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ABSTRACT 

In this investigation, the function of the smallest fullerene (C20) as a sensor and nano-carrier for the 

tricyclic antidepressant drug desipramine was scrutinized through density functional theory 

simulations. The achieved adsorption energies showed the interaction of desipramine with C20 is 

experimentally possible. The calculated ΔGad, ΔHad and Kth showed the adsorption process is 

spontaneous, exothermic and reversible. The influences of solvent and temperature on the 

interactions were also studied and the results showed the adsorption process is more favorable in 

lower temperatures and the presence of solvent does not have any effect on the nature of interactions. 

The NBO analysis showed no chemical bond has been created between desipramine and 

nanostructure and the existing interaction is a physisorption. The frontier molecular orbital analysis 

results showed the bandgap of fullerene decline -35.30% from 7.678 (eV) to 2.484 (eV) indicating 

this nanomaterial can be an ideal sensor for the detection of desipramine. The values of dipole 

moment and chemical hardness showed C20 can be employed as an appropriate nano-carrier for the 

drug delivery of desipramine. 
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Introduction 

Vitex doniana (Black plum) is a perennial shrub widely distributed in tropical West Africa, 

extending eastward to Uganda, Kenya and Tanzania in the Savanna and high rainfall area [1]. 

It is a multiple used tree that serves as a source of food, firewood, and medicine aside its sweet 

fruits [2]. While the fruit is eaten as food, the leaves of Vitex doniana have been reported to 

have anti-malaria and anti-dysentery properties [3], and the stem bark, antihepatotoxic and anti-

bacterial [4, 5, 6]. The fruits (Figure 1a & b) are usually eaten as snack either fresh or dried. 

The fruits have a sweet prune-like taste with velvet-like texture, and the fruit pulp has been 

reported as good source of phytochemicals and nutritional compounds [7]. Some of these 

compounds yield definite pharmacological actions such as treatment of obesity, cancer and 

diabetes in living systems [8].  

        

 

Tissue damage results from an imbalance between Reactive Oxygen Species (ROS)-generating 

and scavenging systems inside the body. ROS such as superoxide anion, hydroxyl radical and 

hydrogen peroxide are highly reactive and potentially damaging transient chemical species. 

Decreased or damaged scavenging systems lead to a variety of disorders including degenerative 

disorders of the central nervous system (CNS) [10]. Antioxidant activities are suggested to be 

associated with flavonoids, saponins, tannins and phenolic compounds [11, 12, 13].  

Drugs related complications of antioxidant medicines or synthetics continue to persist as a 

major medical challenge [12]. Synthetic antioxidants have been suggested to be a problem due 

to their side effects and toxicity. Hence, there has been an intense growing interest in exploring 

plant materials for natural antioxidants which are sometimes very effective compared to 

Figure 1a: Ripe Vitex doniana fruit [9] 

  

 

 Figure 1b Unripe Vitex doniana fruit [9] 
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synthetic antioxidants [14]. Research has shown the immense potential of plants in treatment 

of unhealthy systems [15]. Thus, plants have been effectively used both in the treatment of 

infectious diseases and to stop the side effects associated with synthetic antimicrobials [16]. 

Also, the resistance of bacteria and fungi to drugs is becoming increasingly important [17]. 

Finding alternative treatment has therefore become an urgent issue and this has led to the search 

for plants with antibacterial and antifungal activity in recent years. Antimicrobials from plant 

origin have been found to have great therapeutic potentials [18]. Other factors responsible for 

the use of plants in traditional as well as modern medicine include safety, cost effectiveness 

[19] and the challenge of adulteration of synthetic drugs [20].  

In the current research, the antioxidant capacity, and antimicrobial properties of aqueous 

extracts of Vitex doniana fruit on Escherichia coli, Staphylococcus aureus and Bacillus spp as 

well as phytochemical assessment were carried out. This was sought to present, for 

consideration, Vitex doniana fruit which has medicinal ethnobotanical expectations when 

consumed. 

Materials 

Ripe fruits of Vitex doniana, Bacillus subtilis, Escherichia coli and staphylococcus aureus 

Magnetic stirrer, rotary evaporator, freeze drier, Varioskan lux and Jenway 6305 UV-Vis 

spectrophotometer, separating funnel, ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 

methanol, ethanol, ultra-pure water, Ethylenediamine Tetraacetic Acid (EDTA), Ferrozine, 

Potassium Persulphate, Phosphate buffer, Aluminium foil, hydrogen peroxide and ferrous 

sulphate. 

Methods 

The ripe fruits of Vitex doniana were collected from Gongnia in Navrongo, about (Latitude 

10086152.29 and Longitude -1008140.19). The plant was identified and authenticated by a 

botanist at the Department of Applied Biology, C. K. Tedam University of Technology and 

Applied Sciences, Navrongo-Ghana.  

The fruits were washed under running tap water to remove sand and other debris, and the fruit 

pulp was then removed manually using hands covered with gloves, and stored in a plastic 

container. The fruit pulp in the container was then stored in a refrigerator under 20oC. It was 

later air-dried and extracted for the analysis.  
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Sample Extraction 

 A mass of 100g of sample was soaked in 400mL of distilled water in an amber container for 

72hrs. The resultant solution was then filtered under room temperature using cotton wool. The 

filtrate was concentrated by freeze drier for three days to obtain the crude extract.  

A stock solution of 500mg/ml aqueous extract solution of Vitex doniana was prepared and used 

in the study. Varying concentrations were then made by serial dilution of the stock solution to 

obtain 200, 100, 50, 25, 10 and 5 mg/ml solutions. 

Phytochemical screening 

Presence of saponin, alkaloids, flavonoids, tannins, terpenes, phenolic compounds and steroids 

in Vitex doniana fruit pulp extract were qualitatively analyzed using methods described by [21] 

and [22]. This was carried out in the laboratory at the Department of Pharmacognosy, Kwame 

Nkrumah University of Science and Technology, Kumasi-Ghana. 

Antioxidant Capacity 

The antioxidant activity was done using standard procedures cited in [23] with slight 

modification.  

The antioxidant capacity was assessed using three approaches. The tests were carried out at 

the Department of Biochemistry, Cell and Molecular Biology of the University of Ghana.  

Metal Chelating Activity 

The ferrous ion-chelating potential was evaluated using the method described by [24] with 

slight modification. A stock solution of ferrous sulphate (100 mM) was prepared by dissolving 

1.5188×10-2 of ferrous sulphate in 0.5ml of ultra-pure water in 15 ml falcon tube. It was further 

diluted with ultra-pure water up to 10 ml to obtain a 0.2 mM solution of ferrous sulphate. 

Ferrozine (0.6 mM) was also prepared by dissolving 1.5432× 10-3 in 0.5 ml of ultra-pure water 

in 15 ml falcon tube. Different concentrations (200, 100, 50, 25, 10, 5 mg/ml) of the extract 

were then prepared in absolute methanol from an initial concentration of 500 mg/ml. The 

working solutions (mixture of extract and chelating ions) were incubated for 10 mins at room 

temperature in dark for complete reaction. The absorbance of the solutions was measured at 

562 nm using thermo scientific UV-Vis spectrophotometer against Ethylenediamine 

Tetraacetic acid (EDTA) as positive control (standard). 0.5ml of the various solutions (200, 

100, 50, 25, 10 and 5 gm/ml) of the extract were mixed with 0.5ml ferrous sulphate (0.2 Mm) 
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and 0.5 ml ferrozine (0.6 Mm). The mixtures were allowed to stand for 10 min at room 

temperature in the dark for complete reaction. After incubation, the absorbance was measured 

using U-Vis spectrophotometer at 562 nm. Ethylenediamine Tetraacetic Acid (EDTA) (2, 1, 

0.5, 0.25, 0.125 and 0.0625 mg/ml) was used as positive control (standard) with different 

concentrations from initial concentration of 5 mg/ml. The 50 % inhibition extract concentration 

(IC50) was calculated using the graph by plotting inhibition percentage against extract 

concentrations [25, 26, 27]. The percentage of hydrogen peroxide scavenging was then 

computed using equation (2): 

Chelating activity (%)  =
A0−A1

A0
 × 100 -----------------------------(2) 

Where A0 is the absorbance of the control; and A1 is the absorbance of the extract. 

Estimation of 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity 

A stock solution of 0.5mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) in absolute methanol was 

prepared by dissolving 0.0285 g DPPH in 15 ml absolute methanol in a falcon tube at room 

temperature. It was rapped with aluminium foil to avoid contact with light and kept refrigerated 

until used. The working solutions were incubated for 30 minutes at room temperature in dark 

for complete reaction. The absorbance was measured at 517nm using Varioskan lux UV-Vis 

spectrophotometer against a blank and ascorbic acid as standard. In order to evaluate the 

antioxidant potential through free radical scavenging by the test samples, the change in optical 

density of DPPH radicals was checked. 1µl of the various concentrations of all the extracts was 

mixed with 100 µl of DPPH (0.5mM) methanol solution. The UV-Vis spectrophotometer was 

used for determination of the percent inhibition of standard ascorbic acid (1, 0.75, 0.50, 0.25, 

0.125 mg/ml) concentrations, the absorbance was taken at 517 nm after 30 minutes. The 

procedures were repeated for the extract and Ascorbic acid (AA). The 50% inhibition extract 

concentration (IC50) was calculated using the graph by plotting inhibition percentage against 

extract concentrations [25, 26, 27]. Ascorbic acid (AA) was used as positive control and all the 

tests were repeated six times. Using equation (1), the free radical scavenging activity (FRSA) 

was calculated:  

% Activity =
Abs(control)−Abs(Individual concentration)

Abs(control)
 × 100-------------(1) 
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Where, Abs (control): DPPH radical + methanol absorbance; Abs (individual concentration): 

DPPH radical + extract. 

Hydrogen Peroxide Scavenging Activity 

The method employed by Arts and Hollman [28] was used to estimate the ability of the plant 

extracts to scavenge hydrogen peroxide. A stock solution of hydrogen peroxide (40mM) was 

prepared by diluting 4.5ml of hydrogen peroxide with 15 ml of phosphate buffer (50 Mm pH 

7.4) in 15ml falcon tube. Different concentrations (0.125, 0.25, 0.50, 1, 2 mg/ml) of the extract 

was prepared with absolute methanol. 1ml of hydrogen peroxide solution (40mM) was mixed 

with 0.5ml the various concentrations of all the extract and incubated at room temperature in 

dark for complete reaction. The absorbance was measured at 230 nm after incubation using 

Jenway 6305 UV/Vis spectrophotometer with methanol and phosphate buffer (50 Mm pH 7.4) 

as controls. The 50 % inhibition extract concentration (IC50) was calculated using the graph by 

plotting inhibition percentage against extract concentrations [25, 26, 27]. 

The percentage of hydrogen peroxide scavenging was then computed using the equation (3): 

% Scavenged Hydrogen Peroxide =
Abs(control)−Abs(test samples)

Abs(control)
 × 100--------3Antimicrobial 

Activity 

Inoculum Preparation 

The inoculum of the bacteria was prepared by growing each pure isolate in Mueller-Hinton 

agar at 37°C for 24 hours. After incubation, 1ml of the diluted cultures of the microbial isolates 

in normal saline was inoculated into its respective media using Pasteur pipette and the colonies 

of the cultured microorganism were used in the susceptibility testing. 

 Antimicrobial Assay 

A stock solution was prepared by dissolving 0.6g of Vitex doniana extract in 50% ethanol 

vortexed to initial concentration of 300 mg/ml. Different concentrations (1000, 100 and 

10ug/ml) of the extract was prepared. Dicks of the controls (Ampicillin and Chloramphenicol) 

were also prepared. Antimicrobial test was then carried out by the Kirby-Bauer disc diffusion 

method [29]. 50 µl of suspension containing 108cfu/ml of bacteria was spread on Mueller-

Hinton agar using sterile spread. Sterile paper discs (6mm in diameter) prepared from Whatman 

No.44 filter paper was impregnated with the various working concentrations (1000, 100 and 
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10 µg/ml) of the extract, dried and placed on the inoculated agar plates of Bacillus subtilis, 

Staphylococcus aureus and Escherichia coli and were then incubated at 37°C for 24hr. 

Chloramphenicol and Ampicillin (30 µg /disc) were used as a positive reference standard for 

bacteria for the susceptibility test. The antimicrobial activity was then evaluated by measuring 

the zone of inhibition against the test organisms [30]. The inhibition zones were measured in 

millimetres (mm) from the circumference of the disc to that of the growth-free zones around 

the disc and recorded. Each screening was repeated three times and the mean diameter of the 

ZOI was recorded.  

 Statistical Analysis 

The antibacterial and the antioxidant studies were conducted three times (n = 3) each using the 

crude aqueous extract, and the Mean±SD were calculated using SPSS and Excel.  

Results  

Phytochemical Composition of Vitex doniana 

Table 1: Phytochemicals of aqueous extract 

Phytochemical                         Indication 

Saponin + 

Glycosides + 

Alkaloid + 

Tannins + 

Phenolic compounds + 

Flavonoids + 

Terpenes - 

Steroids + 

+ implies presence, - implies absence Antioxidant capacity of crude extracts Vitex doniana fruit and 

standards 

 

Table 2a: Hydrogen peroxide activity of aqueous extract of Vitex doniana fruit 

 Sample Concentration (mg/ml)                                                                                               Activity ±SD (%)   

 AQUEOUS 

EXTRACT 

0.125 

0.250 

0.500 

1.000 

2.000 

28.84±0.8 

27.83±0.3 

27.69±0.6 

22.08±2.8 

20.46±1.8 

N = 3 
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Table 2b: Iron (Ferrous sulphate and Ferrozine) chelating activity of aqueous extract of Vitex 

     doniana fruit and EDTA 

Sample Concentration (mg/ml) Activity±SD (%) 

ETHYLENEDIAMINE 

TETRACETIC ACID  

(EDTA) 

2.000 

1.000 

0.500 

0.250 

0.125 

0.063 

85.47±0.4 

84.64±0.1 

83.26±0.6 

80.63±0.8 

43.43±0.3 

32.08±2.0 

AQUEOUS EXTRACT 200.0 

100.0 

50.00 

25.00 

10.00 

  5.00 

80.77±0.4 

79.25±0.0 

76.34±2.6 

68.04±1.4 

62.10±1.3 

55.60±2.2 

N = 3 

Table 2c: Total Antioxidant Capacity (TPC) of aqueous extract of Vitex doniana fruit and 

 ascorbic acid 

Sample Concentration (mg/ml) TAC±SD (%) 

ASCORBIC ACID 1.000 

0.750 

0.500 

0.250 

0.125 

96.67±0.0 

96.61±0.0 

82.25±0.0 

67.23±0.0 

36.04±0.0 

AQUEOUS EXTRACT 200.0 

100.0 

50.00 

25.00 

10.00 

  5.00 

49.51±5.9 

42.24±0.5 

40.39±0.2 

37.87±1.3 

34.48±0.6 

32.47±1.6 

 N = 3 

Table 3: Antimicrobial Activity of aqueous Vitex doniana fruit on test organisms 

Test Organisms    Concentration of aqueous extract 

(μg/ml)  
1000      100               10 

Zone of Inhibition (mm) 

 

Ampicillin        Chloramphenicol 

E. coli - - - 11  21 

S. aureus - - - 12  26 

Bacillus spp - - - 32 27 

- implies no observable inhibition; Ampicillin and Chloramphenicol were used as positive 

controls 
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Discussion 

There have been recommendations of use of multiple analytical procedures in antioxidant 

studies for study of variability of antioxidants and their properties [31]. Thus, ferrous ion-

chelating potential, DPPH scavenging and hydrogen peroxide reduction evaluations were used 

in the current study. The six varying concentrations of crude aqueous extract of Vitex doniana 

influenced percentage antioxidant activity differently.  

In the current study, the highest percentage hydrogen peroxide radicals scavenging activity of 

28.84±0.8 % was obtained from 0.125 mg/ml extract, and decreased to 20.46±1.8 % at an 

increased concentration of 2.00 mg/ml (Table 2a). Hydrogen peroxide is able to accept protons 

or electrons and through that reduce to water [32]. In the hydrogen peroxide scavenging 

activity, components in the Vitex doniana extract would decompose hydrogen peroxide (H2O2) 

by donating hydrogen atoms and thus reduce it to water (H2O). For the iron chelating activity 

(Table 2b), the highest concentration (200 mg/ml) had 80.77±0.4 % reducing activity [ie. 

capacity to reduce iron ion Fe3+ to Fe2+ [33]] on Fe (III), dropping to 55.60±2.2 % when the 

extract concentration was reduced to 5.0 mg/ml. The effect at the least concentration is higher 

compared to that of 0.125 mg/ml of the standard, EDTA. At the highest concentration of the 

extract (200 mg/ml), the ferrous chelating activity of the extract was very high and comparable 

to the antioxidant capacity indicated in 0.25 mg/ml EDTA treatment (80.63±0.8 %) (Table 2b). 

The activity was dose dependent. Similar to the metal chelating activity (Table 2b), the 

extract’s DPPH scavenging activity (Table 2c) as a measure of the transfer of hydrogen atoms 

by compounds was concentration dependent. The highest extract concentration (200 mg/ml) 

had a scavenging activity of 49.51±5.9 % which dropped to 32.47±1.6 % at 5.00 mg/ml. Here 

also, the activity of the extract was dose dependent and at 25.0 mg/ml of the crude extract, the 

activity (37.48±1.3 %) was higher compared to that of 0.125 mg/ml ascorbic acid (36.04±0.0 

%) (Table 2c). Ait Bouzid et al. [31] reported poor DPPH scavenging activity of aqueous fruit 

extract of Zizphus lotus in Zogora, Morocco compared to acetone and methanol extracts. Water 

extract of that fruit from various parts of Morocco had percentages of DPPH scavenging that 

did not exceed 20% whilst in the current study Vitex doniana aqueous fruit extract recorded 

DPPH scavenging activity of 49.51±5.9 % in Navrongo, Ghana. The former report indicated 

that variation in total phenolic content is based on solvent and location of sample. This therefore 

suggest that at all fronts Vitex deniana has higher antioxidant activity compared to Zizphus 

lotus and also Rosmarinus oficinalis L fruits which are recommended from Morocco [34]. 
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Based on the analyses by Ait Bouzid [31] acetone extract of Vitex doniana should have better 

antioxidant activity compared to that recorded for Ziziphus lotus. The fruit should therefore be 

highly valued for use as natural additive or for development of new functional food products 

[35]. The nutraceutical, pharmaceutical, medicinal, and cosmetic properties of flavonoids [36] 

and capacity of phenols in prevention and treatment of cancer and inflammatory, 

cardiovascular, and neurodegenerative diseases [37] are of immense importance that should be 

implied in Vitex doniana through the current study should therefore be explored. The dose 

depended relative levels of iron chelation in the current study are shown plotted in figure 2a, 

the DPPH scavenging activity series are indicated in figure 2b, while the hydrogen peroxide 

breakdown by the extract are also indicated in figure 2c.  From figures 2a to 2c, there are 

significant differences in the hydrogen peroxide reduction activities between all the 

concentrations of the extract that have been tested (Figure 2c). Also, 0.25 mg/ml of the standard 

(EDTA) did not have significant difference in capacity compared to 200 mg/ml of the crude 

extract (Figure 2a). It was also observed from figure 2b that 25 mg/ml of the extract had 

significantly different capacity compared to 0.125 mg/ml of the standard, ascorbic acid. These 

differences emphasize the high antioxidant capacity of the fruit relative to the standards. 

According to Phongpaichit et al. [38], extracts that possess IC50 values ranging from 50 to 100 

mg/mL are considered to exhibit intermediate antioxidant activity; extracts with IC50 value 

ranging between 10 to 50 mg/mL are considered to possess strong antioxidant activity while 

those with IC50 ranging between 0 to 10 mg/ml are considered to have very strong antioxidant 

activity. Based on these perspectives, the aqueous extract could be deduced to possess very 

strong antioxidant activity by metal chelation.  
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Figure 2a: % iron binding capacity against concentrations of aqueous extract of V. doniana fruit and 

standard (EDTA) 
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Figure 2b: % DPPH against concentrations of aqueous extract of V. doniana fruit and standard 

(Ascorbic Acid) 
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Figure 2c: % breakdown of hydrogen peroxide (H2O2) by aqueous extract of V. doniana fruit 

Plants are the potential source of natural antioxidants in the form of phenolic compounds such 

as tannins, saponins, terpenoids, polar flavonoids, phenols, ascorbic acids, non-polar 

flavonoids and many others that are capable of scavenging free radicals [39]. These 

components have ability to neutralize cell damage caused by free radicals or ROS or oxidants. 

The ion binding ability of the chelators could therefore be related to the type of functional 

group in the plant material used in ion chelation. The phytochemical analyses of the aqueous 

extract of Vitex doniona indicated the presence of saponin, alkaloids, flavonoids, tannins, 

phenolic compounds and steroids. However, terpenes were not indicative (Table 1). The 
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presence of these metabolites, probably with others unassessed, could be the source of 

antioxidant activity of the fruit extract in the current work. 

While synthetic antioxidants may be harmful to health [14], most plant-based natural 

antioxidants are safer for health. Many synthetic antioxidants show toxic and/or mutagenic 

effects, and so has shifted attention to the antioxidants that occur naturally [40]. That is why 

the fruit could be recommended for consumption, having found that it has inherent high 

antioxidant activity. 

Antimicrobial Activity:  There was no activity observed for the aqueous extract of Vitex 

doniana fruit on any of the test species (B. subtilis, S. aureus and E. coli) (Table 3). The positive 

control (standard sensitivity disc) used on the test bacteria showed that Chloramphenicol and 

Ampicillin had inhibitory effects on all the test bacteria (Table 3). It is possible that the aqueous 

extract does not have components that could inhibit the microbes, though it could also be as a 

result of limited quantities of active components. It is possible that extracts of other solvents 

would be active against the microbes. There could also be inhibitive components in the crude 

extract that overshadow activity of any active ingredient present. Further work is required to 

validate the current outcome. 

Conclusion 

Crude aqueous extract of Vitex doniana fruit has very strong antioxidant capacity. The 

hydrogen peroxide reduction potential of the extract was found to increase from 20.46±1.8 to 

28.84±0.8% for extract concentrations ranging from 2.00 to 0.125 mg/ml respectively. The 

reduction power of the extract on Fe (III) was very high with a percentage activity of 80.77±0.4 

to 55.60±2.2 % chelation by 200.0 to 5.0 mg/ml of the extract. This is high and comparable to 

the capacity of EDTA standard. Also, the range of DPPH scavenging activity of 200.0 to 5.0 

mg/ml crude aqueous extract of Vitex doniana was found to be 49.51±5.9 to 32.47±1.6 %. The 

results of the current research showed that Vitex doniana has a great potential for industrial 

application, and is a very useful natural source of antioxidants that could be recommended.  

The extract has shown no visible antimicrobial inhibition on B. subtilis, S. aureus and E. coli 

at concentrations ranging from 10 from 1000 μg/ml and thus require further work to be done. 

The phytochemical screening found tannins, saponins, alkaloids, flavonoids, steroid glycosides 

and phenolic compounds present in the aqueous extract of Vitex doniana fruit. 
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Recommendations  

Other solvents could be used for further studies on the fruit, especially for antimicrobial. 

Toxicity and in vivo studies should also be done to understudy the effects when the fruit is 

consumed. 

Funding  

This research received no external funding. 

Acknowledgments  

We want to offer our gratitude to laboratory staff of the Pharmaceutical Department, School 

of Pharmacy and Pharmaceutical Sciences of KNUST, and WACCBIP laboratory of the 

University of Ghana.  

Conflicts of Interest  

The authors declare no conflict of interest. 

References 

[1] R. W. J. Keay, Trees of Nigeria Oxford Press., (1989). 

[2] C. Dadjo, et al., Fruits., 67(4), 239-248 (2012). 

[3] A. V. Iwueke, et al., Nwodo (2006).  

[4] A. M. Kilani., African journal of biotechnology., 5(10) (2006). 

[5] O. Ladeji, Z. S. International journal of pharmacognosy., 34(5), 355-358 (1996). 

[6] E. I. Okoye, Interanational Journal of Cancer and Clinical Intervention and Exploratory 

Oncology., 1(1), 19-23 (2015). 

[7] A. A. Adejumo, et al., Journal of Natural Sciences Research., 3(12), 144-148 (2013). 

[8] B. Halliwell, J. M. Gutteridge, (1985). 

[9] S. A. Abagale, A. Iddrisu, International Journal of New Chemistry., 11(4), 311-328 

(2024). 

[10] D. Mantle, F. Eddeb, A. T. Pickering, Journal of Ethnopharmacology., 72(1-2), 47-51 

(2000). 

[11] S. Jain, A. Argal, Asian J Pharm Clin Res., 5(2), 194-195 (2012). 

[12] Z. Mohammedi, F. Atik, Impact of solvent extraction type on total polyphenols content 

and biological activity from Tamarix aphylla (L.) Karst (2011). 



International Journal of New Chemistry, 2025, 12 (3), 425-439                 Abah Abagale et al 

  
 

 

438 
 

[13] D. Kowalczyk, et al., Journal of the Institute of Brewing., 119(3), 103-110 (2013). 

[14] V. Sharma, et al., pods. J. Pharm. Res., 4(2), 554-557 (2011). 

[15] S. Manjula, E. Mamidala, International Journal of Medical Research & Health 

Sciences., 2(1), 40-46 (2013). 

[16] R. P. Samy, S. Ignacimuthu, Journal of Ethnopharmacology., 69(1), 63-71 (2000). 

[17] L. Lagnika, et al., Journal of Pharmacognosy and Phytotherapy., 4(4), 44-52 (2012). 

[18] W. Fabry, P. O. Okemo, R. Ansorg, Journal of ethnopharmacology., 60(1), 79-84 (1998). 

[19] D. K. Koche, D. G. Bhadange, K. D. Kamble, Biosci. Disc., 2(1), 69-71 (2011).  

[20] Z. U. Shariff, Modern herbal therapy for common ailments (No. 1). Spectrum Books., 

(2001).  

[21] J. B. Harborne, Phytochemical methods: a guide to modern techniques of plant analysis., 

Chapman and Hall (1998).  

[22] G. E. Trease, W. C. Evans, Pharmacognosy. London: Saunders Publishers. 15th edition 

584 p (2002). 

[23] W. Brand-Williams, M.E. Cuvelier, C. Berset, Lebensmittel Wissenschaft und 

Technologie., vol. 28, 25–30 (1995). 

[24] E. A. Decker, B. Welch, Journal of Agricultural and food Chemistry., 38(3), 674-677 

(1990). 

[25] S. M. Patil, V. J. Kadam, R. Ghosh, International Journal of PharmTech Research., 1(4), 

1480-1484 (2009). 

[26]  I. Pharmacopoeia, Controller of Publications., 2(35), 448 (1996). 

[27] A. Pareek, et al., Pharmacognosy Journal., 2(10), 357-360 (2010). 

[28] I. C. W. Arts, P., C. H. Hollman, American Journal of Clinical Nutrition., 81, 317S-325S 

(2005). 

[29] P. R. Murray, J. R. Zeitinger, D. J. Krogstad, Infection Control & Hospital 

Epidemiology., 3(3), 230-237 (1982). 

[30] B. Carbonnelle, et al., SIMED, South Africa., 9(15): 227-232 (1987).   

[31] H. Ait Bouzid, et al., Journal of Food Quality., 2022(1), 9362366 (2022). 

[32] M.A. Ebrahimzadeh, et al., Journal of Pharm. Sciences., 23, 29-34 (2010). 

[33] E. El Maaiden, et al., Brazilian Journal of Food Technology., vol. 23, Article ID e2019206 

(2020).   

[34] H. Ait Bouzid, et al., Hindawi Journal of Food Quality., Article ID 9362366, 15 pages 

(2022). 



International Journal of New Chemistry, 2025, 12 (3), 425-439                 Abah Abagale et al 

  
 

 

439 
 

[35] A. Zeroual, et al., Biointerface Research in Applied Chemistry., vol. 11, no. 2, 9358–9371 

(2022). 

[36] G. Rocchetti, Food Research International., vol. 136 (2020). 

[37] A.N. Panche, A.D. S. R. Diwan, S.R. Chandra, Journal of Nutrition Sciences., vol. 5, no. 

e47, 1–15 (2016).   

[38] K.B. Pandey, S.I. Rizvi, Oxidative Medicine and Cellular Longevity., vol. 2, no. 5, 270–

278 (2009). 

[39] S. Phongpaichit, FEMS Immunology & Medical Microbiology., 51(3), 517-525 (2007). 

[40]  D., Krishnaiah, R. Sarbatly, A. Bono, Biotechnology and Molecular Biology 

Reviews., 2(4), 97-104 (2007). 

[41] V. Sharma, R. Paliwal, S. S. Sharma, Journal of Pharm Research., 4(2): 554 (2011). 

[42]  N. Dasgupta, B. De, Current Drug Target CNS Neural Diorder., 2: 95-107 (2004). 

HOW TO CITE THIS ARTICLE 

Samson Abah Abagale; Shakira Ibrahim; Moses A. Agbala; Daniel Oduro-Mensah; Jacob K. 

Donkor. "Evaluation of Antioxidant, Antimicrobial and Phytochemical outlook of Vitex 

doniana fruit extract", International Journal of New Chemistry, 2025; 12(3), 425-439. doi: 

10.22034/ijnc.2023.2015843.1365 


