or T. laurifolia + EtOH for 30 consecutive days. The addiction was determined 
after 30 consecutive days of four different combination treatments. The comparison of 
the time spent between pre-and post-drug in the non-preference compartment of each 
rat used as an indicator. The data were mean±SEM (n = 5). ##p < 0.01 compared with 
the ethanol group using a two-way ANOVA and Newman-Keuls multiple comparison 
test.   
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Table 8 Time spent in non-preference compartment of CPP between pre- and post-drug 
treatment in each group (Mean±SEM). 
 

Groups Time spent in non-preference compartment of CPP 
Pre-drug treatments Post-drug treatments 

Control 311.60 ± 37.05 (n = 5) 284.40 ± 101.70 (n = 5) 
Saline+ Ethanol 338.60 ± 26.33 (n = 5) 707.80 ± 44.60## (n = 5) 

T. laurifolia + Saline 352.00 ± 30.33 (n = 5) 302.20 ± 79.50 (n = 5) 
T. laurifolia + Ethanol 388.00 ± 12.49 (n = 5) 403.40 ± 82.66 (n = 5) 

## p<0.01 compared with the ethanol group  
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Anxiety behavior 
The chronic effect of T. laurifolia and ethanol administration anxiety behavior 

in male Wistar rats was determined using time entries to open arms, %time in open 
arms, and time in end open arms in the elevated plus-maze as indicators. A high value 
of these parameters represents anxiolytic behavior while the low value of these 
parameters represents anxiety behavior. 

Chronic ethanol administration did not significantly change these indicators 
when compared to that of the control group. The time entries to open arms (figure 46), 
%time in open arms (figure 47), and time in end open arms (figure 48) were not 
significantly different from that of the control group. These results were the same in the 
group with daily administration of T. laurifolia prior to ethanol administration and chronic 
T. laurifolia administration groups. All parameters measured, i.e., the time entries to 
open arms, %time in open arms, and time in end open arms were not significantly 
altered. Table 9 presents the value of mean±SEM in all group treatments.  

These results indicated that chronic ethanol administration did not produce 
anxiolytic or anxiety behaviors in rats. Therefore, the daily administration of T. laurifolia 
prior to ethanol administration for 30 consecutive days could not clearly identify the 
protective effect on chronic ethanol administration intoxication. However, chronic T. 
laurifolia administration alone did not produce anxiolytic or anxiety behavior in rats.  
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Figure 46 Time entries to open arms of control, ethanol, T. laurifolia and T. laurifolia + 
ethanol groups. 

 
Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Anxiety behavior in the elevated 
plus-maze was determined after 30 consecutive days of combination treatments. Each 
group was counted the time entries to open arms on elevated plus-maze for 5 minutes. 
The data were mean±SEM (control n = 9, EtOH n = 9, T. laurifolia n = 9, T. laurifolia + 
EtOH n = 10). Statistical analysis was examined by using a one-way ANOVA and 
Newman-Keuls multiple comparison test.  
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Figure 47 Percent time spent in open arms of control, ethanol, T. laurifolia and T. 
laurifolia + ethanol groups. 

 
Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Anxiety behavior in the elevated 
plus-maze was determined after 30 consecutive days of combination treatments. Each 
group was counted the percent that rats spent in open arms on elevated plus-maze for 5 
minutes. The data were mean±SEM (control n = 9, EtOH n = 9, T. laurifolia n = 9, T. 
laurifolia + EtOH n = 10). Statistical analysis was examined by using a one-way ANOVA 
and Newman-Keuls multiple comparison test.  
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Figure 48 Time in end open arms of control, ethanol, T. laurifolia, and T. laurifolia + 
ethanol groups.  

 
Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. Anxiety behavior in the elevated 
plus-maze was determined after 30 consecutive days of combination treatments. Each 
group was counted the time that rats spent in end open arms on elevated plus-maze for 
5 minutes. The data were mean±SEM (control n = 9, EtOH n = 9, T. laurifolia n = 9, T. 
laurifolia + EtOH n = 10). Statistical analysis was examined by using a one-way ANOVA 
and Newman-Keuls multiple comparison test. 
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Table 9 Time entries to open arms, %time in open arms and time in end open arms on 
the elevated plus-maze (Mean±SEM). 
 

Groups Time entries %time in open arms time in end open arms 
Control 4.22 ± 0.49  

(n = 9) 
15.71 ± 2.37 

(n = 9) 
15.91 ± 4.44 

(n = 9) 
Saline+ Ethanol 4.33 ± 0.44 

(n = 9) 
13.07 ± 2.42 

(n = 9) 
8.42 ± 2.56 

(n = 9) 
T. laurifolia + Saline 4.78 ± 0.28 

(n = 9) 
13.01 ± 1.78 

(n = 9) 
7.13 ± 2.76 

(n = 9) 
T. laurifolia + Ethanol 5.00 ± 0.37 

(n = 10) 
13.85 ± 1.82 

(n = 10) 
10.16 ± 3.67 

(n = 10) 
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Exploratory behavior  
The chronic effect of T. laurifolia and ethanol administration on exploratory 

behavior in male Wistar rats was determined using the numbers of rearing and head-
dipping into the holes of the hole board as indicators.  

Chronic ethanol administration did not induce significant changes in the 
number of rearing (figure 49) and head-dipping (figure 50) when compared to that of the 
control group. Chronic T. laurifolia administration alone and daily administration of T. 
laurifolia prior to ethanol administration showed no significant changes in the number of 
rearing and head-dipping. These results show as mean±SEM in Table 10.  

These results suggested that chronic ethanol administration did not 
produce an increase or suppress exploratory behavior. Therefore, it is unable to show 
the protective effect of T. laurifolia on chronic ethanol intoxication. However, chronic T. 
laurifolia administration did not induce an increase or suppress exploratory behavior.  
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Figure 49 The number of rearing in the exploratory behavior test of control, ethanol, T. 

laurifolia, and T. laurifolia + ethanol groups. 
 

Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 
laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. The exploratory behavior was 
determined after 30 consecutive days of different combination treatments by the hole 
board apparatus. Each group was counted the number of rearing on hole board for 10 
minutes. The data were mean±SEM (control n = 10, EtOH n = 10, T. laurifolia n = 10, T. 
laurifolia + EtOH n = 10). Statistical analysis was examined by using a one-way ANOVA 
and Newman-Keuls multiple comparison test.  
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Figure 50 The head dipping in the exploratory behavior test of control, ethanol, T. 
laurifolia, and T. laurifolia + ethanol groups. 

 
Each group received either the saline, ethanol (1 g/kg, 15% ethanol), T. 

laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol. The exploratory behavior was 
determined after 30 consecutive days of different combination treatments by the hole 
board apparatus. Each group was counted the number of head-dipping on hole board 
for 10 minutes. The data were mean±SEM (control n = 10, EtOH n = 10, T. laurifolia n = 
10, T. laurifolia + EtOH n = 10). Statistical analysis was examined by using a one-way 
ANOVA and Newman-Keuls multiple comparison test. 
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Table 10 The number of rearing and head-dipping in hole board (Mean±SEM). 
 

Groups Rearing Head-dipping 
Control 30.30 ± 2.31 (n = 10) 16.90 ± 1.90 (n = 10) 

Saline+ Ethanol 30.60 ± 2.98 (n = 10) 17.00 ± 1.86 (n = 10) 
T. laurifolia + Saline 27.40 ± 2.96 (n = 10) 15.60 ± 1.22 (n = 10) 

T. laurifolia + Ethanol 32.60 ± 3.00 (n = 10) 16.90 ± 1.66 (n = 10) 
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The chronic study of T. laurifolia and ethanol effect on tyrosine hydroxylase of 
nigrostriatal dopamine pathway in rats  

The chronic effect of T. laurifolia and ethanol administration on tyrosine 
hydroxylase expression level in the striatum was determined by western blot. The 
expression and localization of tyrosine hydroxylase in the substantia nigra used the 
immunohistochemistry to determine. The mean±SEM of all group treatments is shown in 
Table 11. 

Tyrosine hydroxylase expression level in the striatum (figure 51) displayed a 
significant (p < 0.05) decreased in the chronic ethanol administration group. The result 
showed that chronic ethanol administration reduced the level of tyrosine hydroxylase up 
to 79% when compared to that of the control value. Chronic T. laurifolia administration 
alone did not exhibit a decrease of the tyrosine hydroxylase expression level when 
compared to that of the control group. Daily administration of T. laurifolia prior to ethanol 
administration for 30 consecutive days significantly (p < 0.05) protected a decrease in 
tyrosine hydroxylase expression level in the striatum. The tyrosine hydroxylase 
expression level in the T. laurifolia plus ethanol group exhibited a higher level than that 
of the chronic ethanol administration up to 77%. 

The tyrosine hydroxylase-immunoreactive of the substantia nigra was used to 
validate the expression and localization of tyrosine hydroxylase in all groups. The 
localization of tyrosine hydroxylase exhibited in substantia nigra dopaminergic neurons 
in all groups (figure 52). The expression of tyrosine hydroxylase of the substantia nigra 
remained unchanged when compared to the control group. However, T. laurifolia prior 
to ethanol administration for 30 consecutive days significantly (p < 0.05) increased the 
expression of tyrosine hydroxylase of the substantia nigra compared with the ethanol 
group. (figure 53) 

These results indicated that chronic ethanol administration induced a decrease 
of the tyrosine hydroxylase expression level in the striatum but not in the substantia 
nigra. The results also indicated that the daily administration of T. laurifolia prior to 
ethanol administration for 30 consecutive days protected the decrease in the tyrosine 
hydroxylase expression level in the striatum induced by chronic ethanol administration. 
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Chronic T. laurifolia administration showed no effect on the tyrosine hydroxylase 
expression level of the striatum and substantia nigra.  
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Figure 51 The tyrosine hydroxylase expression levels in the striatum of four groups 
(chronic study). 

 
The expression ratio of tyrosine hydroxylase enzyme (TH) to β-actin in the 

striatum of control, ethanol, T. laurifolia, and T. laurifolia + Ethanol group. Each group 
received saline, ethanol (1 g/kg, 15% ethanol), T. laurifolia (200 mg/kg), or pre- T. 
laurifolia + ethanol. Tyrosine hydroxylase expression was determined by western blot 

analysis. Representative bands from different four groups were shown. The protein band 
was quantified via densitometry and normalized by β-actin. The results are mean±SEM 
(control n = 5, EtOH n = 5, T. laurifolia n = 5, T. laurifolia + EtOH n= 4). *p < 0.05 
compared with control group; #p < 0.05 compared with the ethanol group using a one-
way ANOVA and Newman-Keuls multiple comparison test.  



  

  

114 

 
 

Figure 52 Tyrosine hydroxylase localization in the substantia nigra of four groups 
(chronic study). 

 
Photomicrographs showing tyrosine hydroxylase localization in dopaminergic 

neurons. The tyrosine hydroxylase-immunoreactive neurons in the substantia nigra of 
control (A), ethanol (B), T. laurifolia (C), and T. laurifolia +EtOH groups (D), Scale bar, 
200 µm. (n=3).  
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Figure 53 Tyrosine hydroxylase expression in the substantia nigra of four groups 
(chronic study). 

 
Semiquantitative densitometric analysis of tyrosine hydroxylase-

immunoreactivity in the substantia nigra was performed in control, ethanol, T. laurifolia, 
and T. laurifolia + Ethanol groups. Each group received saline, ethanol (1 g/kg, 15% 
ethanol), T. laurifolia (200 mg/kg), or pre- T. laurifolia + ethanol, respectively. The 
expression was quantified by image J. Statistical analysis all data are expressed as 
mean±SEM (n=3). Statistical analysis was examined by using a one-way ANOVA and 
Newman-Keuls multiple comparison test.  
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The chronic study of T. laurifolia and ethanol effect on tyrosine hydroxylase of 
mesolimbic dopamine pathway in rats  

The tyrosine hydroxylase expression level in the nucleus accumbens altered by 
chronic T. laurifolia and ethanol administration was determined by western blot. The 
expression and localization of tyrosine hydroxylase of the ventral tegmental area were 
determined by immunohistochemistry method. The mean±SEM of all group treatments is 
shown in Table 12. 

Tyrosine hydroxylase expression level of the nucleus accumbens (figure 54) 
displayed a significant (p < 0.01) decreased in the chronic ethanol administration when 
compared to that of the control group. The result exhibited a decrease to 66% when 
compared to that of the control value. Chronic T. laurifolia administration showed no 
significant difference in the tyrosine hydroxylase expression level when compared to 
that of the control group. Daily administration of T. laurifolia prior to ethanol 
administration for 30 consecutive days showed a significant (p < 0.01) protective effect 
on chronic ethanol administration intoxication. The tyrosine hydroxylase expression level 
increased up to 63% of the chronic ethanol administration group. 

The tyrosine hydroxylase-immunoreactive of the ventral tegmental area was 
used to determine the expression and localization of tyrosine hydroxylase in all groups. 
The tyrosine hydroxylase localization was exhibited in ventral tegmental dopaminergic 
neurons in all groups (figure 55). The expression of tyrosine hydroxylase of the ventral 
tegmental area was not significantly different in all groups. The daily administration of T. 
laurifolia before ethanol and chronic T. laurifolia administration for 30 consecutive days 
did not show any effect on the tyrosine hydroxylase expression (figure 56). 

These results indicated that chronic ethanol administration produced a 
decrease in the tyrosine hydroxylase expression in the nucleus accumbens but not in 
the ventral tegmental area. Daily administration of T. laurifolia before ethanol 
administration for 30 consecutive days produced the protective effect on the tyrosine 
hydroxylase of the nucleus accumbens induced by chronic ethanol administration. 
Furthermore, chronic T. laurifolia administration did not decrease the tyrosine 
hydroxylase expression in the nucleus accumbens or ventral tegmental area.   
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Figure 54 Tyrosine hydroxylase expression levels of nucleus accumbens of four groups 

(chronic study). 
 

The expression ratio of tyrosine hydroxylase enzyme (TH) to β-actin in the 
nucleus accumbens of control, ethanol, T. laurifolia, and T. laurifolia + Ethanol group. 
Each group received saline, ethanol (1 g/kg, 15% ethanol), T. laurifolia (200 mg/kg), or 
pre- T. laurifolia + ethanol. Tyrosine hydroxylase expression was determined by western 

blot analysis. Representative bands from different four groups were shown. The protein 
band was quantified via densitometry and normalized by β-actin. The results are 
mean±SEM (control n = 5, EtOH n = 5, T. laurifolia n = 5, T. laurifolia + EtOH n= 4). **p < 
0.01 compared with control group; ##p < 0.01 compared with the ethanol group using a 
one-way ANOVA and Newman-Keuls multiple comparison test.  
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Figure 55 Tyrosine hydroxylase localization in the ventral tegmental area of four groups 

(chronic study). 
 

Photomicrographs showing tyrosine hydroxylase localization in dopaminergic 
neurons. The tyrosine hydroxylase-immunoreactive neurons in the ventral tegmental 
area of control (A), ethanol (B), T. laurifolia (C), and T. laurifolia +EtOH groups (D), Scale 
bar, 200 µm. (n=3).  
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Figure 56 Tyrosine hydroxylase expression in the ventral tegmental area of four groups 

(chronic study). 
 

Semiquantitative densitometric analysis of tyrosine hydroxylase-immunoreactivity in the 
ventral tegmental area was performed in control, ethanol, T. laurifolia, and T. laurifolia + 
Ethanol groups. Each group received saline, ethanol (1 g/kg, 15% ethanol), T. laurifolia 
(200 mg/kg), or pre- T. laurifolia + ethanol, respectively. The expression was quantified 
by image J. Statistical analysis all data are expressed as mean±SEM (n=3). Statistical 
analysis was examined by using a one-way ANOVA and Newman-Keuls multiple 
comparison test.  
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Table 11 The expression of tyrosine hydroxylase of nigrostriatal pathway (Mean±SEM). 
 

Groups Striatum Substantia nigra  
Control 0.74 ± 0.16 (n = 5) 8.42 ±0.63 (n = 3) 

Saline + Ethanol 0.16 ± 0.02* (n = 5) 7.32 ± 0.46 (n = 3) 
T. laurifolia + Saline 0.59 ± 0.19# (n = 5) 8.54 ± 0.35 (n = 3) 
T. laurifolia + Ethanol 0.71 ± 0.10# (n = 4) 9.54 ± 1.38$ (n = 3) 

*p < 0.05 compared with the control group 
#p < 0.05 compared with the ethanol group 
 
Table 12 The expression of tyrosine hydroxylase of mesolimbic pathway (Mean±SEM). 
 

Groups Nucleus accumbens Ventral tegmental area 
Control 0.81 ± 0.08 (n = 5) 9.07 ±0.29 (n = 3) 

Saline+ Ethanol 0.28 ± 0.09** (n = 5) 8.78 ± 0.56 (n = 3) 
T. laurifolia + Saline 0.67 ± 0.11# (n = 5) 8.93 ± 0.16 (n = 3) 
T. laurifolia + Ethanol 0.75 ± 0.10## (n = 4) 10.31 ± 1.3 (n = 3) 

**p < 0.01 compared with the control group 
#p < 0.05, ##p < 0.01 compared with the ethanol group   
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CHAPTER V 
DISCUSSIONS AND CONCLUSIONS  

 
T. laurifolia extract identify 

In the present study, T. laurifolia leaves were collected from the same place in 
September to December 2015. The four extractions that were used in our experiment 
were collected and extracted in November and December 2015. These extractions were 
identified by using a thin-layer chromatography method. The pattern of T. laurifolia 
showed seven bands in each extraction. Each band of each extraction presented the 
same distance on TLC paper. This indicates that four times of extraction showed the 
same components of T. laurifolia and the rats in our experiments were given the same 
components of T. laurifolia. 
 
Acute and chronic ethanol induced nigrostriatal and mesolimbic dopaminergic pathways 
alterated 

Ethanol effect on nigrostriatal dopaminergic pathway 
Nigrostriatal dopaminergic pathway, substantia nigra dopaminergic neurons 

project axons and release dopamine to striatum. The binding to these receptors induce 
different responses of striatal MSNs followed by stimulating or inhibiting movement or 
locomotor activation (140). In the present study, we used 2 g/kg, 20% ethanol in an acute 
study and 1 g/kg, 15% ethanol in a chronic study (49). Both doses of ethanol presented a 
steady increase in blood alcohol concentration of male Wistar rats treated (214).  

Acute ethanol-induced motor coordination impairment and increased 
tyrosine hydroxylase expression level in striatum. 

In this present study, the investigation showed that acute ethanol 
administration produced motor coordination impairment in rats. The motor coordination 
impairment induced by acute ethanol has been reported both in adolescent and adult 
rats within 10 minutes after 2 g/kg ethanol administration (49) and continue to impair at the 
time of 15, 30, 60, 120, and 180 minutes (34) after ethanol administration and hangover (50) 
using tilting plane test. There is a strong suggestion in the relation of acute ethanol 
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produced impairment of motor coordination and increase in locomotor of humans and 
rodents (169). However, there is a controversy of motor coordination impairment 
responding to ethanol. The previous study showed no response to acute ethanol at a 
dose of 0.5 g/kg (215).  

Tyrosine hydroxylase-immunoreactive in substantia nigra neurons and 
these axon fibers in striatum were presented (193). Our immunohistochemistry observation 
in substantia nigra showed the controversy of previous reports that ethanol did not 
induce tyrosine hydroxylase expression enhancement. Some evidence showed 
unchanged in tyrosine hydroxylase activity unchanged in substantia nigra at 15 minutes 
following ethanol intraperitoneally injection in male short sleep and long sleep mice (216) 
and continue to see at 1 hour following ethanol administration in male Sprague-Dawley 
albino rats treated (217). These investigations indicate a difference of brain sensitivity for 
ethanol stimulation. However, our finding by using western blot analysis showed an 
increase in the expression level of tyrosine hydroxylase protein in axon fibers of 
substantia nigra dopaminergic neurons extending into striatum that correlated with 
motor coordination impairment in rats. Many reports found to increase tyrosine 
hydroxylase by acute ethanol. Tyrosine hydroxylase gene expression was found in acute 
ethanol exposure to N1E-115 neuroblastoma cells (218). Acute intraperitoneal injection of 
ethanol caused the enhancement of tyrosine hydroxylase activity in the striatum and 
other brain areas (216). These enhancements of gene expression, tyrosine hydroxylase 
protein and its activity via phosphorylation, and dopamine synthesis and release 
produced by acute ethanol corresponded to an increase in locomotor activity (191), speed 
of movement (219) and motor hyperactivity (220). These investigations may indicate a 
relationship between motor coordination impairment and an increase in tyrosine 
hydroxylase expression in our findings. Ethanol-induced an increase in tyrosine 
hydroxylase protein expression in striatum may induce an imbalance of tyrosine 
hydroxylase activity and production of dopamine. This imbalance may produce 
impairment of motor coordination in rats. Another possible reason for explaining is that 
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ethanol may alter the function of cerebellum such as Purkinje cell function and induce an 
impairment of motor coordination and balance (221)  

Chronic ethanol-induced motor coordination impairment and decreased 
tyrosine hydroxylase expression level in striatum 

Our finding showed that chronic ethanol administration for 30 
consecutive days produced motor coordination impairment by using the number of 
hindlimb slips as an indicator. Motor coordination impairment has been found in acute 
(34, 49), chronic administration and withdrawal stage. Chronic ethanol administration for 55 
days from adolescence to adulthood rats exhibiting that the rats receiving daily 
administration of 6.5 g/kg showed the impairments of motor coordination and muscle 
strength (172). Additionally, chronic ethanol administration produced an impairment of 
motor coordination function (222) and continued toward the withdrawal stage (223) by 
enhancing the number of foot slip and latency time to climb on the walking beam. 

Chronic ethanol administration was found to decrease tyrosine 
hydroxylase-immunoreactive in substantia nigra dopaminergic neurons and significantly 
decreased tyrosine hydroxylase expression in axon fibers of substantia nigra 
dopaminergic neurons extending into striatum. Down level of dopamine system showed 
a decrease in tyrosine hydroxylase (224), dopamine release (225, 226), and input/output 
function in response to stimulation intensity in striatum (227) in chronic ethanol 
administration. These findings may implicate in ethanol intoxication-induced 
dopaminergic neurons of substantia nigra and their fibers extending into striatum 
damages and neuronal cell death. Reactive oxygen species (ROS) act as toxic 
molecules, oxidizing membrane lipids, changing the conformation of proteins, damaging 
nucleic acids, and causing deficits in synaptic plasticity (228) leading to 
neurodegeneration (229). Ethanol metabolism via cytochrome P450-2E1 (CYP2E1) 
produced ROS production such as superoxide anions (O-

2) and hydrogen peroxide 
(H2O2) (230). Dopamine metabolism by monoamine oxidase stimulated Ca2+ signal which 
produces ROS, induces lipid peroxidation (231), and damages dopaminergic neurons (232). 
Additionally, ROS could increase the abnormal accumulation of neurofilaments which 
appear in several neurodegenerative diseases such as Parkinson’s disease (233). 
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Furthermore, a report on an effect of ethanol to induce cytokine releasing such as tumor 
necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), IL-6, IL-8, IL-10, and 
transforming growth factor-beta 1, TGF-β1 which associate with the promotion of pro-
apoptotic mechanisms (234).  

Ethanol effect on mesolimbic dopaminergic pathway  
Mesolimbic dopaminergic pathway, dopaminergic neurons of ventral 

tegmental extend their axons into nucleus accumbens. The dopamine release into 
nucleus accumbens regulates rewarding system and involve in addiction behavior (145), 
and anxiety behavior (143)  

Acute ethanol administration did not induce mesolimbic dopaminergic 
function altered 

Our finding showed the conversely results to previous reports that acute 
ethanol did not induce an alteration of anxiety and exploratory behaviors in rats. These 
findings may be explained that many factors may involve in the production of ethanol-
induced anxiety and exploratory behavior changes. For instance, the different doses of 
ethanol showed different anxiety responses. Previous report suggested that a low dose 
(1 g/kg) of ethanol did not induce anxiety or anxiolytic effect whereas a moderate dose 
(2 and 2.25 g/kg) exhibited the anxiolytic effect. The high doses (2.5 and 3 g/kg) of 
ethanol produced sedation (235). These studies were performed using adolescent male 
Sprague Dawley (SD) rats. Sex and gene induced a diversity of anxiety responses to 
ethanol were shown (236). A difference of Wistar rat strains was observed diversity of 
anxiety behavior in response to ethanol administration. Anxiolytic behavior was exhibited 
in Wistar–Harlan strain but could not in Wistar–BgVV strain (237). From our results of the 
exploratory behavior test, the number of rearing and head-dipping in hole board 
apparatus test was not found to change by acute ethanol administration. There are 
controversial results in the exploratory behavior studies in different animal models. The 
head-dipping response to ethanol administration of 2 strains mice were reported in 
responses to 0.8, 1.6, and 2.4 g/kg ethanol administration. The difference of the number 
of head-dipping in C57BI/6 mice was not observed while the head-dipping of DBA/2 
mice was decreased after treated with ethanol at a dose of 2.4 g/kg (238). These 
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evidences may suggest that the different behavioral responses to ethanol administration 
depend on doses of ethanol administration, sex of animals, or animal strains. 

Immunoreactive of tyrosine hydroxylase and expression level did not 
increase in the ventral tegmental area and nucleus accumbens, respectively. We 
considered that these results exhibit the difference of brain sensitivity for ethanol 
stimulation. The tyrosine hydroxylase was not observed to increase in the ventral 
tegmental area by acute ethanol administration (239). Furthermore, there was an increase 
in the dopamine outflow in the core but not the shell of the nucleus accumbens (240). 
Besides, various studies have been reported for the detection time of ethanol stimulating 
tyrosine hydroxylase changes of the dopaminergic neurons. The level of tyrosine 
hydroxylase gene expression of the ventral tegmental area did not observe the linear 
fashion but found the increase following by the decrease depending on time (241). 
Moreover, ethanol stimulated dopamine enlargement in the ventral tegmental area within 
40 minutes before returned to baseline within 60 minutes after administration. 
Meanwhile, dopamine in nucleus accumbens was found to increase within the first 20 
minutes of ethanol administration. The researchers have a suggestion that an increase 
followed by a decrease may mediating with activation of a negative feedback system to 
the ventral tegmental area and different mechanisms on dopaminergic neuronal activity 
and terminal dopamine release (242). 

Chronic ethanol-induced addiction and decreased tyrosine hydroxylase 
expression in nucleus accumbens.  

Our behavior findings exhibited ethanol addiction but did not change in 
anxiety and exploratory behavior in chronic ethanol administration. Several publications 
have been suggested the addiction behavior and enhancement of ethanol preference in 
long-term ethanol administration using variation of sex, ages, stains, gene, or dose of 
ethanol (243-245). Anxiety and exploratory behavior changes by chronic ethanol 
administration were not found in our studies which is in consistence with previous 
studies (246, 247). However, several reports were showed the difference behavioral 
responses. For example, anxiety behavior was examined in chronic ethanol 
administration and withdrawal rats. They found that anxiety or anxiolytic effect were not 
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observed in chronic ethanol administration rats but found in withdrawal rats (248). The 
alteration of exploratory behavior was not presented in female rats treated with ethanol 
for 42 days (249).  

Tyrosine hydroxylase-immunoreactive in ventral tegmental area did not 
decrease whereas expression in axon fibers of dopaminergic neurons in ventral 
tegmental area extending into nucleus accumbens decreased. This finding may involve 
a local regulation of ventral tegmental area dopaminergic neurons by intrinsic GABA 
neurons via the D2 receptor (250) or by GABAergic inputs from the rostromedial tegmental 
nucleus (251). That regulation may result in disinhibition of GABA release to ventral 
tegmental area and reduce in dopaminergic neurons of ventral tegmental area response 
to ethanol stimulation. Moreover, there was strongly reported a decrease in ventral 
tegmental area dopaminergic neurons firing in chronic ethanol (252). Disinhibition of 
GABA release into ventral tegmental area and a decrease in dopaminergic neurons 
firing may explain our finding that a decrease in tyrosine hydroxylase expression in axon 
fibers of dopaminergic neurons in ventral tegmental area extending into nucleus 
accumbens. Previous investigation has shown a decrease in tyrosine hydroxylase (253, 

254), dopamine release (255), presynaptic dopamine transmission (256), or enhancement of 
dopamine reuptake by the dopamine transporter (DAT) (257). 

 
Acute and chronic prevention of T. laurifola on ethanol-induced nigrostriatal and 
mesolimbic dopaminergic pathways altered. 

Acute and chronic T. laurifolia administration alone 
In the present study, we used 200 mg/kg T. laurifolia for giving to the rats in 

acute and chronic studies. T. laurifolia at a dose of 200 mg/kg was reported to increase 
dopamine release in the rat striatal tissue slides (15) and nucleus accumbens (18). In our 
experiments, behaviors and tyrosine hydroxylase expression were analyzed at 90 
minutes after T. laurifolia oral administration in an acute study and analyzed on day 31 
after 30 consecutive days of treatments in a chronic study. We found that acute and 
chronic T. laurifolia administrations alone did not change behaviors and tyrosine 
hydroxylase expression in the nigrostriatal and mesolimbic dopaminergic pathways. Our 



  

  

127 

behavior results are correlated with the previous report that the T. laurifolia 
administrations at doses of 1 and 10 g/kg for 30 consecutive days did not cause 
addiction behavior in male Wistar rats using CPP (19).  

The results from the functional magnetic resonance imaging study in 
anesthetized rats reported that T. laurifolia stimulated the neuronal activity of several 
brain areas such as the striatum and nucleus accumbens but not in the ventral 
tegmental area and substantia nigra (16). Additionally, T. laurifolia administration was 
reported to increase dopamine release in the rat striatal tissue slides (15) and nucleus 
accumbens (18). These observations indicate that T. laurifolia may stimulate dopamine 
release at the presynaptic axon terminal of dopaminergic neurons of substantia nigra 
and ventral tegmental area but not at the cell body. This can explain our result that T. 
laurifolia could not change the expression of tyrosine hydroxylase in substantia nigra 
and ventral tegmental area. In our finding, tyrosine hydroxylase expression in striatum 
and nucleus accumbens exhibited the controversy results with previous reports. This 
can be explained a previous report suggesting that an oral administration of T. laurifolia 
also stimulated extracellular dopamine release in the nucleus accumbens within 20 
minutes and decreased at 40 minutes after administration (18). This evidence may explain 
why T. laurifolia administration alone could not observe the increases of tyrosine 
hydroxylase expression of the nucleus accumbens and striatum in T. laurifolia 
administration alone.  

Acute prevention of T. laurifolia on ethanol intoxication 
In our studies on the protective effect of T. laurifolia on acute ethanol 

administration, acute ethanol giving to the rats after 1 hour of T. laurifolia administration 
was resemble to the study of Ussanawarong S and colleague studied a protective effect 
of T. laurifolia on rat treated with parathion in the year 2001 (67). We found that T. laurifolia 
can improve motor coordination impairment caused by acute ethanol administration. T. 
laurifolia administration prior to acute ethanol administration could protect the effect of 
the acute ethanol produced motor coordination impairment and an increase in tyrosine 
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hydroxylase expression level in axon fibers of dopaminergic neurons of substantia nigra 
extending into the striatum. 

We suggest that T. laurifolia may increase ethanol elimination and decrease 
acetaldehyde production to reduce their intoxication. The previous report exhibited an 
increase of P- glycoprotein and a decrease in some cytochrome P450 isoenzymes such 
as cytochrome P450 2E1 or CYP2E1 in HepG2 cells treated with T. laurifolia (258). P-
glycoprotein expresses in hepatocytes and the blood-brain barrier (259) and has a 
function as a biological barrier by extruding toxins and xenobiotics out of cells (260). An 
increase in P-glycoprotein expression by T. laurifolia located at the biliary canalicular 
membrane of hepatocytes may increase excretion of ethanol out of the cell resulting in a 
decrease in systemic ethanol concentration and ethanol entering into the brain. 
Moreover, an increase in P-glycoprotein expression at the blood-brain barrier may 
reduce the penetration of ethanol into neirons leading to the reduction of ethanol 
intoxication-induced neuronal activity, functions, and behaviors. The CYP2E1 plays a 
significant role in ethanol metabolism in the brain by oxidizing ethanol to acetaldehyde 
(261). A decrease in CYP2E1 may reduce acetaldehyde production in dopaminergic 
neurons and other neurons leading to reduce acetaldehyde intoxication-induced 
abnormal neuronal activity, functions, and behaviors. Therefore, a decrease of ethanol in 
systemic ethanol concentration, entering into the brain and acetaldehyde production in 
the dopaminergic neurons may protect dopaminergic neurons stimulated (262) and 
abnormal behavior produced, such as euphoria, anxiolytic, hypnotic, amnesiac, 
aggression, reinforcement, or aversion to voluntary ethanol consumption as well as 
motor coordination impairment, by ethanol and acetaldehyde (263).  

Chronic prevention of T. laurifolia on ethanol intoxication 
The daily administration of T. laurifolia prior to ethanol administration for 30 

consecutive days can protect ethanol addiction and motor coordination impairment in 
rats. We have also found the effect of T. laurifolia on the tyrosine hydroxylase expression 
level in axon fibers of dopaminergic neurons of the substantia nigra and ventral 
tegmental area extending into the striatum and nucleus accumbens recovering the 
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levels up to the normal control levels. The daily protective effect of T. laurifolia on 
chronic ethanol administration may assume that T. laurifolia may decrease ethanol and 
acetaldehyde intoxication, protect hepatocytes and dopaminergic neurons damaged by 
ethanol and its metabolism agent, and/or indirectly regulate D3 receptor, which 
implicates with the functions of nigrostriatal and mesolimbic dopaminergic pathways, via 
brain-derived neurotrophic factor (BDNF). 

The first possible effect is that T. laurifolia may decrease ethanol and 
acetaldehyde intoxication to induce neuronal activity and behaviors abnormal by an 
increase in ethanol excretion and a decrease in acetaldehyde production in hepatocytes 
and brain. The report found that T. laurifolia could increase the expression of P-
glycoprotein activity and cytochrome P450 (CYP450) but decreased some isoform of 
cytochrome P450, such as cytochrome P450 2E1 or CYP2E1 (258), that involved the efflux 
of drugs or several toxics and ethanol metabolism in hepatocytes and neurons.  

The next possible effect of T. laurifolia is that T. laurifolia may protect 
hepatocytes and dopaminergic neurons damaged by ethanol and its metabolism 
induction. T. laurifolia effect on protecting ethanol intoxication is may be due to its 
antioxidant property. T. laurifolia has been reported to exhibit large quantities of 
phenolic compounds such as delphinidin 3:5-di-O--d-glucopyranoside, chlorogenic 
acid, apigenin, and 7-O--d-glucopyranoside (1). These phenolic compounds act as 
antioxidant agents (1, 70, 264, 265). In the liver, T. laurifolia effect on hepatocytes in in vitro 
and in vitro studies using aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) as indicators. The finding showed the reduction in AST and ALT 
in hepatocytes after ethanol exposure and T. laurifolia recovered liver enzyme to the 
normal level in male Wistar rat treated with ethanol (72) and exhibited unchanged in 
pathological of the glomerulus in cadmium exposure rats (68). In the brain, its antioxidant 
property protects neuron abnormality and dysfunction from various toxic substances. 
For example, T. laurifolia administration once a day prior to lead consumption for 8 
weeks in male ICR mice found that total antioxidants in the rat brains were maintained 
normal. These results were in agreement with the finding of the reduction in neuronal cell 
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death, apoptosis activity by decreasing caspase-3 activity and cognitive impairment (266). 
A combination between T. laurifolia and lead has shown to increase the 
acetylcholinesterase activity as well as decrease the cognitive impairment in the Morris 
water maze swimming test (267). At the doses of 250 and 500 mg/kg/day, T. laurifolia 
improving effects on non-spatial short-term memory in olfactory bulbectomized mice 
(OBX) mice, an Alzheimer's disease model mice, which could be mediated by the 
normalization of central cholinergic systems due to the effects to reverse choline 
acetyltransferase and the muscarinic acetylcholine receptor M1 mRNA expression (96). 
Furthermore, iridoid glycoside, the bioactive compound of T. laurifolia may act as a 
protective and treatment agent in neurotoxic and neurodegeneration conditions. Catapol 
is an iridoid glycoside that was extracted from the roots of Radix Rehmanniae. The study 
of catapol effect to protect and treatment in PC12 cells and rats induced Alzheimer’s 
disease symptoms by beta-amyloid fragment 23–35 (A25–35) showed that catapol 
protected and recovered expression of choline acetyl-transferase expression and 
activity in PC12 cells and rats (268). The density of muscarinic acetylcholine receptor M2 
in CHO cell found to increase in the treatment of catapol (269). Furthermore, the 
antioxidant property and the action of iridoid glycoside may protect abnormal protein 
expressions, neuronal cell death, and behaviors expression by ethanol and other toxic 
substances. Some researches have reported an increase BDNF after chronic 
consumption of an antioxidant dietary supplement (270, 271). Furthermore, male Sprague–
Dawley aged rats received iridoid glycoside, catapol, for 10 consecutive days found an 
up-regulation of BDNF and signaling molecule, protein kinase A (PKA) (272). BDNF is an 
important factor to support differentiation of the neurons (273), involved in survival of 
neurons, (274) and exhibits a neuroprotective effect (275) under adverse conditions such as 
neurotoxicity from ethanol (276).  

Additionally, BDNF increased by antioxidant property and iridoid glycoside 
may regulate D3 receptor functions resulting to protect ethanol effect on the functions of 
nigrostriatal and mesolimbic dopaminergic pathways. The BDNF effect on the D3 
receptor expression in reward and motor areas and its involvement in 
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pathophysiological conditions such as drug addiction, schizophrenia, or Parkinson's 
disease (277-281). Generally, the D3 receptor is located both at pre- and post-synapses of 
dopaminergic neurons (282, 283). The function of the D3 receptor has been suggested to 
modulate dopamine synthesis and release (284). Furthermore, several studies suggested 
that there was an up-regulation of the D3 receptor in alcohol and drug abuse (285-289). The 
studies of D3 receptor functions have reported via D3 receptor antagonist agents. The 
findings showed that the reduction in the movement was produced by actions of the D3 
receptor whereas blocking of the D3 receptor increased of movement (290). The selective 
D3 receptor antagonist, SB-277011-A, injection to the non-alcohol preferring rats, the 
wild type rats, and the alcohol-preferring rats showed to decrease seeking behavior and 
ethanol intake. The alcohol-preferring rats showed to be more sensitive to SB-277011-A 
than the non-alcohol preferring rats (291, 292). Other D3 receptor antagonists, SB-277011-A 
and SR-21502, demonstrated either decrease or abolish drugs abuse induced addiction 
behavior using the conditioned place preference behavior model (293, 294). D3 receptors 
implicated with an increase in the number of intrinsic tyrosine hydroxylase-positive 
striatal neurons of CD1 mice (295).  

 
The proposed explanation of T. laurifolia acute and chronic preventive effect on 
ethanol-induced behaviors and tyrosine hydroxylase expression in nigrostriatal and 
mesolimbic dopaminergic pathways changes. 

Ethanol is a common drug abuse that affects in cellular and molecular levels 
and changes in the synaptic functions of dopaminergic pathway. Acute ethanol 
intoxication either stimulates or inhibits the function of proteins implicated in synaptic 
transmission (32). Acute ethanol administration produces an alteration in nigrostriatal 
dopaminergic pathway by inducing motor coordination impairment. The impairment is 
correlated with an increase in tyrosine hydroxylase expression levels in axon fibers of 
substantia nigra dopaminergic neurons extending into the striatum. The mesolimbic 
dopaminergic pathway dose not respond to acute ethanol stimulation (figure 57A). The 
impairment of motor coordination and enhancements of dopaminergic neuron activity 
such as the increase in gene expression, protein, activity of tyrosine hydroxylase via 
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phosphorylation, dopamine synthesis and dopamine release by acute ethanol 
administration in previous investigations indicated that ethanol directly stimulates 
dopaminergic neuron activities and their functions. When T. laurifolia was administered 
prior to ethanol administration, the attenuation of the motor coordination impairment and 
the enhancement of tyrosine hydroxylase expression are exhibited in an acute 
preventive effect of T. laurifolia to ethanol intoxication (figure 57B). The traditional use 
and several studies strongly suggest the detoxification effects of T. laurifolia. Previous 
report showed that T. laurifolia increased P-glycoprotein and decreased CYP2E1 in 
HepG2 cells, hepatocytes (258). These may leads to an increase in ethanol elimination 
and acetaldehyde production and decrease their intoxications to dopaminergic neurons 
(figure 60).  

Chronic ethanol intoxication presents opposing and /or compensatory 
/homeostatic effects on the expression, localization, and function of proteins (32). The 
administration of chronic ethanol for 30 consecutive days induces impairment of 
nigrostriatal dopaminergic function and damages of dopaminergic neurons in substantia 
nigra. These result in motor coordination impairment and decreases tyrosine 
hydroxylase expression in axon fibers of substantia nigra dopaminergic neurons 
extending into the striatum (figure 58A). The down-regulation of mesolimbic 
dopaminergic pathway including the reduction of dopaminergic neuronal activities 
resulting in abnormal behavior in chronic ethanol administration. In an addiction 
behavior study, unchanged of tyrosine hydroxylase expression in ventral tegmental area 
dopaminergic neurons, and decreased tyrosine hydroxylase expression levels in axon 
fibers of ventral tegmental area dopaminergic neurons extending into the nucleus 
accumbens displayed a down-response to chronic ethanol stimulation (figure 59A). The 
daily administration of T. laurifolia prior to chronic ethanol administration protects 
dopaminergic neurons stimulation and damaged by ethanol via detoxification effect 
(figure 58B, 59B) via detoxification effect (258), antioxidation properties (1, 70, 264, 265), and its 
bioactive compound actions (268, 269) (figure 60) which leads normal behaviors. Therefore, 
the acute and chronic preventive effect of T. laurifolia on ethanol-induced motor 
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coordination impairment may be useful to decrease road accidents from drivers in 
alcohol drinkers. An administration of T. laurifolia before alcohol drinking may decrease 
the risk to become alcoholism in heavy and social drinkers and neurodegenerative 
diseases.  
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Figure 57 Acute ethanol intoxication and preventive effect of T. laurifolia on nigrostriatal 

pathway. 
 

Acute ethanol-induced tyrosine hydroxylase expression levels in axon fiber of 
dopaminergic neurons enhancement and motor coordination impairment (A). T. laurifolia 
reverse tyrosine hydroxylase expression and abnormal behavior to normal (B).  



  

  

135 

 

 
Figure 58 Chronic ethanol intoxication and preventive effect of T. laurifolia on 

nigrostriatal pathway. 
 

The reduction of tyrosine hydroxylase expression level in substantia nigra and 
thier axon fiber extending into striatum results in motor coordination impairment in 
chronic ethanol (A). A daily T. laurifolia administration protects a decrease in tyrosine 
hydroxylase expression and an impairment of motor coordination by chronic ethanol (B).  
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Figure 59 Chronic ethanol intoxication and preventive effect of T. laurifolia on 

mesolimbic pathway. 
 

A reduction of tyrosine hydroxylase expression level in axon fiber of ventral 
tegemental area dopaminergic neurons and an addiction behavior induced by chronic 
ethanol (A). A daily T. laurifolia administration protects a decrease in tyrosine 
hydroxylase expression and an addiction behavior (B).  
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Figure 60 The expectation of T. laurifolia on protection from acute and chronic ethanol 
intoxication. 

 
An acute preventive effect of T. laurifolia mainly decreases ethanol 

concentration and acetaldehyde production by induced ethanol excretion and reduced 
acetaldehyde production in the hepatocytes and blood-brain barrier via an increase in 
P-glycoprotein and decrease in CYP2E1. Chronic T. laurifolia administration affects not 
only P-glycoprotein and CYP2E1 but also oxidative stress, as well as induces an 
increase in BDNF to protect dopaminergic pathways from chronic ethanol intoxication.  
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Conclusion 
The present study demonstrates the alterations of behaviors and tyrosine 

hydroxylase expression in nigrostriatal and mesolimbic dopaminergic pathways by 
acute and chronic ethanol administrations. These indicate the ethanol intoxication 
induces changes in their activities and functions. Furthermore, T. laurifolia administration 
presents the acute and chronic preventive effects in ethanol-induced the alteration of 
behaviors and tyrosine hydroxylase expression in both dopaminergic pathways. The 
results from this present study are concluded as follows 

Ethanol induced alterations of behaviors and tyrosine hydroxylase 
expression in nigrostriatal and mesolimbic dopaminergic pathways. 

1. Acute and chronic ethanol produces motor coordination impairment, 
behavior regulated by nigrostriatal dopaminergic pathway. 

2. Acute ethanol increases tyrosine hydroxylase expression in axon fiber 
of dopaminergic neurons in the substantia nigra extending into the striatum. 

3. Chronic ethanol decreases tyrosine hydroxylase expression in axon 
fiber of dopaminergic neurons in the substantia nigra extending into the striatum. 

4. Chronic ethanol tends to decrease tyrosine hydroxylase expression of 
dopaminergic neurons in the substantia nigra.  

5. Chronic ethanol causes an addictive behavior regulated by 
mesolimbic dopaminergic pathway.  

6. Chronic ethanol decreases tyrosine hydroxylase expression in axon 
fiber of dopaminergic neurons in the ventral tegmental area extending into the nucleus 
accumbens. 

Acute and chronic prevention of T. laurifolia on ethanol intoxications on 
nigrostriatal and mesolimbic dopaminergic pathways. 

1. T. laurifolia protects motor coordination impairment by acute and 
chronic ethanol intoxications. 

2. T. laurifolia protects tyrosine hydroxylase expression in axon fiber of 
dopaminergic neurons in the substantia nigra extending into the striatum enlargement in 
an acute ethanol stimulation and reduction in a chronic ethanol stimulation.  
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3. T. laurifolia protects ethanol addiction behavior induced by chronic 
ethanol administration.  

4. T. laurifolia protects the reduction of tyrosine hydroxylase expression 
in axon fiber of dopaminergic neurons in the ventral tegmental area extending into the 
nucleus accumbens in a chronic ethanol stimulation.  
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