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Background Results Determining the Concentrations
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Hydrogels are a network of polymeric chains that are extensively swollen with water, and which have become an (A)
immense area of interest in pharmaceutics (drug delivery systems research). We have focused on hydrogel
delivery systems for drugs--particularly PNIPAm hydrogels. These hydrogels are unique because they possess a
lower critical solution temperature (LCST)--the critical temperature below which components of a mixture
become miscible at all compositions (Atkins 2006, White 1999). The pure LCST has been reported around 33°C
(slightly under normal body temperature) (Okano et al., 1990). The LCST of PNIPAm-based hydrogels allows
them to contract and release the stored water and aqueous components once the LCST temperature is reached.
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PNIPAmM-based hydrogels are prepared with a monomer and cross-linking agent as the primary components of Propranolol Run 1 . O 00251+ O 00002 (Clu)(kg)
the hydrogel. The monomer is N-isopropylacrylamide (NIPAM) and the cross-linking agent s (C) Gel Wash Water & = V. — V.
N,N-methylenebisacrylamide (MBAM). The components are dissolved in water and then an aqueous solution of - (mg)(mm)

ammonium persulfate (a radical initiator) and N,N,N,N-tetramethylethylenediamine (TEMED)--a radical initiation Figure 3 - Propranolol in-Situ Results

enhancer--are used when making the polymer below the LCST (Zhang et al).
(A) A series of pictures reflective of all lot numbers from the Phase 2 set of reactions

that used PRPL as the drug of choice. It was observed that a brown layer formed [ppm] =

Studies by Massingill et al. demonstrated that once the bulk processing of these hydrogel complexes is 1.5
understood, then it becomes possible to initialize these reactions in a microfluidic environment—a process
completed in a special reaction and extrusion instrument where these polymers can be formed in very small
spaces under specific temperature and pressure conditions to yield polymer-based nanoparticles containing drug
molecules (Massingill et al, 2008).
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radicalized the PRPL and caused an undesired reaction--making it fail to

successfully incorporate in the desired manner. i}
(B) An HCHS-21 gel from the same set of experiments in Phase 2 is shown for CO“CIUS'O“S

comparison--it’s clear there is not discolored bottom layer in the reaction vessel.
(C) Gel wash water from the propranolol gels was run on the Cary 300 UV-VIS. 1t is
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The project communicated here has been aimed toward understanding the functionality and feasibilities of the
bulk process, so that adjustments can be made in the microfluidic reaction chamber to prevent fouling of the 0.5

instrument (e.g. which drugs work with in-situ incorporation (incorporation as the gel forms) as opposed to =&~ Wavsieouth iom) s A 28.206MN WY clear from relative minima (inflection point) in the graph that a larger amount of Lot Number Corrected Absorbance Concentration % Weight HCHS-21
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diffusional methods). —@— Wavelength (nm) vs D.28.2.PENH-W PRPL was in the wash water than the gel. The dip in this graph near 248 nm is
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The above figure is a representative drawing of the structure of a PNIPAm hydrogel, but is representative of only g - - § - B Brief Discussion
one small segment of the gel matrix. All bonds are not shown as the structure is vast and complicated. £ 0.6000 — s - = - _ o o _
2 - - 5 - = It is clear from reviewing the spectra that although HCHS-21 is indeed successfully incorporated
§, p— = 2 S =y = into the hydrogel matrix in-situ, there is a chemical alteration to the drug which has taken place.
Qo = = < - R?=0.9917 - The UV-VIS spectrum jumped wavelengths by a magnitude of ~40 nm. The shape of the curve
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/_(_ 0.0000 C! BR0=——= I1ooI - I200I - l300I — l4()0 170-hydroxyl group of the steroid ring has enough degrees of freedom that during the radical
o OH 200 220 240 260 280 ' o ' ' initiated reaction linkage occurs between the drug and freely formed oligomers of poly-NIPAM
Wavelength (nm) Concentration (ppm) that may or may not also have cross-linkages with MBAM. These are soluble enough that they

dissolve in water, and therefore are excreted due to binding the drug.

Left: Curve at left is a standard curve made for HCHS-21 in the concentration range of 5 ppm to 50 ppm. It was found that this range

Hydrocortisone Hemisuccinate (HCHS-21) Propranolol (PRPL) worked well for most substances the group was testing because other ranges were outside of the dynamic range of the instrument. These 'feSUItS must be further elucidated through kinetics studies and spectroscc_)pic analyses to
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Figure 2 - Drugs Tested in these Studies the curves from those were distinctive enough that they could be ruled out by viewing the new outputs from gels. N thiS manhner would Tikely render it Unabsorbable an eretore inetrective.
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4 4 Right: For each of the standard solutions of HCHS-21 there were 20 measurements taken as a rapid read at 247 nm--allowing for error AC kn OWIEdgementS
propagation of absorbances. All measurements taken were plotted together to take a linear regression. _
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