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Abstract 

Green synthesis of Zinc Oxide Nanoparticles (ZnO NPs) has gained a greater interest as a simple, cost effective and 

ecofriendly. In this study, the ZnO NPs were synthesized using Vitex altissima leaves extract by the combustion method. ZnO 
NPs were characterized by Powder X-Ray Diffraction (PXRD), UV-Visible spectroscopy, Fourier Transform-Infrared (FTIR) 

spectroscopy, Scanning Electron Microscope (SEM) and Transmission Electron Microscopy (TEM) techniques. The PXRD 

pattern of ZnO NPs showed hexagonal wurtzite structure with average crystalline sizes of 10-50 nm. The formation of ZnO 

NPs was confirmed by its maximum absorbance at 373 nm in UV-Visible spectroscopy. FTIR data showed the presence of 

different functional groups. Morphological studies were revealed by SEM and TEM. ZnO NPs showed an effective zone of 

inhibition in agar well diffusion assay for pathogenic gram positive (Staphylococcus aureus) and gram negative (Escherichia 

coli and Pseudomonas desmolyticum) bacteria confirming efficient antibacterial activity. ZnO NPs revealed an efficient 

antioxidant, anticoagulant and antiplatelet activity. 
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1. Introduction 

In recent years, metal oxide Nanoparticles (NPs) have been 
utilized for biological applications such as drug/ gene 

delivery, bio-detection of pathogens, tissue engineering, 

diagnostics, cancer therapy due to their unique 

physicochemical and biological properties [1-2]. Because of 

its exclusive features like size, morphology and 

biocompatibility, it is exposed for biological applications. 

Zinc oxide is considered as an important material among 

transition metal oxide nanomaterials. ZnO has a high 

excitation binding energy of 60 MeV and wide 

semiconductor band gap of 3.37 eV. It is one of the binary 

compound in II to VI group of elements [3-8]. 
Several methods have been employed to synthesize ZnO 

nanoparticles such as sol–gel, direct precipitation, 

solvothermal and hydrothermal [9–13]. These methods require 

tedious procedures, expensive substrate and sophisticated 

equipment. In this study, Solution Combustion Synthesis 

(SCS) method was employed as it is a simple, easier, less 

energy and less time-consuming method among the existing 

wet chemical routes. Important benefits of green synthesis 

are lesser or zero pollution to the environment and 

nanomaterials can be synthesized easily, environmentally 

friendly and reasonable scale [14-16]. 

In the present work, the ZnO NPs were synthesized using 
aqueous extract of Vitex altissima leaves by solution 

combustion method. V. altissima is a woody plant belongs 

to a family verbenaceae and is widely spread in the Asian 

region and used as conventional medicines for various 

diseases such as allergies, urinary infection diseases, 

wounds, ulcers, inflammation and eczema [17-18]. The 

synthesized ZnO NPs were characterized by analytical 

techniques such as Powder X-Ray Diffraction (PXRD), UV-

Visible spectroscopy, Fourier Transform-Infrared (FTIR) 

spectroscopy, Scanning Electron Microscope (SEM) and 

Transmission Electron Microscopy (TEM). Further, the 

biocompatible synthesized ZnO NPs were studied by 
different biological activities such as antimicrobial, 

antioxidant, anticoagulant, platelet aggregation and 

hemolytic activity. 

 

2. Materials and methods 

2.1. Materials 

Vitex altissima [L.] plant leaves were collected from the 

Devarayanadurga forest area, Tumkur Dist., Karnataka, 

India. The plant was authenticated by Dr. Lakshmana, 

Department of Botany, Tumkur University, Tumkur. All the 

chemicals and reagents were used with Analytical Reagent 
grade (AR) without further purification. All the chemicals 

and reagents were purchased from Hi-Media Pvt. Ltd. 

Bangalore. 

 

2.2. Preparation of extract and synthesis of ZnO 

Nanoparticles from Vitex altissima 

Preparation of aqueous extract using V. altissima leaves was 

done by the soxhlet extraction apparatus [19]. ZnO 

Nanoparticles were synthesized by using aqueous extract of 

V. altissima leaves by solution combustion method [20]. In 

the present study, synthesis of ZnO NPs, was carried out by 

1:1 ratio of Zinc nitrate hexahydrate (Zn (NO3)2.6H2O) as 
oxidizing agent and V. altissima leaves extracts as reducing 

agent were taken in a Petri dish, followed by adding a small 

amount of doubled distilled water and stirred at room 

temperature for 10-15 min with the help of magnetic stirrer 

at 1000 rpm to get a homogeneous solution. Ultimately, the 

above solution was introduced into the preheated muffle 

furnace at 400±10°C to initiate the reaction, the reaction 

was completed within 5±1 min and the product was 

produced in the form of powder and then the obtained 

product was further calcinated at 600°C for 3h to eliminate 
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the impurities. As a result, pure product is obtained and it is 

subjected to characterization and used to analyze different 

biological activities. 

 

2.3. Characterization 

Green synthesized ZnO NPs were characterized by X-ray 

diffraction studies with the help of Powder X-ray 

Diffractometer (PXRD-Shimadzu-7000) with 
monochromatized Cu Kα radiation. UV-Vis absorption 

studies of ZnO NPs were recorded using the Perkin Elmer 

Lamda-35 spectrophotometer. The IR study of ZnO NPs 

was analyzed with the help of the Perkin Elmer Spectrum 

BX FT-IR system. Morphological studies of ZnO NPs was 

analyzed by Scanning Electron Microscopy (Hitachi: Table 

Top Microscope Model TM 3000) and Transmission 

Electron Microscopy (TECNAIF-30) techniques. 

 

2.4. Antibacterial activity 

The antibacterial activity of ZnO NPs against bacterial 
pathogens both gram-positive (Staphylococcus aureus) and 

gram-negative (Escherichia coli, and Pseudomonas 

desmolyticum) strains is carried out in an aseptic condition 
[21]. Nutrient agar (NA) plates were prepared by Nutrient 

agar media (3.7% w/v). NA is dissolved in 100 mL of 

doubled distilled water and then autoclaved for 15 min. The 

autoclaved NA medium was transferred into sterilized petri-

dishes and then left to solidify for some time. After 

solidifying the NA medium, inoculate 100 µL of 24 hrs 

mature specific bacterial cultural strains by spreading on the 

surface of the NA plates with the aid of an L-Shaped 
sterilized glass rod, then the wells of about 6 mm are made 

with the help of a steel cork borer in NA plates. 

Biosynthesized ZnO NPs were well dispersed in sterilized 

distilled water by using sonicator and then different 

concentrations of ZnO NPs (50, 100 and 150 µg/µL) using 

micro-pipettes are added to the well. At the same time, the 

standard bacterial drug ciprofloxacin as a positive control 

tested against the bacteria and then incubated for 24-36 hrs 

at 37°C. After incubation, the zone of inhibition of each 

well was observed and then measured in millimeter (mm). 

The experiment was performed in triplicates and then 

measured the average values and determined the 
antibacterial activity. 

 

2.5. Antioxidant activity 

Antioxidant activity of ZnO NPs was performed according 

to Brand-Williams method [22]. In this method different 

concentrations of ZnO NPs were allowed to react with 

DPPH (1 mM) solution and then incubated in a dark 

condition for 30 min at room temperature. After incubation 

the absorbance was recorded at 520 nm against the blank 

and also determined the IC50 value. 

 
2.6. Anticoagulant, Platelet aggregation, and direct 

hemolytic activity  

2.6.1. Human blood 

During the experiment, fresh human blood was obtained 

from healthy donors. 

 

2.6.2. Plasma re-calcification time 

Plasma recalcification time was calculated by the method as 

follows [23]. The blood drawn from healthy volunteers are 

transferred to a tube containing 3.2% of sodium citrate (9:1).  

The tube is tilted slowly twice to mix blood with 

anticoagulant. Then this was subjected to centrifugation for 

6 min at 3000 rpm to obtain platelet poor plasma. The 

different concentrations of ZnO NPs were pre-incubated 

with citrated human plasma for 5 min at 37°C. Then 25mM 

of calcium chloride (CaCl2) was added to the pre-incubated 

mixture and the time for clotting was recorded. 

 

2.6.3. Platelet aggregation 

The turbid metric method [24] has been described by a dual-

channel chronology. The human blood was drawn from 

healthy volunteers and centrifuged by adding 3.2% sodium 

citrate (9:1) for 10 min at 900 rpm to get platelet rich 

plasma (PRP). 0.25 ml of PRP was transferred to a glass 

cuvette containing a metal stirrer with Teflon coated. The 

aliquots of PRP were pre-incubated at 370C by constant 

stirring at 1200 rpm. The aggregation was initiated by 

adding ZnO NPs and ADP as agonist, the experiment was 

continued for 6 min. The trace of aggregation of 
nanoparticles has been noted and recorded. 

 

2.6.4. Hemolytic activity  

In vitro hemolytic activity was tested by the method [25]. The 

blood was centrifuged at 1500 rpm for five minutes to 

obtain 2 ml of tightly packed RBC. 2% erythrocyte 

suspension was prepared in sterile normal buffer saline. 

Different concentrations of ZnO Nps (0-350µg) were mixed 

with 0.5mL of a 2% erythrocyte suspension and 0.5 mL of 

normal saline. The solution was incubated for 30 min at 

370C. After incubation, the reaction mixture volume was 
made up to 2ml with normal saline which was then 

centrifuged for 2-3 min at 1500 rpm. The amount of free 

hemoglobin in 1.0 mL of the supernatant was measured at 

540nm. Normal saline and distilled water were used as 

minimal and maximal hemolytic controls. 

 

3. Results and Discussions 

 Generally, the plant extracts possess different bioactive 

constituents. The aqueous extract of Vitex altissima leaves 

exhibiting the numerous bioactive secondary metabolites 

such as alkaloids, glycosides, triterpenoids, saponins and 

quinones. Herein, we have synthesized ZnO NPs using V. 
altissima leaves extract by solution combustion method 

which is simple, cost-effective, non-toxic, eco-friendly, and 

biocompatible. The structural, optical, and morphological 

studies of ZnO NPs were characterized by different 

analytical techniques such as PXRD, UV-Visible, FTIR, 

SEM and TEM. Further, the synthesized ZnO NPs were 

used to analyze various biological properties such as 

antimicrobial, antioxidant, anticoagulant, platelet 

aggregation, and hemolytic activity.  

 

3.1. PXRD  

The study of the phase and purity of the Nano crystallized 

ZnO NPs using aqueous extract of V. altissima leaves was 

analyzed by the PXRD pattern as shown in Fig.1. The 

diffraction pattern of the ZnO NPs are well-indexed to the 

hexagonal phase with a wurtzite structure with lattice 

parameter constants a, b = 3.25049 Å, c = 5.20263 Å which 

are firm with the values compare to standard data card 

JCPDS no.36-1451. By the PXRD pattern of ZnO NPs 

estimated the average particle size using Debye–Scherrer's 

formula [26].  
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D= ………………….  (1) 

 

Where 'k' is shape factor (0.9), 'λ' is the wavelength of X-ray 

(1.5406 A °) Cu Kα radiation, 'β' is the full width at half 
maximum (FWHM), 'θ' is the Bragg angle, and 'D' is 

crystallite size. The average crystallite size of ZnO NPs was 

found to be 10-50 nm. 

 

3.2. UV-Visible 

UV-Visible analysis of synthesized ZnO NPs using aqueous 

extract of Vitex altissima leaves is shown in Fig.2. The UV-

Visible absorption spectrum of ZnO NPs exhibited a typical 

excitation absorption band that appeared at 373 nm confirms 

the ZnO. The ZnO NPs absorption spectrum shows the 

sharp and prominent peak due to the shift of their electrons 

from the valence band to the conduction band. The band gap 
energy was estimated by the Tauc’s relation [27]. 

  

αhυ=A (hυ- Eg)n ………………... (2) 

 

Where, ‘h’ is Planck’s constant, ‘v’ is photon’s frequency, 

‘α’ is the absorption coefficient, Eg is the band gap and ‘A’ 

is proportionality constant. 

 

3.3. FTIR  

The FTIR analysis of synthesized ZnO NPs was performed 

to determine the functional groups recorded between in the 
range of 4000–500 cm-1 as shown in Fig.3. The broad 

prominent characteristic band at 3400 cm-1 is related to -OH 

stretching vibrations. The band of 2340 cm-1 belongs to Ar-

H stretching vibration. The band of 1384 and 1045cm-1 is C-

H and C-O and stretching vibrations [28,29]. The 1023 and 

1150 cm-1 shows an absorption region consisting of C-O and 

C–N stretching vibrations. In addition to this, the band at 

760 and 713 cm-1 is a C-H stretching vibrational mode of 

action. The peak in the range of 430–500 cm−1 is due to the 

presence of Zn–O bond. Some unresolved peaks in pattern 

may be due to some impurities.  
 

3.4. Morphological analysis 

The Morphological analyses of synthesized ZnO NPs are 

represented in Fig.4. SEM micrograph of ZnO NPs showed 

the particles are agglomerated and well-defined conical and 

triangular in shapes as shown in Fig. 4(a). The TEM 

micrograph of ZnO NPs exhibit the hexagonal structure and 

then found to be 50 nm in size as shown in Fig. 4 (b).  

 

3.5. Antibacterial activity 

The significant antibacterial activity of ZnO nanoparticles 

was tested against pathogenic bacterial strains 
Staphylococcus aureus, Escherichia coli, and Pseudomonas 

desmolyticum using the agar well diffusion method. The 

inhibition zone has been observed with different 

concentrations (50, 100 and 150 μg/mL) of ZnO NPs for 

individual strains respectively. The significant inhibition 

zone has been shown by S. aureus compared to E. coli and 

P. desmolyticum as shown in Fig.5 and Table.1. ZnO NPs 

interacting with the cell membrane of the bacteria and then 

allow ZnO particles to enter the cell and it may cause cell 

enzyme dysfunction and disruptions of the cell membrane 

by ZnO nanoparticles [30, 31, 32, 33].  
 

 

3.6. Antioxidant activity  

Antioxidants are bioactive compounds that serve as a 

scavenger of the Reactive Oxygen Species (ROS) by 

bringing an end to the oxidizing chain reaction. ROS plays a 

crucial role in the pathogenesis of a variety of degenerative 

disorders, including coronary and carcinogenic diseases. 

Typically, the DPPH assay is used to test the nanoparticle's 

radical scavenging capacity. The ZnO NPs significantly 
scavenged the DPPH radicles with an IC50 value of 3506 

μg/mL as shown in Fig. 6 [34]. 

 

3.7 Plasma Recalcification time 

At the site of injury, hemostasis is the physical phenomenon 

that prevents and stops bleeding. Therefore, ZnO NPs have 

been examined on the study of blood coagulation. Plasma 

recalcification time of ZnO NPs was determined by citrated 

human plasma and showed an increased clotting time as 

shown in Fig.7. Remarkably, different concentrations of 

ZnO NPs such as 120, 160, 200, 240, 280 μg with clotting 
time were 221, 269, 369, 420, and 467 seconds respectively 

and contrary to control CaCl2 showed a clotting time of 177 

Sec, indicates that ZnO NPs acts as an anti-coagulant [35, 36]. 

 

3.8. Platelet Aggregation study 

Platelets are the significant modules in the way of the blood 

stream, their vital role in blood clotting has taken place at 

the site of injury by forming the platelet plug. In the 

physiological system, the different agonists such as ADP, 

collagen, thrombin, and coagulation factors binding upon 

with their respective receptors on the platelet membrane that 
leads to the aggregation process. Therefore, the ZnO NPs 

was studied for its effect on ADP induced platelet 

aggregation as shown in Fig.8 (a). The inhibition was found 

to be dose-dependent. The effect of platelet aggregation (%) 

of ZnO NPs (300μg/mL) is 54% as shown in Fig.8 (b). The 

Fig.8 (c) shows the inhibition (%) of ZnO NPs (300μg/mL) 

is 46%. Thus, the synthesized ZnO NPs could be an 

effective antiplatelet agent to treat health disorders such as 

thrombosis [37, 38].  

 

3.9. Hemolytic activity 

By identifying the role of ZnO NPs on the membrane of red 
blood cells, indicates that ZnO NPs did not hydrolyze the 

RBCs [39]. 

 

 
 

Fig 1: PXRD pattern of ZnO NPs from aqueous leaves extract of 
Vitex altissima 

http://www.botanyjournals.com/


International Journal of Botany Studies  www.botanyjournals.com 

164 

 
 

Fig 2: UV-Visible absorption spectrum of ZnO NPs from aqueous 
leaves extract of Vitex altissima 

 
 

Fig 3: FT-IR spectrum of synthesis of ZnO NPs from aqueous 

leaves extract of Vitex altissima 

 

  
 

Fig 4: Morphological features of ZnO NPs from aqueous leaves extract of Vitex altissima (a) SEM micrographs and (b) TEM images 

 

 
 

Fig 5: Antibacterial activity of ZnO NPs from aqueous leaves 
extract of Vitex altissima against pathogenic bacterial strains such 

as E. coli, S. aureus and P. desmolyticum 

 

 
 

Fig 6: Antioxidant activity of ZnO NPs from aqueous leaves 
extract of Vitex altissima against DPPH radicals 

 
 

Fig 7: Plasma recalcification time of ZnO NPs using aqueous leaves extract of Vitex altissima 
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Fig 8: Platelet aggregation of ZnO NPs using aqueous leaves extract of Vitex altissima ADP as agonists (a) Traces of platelet aggregation: 
Trace 1 (ADP 10 μM); Trace 2 (ADP 10 μM+100 μg NPs); Trace 3 (ADP 10 μM+200μg of NPs); Trace 4 (ADP 10 μM+300 μg of NPs), (b) 

Dose dependent platelet aggregation % (c) Dose dependent platelet aggregation inhibition % of ZnO NPs 

 
Table 1: Antibacterial activity of ZnO NPs from Vitex altissima 

against pathogenic bacterial strains 
 

Samples 
Treatment 

concentration 

S. Aureus 

(S) Mean 

± SE 

E.coli (E) 

Mean ± SE 

P. 

desmolyticum 

(P) Mean ± 

SE 

Ciprofloxacin 5µg/ µL 13.03±0.16 15.83±0.03* 14.13±0.09 

ZnO NPs 

50µg/ µL 1.97±0.09 1..60±0.06 1.27±0.27 

100µg/ µL 3.67±0.09 2.77±0.09 2.60±0.06 

150µg/ µL 4.70±0.12 3.80±0.10 3.33±0.17 

Values are the mean ± SE of inhibition zone in mm. 
 
Conclusion 

Zinc oxide nanoparticles (ZnO NPs) are synthesized by using V. 
altissima leaves extract by solution combustion method. The 
structural, optical, and morphological characteristics of ZnO NPs 

were characterized by PXRD, UV–Visible, FTIR, SEM, and TEM 
techniques. The PXRD pattern of ZnO NPs shows hexagonal 
wurtzite structure. The UV-Vis absorption study of ZnO NPs at 
373nm indicates blue shifts compared to bulk ZnO NPs. The FTIR 
spectrum of ZnO NPs shows Zn-O vibrational stretching at 436 
nm. The morphological feature of the ZnO NP is conical and 
hexagonal shape. ZnO NPs shows significant antibacterial activity 
against pathogenic bacterial strains. Also, the antioxidant activity 

of ZnO nanoparticles shows efficient activity by potentially 
scavenging DPPH radicals. Further, ZnO NPs exhibit 

anticoagulant activity and also act as an antiplatelet agent whereas 
it does not shows any hemolytic activity. These studies reveals that 

green synthesized ZnO NPs can be employed for future use in 
biomedical applications. 
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