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In this study, nano-micelled curcumin was produced with natural sea salt with a view to comparing
the in silico molecular binding affinity of pure curcumin compound to the active site of transthyretin.
Using an optical light microscope and an electron microscope, it was found that the structure of the
surface and the cross-section of nano-micelled curcumin was significantly different from natural sea
salt. In particular, the crystal structure and nano-components in the nano-micelled curcumin were
united, and the layer was more strongly stabilized than untreated salts. In the virtual 3D structure,
in silico molecular docking study, the ligand binding affinity of nano-micelled curcumin to the trans-
thyretin active site was found to be higher than that of pure curcumin. In addition, a nano-micelled
curcumin formula interacted with more amino acid residues of transthyretin domains. The pharmaco-
phore feature of the nano-micelled curcumin also showed more condensed and constrained features
than normal curcumin. These results suggest that nano-micelled curcumin may effectively bind to and
stabilize transthyretin, thereby regulating transthyretin-related physiological diseases. Collectively, the
nano-micelled curcumin process suggests that normal curcumin can be modified more efficiently into
the novel bio-functional chemical formula to stabilize the transthyretin structure. Therefore, the
nano-micelled curcumin process can be applied to the field of the regulation of Alzheimer’s disease.
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Fig. 1. Schematic diagram of the nano-micelling procedure to produce NMC (A) 1" step : crystal structure (salt matrix)
of the natural sun dried sea salt. Green sphere represents sodium ion and purple sphere depicts chloride ion (B)
Crystal structure of the intermediate step during NMC production. Curcumin compounds (yellow color) are located
outside of the sodium chloride crystal. Red colored circles are nano-micelle formular (NMF) (C) Final step :
Nanoformulated curcumin compounds are effectively penetrated into the salt matrix. NMC are successfully constructed
via all three steps. Light microscopic picture of the normal natural sea salt (D) and nano micelling processed NMC
(E). Red arrow means penetrated NMC curcumin compounds. Electron microscopic surface view of the normal natural

sea salt (F) and NMC (G).
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Table 1. Docking energy for the binding of the curcumin
and NMC on the TTR active site

Best docking energy =~ Average docking

Ligand (kcal/mol) energy (kcal/mol)
Curcumin -8.2 -7,82(n=9)
NMC -14.4* -13.50(n=8)

n=numbers of binding modes
*p<0.05
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Fig. 2. (A) 3D molecular binding pattern of curcumin compound (green color) into active site of the TTR (domain A, yellow
color) (B) 3D molecular binding superimposed pattern of NMC (purple color) with curcumin (green color) into the
TIR protein.(C) 3D molecular interacting pattern between curcumin and TTR amino acid residues. (D) 3D molecular
interacting pattern between NMC and TTR amino acid residues. (E) 3D pharmacophore modeling pattern of the curcu-
min on the TTR active site. (F) 3D pharmacophore modeling pattern of the NMC on the TTR active site.



£ At HEA FHE REsty 24 RART FES
D3l nano micelle 72 719 AEA] 7fdo] 2dts| U3y
I QA5 23] 84 curcumin®] FE A FOo2A Y T &
A5 2 AL9S A A7 Uz Edgold W B ok
2} Kittitheeranun 5ol 93} 4] lipophilic curcuming poly-
electrolyte multilayers®] & 53t] MEE FE) 9 formulare
AIRFEATHI]. =G £ Aol A NMC 2485 A= processel]
A At AAY 2o dddS AEetglEe W NMC 24 %
4 Z8ol YA E =A Uit ol AL Hdl = &
tofe ml@ S0l NMC 24+ 34 882 =ole o o4
A dFe = Aolg ool En.

IR s> ST

o o
oo
b
ittt
=
X
sk
¥
%0,
rir
2
ot

=

2
NEHoZ gqofstA 44T 4 & Aoz Fddy. =3
24 curcuminX ot
48 ¢ +gHe= AL 183 FA
o] NMC7} TIR @8 2 tetramer 7% St A A4S E31o
dzdtolml & EEHF0E JATY 5 v &5 ELEE
g4 T F e Jo2 ASHT

Z,
<
@]
N
XN
=
e
1= o
~
lo
(@}
o
3
o
2.
5
rold
ot

ZAle 2

B

T i= hal
F3 A5 Ytk E=3 nanoformulation A 28-S 83 4
A=E P23 F4 F4]3AF NEURONEX 973 ZEAS
s =gyt

References

1. Blake, C. C,, Geisow, M. J., Oatley, S. ]., Rerat, B. and Rerat,
C. 1978. Structure of prealbumin: secondary, tertiary and
quaternary interactions determined by Fourier refinement
at 1.8 A. J. Mol. Biol. 121, 339-356.

2. Chen, ], He, Z. M., Wang, F. L., Zhang, Z. S., Liu, X. Z,,
Zhai, D. D. and Chen, W. D. 2015. Curcumin and its promise
as an anticancer drug: An analysis of its anticancer and anti-
fungal effects in cancer and associated complications from
invasive fungal infections. Eur. ]. Pharmacol. 772, 33-42.

3. Ciccone, L., Tepshi, L., Nencetti, S. and Stura, E. A. 2015.
Transthyretin complexes with curcumin and bromo-estra-
diol: evaluation of solubilizing multicomponent mixtures.
N. Biotechnol. 32, 54-64.

4. Ferreira, N., Saraiva, M. J. and Almeida, M. R. 2011. Natural
polyphenols inhibit different steps of the process of trans-
thyretin (TTR) amyloid fibril formation. FEBS Left. 585,
2424-2430.

5. Husseinil, G. A., Kherbeckl], L., Pitt, W. G., Hubbell, ]J. A.,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Journal of Life Science 2016, Vol. 26. No. 2 257

Christensen, D. A. and Velluto, D. 2015. Kinetics of ultra-
sonic drug delivery from targeted micelles. ]. Nanosci.
Nanotechnol. 15, 2099-2104.

. Khanmohammadi, M., Elmizadeh, H. and Ghasemi, K. 2015.

Investigation of size and morphology of chitosan nano-
particles used in drug delivery system employing chemo-
metric technique. Iran. ]. Pharm. Res. 14, 665-675.

. Kim, D. C. and Lee, C. E. 2013. NXCL-4950, a novel compo-

site applicable to peripheral skin, is capable of increasing
skin temperature by enhancing capillary circulation. Clin.
Exp. Dermatol. 38, 244-250.

. Kittitheeranun, P., Sanchavanakit, N., Sajomsang, W. and

Dubas, S. T. 2010. Loading of curcumin in polyelectrolyte
multilayers. Langmuir 26, 6869-6873.

. Lu, Y. and Park, K. 2013. Polymeric micelles and alternative

nanonized delivery vehicles for poorly soluble drugs. Int.
J. Pharm. 453, 198-214.

Masbuchin, A. N., Rohman, M. S,, Putri, ]. F., Cahyaning-
tyas, M. and Widodo. 2015. 279(Val-->Phe) Polymorphism
of lipoprotein-associated phospholipase A2 resulted in
changes of folding kinetics and recognition to substrate.
Comput. Biol. Chem. 59 Pt A, 199-207.

Mohan, M., James, P., Valsalan, R. and Nazeem, P. A. 2015.
Molecular docking studies of phytochemicals from Phyllan-
thus niruri against Hepatitis B DNA Polymerase. Bioinforma-
tion 11, 426-431.

Naksuriya, O., Okonogj, S., Schiffelers, R. M. and Hennink,
W. E. 2014. Curcumin nanoformulations: a review of phar-
maceutical properties and preclinical studies and clinical da-
ta related to cancer treatment. Biomaterials 35, 3365-3383.
Pullakhandam, R., Srinivas, P. N., Nair, M. K. and Reddy,
G. B. 2009. Binding and stabilization of transthyretin by
curcumin. Arch. Biochem. Biophys. 485, 115-119.

Rao, P. P.,, Mohamed, T., Teckwani, K. and Tin, G. 2015.
Curcumin Binding to Beta Amyloid: A Computational
Study. Chem. Biol. Drug. Des. 86, 813-820.

Saelices, L., Johnson, L. M., Liang, W. Y., Sawaya, M. R,
Cascio, D., Ruchala, P, Whitelegge, J., Jiang, L., Riek, R. and
Eisenberg, D. S. 2015. Uncovering the Mechanism of Aggre-
gation of Human Transthyretin. ]. Biol. Chem. 290, 28932-
28943.

Sordillo, L. A., Sordillo, P. P. and Helson, L. 2015. Curcumin
for the Treatment of Glioblastoma. Anticancer. Res. 35, 6373-
6378.

Stein, T. D., Anders, N. ]., DeCarli, C., Chan, S. L., Mattson,
M. P. and Johnson, J. A. 2004. Neutralization of transthyretin
reverses the neuroprotective effects of secreted amyloid pre-
cursor protein (APP) in APPSW mice resulting in tau phos-
phorylation and loss of hippocampal neurons: support for
the amyloid hypothesis. |. Neurosci. 24, 7707-7717.

Suh, W. H,, Suslick, K. S, Stucky, G. D. and Suh, Y. H.
2009. Nanotechnology, nanotoxicology, and neuroscience.
Prog. Neurobiol. 87, 133-170.

Sunde, M., Richardson, S. J., Chang, L., Pettersson, T. M.,
Schreiber, G. and Blake, C. C. 1996. The crystal structure
of transthyretin from chicken. Eur. |. Biochem. 236, 491-499.



258 BBULRIX| 2016, Vol. 26. No. 2

20. Tang, Y. P., Haslam, S. Z., Conrad, S. E. and Sisk, C. L.
2004. Estrogen increases brain expression of the mRNA en-
coding transthyretin, an amyloid beta scavenger protein. J.
Alzheimers. Dis. 6, 413-420.

21. Trott, O. and Olson, A. J. 2010. AutoDock Vina: improving
the speed and accuracy of docking with a new scoring func-
tion, efficient optimization, and multithreading. J. Comput.
Chem. 31, 455-461.

22. Turnbull, E. R, Kaunda, K., Harris, J. B.,, Kapata, N.,
Muvwimi, M. W., Kruuner, A., Henostroza, G. and Reid,
S. E. 2011. An evaluation of the performance and accept-
ability of three LED fluorescent microscopes in Zambia: les-
sons learnt for scale-up. PLoS. One. 6, €27125.

23. Xia, H.,, Zhao, Y. and Tong, R. 2016. Ultrasound-mediated
polymeric micelle drug delivery. Adv. Exp. Med. Biol. 880,
365-384.

24. Yallapu, M. M., Ebeling, M. C., Chauhan, N., Jaggi, M. and
Chauhan, S. C. 2011. Interaction of curcumin nano-
formulations with human plasma proteins and erythrocytes.
Int. |. Nanomedicine 6, 2779-2790.

25. Yallapu, M. M., Nagesh, P. K,, Jaggi, M. and Chauhan, S.
C. 2015. Therapeutic applications of curcumin nano-
formulations. AAPS ]. 17, 1341-1356.

26. Zheng, W, Lu, Y. M,, Lu, G. Y., Zhao, Q., Cheung, O. and
Blaner, W. S. 2001. Transthyretin, thyroxine, and reti-
nol-binding protein in human cerebrospinal fluid: effect of
lead exposure. Toxicol. Sci. 61, 107-114.

27. Zheng, Z,, Sun, Y., Liu, Z,, Zhang, M., Li, C. and Cai, H.
2015. The effect of curcumin and its nanoformulation on
adjuvant-induced arthritis in rats. Drug. Des. Devel. Ther. 9,
4931-4942.

A 5ol st in silico ¥4 AF g
UERYS13L, pharmacophore EEE 4]0 /‘1

A4 NMC7} 9ut A Fmlof vl3le] Aujzoz o4

Re AR B4 &% AR U vholdy e #
q

A

= l:O
ox
M
ro
N
=y
=
i)
O
r
=
o
=
)
N
" o
mlo
2
‘oo
ot
[
=
BN

33t Hlﬂﬂ}: A 227t HA de 171%*& bis

Z
Z
@
AN
ne
=
)
My
(=h
o o nfm
=
_O,L
2
ox
=
EX)
lo
S il
ltll-r
—lE rlo

NMC7h b A5twl
pharmacophore ZFE¢] #Fo]7} UEb A om 8 £ WHPHA EA
3} TTR
ol TIR 249 el =¥ 2W 24 =229 A& 7540l
= 4estner 428
JES 28T 715 AF Al Ui wpo]dd 7S &0

g3t AREIS| EMAELO[E

fltok
0x
-||1

FAS A dotel ARITHATA)

AEQ 93 AFINNMO)
Hla EA 3T -4 NMCAlTF

13 24 NMC 242 g
Z3tA o MEM 717P°l

A% A8
o Hlajol 1A ﬁﬂ&ﬂ
SR

g4 59l Adete
1 HAEH O

1z
i
fo o
TEH
m/’_d_l
Ho
2

ftt Jki 32

o




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


