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The aim of this work was to study composition and antioxidant/reducing properties of Vitex cannabifolia leaves 
extract and to characterize it as a possible active agent for green synthesis of cerium oxide nanoparticles (CeO2-NPs). The 
aim of the study was also to prepare CeO2-NPs and to investigate the particles sizes, texture and morphology. 
Antioxidant/reducing properties of Vitex cannabifolia leaves extract were studied using Folin-Chiocalteu and                 
2,2-diphenyl-1-picrylhydrazyl (DPPH) tests, composition of the extract was explored by means of laser 
desorption/ionization time-of-flight mass spectrometry method. The extract was found to possess very high 
antioxidant/reducing capability, showing fast reduction of DPPH radicals even at 100-fold dilution. The main components 
of the extract were phenolic acids, flavonoids and terpenes; all these compounds are known to be active reducing and/ or 
stabilizing agents in green synthesis of various nanoparticles. Using the extract, CeO2-NPs were prepared by means of the 
procedure that included the reduction of cerium(IV) ammonium nitrate by extract components followed by annealing the 
precipitate at 600 °C under in air conditions. The particles synthesized were characterized by means of scanning electron 
microscopy, X-ray diffraction and nitrogen adsorption methods. According to X-ray diffraction and electron microscopy 
data, CeO2-NPs had crystalline structure, spherical form and fairly uniform particles size distribution; surface area of the 
particles was estimated from nitrogen adsorption isotherms as about 30 m2 per 1 g. The average crystallite size determined 
from X-ray line broadening data was about 17 nm, the average particles diameter derived from surface area data was up 
to ~30 nm. Thus, one can conclude that the particles synthesized are small enough to be suitable for biomedical 
applications while Vitex cannabifolia extract is the effective reagent for green synthesis of cerium oxide nanoparticles. 

Keywords: Vitex cannabifolia leaves extract, green synthesis, cerium oxide nanoparticles, antioxidant/reducing 
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INTRODUCTION 

The potential application of cerium oxide 
nanoparticles (CeO2-NPs) in biological and 
medical fields is very promising [1–3]. CeO2-NPs 
have shown protective effects on human health by 
reducing ischemic brain damage, inhibiting the 
progression of some blind diseases, diabetes, 
Alzheimer's disease, atherosclerosis. Also cerium 
nanoparticles exhibit antioxidant, antitumor, 
antibacterial and antiviral properties [3]. They are 
used as effective UV filters in sunscreen cosmetics, 
too [4].  

Among the methods for synthesis of      
CeO2-NPs for biomedical applications, green 
synthesis using plant extracts is of especial 
interest [1, 5]. Plant extracts can perform both 
the function of reducing and stabilizing agents 
that allows ones to use no toxic organic solvent 
and reagent and to carry out the reaction under 
mild synthesis conditions. Thus, synthesized 
nanoparticles do not contain toxic products and 
surfactants and can be more stable than the 
particles produced by traditional methods [1]. 

Recently, green synthesis of CeO2-NPs was 
reported using different plants, such as Aloe vera, 
Gloriosa superba, Acalypha indica [5–7]. 
However, the synthesized nanoparticles were 
generally so large in size that, according to 
literature, they were not appropriate for biomedical 
applications [2, 8]. Our previous studies have 
shown that the Vitex genus plant possesses high 
antioxidant/reducing properties and has a great 
potential in synthesis of silver nanoparticles. The 
active ingredients of Vitex genus leaves extracts are 
phenols, terpenoids and monosaccharides; these 
compounds are well known as reducing agents and 
are capable to reduce metal salts and to convert 
them to nanoparticles.  

The aim of the work was to study Vitex 
cannabifolia leaves extract as a possible active 
agent for CeO2-NPs preparation, to prepare 
CeO2-NPs using the extract and to characterize 
the extract and the particles synthesized. 

EXPERIMENTAL 

Vitex cannabifolia plants were used for 
green synthesis of CeO2-NPs. The biologically 
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active substances were extracted from the leaves 
with 70 % ethanol solution according to the 
procedure described in [9]. 100 ml of 70 % 
ethanol was added to 1 g of finely chopped 
leaves, after that the mixtures were placed into 
steam bath for 30 min. After cooling, the extract 
was adjusted to the initial volume and filtered. 

The total concentration of phenolic 
antioxidant/reducing agents in the extracts was 
evaluated by using the Folin–Ciocalteu method. 
To measure the total phenol index [10], 11.5 ml 
of water, 5 ml of 20 % sodium carbonate 
solution, 1.25 ml of Folin-Ciocalteu reagent 
(Merck) and 6.25 ml of water were consecutively 
added to 1 ml of extract. The solution was stirred 
for 30 min, then the absorbance at 750 nm was 
measured, and the total phenol index was 
calculated in accordance with the protocol [10]. 
By comparison of the obtained values of phenol 
index of the extracts with the corresponding data 
for ascorbic acid (total phenol index for the 
0.5 mM solution of ascorbic acid was equal to 1 
[11]), the equivalent concentration of the 
antioxidant in solutions was estimated. 

To determine the total content of flavonoids, 
we used the method based on the capability of the 
compounds to form a coloured complex with 
aluminium chloride. 1 ml of extract, prepared as 
described above, was placed in volumetric flask, 
5 ml of 2 % solution of AlCl3 (Sigma-Aldrich) in 
95 % ethanol was added into the glass, and then 
95 % ethanol was added to reach a volume of 
25 ml. The mixture was stirred for 30 min and the 
optical density of the solution at 410 nm was 
measured. To prepare a blank solution, 0.1 ml of 
concentrated acetic acid was added to 1 ml of 
extract, followed by the dilution of the mixture by 
95 % ethanol to the total volume of 25 ml. To 
prepare reference samples, the rutin (Sigma-
Aldrich) solutions of different concentrations were 
prepared, using 95 % ethanol as a solvent [12]. 
Total content of flavonoids was expressed as the 
equivalent weight of rutin per 1 g of dried leaves. 

Antioxidant/reducing activity of Vitex 
extract was evaluated using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging 
method [13]. 1 ml of original was placed into 
glass and 2 ml of 70 % ethanol and 2 ml of 
0.15 mM DPPH solution were consecutively 
added to the glass. The solution was shaken at 
25 C for 5–120 min. The change in 
concentration of stable radicals in reaction 
mixture during the reaction was determined from 

the change in absorption at the maximum of 
520 nm as compared to absorption value for 
control solution. To prepare control solution, 
3 ml of 70 % ethanol was mixed with 2 ml of 
0.15 mM DPPH solution. 

Qualitative analysis of extracts composition 
was performed by means of laser 
desorption/ionization time-of-flight mass 
spectrometry (LDI MS). Mass spectra were 
recorded in positive and negative-ion extraction 
mode on Autoflex II mass spectrometer (Bruker 
Daltonics Inc., Germany) equipped with a 
nitrogen laser (337 nm). The samples were 
ionized in the pulse mode: pulse length 3 ns, 
frequency 20 Hz; maximum energy 65 mJ. 
Spectra were recorded in the reflection mode 
using a delayed extraction of 20 ns and 
accelerating voltage 20 kV. The resulting mass 
spectra were the sum of 100 individual spectra. 

To produce CeO2-NPs, 100 ml of 0.01 M 
ammonium cerium(IV) nitrate solution was added 
to 10 ml of plant extract. The reaction mixture was 
stirred for 3 h at 80 °C, cooled to room temperature 
and stored for 2 days. The precipitate was 
powdered and annealed at 600 °C for 2 h.  

XRD patterns of the nanoparticles were 
obtained at a DRON-4-07 diffractometer (Firm 
“Burevestnik”, Russia) with filtered CuKα 
radiation in geometry of Bregg-Brentano in  
range of 10–80°. Phase identification was 
performed using the database of JCPDS. The 
average size of crystallites was calculated from 
X-ray data according to Scherrer formula. 

Scanning electron microscopic (SEM) 
images were recorded using a Gemini 500 
electron microscope (Zeiss, Germany). The 
samples powder was grind on a standard holder 
that was pre-coated with a double-sided 
conductive graphite tape. The remaining powder 
was blown out from the tape in a stream of dry 
nitrogen. An aperture of 20 μm was used with an 
acceleration voltage of 1–2 kV. Secondary 
electron detector was manly used, which allowed 
omitting fast surface charging. 

UV/Vis spectra of plant extracts and reaction 
mixtures were recorded on a Perkin Elmer Lambda 
35 UV/Vis double beam Spectrophotometer at 
25 °C in the wavelength range of 200–800 nm. 
Scanning speed was 480 nm/min, pathlength of 
cuvette (Perkin-Elmer) was 10 mm. 

Textural characteristics of CeO2-NPs were 
derived from 77 K nitrogen adsorption isotherms 
using several standard methods (BET, t-plot, 



Synthesis of cerium oxide nanoparticles using Vitex extract 
______________________________________________________________________________________________ 

ISSN 2079-1704. CPTS 2020. V. 11. N 4                             479 

DH, DR methods). Isotherms were recorded and 
processed on an AUTOSORB-6B 
(Quantachrome, USA). 

RESULTS AND DISCUSSIONS 

The data characterizing the 
antioxidant/reducing properties of Vitex 
cannabifolia leaves extract (the values of the total 
phenolic index and the equivalent concentration 
of ascorbic acid) as well as the data on the 
flavonoid content in the plant leaves are 

presented in Table 1. As one can see from the 
data, the extract contains high amount of phenols 
and flavonoids. The extract also possesses high 
antiradical/reducing properties, as it is shown in 
the reaction of strongly diluted extract with 
DPPH radicals (Fig. 1). 

The more detailed study of the extract 
composition was carried out using LDI MS 
method. The appropriate data are given in Fig. 2 
and in Table 2. 

 

Table 1. Content of phenolic antioxidants in the Vitex cannabifolia leaves and extract 

Sample 
Total 

Phenolic 
index 

Equivalent concentration of 
ascorbic acid in extract, 

mmol/L 

Content of flavonoids per 
1 g of dried leaves, % 

Leaves of Vitex cannabifolia 15.0 7.5 1.2 
 
 

 

Fig. 1. Inhibition of DPPH radical in reaction with Vitex cannabifolia extract. Before measurement the extract was 
diluted by 100 times 

 

Fig. 2. Fragments of negative (−) and positive (+) ion mode of LDI mass spectra of Vitex cannabifolia extract 
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Table 2. The most abundant ions in the negative and positive modes of mass spectra of Vitex extracts 

m/z Compound, ion m/z Compound, ion 

133 Cinnamyl alcohol, [MH] 374+ Casticin, M+ 

137 Hydroxybenzoic acid, [MH] 381+ Lactose / Cellobiose / Maltose / Sucrose, 
[M+K]+  

153 Terpinenol, [MH] /  
Dihydroxybenzoic acid, [MH] 

397+ Casticin, [M+Na]+ / 
Stigmasterol glucoside, [М+1-глюкоза]+ 

165+ Eugenol, [М+Н]+ / Hydroxycinnamic acid, 
[М+Н]+ 

413+ Stigmasterol, M+ 

179 Glucose/Galactose/Fructose/Caffeic acid, 
[MH] 

416+ Methylenedioxypentamethoxyflavone, M+ 

191 Citric acid / Scopoletin, [М-Н] 429+ Vitetrifolin D, [M+Na]+/ 
Friedelind, [M+H]+  

219+ Caryophyllene oxide, [М-Н]+ 431 Vitexin / Isovitexin, [MH] 
220+ Spathulenol, M+ 447 Orientin / Isoorientin / Cynaroside, [MH]  

255 Hexadecanoic acid, [MH] 463+ Luteolin-glucuronide, [М+Н]+ 

260+ Cadinol, [М-H+K]+ 463 Isoquercitrin, [MH] 

283 6-methyl hexadecanoic acid methyl ester /  
Stearic acid, [MH] 

465 Agnuside, [M-H] 

299- Trihydroxydimethoxyflavone, [MH] 504+ Cannabifolin B, [M+H]+ 

341 Myzodendrone / Dicaffeic acid / Lactose / 
Cellobiose / Maltose / Sucrose, [MH] 

538 Caffeoylmussaenosidic acid, [MH] 

353 Chlorogenic acid, [MH] 609 Caffeoylisoorientin / Hesperidine / Rutin, 
[MH] 

359 Chrysosplenol / Centauredin, [MH]   

 
 

Fig. 2 shows the most abundant ions in the 
negative and positive modes of mass spectra 
while Table 2 gives possible interpretation of all 
the signals identified. For signals attribution, the 
literature data [1419] were used. 

As one can conclude from the data, the most 
intensive signals in the mass spectra are due to 
compounds related to phenolic antioxidants. 
Indeed, 15 of the 25 most pronounced peaks can 
be referred to phenolic acids (dihydroxybenzoic 
acid, hydroxycinnamic acid, caffeic acid, 
chlorogenic acid) and flavonoids (trihydro-
xydimethoxyflavone, chrysosplenol/centauredin, 
casticin, methylenedioxypentamethoxyflavone, 
vitexin/isovitexin, orientin/isoorientin/cynaroside, 
luteolin-glucuronide, isoquercitrin, caffeoyli-
soorientin/hesperidine/rutin). Extract also seems 
to contain citric acid, mono- and disaccharides 
(glucose/galactose/fructose and lactose/cello-
biose/maltose/sucrose), terpenes and terpenoids 
(terpinenol, cannabifolin B, caryophyllene oxide, 
spathulenol, cadinol, vitetrifolin D, agnuside, 
caffeoylmussaenosidic acid). All these compounds 
are known to be active reducing and/or 

stabilizing agents in green synthesis of various 
nanoparticles.  

Fig. 3 shows the SEM image of CeO2-NPs 
particles synthesized using Vitex extract. The 
particles seem to have a rather spherical form 
and fairly uniform particle size distribution. 
Fig. 4 gives the X-ray diffraction curve; the data 
confirm crystalline structure of the particles. The 
average crystallite size determined from X-ray 
line broadening data is ~17 nm.  

Table 3 gives the data on the texture of 
CeO2-NPs derived from nitrogen adsorption 
experiment. The results show that the sample is 
non-porous powder; the estimated total pore 
volume and volume of micropores are small 
enough to be referred to the slits and cavities 
between the particles.  

Average particles sizes may be estimated 
also from the surface area data. As one can see 
from the data of Table 3, surface area of the 
CeO2-NPs powder is about 26–31 m2/g. Taking 
into account the bulk density of CeO2 
(7.215 g/cm3), one can estimate the average 
diameter of the particles as D = (26÷30) nm. 
This value is approximately 1.7 times higher 
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than the average diameter of crystallites (17 nm), 
that is the volume of the particle is 
approximately 5 times higher than the average 
volume of the crystallite. Perhaps, each particle 

consists of 5 or more smaller crystallites, with 
the slits between the crystallites and the particles 
of various sizes being the micropores and larger 
pores. 

 
 

 

Fig. 3. SEM image of CeO2-NPs 

 

 

Fig. 4. XRD pattern of CeO2-NPs 

 

Table 3. Surface area and pore volume for CeO2-NPs  

Sample BET t–method DH method 
(adsorption/desorption) 

DR method 
 

 SBET, m2/g Sext, m2/g Stotal, m2/g Vtotal, cm3/g Smi, m2/g Vmi, cm3/g 
CeO2-NPs 30 30 26/31 0.012/0.012 13 0.005 
SBET  surface area by BET method, Sext  external surface area by t- method,  
Stotal and Vtotal  cumulative surface area and pore volume by DH method,  
Smi and Vmi  micropore surface area and micropore volume by DR method 
 

CONCLUSIONS 

The results obtained show that leaves extract 
of Vitex cannabifolia is very effective 
antioxidant/reducing agent, which can be used 
for green synthesis of crystalline CeO2 
nanoparticles. The extract contains high amount 
of phenols and terpenoids; these compounds can 
act both  as  reducing  agents  and  as  stabilizing 

 
agents preventing particles growth during 
synthesis. Produced CeO2 nanoparticles were 
shown to have crystalline structure, spherical 
form and fairly uniform particles size 
distribution. The sizes of the particles do not 
exceed 30 nm that make them suitable for 
biomedical applications. 
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Метою дослідження було вивчення складу та антиоксидантних/відновлювальних властивостей екстракту з 
листя Vitex cannabifolia і характеризація екстракту як можливого активного агента для зеленого синтезу 
наночастинок оксиду церію (CeO2-НЧ). Метою роботи також було одержання CeO2-НЧ і дослідження розмірів, 
текстури та морфології синтезованих наночастинок. Антиоксидантні/відновлювальні властивості екстракту з 
листя Vitex cannabifolia було досліджено за допомогою методу Фоліна-Чокальтеу та 2,2-дифеніл-1-
пікрилгідразилу (ДФПГ)-тесту, склад екстракту вивчено з використанням методу лазерної 
десорбційної/іонізаційної часопрольотної мас-спектрометрії. Знайдено, що екстракт має дуже високі 
актиоксидантні/відновлювальні властивості, демонструючи швидке відновлення радикалів ДФПГ навіть при 
100-кратному розведенні. Основними компонентами екстракту були фенольні кислоти, флавоноїди та терпени; 
як добре відомо, ці сполуки є активними відновлювальними та/або стабілізуючими агентами в зеленому синтезі 
різних наночастинок. З використанням екстракту було одержано CeO2-НЧ; процедура синтезу складалася з 
відновлення амонію церію(IV) нітрату компонентами екстракту та наступного відпалу осаду при 600 °C на 
повітрі. Синтезовані частинки було охарактеризовано методами скануючої електронної мікроскопії, 
ширококутового рентгенівського розсіювання та адсорбції азоту. Згідно даних електронної мікроскопії та 
рентгенофазового аналізу, CeO2-НЧ мали кристалічну структуру, сферичну форму і достатньо однорідний 
розподіл за розмірами; за даними експерименту по адсорбції азоту, питома поверхня наночастинок складала 
близько 30 м2 на 1 г. Середній розмір кристалітів, визначений з даних щодо уширення рентгенівських ліній, 
становив ~17 нм, середній діаметр частинок, визначений з даних щодо площі їхньої поверхні, не перевищував 
~30 нм. Таким чином, можна зробити висновок, що синтезовані частинки мають достатньо маленькі розміри і є 
придатними для використання в біології та медицині, а екстракт Vitex cannabifolia є ефективним реагентом для 
зеленого синтезу наночастинок оксиду церію. 

Ключові слова: екстракт із листя Vitex cannabifolia, зелений синтез, наночастинки оксиду церію, 
антиоксидантні / відновлювальні властивості, ЛДІ MС, СEM, рентгенофазовий аналіз 
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Целью исследования было изучение состава и антиоксидантных/восстановительных свойств экстракта из 

листьев Vitex cannabifolia и характеризация экстракта как возможного активного агента для зеленого синтеза 
наночастиц оксида церия (CeO2-НЧ). Целью работи также было получение CeO2-НЧ и изучение размеров, 
текстуры и морфологии синтезированных наночастиц. Антиоксидантные/восстановительные свойства 
экстракта из листьев Vitex cannabifolia были изучены с помощью метода Фолина-Чокальтеу и 2,2-дифенил-1-
пикрилгидразила (ДФПГ)-теста, состав экстракта исследован с помощью метода лазерной 
десорбционной/ионизационной времяпролетной масс-спектрометрии. Обнаружено, что экстракт обладает 
очень высокой антиоксидантной / восстанавливающей способностью, демонстрируя быстрое восстановление 
радикалов ДФПГ даже при 100-кратном разведении. Основными компонентами экстракта были фенольные 
кислоты, флавоноиды и терпены, которые, как известно, являются активными восстанавливающими и/или 
стабилизирующими агентами в зеленом синтезе различных наночастиц. С использованием экстракта были 
приготовлены CeO2-НЧ; процедура синтеза состояла из восстановления нитрата аммония церия (IV) 
компонентами экстракта и последующего отжига осадка при 600 °C на воздухе. Синтезированные частицы 
были охарактеризованы методами сканирующей электронной микроскопии, широкоуглового рентгеновского 
рассеяния и адсорбции азота. По данным электронной микроскопии и рентгенофазового анализа, CeO2-НЧ имели 
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кристаллическую структуру, сферическую форму и достаточно однородное распределение частиц по размерам; 
по данным эксперимента по адсорбции азота, удельная поверхность частиц составляла около 30 м2 на 1 г. 
Средний размер кристаллитов, определенный из данных по уширению рентгеновских линий, составил ~17 нм, 
средний диаметр частиц, определенный из данных о площади поверхности, не превышал ~30 нм. Таким образом, 
можно заключить, что синтезированные частицы достаточно малы, чтобы быть пригодными для применения 
в биологии и медицине, а экстракт является эффективным реагентом для зеленого синтеза наночастиц оксида церия. 

Ключевые слова: экстракт из листьев Vitex cannabifolia, зеленый синтез, наночастицы оксида церия, 
антиоксидантные / восстанавливающие свойства, ЛДИ MС, СЭM, рентгенофазовый анализ 
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