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« Determination of quantity of loaded [FEEDTA"] within the mesoporous silica nanoparticles



Relevance: A method in which MRl imaging has high resolutic
detection limits, would be of great importance to biomedical imaging

technology because of the ability to probe and image diseases in the early

stages of development of a diseases many of which occur at receptors where
Many constituents are to low in concentration for current MRI imaging methods

Axial MRI - T1 vs. T2

Figure A: MRI contrast images (T,
and T,)"°



Chemical Exchange Saturation
Transfer (CEST imaging)

Chemical Exchange fransfer is alternative nuclear magnetic resonance method that uses the fransfer
of saturated or spin-state nuclei from a bounded population to a bulk water sample which is
considerably higher. The signal intensity is greatly enhanced based on the exchange rate and
longevity of the excited spin-state. If the exchange of non excited nuclei continuously exchange with
lower concentration of excited nuclei it can attenuate for the weaker signal water making the signal

sfrong enough to produce areadable signal.
Solute protons (s) Water protons (w)
(small pool) (large pool)
4 H’O

Figure B: Chemical exchange saturation
transfer diagram'¢
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modern MRI imaaqging.

It has been suggested in literature that CEST can provide o aNs

concentrations due to the contfinuous exchange of protons causing a water signal ©

The use of porous nanoparticles have been explored as CEST agents due to their ability to targe

specific drug targets and release their payload in a controlled fashion. Porous silica is of especial

interest because of its ability to be non-toxic and bio-degradable. Additionally, the parameter

that attenuate the water signal within the CEST mechanism are saturated proton exchange rgfe
-|-

and longevity of their corresponding excited spin states. () found that a slow exchange ra
allowed for the greatest signal attenuation even at low concentrations of the contrast soyt

Therefore, an exchange agent that could have the exchange purposely slowed could prévide
an effective CEST imaging agent. Porous silica being proven as a carrier of drugs, has been
shown to be able to load and unload materials on precise targets. This ability toarry payloads
precisely, unload the payload for interaction, slow the rate of exchange by limiting degrees of
freedom and the ability renally cleared make porous silica nanoparticles art excellent candidate
to tackle this problem.



affecting surface
all silicon surface species (Si-F, Si-O, Si-H), a pas:s
containing species surfaces. Keeping this in mind, the layer o ¢
its slight dipole based on the electronegative difference amongst silicon and oxygen. The
atoms on the surface can be nucleophilicly attacked. Overall, keeping this reactivity in mind will allo
manipulation of Silicon donating compounds to be chemically liberated by making advantage of silicop
susceptibility fo nucleophilic attack.

Si0, + 20H - [Si02(0H)2]% & [Si(OH)4]

Ph> 12 Common férm

Sol-gel Method
Si(OH)4 - Si0, + 2H,0
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TEA
TEOS
(DIBP, Decane)

Figure C: Round
bottom flask!”

Figure D: 50 mL
cenftrifuge
tube'd

90°C, 30 min

Figure E: Round
bottom flask!”




After 1 hour the solutior
nanoparticles.

A solution of 1:4 EtOH/Hexanes solution is prepared, and the solvent in the bullet tubes ©
decanted off. The newly created 1:4 solvent is added to the bullet tubes and they silica is
dissolved into the solution via sonication.

Once, the solution is cloudy and no precipitate is present the solutions are centrifugued for .5
hours at 12,500 rom (x3).

A 9:1 EfOH/HCI solution is prepared. The final washing solvent is decanted off and the
nanoparticle gel-precipitate is dissolved in the EfOH/HCI. The mixture is then put on r&flux for
45 min.

The solution is centrifuged until the precipitate reappears. The solvent is decanted off and
the precipitate is dried at 70°C overnight.



the solutions could k

commonly expected approximate g
on concentration. This would allow one to obtain concentrc

species based on absorbance. Additionally, with the knowledge of the expe
absorbances one could determine when the reactant species has been
consumed and therefore, would approximately be able to determine the
concentration of the products including the concentration of the originally pore
loaded species.
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Table 1: Calibration curve for the
interaction of FeEDTA & CoCl,

Concentration (M) (y) Absorbance (y)
0.0005
0.00005
0.000005
0.0000005
0.00000005
0.000000005
SE-10
5.00E-11
5.00E-12
5.00E-13

0.0359
0.03468
0.0313
0.0263
0.03864
0.0304
0.02423
0.02484
0.03577
0.02312

Absorbance of FeEDTA + CoCl,% mixture at

y = 13.089x + 0.0298
R?=0.1334

Absorbance
o o
o © o
—_ (@) N
(@, ] N (]

0.0001 0.0002 0.0003 0.0004 0.0005 0.0006
Concentration (M)

Figure 11: Calibration Curve for the reaction of FEEDTA
& CoCl,
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Figure 12: TEM images of unmodified mesoporous silic i ieed sili ages of Decane madified silica nanoparticles



The calibration curve was unsuccessful at establist
This was possibly due to poor technique, or interference from Co(H,O),
the [FEEDTA] in the fitrant.

Future work will involve obtaining a proper calibration curve in order to obtain the concen’rrc’rio
loaded [FeEDTA] after the emission peak of CoCl, has diminished and the expected CoEDTA peakAas
appeared.



project.

Secondly, | would like to thank Lydia Makotamo fo g
project, her guidance in troubleshooting road blocks in the project, her encot

willingness to provide quick assistance always this summer. In addition, | would like to thank Lydic
for providing the TEM images.

Thirdly, | would like to thank Dr. Jiao for the opportunity to participate in this REU. | also would like to
thank Dr. Jiao for the mentorship and advice she provided throughout the REU meetings.

Fourthly, | would like to thank Emma Hovley for her help on paper writing, corrections, and
conventions. | also would like to thank Emma for her conftribution to organization of the supimer
REU program.

Finally, | would to thank and acknowledge the National Science Foundation for prgviding the
funding of $4,000 stipends for fourteen students which allowed for this opportunity and research
experience to occur.



A
0)0, @

5.Lu, Y.;Yin, Y.; Mayers, B. T.; Xia, Y.; Modify
186.

6. Babes, L.; Denizot, B.; Tanguy, G.; Jacques, J.; Jeune, L.; Jallet, P. J.; Synthesis of Iron Oxide Nanoparticles Usec
1999, 212, 474
7. Butterworth, M. D.; lllum, L.; Davis, S. S.; Functionalization and peptide-based delivery of magnetic nanoparticles for infracellular MRI contrast.; Colloids Surf. A 2001, 179, 93
8. Wen, W.; Wang, N.; Ma, H.; Lin, Z.; Tam, W. Y.; Chan, C. T.; Sheng, P.; Photonic band gaps from metallo-dielectric spheres Phys. ReV. Lett. 1999, 82, 4248

9. Vandenberghe, R. E.; Vandenberghe, R.; De Grave, E.; Robbrecht, G. J. Magn. Magn. Mater.; Magnetic heating by cobalt ferrite nanoparticles 1980, 15, 1117.
10. Sto"ber, W.; Fink, A.; Bohn, E. J. Colloid Interface Sci.; Controlled growth of monodisperse silica spheres in the micron size range 1968, 26, 62.

11. Elias. Inorganic Lecture: s-deep. http://web.iitd.ac.in/~sdeep/Elias_Inorg_lec_4.pdf (accessed August 8th, 2018).

12. Makotamo, Lydia,; Porous silicon-based nanoparticles as host for chemical shift reagents: optimization of chemical exchange saturation transfer for meghetic resonance
imaging, Portland State University, Porfland, Oregon, 2018.

13. Iron(lll) chloride https://en.wikipedia.org/wiki/lron(lll)_chloride (accessed Aug 92th, 2018).
14. Visible Spectroscopy. University of California. Irvine.http://faculty.sites.uci.edu/chem11/files/2013/11/RDGVISSpec.pdf (Accessed Aug 8th, 2018).
15.https://www.bing.com/images/searcheview=detailV2&ccid=m7Gt3pkX&id=EE731410981CFB582E20B42AD312DD1BFB18CE87 &thid=0OIP.m7Gt3pkXwexy4pQPHsF7bgHaFj&medi

aurl=http://1.bp.blogspot.com/-EmttHQ6UGek/UtiMxcZOpl/ AAAAAAAABOM/UQFRptCT47Q/s1600/016.png&exph=7208&expw=960&q=t1 vs 12
Mri&simid=6080142775591279408&selectedindex=0&ajaxhist=0 (accessed Aug 10, 2018).






