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Abstract

Gold nanostructure can be manufactured in many forms, such as spherical by using simple chemical
method. X-ray powder diffraction (XRD) pattern of gold nanoparticles (AuNPs) was derived from a
400-μL  trisodium  citrate  solution.  The  diffraction  peaks  corresponding  to  the  diffraction  planes  of
(111), (200), and (220) were all indexed to the gold with a face-centered cubic structure. The lattice
constant  calculated  from  the  XRD  pattern  is  4.078  Å, which  matches  the  conventional  cubic  gold
metal  diffraction  pattern  well  (Pattern  card  number  (04-784)).  The  results  of  scanning  electronic
microscope show that the biological nanoparticles of gold have asymmetric shapes and different sizes
grouped as a circular particle. It was observed that the fashioning of AuNPs increased with increase in
the concentration of [6]-gingerol waste extracts. The viability of FTC-133 cells treated for 48 h with
various  concentrations  of  [6]-gingerol  extract  coated  with  AuNPs  (12.5–400  g/mL)  was  used  to
determine  the  cytotoxicity.  A  dose-dependent  reduction  in  FTC-133  cell  viability  caused  by
[6]-gingerol  extract  capped with Au NPs was substantial  (P <  0.05),  reaching 75% cell  mortality  at
400 g/mL; the IC50 was 90.5%.
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 Introduction

As one of the most prevalent endocrine malignancies,
thyroid  cancer  has  steadily  increased  in  incidence
over  the  past  10  years  [1].  About  80%  of  human
thyroid  malignancies  are  of  the  primary  histological
form  known  as  follicular  thyroid  carcinoma  (FTC-
133)  [2].  A number  of  well-known clinicopathologic
factors, including age, tumor size, histologic subtype,

extrathyroidal extension, and lymph node metastases,
have  been  shown  to  influence  the  prognosis  of
FTC-133  [3].  Generally  speaking,  distant  metastases
or negative clinical outcomes are found in 10%–15%
of FTC-133 patients [4]. Additionally, 5%–20% of all
patients experience illness recurrence, and some even
underwent  total  thyroidectomy  [1].  Although  most
FTC-133  patients  have  a  good  prognosis,  there  are
not many effective therapy options for cervical lymph
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node metastases and early invasion [5]. Therefore, the
need for a fresh and effective target therapy protocol
is  important.  Due  to  their  availability,  material
characteristics,  and  capacity  to  improve  medication
selectivity against cancer cells, metallic nanoparticles
have  been  successfully  used  as  diagnostic  tools  or
drug  delivery  systems  in  cancer  therapy  [6, 7].  Gold
nanoparticles  (AuNPs),  a  diverse  group  of  metallic
nanoparticles,  have  drawn  attention  due  to  their
unique  characteristics,  such  as  their  nanosize,  low
toxicity, straightforward manufacturing, and ability to
target a particular area [8, 9]. A promising therapeutic
possibility  for  limiting  tumor  growth  and  metastasis
may  be  monotherapy  with  AuNPs,  according  to
recent  research  [10].  Through  the  suppression  of  the
MAPK  signaling  pathway,  AuNPs  can  reduce  the
growth of  ovarian tumor cells  and increase  leukemia
cell  death  by  causing  endoplasmic  reticulum
stress  [11,  12].  In  vivo,  inflammation  and  apoptosis
have been found to be induced by 13 nm AuNPs [13].
Additionally,  human  fibroblast  migration  and
adhesion, as well as morphological alterations, are all
influenced by AuNPs [14]. Additionally, AuNPs have
been  shown  to  harm  cancer  cells  by  a  variety  of
mechanisms,  including  cell  necrosis,  the  stimulation
of  proapoptotic  protein  (Bax)  expression,  prevention
of tumor cell invasion and migration, and reduction of
oxidative reactive species formation [15]. However, it
has  been  noted  that  melanoma  cells  are  cytotoxic  to
AuNPs of 1–2 nm in diameter [16].

In  this  work,  AuNPs  were  prepared  in  different
shapes  for  comparison  and  determination  of  the  best
non-toxic  dose.  After  that,  effect  of  [6]-gingerol
combined  with  colloidal  gold  nanoparticles  on
thyroid carcinoma cells was investigated.

 Experimental

 Preparation of AuNPs

Synthesis  of  AuNPs  was  carried  out  by  using
chemical  reduction  technique as  follows:  200  mL  of
0.04%  (mass  fraction)  chlorauric  acid
(HAuCl4∙3H2O)  liquid  was  heated  to  boiling,  while
continuous  stirring  in  a  500  mL  volumetric  beaker.
Then a few hundred microliters of 2% (mass fraction)
trisodium citrate  dihydrate  (Na3C6H5O7∙2H2O)  liquid
was  speedily  added  to  the  auric  liquid.  The  liquid
changed color within several minutes from yellow to

black  and then  to  red  or  purple  color, which  may be
due to the grain size of the AuNPs.

 Preparation of ginger plant extract

Fresh  ginger  rhizomes  were  washed  thoroughly  to
remove  any  trace  amount  of  soil.  Then  the  rhizomes
were cut into thinly sliced pieces before being stored
in  a  deep  freezer  at  (–75  °C)  overnight.  The  ginger
specimens were freeze-dried in the following day for
one week. The dried ginger was then ground to a fine
powder  using  a  blender  and  dissolved  with  ionic
water and mixed for 1 h at room temperature and then
filtered  for  a  pure  solution  of  ginger.  Samples  were
taken  for  the  analyses  of  [6]-gingerol  content  and
bioactive properties.

Preparation  of  [6]-gingerol  combined  with
colloidal  AuNPs:  70  mg  of  ginger  extract  was
extracted  with  deionized  water,  and  7  mL  of  a
3  mmol/L  HAuCl4·3H2O  solution  was  slowly  added
under  magnetic  stirring  with  hot  plate  at  70  °C  for
60 min  to  uniformly  coat  the  AuNPs;  pH of  mixture
was adjusted to 8 using 1 mol/L NaOH solution at the
beginning  of  the  stirring  step.  A  color  change  from
pale  yellow  (plant  aqueous  extract)  to  purple
indicated  the  successful  formation  of  AuNPs.  The
solution  was  evaporated  to  collect  the  precipitate,
which was washed thrice with sterilized distilled H2O
followed by oven drying at 100 °C for 2 h.

 Cytotoxicity assay

The  tests  were  run  in  triplicate,  and  a  log  dosage
inhibition  curve  was  used  to  determine  the  values
IC50  of  the  compounds.  For  expressing  human  cell
cultivation,  in  100  μL  of  RPMI  1640,  human
follicular thyroid cancer with lymph node metastases
(FTC-133)  was  grown  (Roswell  Park  Memorial)  in
10%  fetal  bovine  serum  (FBS)-containing
institutional  solution.  For  cell  adhesion,  FTC-133
cells  were  cultured  for  an  entire  night  at  37  °C  with
5% CO2.

 MTT cytotoxicity assay

According  to  the  operator's  guidelines  [16],  in
96-well plates, 200 mL of the cells (104–106 cells/mL)
was  grown.  At  37  °C  with  5% CO2,  the  plates  were
gently  stirred,  covered  with  a  sterile  parafilm,  and
incubated for 24 h. The medium was taken out of the
wells after the incubation period and 200 mL of a 2-
fold serial dilution of the crude extract of [6]-gingerol
combined  with  colloidal  AuNPs  (25,  50,  100,  200,
and  400  mg/mL)  was  added.  At  each  concentration
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and control,  three  replicates  were  run.  48  h  at  37  °C
and 5% CO2 were spent incubating the plates. 10 mL
of  3-[4,5-dimethylthiazol-2-yl]-2,5  diphenyl
tetrazolium  bromide  (MTT)  solution  were  added  to
each  well  after  each  well  had  been  exposed  to  the
extract.  The  plates  underwent  a  further  4  h  of
incubation  at  37  °C  and  5%  CO2.  After  carefully
removing  the  medium,  100  mL  of  the  dissolving
solution  was  added  to  each  well,  and  each  was  then
given a 5-min incubation period.  At  a  wavelength of
575  nm,  absorbance  was  measured  using  an  ELISA
reader  (Bio-rad,  Germany).  The  optical  density
readings  were  statistically  analyzed  to  determine  the
IC50, as the following equation states:

Viability =
optical density of sample
optical density of control

×100% (1)

 Multi-parameter cytotoxic assay

Five  orthogonal  FTC-133  cell  health  indicators  were
measured  using  a  multiparametric  cytotoxicity
test [16] following in vitro exposure to nanoethanolic
ginger  extract.  The  variables  were  viable  cell  count,
total  nuclear  intensity,  permeability  of  the  cell
membrane,  permeability  of  the  mitochondrial
membrane,  and  release  of  cytochrome  C.  Briefly,
after  being  exposed  to  various  doses  of  the  [6]-
gingerol  combined  with  colloidal  gold  nanosheets

extract  for  24  h,  treated  FTC-133  cells  were  stained
with a cell staining solution (MMP dye+osmotic dye)
at 37 °C for 30 min. The main cytochrome C antibody
and  a  second  goat  anti-mouse  IgG  probed  with
DyLight 649 for 60 min each were used to probe the
cells  after  they  had  been  fixed,  permeabilized,  and
blocked.  An  ArrayScan  HCS  Analyzer  was  used  to
analyze the plates (Thermo Scientific, USA).

 Results and Discussions

Figure  2  shows  a  typical  XRD  pattern  of  AuNPs
derived from a 400-μL trisodium citrate solution. The
diffraction  peaks  corresponding  to  the  diffraction
planes of (111) and (200) were all indexed to the gold
metal  with  a  face-centered  cubic  structure,  as  shown
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Fig. 2 XRD  pattern  of  AuNPs  synthesized  using  chemical
reduction method.
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in this figure. The lattice constant calculated from the
XRD  pattern  is  4.078  Å,  which  matches  the
conventional cubic gold metal diffraction pattern well
(Pattern card number (04-784)).

Figure  3  shows  that  gold  nanoscale  can  be
manufactured  in  many  forms,  such  as  spherical,
cubic,  rods,  and  stellar;  each  type  depends  on  a
special  method  of  manufacture  and  the  intended
application.  All  types  can  be  loaded  with  drugs  to
reach the target tissue and can be used in the process
of detecting diseased cells.  Generally, AuNPs have a
tendency  to  easily  aggregate,  especially  in  the
presence  of  a  high  concentration  of  salts  and
biological  molecules  such  as  nucleic  acids  and
proteins.  Although  the  aggregating  of  AuNPs  is
useful  for  specific  cases  to  the  identification  of
biomolecules,  but  AuNPs  must  be  constantly
differentiated  into  biological  fluids  in  most
applications.  AuNPs  was  synthesized  by  a  set  of
methods  that  mainly  depended  on  gold  chlorauric
acid  reduction  in  the  presence  of  a  stabilizer.  The
most  widely  used  method  is  the  synthesis  method
with  citrates.  The  reduction  gold  salt  with  trisodium
citrate  leads  to  the  formation  of  the  nanoscale  gold
solution.  The AuNPs size is  mainly depended on the
salt  concentration,  temperature,  and  rate  of  addition
of the reactants, which results in a size of 10–25 nm.
However,  a  size  range  of  1–100  nm or  less  can  also
be  achieved  by  changing  the  salt  concentration  and
temperature.  Figure  3  shows  the  typical  FESEM
pictures of the AuNPs fabrication at various amounts
of 2% (mass fraction) trisodium citrate solution.  The

grain  size  of  the  prepared  AuNPs  decreases  from 40
to  10  nm  when  the  amount  of  trisodium  citrate
increases from 100 to 600 μL.

Figure 4 shows the UV–visible  spectra  for  AuNPs
fabrication  by  using  chemical  reduction  method.  It
was observed that the fashioning of AuNPs increased
with  increase  in  the  concentration  of  [6]-gingerol
waste extracts.

The  high-performance  liquid  chromatography
(HPLC)  analysis  revealed  that  [6]-gingerol  is  the
major  compound  of  the  freeze-dried  ginger  and
accounted to 22.63% ± 0.5%, as shown in Fig. 5.

 Viability assay

The  viability  of  FTC-133  cells  treated  for  48  h  with
various  concentrations  of  [6]-gingerol  extract  coated
with AuNPs (12.5–400 g/mL) was used to determine
the cytotoxicity. A dose-dependent reduction in FTC-
133  cell  viability  caused  by  [6]-gingerol  extract
capped  with  AuNPs  was  substantial  (P  <  0.05),
reaching  75%  cell  mortality  at  400  g/mL.  The  IC50

was 90.5% as shown in Fig. 6.

 Multi-parameter cytotoxic activity

Multiparametric  cytotoxic  activity  with  [6]-gingerol
extract  capped  with  AuNPs  was  performed  in  HCS
using  FTC-133  cells.  Five  different  measurements
(cell count viability, nuclear intensity, cell membrane
permeability,  mitochondrial  membrane  potential  and
cytochrome  C  release)  were  detected  in  this  assay
(Figs. 7–11).
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Fig. 3 FESEM pictures of AuNPs synthesized with different amounts ((a) 100, (b) 200, (c) 300, (d) 400, (e) 500, and (f) 600 μL)
of 2% trisodium citrate solution.
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 Conclusion

The  viability  of  FTC-133  cells  treated  for  48  h  with
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Fig. 11 Effect  of  [6]-gingerol  extract  capped  with  AuNPs
treatment on mitochondrial membrane potential in FTC-133.
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various  concentrations  of  [6]-gingerol  extract  coated
with AuNPs (12.5–400 g/mL) was used to determine
the cytotoxicity. A dose-dependent reduction in FTC-
133  cell  viability  caused  by  [6]-gingerol  extract
capped  with  AuNPs  was  substantial  (P <  0.05),
reaching 75% cell mortality at 400 g/mL; the IC50 was
90.5%.  Multiparametric  cytotoxic  activity  with  [6]-
gingerol  extract  capped  with  AuNPs  was  performed
in  HCS  using  FTC-133  cells.  Five  different
measurements  (cell  count  viability, nuclear  intensity,
cell  membrane  permeability,  mitochondrial
membrane potential, and cytochrome C release) were
detected in this assay.

 CRediT Author Statement

Majid  S.  Khalaf:  Methodology  and  software.
Marwa  Abdul  Muhsien  Hassan:  Formal  analysis,
funding  acquisition,  writing,  review,  and  editing.
Asmaa  Hadi  Mohammed:  Supervision  and  writing
original draft.

References  

 K. Saraswathi, J. Vidhya, L. Mohanapriya. Green sythesis
of  silver  nanoparticles  using  Zingiber  officinale  extract
and  evaluation  of  their  antioxidant,  antimicrobile,  and
antiinflammatory effect. World Journal of Pharmacy and
Pharmaceutical Sciences, 2016.

[1]

 A.  Dzimitrowicz,  P.  Jamróz,  G.C.  diCenzo,  et  al.
Preparation  and  characterization  of  gold  nanoparticles
prepared  with  aqueous  extracts  of  Lamiaceae  plants  and
the  effect  of  follow-up  treatment  with  atmospheric
pressure  glow  microdischarge.  Arabian  Journal  of
Chemistry,  2016,  12(8):  4118−4130.  https://doi.org/10.
1016/j.arabjc.2016.04.004

[2]

 L.E.  Cole,  R.D.  Ross,  J.M.  Tilley,  et  al.  Gold
nanoparticles  as  contrast  agents  in  X-ray  imaging  and
computed  tomography.  Nanomedicine,  2015,  10(2):
321−341. https://doi.org/10.2217/nnm.14.171

[3]

 P.  Mukherjee,  A.  Ahmad,  D.  Mandal.  Bioreduction  of
AuCl4–  ions  by  the  fungus,  Verticillium  sp.  and  surface
trapping  of  the  gold  nanoparticles  formed.  Angewandte
Chemie,  2001,  40(19):  3585−3588.  https://doi.org/10.
1002/1521-3773(20011001)40:19<3585::AID-ANIE3585
>3.0.CO;2-K

[4]

 V.K. Sharma, R.A. Yngard, Y. Lin. Silver nanoparticles:
Green  synthesis  and  their  antimicrobial  activities.
Advances  in  Colloid  and  Interface  Science,  2009,

[5]

145(1–2):  83−96.  https://doi.org/10.1016/j.cis.2008.09.
002
 W.M.  Marx,  L.  Teleni,  A.L.  McCarthy,  et  al.  Ginger
(Zingiber  officinale)  and  chemotherapy-induced  nausea
and  vomiting:  A  systematic  literature  review.  Nutrition
Reviews,  2013,  71(4):  245−254.  https://doi.org/10.1111/
nure.12016

[6]

 S.  Ahmed, M.  Ahmad,  B.L.  Swami,  et  al.  A  review  on
plants  extract  mediated  synthesis  of  silver  nanoparticles
for antimicrobial applications: A green expertise. Journal
of Advanced Research, 2016, 7(1): 17−28. https://doi.org/
10.1016/j.jare.2015.02.007

[7]

 A.H. Nour, S.S. Yap, A.H. Nour. Extraction and chemical
compositions  of  ginger  (Zingiber  officinale  Roscoe)
essential oils as cockroaches repellent. Australian Journal
of Basic and Applied Sciences, 2017, 11(3): 1−8.

[8]

 S.  Kumar,  K.  Saxena,  U.N.  Singh,  et  al.  Anti-
inflammatory action of ginger: Acritical review in anemia
of  inflammation  and  its  future  aspects.  International
Journal of Herbal Medicine, 2013, 1(4): 16−20.

[9]

 K.P.  Kumar, W.  Paul,  C.P.  Sharma.  Green  synthesis  of
gold  nanoparticles  with  Zingiber  o¨cinale  extract:
characterization  and  blood  compatibility.  Process
Biochemistry, 2011, 46(10): 2007−2013.

[10]

 S. Kumar, R. Sandhir, S. Ojha. Evaluation of antioxidant
activity and total  phenol in different varieties of Lantana
camara leaves. BMC Research Notes, 2014, 7: 560. https://
doi.org/10.1186/1756-0500-7-560

[11]

 M.  Mohammadlou,  H.  Maghsoudi,  H.  Jafarizadeh-
Malmiri. A review on green silver nanoparticles based on
plants:  Synthesis,  potential  applications  and  eco-friendly
approach.  International  Food  Research  Journal,  2016,
23(2): 446−463.

[12]

 V. Kumar, S.K. Yadav. Plant-mediated synthesis of silver
and  gold  nanoparticles  and  their  applications. Journal  of
Chemical  Technology & Biotechnology,  2009,  84(2):
151−157.

[13]

 H. Tohma, İ. Gülçin, E. Bursal., et al. Antioxidant activity
and  phenolic  compounds  of  ginger  (Zingiber  offcinale
Rosc.)  determined  by  HPLC-MS/MS.  Journal  of  Food
Measurement  and  Characterization,  2017,  11:  556−566.
https://doi.org/10.1007/s11694-016-9423-z

[14]

 A.Z.  Al-Saffar,  F.A.  Sabry,  S.L.  Al-Brazanchi,  et  al.
Phytochemical  analysis,  antioxidant  and  cytotoxic
potentials  of  Pelargonium  graveolens  extract  in  human
breast  adenocarcinoma (MCF-7)  cell  line. Asian  Journal
of Biochemistry, 2017, 12: 16−26.

[15]

 J.  Baharara,  F.  Namvar,  T.  Ramezani,  et  al.  Silver
nanoparticles  biosynthesized  using Achillea  biebersteinii
flower  extract:  Apoptosis  induction  in  MCF-7  cells  via
caspase  activation and regulation  of  Bax and Bcl-2  gene
expression. Molecules,  2015,  20(2):  2693−2706.  https://
doi.org/10.3390/molecules20022693

[16]

© The author(s) 2023. This is an open-access article distributed
under  the  terms  of  the  Creative  Commons  Attribution  4.0
International  License  (CC  BY)  (http://creativecommons.org/
licenses/by/4.0/),  which  permits  unrestricted  use,  distribution,
and  reproduction  in  any  medium,  provided  the  original  author
and source are credited.

6 Nano Biomed. Eng., 2023

https://www.sciopen.com/journal/2150-5578

https://doi.org/10.1016/j.arabjc.2016.04.004
https://doi.org/10.1016/j.arabjc.2016.04.004
https://doi.org/10.2217/nnm.14.171
https://doi.org/10.1002/1521-3773(20011001)40:19%3C3585::AID-ANIE3585%3E3.0.CO;2-K
https://doi.org/10.1002/1521-3773(20011001)40:19%3C3585::AID-ANIE3585%3E3.0.CO;2-K
https://doi.org/10.1002/1521-3773(20011001)40:19%3C3585::AID-ANIE3585%3E3.0.CO;2-K
https://doi.org/10.1016/j.cis.2008.09.002
https://doi.org/10.1016/j.cis.2008.09.002
https://doi.org/10.1111/nure.12016
https://doi.org/10.1111/nure.12016
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1186/1756-0500-7-560
https://doi.org/10.1007/s11694-016-9423-z
https://doi.org/10.3390/molecules20022693
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Experimental
	Preparation of AuNPs
	Preparation of ginger plant extract
	Cytotoxicity assay
	MTT cytotoxicity assay
	Multi-parameter cytotoxic assay

	Results and Discussions
	Viability assay
	Multi-parameter cytotoxic activity

	Conclusion
	CRediT Author Statement
	References

