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ABSTRACT: Cognitive functions are mainly categorized into memory, 

attention, creativity, and intelligence. Cognitive enhancement may be 

defined as the amplification or extension of core capacities of the mind. 

Phenylethylamine is an organic compound which is also known as β-

phenylethylamine (β-PEA) and is the name of a class of chemicals which 

shows psychoactive and stimulant effects. It is a trace amine and a natural 

monoamine alkaloid. PEA plays an important role in weight loss, treating 

depression, ADHD and Alzheimer’s disease, etc. The main objective of 

this study is to synthesize derivatives of ethylamine and phenyl-

ethylamine, which may inhibit MAO receptors and improve cognitive 

behavior. All synthesized derivatives were studied for their biological 

evaluation on the brain, and they showed the good neurological activity 

and found effective to reverse the memory deficits induced by 

scopolamine. While, there is no significant effect was seen in the 

locomotor effect, which represent that these agents are effective to 

control the motor coordination. 

INTRODUCTION: Cognition is the physiological 
process of knowing, including awareness, perception, 

reasoning, and judgment. The enhancement aspects 

of cognition, such as learning and memory, now 

seem possible for people with the normal age-

related decline and in healthy people, although so 

far the effects of these cognition enhancers are 

modest 
1
. Many different strategies are proposed to 

enhance cognition like environmental enrichment 

and exercise, nutrients, herbal medicines, 

pharmaceutical drugs, advanced techniques, and 

medical devices.  
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There are three classes of drugs with cognitive 

enhancement potential 
2
 stimulants, acetylcholi-

nesterase inhibitors, and modafinil. Phenyl-

ethylamine is an endogenous neuroamine that has 

been linked to the regulation of physical energy, 

mood, and attention. Monoamine oxidase B 

selectively metabolizes phenylethylamine to 

phenylacetic acid. There is evidence to indicate that 

levels of phenylethylamine and phenylacetic acid 

are very low in the biological fluids of depressed 

patients 
3
. PEA is different from its structural 

relative, amphetamine, by the lack of a methyl 

group 
4, 5

. Phenylethylamine deficiency can be 

responsible for depression 
6
. Depression can be 

relieved by Phenylethylamine, even in those that 

were unresponsive to standard treatments 
7, 8

. 

Exercise increases PEA production, which may be 

one of the reasons for the antidepressant effect of 

exercise 
9
. PEA is reported to reduce appetite 

10
.  
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PEA levels are less in ADHD individuals 
11, 12

. The 

present study was undertaken with the objective of 

synthesizing phenylethylamine and ethylamine 

derivatives, which may inhibit MAO receptors and 

improve cognitive behavior. 

MATERIALS AND METHODS: 

Instrumentation: Melting points of synthesized 

derivatives were determined in open glass 

capillaries on a sonar melting point apparatus and 

are uncorrected. Reaction progress was monitored 

by thin-layer chromatography on silica gel sheets 

(Merck silica gel –G). Bruker Avance II, 400 NMR 

spectrometer, was used for recording 1H NMR and 

13C NMR spectra with reference to tetramethyl-

silane (TMS) as an internal standard. IR spectra 

were recorded on the Perkin Elmer Spectrum RXI 

FTIR spectrophotometer in the KBr phase. Mass 

spectra were taken on Bruker Compass Data 

Analysis 4.0 Mass spectrometer. All chemicals 

were purchased from Merck company. 

Synthesis of 4-(2-bromoethyl)benzene-1,2-diol 

derivatives from Pyrocatechol: A mixture of 

(0.10 M) Pyrocatechol (I) and an excess of 

methanol (250 mL) with 1, 2-dibromoethane 

derivatives (0.10)  was refluxed for 30 min. in the 

round bottom flask (RBF) to yield the 4-(2-

bromoethyl) benzene-1, 2-diol derivatives.  

The mixture was cooled; the solid was separated by 

filtration and recrystallized from methanol. The 

purity of the compound was checked by single spot 

TLC Fig. 1.  

Synthesis of 2-((3,4-dihydroxyphenethyl)amino) 

succinic acid and  2-((2-(3,4-dihydroxyphenyl)-2-

hydroxyethyl)amino)succinic acid) derivatives: 4-

(2-bromoethyl)benzene-1, 2-diol derivatives (0.01) 

and (S)-2-aminosuccinic acid (0.01) was refluxed 

in the presence of DMF for about 30 min. The 

mixture was cooled, and the solid obtained was 

separated by filtration and recrystallized from 

methanol to give the corresponding 2-(3,4-
dihydroxyphenethylamino) succinic acid (compounds 
IAC) and 2-((2-(3,4-dihydroxyphenyl)-2-hydroxy-

ethyl) amino) succinic acid)  (compound  IIAC)  

Fig. 1. 

 
FIG. 1: SYNTHESIS OF 2-((3,4-DIHYDROXYPHENETHYL)AMINO)SUCCINIC ACID COMPOUND-IAC AND 2-((2-(3,4-

DIHYDROXYPHENYL)-2-HYDROXYETHYL)AMINO)SUCCINIC ACID DERIVATIVES COMPOUND-IIAC FROM 

PYROCATECHOL 
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Synthesis of (2S, 3S)-2, 3-bis(methylamino) 

succinic acid derivatives: A mixture of (0.10 M) 

(2S, 3S)-2,3-diaminosuccinic acid, Methyl iodide 

and Acetonitrile was refluxed in ethanol (50 mL) 

for about 2 h. The mixture was cooled; the solid 

was separated by filtration and recrystallized from 

methanol to give the corresponding (2S, 3S)-2,3-bis 

(methylamino) succinic acid. The purity of the 

products was checked by single spot TLC Fig. 2. 

Synthesis Phenethylamino Succinic Acid 

Derivatives: 4-(2-bromoethyl) benzene-1, 2-diol 

derivatives (0.01), and (2S,3S)-2,3-bis (methylamino) 
succinic acid (0.01) were refluxed in the presence 

of DMF for about 30 min.  

The mixture was cooled, and the solid obtained was 

separated by filtration and recrystallized from 

methanol to give the ((2R,3R)-2,3- bis((3,4-dihy-

droxyphenethyl) amino) succinic acid (compound 

IIIAC) and (2R, 3R)-2,3-bis ((2- (3, 4-dihydroxy-

phenyl)- 2- hydroxyethyl) amino) succinic acid 

(compound IVAC) Fig. 2. 

 
FIG. 2: SYNTHESIS OF ((2R,3R)-2,3-BIS((3,4-DIHYDROXYPHENETHYL)AMINO)SUCCINIC ACID (COMPOUND 

IIIAC) AND (2R, 3R)-2, 3-BIS((2-(3,4-DIHYDROXYPHENYL)-2-HYDROXYETHYL) AMINO) SUCCINIC ACID 

(COMPOUND IVAC) 

Evaluation of Synthesized Compounds on Brain 

(Memory) Animals: Swiss mice of male sex 

weighing 20-25 g were used in the present study. 

They had free access to food and water and were 

maintained under standard laboratory conditions 

with alternating light and dark cycles of 12 h each. 

They were acclimatized to laboratory conditions for 

2 days before behavioral studies. The Institution 
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Animals Ethics Committee (IAEC) had approved 

the experimental protocol, and care of animals was 

taken as per guidelines of CPCSEA, Department of 

Animal Welfare, and Government of India. 

Drug Protocol: Normal saline (vehicle, p.o), 

Piracetam (400 mg/kg, i.p), Donepezil (1 mg/kg, 

i.p) and synthesized derivatives 2%, 4% and 8% 

w/w)} were administered for 10 successive days to 

mice. Scopolamine (0.4 mg/kg, i.p) and Diazepam 

(1 mg/kg, i.p) were administered on 9
th

 day. 

Biochemical studies were carried on 10
th

 day after 
drugs/vehicle/Synthesized derivatives administration.  

Passive Avoidance Task: Passive avoidance 

behavior was used to examine the long term 

memory. Each mouse was gently placed on the 

wooden platform set in the center of the grid floor. 

When the mouse stepped down and placed all its 

paws on the grid floor, shocks were delivered for 

15 sec, and the step-down latency (SDL) was 

recorded. Animals showing SDL in the range (2-15 

sec) during the first test were used for the second 

session and the retention test. The second session 

was carried out 90 min after the first test. When the 

animals stepped down before 60 sec, electric 

shocks were delivered for 15 sec. During the 

second test, animals were removed from the shock 

free zone if they did not step down for a period of 

60 sec. Retention was tested after 24 h in a similar 

manner, except that the electric shocks were not 

applied to the grid floor. Each mouse was again 

placed on the platform, and the SDL was recorded, 

with an upper cut-off time of 300 sec 
13, 14

. 

Morris Water Maze: MWM consisted of a 

circular pool (150 cm in diameter, 45 cm in height) 

filled to a depth of 30 cm with water maintained at 

25 °C. The water was made opaque with non-toxic 

white-colored dye. The tank was divided into four 

equal quadrants with the help of two threads, fixed 

at a right angle to each other on the rim of the pool. 

A submerged platform (10 cm
2
), painted in white, 

was placed inside the target quadrants (Q4 in the 

present study) of this pool 1 cm below the surface 

of the water. The position of the platform was kept 

unaltered throughout the training session. Each 

animal was subjected to four consecutive trials 

each day with a gap of 5 min for four consecutive 

days, during which they were allowed to escape on 

to the hidden platform and to remain there for 20 

sec. If the mouse failed to find the platform within 

120 sec, it was guided gently onto the platform and 

allowed to remain there for 20 sec. ELT was noted 

as an index of learning. Each animal was subjected 

to training trials for four consecutive days; the 

starting position of the animal was changed with 

each exposure, as mentioned below, and the target 

quadrant. On the fifth day, the platform was 

removed. The mouse was placed in the water maze 

and allowed to explore the maze for 120 sec. Each 

mouse was subjected to four such trials, and each 

trial was started from a different quadrant. Time 

spent in all three quadrants, that is, Q1, Q2, and Q3 

were recorded and the time spent in the target 

quadrant (TSTQ) in search of the missing platform 

provided as an index of retrieval 
15

. 

Interoceptive Models: Scopolamine induced 

amnesia and Diazepam induced amnesia were used 

as interoceptive behavioral models 
16

. 

Evaluation of Locomotor Function: Locomotor 

activity of control and drug-treated animals was 

measured with the help of a photoactometer 

(INCO, Ambala, India). 

Biochemical Estimations: 

Collection of Brain Samples: The animals were 

sacrificed by cervical decapitation under light 

anesthesia on the 10
th

 day 90 min after 

administration of the last doses of synthesized 

derivatives or standard drugs or vehicle. Then, the 

whole-brain was carefully removed from the skull. 

The whole fresh brain was weighed and transferred 

to a glass homogenizer and homogenized in an ice 

bath after adding 10 volumes of sterile normal 

saline injection. The homogenate was centrifuged 

at 3000 rpm for 10 min, and the resultant cloudy 

supernatant liquid was used for biochemical 

estimations. 

Estimation of Brain Acetylcholinesterase: 

Briefly, 0.4 ml of brain homogenate was added to a 

test tube containing 2.6 ml of phosphate buffer. 0.1 

ml DTNB reagent was added to the above mixture 

and absorbance was noted at 412 nm. 0.02 ml of 

acetylcholine iodide solution was added, and again 

absorbance was noted 15 min thereafter. The 

change in absorbance per min was calculated 
17

. 

Estimation of Thiobarbituric Acid Reactive 

Substances Level:
 

Thiobarbituric acid reactive 

substances (TBARS), a measure of lipid peroxi-
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dation, was estimated spectrophotometrically. 

Brain tissues were homogenized with 10 times 

(w/v) 0.1 M sodium phosphate buffer (pH 7.4). The 

reagents, acetic acid 1.5 ml (20%), 1.5 ml 

thiobarbituric acid (0.8%), and 0.2 ml sodium 

Lauryl sulphate (8.1%) were added to 0.2 ml of the 

processed tissue sample. The mixture was made up 

to 4.0 ml with distilled water and heated at 1000 °C 

for 60 min. The mixture was cooled under tap 

water and 5 ml of n-butanol: pyridine (15:1% v/v), 

1 ml of distilled water was added, and shaken 

vigorously.  

After centrifugation at 4000 rpm for 10 min, the 

organic layer was withdrawn, and absorbance was 

measured at 532 nm using a UV-Visible 

Spectrophotometer. The results are expressed as 

µmol/g of tissue protein 
18

.
 

Estimation of Brain Glutathione Levels: 
Glutathione was measured spectrophotometrically. 

Briefly, brain tissues were homogenized with 10 

times (w/v) 0.1 M sodium phosphate buffer (pH 

7.4). This homogenate was then centrifuged with 

5% trichloroacetic acid to centrifuge out the 

proteins. To 0.1 ml of this supernatant, 2 ml of 

phosphate buffer (pH 8.4), 0.5 ml of 5, 5’-dithiobis 

(2- nitrobenzoic acid) (DTNB) and 0.4 ml of 

double-distilled water was added. The mixture was 

vortexed and the absorbance measured at 412 nm 

within 15 min. The results are expressed as µmol/g 

of tissue protein 
19

. 

RESULTS: All compounds are recrystallized from 

the rectified spirit. The synthesized compounds 

were characterized on the basis of their IR and 
1
H 

NMR, 
13

C NMR, and Mass spectrometry. IR 

spectra of all compounds (compound 1-compound 

4) showed an absorption band at around 3623–

3607, 3564-3314, 1742-1706 cm
-1

 regions, 

confirming the presence of OH,  NH, C=O, 

respectively. 
1
H NMR was more informative.  

Characteristic signals were observed at δ 10.82 (s, 

4H, OH), 2.72-2.86 (t, 4H, CH2-CH2), 3.81 (q, 1H, 

CH), 2.26-2.49 (d, 2H, CH2),
 

confirming the 

structure of phenylethylamine derivatives. 
13

C 

NMR and Mass spectrometry also confirm the 

formation of derivatives. The characterization data 

of these compounds is provided in Table 1. 

TABLE 1: PHYSICAL DATA OF TITLE COMPOUNDS 

Compound no. Mol. Formula Mol. Wt. Rf Value (%) Yield Melting Point 

1 C12H15NO6 269.25 0.83 75 170-172 

2 C12H15NO7 285.25 0.75 79 168-170 

3 C20H24N2O8 420.41 0.79 81 252-254 

4 C20H24N2O10 452.41 0.74 70 232-234 

 

Influence of CF on Step Down Latency (SDL) 

using Passive Avoidance Paradigm: Scopolamine 

(0.4 mg/kg, i.p) decreased the SDL significantly 
(p<0.01), showing memory impairment. Synthesized 
compounds administered at 10 mg/kg, i.p. 

concentration reversed the memory deficits induced 

by scopolamine. This memory-improving effect of 

all the synthesized compounds was similar to 

Donepezil (anti-Alzheimer agent).   

TABLE 2: EFFECT OF SYNTHESIZED DERIVATIVES ON STEP DOWN LATENCY (SDL) USING PASSIVE 

AVOIDANCE PARADIGM 

Group Treatment Dose 10
th

 Day SDL (sec) 

1 Control Normal saline 191.5 ± 3.52 

2 Scopolamine 0.4 mg/kg, i.p 116.5 ± 2.12
 *
 

3 Scopolamine + Donepezil 1 mg/kg, i.p 251.36 ± 4.39
 a
 

4 Scopolamine + C-1 10 mg/kg, i.p 217.33 ± 3.12
 a
 

5 Scopolamine + C-2 10 mg/kg, i.p 194.13 ± 4.92
 a
 

6 Scopolamine + C-3 10 mg/kg, i.p 223.83 ± 2.14
 a
 

7 Scopolamine + C-4 10 mg/kg, i.p 245.11 ± 6.13
a
 

Values are mean ± SEM (n = 6).  One way ANOVA followed by Dunnett’s t-test. 

* denotes p<0.01 as compared to the control group, a denotes p<0.01 as compared to Scopolamine group 

Influence on Time Spent in Target Quadrant 

(TSTQ) using Morris Water Maze (MWM): The 

time spent in the target quadrant (TSTQ) in search 

of the missing platform provided an index of 

retention of memory. Scopolamine (0.4 mg/kg, i.p) 

decreased the time period in the target quadrant 
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significantly (p<0.01), showing memory 

impairment. The enhanced time period in the target 

quadrant reflects better spatial memory of mice. 

Synthesized compounds administered at 10 mg/kg, 

i.p. concentration reversed the memory deficits 

induced by Scopolamine. This memory-improving 

effect of all the synthesized compounds was similar 

to Donepezil (anti-Alzheimer agent).   

TABLE 3: EFFECT OF SYNTHESIZED DERIVATIVES ON TIME SPENT IN TARGET QUADRANT (TSTQ) 

USING MORRIS WATER MAZE 

Group Treatment Dose 10
th

 Day SDL (sec) 

1 Control Normal saline 31.06 ± 0.64 

2 Scopolamine 0.4 mg/kg, i.p 19.80 ± 0.54
 *
 

3 Scopolamine + Donepezil 1 mg/kg, i.p 59.82 ± 2.70
 a
 

4 Scopolamine + C-1 10 mg/kg, i.p 31.51 ± 1.65
 b
 

5 Scopolamine + C-2 10 mg/kg, i.p 37.27 ± 0.64
 a
 

6 Scopolamine + C-3 10 mg/kg, i.p 41.20 ± 2.11
 a
 

7 Scopolamine + C-4 10 mg/kg, i.p 48.25 ± 2.07
 a
 

Values are mean ± SEM (n = 6).  One way ANOVA followed by Dunnett’s t-test. 

* denotes p<0.01 as compared to control group, a denotes p<0.01 and b denotes p<0.05 as compared to Scopolamine group 

Effect of Synthesized Derivatives on Locomotor 

Activity: Locomotor activity was assessed to 

screen the effect of test drugs on motor 

coordination. There was no significant change 

found in the locomotor activity.  

TABLE 4: EFFECT OF SYNTHESIZED DERIVATIVES ON LOCOMOTOR ACTIVITY 

Group Treatment Dose 10
th

 Day SDL (sec) 

1 Control Normal saline 251.2 ± 3.21 

2 Scopolamine 0.4 mg/kg, i.p 267.1 ± 3.14 

3 Scopolamine +Donepezil 1 mg/kg, i.p 241.36 ± 4.21 

4 Scopolamine + C-1 10 mg/kg, i.p 247.33 ±  6.01 

5 Scopolamine + C-2 10 mg/kg, i.p 254.13 ±  3.92 

6 Scopolamine + C-3 10 mg/kg, i.p 263.23 ±  6.74 

7 Scopolamine + C-4 10 mg/kg, i.p 259.14 ±  8.13 

Values are mean ± SEM (n = 6).  One way ANOVA followed by Dunnett’s t-test. 

Effect on Brain Acetylcholinesterase Activity 

(AChE): Acetylcholine is considered to be the 

most important neurotransmitter involved in the 

regulation of cognitive functions. AChE enzyme 

controls the concentrations of acetylcholine in brain 

by degrading acetylcholine. Scopolamine (0.4 

mg/kg, i.p) decreased the concentration of acetyl-

choline by increasing the activity of acetyl-

cholinesterase activity. Synthesized compounds 
administered at 10 mg/kg, i.p. concentration reversed 
the memory deficits induced by decreasing the 

activity of acetylcholinesterase activity.  

TABLE 5: EFFECT OF SYNTHESIZED DERIVATIVES ON BRAIN ACETYLCHOLINESTERASE ACTIVITY 

Group Treatment Dose Acetylcholinesterase activity (nmol/min/g protein) 

1 Control Normal saline 39.26 ± 1.94 

2 Scopolamine 0.4 mg/kg, i.p 79.81 ± 2.14
 *
 

3 Scopolamine +Donepezil 1 mg/kg, i.p 42.82 ± 1.12
 a
 

4 Scopolamine + C-1 10 mg/kg, i.p 61.52 ± 1.05
 b
 

5 Scopolamine + C-2 10 mg/kg, i.p 57.21 ± 3.61
 a
 

6 Scopolamine + C-3 10 mg/kg, i.p 54.22 ± 4.29
 a
 

7 Scopolamine + C-4 10 mg/kg, i.p 49.13 ± 3.29
 a
 

Values are mean ± SEM (n = 6).  One way ANOVA followed by Dunnett’s t-test. 

* denotes p<0.01 as compared to control group, a denotes p<0.01 and b denotes p<0.05 as compared to Scopolamine group 

Effect on Brain of MDA Level: Estimation of 

MDA level (a product of lipid peroxidation), which 

was estimated in the form of TBARS. Scopolamine 

(0.4 mg/kg, i.p) increased the concentration of 

MDA level. Synthesized compounds administered 

at 10 mg/kg, i.p. concentration reversed the 

memory deficits induced by decreasing the level of 

MDA level.  
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TABLE 6: EFFECT SYNTHESIZED DERIVATIVES ON BRAIN MDA LEVEL 

Group Treatment Dose MDA level (nmol/mg protein) 

1 Control Normal saline 0.45 ± 0.024 

2 Scopolamine 0.4 mg/kg, i.p 1.63 ± 0.029* 

3 Scopolamine +Donepezil 1 mg/kg, i.p 0.54 ± 1.12
 a
 

4 Scopolamine + C-1 10 mg/kg, i.p 0.83 ± 0.023
a
 

5 Scopolamine + C-2 10 mg/kg, i.p 0.79 ± 0.019
a
 

6 Scopolamine + C-3 10 mg/kg, i.p 0.76 ± 0.045
a
 

7 Scopolamine + C-4 10 mg/kg, i.p 0.63 ± 0.076
a
 

Values are mean ± SEM (n = 6).  One way ANOVA followed by Dunnett’s t-test. 

* denotes p<0.01 as compared to control group, a denotes p<0.01 and b denotes p<0.05 as compared to Scopolamine group 

Effect on Brain Glutathione (GSH) Levels: GSH 

is an endogenous free radical scavenger. 

Scopolamine (0.4 mg/kg, i.p) increased oxidative 

stress by decreasing the concentration of the GSH 

level. Synthesized compounds administered at 10 

mg/kg, i.p. concentration reversed the memory 

deficits induced by increasing the level of GSH 

level.  

TABLE 7: EFFECT SYNTHESIZED DERIVATIVES ON BRAIN MDA LEVEL 

Group Treatment Dose GSH level (nmol/mg protein) 

1 Control Normal saline 0.0061 ± 0.00022 

2 Scopolamine 0.4 mg/kg, i.p 0.0019 ± 0.00016* 

3 Scopolamine +Donepezil 1 mg/kg, i.p 0.0052 ± 0.00015
a
 

4 Scopolamine + C-1 10 mg/kg, i.p 0.0041 ± 0.00018
a
 

5 Scopolamine + C-2 10 mg/kg, i.p 0.0045 ± 0.00015
a
 

6 Scopolamine + C-3 10 mg/kg, i.p 0.0039 ± 0.00021
a
 

7 Scopolamine + C-4 10 mg/kg, i.p 0.0048 ± 0.00014
a
 

Values are mean ± SEM (n = 6).  One way ANOVA followed by Dunnett’s t-test. 

* denotes p<0.01 as compared to control group, a denotes p<0.01 and b denotes p<0.05 as compared to Scopolamine group 

DISCUSSION: In the present study, four 

compounds were synthesized and studied its effect 

on the brain. Scopolamine is used to induce 

memory loss in laboratory animals. Donepezil, a 

memory-enhancing agent is used as a standard drug 

in the present study. Synthesized compounds were 

effective in reversing the memory deficits induced 

by scopolamine by increasing the step-down 

latency in the passive avoidance paradigm and by 

enhancing the time period in the target quadrant to 

reflect better spatial memory of mice in morris 

water maze. While, there is no significant effect 

was seen in the locomotor effect, which represent 

that these agents are effective to control the motor 

coordination. Cognitive functions are thought to be 

regulated by acetylcholine, which is an important 

neurotransmitter. In the present study, synthesized 

compounds produced significant inhibition of 

AChE activity. AChE is an enzyme, which 

terminates the action of Ach by degrading Ach into 

Acetyl CoA and choline. Synthesized compounds 

inhibited the AChE activity leading to increased 

accumulation of Ach at the synapse and facilitation 

of cholinergic transmission. TBARS is one of 

several products of damage produced by oxidative 

stress.  

Oxidative stress plays an important role in the 

pathogenesis of neurodegenerative disorders like 

Alzheimer's disease, Parkinsonism disease, 

apoptosis, etc. Thus, an increase in TBARS or 

MDA levels corresponds to increase oxidative 

stress leading to brain damage, and a decrease in 

their level reflects neuroprotection. In the present 

study, all the synthesized compounds reduced the 

TBARS levels, ultimately providing a 

neuroprotective. GSH (Glutathione) is a major 

endogenous antioxidant produced by the cells. It 

prevents damage to important cellular components 

by participating directly in the neutralization of free 

radicals and reactive oxygen compounds. Thus, 

Glutathione (GSH) is the major free radical 

scavenger in the brain. An increase in its level 

indicates neuro-protection.  

In the current study, there was a significant rise of 

GSH levels in the brain of synthesized compounds 

treated mice. This observation suggests the 

neuroprotective effect of synthesized compounds.   

CONCLUSION: Synthesized compounds showed 

good neurological activity and found effective to 

reverse the memory deficits induced by 
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scopolamine. While, there is no significant effect 

was seen in the locomotor effect, which represent 

that these agents are effective to control the motor 

coordination.  
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