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Abstract: Present work aimed to illustrate the changes in neurotransmitters secretion mainly noradrenaline,

serotonin and dopamine as relevant to oxidative stress that induced in STZ rats.  This was followed by

intake of green tea extract (Catechin) in a dose level 50mg/kg body weight daily for 10 weeks.  Collected

data showed a significant decrease in blood glucose level, lipid peroxidation value (MDA) and nitric oxide

(NO) concentration. Brain neurotransmitters [noradrenaline (NA), serotonin (5-HT) and dopamine] record

similar decrease. We conclude that green tea (catechins) may exert some protective and antioxidative

influence on these neurotransmitters.
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INTRODUCTION

Complications of diabetes include disease of the

kidney, blood vessels, eyes and also either peripheral

or central nervous system. Diabetic neuropathy,

therefore can occur which can be peripheral symmetric

sensory, peripheral painful, acute mononeuropathies or

autonomic. It has been suggested that sorbitol is

implicated in the etiology of diabetic neuropathy

through the action of aldose reductase enzyme.

Generally adrenergic neurons release norepinephrin as

the neurotransmitter. These neurons are found in the

central nervous system (CNS) and also in the

sympathetic nervous system where they serve as links

between ganglia and the effected organs . Marco and[1]

his colleagues  illustrated that diabetes can interfere [2]

with distinct hormonal systems, as well as

catecholamine metabolism. The latter may be due to

certain interference with enzymes that involved in

catecholamine synthesis or degradation. Accordingly

hypoglycemic state may stimulate epinephrine level

only and not norepinephrine .[3]

Adachi and his colleagues  recorded that certain [4]

distribution of catechins in many locations of brain

tissues in subsequent to green tea consumption.  Others

reported that not only green tea but also black one may

reduce age-related neurodegenerative diseases, such as

Alzheimer's disease (AD), its continued intake might

promote healthy ageing of the brain in elders .[5 ,6]

Neuroprotective effects of green tea were mostly

attributed to its flavonoid content additionally its

antioxidant effects .[7 ,8 ,9]

Present work was designed mainly to illustrate any

changes in brain neurotransmitter pattern as relevant to

oxidative stress of STZ rats and effect of green tea

intake on these biochemical markers.

MATERIAL AND METHODS

Experimental Animals: Thirty male Wistar rats

(140–150 g) were selected for the present study. Rats

were obtained from the National Research Centre

Cairo, Egypt.  These rats were fed with basic diet

containing barley and carrots and allowed to free

access of tap water and kept under constant

environmental conditions at room temperature.

Induction of Diabetes:  This was done by

intraperitoneal (I.P) administration of streptozotocin

(STZ), purchased from Sigma-Aldrich Chemie

(Deisenhofen, Germany), dissolved in citric acid buffer

(pH 4.2) at a dose level 30mg/kg body weight for three

consecutive days and injected within 10 min of 

dissolution . Blood glucose was determined and [10 ,11 ,12]

rats with a blood glucose level more than 150 mg/dl

were selected for the study. 

Animals were divided into three groups (ten in

each). Group I was I.P injection with a vehicle and

served as control group. Group II was STZ diabetic

rats not treated and served as diabetic group. Group III

was STZ diabetic rats and received green tea extract

(50mg/kg/day) orally for 10 weeks  and served as[13] 

treated group.  Catechins (Green tea extract) purchased

from Sigma-Aldrich Chemie (Germany).     
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Blood collection and biochemical analysis – After

10 weeks, the rats were fasted over night, collected

blood in coated glass tubes via retro–orbital bleeding [14] 

and centrifuged at 3000 x g for 15 min at 4°C. The

plasma (supernatant) was collected and used for

estimation of glucose, lipid peroxidation value (MDA)

and nitric oxide concentration (NO). Whole brain

tissues were removed quickly on ice and homogenized.

Norepinephrine, serotonin and dopamine contents were

assayed in the brain homogenate.

Norepinephrine, serotonin (5-HT) and dopamine

(DOPA) were determined fluorometrically as described

by Sch lump f .  G luc o se  w as  d e te rmined [ 1 5 ]

spectrophotometrically as described by Raabo and

Terkildse .  Peroxidation (MDA) was determined16

spectrophotometrically as described by Jain and Janero 

.  N i t r ic  o x id e  (N O )  w a s  d e te rm ine d[ 1 7 , 1 8 ]

spectrophotometrically as described by Moshage .[19]

Statistical Analysis: Data collected were analyzed by

one-way ANOVA utilizing computerized statistical

program (InStat).

RESULTS AND DISCUSSION

STZ diabetic rats demonstrated significant increase

in plasma glucose, MDA and NO (P < 0.001). Brain

neurotransmitters mainly norepinephrine, serotonin and

dopamine demonstrated significant increase (P <

0.001).   Administration of catechins for 10 weeks

resulted in significant decrease of the above mentioned

biomarkers (P < 0.001) as compared to diabetic group

(Table 1). Correlation coefficient between NO and

serotonin was weak positive in diabetic and treated

groups (r=0.15, 0.22) respectively, also between MDA

and serotonin in diabetic group (r=0.20).  Correlation

coefficient between NO and dopamine was positive

significantly in diabetic group (r=0.36) and between

MDA and dopamine was positive in diabetic and

treated groups (r=0.20, 0.46) respectively. Also,

Correlation coefficient between MDA and NA was

positive significantly in diabetic group (r=0.52).

Discussion: The present study demonstrated that

d iab e t ic  ra t s  s ig n i f ic a n t ly  inc re a s e d  b ra in

norepinephrine, serotonin and dopamine. In addition,

there was a significant increase MDA and NO levels

joined with hyperglycemia in STZ rats indicating an

increased oxidative stress . Oxidative stress plays a[20]

central role in the pathogenesis of metabolic diseases

like diabetes mellitus (DM) and its complications (like

peripheral neuropathy) as well as in neurodegenerative

disorders like Alzheimer's disease (AD) and Parkinson's

disease (PD) .  Nitric oxide production and an[21 ,22]

attenuated redox regulatory system contribute to the

development of delayed neuronal death .[23]

Recent study demonstrated that neuropathic pain

and neurons develop hyperexcitability in streptozotocin

(STZ) diabetic rats, this may be attributed to certain

d is tu rb a n c e s  in  neuro transm itte r s  pa t te rn .[ 2 4 ]

Consequently tissues cells isolated from hyperglycemic

animals demonstrated increased in norepinephrine and

dopamine production/secretion . Aorta of these[2 ]

hyperglycemic animals was showed also an

augmentation of endothelium-mediated relaxation to

acetylcholine which was linked to NO release .[25]

Another study in agreement concluded that

physiological concentrations of insulin seems to

decrease reactivity to norepinephrine in subcutaneous

small resistance arteries, but this effect was lost in

non-insulin-dependent diabetes mellitus (NIDDM). This

effect does not seem to involve acetylcholine-stimulated

nitric oxide release .[26]

The present study demonstrated that diabetic rats

that treated with catechins (green tea extract)

significantly decrease brain norepinephrine, serotonin

and dopamine. In addition, there was a significant

decrease in glucose, MDA and NO level that indicate

a decrease in oxidative stress. Adachi  and his

colleagues , illustrated certain distribution of green tea[4]

extract in brain tissues after tea consumption. Catechin

can block the binding of L-glutamic acid to glutamate

receptors in the brain. Therefore anti-stress effects of

catechin her may be through an inhibition of cortical

neuron excitation .  Also, sedative and hypnotic[27]

effects of catechin in the brain may be partially

through GABA receptors indeed in case modulate acute

stress response .  4

Being chatechins was free radical scavenger and

potent antioxidant, so it can exert certain protections to

neurons . T his may be true where[8 ,2 8 ,2 9 ,3 0 ] [3 1 ]

demonstrated that green tea extract could protect

against ischemic neuronal damage by deoxidizing

peroxynitrate/peroxynitrite, which is converted to NO

radical or hydroxy radical.

Possible link among oxidative stress, cholesterol

metabolism and Alzheimer's disease (AD) was reported

recently . In contrast to their parent molecule[32]

cholesterol, two of its side-chain oxidized metabolites

are able to cross the blood-brain barrier. There is a

concentration-driven flux of 24S-hydroxycholesterol

(24S-OHC) from the brain into the circulation, which

is of major importance for elimination of excess

cholesterol from the brain. The opposite flux of 27-

hydroxycholesterol (27-OHC) from the circulation into

the brain may regulate a number of key enzymes

within the brain. In vitro experiments suggest that the

balance between the levels of these two molecules may

be of importance for the generation of beta-amyloid

peptides .[33]
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Catechins have antioxidant, anti-inflammatory and

hypocholesterolemic effect as indicated in previous

study . Its effect may explained through certain[34]

interference with the balance between the level of these

two molecules (24S-OHC and 27-OHC) .  Another [33]

explanation may be through suppression of enzymes

involved in synthesis of neurotransmitters under study

or accelerate that involved in their degradations (MAO

and COMT). Or it may acts as blocker for binding of

these neurotransmitters to their receptors matching with

that previously mentioned regarding glutamate and

GABA receptors.

Conclusions: From the above mentioned statement we

can conclude that the neuroprotective effect of

catechins, in addition to hypoglycemic, hypolipemic,

anti-inflammatory and antioxidants properties.

Table 1: Brain Noradrenaline, serotonin, dopam ine, serum  glucose, lipid peroxidation value (M DA) and nitric oxid concentration (NO), of

diabetic and treated rats for 10 weeks.

Parameteres Control group Diabetic group Diabetic group + catechins

Brain

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5-HT (ìg/g) 30 ± 1.19 43.22 ± 1.33* 29.95 ± 1.18**

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dopamine (ng/g) 29.06 ± 0.83 45.76 ± 1.02* 27.52 ± 1.93**

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NA  (ng /mg) 19 ± 0.97 34 ± 1.44* 21.01 ± 0.84**

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Serum

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Glucose ( mg/dl) 76.5 ± 0.99 175.3 ± 5.76* 98.5 ± 1.96**

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M DA (n mol/l) 20 ± 0.72 52.28 ± 1.06* 22.17 ± 1.09**

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NO (n mol/l) 4.77 ± 0.266 21.26 ± 0.73* 6.03 ± 0.39**

Values are mean ± SE for 10 rats.

*Significantly different from control at P  < 0.001.

**Significantly different from diabetic at P  < 0.001.
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