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Abstract 

Plant extracts play a major role in influencing the synthesis of metal oxide nanoparticles. Cerium oxide nanoparticles (CeO2-

NPs) have demonstrated promising methodologies as remedial specialists in clinical sciences. The physicochemical properties 

of CeO2-NPs such as size, surface charge and agglomeration status in fluid assumes significant jobs in a definitive 

communication of the NPs with target cells. Recently, CeO2-NPs have been combined through a few bio-coordinated 

techniques applying regular and natural lattices to prepare biocompatible CeO2-NPs by solution combustion synthesis. A 

liquid concentrate of Tridax procumbens was used as a diminishing expert for the green association of CeO2-NPs to form TP-

CeO2-NPs. The significance of using the plant extract in the synthesis of TP-CeO2-NPs was characterized by Powder X-Ray 

Diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM), UV-Visible and Fourier-transform infrared 

spectroscopy (FTIR) examinations. XRD diffractograms revealed the unadulterated cubic ceria arrangement with fluorite 

structure having crystallite quantities to the extent of 10 – 50 nm. FESEM analysis showed the penetrable nanostructured 

materials. UV-Visible range demonstrated trademark osmosis generally outrageous at 342 nm. The sharp tops in the FTIR 

range confirmed the presence of Ce-O extending mode. The biological characterization revealed the procoagulant property of 

the TP-CeO2-NPs. The higher concentration of the TP-CeO2-NPs evaded the requirement of calcium chloride to coagulate the 

blood plasma as evidenced in activated partial thromboplastin time (APTT) assay. TP-CeO2-NPs enhanced the aggregation of 

platelets and the NPs were devoid of hemolytic property. 
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1. Introduction

In the course of the most recent decade, metal and metal-

oxide nanoparticles study is a rising field in nanoscience and 

innovation [1]. The size and state of nanomaterials 

essentially assume an indispensable job in physical, 

electrical and optical properties [2, 5]. Cerium has been 

placed in the class of lanthanide series in the periodic table 
[6]. Cerium has a fluorite structure in an oxide state. The 

nanoscale structure of cerium oxide nanoparticles (CeO2-

NPs) holds the fluorite structure with oxygen inadequacies. 

This yields CeO2-NPs with (CeO2−X) opportunities which 

give possibilities to decrease oxidation reactions [7]. CeO2-

NPs have the potential to relieve oxidative stress, which has 

been connected to the improvement of neurodegenerative 

ailments such as Parkinson's and Alzheimer's illness. The 

capacity of CeO2-NPs to switch between valency states 

empowers them to copy explicit compound capacities such 

as superoxide dismutase (SOD), catalase (CAT), 

phosphatase, oxidase peroxidase and phosphotriesterase [8,9]. 

CeO2-NPs have likewise been accounted to have 

multienzyme properties, including superoxide-oxidase, 

catalase-oxidase and mimetic properties which aided in 

developing an intriguing material in natural fields such as 

bioanalysis [10, 15], biomedicine [16] and/or medication 

delivery [17,18]. These applications are gained from a speedy 

change of the oxidation state somewhere in the range of 

Ce3+ and Ce4+ [7]. The surface Ce3+: Ce4+ proportion is 

affected by the microenvironment. Accordingly, the 

microenvironment and blend strategy received additionally 

assumes a significant job in deciding the natural movement 

and poisonous quality of CeO2-NPs [19]. 

Plants have been extensively used in recent research owing 

to their various therapeutic potential in traditional medicinal 

practices. Plants are eco-friendly, inexpensive and non-toxic 

in nature. The presence of different constituents such as 

alkaloids, terpenoids, phenols, flavonoids, tannins and 

quinines in the plants are known to mediate in the synthesis 

of nanoparticles [20, 21]. These characteristics influence in 

incorporating plants as fuel for the green synthesis of 

nanoparticles [22, 23]. Tridax procumbens is known to possess 

alkaloids, steroids, carotenoids, flavonoids, phytosterols and 

other phytochemicals. The plant is used in Ayurvedic 

medicinal practice to treat diabetes, arthritis, inflammation 

and open wounds. Earlier research has shown that 

concoctions of T. procumbens is associated with medicinal 

applications such as antioxidant, anti-bacterial, anti-

microbial, anti-leishmanial, anti-hepatic, vasorelaxant and 

mosquitocidal activities [24]. T. procumbens has a serine 

protease associated with procoagulant activity [25]. T. 

procumbens have been used as a fuel in the preparation of 

different nanoparticles such as silver [21, 26, 27], copper [28, 29], 

iron [30, 31], chromium [32] and gold [33]. This is the first report 

on the synthesis of chromium oxide nanoparticles with the 

association of T. procumbens. 



International Journal of Botany Studies  http://www.botanyjournals.com 

80 

In this study, T. procumbens is used as a reducing agent in 

the biosynthesis of cerium oxide nanoparticles. The 

significance of plant extract in the biosynthesis of cerium 

oxide nanoparticles is analyzed by comparing and 

characterizing the nanoparticles synthesized in the presence 

and absence of the plant extract, individually. The 

nanoparticles are also tested for its effect on blood 

coagulation cascade, platelet aggregation and red blood 

corpuscles to investigate its biological application. 

 

2. Materials and Methods 

2.1 Chemicals 

Adenosine diphosphate (ADP) was purchased from Sigma 

Aldrich (St. Louis, MO, USA). APTT kit was purchased 

from Tulip Diagnostics Pvt Ltd. The remaining reagents 

used in these experiments were of analytical grade. 

 

2.2 Plant material 

The T. procumbens plant was collected near Gubbi, about 

20 Km from Tumkur district, Karnataka, India (GPS 

13.30°51’27” N, 76.95°25’26” E). The plant was 

authenticated by Dr. P. Sharanappa, Professor, Department 

of Studies and Research in Bioscience, Hemagangotri, 

University of Mysore, Hassan, India. Specific voucher 

specimens (TU15DOSRBC001) of this plant were deposited 

in the Herbarium of Department of Studies and Research in 

Botany, Tumkur University, Tumakuru, Karnataka, India 

for future reference. 

 

2.3 Preparation of plant extract 

Tridax procumbens plant was washed, shade-dried, 

pulverized in a blender and stored in airtight containers at 4 

°C until further use. The powdered plant was extracted in 

distilled water in the ratio of 1:10 in a reflux arrangement at 

60-70 °C for 10 hours. The extract was filtered and 

centrifugation was followed to remove undissolved material. 

The extract was then concentrated to its 1/5th of the volume 

in the rotatory vacuum evaporator and stored in airtight 

containers at 4 °C. 

 

2.4 Preparation of CeO2 nanoparticles (CeO2-NPs) 

Nanoparticles were prepared by the solution combustion 

method by using aqueous extract of T. procumbens as fuel 
[23]. A stoichiometric amount of Ceric ammonium nitrate 

[(NH4)2Ce (NO3)6] was dissolved in 5 mL of plant extract. 

About 1 mL of double distilled water was added to the 

mixture and was kept in a preheated muffle furnace at 400 

°C. After 10-15 min, golden yellow amorphous powder (TP-

CeO2-NPs) was obtained which indicated the formation of 

NPs. The reaction was repeated with 5, 10, 15, 20, 25 and 

30 mL of the plant extract. The CeO2-NPs was also 

synthesized without fuel to analyze the importance of fuel. 

The obtained nanoparticles were ground using mortar and 

pestle and stored in airtight containers until further use.  

 

2.5 Morphological and structural characterization of 

nanoparticles 

The crystalline structure and phase purity were examined by 

X-ray diffraction (XRD) (Shimadzu-7000) using Cu Kα 

(1.541 Å) radiation with a nickel filter operating at a voltage 

of 50 kV and a current of 30 mA (2θ ranging between 20° to 

80°). UV–Visible spectrophotometer (Evolution-220, 

ThermoScientific) was used to analyze the optical properties 

of NPs at a resolution of 1 nm between 280 to 800 nm. The 

surface morphology of NPs was studied by Field Emission 

Scanning Electron Microscopy (FESEM) (Carl Zeiss 

FESEM) with 10 kV acceleration voltages. The FESEM 

analysis was performed by placing the samples on carbon-

coated tape, air-dried and used for imaging. Detection of 

metals in the prepared samples was carried out using EDX 

attached with FESEM. Chemical constituents present in the 

sample were recorded by Fourier-transform infrared 

spectroscopy (FTIR) analysis (Model AIM-8800) under the 

spectral range of 4000-400 cm-1 with a resolution of 4 cm-1. 

The optical properties of the NPs were characterized by 

Thermo Scientific Evolution-220 UV-Visible 

Spectrophotometer. All the experiments performed were 

repeated thrice for CeO2-NPs and TP-CeO2-NPs separately 

and the data were analyzed using Origin 8 software. 

 

2.6 Effect of nanoparticles on activated partial 

thromboplastin time (APTT) 

The CeO2-NPs and TP-CeO2-NPs were analyzed separately 

to check for its effect on blood coagulation cascade by 

activated partial thromboplastin time (APTT) assay as 

described earlier using commercial kits [25]. Human blood 

was treated with sodium citrate (3.2%) in the ratio of 9:1. 

The anticoagulated blood was centrifuged to separate 

platelet-poor plasma (PPP) for 5 min at 3000 rpm. About 20 

mg of NPs were dispersed in 1 mL of distilled water and 

sonicated for 15 min at room temperature. PPP (100 µL) 

was incubated with different concentration of NPs for 5 min 

at 37 °C. After incubation, about 100 µL of commercially 

available APTT reagent containing activated cephaloplastin 

(liquicellin E) was added and incubated for 5 min at 37 °C. 

The clotting of the blood plasma was initiated with the 

addition of 25 mM CaCl2 (100 µL) and the time taken to 

form the clot was recorded.  

 

2.7 Effect of nanoparticles on platelet aggregation 

Platelet aggregation was monitored by the colorimetric 

method. Platelet-rich plasma (PRP) was obtained by 

centrifuging the anticoagulated human blood for 15 min at 

900 rpm. The supernatant obtained (PRP) was collected and 

transferred to a clean and dry test tube. The remaining blood 

was centrifuged for 20 min at 3000 rpm. The supernatant 

obtained was PPP, transferred to a clean and dry test tube. 

PPP and PRP were prewarmed to 37 °C. PRP (500 µL) was 

transferred to a siliconized glass cuvette and aggregated 

with the addition of 10 µM adenosine diphosphate (ADP) as 

an agonist and the aggregation was monitored every 1 min 

on a UV–Visible spectrophotometer at 620 nm. The effect 

of NPs was analyzed by incubating PRP with different 

concentration of CeO2-NPs and TP-CeO2-NPs, separately 

for 5 min before the addition of ADP. PPP was used as 

blank and the aggregation was monitored for a change in 

absorbance of PPP and PRP with the agonist representing 

0% and 100%, respectively.  

 

2.8 Hemolytic assay 

The hemolytic assay was performed to analyze the effect of 

NPs on mammalian erythrocytes. 

Preparation of erythrocyte suspension: Anticoagulated 

human blood was centrifuged for 5 min at 3000 rpm. The 

pellet consisting of the red blood corpuscles (RBC) cells 

were carefully separated and washed with saline (0.9%) for 

three times. Two percent of erythrocyte suspension was 

made by suspending RBC cells in saline. 

http://www.botanyjournals.com/
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Hemolytic activity: In vitro hemolytic activity was 

performed according to the method described earlier [34]. 

Different concentration of CeO2-NPs and TP-CeO2-NPs 

were added separately to test tubes containing 0.5 ml of the 

erythrocyte suspension prepared earlier and made up to 1 

mL with saline. The test tubes were incubated for 30 min at 

37 °C. After incubation, the mixture was made up to 2 mL 

with saline and centrifuged to separate the RBC for 3 min at 

1500 rpm. One mL of the supernatant was transferred to a 

siliconized glass cuvette and analyzed for the amount of free 

hemoglobin at 540 nm. Saline and sodium dodecyl sulfate 

(SDS) detergent were used as minimal and maximal 

hemolytic controls. 

 

2.9 Statistical analysis 

All the results of the experiments were performed in 

triplicates and expressed as mean ± standard error of the 

mean (SEM). The results were statistically analyzed using 

one–way ANOVA followed by Tukey’s Multiple 

Comparison Test. The data were considered significant at p 

< 0.05. 

 

3. Results and Discussion 

3.1 XRD of TP-CeO2-NPs 

The phase compositions of the CeO2-NPs and TP-CeO2-NPs 

were analyzed by X-ray diffraction. The XRD patterns of 

the NPs were compared with standards compiled by the 

Joint Committee on Powder Diffraction and Standards 

(JCPDS). The crystallite sizes of the NPs were calculated 

using Debye Scherrer formula: 

 

 
 

To calculate the lattice strain of the NPs specimens, the 

Williamson-Hall method was applied [35]: 

 

βcos θ =  

 

Where, λ, D, η and θ are the wavelength of the X-ray used 

(0.154056 nm), crystallite size, internal micro-strain 

associated with it and the Bragg angle (θ), correspondingly. 

Note that β in the above equation is the peak width (in 

radians) after subtracting the peak width due to instrumental 

broadening from the experimentally recorded pattern. 

Therefore, when βcosθ was plotted against 4sinθ, straight 

lines were obtained with the slope as η and the intercept as 

0.9λ/D. The XRD pattern of the CeO2-NPs and TP-CeO2-

NPs are shown in Fig. 1 and 2, respectively. The XRD peak 

positions were reliable with the cerium oxide. These are in 

good agreement with those in the JCPDS card (Card No. 89-

1397). The presence of (110), (111) and (202) planes in 

XRD indicates the formation of the pure monoclinic 

structure of TP-CeO2-NPs. No peaks were detected due to 

impurities, infers the high purity of TP-CeO2-NPs  

synthesized by this method. 

The sharp and narrow diffraction peaks of CeO2 indicate 

that the resulting products were of high crystalline in nature. 

By using the Scherrer formula, the crystallite size for any 

three different concentrations of CeO2-NPs synthesized was 

found to be between 8 and 13 nm. The average crystallite 

size was found to be in the range of 12 to 20 nm for any 

three different concentrations of TP-CeO2-NPs. This 

observation of the formation of narrow and uniform 

particles unambiguously demonstrates the role of fuel.  
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Fig 1: X-ray diffraction patterns of CeO2-NPs 
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Fig 2: X-ray diffraction patterns of TP-CeO2-NPs 
 

3.2 UV-Visible spectrum of TP-CeO2-NPs 

The synthesized CeO2-NPs and TP-CeO2-NPs were 

examined by UV-Visible spectrophotometer and results are 

plotted in the graph (Fig. 3 and 4, respectively). The UV–

Visible spectrum exhibited a well-defined absorption band 

at 365 nm and 342 nm confirming the formation of CeO2-

NPs and TP-CeO2-NPs, respectively. 
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Fig 3: UV-Visible spectrum of CeO2-NPs 
 

 
 

Fig 4: UV-Visible spectrum of TP-CeO2-NPs 
 

3.3 FESEM-EDX of TP-CeO2-NPs 

FESEM pictures exhibit the development of whip-like 

permeable NPs during the arrangement ignition union of 

TP-CeO2-NPs. During arrangement burning, enormous 

volumes of gases were developed as a result of the 

debasement of metal nitrates. Little particles were framed 

because of the break of the gases under high tension. The 

FESEM pictures uncovered that the CeO2-NPs (Fig. 5) and 

TP-CeO2-NPs (Fig. 6) arranged with enormous size having 

a circle-like structure with normal molecule size. A 

quantitative component mapping of CeO2-NPs (Fig. 7) and 

TP-CeO2-NPs (Fig. 8) was completed utilizing the EDX 

investigation to describe the segments joined to the flank 

surface. The mapping brings about that CeO2-NPs show just 

cerium components (Table 1) and TP-CeO2-NPs show 

different components alongside cerium (Table 2). 

 

 
 

Fig 5: FESEM images of CeO2-NPs 

 

 
 

Fig 6: FESEM images of TP-CeO2-NPs 

 

 
 

Fig 7: EDX of CeO2-NPs 

 

 
 

Fig 8: EDX of TP-CeO2-NPs 
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Table 1: Elemental analysis of CeO2-NPs by XRD 
 

S. No. Element Weight % Atomic % 

1 O K 18.80 66.97 

2 CeL 81.20 33.03 

 
Table 2: Elemental analysis of TP-CeO2-NPs by XRD 

 

S. No. Element Weight % Atomic % 

1 C K 5.66 17.03 

2 O K 25.33 57.23 

3 MgK 1.98 2.95 

4 P K 0.82 0.95 

5 S K 0.19 0.21 

6 ClK 0.67 0.68 

7 K K 3.04 2.81 

8 CaK 2.55 2.30 

9 CeL 58.71 15.15 

10 FeK 1.06 0.68 

 

3.4 FTIR of TP-CeO2-NPs 

The FTIR of CeO2-NPs and TP-CeO2-NPs were in the scope 

of 400-4000 cm−1 wave number which recognizes the 

synthetic bonds just as practical gatherings in the 

compound. In Fig. 9, the enormous expansive band at 

3418.98 cm−1 is attributed to the O-H extending vibration in 

OH− gatherings. The retention is top around 2925 cm−1, is 

allocated to the bowing vibration of C-H extending. The 

extreme band at 557.94 cm−1 relates to the Ce-O extending 

vibration [36,37]. The band situated at 1060.36 and 1331.31 

cm−1 has been ascribed to the CO2 topsy-turvy extending 

vibration and C-O extending vibration, individually. In the 

fig. 10, the band at 3420.18 cm−1 is attributed to the O-H 

extending vibration in OH− gatherings. The sharp and 

exceptional top around 1384.51 cm−1 is attributed to the 

bowing vibration of C-O extending. The band at 513.05 

cm−1 compares to the Ce-O extending vibration. 

 

 
 

Fig 9: FTIR spectrum of CeO2-NPs 

 
 

Fig 10: FTIR spectrum of TP-CeO2-NPs 
 

3.5 Activated partial thromboplastin time 

TP-CeO2-NPs interfered with the contact activation pathway 

of the blood coagulation cascade, as evidenced by the APTT 

assay. The APTT reagent, Liquicellin E is a phospholipid 

containing activated cephaloplastin reagent. Cephaloplastin 

activates the coagulation factors involved in the contact 

activation pathway such as factor VIII, IX, XI and XII. The 

activated factor IX (FIXa) in the presence of activated factor 

VIII (FVIIIa), phospholipid and calcium ions activate factor 

X (FX) to factor Xa (FXa). The FXa with FVa, 

phospholipid and calcium ions as the cofactors, converts 

prothrombin to thrombin. The thrombin immediately 

converts fibrinogen to fibrin and activates FXIII to FXIIIa. 

The activated FXIIIa stabilizes the soluble fibrin clot and 

promotes the formation of an insoluble hard clot. CeO2-NPs 

showed a very mild anticoagulant effect on the APTT. The 

normal APTT was found to be 38.24 s and with 1000 µg of 

CeO2-NPs the clotting time was increased to 64.74 s. The 

fuel affected the anticoagulant nature of CeO2-NPs when it 

was synthesized in the presence of the T. procumbens (TP- 

CeO2-NPs) into procoagulant nature in a dose-dependent 

manner (Fig. 11, **p < 0.01, and ***p < 0.001). TP-CeO2-

NPs (800 µg) decreased the coagulation time of APTT from 

38.24 s to 6.81 s (Table 3). Interestingly, the higher 

concentration of TP-CeO2-NPs (>1000 µg with activated 

cephaloplastin reagent) coagulated the plasma evading the 

requirement of calcium chloride in APTT assay. Further 

increase in the concentration of TP-CeO2-NPs had no 

significant effect in increasing the APTT (Table 4). NPs 

have a tendency to adsorb with the protein to form ‘protein 

corona’ and modify their biocompatibility [38,39]. Though the 

exact mechanism is unknown, owing to its non-protein 

composition, the activation of the fibrinogen enzymatically 

can be ruled out and the NPs might be mimicking to activate 

at the activation sites of the platelets and coagulation factors 
[40,41].  
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Fig 11: APTT of TP-CeO2-NPs 

 
Table 3: Activated partial thromboplastin time of TP-CeO2-NPs in 

low concentration 
 

 
Concentration in 

µg 
APTT reagents 

APTT ins ± 

SEM 

Control 0 

Activated 

cephaloplastin reagent 

+ CaCl2 

38.41 ± 3.18 

CeO2-NPs 

200 43.50 ± 2.02 

400 53.56 ± 3.18 

600 59.83 ± 2.90 

800 62.06 ± 3.47 

1000 64.91 ± 2.89 

TP-CeO2-

NPs 

200 32.15 ±2.12 

400 25.06 ± 2.89 

600 13.86 ± 2.05 

800 7.60 ± 2.34 

 
Table 4: Activated partial thromboplastin time of TP-CeO2-NPs in 

high concentration 
 

 
Concentration 

in µg 
APTT reagents 

APTT ins ± 

SEM 

TP-CeO2-

NPs 

1000 
Activated 

cephaloplastin reagent 
253.46 ± 3.89 

1200 

 

234.06 ± 7.01 

1400 222.12 ± 4.92 

1600 208.18 ± 5.33 

1800 203.56 ± 4.88 

2000 199.89 ±5.77 

 

3.6 Platelet aggregation studies 

Platelet aggregation is the first step in the blood coagulation 

upon injury. Platelet aggregation involves platelet-platelet 

adhesion and adhesion to the injured site. Platelets are 

activated by agonists such as ADP, epinephrine and 

collagen. The activation of the platelets through the 

receptor-agonist interaction stimulates the release of 

calcium ions in the cytoplasm [42]. An increased 

concentration of intracytoplasmic calcium ions induces a 

conformational change in the shape of platelets from disc to 

a spiny sphere with granulations all over [43]. The shape 

change in the platelet is allied with the cytoskeleton, 

microtubules and actin filaments of the platelets. This 

causes the projections on the morphologically modified 

platelets to interact with each other to form aggregates [44]. 

The effect of TP-CeO2-NPs was studied 

spectrophotometrically using PRP. CeO2-NPs did not affect 

the platelet’s aggregation. However, TP-CeO2-NPs 

enhanced the platelet aggregation induced by ADP. The 

aggregation induced by ADP alone was considered as 100% 

and with 2 mg of TP-CeO2-NPs, the aggregation was 

enhanced to 191% at 6 min (Fig. 12, **p < 0.01, and ***p 

< 0.001). The enhanced activity might be due to the 

interaction of TP-CeO2-NPs with surface receptors of 

platelets and/or adhesion membrane protein GPIIb/IIIa [45,46]. 

 

 
 

Fig 12: Platelet aggregation studies of TP-CeO2-NPs 
 

3.7 Hemolytic activity 

Hemoglobin was not liberated with the incubation of up to 

2000 µg of TP-CeO2-NPs (data not shown). This shows that 

TP-CeO2-NPs is devoid of the hemolytic property up to the 

tested concentration. In contrast, the positive control, SDS 

detergent induced hemolysis releasing free hemoglobin. 

 

4. Conclusion 

The examination shows a green strategy for the union of 

cerium oxide nanoparticles employing arrangement ignition 

strategy utilizing T. procumbens as fuel. The combination 

strategy is prudent, brisk, maintains a strategic distance 

from numerous response steps and destructive synthetic 

concoctions. TP-CeO2-NPs is active biologically by 

interfering in the blood coagulation cascade and platelet 

aggregation. TP-CeO2-NPs enhanced the plasma 

coagulation and platelet aggregation without showing the 

hemolytic property. This readiness/active principle of TP-

CeO2-NPs amalgamation is ecofriendly and can be 

adequately adjusted for a huge scope combination. 

 

Graphical abstract 
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