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Abstract: The purpose of this study was to assess the antioxidant potential and enzyme inhibition of various fractions of 
Zizyphus oxyphylla. The plant metabolites were extracted in methanol and partitioned with n-hexane, chloroform, ethyl 
acetate and n-butanol successively. Phytochemical screening showed presence of alkaloids, terpenoids and flavonoids in 
ethyl acetate and n-butanol fractions. The antioxidant potential and acetylcholine esterase assay of all these fractions and 
remaining aqueous fraction was evaluated by using reported methods. The results revealed that chloroform soluble 
fraction exhibited highest percent inhibition of DPPH radical as compared to other fractions. It showed 95.01±0.37% 
inhibition of DPPH radical at a concentration of 120µg/mL. The IC50 of this fraction was 13.20±0.27µg/mL, relative to 
butylated hydroxytoluene (BHT, a reference standard), having IC50 of 12.10±0.29µg/mL. It also showed highest total 
antioxidant activity i.e. 1.723±0.34 as well as highest FRAP value (339.5±0.57TEµM/mL) and highest total phenolic 
contents (142.65±1.20 GAE mg/g) as compared to the other studied fractions. The fractions were also studied for 
Acetylcholine esterase enzyme (AChE) enzyme inhibition activity and n-butanol soluble fraction exhibited maximum 
inhibition (95.5±0.13mg/mL with IC50 =9.58±0.08mg/mL relative to galanthamine (13.26±0.73mg/mL), while n- hexane 
soluble fraction (165.15±0.94mg/mL) showed non-significant. We are still working to isolate pure compounds for active 
fractions targeting potent inhibition responsible for some activities.  
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INTRODUCTION 
 
Medicinal plants are a good source of biologically active 
compounds known as phytochemicals. Many of these 
phytochemicals act as antioxidants by scavenging free 
radicals, and many have remedial potential for disorders 
caused by free radical (Javanmardia et al., 2003;Lee et 
al., 2000). The phenolic compounds present in medicinal 
plants have strong antioxidant activity and may help to 
protect the cells against the oxidative damage (Kahkonen 
et al., 1999). They are well known as radical scavengers, 
metal chelators, reducing agents, hydrogen donors and 
singlet oxygen quenchers (Proestos et al., 2006). 
Antioxidants from plant materials cease the action of free 
radicals and protected the body from various diseases (Lai 
et al., 2001). Antioxidants have been shown to prevent the 
destruction of cells (Slonim et al., 1983; Murthy et al., 
1992) and to prevent or inhibit oxidation processes in 
human body and food products (Diaz et al., 1997; Yen et 
al 2000). In this study, the antioxidant activity of a 
medicinal plant Zizyphus oxyphylla has been investigated 
and reported. 
 
Acetylcholine, the first identified neurotransmitter is a 
principal neurotransmitter in the peripheral, central, 
somatic and the autonomic nervous system. It relays the 
information across the gap (synapse) between the neuron 
and its neighboring cells. In the absence of acetylcholine 

esterase enzyme, acetylcholine accumulates at the 
synapse, thus paralysis occurs and it also stops the heart 
beat (Campbell& Reece, 2002). Acetylcholine esterase 
enzyme (AChE) hydrolyzes the acetylcholine into choline 
and acetate group and blocks its signaling effect (Luis et 
al., 2006). Inhibitors of AChE are used for the treatment 
of neurological disorders such as Alzheimer’s disease, 
senile dementia, ataxia and myasthenia gravis (Rahman et 
al., 2001; Ahmad et al., 2003).  
 
Zizyphus oxyphylla belongs to family Rhamnaceae. 
Locally this plant is known as “Mamyanu or Elanai” 
(Ajaibet al., 2010). Ethno botanically, its leaves are used 
in diabetes; fruits are edible and used in gas trouble. 
Leaves of Zizyphus oxyphylla also reported to have 
antipyretic and antinociceptive activities and it is used in 
the treatment of pain and fever (Nisar et al., 2007). The 
various plants of genus Zizyphus are reported to have anti- 
inflammatory, antimicrobial, antioxidant, antitumor, 
hypoglycemia, hypotensive, liver protective and immune 
function improvers (Borgi et al., 2007; Ahmed et al., 
2005) and also used in digestive disorders, weakness, 
liver complaints, diabetes, diarrhea and skin infections 
(Alves et al., 2000; Kirtikar et al., 1984). Previous 
phytochemical studies have established on the different 
species of the genus Zizyphus proved it as a rich source of 
cyclopeptide alkaloids, triterpenoids, saponins, sterol 
(Croueour et al., 2002). Zizyphus oxyphylla as a new 
natural antioxidant source having antioxidant potential 
and enzyme inhibition activity. *Corresponding author: e-mail: mjahangir.gcu@gmail.com 
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MATERIALS AND METHODS 
 
Plant material 
The plant Zizyphus oxyphylla was collected from Azad 
Kashmir, and identified by Mr. Muhammad Ajaib 
(Taxonomist), Department of Botany, GC University, 
Lahore. A Voucher specimen (GC-Herb-Bot-851) has 
been deposited in the herbarium of the Botany department 
of the same University. 
 
Extraction and fractionation of antioxidants 
The shade-dried ground whole plant (5kg) was 
exhaustively extracted with methanol (2.5L×5). The 
extract was evaporated in rotary evaporator (Laborta 
4000-efficent Heidolph) at 40oC under vacuum to yield 
the residue (748g), which was dissolved in distilled water 
(1L) and partitioned with n-hexane (1L×3), chloroform 
(2L×4), ethyl acetate (2.5 L×4) and n-butanol (2.5 L×4) 
respectively. These four organic fractions and remaining 
water fraction were concentrated separately on rotary 
evaporator and the residues thus obtained were used to 
evaluate their in vitro antioxidant activity and enzyme 
inhibition.  
 
Chemicals and standards 
DPPH˙ (1,1-Diphenyl-2-picrylhydrazyl radical), TPTZ 
(2,4,6-Tripyridyl-s-triazine), Trolox, Gallic acid, Follin 
Ciocalteu’s phenol reagent, BHT 
(butylatedhydroxytoluene), acetylthiocholine iodide, 5,5´-
dithiobis [2-nitrobenzoic acid] (DTNB) were obtained 
from Sigma Chemical Company Ltd. (USA) while, 
erythrocytes (acetylcholine esterase) obtained from the 
Biochemistry Laboratory, Mayo Hospital Lahore and 
organic solvents (n-hexane, chloroform, ethyl acetate, n-
butanol), sulphuric acid, sodium phosphate, ammonium 
molybdate, ferric chloride from Merck (Pvt.) Ltd. 
(Germany). 
 
Phytochemical screening 
Phytochemical screening of all the five crude extracts i.e. 
n-hexane soluble fraction, chloroform soluble fraction, 
ethyl acetate soluble fraction, n-butanol soluble fraction 
and remaining aqueous fractions was carried out to 
identify the phytochemical constituents (alkaloids, 
terpenoids, saponins, tannins, sugars, phenolics, 
flavonoids, cardiac glycosides) using the standard 
procedures (Sofowora et al., 1993; Trease et al., 1989; 
Ayoola et al., 2008). 
 
Antioxidant assays 
Following antioxidant assays were performed on all the 
studied fractions. 
 
DPPH radical scavenging activity  
The DPPH radical scavenging activity of crude extract 
and fractions were examined by comparison with BHT as 
standard reference using the reported method (Lee et al., 
2006). Briefly, different amounts of the samples 

(1000µg/mL, 500µg/mL, 250µg/mL, 125µg/mL, 
60µg/mL, 30µg/mL, 15µg/mL) were mixed with 3 ml of 
methanolic solution of DPPH (0.1mM). The mixture was 
shaken vigorously and allowed to stand for one hour at 
room temperature. Then absorbance was measured at 517 
nm against methanol as a blank in the spectrophotometer. 
The presence of DPPH de-coloration of the samples was 
calculated according to the formula:  
Antiradical activity (%) = [(Acontrol - Asample)/ Acontrol]×100 
Each sample was assayed in triplicate and mean values 
were calculated.  
 
Total antioxidant activity by phosphomolybdenum 
method  
The total antioxidant activities of various fractions of 
plant were evaluated by phosphomolybdenum complex 
formation method (Prieto et al., 1999). 500µg/mL of each 
fraction was mixed with 4mL of reagent solution (0.6 M 
sulphuric acid, 28mM sodium phosphate and 4mM 
ammonium molybdate) in sample vials. The blank 
solution contained 4mL of reagent solution. The vials 
were incubated in water bath at 95oC for 90 minutes. 
After the samples had been cooled to room temperature, 
the absorbance of mixture was measured at 695 nm 
against blank. The antioxidant activity was expressed 
relative to that of BHT. All determinations were assayed 
in triplicate and mean values were calculated. 
 
Ferric reducing antioxidant power (FRAP) assay 
The FRAP assay was determined according to Benzie and 
Strain (Benzie et al., 1996) with some modifications. The 
fresh working solution of FRAP was prepared by mixing 
25mL acetate buffer (pH 3.6), 2.5mL TPTZ solution, 
2.5mL ferric chloride hexahydrate solution and then 
warmed at 37oC before using. The solutions of plant 
samples and that of trolox were prepared in methanol 
(500µM/mL). 50µL of each fraction was taken in separate 
test tubes and 150µL of FRAP solution was added in 
each. The plant fractions were allowed to react with 
FRAP solution in the dark for 30 minutes. The absorbance 
of the coloured product was checked at 593nm. The 
FRAP values were expressed as micromoles of trolox 
equivalents (TE) per mL of the sample solution using the 
standard curve constructed for different concentrations of 
trolox. Results were expressed in TE µM/mL. 
 
Total phenolic content 
Total phenolics of various fractions of plant were 
determined by the reported method (Makkar et al., 1993). 
An aliquot of 0.1mL of each fraction (0.5mg/mL) was 
combined with 2.8mL of 10% sodium carbonate and 
0.1mL of 2N Folin-Ciocalteu reagent. After 40 minutes 
absorbance at 725nm was checked by UV-visible 
spectrophotometer. Total phenolics were expressed as 
milligrams of Gallic acid equivalents (GAE) per gram of 
sample using the standard calibration curve constructed 
for different concentrations of Gallic acid. Results were 
expressed in GAE mg/g. 
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In vitro AChE inhibition assay 
Acetylcholine esterase inhibitory (AChE) activity was 
measured by Ellman’s (1961) method with minor 
modification (Shahwar et al., 2010a). The reaction 
mixture contained 2.8 ml of 0.1M phosphate buffer (pH 
7.8), 100µl of acetylcholine esterase (erythrocytes), 200µl 
of each extract/fractions solution at different 
concentrations (150, 100, 50 and 30mg/mL), 100µl of 
DTNB and incubated for 15 min (37°C). After 15 minutes 
the reaction was initiated by the addition of 200µl 
acetylthiocholine (substrate). The hydrolysis of 
acetylthiocholine was monitored at 412 nm after 30 min. 
Galanthamine was used as positive control. All the 

reactions were performed in triplicate. The percentage 
inhibition was calculated as follows: 
% inhibition = [(E – S)/ E] × 100 
Where; E is the activity of the enzyme without sample 
and S is the activity of enzyme with test sample. 
 
STATISTICAL ANALYSIS  
 
All the measurements were done in triplicate and 
statistical analysis was executed by Microsoft Excel 2010. 
All the data were expressed as ±S.E.M. Statistical analysis 
were determined using one way analysis of variance 
(ANOVA) followed by post-hoc Tukey’s test. 

Table 1: Phytochemical constituents of various fractions of Zizyphus oxyphylla 
 

Test n-Hexane 
soluble fraction 

Chloroform 
soluble fraction 

Ethyl acetate 
soluble fraction 

n-Butanol 
soluble fraction 

Remaining 
Aqueous fraction 

Alkaloids + ++ ++++ ++++ ++ 
Terpenoids ++ ++ +++ ++ + 
Saponins - + ++ + - 
Tannins - - + + - 
Sugars + - ++ + +++ 
Phenolics + ++ ++ +++ - 
Flavonoids - + ++ + - 
Cardiac glycosides - - + + - 

(“+” Represents presence and “–” represents absence) 
 
Table 2: Free radical scavenging activity and IC50 values of the various fractions of Zizyphusoxyphylla using 1, 1-
Diphenyl-2-picryl hydrazyl radical (DPPH) 
 

S. No. Sample Concentration in assay 
(µg/ml) 

% Scavenging of DPPH 
radical ± S.E.Ma) 

IC50 of DPPH Assay (µg/ml) ± 
S.E.M a) 

1 
Crude 
Methanolic 
extract 

250 
120 
60 
30 

81.15±0.98 
62.73±0.17 
55.02±0.68 
38.07±0.16 

68.61±0.48 

2 
n-Hexane 
soluble 
fraction 

1000 
500 
250 
120 

53.87±0.63 
49.14±0.78 
31.85±0.52 
17.80±0.41 

282.5±1.89 

3 
Chloroform 
soluble 
fraction 

120 
60 
30 

95.01±0.37 
76.01±0.21 
53.72±0.14 

13.20±0.27 

4 
Ethyl acetate 
soluble 
fraction 

60 
30 
15 

73.39±0.65 
53.71±0.87 
39.94±0.12 

38.98±0.54 

5 
n-Butanol 
soluble 
fraction 

60 
30 
15 

79.03±0.79 
63.74±0.95 
36.93±0.86 

29.79±1.30 

6 
Remaining 
aqueous 
fraction 

500 
250 
120 

67.83±0.43 
41.17.±0.97 
21.91±0.31 

455.21±0.47 

7 BHTb) 
60 
30 
15 

91.49±0.13 
75.54±0.07 
42.62±0.04 

12.10±0.29 

a) Standard error mean of three assays. b) Standard reference antioxidant.  
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RESULTS 
 
Phytochemical screening 
The phytochemical screening was done on all the 
fractions and results have been shown in table 1. It 
showed that phenolics, flavonoids and alkaloids are 
mostly present in chloroform, ethyl acetate and n-butanol 
fractions. All the results of antioxidant activity are 
summarized in table 2 and 3. 

 
Fig. 1: Graphical representation of results of DPPH 
radical scavenging activity. 

 
Fig. 2: Graphical representation of results of IC50 of 
DPPH assay. 

 
Fig. 3: Graphical representation of results of total 
antioxidant activity. 
 
Scavenging assay of DPPH free radical  
This assay was performed on all the fractions of the plant 
and the values of percent inhibition of DPPH radical and 

IC50 have been shown in figs. 2 and fig. 3. It was observed 
that activity was increased by increasing the concentration 
of the samples. Chloroform fraction showed highest 
percent inhibition of DPPH radical (95.01±0.37) as than 
other fractions with IC50 value 13.07±0.27µg/mL relative 
to butylatedhydroxytoluene (BHT), a reference standard 
(IC50= 12.10±0.29µg/mL). 

 
Fig. 4: Graphical representation of results of FRAP value. 

 
Fig. 5: Graphical representation of results of total 
phenolics. 

 
Fig. 6: Graphical representation of results of Acetyl 
cholinesterase activity  
 
Total antioxidant activity method  
Total antioxidant activity of all extracts/fractions were 
measured by phosphomolybednum method. It was 
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revealed from the results (fig. 3) that the chloroform 
fraction showed highest total antioxidant activity 
(1.723±0.34) while the n-hexane and remaining aqueous 
fractions exhibited very less activity (0.187±0.02 and 
0.138±0.13 respectively). The results were compared with 
reference standard BHT (0.96±0.06). 
 
Ferric reducing antioxidant power (FRAP assay) 
FRAP assay is used for the determination of the reducing 
power of various samples which is shown by the colour 
change of the test solution from yellow to blue and green 
in proportionate to the reducing power of various 
samples. From the results (fig. 4) it was revealed that 
among all the fractions the chloroform fraction showed 
highest FRAP value (339.5±0.57 TE µM/mL). Ethyl 
acetate fraction also showed good FRAP value i.e. 
296.01±0.85TEµM/mL, while n-hexane and remaining 
aqueous fractions showed very less FRAP values i.e. 
21.50±0.19TEµM/mL 107.3±0.64TEµM/mL respectively. 
 
Determination of total phenolic content (TP) 
Fig. 5 showed that the chloroform fraction showed the 
highest value of total phenolic compounds i.e. 
142.65±1.20GAE mg/g while the total phenolic contents 
of n-hexane and aqueous fractions showed the least values 
i.e. 25.33±1.29 and 14.30±0.31GAE mg/g respectively. 
 
In vitro AChE inhibition assay 
Acetylthiocholine esterase (AChE) inhibitory potential of 
the methanolic crude extract and various fractions of plant 
were determined through spectrophotometer method 
(Ellman et al., 1961; Shahwar et al., 2011). AChE 
inhibition and IC50 values of the plant extracts indicating 

AChE inhibitory activity are presented in table 4. A low 
IC50 value indicated good inhibition of the enzyme. The 
n- butanol fraction had the lowest IC50 value (9.58±0.08 
mg/mL), indicating that it contained the best inhibition of 
the enzyme relative to galanthamine (13.26±0.73mg/mL). 
 
DISCUSSION 
 
In this study, chloroform, ethyl acetate and n- butanol 
contained large amount of phenolics, flavonoids, alkaloids 
and terpenoids content. Due to the presence of these 
constituents these fractions showed good antioxidant and 
acetylcholine esterase activities. The DPPH radical 
scavenging is thought to be due to their hydrogen 
donating ability. DPPH is a stable free radical and is 
paramagnetic molecule, which accepts an electron or 
hydrogen radical to form a stable diamagnetic molecule 
(Siddaraju et al., 2007). DPPH radical accepts the 
electron and becomes in reduce from i.e., 1,1- diphenyl-2- 
picryl hydrazine and is visualized as yellow from purple 
colour (Meir et al., 1995). DPPH radical decolourizes due 
to the presence of antioxidants. The reduction of DPPH 
radical was measured at 517 nm when colour changes 
from purple to yellow. In total antioxidant assay, Mo (VI) 
reduces to Mo (V) in various fractions of plant, which 
was detected at 695nm by spectrophotometer for the 
formation of green phosphate Mo (V) (Miladi et al., 
2008). In a redox- linked colorimetric method 
antioxidants are used as reductants in FRAP assay and in 
stoichiometric excess it provides an easy reduced oxidant 
system. Ferric form (ferric tripyridyltriazine complex) 
changes to ferrous form showing intense blue colour. This 
change was measured at 593nm. In the reaction mixture 

Table 3: Total antioxidant activities, FRAP values and total phenolics values of different fractions of Zizyphus 
oxyphylla. 
 

S. No. Sample Total antioxidant 
activity ±S.E.M a) 

FRAP Value TE 
(µM/ml) ±S.E.M a) 

Total Phenolics (GAE 
mg/g of extract) ±S.E.M a) 

1 Crude Methanolic extract 1.223±0.04 150.53±0.94 86.67±1.45 
2 n-Hexane soluble fraction 0.187±0.02 21.5±0.19 14.3±0.31 
3 Chloroform soluble fraction 1.723±0.34 339.5±0.57 142.65±1.20 
4 Ethyl acetate soluble fraction 1.406±0.41 296.01±0.85 55.06±1.45 
5 n-Butanol soluble fraction 1.523±0.07 125±0.49 76.19±1.32 
6 Remaining aqueous fraction 1.138±0.013 107.3±0.64 25.33±1.29 
7 BHT b) 1.2186±0.015   
8 Blank  2.30 1.15 

 
Table 4: Acetylthiocholine Esterase 
 

S. No. Sample AChEIC50 (mg/mL) AChE inhibition (%) (10mg/mL) 
1 Crude Methanolic extract 92.68±0.38 68.2±0.47 
2 n-Hexane soluble fraction 165.15±0.94 37.24±0.59 
3 Chloroform soluble fraction 70.59±0.41 70.5±0.71 
4 Ethyl acetate soluble fraction 26.48±0.92 81.13±0.81 
5 n-Butanol soluble fraction 9.58±0.08 95.5±0.13 
6 Remaining aqueous fraction 98.70±0.21 58.5±0.94 
7 Galanthamine 13.26±0.73 92.47±0.41 
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the absorption change was linked directly with the total 
reducing power of electron donating antioxidants, which 
reduced the ferric form (ferric cyanide complex) to the 
ferrous form (Shahwar et al., 2010b). High FRAP values 
obtained from polar fractions showed the presence of 
flavonoid and phenolic contents. Phenolic and flavonoid 
contents show significant antioxidant action on human 
health and fitness. These compounds/ antioxidants act 
through scavenging or chelating process (Kessler et al., 
2003; Cook et al., 1996). The high potential of phenolics 
to scavenge free radicals may possibly be due to various 
phenolic hydroxyl groups they possess (Sawa et al., 
1999). So chloroform fraction showed the highest percent 
inhibition of DPPH radical (95.01±0.37) with IC50 value 
13.07±0.27µg/mL, highest total antioxidant activity 
(1.723±0.34), highest FRAP value (339.5±0.57 TE 
µM/mL) and highest value of total phenolic compounds 
i.e. 142.65±1.20GAE mg/g as than other fractions. 
Acetylthiocholine esterase (AChE) inhibitory potential 
was based upon the measurement of yellow anion of 
thionitrobenzoic acid formed by the hydrolysis of DTNB, 
measured at λ=412nm. AChE inhibitors diminish the rate 
of acetylcholine (ACh) and increase the concentration of 
ACh in the brain (Shen., 2004; Samanta et al., 2006). So 
the n- butanol fraction had the lowest IC50 value 
(9.58±0.08mg/mL), possessed good AChE inhibitory 
activity. 
  
CONCLUSION 
 
 In this study, the results showed that chloroform fraction 
exhibited highest % inhibition of DPPH radical with low 
IC50 value, highest total antioxidant activity, FRAP value 
and total phenolic contents due to the presence of 
flavonoids and phenolic contents and the % inhibition of 
acetylcholine esterase of n-butanol fraction showed good 
result and IC50 of this fraction was 9.58±0.08mg/mL, 
relative to galanthamine (13.26±0.73mg/mL). Therefore, 
the selected medicinal plants possessing significant 
antioxidant and AChE inhibition activities may prove of 
novel values in clinical trials for the treatment of AD 
patients. Further work on the identification of active 
principals is proposed. 
  
ACKNOWLEDGEMENTS 
 
The authors are thankful to Higher Education 
Commission of Pakistan for financial support.  
  
REFERENCES 
 
Ahmed OA, Salim MH, Assaf RH and Abdel-Hady 

(2005). Antidiabetic activity and toxicity of 
Zizyphusspina-christi leaves. J. Ethnopharm., 101: 
129-138. 

Ahmad W, Ahmad B, Ahmad M, Iqbal Z, Nisar M and 
Ahmad M (2003). In vitro inhibition of 

acetylcholinesterase, butyrylcholinesterase and 
lipoxygenase by crude extract of Myricaria elegans 
Royle. J. Biol. Sci., 3: 1046-1049. 

Ajaib M, Zaheer K, Nasrullah K and Wahab M (2010). 
Ethnobotanical studies on useful shrubs of District 
Kotli, Azad Jammu and Kashmir, Pakistan. Pak. J. 
Bot., 42(3): 1407-1415. 

Alves TMA, Silva AF, Brandao M, Grandi TSM, Smania 
EFA, Smania JA and Zani CL (2000). Biological 
screening of Brazilian medicinal plants. Mem. Inst. 
Oswaldo. Cruz., 95: 367-373. 

Ayoola GA, Coker HAB, Adesegun SA, Adepoju-Bello 
AA, Obaweya K, Ezennia EC and Atangbayila TO 
(2008). Phytochemical screening and antioxidant 
activities of some selected medicinal Plants used for 
malaria therapy in Southwestern Nigeria. Trop. J. 
Pharm. Res., 7: 1019-1024. 

Benzie IFF and Strain JJ (1996). The ferric reducing 
ability of plasma (FRAP) as a measure of antioxidant 
power: The FRAP assay. Anal. Biochem., 239: 70-76. 

Borgi W, Ghedira K and Chouchane N (2007). Anti-
inflammatory and analgesic activities of Zizyphus lotus 
root barks. Fitoterapia, 78: 16-19. 

Campbell NA and Reece JB (2002). "48". Biology (6th 
ed.). San Francisco, CA: Pearson Education, Inc., 
p.1037. 

Cook NC and Samman S (1996). Flavonoids-chemistry, 
metabolism, cardio protective effects and dietary 
sources. Nutr. Biochem., 7: 66-76. 

Croueour GL, Thepenier P, Richard B, Petermann C, 
Ghedira K and Zeches-Hanrot M (2002). Lotusine G: A 
new cyclopeptide alkaloid from Ziziphus lotus. 
Fitoterapia., 73(1): 63-68. 

Diaz MN, Frei B, Vita JE and Keaney JF (1997). 
Antioxidants and atherosclerotic heart disease. J. Med. 
Nutr. Eng., 337: 408-416. 

Ellman GL, Courtney KD, Andres V and Feather-stone 
RM (1961). A new and rapid colorimetric 
determination of acetylcholine esterase activity. 
Biochem. Pharmacol., 7: 88-95. 

Javanmardia J, Stushnoffb C, Lockeb E and Vivanco JM 
(2003). Antioxidant activity and total phenolic content 
of Iranian Ocimumaccessions. Food Chem., 83: 547-
550. 

Kahkonen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja 
K, Kujala TS and Heinonen M (1999). Antioxidant 
activity of plant extracts containing phenolic 
compounds. J. Agric. Food Chem., 47: 3954-3962. 

Kessler M, Ubeaud G and Jung L (2003). Anti- and pro-
oxidant activity of rutin and quercetin derivatives. J. 
Pharmacol., 55: 131-142. 

Kirtikar KR and Basu BD (1984). Indian Medicinal 
Plants. Lalit Mohan Publication, Allahabad, India. 
p.2242. 

Lai LS and Chou ST (2001). Studies on the antioxidative 
activities of hsiantsao (Mesonaprocumbens) leaf gum. 
J. Agric. Food Chem., 49: 963-968. 



Farhana Mazhar et al 

Pak. J. Pharm. Sci., Vol.28 No.6, November 2015, pp.2053-2059 2059

Lee K and Shibamoto T (2001). Antioxidant property of 
aroma extract isolated from clove bud 
Syzygiunaromaticum (L.) Merr. etperry ant. Food 
Chem., 74: 443-448. 

Lee YM, Kim H, Hong EK, Kang BH and Kim SJ (2000). 
Water extract of 1: 1 mixture of Phellodendron cortex 
and Aralia cortex has inhibitory effects on oxidative 
stress in kidney of diabetic rats. J. Ethnopharm., 73: 
429-436. 

Luis B, Jim H, Stuart N, David S, Andy PS, Christopher 
MT, Janet W, Nichola HW, Gareth RW, Alan RF and 
Andrew DG (2006). Analogues with fluorescent 
leaving groups for screening and selection of enzymes 
that efficiently hydrolyze organophosphorus nerve 
agents. J. Med. Chem., 49: 246-255. 

Makkar HPS, Bluemmel M, Borowy NK and Becker K 
(1993). Gravimetric determination of tannins and their 
correlation with chemical and protein precipitation 
methods. J. Sci. Food Agr., 61: 161-165. 

Meir SJ, Kanner B and Akiri SPH (1995). Determination 
and involvement of aqueous reducing compounds in 
oxidative defense systems of various senescing leaves. 
J. Agric. Food Chem., 43: 1813-1817. 

Miladi S and Damak M (2008). In vitro antioxidant 
activities of Aloe vera leaf skin extracts. J. Soc. Chim. 
Tunisie., 10: 101-109. 

Murthy VK, Shipp JC, Hanson C and Shipp DM (1992). 
Delayed onset and decreased incidence of diabetes in 
BB rats fed free radical scavengers. Diabetes Res. Clin. 
Pr., 18: 11-16. 

Nahak G and Sahu RK (2010). In vitro antioxidant 
activities of Azadirachta indica and Melia azedarach 
leaves by DPPH scavenging assay. J. Amer. Sci., 6(6): 
123-128. 

Nisar MB, Adzu K, Inamullah A, Bashir A, Ihsan and 
Gilani AH (2007). Antinociceptive and antipyretic 
activities of the Zizyphus oxyphylla leaves. Phyto. Res., 
21(7): 693-695. 

Prieto P, Pineda M and Aguilar M (1999). 
Spectrophotometric quantitation of antioxidant 
capacity through the formation of a 
phosphomolybdenum complex: Specific application to 
the determination of vitamin E. Anal. Biochem., 269: 
337-341. 

Proestos C, Boziaris IS, Nychas GJE and Komaitis M 
(2006). Analysis of flavonoids and phenolic acids in 
Greek aromatic plants: Investigation of their 
antioxidant capacity and antimicrobial activity. Food 
Chem., 95: 664-67. 

Rahman AU and Choudhary MI (2001). Bioactive natural 
products as a potential source of new pharmacophores 
a theory of memory. Pure Appl. Chem., 73: 555-560. 

Samanta MK, Wilson B, Santhi K, Kumar KP and Suresh 
B (2006). Alzheimer disease and its management: A 
review. Am. J. Ther. 13, 516D526. 

Sawa T, Nako M, Akaike T, Ono K and Maeda H (1999). 
Alkylperoxyl radical scavenging activity of various 
flavonoids and other phenolics compounds: 
Implementations for the antitumor promoter effect of 
vegetables. J. Agric. Food Chem., 47: 397-492. 

Shahwar D, Rehman SU and Raza MA (2010a). Acetyl 
cholinesterase inhibition potential and antioxidant 
activities of ferulic acid isolated from Impatiens 
bicolor Linn: J. Med. Plants Res., 4(3): 260-266. 

Shahwar D, Raza MA, Mirza ASM, Abbasi MA and 
Ahmad VU (2010b). Comparative study of antioxidant 
and antimicrobial activities of stem and bark extracts of 
Litchi chinensis and its organic fractions. J. Chem. Soc. 
Pak., 32(3): 357-362. 

Shahwar D, Raza MA, Rehman SU and Khan T (2011). 
Evaluation of acetylcholine esterase and protease 
inhibitory activity of scopolamine extracted from 
Datura innoxia. Asian J. Chem., 23(4): 1783-1785. 

Shen Z (2004). Brain cholinesterases: II. The molecular 
and cellular basis of Alzheimer’s disease. Med. 
Hypotheses., 63: 308-321. 

Siddaraju MN and Dharmesh SM (2007). inhibition of 
gastric H+,K+, ATPase and Helicobacter pylori growth 
by phenolic antioxidants of Curcuma amada. J. Agric. 
Food Chem., 55(18): 7377-7386. 

Slonim AE, Surber ML, Page DL, Sharp RA and Burr IM 
(1983). Modification of chemically induced diabetes in 
rats by vitamin E. Supplementation minimizes and 
depletion enhances development of diabetes. J. Clin. 
Invest, 71: 1282-1288. 

Sofowora A (1993). Medicinal plants and traditional 
medicine in Africa. Spectrum Books, Ibadan. P.150. 

Trease GE and Evans WC (1989). A physician guide to 
herbal medicine. Pharmacog. Bailliere tindall Landon, 
13: 176-180. 

Yen GC, Duh PD and Chuang DY (2000). Antioxidant 
activity of anthraquinones and anthrone. Food Chem., 
70: 437-441. 

 
 
 
 

 


