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Abstract Green synthesis of the Platinum nanoparticle of dates is carried out for examining their

effect on various cancer cells. The extract solution of Dates (biodegradable surfactant) is used for

this purpose. The bio-degradable plant-based surfactant, used in the study, occurs naturally, and

no other reducing, or capping agent is used for cancer cell treatment. The aqueous extract solution

of popular dates Ajwa and Barni acts as a stabilizing and reducing agent during the production of

PtNPs at ambient condition because of simplicity, long-time stability, and cost-effectiveness. In

order to achieve the best size and shape of nanoparticles, different ratio of extract and metal salt were

mixed and developed. Additionally, nanoparticles of varying size were furnished by altering the pH

of the reaction. Spectroscopic techniques like FTIR, X-ray Diffraction (XRD), EDX, thermos-

gravimetric analysis (TGA), UV–vis, and transmission electron microscopy (TEM) were applied

to identify PtNPs. In this study, electrochemical HPCL and high-performance liquid chromatogra-

phy (HPCL) are combined for better understanding and effectiveness. The metabolites such as amino

acid, sugar, organic acid, flavonoids, phenol, and minerals, in the Dates produced in Al-Madinah Al-

Munawarah, have been analyzed with the help of the techniques employed in the study.

PtNPs’ anticancer activities were evaluated for different cancer cells including the colon carcinoma

cells (HCT-116), breast cells (MCF-7), and hepatocellular carcinoma (HePG-2). Commonly used

effective anticancer agent, Doxorubicin HCl, is used in the current study related to anticancer activ-

itiy. To discover the antibacterial effect, antibacterial agents Ampicillin and Gentamicin are used.

Lastly, the Gram-negative bacteria: Escherichia coli (RCMB 010052) and Gram-Positive Bacteria:

Bacillus subtilis (RCMB 010067) were used to determine the antibacterial application of PtNPs.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The platinum particles or elements play a crucial role not only
in Nano-medical field but also in other fields as well (Ahmad

et al., 2017; Dahoumane et al., 2017; Deokar and Ingale,
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2016; Ghasemi Siani et al., 2017; Karthik et al., 2016a, 2016b;
Reddy, 2017; Sankar et al., 2017; Shah et al., 2015; Siddiqi and
Husen, 2017; Yu et al., 2016). For instance, they are used for

producing chemotherapy drugs, like: oxaliplatin, cisplatin,
and carboplatin, which are used to treat cancer in different
cells of the body like ovarian and rectal (Lin et al., 2012;

Miklášová et al., 2012; Mirza and Siddiqui, 2014; Vrana
et al., 2016). Nevertheless, the use of these drugs is usually
associated with several side effects such as neurotoxicity,

nephrotoxicity, and ototoxicity (Bendale et al., 2017; Duman
et al., 2016; Muniyappan and Nagarajan, 2014; Saafi et al.,
2011; Stathopoulos and Boulikas, 2012; Vrana et al., 2016).
These potential side effects can be eliminated using a green

synthesis of platinum nanoparticle (Pt NPs). In addition, liter-
ature has several reports illustrating the use of Pt NPs for the
treatment of cancer cells (Athinarayanan et al., 2016; Khalil

et al., 2014; Siddiqi and Husen, 2016). For example,
FePt@CoS2 nanocrystals displayed more potency compared
to cis-platin in killing HeLa cells (Gao et al., 2007; Song

et al., 2010). A successful attempt of green synthesis of Pt
NPs has been achieved using Tea Polyphenol (TPP) extract
(Alshatwi and Athinarayanan, 2015; Kumar et al., 2013).

The growth of bacterial pathogens is also inhibited when the
green synthesis of Pt NPs is carried out using leaves of the Cer-
bera manghas extract (Rajathi and Nambaru, 2014). The
PtNPs, which can be synthesized with the help of honey

(Ioana-raluca et al., 2013), are effective corrosion inhibitors
due to their high melting point (1769 �C) (Karthik et al.,
2016a, 2016b).

Pt, Au and Ag NPs have excellent applications as antimi-
crobial agents with a strong ability of discouraging the growth
of unwanted and harmful bacteria (El-Sherbiny et al., 2016; El

Khoury et al., 2015; González et al., 2015; Ibrahim, 2015;
Oladipo et al., 2017; Puišo et al., 2014; Rajan et al., 2017;
Swain et al., 2016). Moreover, the size of these nanoparticles

played a vital role in controlling their effects (Amooaghaie
et al., 2015; Asiabani et al., 2017; Bankar et al., 2010;
Fig. 1 Types of AL-Madina
Karthik et al., 2016a, 2016b; Lebaschi et al., 2017; Prabha
et al., 2010; Yu et al., 2016). The applications of Pt NPs
extended to the nano-vehicular intracellular delivery system

as these particles are more effective and can act as barriers
to drug transportation (Barua and Mitragotri, 2014;
Sanchez-Mendieta and Rafael, 2012). The intracellular trans-

portation can be done with the help of nano-vehicles (NV)
(Prokop and Davidson, 2008). These nano-vehicles (colloidal
objects formed due to a wide range of nanoparticles) can enter

the tissues and cells easily (Da Rocha et al., 2014;
Mohammadinejad et al., 2016; Ramalingam et al., 2016).

As the need for creating nontoxic, clean, environmental-
friendly and renewable solvents is increasing, biosynthesis of

NPs has received significant attention (Das and Brar, 2013;
David et al., 2014; Kajani et al., 2016; Mahdavi et al., 2013;
Muthu and Priya, 2017). Living organisms, including plants,

have specific applications in the synthesis of metallic nanopar-
ticles (Elia et al., 2014; Meena and Chouhan, 2015; Molnár
et al., 2018; Rivera-Rangel et al., 2018; Thakkar et al., 2010;

Vedelago et al., 2018; Wang et al., 2015). For the synthetic
procedures, plants are preferred over any other biological pro-
cess because they eliminate the need of maintaining cell cul-

ture. Moreover, the use of extracellular extract was found to
be more effective and efficient in controlling the size, shape,
and dispersity of the nanoparticles (David et al., 2014;
Ghorbanpour, 2015; Link and El-Sayed, 2005; Muthu and

Priya, 2017; Pansare et al., 2016; Rivera-Rangel et al., 2018;
Siddiqi and Husen, 2017; Yadav et al., 2017).

Date plants, which belong to AL-Madinah AL-

Munawarah regions, such as Anbara, Ajwa, Safawi, Barni,
and Green Ajwa (Fig. 1) have high nutritional value and are
excellent for therapeutic purposes. Dates have been known

to be a rich source of antioxidants and possess excellent anti-
fungal and antibacterial properties (Al-orf et al., 2012;
Bouhlali et al., 2015; Saafi et al., 2011). Each variety of Dates

contains six vitamins and 23 types of essential amino acids
(Dash et al., 2013). These amino acids and vitamins are also
h AL-Munawarah dates.



332 N.S. Al-Radadi
present in the Ajwa Date cultivated in Al-Madinah region
(Assirey, 2015; Hamad et al., 2015). Even though a recent
report illustrated the antiproliferative activity of the methano-

lic extract of Ajwa Dates (MEAD) on human breast adenocar-
cinoma (MCF7) cell lines, no further studies on enhancing its
activity have been discussed (Khan et al., 2016). The present

study explores the biological power of the antioxidants of
selective Date plants such as Barni and Ajwa using biosynthe-
sis of platinum nanoparticles. Meanwhile, the plant extracts

work as capping ligand to stabilize the obtained nanoparticles
(Scheme 1). The antitumor activity of the new particles toward
three cancer cell lines, colon carcinoma (HCT-116), breast ade-
nocarcinoma (MCF-7), and hepatocellular carcinoma (HePG-

2), has also been clarified.

2. Experimental

2.1. Materials

Dried hydrated hexachloroplantic acid (H2PtCl6�6(H2O) was
used as a chemical in the experiment. The chemical is derived
Scheme 1 Approximate structure of antioxidants
from Sigma-Aldrich after drying it overnight at 90 �C. Further,
a stock solution by dissolving 0.040981 g/100 ml ionized water
in H2PtCl6 (0.1 � 10�3 M) was prepared.

Deionized water acquired from Sigma-Aldrich was used in
the reaction, and the apparatus such as glassware was washed
with distilled water and dilute HNO3. After obtaining Ajwa

and Barni from a local farm, impurities were removed by
washing them with distilled water. The Dates were dried after-
ward in a hot air oven at 60 �C.

The stock solution of Ajwa and Barni was prepared from
50.60 g of Ajwa and 10.82 g of Barni after boiling them sepa-
rately for 15 min until reduced to 100 ml. The obtained solu-
tion was then filtered and used as a reducing agent after

keeping it in the dark at 100 �C. However, the filtrate was to
be used within one day.

Further, for synthesizing the platinum nanoparticles, the

stock solution prepared from Ajwa and Barni was mixed with
1–5 ml of H2PtCl6 solution. Finally, de-ionized water was
mixed to make the solution 10 ml in volume. Depending on

the parameters such as time, concentration, Ph, and tempera-
ture, when the solution changed its color to yellow or
in PtNPs with Barni and Ajwa Water Extract.



Green synthesis of platinum nanoparticles using Saudi’s Dates extract 333
yellowish-brown, the reduction of Pt6+ to Pt0 nanoparticles
was confirmed. HCl (0.1 M) or 0.1 M NaOH solution was used
to adjust the pH of the solution as the nanoparticles were pre-

pared and obtained using different pH values. To get solid
PtNPs, the mixture of Dates namely Ajwa and Barni extract
along with hexachloroplantic acid was boiled for 10 h until a

black precipitn was obtained and the mixture was reduced to
a quarter of its original volume. The mixture is then filtered
by the process of centrifugation and washed with de-ionized

water several times and then with ethyl alcohol.

2.2. Structural measurements

The structural characteristics of the investigated and platinum
Nanoparticles powder have been examined by:

The platinum nanoparticles were characterized and investi-
gated with methods like UV–Vis Absorption Spectrometry, X-

ray Diffraction technique (XRD), EDX, Transmission Elec-
tron Microscope (TEM) technique, Thermal Gravimetric Ana-
lyzer (TGA), Fourier Transform Infrared Spectroscopy (FT-

IR), High-Performance Liquid Chromatography (HPLC)
which are discussed thoroughly in the section.

2.2.1. UV–Vis absorption spectrometry

Cary 100 UV–VIS Spectrometer, which is a double beam scan-
ning spectrophotometer, was used for optical absorption spec-
tra collection. In the inorganic lab, Faculty of Science, Taibah

University, the spectrometer was used to measure the optical
density (Absorbance). The value of absorbance spectra was
calculated and collected for a wavelength of 0.2 nm in equal

intervals between the range of 800–200 nm. De-ionized water
was used to suspend the samples, and for a sample container,
a quartz cell has been used in the study.

2.2.2. X-ray diffraction techniques (XRD)

The crystallographic structure, the nature of the phase and the
purity of the phase were investigated and characterized with

the help of X-ray diffraction technique. Additionally, X-ray
diffraction technique was also used for taking the estimate of
particle size of the examined material. Furthermore, the X-
ray diffractogram (Shimadzu, XRD-7000, Japan) with 30

mA current and 40 kV potential difference was used for phase
identification. Additionally, a CuKa (k = 0.154 nm) which
was set between 20 and 80� with a scanning range of 2h was

also used.
To complete the present investigation in the biology depart-

ment, Faculty of Science, Taibah University, successfully, a

computerized diffractometer having apw 1050/70 vertical
goniometer, apw 1930 electronic panel, apw 1995/60 propor-
tional counter, apw 1050/70 vertical goniometer, and apw
1400/90 stabilized X-ray generator was used. Furthermore,

the radiation of copper-potassium filter was set to k = 1.540
6 A for the current study. The selection of a specific radiation
source for X-ray is directly related to the assumption that

wavelength of the radiation (denoted by k) should be less than
the wavelength of radiation at absorption edge. In this case,
the position of the filter must be between count table and scat-

ter slit. Faint reflection is observed due to large-scale absorp-
tion if the wavelength is less than the absorption edge and
therefore, the selection of X-ray radiation source is largely

based on the radiation wavelength.
2.2.3. Transmission Electron Microscope (TEM) technique

Transmission electron microscope (JEOL JEM 1200 electron

microscope), which operates at 90 kV (accelerating voltage)
was used to investigate the nanostructure and growth at a phy-
sics lab, Faculty of Science, Taibah University. A sample of

TEM was made using a drop of solution, which was allowed
to dry after shifting the solution to a grid (coated with carbon)
for measurement. A copper grid (covered with amorphous car-

bon), was used to deposit the drop of the solution with synthe-
sized particles. The extract solution was removed after 2 min
with the help of a blotting paper. After removing the solution,
the grid was left to dry completely. Once the grid dried, the

observations were recorded.

2.2.4. Scanning electron microscopy-energy dispersive X-ray

(SEM-EDX) analysis

In order to perform the EDX analysis, prior to the bioreduc-
tion of the solution, the desired sample was concentrated to
a ten-fold via ultrafiltration membrane (MWCO 10 kDa).

2.2.5. Thermal Gravimetric Analyzer(TGA)

The thermal stability of material is investigated with thermal

analysis technique using TGA. The device, at the controlled
condition, measures the weight changes in the material con-
cerning temperature and time.

At the Central Lab, Faculty of Science at Taibah Univer-

sity, the thermal analyzer, Shimadzu DT-50, having a heating
rate of 100 Cm was used for this study.

2.2.6. Fourier Transform Infrared Spectroscopy(FT-IR)

The physical and chemical stability of nanoparticles can be
confirmed using Fourier Transform Infrared (FT-IR). There-
fore, FT-IR (Type: a Nicolet 6700) having the spectral range

400–4000 cm�1 and 4 cm�1 resolution was used for the spec-
troscopy of nanoparticles in the instrumental laboratory, Fac-
ulty of Science, Taibah University. Moreover, the

nanoparticles were mixed with KBR after drying them at 60
�C for four hours to form KBR pellets suitable for measuring
FT-IR.

For eliminating the errors caused due to scattering, grind-
ing of the sample must be carried out carefully. Therefore, to
measure absorption spectra and yield transparent discs for
mounting, the mixture was put under a pressure of 7.5 tons/

cm2 for one hour. Subject to KBR, which has no absorption
band in the region of wavelength, the concentration of the
taken sample was adjusted. The molecules in the vibrational

state have higher energy as compared to the initial state in
which they started. To record the difference in wave number
of scattered light and laser light (v), the difference in energy

of particles and molecules is used.

2.2.7. High-Performance Liquid Chromatography(HPLC)

A UV–Vis and 200-Series pump equipped 200 Series HPLC

was used at the instrumental laboratory, faculty of science,
Taibah University. A mobile phase with 32% acetonitrile
and 0.1 M KCl was used to elute the sample with silica-

particle packed Brownlee Analytical C-18 (150 6 4.6 mm 5
mm 110 Å) column. The pH of the mobile phase was adjusted
to 3.0 with dilute HCl or NaOH. Additionally, the UV–Vis
detector with a wavelength of 260 nm is used for detection.



Table 2 Concentrations of glutathione (GSH) and ascorbate

(ASC) content in selected dates grown in AL-Madinah.

Cultivars GSH (mmol-g�1 FW) ASC (mmol-g�1 FW)

Ajwa 0.24 ± 0.02 0.47 ± 0.04

Barni 0.16 ± 0.03 0.41 ± 0.03

Anbara 0.13 ± 0.02 0.36 ± 0.04

Safawi 0.15 ± 0.04 0.29 ± 0.02
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The external standards were used for matching and comparing
the obtained peaks.

3. Results and discussion

3.1. Analytical study of Dates extract

HPLC analysis of all the Dates from Al-Medina region was
conducted to discover the amount of antioxidant. The antiox-

idants such as security acids, vitamins, phenols, and flavonoids
were reportedly present in the Dates. Since the antioxidants in
Ajwa and Barni are high, nanoparticles of these Dates were

prepared. Out of 23, 19 varieties of amino acid, present in
Dates, were studied. The amino acids that were studied are
Serine, Glutamic acid, Asparagine, Isoleucine, Glutamine,

Ornithine, Threonine, Alanine, Valine, Glycine, Leucine, Tyr-
osine Arginine, Cysteine, Lysine, Histidine, Methionine, Pro-
line, and Phenylalanine.

The fruits of four cultivars, in the study, were a rich source

of amino acids and each cultivar had marked the difference in
the amino acid content. In the study, it was observed that the
Dates Anbara and Ajwah had the highest amount of the major

amino acid namely Proline (89.145 and 86.315 mg/100 g,
respectively) (as depicted in Table 1 below).

The aqueous phase antioxidants in the study were Ascorbic

acid (ASC) and Glutathione (GSH) (Table 2). The GHS value
of Ajwa was 0.24 lmol�g�1 FW, while that of Barni was 0.16
lmol�g�1 FW. The ASC value of Ajwa was 0.47 lmol�g�1 FW

and that of Barni was 0.41 lmol�g�1 FW. On the other hand,
the lowest vale of GSH and ASC was recorded for Anbara (0.
13 lmol�g�1 FW) and Safawi (0.29 lmol�g�1 FW) respectively.

The sugar content of all types of sugar (monosaccharide

and disaccharide), namely, glucose, fructose, and sucrose were
measured for the Dates of Al-Madinah region (shown in
Table 3). It is noticed that the Dates are a rich source of sugar

as a significant amount of sugar is present in the Dates. The
highest content of glucose was present in Anbara and Barni
(319.908 and 57.326 mg/100 g, respectively). Fructose was
Table 1 Concentrations of amino acids content in selected dates gr

Amino acids Ajwa (mg/100 g) Barni (mg/100 g) A

Ornithine 0.042 0.194 0.

Threonine 0.075 0.425 0.

Serine 3.227 0.196 2.

Glutamic acid 0.8 1.6 0.

Glycine 79.468 59.431 63

Alanine 6.354 13.253 20

Valine 0.967 0.426 1.

Leucine 0.022 0.127 0.

Tyrosine 0.401 0.339 0.

Arginine 0.543 1.508 0.

Proline 86.315 75.102 89

Methionine 0.209 0.078 0.

Phenyl alanine 0.912 0.984 0.

Lysine 3.258 7.169 8.

Histidine 0.7 1.2 1.

Glutamine 1.515 1.747 2.

Asparagine 0.857 0.992 1.

Isoleucine 1.397 0.181 1.

Cysteine 0.157 0.138 0.

Total amino acid 187.219 165.09 19
highest in Safawi and Ajwa (117.610 and 91.143 mg/100 g,
respectively) while sucrose sugar was highest in Anbara and

Safawi (95.157 and 42.294 mg/100 g, respectively) (see
Table 4).

The organic acids present in the Dates were also studied.

The concentration of Malic acid was the highest in the Dates
(between 12 and 14 mg/100 g for all the varieties of Dates).
Whereas, the other acids like succinic, oxalic, and formic acid

were either present in a little amount or were present in traces.
The amount of total phenolic content such as Gallic, Resor-

cinol, Protocatechuic, Chlorogenic, Caffeic, Catechin, and
Ferulic was between 30.553 and 41 mg/100 g FW. From the

Table 5, it is evident that most dominant phenolic compounds
were gallic, syringic, and coumaric respectively. The phenolic
content of different Dates in decreasing order can be obtained

from the table, which is Barni > Anbara > Ajwa (41.009 >
36.35 > 30.553 mg/100 g DW respectively).

Considering the content of flavonoids such as quercetin,

luteolin, apigenin, isoquercitrin, and rutin, it was observed that
the total flavonoid content was between 1.99 and 2.58 mg/100
g DW. The highest content of flavonoids was found in Safawi,
which was 2.58 mg/100 g DW. Barni had the second highest

content of flavonoids, and the lowest content was recorded
in Anbara (see Table 6).

The mineral content of Barni was considerably high. Barni

has enough amount of phosphorus, potassium, sodium, and
metals like copper, manganese, zinc, and cadmium. All the
Dates have a different amount of minerals. For instance,
own in AL-Madinah.

nbara (mg/100 g) Safawi (mg/100 g) Retention Time RT

181 0.139 8.8 ± 0.1

398 0.478 9.35 ± 0.1

525 0.121 11.1 ± 1

9 0.8 16.8 ± 0.2

.924 31.032 23.3 ± 0.8

.145 10.687 29.4 ± 0.3

243 4.152 19.01 ± 0.1

205 0.076 35.9 ± 0.1

625 0.971 38.2 ± 0.1

973 2.627 18.8 ± 0.1

.145 28.345 25.6 ± 0.4

156 0.055 32.75 ± 0.1

897 0.953 44.7 ± 0.1

354 6.908 51.3 ± 0.3

4 1.3 56.2 ± 0.7

603 0.891 48.1 ± 0.5

062 0.851 43.83 ± 0.1

447 0.156 13.52 ± 0.2

074 ND 14.9 ± 0.3

6.257 90.542 –



Table 3 Concentrations of sugars content in selected dates grown in AL-Madinah.

Sugar Ajwa (mg/100 g) Barni (mg/100 g) Anbara (mg/100 g) Safawi (mg/100 g) Retention time

Glucose 32.671 57.326 319.908 49.248 4.3

Fructose 91.143 69.247 48.325 117.610 5.5

Sucrose 53.825 36.834 95.157 42.294 6.6

Table 4 Concentrations of organic acids content in selected dates grown in AL-Madinah.

Organic Acids Ajwa (mg/100 g) Barni (mg/100 g) Anbara (mg/100 g) Safawi (mg/100 g) Retention time

Oxalic 2.224 1.927 3.419 3.255 1.8

Malic 14.381 12.629 13.974 14.992 2.9

Succinic 9.248 7.293 10.604 11.248 4.9

Isobutyric 5.395 3.967 4.350 6.581 6

Formic 0.380 0.199 0.216 0.245 6.8

Table 5 Concentrations of phenolic compounds content in selected dates grown in AL-Madinah.

Organic Acids Ajwa (mg/100 g) Barni (mg/100 g) Anbara (mg/100 g) Safawi (mg/100 g) Retention time

Gallic 13.391 15.144 16.483 11.677 1.7

Resorcinol 0.053 0.028 0.034 0.011 2.3

Chlorogenic 0.424 0.019 0.095 0.353 3

Caffeic 0.029 0.013 0.036 0.016 3.6

Coumaric 5.257 9.961 7.144 5.398 4.5

Ferulic 3.254 4.124 2.587 1.962 5.5

Protocatechuic 1.824 2.987 0.698 3.254 6.1

Catechin 0.934 2.342 0.951 1.502 7.6

Syringic 5.387 6.391 8.325 7.156 9.6

Total phenolic 30.553 41.009 36.353 31.329 –

Table 6 Concentrations of flavonoid compounds content in selected dates grown in AL-Madinah.

Flavonoid Ajwa (mg/100 g) Barni (mg/100 g) Anbara (mg/100 g) Safawi (mg/100 g) Retention time

Rutin 0.958 0.593 0.846 0.937 3

Isoquercetrin 0.714 0.396 0.415 0.607 3.6

Luteolin 0.491 0.206 0.052 0.0548 4.5

Apigenin 0.069 0.121 0.092 0.298 5.2

Quercetin 0.125 1.245 0.593 0.685 6.3

Total Flavonoid 2.357 2.561 1.998 2.5818 –
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potassium content for all the cultivars was between 66.9 and
349.8 mg/100 g DW. Similarly, all the minerals were present

in a different amount in the cultivars under study (see Tables
7 and 8).

Vitamins are essential for our body as they are required for

digestion, immunity, and metabolism. Out of 13 vitamins, only
A, B, C, D, E, and K are most important ones. Vitamin E
(Tocopherol) and B3 (Niacin) was present in highest concen-

tration in the Dates. The next abundant vitamin after E and
B3 was vitamin B6 which was highest in Anbara (0.029 m
g/100 g DW) and lowest in Safawi (0.018 mg/100 g DW).
The amount of Riboflavin was highest in Barni (0.029 m

g/100 g DW) and lowest in Safawi (0.018 mg/100 g DW). Fur-
thermore, the concentration of other vitamins such as A, D,
and K varied in every cultivar under consideration.
Variations in the values of proximate composition and
energetic value were observed in the fruits from different culti-

vars as shown in Table 9. It was detected that Ajwa had the
highest amount of protein, that was 4.27 g/100 g DW, while
the lowest was detected in Safawi, which was 1.78 g/100 g

DW. In addition to protein, the components like Ash, carbo-
hydrates, and lipid were highest in Barni Date, which was
3.92, 58.8, and 0.53 g/100 g DW. Safawi had the highest mois-

ture content which was equal to 21.2 g/100 g DW.

3.2. Synthesis of Pt NPs using dates water extract and its
characterization under different conditions

PtNPs are useful for applications related to sensors, for exam-

ple, the PtNPs can be used directly through SPR. PtNPs has



Table 7 Concentrations of minerals content in selected dates

grown in AL-Madinah.

Minerals Ajwa Barni Anbara Safawi

K 66.9 298.3 237.6 349.8

Na 5.87 12.62 132.93 4.51

Mg 18.25 5.74 29.82 10.73

Ca 51.93 14.57 37.94 19.87

P 6.41 30.16 27.02 36.94

Fe 8.24 0.19 0.21 0.27

Cu 0.89 40.7 28.3 4.1

Zn 2.54 6.78 9.32 3.64

Cd 1.12 9.63 0.58 0.23

Mn 0.78 1.49 1.28 3.41
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indirect application also and can be used to enhance the sensi-
tivity of molecular sensors based on fluorescence variation

Platinum (0). The qualitative specific range of absorption peak
is between (�300–340 nm) (González et al., 2015; Nadaroglu
et al., 2017; Riddin et al., 2010).

Surprising UV–Vis spectra was observed during the green
synthesis of nanoparticles of Pt (0) under different conditions.
The ranges of Ajwa and Barni’s SPR peak is from 321 to 329

nm. The absorbance of SPR peak increases with increase in the
concentration of H2PtCl6 solution at constant pH and room
temperature.

Under optimum condition, the difference in the absorbance

peak for PtNPs was confirmed by TEM images. The absor-
bance spectrum of nanoparticles of platinum stretches across
the visible, ultraviolet region (Dobrucka, 2016; Ioana-raluca

et al., 2013; Pansare et al., 2016; Riddin et al., 2010;
Thirumurugan et al., 2016). However, specific wavelength to
determine the concentration of the Dates was present in Barni

and absent in Ajwa.
Table 8 Concentrations of vitamins content in selected dates grow

Vitamins Ajwah (mg/100 g) Barni (mg/100 g)

Ascorbic acid Vit (C) 0.012 0.016

Riboflavin (B2) 0.025 0.029

Pyridoxine (B6) 0.025 0.027

Niacin (B3) 0.036 0.045

Vit (K) 0.002 0.001

Retinol (A) 0.003 0.003

Vit (D) 0.015 0.009

Tocopherol (E) 0.054 0.041

Table 9 Proximate composition and Energetic value content in sel

Cultivars Ash (g/100 g) dry weight Moisture (g/100 g) dry weight

Ajwa 3.28 ± 0.02 17.8 ± 0.6

Barni 3.92 ± 0.04 15.4 ± 0. 3

Anbara 2.76 ± 0.01 18.9 ± 0. 7

Safawi 2.04 ± 0.03 21.2 ± 0. 6
3.3. UV–visible and TEM of Pt NPs formed at room
temperature

UV–Vis spectrometer was used after the reduction process of
Pt4+ to Pt0 nanoparticles. The change in color was monitored,

and it was observed that the solution changed color from yel-
low to yellowish brown, which showed that platinum nanopar-
ticles were formed due to the reduction of H2PtCl6. This
change in the color of the solution indicates the formation of

platinum nanoparticles (Karthik et al., 2016a, 2016b; Prabhu
and Gajendran, 2017; Soundarrajan et al., 2012). Ajwa extract
(in a different volume, between 1 and 5 ml) was mixed with 5

ml of H2PtCl6 (0.1 � 10�3 M) stock solution for synthesizing
platinum nanoparticles. The volume of the solution was fur-
ther made 10 ml by adding de-ionized water. However, the

extract of Barni was added in a different amount (between 1
and 9 ml) in 1 ml of stock solution.

In the platinum particles, there was a record excitation of

surface plasmon vibration. The value of Plasmon resonance
(SPR) for platinum nanoparticles in Ajwa and Barni Dates
(at �321, 329 nm respectively) depended on the shape and size
of PtNPs (González et al., 2015; Huang et al., 2004; Nadaroglu

et al., 2017).
The value of the absorbance peak at 321 and 329 nm for

Ajwa and Barni respectively, can be used for Pt0 UV–Vis spec-

trum. Depending on the morphology and by annealing Pt thin
films with different initial mass-thicknesses, UV–Vis spectrum,
with localized-surface-plasmon (LSP) energy were prepared

(Saafi et al., 2011; You et al., 2009).
For Ajwa extract (shown in Fig. 2(A)), the value of UV–Vis

spectra was observed after mixing it in varying quantity
between 1 and 5 ml with 5 ml of the platinum ion. The quantity

of the solution was further made 10 ml by mixing de-ionized
water. The solution was then kept for 10 h at room tempera-
ture. The sharpest peak for UV–Vis spectrum (at kmax = 321

nm, SPR Pt (0)) was obtained while using 5 ml of the aqueous
n in AL-Madinah.

Anbara (mg/100 g) Safawi (mg/100 g) Retention time

0.021 0.019 3.3

0.026 0.014 4

0.029 0.018 8

0.024 0.10 6.8

0.001 0.002 2.2

0.002 0.002 4.3

0.009 0.011 5.4

0.039 0.043 7.5

ected dates grown in AL-Madinah.

Total Carbohydrates

(g/100 g) dry weight

Total Proteins

(g/100 g dry weight)

Total Lipids

(g/100 g dry weight)

51.9 ± 2.5 4.27 ± 0.41 0.37 ± 0.06

58.8 ± 3.6 3.41 ± 0.53 0.53 ± 0.05

55.0 ± 3.4 2.89 ± 0.27 0.45 ± 0.07

49.2 ± 3.8 1.78 ± 0.36 0.51 ± 0.04



Fig. 2 (A) UV–visible spectra at different concentration of Ajwa

extract (1–5 ml) and 5 ml of H2PtCl6 stock solutions after 10 h at

the ordinary temperature. (B) UV–visible spectra at different

concentration of Barni extract (1–9 ml) and 1 ml of H2PtCl6 stock

solutions after 10 h at the ordinary temperature.

Fig. 3 TEM micrograph of Pt NPs at different concentration of Aj

stock solutions after 10 h at the ordinary temperature.
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solution. At different concentrations of Barni extract (1–9 ml)
and 1 ml of platinum ion stock solution, the UV–Vis spectra
for PtNPs was measured, which is shown in Fig. 2(B). The solu-

tion was adjusted to 10 ml by mixing de-ionized water and kept
for 10 h at room temperature before measurement. The shapest
UV–Vis spectrum was obtained by mixing 9 ml of Barni extract

at kmax = 329 nm (SPR of Pt(0)).
When the concentration of Ajwa extract solution increases

from 1 to 5 ml, the absorption spectra at kmax = 321 increases

gradually (shown in Fig. 2(A)). Fig. 2(A) also shows the shift
in the wavelength towards red color, with an increase in the
concentration of extract of Dates and smaller Pt (0) particles
with sharper peak was obtained at 321 nm. Further, when 5

ml extract was added, more Pt (0) were formed, which was
depicted by the shift in the wavelength (red shift).

The extract of Ajwa and Barni was added in different quan-

tities in platinum ion solution. Smallest PtNPs of uniform
spherical shape were formed (shown in Fig. 3(d)). Keeping
the other condition standardized, 5 ml of Ajwa extract was

added (see Fig. 3).
The UV–Vis absorbance of platinum ions (specific peak for

Pt (IV)) is lowest at 261 nm and highest (specific peak for Pt

(0)) at 321 nm (González et al., 2015; Riddin et al., 2010).
The optimum volume of 5 ml for platinum ion solution was
further confirmed by TEM image captured for different
concentration.

3.4. The effect of contact time at room temperature

In the case, when the absorbance wavelength crosses the value

of kmax = 329 nm peak, it shows a non-quantitative indicator
wa extract (a) 2 ml (b) 3 ml (c) 4 ml (d) 5 ml and 5 ml of H2PtCl6



Fig. 4 TEM micrograph of Pt NPs at different mixing time (a) 7 h (b) 10 h (c) 13 h at the ordinary temperature.

Fig. 5 TEM micrograph of Pt NPs at different pH (a) pH= 1.5 (b) pH= 3.5 (c) pH= 5.5 and (d) pH = 7.5.
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to demonstrate that formation of pt(0). There is an inverse cor-
relation between mixing time and absorption time. With an

increase in mixing time, the time of absorption either slightly
decreases or remain stable. The time for attaining highest
absorbance peak (at kmax = 329 nm) was analyzed with this

method. It was observed that within 10 h of preparation, and
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within homogenous shape and size, the highest concentration
of PtNPs was achieved. The interpretation is shown in Fig. 4
with TEM.

A solution of different pH (1.5–8.5) was used to analyze
their effect on the reaction rate and the formation of PtNPs.
It was observed that the rate of synthesis of PtNPs was faster

in the basic medium than in acidic medium (Nadaroglu et al.,
2017; Thesis et al., 2012).

The effect of the pH on the size and quantity of PtNPs is

shown with the help of TEM image (in Fig. 5). The pH of
the medium is affected by the particles in the medium. The for-
mation of PtNPs increases with increase in alkalinity and
Fig. 6 TEM micrograph of Pt NPs at different temperature (a) 20 �C
5 ml Ajwa extract after 10 h).

Fig. 7 TGA of capped Pt NPs
inside the acidic medium, bundles of PtNPs are formed with
particles of heterogeneous shape and size. However, in the nor-
mal pH (5.5), homogenous, spherical and small size particles

are formed. For the formation of smaller nanoparticles, a
higher value of pH is required as it can efficiently cap the
nanoparticles.
3.5. The temperature effect on Pt NPs synthesis

With an increase in temperature over 30 �C, the peak broad-

ness of the spectra increases. This increase in peak broadness
, (b) 30 �C, (c) 40 �C, (d) 50 �C (5 ml of H2PtCl6 stock solution and

prepared using Ajwa extract.
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indicates that, with temperature, oxidation of phenolic com-
pound in the extract of date occurs. If the oxidation is
increased, the antioxidants in the Dates are decreased, which

further decreases the synthesis of PtNPs. Moreover, if the tem-
perature reaches below 30 �C, the peak of absorbance reduces
which in turn lowers the process of PtNP synthesis. SPR value

of 321 nm and 329 nm was observed in Ajwa and Barni Dates
which showed the decrease in the PtNP synthesis. At different
temperatures, the TEM images of PtNPs were captured, which

are shown in Fig. 6 (Siddiqi and Husen, 2016).
Fig. 8 (A) FTIR spectra of the dried ajwa and capped PtNPs using

PtNPs using the Barni extract.
3.6. Thermal gravimetric analysis

Ajwa extract (5 ml) was used to plot thermal gravimetric anal-
ysis of the capped PtNPs (see Fig. 7). When the temperature is
between 50 and 600 �C, a constant weight loss of nanopowder

is observed. The thermal desorption in the bioorganic com-
pounds of PtNPs reduced the weight of the Nano powder by
48%. In the remaining 52%, there is no bioorganic layer
around the Pt (0), and hence the particles are in their pure

form.
the Ajwa extract. (B) FTIR spectra of the dried barni and capped
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The 1:1 ratio of capped Nano Pt and pure Nano Pt is con-
sidered perfect for preparing platinum nanoparticle with the
aforementioned conditions. The result with this condition

shows the stability of PtNPs (Khalil et al., 2014).

3.7. Fourier transform infrared spectroscopy (FTIR)

Different types of polyphenols were present in the biosynthe-
sized nanoparticles as revealed by FTIR spectra of Ajwa
(dried) and PtNPs (capped) (see Fig. 8). When the dried Dates

of Ajwa and Barni was put under FTIR, the characteristics of
the bands observed at 1644 cm�1, 1760, and 3360 were that of
CAN(amide), C‚O, and OAH respectively. The amino acids

show the possible interaction of PTNPs and stretching modes
for C‚O and OH groups. The bio-reduction and capping of
PtNPs through water-soluble polyphenols can be indicted with
the help of disappearance of the strong band at 1760 cm�1 in

PtNPs. Moreover, the shift in the vibration to 1120 cm�1 can
be assigned to PtNPs, and the presence of a strong band at
1200 cm�1 is due to CAO.

The bounding of biomolecules with Platinum nanoparticles
through the group of amino acids can be represented by the
shift from 2900 cm�1 to 2790 cm�1 in NH frequency.

The contribution of Protein amide in the bounding of plat-
inum nanoparticles (PtNPs) can be illustrated with the help of
disappeared CAN (amide) vibrations in the band observed at
1644 cm�1 in the dried Ajwa and Barni. The coating of plat-
Fig. 9 (A) X-ray diffraction pattern of PtNPs prepared with

aqueous Ajwa extract. (B) X-ray diffraction pattern of PtNPs

prepared with aqueous Barni extract.
inum nanoparticles, in the date extract, with antioxidant mole-
cule C‚O, CAN amid, and OH groups can be displayed with
the help of appearance of IR band (C‚O, amide NH) and

shift of stretching vibrations of PtNPs from Ajwa and Barni
(Dobrucka, 2016; Ioana-raluca et al., 2013; Siddiqi and
Husen, 2016; Soundarrajan et al., 2012; Thirumurugan et al.,

2016).

3.8. X-ray diffraction (XRD) of PtNPs

The X-ray diffraction patterns of platinum nanoparticles
(dried) synthesized using Ajwa, and Barni Dates extract has
been shown (Fig. 9). The XRD peak at 2h showed different
Fig. 10 (A) EDX spectrum of PtNPs with Ajwa extract. (B)

EDX spectrum of PtNPs with Barni extract.

Table 10 Antimicrobial activity of the synthesized PtNPs of

Ajwa and PtNPs of Barni.

Tested microorganisms Sample Standards

Gram Positive Bacteria: Ampicillin

Bacillis subtilis (RCMB

010067)

22.4 ± 0.58 (PtNPS of

Ajwa)

32.4 ± 0.10

10.0 ± 0.4 (PtNPS of

Barni)

26.0 ± 1.2

Gram negativeBacteria: Gentamicin

Escherichia coli (RCMB

010052)

20.1 ± 0.63 (PtNPS of

Ajwa)

22.3 ± 0.18

12.0 ± 0.6 (PtNPS of

Barni)

30.0 ± 0. 8
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index plane for different values of 2 theta. For instance, at
39.38 the correspond index plane is 1 1 1, for 45.88 the corre-
sponding index plane is 2 0 0, and for 67.33� the index value

is 2 2 0 (Benaissi et al., 2010; Khalil et al., 2014; Pansare
et al., 2016). The values were consistent with the face-
centered cubic structure.

The crystalline structure of PtNPs formed using Ajwa was
confirmed with the obtained XRD pattern. Debye-Scherrer
formula, D = k ƛ /b cos h (1) can be used to get an estimate

of average particle sizes of PtNPs.
The relationship between the average particle size and

broadening of the peak in XRD is provided by the equation
given by Scherrer (1).

Where;

ƛ is the wavelength of X-ray source (1.5406 nm),

D is the diameter of the particle size,
k = which is equal to 0.9, is a constant,
b =D(2h) is the full width at 1/2 maxima (FWHM),
Fig. 11 Inhibition zone of the synthesized PtNPs on (A) Bacill

Table 11 Cytotoxicity of the synthesized PtNPs of Ajwa and PtNP

Compound Sample Conc.

(mg/ml)

MCF-7 Viability% IC50

(mg/ml)

H

PtNPs of Ajwa 400 38.47 289 2

200 59.32 3

100 68.46 4

50 83.02 7

25 91.73 8

12.5 98.61 9

0 100 1

PtNPs of Barni 400 32.85 189 ± 9.3 2

200 46.79 4

100 75.13 7

50 91.47 8

25 98.68 9

12.5 100 9

0 100 1
and h is the angle of diffraction corresponding to the lattice

plane (1 1 1).The size of crystallite was between (1.1–2.5) nm
and as evaluated by Debye-Scherrer equation (Khan
et al., 2016; Vinod et al., 2011), which was approximately

similar to the PtNPs size (1.3–2.6) nm found by TEM
figures.

3.9. EDX analysis

The purity of the platinum was confirmed by using X-ray
(EDX) Spectrometers. The spectra illustrates a strong Pt signal
(Fig. 10) (Nellore et al., 2013).

3.10. Biological activity

The in vitro antimicrobial activity has been scrutinized for the

synthesized PtNPs. Diffusion Agar technique has been used
for the investigation of these activities. Gram-negative Escher-
ichia coli RCMB 010,052 and gram-positive Bacillus subtilis
issubtilis RCMB 010067 (B) Escherichia coli RCMB 010052.

s of Barni against MCF-7, HCT-116 and HepG-2 cell lines.

CT-116 Viability% IC50

(mg/ml)

HepG-2 Viability% IC50

(mg/ml)

3.18 94.2 26.76 118

3.41 37.45

6.20 52.82

9.13 78.91

7.24 90.63

5.26 97.18

00 100

8.79 175 ± 4.8 21.56 91 ± 2.5

3.18 36.48

0.83 45.29

8.95 71.36

6.27 84.54

9.61 91.73

00 100



Fig. 12 (A) The photo image of breastcarcinoma cells (MCF-7) treatment by PtNPs of Ajwa (a) MCF control (b) 50ug of PtNPs (b)

100ug of PtNPs (c) 400ug of PtNPs (e) Evaluation of cytotoxicity against (MCF-7) cell line. (B) The photo image of breast carcinoma cells

(MCF-7) treatment by PtNPs of Barni (a) MCF control (b) 50ug of PtNPs (b) 100ug of PtNPs (c) 400ug of PtNPs (e) Evaluation of

cytotoxicity against (MCF-7) cell line.
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RCMB 010,067 has been analyzed using Gentamicin 5 mg/ml
and ampicillin 5 mg/ml as a reference compound respectively.
Table 10 shows the inhibition activities of PtNPs against these

organisms.
Minimum inhibitory concentration values (MIC) were used

to analyze the antibacterial activity of PtNPs. The results
Fig. 13 (A) The photo image of coloncarcinoma cells (HCT-116) tre

100ug of PtNPs (d) 400ug of PtNPs (e) Evaluation of cytotoxicity aga

cells (HCT-116) treatment by PtNPs of Barni (a) HCT control (b) 50ug

cytotoxicity against (HCT-116) cell line.
projected that PtNPs are potent antibacterial agents. Activities
against Bacillis subtilis RCMB 010,067 are shown in Table 9
with the help of Fig. 11(A).

The Fig. 11(B) shows that the growth of Gram negative
bacteria Escherichia coli RCMB 010052 can be inhibited effec-
tively by PtNPs (González et al., 2015).
atment by PtNPs of Ajwa (a) HCT control (b) 50ug of PtNPs (c)

inst (HCT-116) cell line. (B) The photo image of coloncarcinoma

of PtNPs (c) 100ug of PtNPs (d) 400ug of PtNPs (e) Evaluation of
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3.11. Anticancer activity

The development of anti-microbial and anticancer therapeutic
agents is the chief goal of medicinal chemistry. The platinum
Fig. 14 (A) The photo image of Hepatocellular carcinoma cells (He

PtNPs (b) 100ug of PtNPs (c) 400ug of PtNPs (e) Evaluation of c

Hepatocellular carcinoma cells (HepG-2) treatment by PtNPs of Barni

of PtNPs (e) Evaluation of cytotoxicity against (HepG-2) cell line.
nanoparticles were evaluated for their anticancer activities
against cancer cells in human especially, hepatocellular carci-
noma (HePG-2), breast cells (MCF-7), and colon carcinoma

cells (HCT-116) with the help of MTT method (Senthilraja
pG-2) treatment by PtNPs of Ajwa (a) HepG control (b) 50ug of

ytotoxicity against (HepG-2) cell line. (B) The photo image of

(a) HepG control (b) 50ug of PtNPs (b) 100ug of PtNPs (c) 400ug



346 N.S. Al-Radadi
and Kathiresan, 2015; Thesis et al., 2012). The Table 11 reveals
that PtNPs are effective against the cancer cell line.

The values of half maximal inhibitory concentration IC50

can be used to determine the behavior under these experimen-
tal conditions. The viability of the standard chemotherapy
doses of doxorubicin HCl is assumed to be 0% (Table 10

and Fig. 12). The extract of Ajwa and Barni was tested for
inhibitory activities against the cancerous cell MCF-7 (breast
carcinoma cells). Sample concentration of 400 mg/ml of the

platinum nanoparticle is taken keeping the value of IC5

between 289 and 189 mg/ml. The tests showed that 61.53%
and 67.15% of the breast carcinoma cells MCF-7 were
obstructed from Ajwa and Barni extract respectively. The via-

bility was this reduced to 38.47% and 32.85% making the
Fig. 15 Inhibitory activity of synthesized PtNPs of Ajwa and PtNPs

(MCF-7) cell line.
extract an eco-friendly alternative for treating Cancer
(Fig. 12).

The dates of Ajwa and Barni were examined to analyze their

inhibitory activities against colon carcinoma cells (HCT-116).
During the experiment, 400 mg/ml platinum nanoparticle was
taken as a sample and the value of IC50 was kept between

94.2 and 175 mg/ml. The results showed that 76.82%, and
71.21% of the colon carcinoma cells (HCT-116) were inhibited
as the viability for Ajwa and Barni became 23.18% and 28.79%

respectively. The results reflect that plants extract of Ajwa and
Barni are effective against the cancer cells (Fig. 13).

Additionally, the platinum nanoparticles of the Dates
under consideration were examined for their effect against

Hepatocellular carcinoma cells (HepG-2). Sample concentra-
of Barni against human (HCT-116) cell line, (HepG-2) cell line and
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tion of 400 mg/ml platinum nanoparticles was used in the
experiment keeping IC50 between 118 and 91 mg/ml. The
results showed that 73.24% and 78.44% of the Hepatocellular

carcinoma cells (HepG-2) were inhibited by Ajwa and Barni
respectively, as the viability of the cells, after the experiment,
was reduced to 26.76% and 21.56%. The outcomes also

showed that use of Ajwa and Barni is an eco-friendly approach
that can be adopted for treating Hepatocellular carcinoma
cells (HepG-2) (shown in Fig. 14 Ajwa (A), Barni (B)).

The comparison of inhibition activities of Barni and Ajwa
using their extract is shown in Fig. 15. Colon carcinoma cells
were inhibited up to 76.82% by the extract of Ajwa, which is
very satisfactory. Additionally, cells of HepG-2 were inhibited

up to 73.24%, and the lowest inhibition of 61.53%was observed
forMCF-7. The dates of Barni also showed promising results in
inhibiting the cancer cells and inhibited about 75.44%ofHepG-

2, 71.21% HCT-116, and 67.15% of MCF-7 cells.

4. Conclusion

Date extracts of Ajwa and Barni were used for the biosynthesis
of PtNPs. The hydrophilic antioxidants especially flavanols
(polyphenols) in theDates ofAjwa andBarniworked as capping

and a reducing agent. The size of the obtained PtNPs was small
(with size range 1.3–2.6 nm) and spheres of homogenous shapes
were observed under the preparation conditions. The PtNPs

thus obtained inhibited the growth of Gram-negative bacteria
Escherichia coli RCMB 010052 and Bacillissubtilis RCMB.
Promising results against hepatocellular carcinoma cells
(HepG-2), Colon cancer HCT, and breast cancer cells (MCF-

7) were achieved with Ajwa extract. The Dates of Barni were
effective against the hepatocellular carcinoma cells (HepG-2).
Moreover, Barni also inhibited the cells of colon cancer (HCT)

and breast cancer cells (MCF-7) to a significant extent.
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Hey-Hawkins, E., 2012. Antiproliferative effect of novel platinum

(II) and palladium(II) complexes on hepatic tumor stem cells

in vitro. Eur. J. Med. Chem. 49, 41–47. https://doi.org/10.1016/j.

ejmech.2011.12.001.

Mirza, A.Z., Siddiqui, F.A., 2014. Nanomedicine and drug delivery: a

mini review. Int. Nano Lett. 4, 94. https://doi.org/10.1007/s40089-

014-0094-7.

Mohammadinejad, R., Karimi, S., Iravani, S., Varma, R.S., 2016.

Plant-derived nanostructures: types and applications. Green Chem.

18, 20–52. https://doi.org/10.1039/C5GC01403D.
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