
INTRODUCTION
In some cases, drugs with high toxic potential, such as 
chemotherapeutic cancer drugs, can be administered with a 
better safety profile using nanotechnology.1 Nanotechnology 
offers multiple benefits in treating chronic human diseases 
through site-specific and target-oriented delivery of precise 
medicines. There are many types of nanocarriers, such as 
metal nanocarriers, quantum dots, mesoporous silica, and 

carbon nanotube.2 Fullerene may act as targeted and controlled 
drug delivery systems such as nucleic acid and viral delivery 
to transfer DNA, RNA, siRNA, LNA, and plasmid DNA to 
specific cellular locations. In some studies, nanoparticles, 
such as fullerenes, especially cationic ones, were used to 
deliver small molecules owing to their nonimmunological 
reactions, low cost, and high efficacy.3 Gold nanocarriers 
(Au NCs) have emerged as interesting tools in drug-delivery 
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Table 1: Loading of pemetrexed and gold nanoparticles (AuNPs) on fullerene 

SampleNumber Fullerene g Isopropyl alcohol volume mL Gold nanoparticles (AuNPs) g Pemetrexed g
SG1 0.0843 5 0.023 0.05
SG2 0.0843 10 0.023 0.05
SG3 0.0843 15 0.023 0.05
SG4 0.0843 20 0.023 0.05
SG5 0.0843 25 0.023 0.05
SG6 0.0843 30 0.023 0.05
SG7 0.0843 35 0.023 0.05
SG8 0.0843 40 0.023 0.05
SG9 0.0843 45 0.023 0.05
SG10 0.0843 50 0.023 0.05
SG11 0.0843 55 0.023 0.05
SG12 0.0843 60 0.023 0.05
SG13 0.0843 65 0.023 0.05
SG14 0.0843 70 0.023 0.05
SG15 0.0843 75 0.023 0.05

Table 2: Loading of pemetrexed and Nickel nanoparticles (NiNPs) on fullerene 

Sample Number Fullerene g Isopropyl alcohol volume mL Nickel nanoparticles (NiNPs) g Pemetrexed g
SN1 0.0843 5 0.01436 0.05
SN2 0.0843 10 0.01436 0.05
SN3 0.0843 15 0.01436 0.05
SN4 0.0843 20 0.01436 0.05
SN5 0.0843 25 0.01436 0.05
SN6 0.0843 30 0.01436 0.05
SN7 0.0843 35 0.01436 0.05
SN8 0.0843 40 0.01436 0.05
SN9 0.0843 45 0.01436 0.05
SN10 0.0843 50 0.01436 0.05
SN11 0.0843 55 0.01436 0.05
SN12 0.0843 60 0.01436 0.05
SN13 0.0843 65 0.01436 0.05
SN14 0.0843 70 0.01436 0.05
SN15 0.0843 75 0.01436 0.05

systems due to their low toxicity, stability, easy synthesis, and 
reproducibility. Au NCs can link therapeutic molecules on their 
surface by covalent or noncovalent bonding or by a previous 
functionalization of Gold nanoparticle (Au NPs). They can 
then release the drug only in a specific site without damaging 
the healthy tissue.

Moreover, the small size of gold NPs allows their accum-
ulation in sites of tumor and inflammation and exhibits fast 
cell uptake using mechanisms different from those typical of 
small molecules.4 Nickel (Ni) nanocarriers have been widely 
used in biomedical applications as antibacterial and anticancer 
agents. They could increase cell membrane permeability and 
promote cellular absorption into cancer cells of the outer target 
molecules.5 Pemetrexed is a well-known drug for the treatment 

of lung cancer, but it has many serious side effects.6 Several 
trials had been reported to improve drug safety, including 
liposomal pemetrexed, which overcomes multi-drug resistance 
(MDR).7,8 Improve drug targeting by loading pemetrexed on 
chitosan nanoparticles.9 Another example is the loading of 
pemetrexed on fullerene C60 to improve anticancer activity 
of Pemetrexed against A549 invitro cell line study.10

The aim of this work to study the effect of introducing 
metals (gold/nickel) with fullerene (C60) on the loading of 
pemetrexed and its solubility, invitro release, and anticancer 
activity in order to get the optimum pemetrexed carrier that 
may be used to prepare an effective long-acting drug delivery 
system.
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Table 3: Pemetrexed’s percentage yield and drug loading on gold nanoparticles (AuNPs)-fullerene

Formula No. %Y %DL
SG1 76.28735 70.13
SG2 81.50 71.94
SG3 83.28 74.07
SG4 83.92 75.23
SG5 84.81 76.84
SG6 85.12 78.53
SG7 89.00 80.30
SG8 90.91 83.52
SG9 93.45 88.55
SG10 95.36 90.47
SG11 93.32 88.50
SG12 92.50 86.21
SG13 92.56 85.76
SG14 92.63 84.03
SG15 92.69 83.47

Table 4: Pemetrexed on Nickel Nanoparticles (NiNPs)-Fullerene: Yield and Drug Loading in Percentage

Formula No. %Y %DL
SN1 30.81 57.92
SN2 43.52 63.29
SN3 64.06 66.23
SN4 67.33 69.54
SN5 72.74 69.93
SN6 74.73 69.95
SN7 75.81 70.42
SN8 70.63 67.29
SN9 70.17 66.05
SN10 69.77 65.19
SN11 69.10 63.53
SN12 68.57 63.69
SN13 68.24 59.38
SN14 67.51 58.28
SN15 67.20 56.34

Table 5: Particle size and poly dispersibility index of pure pemetrexed, blank fullerene, AuNPs-fullerene, NiNPs-fullerene nanocarriers after 
loading with pemetrexed, blank AuNPs, and blank NiNPs.

Sample Particle size (Ghosh,  #54) Poly dispersibility index (PDI)
Fullerene 232.4 0.005
Gold nanoparticles (AuNPs)- Fullerene loaded 
with Pemetrexed (SG10) 319.8 0.017

Nickel nanoparticles (NiNPs)- Fullerene 
loaded with Pemetrexed (SN7) 406.2 0.005

Blank AuNPs 27.4 0.270
Blank NiNPs 41.6 0.229
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MATERIAL AND METHODS 

MATERIALS
Sigma Aldrich, a company based in Germany, supplied the 
pemetrexed® native. The supplier of isopropyl alcohol was 
Himedia in India. 

METHODS

Synthesis of Gold Nanoparticles (AuNPs)
The synthesis of gold nanoparticles (AuNPs) occurs by taking 
1 mL of 1% chloroauric acid HAuCl4 (10 mg/mL) added to 100 
mL of deionized H2O. After stirring to boiling, 8 mL 1% citric 
acid trisodium salt dihydrate Na3C6H5O7.2H2O (10 mg/mL) 
was added to the boiling solution. After 15 minutes of reaction, 
the solution color turned reddish (the reaction was stopped). 
Finally, water was added to bring the volume to 100 ml and 
cooled to room temperature, filtered through a 0.22 µm filter, 
and the filtrate was stored at 4°C for 24 hours then re-filtered 
and the filtrate was left to dry at room temperature.11

Synthesis of Nickel Nanoparticles (NiNPs)
The nickel disulfide NiS2 nanoparticles were synthesized by 
taking 0.95 g Nickel chloride hexahydrate NiCl2·6H2O and  
1.99 g Sodium thiosulfate pentahydrate Na2S2O3·5H2O 
dissolved in 100 mL of deionized water. The mixture solution 
was stirred vigorously for 10 minute. 

The beaker containing the mixture solution was reacted 
under microwave irradiation for 10 minute. After the reaction 
was completed, the black precipitate was washed several times 
with ethanol and dried at room temperature.12

The prepared AuNPs and NiNPs were characterized by 
UV–visible spectroscopy to assess their synthesis. 13

Loading of Fullerene with Pemetrexed and Gold 
Nanoparticles (AuNPs)  
C60 fullerene in the amount of 80 mg was added to a 100 mL 
Erlenmeyer flask (previously prepared in our laboratory10 
likewise 25 mL of benzene. The mixture was ultrasonically 
treated for 60 minutes after being agitated for 30 min. After 
filtering the saturated C60 solution through filter paper, and 
the filtrate was allowed to cool for 30 minutes in a refrigerator. 
Afterward, a 100 mL vial was filled with various amounts 
of previously cooled iso propyl alcohol and 25 mL solution 
saturated with C60 fullerene, as shown in Table 1. 0.05 g of 
pemetrexed and 0.023 g of the produced gold nanoparticles 
(AuNPs) were added to the combined solution after  

20 minutes of ultrasonication, followed by another 20 minutes 
of ultrasonication and 20 hours in the refrigerator. The filter 
paper was used to separate the cold mixture, and the precipitate 
was then dried for three hours at 120°C in the oven.14

Loading of Fullerene with Pemetrexed and Nickel 
Nanoparticles (NiNPs)
80 mg of the previously synthesized C60 fullerene and 25 mL 
of benzene were added to a 100 mL Erlenmeyer flask. The 
reaction mixture was exposed to ultrasonication for 60 minutes 
after being agitated for 30 minutes. After filtering the saturated 
C60 solution through filter paper, the filtrate was allowed 
to cool for 30 minutes in a refrigerator. A 100 mL vial was 
then filled with 25 mL solution saturated with C60 Fullerene 
and various amounts of previously cooled isopropyl alcohol  
(Table 2). Following a 30 minutes ultrasonication of the 
combined solution, 0.05 g of pemetrexed and 0.01436 g of 
the produced nickel nanoparticles (NiNPs) were added. 
Ultrasonication continued for an additional 40 minutes, and the 
mixture was then chilled for 24 hours Filter paper was used to 
separate the cold mixture, and the precipitate was then dried 
in an oven for four hours at 110°C.14

Drug Loading and Percent Yield Calculations
The weight of the resulting nanocarrier loaded with the drug 
was divided by the weights of fullerene, metal NPs, and the 
drug that was first added to the process to determine the 
percentage yield (percent yield),15 as follows:  

The ratio of the drug in manufactured nanocarriers to the total 
weight of fullerene and metal NPs loaded was used to calculate 
the percentage of drug loading (% drug loading),16 as follow:

 
By dissolving 10 mg of the produced drug-loaded nano-

carriers in 3 mL of benzene, up to 50 mL with PBS, and read 
absorbance at λmax 225 nm, the weight of pemetrexed loaded 
on distinct nanocarriers was calculated.
Selecting the Best Drug-loaded Nanocarriers
The best drug-loading nanocarrier was selected according to 
the best percentage of yield and drug loading capacity. They 
were SG10 and SN7.
Characterization of the Best Prepared Pemetrexed 
Loaded Nanocarriers 

FTIR Measurement
For the purified Pemetrexed and PMX loaded nanocarriers 
SG10 and SN7, FTIR spectroscopy (4000–500 cm-1) was used 
to characterize each one independently.17

Table 6: Zeta potential of fullerene nanocarriers loaded with 
pemetrexed, blank fullerene, AuNPs-fullerene, and NiNPs-fullerene

Sample Zeta Potential (mV)
Pemetrexed -25.1
Fullerene -44.8
Pemetrexed-loaded fullerene containing 
gold nanoparticles (AuNPs) (SG10) -66.9

Pemetrexed-loaded nickel nanoparticles 
(NiNPs) on fullerene (SN7) -32.5
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XRD Measurement
XRD was achieved for pure drug, drug-loaded nanocarriers 
SG10 and SN7 to determine their crystallinity. The XRD 
system was equipped with Cu-Ka radiation (λ = 1.54060 
Ǻ), voltage (40 Kv), and current (30 mA). The samples were 
analyzed at a scanning speed of (5°/min) and axis θ-2θ with a 
range of 0 to 60 degrees.18

DSC Measurement
Pure drug and drug-loaded nanocarriers SG10 and SN7 
underwent DSC (Differential Scanning Calorimetric) analysis 
by dispersing each sample (1–2 mg) in phosphate buffer (5 mL), 
then heating at 10°C/min while being supplied with nitrogen 
gas at a rate of 10 mL/min.19

SEM Measurement
SEM was applied for the prepared drug-loaded nanocarriers 
SG10 and SN7, as well as for pure drugs. It involved taking 1-2 
mg of powdered material, mounting it on a small aluminum 
holder, covering it with gold (a conducting metal), removing 
big molecules with nitrogen gas, and scanning the sample 
with an electron beam that was focused and fine enough to 
create images.20

Particle Size Measurement 
Dynamic light scattering is the most powerful technique 
for routine measurement of particle size and distribution of 
nanoparticle width. The native pemetrexed and best sample 
for drug-loaded nanocarriers SG10 and SN7 were placed in 
1-cm diameter disposable cuvette to yield a suitable scattering 
intensity. From the analysis, the mean particle size and PDI 
(which is the measure of the width of size distribution) of 
formulas were calculated using Brookhaven Instruments 
Corp90 PLUS (ZetaPlus Particle Sizing, NY, Software, version 
5.34). The measurements were carried out at a fixed scattering 
angle of 90°.21,22.

Measurement of the Zeta Potential
Zeta potential investigation of the drug-loaded nanocarriers 
SG10 and SN7, as well as pure pemetrexed, was carried out by 

sonicating each sample (2 mg) in PBS (10 mL) and filtering the 
mixture with a 0.2 L filter syringe then read the zeta potential.23

Saturated Solubility 
Separately, excess amounts of the pure drug and formulas 
(SG10 and SN7) were introduced to DW, then shaken until 
equilibrium was reached after one day. The suspension was 
then filtered, the first 2 mL of filtrate were discarded, and the 
filtrate was then used to assay the medication. The amount was 
regarded as the drug’s equilibrium or saturation solubility.24

In-vitro Drug Release Study
Using a USP type II at 37°C and 100 rpm in 500 mL of PBS, 
the release profile for PMX from the drug-loaded nanocarriers 
SG10 and SN7 was completed in comparison to pure PMX. 
100 mg of pure PMX and equivalent amounts of the prepared 
drug-loaded nanocarriers (SG10 and SN7) were dispersed in 

Figure 1: UV–visible spectroscopy of (A) Gold nanoparticles (AuNPs), 
(B) Nickel nanoparticles (NiNPs)

A

A

B

B

C

Figure 2: FTIR of (A) pure pemetrexed, (B) pemetrexed loaded on gold 
nanoparticles (AuNPs) – Fullerene (SG10), and (C) pemetrexed loaded 

on Nickel nanoparticles (NiNPs) - Fullerene (SN7) 
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the dissolution medium, and samples of 5 mL were taken out 
at regular intervals and replaced with the same volume of fresh 
media after each withdrawal. The samples were then filtered, 
and the content of PMX was determined spectrophotometrically 
by using a UV-visible spectrophotometer at 225 nm. Each 
experiment was examined in turn.25,26

Figure 3 : XRD of (A) pure pemetrexed, (B) pemetrexed loaded on gold nanoparticles (AuNPs) – Fullerene (SG10), and (C) pemetrexed loaded on 
Nickel nanoparticles (NiNPs) - Fullerene (SN7) 

B

B

BA

A

A

C

C

C

Figure 4: DSC of (A) pure pemetrexed, (B) pemetrexed loaded on gold nanoparticles (AuNPs) – Fullerene (SG10), and (C) pemetrexed loaded on 
Nickel nanoparticles (NiNPs) - Fullerene (SN7)

Figure 5: SEM of A) pure pemetrexed, (B) pemetrexed loaded on gold nanoparticles (AuNPs) – Fullerene (SG10), and (C) pemetrexed loaded on 
Nickel nanoparticles (NiNPs) - Fullerene (SN7) 

Cytotoxic activity of pemetrexed-loaded nanocarriers 
(SG10 and SN7)
The cytotoxic activity of pemetrexed loaded nanocarriers 
(SG10) and (SN7) on lung cancer cells (A549) was carried out 
applying the same methods, concentrations and incubation 
periods (24, 48 and 72 hours) applied in our previous  
work.10,27
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BA

A B C

C

D E
Figure 5: Particle size analysis of (A) blank fullerene and (B) pemetrexed loaded on gold nanoparticles (AuNPs) – Fullerene (SG10) C) pemetrexed 

loaded on Nickel nanoparticles (NiNPs) - Fullerene (SN7)  (D) blank AuNPs (E) blank NiNPs

Figure 6: Comparison of the in-vitro release profiles of pemetrexed in its pure form and when loaded onto a metal-fullerene nanocarrier 

RESULTS AND DISCUSSION 

Synthesis of Gold Nanoparticles (AuNPs) and Nickel 
Nanoparticles (NiNPs) 
Strong absorption bands were seen at 540 nm for the spectrum 
of AuNPs produced with citrate when the optical characteristics 

of the AuNPs were studied by UV-vis absorption spectroscopy 
Figure 1-A, which agreed with a synthesis of gold nanoparticles 
through response surface modeling.28 The peak position, 
intensity, and band shape of the Surface plasmon resonance 
(SPR) depend on factors such as the surrounding medium’s 
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shape, size, composition, and dielectric constant. The citrate 
ions used in the work promote the reduction and stabilization 
of the gold nanoparticles, which leads to the mono dispersion 
effect.29 While for Nickel nanoparticles (NiNPs), the absorption 
band was at 325 nm, which agreed with results observed 
with the preparation of nickel, nickel-iron, and silver-copper 
nanoparticles in ionic liquids.30

Loading of Fullerene with Pemetrexed and Metal 
Nanoparticles 
From the results in Table 3 and 4, they show that increasing 
the volume of isopropyl alcohol led to an increase in drug 
loading and percentage of yield for loading of Pemetrexed on 
Au- Fullerene and Ni- Fullerene, where 50 mL of isopropyl 
alcohol was required for loading of the drug on Au-Fullerene 
and gave 95.36 yields and 90.47% drug loading, while 35 mL 
of isopropyl alcohol was required for loading of the drug on 
Ni-Fullerene to give 75.8% yield and 70.42% drug loading. 
Above these two volumes, a non-significant (p > 0.05) decrease 
in the percentage of yield and drug loading on both carriers was 
observed. It is also noticed that using AuNPs gave significantly 
(p < 0.05) higher yield and drug loading than NiNPs. Isopropyl 
alcohol may help increase particle stabilization through its 
effect on Debye length and lead to blocking positive salt ions 
from attaching to the negatively charged surface of AuNPs, 
preventing aggregation and precipitation.31 The same result 
was observed with graphene oxide wrapped gold nanoparticles 
for intracellular Raman imaging and drug delivery..32  

For Ni-NPs, only 35 mL of isopropyl alcohol was required 
to stabilize its charged surface, but it gave lower yield and drug 
loading percentage than AuNPs due to aggregation leading to 
large particle size and less surface area for drug loading. The 
same results were observed with isopropyl alcohol to stabilize 
the negatively charged liposomes.33

Therefore, the best sample that gave a higher percentage 
of yield and drug loading capacity on both gold and nickel 
NPs-fullerene carriers (SG10 and SN7) was chosen for further 
characterization. 
Characterization of Pemetrexed loaded Nanocarriers 
(SG10 and SN7)

Fourier Transform Infra-Red (FTIR) Measurement
The characteristic band in the pemetrexed drug’s FT-IR 
spectrum is at 3414 cm-1; other prominent wavelengths include 

NH2 at 3298 cm-1, NH at 3170 cm-1, C-H aromatic at 3050 
cm-1, C-H aliphatic at 2931 cm-1, C=O adjacent to amide at 
1743 cm-1, C=O of COOH at 1698 cm-1, C=N at 1624 cm-1, and 
C=C aromatic at 1500 cm-1.34 

The same functional groups of free pemetrexed were visible 
in the FT-IR spectrum of the drug-loaded on gold nanoparticles 
(AuNPs)-fullerene (SG10), and they are as follows:  O-H of 
COOH is at 3417 cm-1, NH2 is at 3302 cm-1, NH is at 3170 
cm-1, C-H aromatic is at 3030 cm-1, C-H aliphatic is at 2931 
cm-1, C=O is next to the amide is at 1739 cm-1, C=O of COOH 
is at 1689 cm-1, C=N is at 1631 cm-1, and C=C aromatic is at 

1531 cm-1. The same functional groups of free pemetrexed 
were visible in the drug’s FTIR spectrum when it was loaded 
on nickel nanoparticles (NiNPs)-fullerene, and they were at 
the following wavelengths: 3394 cm-1for O-H of COOH, 3302 
cm-1 for NH2, 3170 cm-1 for NH, 3020 cm-1 for C-H aromatic, 
2931 cm-1 for C-H aliphatic, 1743 cm-1 for C=O Both Au and 
Ni produced bands at 570 and 580 cm-1, which are indicative of 
metal-drug complexes via the drug’s carboxyl group. The same 
outcomes were seen when methotrexate was loaded onto gold 
and nickel nanoparticles, indicating noncovalent drug-metal 
nanoparticle conjugation.35 

Because no replaceable hydrogen atoms allow substitution 
processes, the conjugated pie (π) - system in fullerenes differs 
from that seen in classical aromatic compounds. One of two 
consequences is possible when a carbon atom interacts with 
an external chemical reagent: pie () bond breaking, an orbital/
hybrid transition to SP3, or a free pie () - orbital’s contact with 
a chemical reagent outside the body.36 

The difference in Pemetrexed’s FT-IR spectra before 
and after loading with nanocarriers indicates complicated 
development between pemetrexed and nanocarriers rather 
than a simple chemical reaction.37,38 The same result was 
observed with an anticancer drug delivery system based on 
carbon nanotube–dendrimer hybrid nanomaterials (Figure 2).39

X-Ray Diffraction (XRD) Measurement
The free native pure Pemetrexed’s XRD spectrum (Figure 
3-A) shows a large number of peaks, which is evidence of 
its extremely stable crystalline structure. Compared to the 
XRD of free Pemetrexed, the XRD of Pemetrexed loaded 
on nanocarriers (Figure 3-B) and (Figure 3-C) reveal strong 
diffraction peaks with increased multiplicity but lower intensity 
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Figure 7: IC50 of (A) pure pemetrexed, (B) pemetrexed loaded on gold nanoparticles (AuNPs) – Fullerene (SG10), and (C) pemetrexed loaded on 
Nickel nanoparticles (NiNPs) - Fullerene (SN7)
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and definition; however, this may be because the carriers are 
more amorphous.40,41 Fe3O4 nanoparticles self-assembling on 
carbon nanotubes produced the same outcome.42

DSC Measurement
Pemetrexed’s DSC spectrum (Figure 4-A) exhibits a 
prominent, narrow, and robust endothermic peak at 250°C, 
which is where the medication melts. Figure 4-B and C show 
a moderate, non-intense peak at 96.5°C for pemetrexed loaded 
on metals-fullerene nanocarriers. This points to the melting 
of the complex and elimination of the peak of the pemetrexed 
melting point.43,44 doxorubicin placed on multi-walled carbon 
nanotubes had the same results.45 
SEM Measurement
The crystalline form of pure pemetrexed was visible in the 
photos taken under a scanning electron microscope of native 
pemetrexed, as illustrated in Figure 5-A.46 Compared to the 
free pemetrexed, the loaded pemetrexed with nanocarriers’ 
scanned electronic microscope (SEM) images (Figure 5-B  
and C) show a significantly less organized structure, showing 
the complex’s amorphous form.47 the same result was observed 
with golden single-walled carbon nanotubes prepared using 
double layer polysaccharides bridge for photothermal therapy.48

Particle Size Measurement
Brookhaven Instruments Corp90 PLUS was used to quantify 
the particle sizes of fullerene and pemetrexed loaded on 
nanocarriers (Figure 4 and Table 5). The particle size of 
fullerene was determined to be 232.4 nm, and the particle 
size of nanocarriers loaded with Pemetrexed SG10 and SN7 
was found to be 319.8 and, 406.2 nm, respectively. The 
results revealed π-π bond between pemetrexed and its metal-
fullerene nanocarrier that resulted in enlarging particle size. 
A similar result was observed upon loading pemetrexed on 
fullerene.10 PDI values of 0.017 and 0.005 for pemetrexed 
loaded on nanocarriers SG10 and SN7, respectively, suggest 
homogeneous distribution.49 The same result was observed with 
a functionalized graphene oxide-iron oxide nanocomposite for 
magnetically targeted drug delivery, photothermal therapy, and 
magnetic resonance imaging.50

Measurement of the Zeta Potential
The reported acceptable limit is between -30 and above, as 
shown in Table 6. Zeta potential values that were negative were 
produced by each sample used in this study (Table 6). The zeta 

potential values of native pemetrexed (-25.8 mV) indicate its 
incipient instability, the zeta potential values of pure fullerene 
indicate its good stability (-44 mV), the gold nanoparticles 
(AuNPs)- Fullerene loaded with Pemetrexed (SG10) ZP 
value (-66.9) indicate it is excellent stability while nickel 
nanoparticles (NiNPs)- Fullerene loaded with Pemetrexed 
(SN7) had shown lower ZP value as compared with (SG10), 
and this could be attributed to the large particle size of SN7 
particles.51 The same result was observed with dual targeted 
delivery of doxorubicin to cancer cells using folate-conjugated 
magnetic multi-walled carbon nanotubes.52

Saturated Solubility 
The solubility of pemetrexed was increased from 0.69 mg/
mL (for pure drug) to 0.98 mg/mL from PMX-Au-fullerene 
carrier, while the reported solubility of pemetrexed loaded 
on fullerene was 0.72 mg/mL.10 These results indicated that 
introducing gold nanoparticles improved the drug solubility 
because the gold nanoparticles impart stability to the assembly. 
Also, it works on tuning surface properties such as charge and 
hydrophobicity.54 The similar outcome was seen when gold 
nanoparticles were added to doxorubicin.55 The results also 
showed that the solubility of pemetrexed from nickel-fullerene 
nanoparticle (SN7) was decreased to 0.61 mg/mL. This could 
be due to the large particle size of Nickel-fullerene loaded 
with PMX.56 Similar observations were found with the DNA-
Nickel complex.26

In-vitro Drug Release Study
Figure 6 shows drug release from the prepared carriers SG10, 
and SN7 in comparison to the pure native drug in phosphate 
buffer pH 7.4 (physiological pH), pH 6.8 (pH of the cancer cell 
wall), and pH 5.5 (pH of cancer cells). The results show that 
the release of drug from SG10 is significantly (p < 0.05) higher 
than SN7and pure drugs where there is a fast initial burst effect 
(80% within 15–20 minutes) and continued to reach 87.8% after 
240 minutes while pure drug shows 30% release within 15–20 
minutes and reach not more than 40% after 240 minutes. This 
can be attributed to the smaller particle size of SG10, high 
solubility, excellent stability, and high loading efficiency of 
the gold-fullerene nanocarrier. The same result was observed 
with gold nanoclusters and graphene nanocomposites for 
drug delivery and imaging of cancer cells.57 The release of 
drug from SN7 was non-significantly (p > 0.05) from pure 
drug where low initial release that reach not more than 38.9% 
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Figure 8: Dose-response curve in A549 at various concentrations (A) pure pemetrexed, (B) pemetrexed loaded on gold nanoparticles (AuNPs) – 
Fullerene (SG10), and (C) pemetrexed loaded on Nickel nanoparticles (NiNPs) - Fullerene (SN7) at 24, 48 and 72 hr.
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after 240 minutes, which could be due to larger particle size  
(406.2 nm), low drug loading efficiency (70.42%), low solubility 
than gold fullerene carrier (SG10). Similar results were 
observed with paclitaxel loaded on nickel nanoparticles.26 
Cytotoxic Activity of Pemetrexed loaded Nanocarrier
Each sample was dissolved in DMSO, which has low or 
insignificant cytotoxic effect on both tumor and normal cells 
(inhibition rate percent IR percent) before and after loading 
with AuNPs or NiNPs -fullerene nanocarriers.58 At different 
exposure times (24, 48, and 72 hours), pemetrexed loaded with 
gold nanoparticles (AuNPs)-fullerene nanocarrier (SG10) had 
a lower IC50 (1.55 µM) and a higher cytotoxic effect on A549 
cancer cells (Figure 7). So drug loaded on Au-fullerene had 
significantly lower IC50 than the pure drug, which revealed the 
significant contribution of AuNPs available in reducing IC50 of 
pemetrexed. The same result was observed with AuNPs with 
gallic acid, which improved the drug’s antitumor properties 
for tumor cells.59

A549 lung cancer cells were treated with pemetrexed 
loaded on AuNPs-fullerene (SG10) nanocarriers (Figure 8), 
which resulted in a higher cell death rate (90.4% cell death for 
SG10) than the free drug (60% cell death) after 24 hours When 
pemetrexed was loaded onto nanocarriers, the cytotoxic effect 
was increased upon increasing its concentration throughout the 
time periods of 24, 48, and 72 hours While pemetrexed loaded 
on Nickel nanoparticles (NiNPs) - Fullerene (SN7) resulted in 
a decrease percentage of cell death (30% cell death) NiNPs-
fullerene loaded with pemetrexed showed lower cytotoxic 
activity than AuNPs-fullerene loaded with pemetrexed that 
could be due to decreased solubility of pemetrexed after 
loading with NiNPs-fullerene .The same result was observed 
with Targeting chemo-photothermal therapy of hepatoma by 
gold nanorods/graphene oxide core/shell nanocomposites.60

Figure 9’s time response curve showed that native 
pemetrexed concentrations of 12.5 µM at 24 hours resulted 
in (40% cell death), at 48 hours (45% cell death) and at 72hr 
(78% cell death). When compared to native pemetrexed, 
which shows a lower percentage of cell death (40%) at 24 
hours, pemetrexed loaded on AuNPs-fullerene nanocarrier 
(SG10) exhibits a higher percentage of cell death (68.16%). 
This difference may be due to the synergistic effect of AuNPs-

fullerene on the cytotoxic effect of pemetrexed in its complex 
(SG10), which may result in a quicker onset of. While NiNPs 
led to decrease anticancer activity of pemetrexed loaded with 
NiNPs- Fullerene (SN7) which gave lower percentage of cell 
death (20% cell death at 24 hours) than that of pure pemetrexed, 
therefore; Pemetrexed loaded on AuNPs showed faster and high 
cytotoxic activity than NiNPs and pure pemetrexed that can 
give faster onset of action and prolong duration of action. The 
same result was observed with quercetin loaded with NiNPs 
and a Multifunctional branched gold–carbon nanotube hybrid 
for cell imaging and drug delivery.61,62

CONCLUSION 
The work revealed that introducing gold nanoparticles with 
fullerene significantly affected loading of pemetrexed, 
improved solubility, and had a fast initial burst effect in drug 
release and remarkably higher cytotoxic activity than NiNPs 
and the pure drug. Therefore, a drug-loaded on gold -fullerene 
complex is a good candidate for the preparation of an effective 
drug delivery system with a faster onset of action and long 
duration that may reduce the dose of drug leading to reducing 
its serious side effects.
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