
CH APTER  III

EXPERIMENTAL

3.1. Materials and Chemicals

All chemicals were analytical grade reagents. Natural flake grapnite (NFG), size 

of 200-300 pm, was obtained from Thai Carbon and Graphite Co., Ltd (Bangkok, 

Thailand). Sulfuric acid (95-98%), Dimethyl sulfoxide (DMSO) and 

tetramethylrhodamine-5-carbonyl azide (TAMRA) were obtained from Sigma-Aldrich 

(St. Louis, USA). Dimethyl formamide (DMF) was purchased from Labscan (Bangkok, 

Thailand). Ethanol was purchased from Merck (Darmstadt,Germany). Potassium 

permanganate, sodium nitrate and hydrogen peroxide (18%) were obtained from 

Suksapan (Bangkok, Thailand). l-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDCI), 

N-hydroxy succunamide (NHS) and curcumin were purchased from Acros Organics 

(Geel, Belgium). Dialysis tubing cellulose membrane (MWCO = 12-14 kDa, avg flat 

width 76 mm (3.0 in.)), 17.9 กาL cm-1 volume capacity, was purchased from Sigma 

Aldrich (St. Louis, USA).

Dulbecco’s modified Eagle’s medium (DMEM), Roswell park memorial 

institute medium 1640 (RPMI), fetal bovine serum (FBS), trypan blue dye, sodium 

pyruvate and N-2-hydroxyethylpiperazine-N’-2- ethanesulfonic acid (HEPES) were 

purchased from HyClone (Logan, USA). Penicillin was obtained from General Drugs 

House Co. Ltd (Bangkok, Thailand), streptomycin was obtained from M&H 

Manufacturing Co. Ltd (Samut Prakan, Thailand). Lipolipid polysaccharide (LPS) from 

Salmonella was purchased from Sigma Aldrich (St. Louis, USA). Murine recombinant 

interferon gamma (rmIFN-y) was obtained from R&D Systems (Minneapolis, USA). 4- 

Paraformadehyde was purchased from Sigma Aldrich (St. Louis, USA). TriZol reagent 

was purchased from Invitrogen (Paisley, UK). Random hexamer primer was purchased 

from Qiagen (Hilden, Germany). Reverse transcriptase was obtained from Fermentas 

(Glen Burnie, USA). iQ™ SYBR Green Supermix was purchased from Biorad (Richmond, 

USA). 25 cm2 vented culture flasks, treated petri dish (150x 90 mm) and untreated 

petri dish (150x 90 mm) were purchased from HyClone (Georgia, Germany).
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3.2. The oxidation of graphite

The natural graphite flake (200-300 pm in size) was oxidized using follow 

method. One gram of graphite flake was mixed with 1.0 g of sodium nitrate and 50 

ทาL 95-98% sulfuric acid. The mixture was sonicated at 40 KHz at room temperature 

for 1 h. Then the mixture was added with 6.0 g of potassium permanganate and 

stirred at room temperature for 90 min. Then 100 mL of distilled water was added 

and the mixture was heat up to 90°c and stirred for another 30 min. After that, 300 

mL of distilled water was then added into the mixture and stirring was continued for 

another 10 min at room temperature. Subsequently, excess potassium permanganate 

was eliminated by adding 50 mL of 5% hydrogen peroxide and stirred at room 

temperature for 30 min. Finally, the obtained mixture was washed with distilled 

water using high speed centrifugation at 10,000 rpm (9,400 g) for 15 min, and then 

pellet was collected. The pellet was re-suspended in 100 mL distilled water then the 

suspension was poured into dialysis bag and dialyzed against distilled water until pH

5.5. The product of various morphologies was obtained at this stage. After dialysis, 

the suspension in the dialysis bag was centrifuged at 10,000 rpm (9,400 g) for 10 min, 

to remove various artifacts in the precipitate. The supernatant was then centrifuged 

at 12,000 rpm (11,300 g) for 15 min. The precipitate was re-dispersed with distilled 

water. This fraction is called fraction 1 (FI). The supernatant was then centrifuged at

15.000 rpm (21,100 g) for 15 min. The precipitate was re-dispersed with distilled

water. This fraction is called fraction 2 (F2). The supernatant was centrifuged at

20.000 rpm (37,600 g) for 30 min. The precipitate was re-dispersed with distilled

water. This fraction is called fraction 3 (F3). The supernatant is called fraction 4 (F4). 

The F4 was then filtrated by ultrafiltration with pore size cutoff 100 nm. The filtrated 

suspension is called fraction 5 (F5).

All fractions, F1-F5, were analyzed morphology by scanning electron 

microscopy, transmission electron microscopy and high-resolution transmission 

electron microscopy. The obtained F3 and F4 was further subjected to a range of 

analytical techniques including; UV-spectrometry, selected area electron diffraction 

analysis, attenuated total reflectance-fourier transform infrared spectroscopy, raman 

spectroscopy, elemental analysis, thermo-gravitational analysis, X-ray photoelectron
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spectroscopy, dynamic light scattering analysis, confocal laser scanning fluorescence 

microscopy.
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Figure 3. 1 Separation of carbon-based nanomaterials
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3.3 Characterization

3.3.1 Scanning electron microscopy (SEM)

The F2 and F4 were diluted with distilled water to make final concentration 

of 10 ppm. A drop of the suspension was placed on a glass slide and dried in 

desiccators for 24 h. Subsequently, the samples were coated by gold under vacuum 

at 15 kv for 90 ร. The morphology of samples was analyzed by a scanning electron 

microscope (JSM-6400 scanning electron microscope, JEOL, Tokyo, Japan and S400, 

Hitachi, Tokyo, Japan). Visualization proceeded at an accelerating voltage of 15 kv 

and 20 kv.

3.3.2 Transmission electron microscopy (TEM)

The FI, F3, F4 and F5 were diluted with distilled water to make final 

concentration of 10 ppm. A drop of the suspension was placed on a glass slide and 

dried in desiccators for 24 h. The morphology of the samples was analyzed by 

transmission electron microscopy (TEM, JEM-2100, JEOL, Tokyo, Japan and TECNAI 20 

TWIN, Tokyo, Japan). Observation was done at 100-120 kv.

3.3.3 High-resolution transmission electron microscopy (HRTEM)

The F3 and F4 were diluted with distilled water to make final concentration 

of 10 ppm. A drop of the suspension was placed on a carbon film coated copper grid 

and dried in desiccators for 24 h. The nanoscale structure of samples was observed 

using high-resolution transmission electron microscopy (HRTEM, Hitachi H-9000NAR, 

Hitachi, Ltd., Tokyo, Japan) operating at 300 kv.

3.3.4 Dynamic light scattering (DLS)

The F3 and F4 were diluted with distilled water to make final concentration 

of 0.8 ppm. The average particle size (z-average size) and zeta potential of samples 

were measured by zetasizer nano series model (Zetasizer nanoseries model S4700, 

Malvern Instruments, Worcestershire, UK) equipped with a He-Ne laser beam at 632.8 

nm (scattering angle of 173°) at 25 ± 2°c. Each measurement was repeated three 

times and an average value was reported.
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3.3.5 UV-Vis spectroscopy

The F3 and F4 were diluted with distilled water to make final concentration 

of 8 ppm. uv absorption spectra were acquired with a uv 2500 UV/vis double beam 

spectrophotometer (Shimadzu Corporation, Kyoto, Japan) using a quartz cell with 1 

cm path-length. The absorbance of sample was scanned from 200 to 700 nm.

3.3.6 Selected area electron diffraction analysis (SAED)

The graphite, graphene nanopellet (GNPs), F3 and F4 were diluted with 

distilled water to make final concentration of 10 ppm. A drop of the suspension was 

placed on a carbon film coated copper grid and dried in desiccators for 24 h. The 

crystallinity pattern of the samples was examined by means of selected-area 

electron diffraction (SAED, JEM-2100, JEOL, Japan) patterns. The camera length was 

correctly determined using graphite. The nanoscale pattern was observed at 100-120 

kv.

3.3.7 Attenuated total reflectance-fourier transform infrared 

spectroscopy (ATR-FTIR)

The F4 was dried by freeze-drying. Small amount of F4 powder was mix with 

KBr and ground until physically homogeneous. The mixture was mounted into 

sample cell. The functional group of nanoparticles in F4 was determined by 

attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR; 

Nicolet 6700 FT-IR spectrometer, Thermo Electron Corporation, Madison, Wl, USA). 

The spectra were recorded with 64 scans in the mid-infrared region (4000 -  650 cm 

!).

3.3.8 Raman spectroscopy

The F4 was diluted with distilled water to make final concentration of 1000 

ppm. A drop of the suspension was placed on a glass slide and driec in desiccators 

for 24 h. Raman spectroscopy was performed using thermo electron raman 

spectrometer equipped with a triple monochromator. A 5 mW Ar+ laser (À = 780 nm) 

was used as an excitation source. Charge coupled detector (CCD) was used as the 

detector and data were processed with the subtraction of laser-induced background 

luminescence using a personal computer.
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3.3.9 X-ray photoelectron spectroscopy (XPS)

T h e  F3 and  F4 w e re  d r ied  by  freeze -d ry ing . Th e  su rface  fu n c t io n a l g roups o f  

graph ite, F3 and  F4 w e re  d e te rm in e d  by X -ray  p h o to e le c tro n  sp e c tro s c o p y  (XPS, 

K ratos AXIS U ltra  DLD in strum en t, Kratos, M anch este r, Eng land) using a 

m o n o ch ro m a t ic  A l Kq  X -ray  sou rce  at 1486.6 eV  and  o p e ra te d  at 150 พ , 15 kv  and  

10 ทาA  w ith  a base  p ressu re  in th e  XPS  ana lys is  c h a m b e r o f  5 x 1 0  8 Torr. Fligh 

re so lu t io n  spectra  (C ls  and  O ls )  w e re  a cqu ired  using a pass energy o f  20 eV  and  0.1 

eV  ene rgy  steps. A l l  b ind ing  energ ies (BEs) w e re  re fe ren ced  to  th e  h yd ro ca rb o n  C ls  

pe ak  at 285 eV.

3.3.9 Elemental analysis (EA)

T h e  F3 and  F4 w e re  d ried  by  freeze -d ry ing . Q u an tita t iv e  ana lys is  o f  th e  

e le m e n ta l c o m p o s it io n  o f  sam p les; graph ite, GNPs, F3 and  F4, w as id en tifie d  by 

co m b u s t io n  e le m e n ta l ana lys is  (EA, CFINS/O A na ly ze r, PE2400 Series II, Perkin 

Elm er).

3.3.10 X-ray diffraction analysis (XRD)

T h e  F3 and  F4 w ere  d r ied  by  freeze -d ry ing . T h e  c ry s ta llin ity  o f  sam p les; 

graph ite, F3 and  F4, w as e xam in ed  by  X -ray  d iffra ction  ana lys is  (XRD, a Rigaku D M AX  

2 2 0 0 /U lt im a + d iffra c tom e te r, Japan) using Cu Ka rad ia tion  sou rce  and  ope ra t ing  at 40 

kv an d  30 mA.

3.3.11 Thermo-gravitational analysis (TGA)

T h e  F3 and  F4 w e re  d ried  by  freeze -d ry ing . F ive mg o f  th e  sam p le ; graph ite, 

F3 and  F4, w e re  m easu red . T h e  th e rm a l p rope rt ie s  o f  th e  sa m p le s  w e re  

ch a ra c te r iz e d  by  th e rm o -g ra v ita t io n a l ana lys is  (TGA, SDTA 8515 M ETTLER -TO LED O  

th e rm o -g rav im e tr ic  ana lyzer). TG A  w as p e rfo rm ed  u n d e r a n itrogen  f lo w  (100 

ทาบ/ทาin) and  th e  m ass w as re co rd ed  as a fu n c t io n  o f  tem p e ra tu re . T h e  sa m p le s  w e re  

h ea te d  from  room  te m p e ra tu re  to  800 °c at th e  te m p e ra tu re  ram p  o f  5 °c /m in .
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3.4. Synthesis of TAMRA-labeled the cluster of carbon nanoparticles (CCNsT)

T o  syn th e s ize d  f lu o re s c e n ce  la b e le d  CCNs, five  m illig ram  o f  f lu o re s c e n ce  dye, 

te tra m e th y lrh o d a m in e -5 -ca rb o n y l a z id e  (TAMRA) w as d is s o lv e d  in 1 m L  o f  d im e th y l 

fo rm a m id e  (DMF) in round  b o t t le  at 0 °c. T h en  l-E th y l-3 -(3 -d im e th y la m in o p ro p y l)  

c a rb o d iim id e  (EDCI) so lu t io n , 6 mg o f  EDCI in 0.1 m L  Dl w a te r, w as a d d e d  and  the  

m ix tu re  w as stirred at 0 °c fo r 30 m in. T h e  N -hyd roxy  su ccu n a m id e  (NHS) so lu t io n  (4 

mg o f  NHS in 0.1 m L  Dl w ater) and  100 m L  o f  CCN  su spe n s io n  (0.5 m g/m L) w ere  

a d d e d  and  th e  m ix tu re  w as stirred on  ice  ba th  ove rn igh t. F in a lly , T A M R A - la b e le d  th e  

c lu s te r  o f  ca rb o n  o x id e  n a n o p a rt ic le s  (CCNsT) su sp e n s io n  w as d ia ly z e d  against 

d is t il le d  w a te r u n d e r lig h t-p ro o f c o n d it io n  un til TA M R A  c o u ld  n o t be  d e te c te d  in th e  

d ia lysa te . T h e  d e te c t io n  o f  T A M R A  in d ia ly sa te  w as a n a ly z e d  b y  U V/v is sp e c tro sco py .

3.4.1 Confocal laser scanning fluorescence microscopy (CLSFM)

T h e  CC N sT  so lu t io n  w as d ilu te d  w ith  d is t il le d  w a te r  to  m ake  fin a l

c o n ce n tra t io n  o f  100 ppm . A  d ro p  o f th e  su spen s ion  w as p la c e d  on  a glass s lid e  and  

co ve re d  w ith  glass co ve r  slip . T h e  C LSFM  carried  o u t  using N ikon D ig ita l E c lip se  C l-S i 

(Tokyo, Japan ) e q u ip p e d  w ith  P lan  A p o ch ro m a t VC  lOOx, BD Laser (561 nm  (M e lle s  

G riot, C a r lsbad , CA, USA)), N ikon TE2000-U  m ic ro scop e , 3 2 -ch an n e l-P M T -sp e c tra l-  

d e te c to r  and  N ik o n -E Z -C l G o ld  Ve rs ion  3.80 so ftw are.

3.4.2 Dynamic light scattering (DLS)

T h e  CC N sT  so lu t io n  w as d ilu te d  w ith  d is t il le d  w a te r to  m ake  fin a l

c o n ce n tra t io n  o f  0.8 ppm . T h e  average p a rt ic le  s ize  (z-average size) and  ze ta  

p o te n t ia l o f  sa m p le s  w e re  m easu red  by  ze ta s ize r  n an o  series m o d e l (Z e tas ize r 

n ano se r ie s  m o d e l S4700, M a lv e rn  Instrum ents, W orce ste rsh ire , UK) e q u ip p e d  w ith  a 

He-N e la se r b e am  at 632.8 nm  (scattering ang le  o f  173°) at 25 ± 2°c. Each

m e a su re m e n t w as re p e a te d  th re e  t im es  and  an average v a lu e  w as repo rted .



40

3.5. Curcumin-loaded CCNs or CCNsT nanoparticles (CCNs-C or CCNsT-C)

T o  p repa re  cu rcu m in - lo a d e d  CCN s or CCNsT, 4 mg o f  cu rcu m in  w as d is so lv e d  

in 0.5 ทาL o f  e th a n o l and  th e n  a d d e d  to  th e  a q u eo u s  su spen s io n  o f  CCNs (10 ทาL 

con ta in ing  8 mg CCNs) or CC N sT  (10 m L  con ta in ing  8 mg CCNsT). Th e  m ix tu re  w as 

in cu b a te d  a t ro om  te m p e ra tu re  fo r 3 h. T h e  su spen s ion  w as d ia ly z e d  against d is t il le d  

w a te r (3 X 1000 m L) und e r lig h t-p ro o f co n d it io n . T h e  su spen s io n  in th e  d ia lys is  bag 

w as th e n  c o lle c te d . F ina lly , th e  sa m p le  w as c a lc u la te d  e n ca p su la t io n  e ff ic ie n cy  

(%EE) and  ac tiv e  lo ad in g  (% ac tive  load ing).

2.5.1 Confocal laser scanning fluorescence microscopy (CLSFM)

T h e  CCN sT -C  so lu t io n  w as d ilu te d  w ith  d is t il le d  w a te r  to  m ake  fin a l

co n ce n tra t io n  o f  100 ppm . A  d ro p  o f  th e  su spen s io n  w as p la c e d  on  a glass s lid e  and 

co ve re d  w ith  g lass c o ve r  slip . T h e  C LSFM  ca rried  o u t using N ikon D ig ita l E c lip se  C l-S i 

(Tokyo, Japan) e q u ip p e d  w ith  P lan  A p o c h ro m a t VC  lOOx, BD Laser (405 nm  and  561 

nm  (M e lle s  G riot, C a rlsbad , CA, USA)), N ikon TE2000-U  m ic ro scop e , 32 -channe l-PM T - 

sp e c tra l-d e te c to r  and  N ik o n -E Z -C l G o ld  V e rs io n  3.80 so ftw are.

2.5.2 Dynamic light scattering (DLS)

T h e  CCN sT -C  so lu t io n  w as d ilu te d  w ith  d is t il le d  w a te r to  m ake  fin a l

c o n ce n tra t io n  o f  0.8 ppm . T h e  average p a rt ic le  s ize  (z-average size) and  ze ta

p o te n t ia l o f  sa m p le s  w e re  m ea su red  by  z e ta s ize r  n ano  series m o d e l (Z e tas ize r

n anose rie s  m o d e l S4700, M a lv e rn  Instrum ents, W o rceste rsh ire , UK) e q u ip p e d  w ith  a 

Fle-Ne la se r b e am  at 632.8 nm  (scattering ang le  o f  173°) at 25 ± 2°c. Each 

m e a su re m e n t w as re p e a te d  th re e  t im e s  and  an average v a lu e  w as repo rted .
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3.6. Encapsulation efficiency (%EE) and active loading (% active loading)

To  c a lc u la te  th e  e n ca p su la t io n  e ff ic ie n cy  and  load ing  capac ity , o n e  mg o f  th e  

fre e ze -d r ie d  c u rc u m in - lo a d e d  CCNs w as d is s o lv e d  in 5.0 m L  o f  e th an o l. T h e  m ix tu re  

w as in cu b a te d  in lig h t-p ro o f c o n d it io n  a t ro om  te m p e ra tu re  fo r 1 h be fo re  be ing 

filte ring  cen trifuged . T h e  e th a n o l ex tra c t w as c o lle c te d  and  c o n ce n tra t io n  o f 

cu rcu m in  in th e  e th a n o l e x tra ct w as d e te rm in e d  by  UV/vis s p e c tro s c o p y  w ith  th e  aid 

o f  ca lib ra t io n  cu rve . T h e  e n ca p su la t io n  e ff ic ie n cy  (%EE) and  load in g  ca p a c ity  w e re  

c a lc u la te d  using e q u a tio n  (1) and  (2), re sp e c tive ly .

ว/0 EE =  W eight o f  extracted active x  1 0 0  ( 1)
W eight o f active in it ia lly  used

% Active loading = W eight o f extr acted active 

W eight o f active loaded spheres
X 100 (2)

3.7. Synthesis of (IS, 2S)-2-aminocyclopentanecarboxylic acid (acpcPNA)

T o  syn th e s ize  PNA, th e  (IS, 2 S )-2 -a m in o cy c lo p e n ta n e ca rb o xy lic  a c id  (acpcPN A) 

w as syn th e s ize d  by  V ila ivan  la b o ra to ry 137. T h e  fu l l c o n s tru c te d  PNAs, F lu -O - 

TG T CAACTG ACT -LysN H 2 (random  seq u e n ce s , P N A flJ  and  F lu -O -G G G ATTTTCCCA - 

LysN H 2 (NF-k B sp e c if ic  se quen ce s , NF-KBnu PNA) fo r in te rc e llu la r  tra ffick ing  and  th e  

fu l l  c o n s tru c te d  B z-TG TCAACTG AC T -LysN H 2 (random  se quen ce s , PNA) and  Bz- 

GGGAI I I lC C C A -L y sN H 2 (NF-k B sp ec if ic  se quen ce s , NF-k B PNA) fo r c y to to x ic ity  te s t 

and  IL6 exp re ss ion  test, w e re  pu rified  b y  h ig h -p e rfo rm ance  liq u id  ch ro m a to g ra p h y  

(HPLC).

3.8 PNA-loaded CCNs or CCNsT nanoparticles (CCNs-PNA or CCNsT-PNA)

T o  p repa re  P N A - lo ad ed  CCN s or CCNsT, th e  f lu o re s c e in - la b e le d  PNA (NF-KBflu PNA 

and  PNAflu) o r u n la b e le d  PNA (PNA and  NF-k B) so lu t io n  (10 pL  o f  10C pM  in PBS pH 

7.4) w as a d d e d  to  th e  a q u e o u s  su spen s ion  o f  CCNs (90 pL co n ta in ing  100 pg CCNs) or 

CCN sT  (90 pL  con ta in ing  100 pg CCNsT). T h e  m ix tu re  w as in cu b a te d  at 4 ° c  fo r 24  h 

u n d e r lig h t-p roo f c o n d it io n . T o  con firm  NF-KBflu P N A - lo ad e d  CCN s (CCNs-NF-KBfUj 

PNA), th e  sa m p le  w as co n firm e d  by  CLSFM .
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3.9. PNA loading

T o  c a lc u la te  th e  PNA load ing , th e  PNAflu- lo a d e d  CCNs (CCNs- PNAftu) 

su spen s io n  w as u sed  to  con firm  PN A  load in g  by  f lu o re s c e n ce  m ic ro scop e . PN A flu 

so lu t io n  (10 pL  o f  100 pM  in PBS pH 7.4) w as a d d e d  to  th e  a q u eo u s  su spen s io n  o f  

CCN s (90 pL con ta in ing  100 pg CCNs) and  th e n  in cu b a te d  at 4 ° c  fo r 24 h. A  d ro p  o f 

s a m p le  w as p la ce d  on  glass s lid e  and  co ve re d  w ith  c o ve r  slip . T h en  th e  s lid e  w as 

su b je c te d  to  CLSFM . T h e  PNA load in g  w e re  c a lc u la te d  using e q u a tio n  (2).

3.10. Cell culture

3.10.1 Cell line

T h e  hum an  e m b ry o n ic  k id n ey  (HEK293T) and  M o u se  le u k a e m ic  m o n o c y te  

m ac ro phag e  c e l l  lin e  (RAW  264.7) (pu rch ased  from  ATCC  TIB-71) w e re  se e d e d  in 25 

c m 2 v e n te d  c u ltu re  flasks and  un trea ted  petri d ish , re sp e c tiv e ly . T h e  h um an  

e p id e rm o id  ce rv ica l ca rc in o m a  (CaSki) c e l l  line s (pu rch ased  from  ATCC  CRL-1550) 

w e re  se ed e d  in u n tre a te d  petri d ish. T h e  c e lls  w e re  in cu b a te d  at 37 °c  in a 

h u m id if ie d  a tm o sp h e re  o f  95:5 % (v/v) air: C 0 2, in 7 ทาL o f  c o m p le te  m e d iu m  (CM). 

CM  w as co m p rise d  o f  e ith e r D u lb e c c o ’ s M o d if ie d  Eag le m e d iu m  (for H EK293T  c e lls  

and  RAW  264.7 ce lls )  o r R o sw e ll park m e m o r ia l in s t itu te  m e d iu m  1640 (for CaSki 

ce lls )  as th e  base  and  th en  s u p p le m e n te d  w ith  10% (v/v) fe ta l b o v in e  se rum , 100 

U /m L  p e n ic illin , 0.4 m g /m L  s tre p to m yc in , 1% (w/v) so d iu m  p y ru va te  and  1% (w/v) N- 

2 -h yd ro x ye th y lp ip e ra z in e -N '-2 - e th a n e su lfo n ic  a c id  (HEPES).

3.10.2 Cell preparation

For CaSki c e lls  and  RAW  264.7 ce lls , c e lls  w e re  c u ltu re d  in u n tre a te d  petri 

d ish  in 7 ทาL CM . T o  p repa re  c e lls  fo r e xp e r im en t, c e lls  w e re  c o lle c te d  and  w a sh e d  

w ith  p h o sp h a te  bu ffe red  sa lin e  (PBS) pH 7.4 (PBS; 137 ทาM N aC l, 2.7 ทาM  KCl, 10 m M  

N a H P 0 4/N a H 2P 0 4). C e lls  w e re  th e n  cen tr ifuged  at 1,000 rpm  (95 g) fo r 5 m in. T h e  

cu ltu re  su pe rn a tan t w as d isca rd ed  and  c e l l  p e lle ts  w e re  re -su sp e n d e d  in CM . V ia b le  

c e l l  n u m b e r w e re  c o u n te d  by  trypan  b lu e  d ye  e x c lu s io n  m e th o d  an d  p la te d  in to  th e  

t is su e  cu ltu re  tre a te d  p la te s . Th e  CM  w as changed  eve ry  2-3 days an d  c e lls  w ere  

repassaged  w hen  th e y  re a ched  80-85%  co n f lu e n cy .
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For FIEK293T ce lls , c e lls  w e re  se e d e d  in 25 c m 2 v e n te d  cu ltu re  f la sk  in 7 ทาแ 

CM. T o  p rep a re  c e lls  fo r e xp e r im en t, th e  C M  w as re m o v e d  from  fla sk  using 

a p p ro p r ia te  s ized  se ro lo g ica l p ip e tte . C e lls  w e re  w a sh e d  w ith  PBS pH 7.4 be fo re  

try p s in ize d  by  typ s in  an d  th en  in cu b a te d  fo r 3 m in  at 37 °c. A fte r th a t c e lls  w e re  

cen trifuged  a t 1,000 rpm  (95 g) fo r 5 m in. T h e  cu ltu re  su p e rn a ta n t w as d isca rd ed  and  

c e l l p e lle ts  w e re  re -su spen ded  in CM . V ia b le  c e l l  n u m b e r w e re  c o u n te d  by  trypan  

b lu e  d ye  e x c lu s io n  m e th o d  and  p la te d  in to  th e  t is su e  c u ltu re  t re a te d  p la tes. T h e  CM  

w as changed  eve ry  2-3 days and  c e lls  w e re  repassaged  w h e n  th e y  re a ch ed  80-85%  

co n f lu e n cy .

3.10.3 Cell preservation for storage

C e ll p rese rva tion , c e lls  w e re  cen trifuged  at 1,000 rpm  (95 g) fo r 5 m in. Th e  

cu ltu re  su pe rn a tan t w as d isca rd ed  and  c e l l  p e lle ts  w e re  re -su sp e n d e d  in CM . The 

c e l l w as th e n  re -su spen ded  in CM  freez ing  m e d iu m  con ta in ing  10% D M SO  (v/v) in CM  

and  kep t in c ryogen ic  v ia ls  (Coring In co rpo ra tion , USA). T h e  c ryogen ic  v ia ls  w e re  

s to re d  at -80 °c  fo r sho rt te rm  storage. For long  te rm  storage, th e  c ryogen ic  v ia ls  

w e re  kep t a t liq u id  n itrogen  ta n k  (T ay lo r W harton , USA).

3.10.4 Thawing cells

S to red  c e l l lin e  w as ra p id ly  th a w e d  in th e  w a te r ba th  (M em m ert, G erm any) at 

37 ° c  and  th e n  a d d e d  in to  9 m L  o f  se rum -free  CM . C e lls  su sp e n s io n  w as cen trifuged  

at 1,000 rpm  (95 g) fo r 5 m in. T h e  c u ltu re  su p e rn a tan t w as d isca rd e d  and  c e l l p e lle t s  

w e re  re su sp e n d ed  in CM . c e lls  w e re  m a in ta in e d  and  c u ltu re d  as d e sc r ib ed  above .

3.11. Cellular uptake of CCNs nanoparticls

3.11.1 Cellular uptake of curcumin-loaded CCNsT (CCNsT-C)

HEK293T ce lls , at a d e n s ity  o f  3 X 105 c e lls  pe r w e ll,  w e re  se ed e d  in 6 -w e ll 

p la te s  w ith  p la c e d  co ve r s lip  and  in cu b a te d  o ve rn ig h t at 3 7 ° c  in h u m id if ie d  

a tm o sp h e re  (5% C 0 2). Th e  sam p le s , free  cu rcu m in  o r CCN sT -C  an d  PBS pH 7.4 as 

nega tive  co n tro l, w e re  in tro d u ce d  to  to  c e lls  in e a ch  w e l l  at a f in a l c o n ce n tra t io n  o f 

10 p p m  and  th e n  in cu b a te d  fo r 2 h at 37 °c in a h u m id if ie d  a tm o sp h e re  (5% C 0 2). 

A fte r in cu b a lt io n , th e  cu ltu re  m e d iu m  w as d isca rded  an d  th e  c e lls  w e re  w a shed  

th re e  t im e s  w ith  PBS pH 7.4. T h en  1 m L  o f  4% p a ra fo rm a ld e h y d e  in 0.1 M  PBS pH 7.4
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w as a d d e d  and  in cu b a te d  fo r 15 m in. a fte r th a t th e  so lu t io n  w as re m o v e d  and  th e  

c e lls  w e re  w a sh e d  w ith  PBS pH 7.4. F ifty  m ic ro lit te r  o f  0.1 m g/ m L  ac rid in e  orange 

w e re  a d d e d  and  in cu b a te d  fo r 10 m in. T h e  c e lls  w e re  w a sh e d  w ith  PBS and  th en  th e  

co ve r  s lip  w as p la c e d  on  glass s lid e  b e fo re  be ing su b je c te d  to  C LSFM  ana lys is . The  

f lu o re s c e n t s igna l o f  free  cu rcu m in  w as e x c ite d  by  405 nm  laser. T h e  f lu o re s c e n t  

s igna l o f  a c r id in e  o range  and  TA M R A  w as e x c ite d  by  561 nm  laser. T h e  C LSFM  im ages 

w e re  a n a ly z e d  using a N ikon D ig ita l E c lip se  C l-S i e q u ip p e d  w ith  P lan  A p o c h ro m a t VC  

lOOx, D iode  Lase r and  85 YCA-series Laser (405 nm  and  561 nm , M e lle s  Griot, 

C a rlsbad , CA  USA), a N ikon TE2000-U  m ic ro scop e , a 3 2 -ch an n e l-P M T -sp e c tra l-  

d e te c to r  and  N ik o n -E Z -C l G o ld  V e rs ion  3.80 software).

3.11.2 Cellular uptake of PNAflu-loaded CCNsT (CCNs-PNAflu)

RAW  264.7 ce lls , at a d e n s ity  o f 2 X 106 c e lls  pe r w e ll,  w e re  se ed e d  in 6 -w e ll 

p la te s  w ith  p la c e d  co ve r  s lip  and  in cu b a te d  ove rn ig h t at 3 7 ° c  in h u m id if ie d  

a tm o sp h e re  (5% C 0 2). T h e  sam p le s , free random  PNAflu or free  NF-KBfiu, random  

PNAflu- lo a d e d  CCN sT  o r NF-KBflu- lo a d e d  CCN sT  (0.5 pM  o f  f in a l PN A  co n cen tra t io n ) 

and  PBS pH 7.4 as negative  co n tro l, w e re  in tro d u ce d  to  c e lls  in e a ch  w e l l  (10 p p m  

o f  f in a l CCNs co n cen tra t io n ) and  th e  m ix tu res w e re  in cu b a te d  fo r 4 h at 37 °c  in a 

h um id if ie d  a tm o sp h e re  (5% C 0 2). A fte r  in cu b a lt io n , th e  c u ltu re  m e d iu m  w as 

d isca rd ed  and  th e  c e lls  w e re  w a sh e d  th re e  t im e s  w ith  PBS pH 7.4. T h en  1 m L  o f  4% 

p a ra fo rm a ld e h y d e  in 0.1 M PBS pH 7.4 w as a d d e d  and  in cu b a te d  fo r 15 m in. A fte r 

th a t th e  so lu t io n  w as rem o ved  and  th e  c e lls  w e re  w a sh e d  w ith  PBS pH 7.4. O ne  

m ilil it te r  o f  0.01 m g/ m L  dap i s o lu t io n  w ere  a d d e d  and  in cu b a te d  fo r 10 m in. T h e  

c e lls  w e re  w a sh e d  w ith  PBS and  th e n  th e  c o ve r  s lip  w as p la c e d  on  g lass s lid e  b e fo re  

be ing  su b je c te d  to  C LSFM  ana lys is . T h e  f lu o re s c e n t  s igna l o f  f lu o re s c e in - la b e le d  PNA 

and  Dapi w e re  e x c ite d  by  405 nm  laser. T h e  f lu o re s c e n t  s igna l o f  TA M R A -C C N s w as 

e x c ite d  by 561 nm  laser. T h e  C LSFM  im age w as a n a ly z e d  using a N ikon D ig ita l E c lip se  

C l-S i e q u ip p e d  w ith  P lan  A p o ch ro m a t VC  lOOx, D iode  Lase r and  85 YCA -se ries Lase r 

(405 nm  and  561 nm , M e lle s  G riot, C a rlsbad , CA, USA), a N ikon TE2000 -U  m ic ro scop e , 

a 3 2 -ch a n n e l-P M T -sp e c tra l-d e te c to r  and  N ik o n -E Z -C l G o ld  V e rs ion  3.80 softw are).
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3.12. Assessment of cell viability

3.12.1 Assessment of cell viability for CCNs

A sse ssm en t o f  c e l l v ia b ility  w as p e rfo rm ed  using th e  3 -(4 ,5 -d im e th y lth ia zo l-2 - 

y l) -2 -5 -d ip h e n y lte tra zo liu m  b ro m id e  (MTT) m ito ch o n d r ia l a c tiv ity  assay  as a su rrogate 

m easu re  o f  c e l l  v iab ility . HEK293T and  CaSki c e lls  w e re  se ed e d  in to  9 6 -w e ll p la te s  at 

a d e n s ity  o f  1 X lO 4 c e lls  pe r w e ll in CM  and  in cu b a te d  fo r 24 h. A fte r re m o v a l o f  th e  

CM , c e lls  w e re  e x p o se d  to  100 pL  o f  CCNs su spen s io n  in CM  at various 

co n ce n tra t io n s  (range o f  0.01-10 pg/m L) and  PBS in CM  as nega tive  c o n tro l fo r 48 h 

und e r s tanda rd  cu ltu re  cond it io n s . Then , 10 pL  o f  PBS con ta in ing  1 m g /m L  M TT  w as 

a d d e d  to  each  w e l l  and  in cu b a te d  as a b o ve  fo r 4 h b e fo re  rem ov ing  th e  m ed ia . T h e  

c e l l  m e m b ran e s  w e re  p e rm e a b iliz e d  w ith  M T T  a fte r th a t th e  fo rm a zan  c rysta ls  

d is s o lv e d  by  asp irating in 200 p L /w e ll o f  iso p ro p a n o l. T h en  th e  9 6 -w e ll p la te s  w ere  

cen tr ifuged  at 4840 g fo r 10 m in. F ifty m ic ro lite r  o f  th e  su p e rn a ta n t w as p la c e d  on 

n ew  9 6 -w e ll p la te s  fo r m e a su re m e n t o f  th e  a b so rb an ce  a t 540 nm  using a 

m ic ro p la te  reade r (An thos 2010, A n tho s  L a b te c  Instrum ent, Austria). A l l c o n d it io n s  

w e re  te s te d  in tr ip lica te . C e ll v ia b ility  w as c a lc u la te d  using th e  fo llo w in g  eq ua tio n s .

% Cell viability = O D teBt-O D blank  

ODcontrol -O D b la n k
X 100 (3)

3.12.2 Assessment of cell viability for NF-kB PNA

A sse ssm en t o f  c e l l  v ia b ility  w as ca rried  o u t by  a M T T  assay. RAW  264.7 c e lls  

w e re  se e d e d  in to  a 96 w e ll p la te s  at d e n s ity  o f  l x i o 4 c e lls  in D M EM  and  a llo w e d  to  

a dh e re  fo r 24 h. A fte r re m o v a l o f  th e  cu ltu re  m ed iu m , c e lls  w e re  e x p o se d  to  100 pL 

o f  free  NF-k B PNA, CCN s and  CC N s -NF-k B PN A  at va riou s co n cen tra t io n s , in range o f

0.1-10 Pg /m L  in DM EM  m ed ia , fo r 24 h. A fte r in cu ba t io n , 10 pL  o f  PBS con ta in ing  1 

m g /m L  M T T  so lu t io n  w as a d d e d  to  each  w e l l  and  w as fo llo w e d  by  4 h o f  in cuba tion . 

A fte r rem ov in g  o f  th e  m ed ia , fo rm azan  c ry s ta ls  w e re  d is s o lv e d  by  add ing  200 p L /w e ll 

o f  iso p ro p an o l. P la te s  w e re  sp in ned  at 4840  g fo r 10 m in  and  50 p i o f  th e  

su p e rn a ta n t w as c o lle c te d  fo r a b so rb an ce  m e a su re m e n t at 540 nm  by  m ic ro p la te  

reader. A l l c o n d it io n s  w e re  te s te d  in tr ip lica te . C e l l v ia b ility  w as c a lc u la te d  using 

e q u a tio n s  (3).
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3.13. Anticancer activities

T h e  a n t ican ce r a c tiv it ie s  o f  th e  CCN s-C  w e re  e v a lu a te d  b y  M T T  assay. T h e  

p re - in cu b a te d  fo r 24 h, CaSki c e lls  w e re  seed  in to  a 96 w e l l  p la te s  at d e n s ity  o f 

1x10 c e lls  per w e ll. A fte r re m o v a l o f  th e  CM , c e lls  w e re  e x p o se d  to  100 pL  o f  CCNs 

su spen s io n  in CM  (10 pg/m L), CCNs-C  su spen s ion  in CM  (10 pg/m L) and  PBS in CM  as 

nega tive  c o n tro l fo r 24 h. A fte r in cuba tio n , 10 pL o f  PBS con ta in ing  1 m g /m L  M TT  

w as a d d e d  to  each  w e l l  and  in cu b a te d  as a b o v e  fo r 4 h be fo re  rem ov ing  th e  m ed ia . 

A fte r  rem ov ing  o f  th e  m ed ia , fo rm azan  crys ta ls  w e re  d is s o lv e d  by  add ing  200 p L /w e ll 

o f  iso p ro p an o l. T h en  th e  9 6 -w e ll p la te s  w e re  cen trifuged  at 4840  g fo r 10 m in. Fifty 

m ic ro lite r  o f  th e  su p e rn a tan t w as p la c e d  on n ew  9 6 -w e ll p la te s  fo r m e a su re m e n t o f 

th e  a b so rb a n ce  at 540 nm  using a m ic ro p la te  reader. A l l  c o n d it io n s  w e re  te s te d  in 

tr ip lica te . C e l l v ia b ility  w as c a lc u la te d  using th e  fo llo w in g  eq ua tio n s . A l l  c o n d it io n s  

w e re  te s te d  in tr ip lica te . T h e  a n t ic a n ce r a c tiv ity  w as c a lc u la te d  using th e  fo llo w in g  

e q u a tio n s  b e low .

% Anticancer activity = o Dte Bt-O D b lank  

O D con tro l-O D b lan k
X 100 (4)

3.14. ii-6 gene expression

3.14.1 ii-6 mRNA suppression

T h e  IL-6 m RN A  su pp re ss io n  o f  th e  N F -K B -lo ad ed  CCNs (CCNs- NF-k B) w as 

e v a lu a te d  by  rea l t im e  PCR. Fo r p re - in cub a tio n , RAW  264.7 c e lls  w e re  se ed e d  in to  a 

24 w e l l  p la te s  a t d e n s ity  o f  2 x l0 5 c e lls  pe r w e ll. T h en  100 pL  o f th e  aq u eo u s  

so lu t io n s  o f  free  random  PNA, free  NF-k B PNA, C C N s , random  CCN s-PN A  and  CCNs- 

NF-k B PN A  (fina l c o n ce n tra t io n  o f  5 p p m  o f  CCN s and  0.5 pM  o f  PNA o r N F-k B PNA) 

w e re  in tro d u ce d  in to  c e lls  and  in cu b a te d  fo r 2 h and  4 h. A fte r in cu ba t io n , th e  c e lls  

w e re  s t im u la te d  w ith  lip o p o ly sa c ch a r id e  (LPS) p lu s  m u rin e  re co m b in a n t in te rfe ron  

gam m a (mnlFN-y) at f in a l c o n ce n tra t io n  100 ng /m L  and  10 ng/m L, re sp e c tiv e ly , fo r 6 

h b e fo re  RNA ex traction .
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3.14.2 RNA extraction

A fte r s t im u la t io n , th e  c e lls  w e re  w a sh e d  tw ice  w ith  PBS pH 7.4 b e fo re  500 pL 

o f  T r iZ o l reagen t w as a d d e d  fo r RNA ex tra c t ion  and  in cu b a te d  fo r 5 m in  at ro om  

tem p e ra tu re . T h en  th e  a q u e o u s  so lu t io n  w as c o lle c te d  in to  m ic ro tu b e  a fte r th a t 

100 pL  o f  c h lo ro fo rm  w as add ed . T h e  aq u eo u s  so lu t io n  w as m ixed  by  vo rte x  and 

in cu b a te d  fo r 15 m in  at ro om  tem p e ra tu re . A fte r in cu ba t io n , th e  sa m p le  w h ich  

co n ta in s  th e  in te rp ha se /o rg an ic  phase  w ith  TR Izo l w as sp in  d o w n  by  cen tr ifu g a tio n  at

12,000 g fo r 15 m in  at 4 °c. T h en  200 pL  o f  c h lo ro fo rm  fra c t io n  w as c o lle c te d  using a 

P-100 a u to p ip e t to r  to  n ew  m ic ro tu b e  and  ca re fu lly  rem o ved  any  rem a in ing  o rgan ic 

phase  w h ich  w o u ld  c o n ta m in a te  RNA w ith  DNA. Th e  a q u e o u s  ph ase  w as a d d e d  250 

pL  o f  is o p ro p y l a lc o h o l, m ixed  gen tly , and  in cu b a te d  at ro om  te m p e ra tu re  fo r 10 

min. A fte r  th a t  th e  a q u e o u s  phase  w as cen trifuged  a t 12,000 g fo r 10 m in  a t 4 °c and 

su p e rn a ta n t w as rem o ved . T h e  RNA p re c ip ita te  w il l  fo rm  a ge l- like  p e lle t  at th e  

b o t to m  o f  th e  tube . T o  w ash  th e  RNA p e lle ts , 500 pL o f  75% E th an o l (ice co ld ) w as 

a d d e d  and  m ixed  using vo rtex . T h e  RNA so lu t io n  w as cen trifuged  a t 7,500 g fo r 5 m in 

at 4°c. T h en  th e  su p e rn a ta n t w as rem o ved  and  RNA p re c ip ita te  w as d r ied  in PCR 

hood . T h e  RNA p re c ip ita te  s h o u ld  fo rm  a v is ib le , w h ite  p e lle t , at th e  b o t to m  o f  th e  

tube . A l lo w  to  d ry  c o m p le te ly  so  th e re  is no  re s id u a l e th an o l. T o  RNA red isso lve , 

RNA p re c ip ita te  w as d is so lv e d  by Rnase-free  w a te r (DEPC W ATER) a t 55°c fo r 10 m in. 

RNA c o n ce n tra t io n  w as m ea su red  by  n a n o d ro p  sp e c tro p h o to m e te r  (N ano d ro p  2000, 

T h e rm o  Sc ien tific , USA). RNA so lu t io n  w as s to red  at -80°c.

3.14.3 Reverse transcription polymerase chain reaction (RT-PCR)

T o  gene ra te  cDNA, 100 ng o f  to ta l RNA w as used  to  gene ra te  c o m p le m e n ta ry  

DNA (cDNA) using random  hexam e r prim ers, d e o x y r ib o n u c le o t id e  tr ip h o sp h a te  (dNTP) 

m ix, RNase in h ib ito r  and  reve rse  transcrip ta se , as re c o m m e n d e d  by  th e  s u p p lie r ’ s 

in s tru c t io n s  (Fe rm en tas, G len  Burn ie, MD, USA). F irstly , RNA w as in cu b a te d  w ith  0.2 pg 

random  hexam er p rim ers. DEPC w a te r w as u sed  to  ad ju st th e  v o lu m e  to  12.5 pL. Th e  

so lu t io n s  w e re  h ea te d  at 65 °c fo r 5 m in  to  d e n a tu re  RNA se co n d a ry  s tru c tu re  and  

th e n  qu ic k ly  c h ille d  on  ice to  le t  th e  p rim er a n n e a l to  th e  RNA. O th e r c o m p o n e n ts  

o f  reve rse  tran sc rip t io n  (RT) w e re  a d d e d  to  th e  reaction  in c lu d in g  1 ทาM  dN TPs m ix,
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20U  o f  RNase inh ib ito r, 200U  o f  reverse  tran sc rip ta se  and  lx R T  buffer. T h e  sa m p le  

w as m ixed  w e l l  b e fo re  a n a ly z e d  by  PCR m ach in e  B ioer L ife Express (B ioer 

te ch n o lo g y , China). T h e  RT reaction  w as sta rted  w ith  in cuba tio n  a t 25 °c fo r 10 m in. 

T h en  th e  reaction  w as e x te n d e d  a t 42 °c fo r 1 h and  h ea te d  at 70 °c fo r 10 m in  to  

in a c tiva te  th e  e n zym e . F ina lly , cDN A  w as sto red  a t -20 °c un til use. T h e  RT-PCR 

rea c tio n  w as d o n e  30 cyc le s .

3.14.4 Quantitative real time polymerase chain reaction (qRT-PCR)

T o  d e te rm in e  qu an tita t iv e  rea l t im e  PCR (qRT-PCR), PCR a m p lif ic a t io n  o f  th e  

474 -bp  m u rine  /7-6 gene w as p e rfo rm ed  w ith  M IL-6F/R  p rim ers (5 -

CATG TTCTCTG G G AAATCG TG G -3 '/ 5 '-AACGCACTAGGTTTGCCGAGTA-3 '), w ith  

am p lif ic a t io n  o f a 380 -bp  fragm en t o f  th e  m p-actin  gene (using bACTF/R  prim ers) as a 

c o n tro l (5 '-ACCAACTG G G ACG ACATG G AG AA-37  5 '-GTGGTGGTGAAGCTGTAGCC-3 '). T w o  

pL o f cD N A  so lu t io n  w as a d d e d  to  qPCR  so lu t io n  th a t c o m p o se d  o f  12.5 pL iQ ™  

SYBR G reen  Superm ix , 0.3 pM  o f  fo rw a rd  and  reve rse  p rim er and  9 pL  o f  n u c le a se  

free  w a te r (each s a m p le  w as p e rfo rm ed  in trip lica te). T h e  q u an tita t v e  PCR (qPCR) 

am p lif ic a t io n  w as p e rfo rm ed  using an MJ M in i p e rso n a l T h e rm a l c y c le r  (B ioRad, 

R ichm ond , VA, USA), a cco rd ing  to  th e  m a n u fa c tu re r ’ s p ro to c o l (Fe rm en tas, 

Bu rling ton , Ont., Canada). Briefly, cDN A  w as sp e c if ic a lly  am p lif ie d  mil-6 fo r  40 c y c le s  

and  m p-actin  fo r 30 cy c le s . T h e  am p lif ie d  mil-6, th e  c o n d it io n  w as using 95 °c fo r 

dena tu ring , 57 °c fo r a nnea lin g  and  72 °c fo r ex ten s ion . Th e  am p lif ie d  m p-actin , th e  

c o n d it io n  w as using 94 °c fo r denatu ring , 52 °c fo r a nnea lin g  and  72 °c fo r e x tens ion . 

T h e  re la t ive  exp re ss ion  le v e ls  w e re  c a lc u la te d  and  a n a ly z e d  by 2"AAc 182.

2.14.5 10% acrylamide gel electrophoresis

DNA w h ich  is d o u b le  stand  w as d is so c ia te d  by  hea t at 95 °c fo r 10 m in  in th e  

h ea t b o x  (T he rm om ixe r C o m p a c t, E ppendo rf, Germ any). A fte r th a t th e  excess  

sam p le s; free  PNA, free  NF-k B PNA and  free  NF-KBflu PNA, w e re  im m e d ia te ly  a d d e d  

in to  DNA so lu t io n . T h e  m ix tu re  so lu t io n  w as in cu b a te d  fo r 2 h on  ice bath. T h e  

m ix tu re  so lu t io n  w as th e n  se pa ra ted  am ong  PNA, DNA and  PN A -D N A  co m p le x e s , by 

ge l e le c tro p h o re s is . T en  p re sen t o f  a c ry lam id e  ge l w as p rep a red  fo llow ;...

Xx p i o f  s a m p le s  w as lo a d e d  in to  a c ry lam id e  gel. T h e  sam p le s  w e re  se pa ra ted  using 

a co n s ta n t v o lt  fo r at le a s t 90 m in  in TEA  runn ing bu ffe r fo r 10% a c ry la m id e  gel. 10%



49

a c ry lam id e  ge l w as v isu a liz e d  by  Im ageScanner™  Il (GE H ea lth ca re ) w ith  f lu o re s c e n ce  

e xp o sed . A fte r th a t th e  10% a c ry la m id e  ge l w as th e n  sta in ed  w ith  e th id iu m  b ro m id e  

(EtBr) and  v isu a lize d  by  Im ageScanner™  II.

3.14.6 Statistical analysis

A ll da ta  w e re  p re sen te d  as m eans ± standa rd  d e v ia tio n  (รอ). S ta tis t ica l 

s ign ificant d iffe ren ce  b e tw e e n  e xp e r im en t and  c o n tro l g roups w as d e te rm in e d  by 

o n e -w ay  ana lys is  o f  va rian ce  (ANOVA), fo llo w e d  by  D u n ca n ’ s m u lt ip le  range test. T h e  

SPSS S ta tistic  Base 17.0 (SPSS Co., Ltd., T h a iland , Server IP Address; 

d c l.w in .ch u la .a c .th )  w as used. p< 0.05 w as a c c e p te d  as s ta t is t ic a lly  sign ificant.
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