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ABSTRACT 

This study reports the safety profile and ameliorative effect of black tea extract (BTE) in colchicine 

induced Alzheimer (AD) rat models in combating neurotransmitter depletion, cognitive 

performance and oxidative stress. Acute toxicity studies at doses of 10 g/kg body weight showed 

no mortality. Sub chronic studies did not show any adversities on blood biochemistry or hepato-

renal effect. Cognitive assessment done by conditioned avoidance test showed that conditioned 

avoidance response (CAR) was increased significantly (p<0.05) by 19.99% on treatment with BTE 

(50mg/kg) and conditioned avoidance response (UAR) was decreased significantly (p<0.05) by 

77.06%. Depleted neurotransmitters were significantly recovered (p<0.05) in animals treated with 

BTE (50mg/kg), donepezil (p<0.005) but more effective results (p<0.005) were obtained in rats 

treated with BTE and donepezil suggesting the potentiality of BTE as an adjuvant therapy in AD. 

Similar conclusion was drawn in restoring depleted endogenous antioxidant level further 

confirming the neuroprotective role of BTE. 
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INTRODUCTION:  

Alzheimer’s disease (AD) is a common form of dementia and characterized by progressive 

cognitive impairment due to extensive neuronal loss1. Alterations in neurotransmitter levels, 

increased sensitivity to oxidative stress (OS), decrease in cholinergic transmission, presence of 

senile plaques and neurofibrillary tangles are some of the pathogenic hall marks of AD1. 

Hippocampus, a brain area associated with critical learning and memory is extremely vulnerable 

to damages in AD. The limbic system and cortex are also affected in this disease2. As evidenced 

by neuropathological and brain biochemical studies, continuous neuronal degeneration typically 

affects the brain biochemistry; actions of acetylcholinesterase (AChE) is increased thus reducing 

Acetylcholine (ACh) levels, neurotransmitters (NT) particularly Nor-Epinephrine (NE), 

Dopamine (DA), Serotonin (5-HT) are affected in AD2. Though approved drugs under the classes 

of acetylcholinesterase inhibitors (AChE-I), N-methyl-D-aspartate (NMDA) glutamate antagonist 

etc. are available yet the management of this deadly disease can be done in a non-pharmacologic 

manner1. Oxidative stress (OS) is the root cause of many diseases including the neurodegenerative 

disorder AD. Research evidences have shown that there is decline in glutathione and endogenous 

antioxidant levels, with elevations in lipid per-oxidation products viz. malondialdehyde (MDA), 

isoprostanes, markers of oxidative damage to DNA and RNA (8-hydroxydeoxyguanosine and 8-

hydroxyguanosine) in AD brains3-6. Intake of dietary antioxidants has shown to reduce potentially 

somatic cell and neuronal damage by free radicals7. Black Tea (Camellia sinensis) is one of the 

most widely consumed beverages of the world in general and India in particular. Health benefits 

of tea are directly correlated with its poly phenol contents and can satisfy the purposes of an 

adjuvant therapy from the points of cost effectiveness, patient compliance, ease of availability and 

preparation. Black tea has shown the significant poly phenol content and good antioxidant 

potentials8. This research aims to study acute and sub chronic oral toxicity of black tea extract 

(BTE) along with its neuroprotective effect by behavioral assessments of cognitive performance, 

biochemical estimations of neurotransmitters  and endogenous antioxidant levels in colchicine 

induced AD rat models9-11. Studies on the safety profile and ameliorative effect of black tea extract 

(BTE) in cognitive assessment, neurotransmitter and endogenous antioxidant depletion in 

colchicine induced AD rat models is new to the best of our knowledge. 
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MATERIALS AND METHODS: 

Chemicals 

All chemicals and reagents used were either of analytical or HPLC grade and were purchased from 

Sigma (India) or Merck (India). Standard drugs Colchicine, Nor-epinephrine, Serotonin, and 

Donepezil were purchased from Sigma India. 

Preparations of CTC black tea extract (BTE) 

2 g of tea was added to 100 mL of boiled water and steeped for 15 min (ISO TC 34/SC 8; 

http://www.rsc.org). Extracts were filtered by Whatmann No.1 filter paper for removal of residues. 

Filtrates were centrifuged (Remi, R-8C Lab Centrifuge) at 5000 rpm for 20 min and the 

supernatants were collected, concentrated (rota evaporation) and dried in hot air oven (50ᵒC). Later 

extracts were scrapped and stored at 20 ᵒC for future estimations. 

Animal Experimentation  

After obtaining permission from the animal ethical committee (Registration No: 

1722/RO/ERe/S/13/CPCSEA, Approval No: ARTI/CPCSEA/2015/ARTI 09); animals were 

purchased from local vendors and healthy, adult male wistar rats weighing 200–320 g were used 

for the study. Animals were kept in poly carbonated cages with bedding husk and maintained in 

lab feed and water ad libitum, as per CPCSEA guidelines.  

Acute oral toxicity studies of BTE 

The study was carried out in male wistar rats as per the guidelines of Organization for Economic 

Cooperation and Development (OECD) guideline 425. Experiment was done as per literature 

guidelines12,13. After overnight fasting, twenty animals in a group were administered a single dose 

of 10 g/kg of BTE through a gastric cannula attached to a 1-ml syringe and all animals were 

observed for general cage side activities and behavioral changes (like autonomic  effects viz. 

salivation, lacrimation, perspiration, piloerection, urinary incontinence and Central Nervous 

System effects viz. gait, tremor, convulsion, drowsiness), toxicity symptoms (skin and fur 

condition, subcutaneous swelling, abdominal distension, pupil diameter, dullness & opacity of the 

eyes, color & consistency of the feces, wetness or soiling of the perineum, condition of teeth, 
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breathing abnormalities), and mortality signs within first four critical hours of treatment, followed 

by next 24hr and observed for 14 days. 

Sub chronic studies 

Sub chronic studies were conducted as per OECD guidelines. Animals were divided into four 

groups with six animals in each group who were administered BTE in doses of 500, 1000, 2500, 

5000 mg/kg body wt (b.w.). From the beginning of experiment till the end, weights of animals 

were recorded at every 5th day interval to record the weight variations. At the end of treatment, 

animals were anaesthetized; blood collected by cardiac puncture into two tubes containing EDTA 

for immediate estimation of hematological parameters and the other tube containing heparin for 

extracting the plasma and biochemical estimations of alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), creatinine, protein content determined by standard enzymatic assay 

procedures 14-17. Hemoglobin content was determined by cyanmethaemoglobin method and 

haematocrit as per literature18. 

Grouping and drug administration in experimental animals 

Animals were divided into six groups with each group containing eight rats- Group I- normal 

control, Group II- vehicle treated, Group III- AD control (Colchicine treated), Group IV- AD + 

BTE (50 mg/kg), Group V- standard drug (Donepezil, 2.5mg/kg), Group VI- Donepezil 

(2.5mg/kg) + BTE (50 mg/kg). Standard drug Donepezil was administered orally in dose of 2.5 

mg/kg. BTE (50mg/kg) was provided to the fourth and sixth group by oral gavage needle.  

Development of Colchicine induced AD rat models 

Colchicine induced AD rat models were developed as per the literature methodologies 9-11. Rats 

were anaesthetized with sodium pentobarbitone (45 mg/kg, i.p.), hair was removed from the head 

and positioned on the stereotaxic apparatus (ST141, INCO Ambala, India). After positioning the 

head on the frame a midline sagittal incision was made in the scalp and two holes drilled over the 

skull surface (right and left side) according to the AP and L coordinates, with a dental drill for the 

purpose of placing an injection cannula into the lateral cerebral ventricle. A steel microcannula 

(0.45 mm diameter) connected to a 10 μl Hamilton syringe (Hamilton, Australia) with 

polyethylene tubing, was inserted into the lateral ventricle using the V coordinate. Coordinates for 

intra cerebroventricular implantation of the cannula include 0.8 mm posterior to bregma, 1.8mm 
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lateral to sagittal suture and 3.6 mm beneath the cortical surface. Colchicine (7.5 μg in 2.5 μl of 

artificial CSF) was injected into the lateral ventricle of each side of the rat brain using the definite 

stereotaxic coordinates. The cannula was left in place for 2-3 minutes after i.c.v. injection. The 

trephine hole was covered with sterile bone wax after withdrawal of injecting needle. The muscles 

and skin were then sutured separately. Lignocaine HCl (local anesthetic) was applied on the cut 

end of skin and muscles to minimize pain during surgery. After surgery rats were administered 

with gentamicin (5mg/kg, i.p.) to prevent sepsis and proper care taken for food and water.  

Conditioned avoidance test 

Test was carried out as per the literature methods19. The shuttle box used for experimentation 

consisted of two grid floor compartments separated by a non-transparent partition with a single 

opening. Light attached at the ceiling of the box was used as conditioned stimuli and an electric 

shock of 0.8mA delivered through metallic grid floor as a foot shock as unconditional stimuli. 

Prior to the injection of scopolamine rats were trained for three days subjecting them to both 

conditional (light) and unconditional (electric shock) stimulus. Next after injection, rats were 

placed in the box and allowed to adapt for 3 min. With subsequent adaptation, the conditioned 

stimulus was presented for 10 s prior to unconditioned stimulus. If the rat crossed to the opposite 

compartment during 10 s of conditioned stimulus, the electric shock was avoided, otherwise failure 

of avoidance to be recorded19. 

Estimation of brain norepinephrine (NE), dopamine (DA) and serotonin (5-HT) contents by 

spectrophotofluorometer 

Biochemical estimations of NE, DA and 5-HT was carried out using fluorescence 

spectrophotometer as per the available literature methodologies 2,7. After the completion of 

behavioral studies, the animals were sacrificed by cervical dislocation, brain tissues were dissected 

out, and after washing in ice cold saline (4ºC) subjected to homogenization in 10 ml of acidified 

butanol. 4ml of the homogenate was mixed with 10 ml of heptane (10%) and 5 ml of 0.001N HCl, 

shaken for 5 min and subjected to 10 min centrifugation at 200g. The acid layer was mixed with 

alumina and 1ml of 2M sodium acetate, shaken for 5 min and centrifuged at 200g for 10 min the 

supernatant was used for estimating 5-HT and the precipitate for estimating DA and NE2,7.  

Spectrofluorometric method 
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Estimation is done based on a fluorometric assay where the fluorescence product in case of DA 

and NE are formed by reaction with a mixture of alkaline sulfite and iodine solution and in case 

of 5-HT by reaction with ortho-phthalaldehyde. Fluorescence for DA was read at excitation 320 

nm and emission 375 nm, for NE excitation at 380 nm and emission at 480 nm and for 5-HT 

excitation at 355 nm and emission at 470 nm 2,7. The results were expressed as µg/g wet tissue. 

In vivo effects of BTE on endogenous antioxidants levels 

Estimations of endogenous antioxidant levels was done as per the literature methodologies with 

slight modifications20-23. Superoxide dismutase (SOD) was estimated by the method of Mishra and 

Fridovich 1972. Catalase (CAT) activity was estimated by the method of Cohen et al., 1970. 

Reduced glutathione (GSH) was measured according to the method of Ellman 1959.  

RESULTS: 

Single oral dose of BTE of 10 g/kg body weight did not show any signs of toxicity or mortality in 

acute toxicity studies. Results of sub chronic studies have shown a significant increase (p<0.05) in 

body weight at 500 and 1000 mg/kg b.w. at 30th and 35th day of study, however significant decrease 

(p<0.05) in body weight is noticed at much higher doses 2500 and 5000 mg/kg body weight (Figure 

1). BTE did not show any changes in weight of individual organs up to 2500mg/kg body weight; 

however some significant changes were observed at doses 5000mg/kg (Figure 2). The plasma 

AST, ALP and ALT values were not changed significantly up to 2500 mg/kg, only the ALT value 

was significantly changed at 5000 mg/kg (Figure 3) and in case of urea, creatinine, sodium and 

potassium level no significant changes were observed even at 5000 mg/kg (Figure 4).  

The blood pH and other hematological parameters are also not significantly affected by higher 

doses of BTE (Table 1). Results of behavioral studies basing on conditioned avoidance test are 

presented in Figure 5 where there is significant reduction in conditioned avoidance response 

(CAR) by 33.45% and increase in unconditioned avoidance response (UAR) by 246.41% as 

compared to the normal group. In Group IV treated with BTE (50mg/kg) CAR was increased 

significantly (p<0.05) by 19.99% and UAR was decreased significantly (p<0.05) by 77.06% w.r.t. 

Group III. In Group V treated with drug (Donepezil) showed significant increase (p<0.005) in 

CAR by 25.03% and significant decrease (p<0.005) in UAR by 125.36% w.r.t. Group III; while 
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in Group VI (50 mg/kg BTE + 2.5mg/kg Donepezil) CAR was significantly increased (p<0.05) by 

31.75%  w.r.t Group III and 8.97% w.r.t Group V while UAR was significantly decreased (p<0.05) 

by 223.72% in comparison to AD control group (Figure 5).  

The effect of BTE on neurotransmitter as well as endogenous antioxidant levels are presented in 

Figure 6-8 and Figure 9-11 respectively. There has been a significant decrease (p<0.005) in NE 

levels in AD group (Group III) in all the brain parts (hippocampus-HC, cerebral cortex- CC, 

amygdala - AM) in comparison to normal control which is recovered significantly (p<0.05) by 

Group IV (BTE treated) and  drug treated Group V (p<0.005) in comparison to AD control; and 

much effective recovery was noticeable in Group VI (drug+ BTE) at p< 0.005 and p<0.05 w.r.t. 

AD control (Group III) and drug treated group (Group V) respectively (Figure 6) thus showing the 

potentiality of tea in adjuvant therapy. The recovery is more in the HC region. The level of DA 

was significantly reduced (p<0.005) in all brain parts in AD group (Group III) in comparison to 

normal control and amongst treatment groups significant recoveries were observed in Group IV 

and V at p<0.05 and p<0.005 respectively in comparison to AD control; the recovery effect being 

more in Group VI (maximal in the CC region) at p<0.005 and p<0.05 in comparison to Group III 

and Group IV respectively (Figure 7). The 5-HT level which was significantly depleted in all the 

brain parts in Group III in comparison to normal control was recovered at p< 0.05 level in Group 

IV and p<0.005 in HC, CC and p<0.05 in AM in Group V in comparison to Group III. Minimum 

5-HT depletion was observed in Group VI at p<0.005 in comparison to Group III and p< 0.05 in 

comparison to Group IV (Figure 8). 

The SOD level which has been significantly reduced (p<0.005) in Group III in comparison to 

normal control, was recovered at p<0.05 and p<0.005 in Group IV (BTE treated) and Group V 

(drug treated) respectively, with much improved effect in Group VI (BTE+ drug) at p<0.005 in 

comparison to Group III and p<0.05 in comparison to Group IV. Recovery in HC and AM region 

is more than the CC region (Figure 9). The CAT level is almost uniformly depleted in the brain 

parts (HC, CC, AM) at p<0.005 in AD control which showed recoveries at p<0.05 and p<0.005 in 

BTE and drug treated groups and comparatively better effect in Group VI. The recoveries in three 

brain parts were found to be almost same (Figure 10). The GSH level which is significantly 

reduced (p<0.005) in all brain parts (HC, AM, CC) in Group III is recovered in  Group IV (BTE 
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treated) and Group V (drug treated) at p<0.05 and p<0.005 respectively. In Group VI recovery at 

p<0.005 and p<0.05 have been found in comparison to AD control and drug treated group 

respectively with comparatively higher level of recovery in the HC and AM region than the CC 

(Figure 11). 

DISCUSSION: 

Considering the biochemistry of black tea, it is a rich source of benzotropolone compounds 

theaflavins (3-6%), thearubigins (12-18%), small amounts of theaflagallins, catechin dimmers 

without seven membered rings, the bisflavanols or theasinensins; with important flavonol 

glycosides viz. quercetin, myricetin, kaempferol etc. In addition it is rich in phenolic acids, methyl 

xanthenes like caffeine and amino acids viz. l-theanine. Research evidences have shown that 

though black tea catechins are not well absorbed but theaflavins and thearubigins are rapidly 

absorbed24.  

From the results of toxicity studies, BTE showed a wide range of safety profile up to a high dose 

of even 10g/kg/day consumption which is found to be comparable with the available research 

findings12,13. Sub chronic studies have shown an increase in body weight after sustained 

administration of BTE in doses 100 and 500 mg/kg in 30th and 35th day, however there was a sharp 

diminution in weight with increment in doses up to 2500 mg/kg. The initial increase in weight gain 

may be due to the protein and carbohydrate content in tea8 but decrease in weight on increase in 

doses for much longer time is due to the weight reducing capacity of Black tea25-28. Research 

evidences have shown that administration of BTE for three weeks is found to reduce mean body 

weight, renal and epididymal adipose tissue25-28; other suggested mechanisms for anti-obesity 

effect of black tea includes stimulation of hepatic lipid metabolism, inhibiting gastric and 

pancreatic lipases, stimulating thermogenesis, and showing synergism with caffeine 27,28. 

Moreover black tea burns fat, increases the rate of metabolism and lowers bad cholesterol LDL, 

theaflavin digallate have shown to have strong inhibitory effect against LDL oxidation25; tea 

catechins viz. gallate esters acted as hypocholesterolemic by reducing cholesterol absorption28. 

Our experimental results corroborate with the above research findings. 

On chronic exposure to 5000 mg/kg for 35 days, no adverse effect were observed on hepato-renal 

functionality or hematological parameters; however the significant changes in ALT values at 
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5000mg/kg on 35th day may be due to some impairment in hepatic functionalities on chronic 

exposure at that high dose.  

The improvement in cognitive performance which was greatly depleted in AD group due to the 

action of colchicine was recovered by BTE and it showed the potentiality of adjuvant therapy 

showing comparatively better performance when administered with drug donepezil than the drug 

alone (Group VI). Colchicine impairs cognitive performance by disrupting microtubule structures, 

destruction of hippocampal cells, and depletion of neurotransmitter levels9-11. NE released from 

locus ceruleus influences memory processes and attention which being depleted by colchicines 

affects the cognitive performance of the experimental animals2. Dopaminergic neurons that arise 

from corpus striatum and project towards the mesocortical and mesolimbic regions of the brain 

forms the behavioral pathway and dopaminergic activity influences the motivational behavior, 

memory, learning habits, response selection etc.2. 5-HT is present in the thalamus, hypothalamus, 

midbrain and raphe nuclei of lower brain stem; it regulates memory and emotional behavior in 

experimental animals. Thus it is evident that lowering of such neurotransmitter levels will 

automatically affect the cognitive performance of the experimental animals2. Black tea contains 

30-40% of polyphenols viz. theaflavins and their mixtures, thearubigins, l-theanine etc24. A 

standard 200 mL cup of black tea was found to contain about 24.2± 5.7 mg of l-theanine29. 

Theanine (γ-glutamylethylamide) is structurally similar to glutamate, a neuro transmitter related 

to memory. Theanine can cross the blood brain barrier and provides neuroprotection30-34. Research 

evidences have shown that theanine exerts antagonistic actions on glutamate receptor subtypes, 

AMPA and kainate receptors though the affinity is very low and also affects the glutamine 

transporter and strongly inhibits the incorporation of extracellular glutamine to neurons and 

thereby suppresses the conversion of glutamine to glutamate by glutaminase31. l–theanine is also 

found to improve memory and promote reaction time31-34. 

In AD group, the NE levels which were significantly reduced (p<0.005) by 90.48%, 76.47% and 

60.26% in the HC, CC and AM regions respectively.  On administration of BTE (Group IV), it 

was significantly recovered in the HC, CC and AM by 450%, 143.75% and 58.06% respectively, 

however more pronounced recovery was noticeable in Group VI where BTE was administered 

with Donepezil (Figure 6).  



Mitra A. et. Al.,                                                                         Volume 5 – Issue 4 

  

Vol: 5(4) March 2017 
    95 

                                         www.ijopils.com 
  

Similarly DA levels which were depleted at p<0.005 in HC (55.32%), CC (79.53%), and AM 

(34.31%) respectively was significantly recovered by Group VI at p<0.005 by 116.67% in HC 

region in comparison to Group III, 337.14% and 35.41% in CC at p<0.005 and p<0.05 in 

comparison to AD control and donepezil treated Group V (Figure 7). Protective effect of BTE was 

also see in 5-HT depletion at p<0.005 in AD control at 45.1%, 32.26% and 24.4% in HC, CC and 

AM respectively was recovered by 25%, 4.76% and 2.82% in the consecutive brain regions and 

the neuro protective effect was most pronounced in Group VI (Figure 8). l-theanine is present in 

significant amount in Black tea29. It has been found to increase the DA level to desired optimum 

value but below the threshold which would have otherwise caused any addictive behavior. 

Similarly, though not in a consistent manner it increases the serotonin level in some instances33,34. 

l-theanine can cross the BBB can exert its effects within 30 min (Tea Association of the USA, 

2013).  Endogenous antioxidant levels (SOD, CAT, GSH) were reduced by the action of colchicine 

in all the studied brain parts in AD control (Figure 9-11). Colchicines’ generates more and more 

reactive oxygen species (ROS) on binding with the micro tubular protein tubulin; ROS plays a key 

pathogenic role in AD4,22. Neurones and astrocytes are the two main brain cells that need massive 

O2 consumption, about 20% of the total O2 consumption is required by the brain35. Though O2 is 

essential for survival of all living tissues, however alterations in the electronic configuration of 

oxygen lead to production of toxic moieties. When the two outer orbital electrons are in an identical 

spin state, oxygen is kinetically stable. Once these spin states re scrambled by an external agent, 

oxygen becomes partially reduced and then this free radical is in a hyperactive state which always 

tends to donate or accept electrons. ROS can be superoxide (O2
•-), hydroxyl (OH•) or H2O2, 

however OH• is found to be most reactive. Brain cells and neurons are highly prone to oxidative 

damages by ROS35. 

Inhibition of SOD activity by the action of colchicine may probably be due to decreased de novo 

synthesis of SOD protein or irreversible inactivation of enzyme protein due to excessive generation 

of ROS by the action of colchicines4, 36. Ameliorative effect of BTE (Group IV) was witnessed in 

significant recovery (p<0.05) of the SOD levels by 36.9%, 71.7% and 47.5% in the respective 

studied brain regions (HC, CC and AM), CAT levels by 51.3%, 47.9% and 46.3% and GSH levels 

by 51.07%, 132.2% and 107.05% with enhanced protective effect in Group VI (BTE+ donepezil).  
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Black tea catechins have documented anti-oxidative potentials with their ability to scavenge and 

inhibit free radicals by chelation of transition metal ions which act as catalysts in generating these 

free radicals13, 24, 37-40. Based on standard one electron reduction potential (Eº´) catechins 

scavenged the free radicals, inhibited enzymes xanthine oxidase or increased the activity of 

enzymes with anti-oxidative potentials. In comparison to catechins, theaflavins (TF3) showed 

stronger antioxidative potentials than EGCG which is considered to be most potent amongst 

catechins. Theaflavins being catechin dimers possess more number of OH groups for radical 

scavenging and the anti-oxidative potentials of theaflavins are dependent on amount and position 

of the OH groups (TF3> TF2> TF1). Free radical scavenging ability is partially dependent on Eº´ 

values where a lower Eº´ value indicates less energy requirement for hydrogen or electron 

donation. Reduction potentials for theaflavin (510 mV) and theaflavin digallate (540 mV) were 

found to be comparable to Tocopherols (480 mV). Black tea theaflavins inhibited pro-oxidative 

enzymes xanthine oxidase which catalyzes oxidation of hypoxanthine and xanthine to uric acid 

with reduction of oxygen to generate superoxide radical and hydrogen superoxide; theaflavin 

digallate (TF3) effectively inhibited activation of nuclear factor kappa B (NFκB), and prevented 

the expression of inducible nitric oxide synthase (iNOS) gene in mRNA. Moreover black tea 

polyphenols strongly binds with the transition metals and inhibit free radical generation and other 

lipid per-oxidation processes24. Thus in the current research BTE significantly improved the 

depleted endogenous antioxidant levels and additive effect when administered with standard drug 

donepezil. 

CONCLUSION: 

Dietary and lifestyle interventions, adjuvant therapy have gained popularity and are well practiced 

simultaneously with western classical medicine so as to achieve enhanced therapeutic outcomes 

in many chronic diseases. AD is a chronic neurodegenerative disorder where many synthetic drugs 

are available for its treatment. Black tea is a popular, refreshing, non-alcoholic beverage with 

significant neuroprotective effect and the extract prepared from black tea have shown promising 

results in combating neurotransmitter depletion, increase in endogenous antioxidant levels and 

improving behavioral performance in experimentally induced Alzheimer animal models and when 

administered with the prescribed drug donepezil showed more pronounced therapeutic effects than 

the drug itself when administered alone. Thus black tea extract serves the purpose of adjuvant 
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therapy and improves the action of the drug donepezil. Moreover black tea being a safe beverage 

and the safety profile of BTE being very broad it is safe for human, though further extensive 

clinical trials are warranted in this regard.  
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Table 1: Effects of BTE on Blood pH and other Hematological Parameters 

Parameter Dose (mg/kg b.w./day) 

 Control 500 1000 2500 5000 

WBC (× 103 

mm3) 

7.45±0.29 7.41±0.12 7.43±0.31 7.47±0.23 7.46±0.17 

RBC (× 106mm3) 6.71±0.54 6.66±0.12 6.59±0.39 6.64±0.27 6.61±0.34 

Hb (g/dl) 14.25±0.17 13.95±0.12 14.15±0.21 14.02±0.23 13.65±0.34 

HCT (%) 44.25±0.27 45.15±0.57 44.03±0.14 45.64±0.22 44.86±0.32 

pH 7.62±0.02 7.62±0.01 7.63±0.02 7.61±0.02 7.64±0.01 

 

 

 

 
 

Fig 1: Changes in body weight of control and BTE treated rats  

Results are expressed as mean ± SD, (n = 8), *means significant at p<0.05 level.  
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Fig 2: Effects of BTE on organ weights in the control and the treated rats in the sub chronic toxicity 

study  

Results are expressed as mean ± SD, (n = 8), *means significant at p<0.05 level 

 

 

 

Fig 3: Effects of BTE on plasma AST, ALT & ALP level in the control and the treated rats 

in the sub chronic toxicity study  

Results are expressed as mean ± SD, (n = 8), * means significant at p<0.05 level  
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Fig 4: Effects of BTE on plasma urea, creatinine, Na & K levels 

Results are expressed as 

Mean ± SD, (n = 8), however no statistical significance was achieved in this case  

 

 

Fig 5: Effect of BTE on the cognitive performance of control groups and experimental 

animals  
Results are Mean ± SD; N=8; ‘a’ means compared to control (Gr. 1), ‘b’ means compared to AD (Gr. 3) and ‘c’ 

means compared to drug (Gr. 4); * means significant at p<0.05; # means significant at p<0.005 
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Fig 6: Effect of BTE on NE Levels (µg/100G of tissue) in Colchicine Induced AD Rats 

Experimental animals in different groups were given BTE, drug and BTE+ drug. Results are expressed as mean 

± standard deviation of three independent experiments with eight animals in each group. ‘a’ means 

compared to control (Gr. 1), ‘b’ means compared to AD (Gr. 3) and ‘c’ means compared to drug (Gr. 4); * 

means significant at p<0.05; # means significant at p<0.005 

 

 

Fig 7: Effect of BTE on Dopamine (DA) levels (µG/100G of tissue) in Colchicine induced 

AD rats  

Experimental animals in different groups were given BTE, drug and BTE+ drug. Results are expressed as mean ± 

standard deviation of three independent experiments with eight animals in each group. ‘a’ means compared to 

control (Gr. 1), ‘b’ means compared to AD (Gr. 3) and ‘c’ means compared to drug (Gr. 4); * means significant at 

p<0.05; # means significant at p<0.005 
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Fig 8: Effect of BTE on Serotonin (5-HT) Levels (µG/100G of tissue) in Colchicine induced 

AD rats  

Experimental animals in different groups were given BTE, drug and BTE+ drug. Results are expressed as mean ± 

standard deviation of three independent experiments with eight animals in each group. ‘a’ means compared to 

control (Gr. 1), ‘b’ means compared to AD (Gr. 3) and ‘c’ means compared to drug (Gr. 4); * means significant at 

p<0.05; # means significant at p<0.005 
 

 

Fig 9: Effect of BTE on SOD levels (unit/min/mg protein) in brain areas (HC, CC, AM,) of 

colchicine induced AD rat models  

Experimental animals in different groups were given BTE, drug and BTE+ drug. Results are expressed as mean ± 

standard deviation of three independent experiments with eight animals in each group. ‘a’ means compared to 

control (Gr. 1), ‘b’ means compared to AD (Gr. 3) and ‘c’ means compared to drug (Gr. 4); * means significant at 

p<0.05; # means significant at p<0.005 
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Fig 10:  Effect of BTE on CAT LEVELS (H2O2 decomposed µmol /min/mg protein) in brain areas (HC, CC, 

AM) of colchicine induced AD rat models.  

Experimental animals in different groups were given BTE, drug and BTE+ drug. Results are expressed as mean ± 

standard deviation of three independent experiments with eight animals in each group. ‘a’ means compared to 

control (Gr. 1), ‘b’ means compared to AD (Gr. 3) and ‘c’ means compared to drug (Gr. 4); * means significant at 

p<0.05; # means significant at p<0.005 

 

 

 

FIG. 11: EFFECT OF BTE ON REDUCED GSH LEVELS (µG/MG PROTEIN) IN BRAIN AREAS (HC, 

CC, AM,) OF COLCHICINE INDUCED AD RAT MODELS. Experimental animals in different groups were 

given BTE, drug and BTE+ drug. Results are expressed as mean ± standard deviation of three independent 

experiments with eight animals in each group. ‘a’ means compared to control (Gr. 1), ‘b’ means compared to AD 

(Gr. 3) and ‘c’ means compared to drug (Gr. 4); * means significant at p<0.05; # means significant at p<0.005  


