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Dr. Jay serves asthe Director of the Center for Pharmaceutical Science and Technology (CPST).
The CPST isafully integrated andytica and formulation development and FDA-registered
pharmaceutical manufacturing fadility utilizing current Good Manufacturing Practices (cGMPs).
The facility employs 20 trained professionas and occupies gpproximately 3,700 square feet on
thefirg floor of the College of Pharmacy Building. The CPST has four primary missions: (1) to
enrich the education of the University's sudents through specidized educationd and training
programs related to pharmaceutica technologies, (2) to provide expertise to students and faculty
involved in trandationa research requiring the manufacture of pharmaceutica products under
cGMP, and (3) to support the extensive infrastructure required to manufacture drug products for
clinicd trias through grants and contracts with academic indtitutions, biotechnology and
pharmaceutical companies, and federal agencies such as the Nationd Ingtitutes of Hedlth, and (4)
to enhance economic development in the Commonwedth. Additiond information may be
obtained from the CPST’ sweb page: http://www.uky.edu/Pharmacy/cpst/

Dr. Jay is dso a Professor of Pharmaceutical Sciences with a joint agppointment in the
Depatment of Diagnogtic Radiology. He is a member of the Pharmaceutics, Drug Delivery and
Analysis Area of Graduate Study (AGS) and has on-going collaborations with faculty within and
outsde of the College.

Dr. Jay is dso a co-founder, aong with Dr. Russ Mumper, of NanoMed Pharmaceuticals, Inc.,
an ealy-slage advanced drug ddivery company using nanotechnology, thin film compostes, and
filmforming gds to enable the devdopment of new drugs and vaccines, and improve exising
drugs. (http://Amww.nanomedpharm.com/index.htm)
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Dr. Jay's research projects include:
1. NanoScintillation Systemsfor Aqueous-Based Liquid Scintillation Counting.

This project is being conducted in collaboration with Dr. Russ Mumper and is beng
executed by a Pharmaceutica Sciences graduate student, Mr. Jim Weekley. Jm has been
ably asssted by two summer research students, Mr. Paul Rosenstiel (Duke Universty) and
Ms. Sara Wuenschel (LaTourneau University), both of whom were supported by an REU
(Research Experience for Undergraduates) grant from the Nationa Science Foundation.

LIC]UId Saintillation (LS) Countlng involves the Styrene monomer

addition of radioactive samples to a fluor-contaning + Fluorsin Brij/H,0
organic solvent; interaction of emitted b™ paticle
with fluor produces light thet is quantified in an LS
counter.  This sysem is highly efficient, but results o )
in the generation of large amounts of mixed (organic- | Heat to 70°C to polymerize;
radioactive) waste. The god of this project is to | cool to 25°C; concentrate
develop an aqueous-based NanoScintillation system
that may sarve as an dtenative to organic solvent-
based liquid scintillation cocktalls.

The NanoScintillation system is produced by initidly
forming a dyrene-inwater microemulson usng Brij-
78 as the surfactant and pentanol as co-surfactant.
Fuor molecues (PPO and bissMSB) were
solubilized in the dtyrene phase.  The dyrene was
polymerized using sodium persulfate and heat which
resulted in the formation of a nanopaticle
suspension.  **C-acetic acid (50 nL ~83,600 dpm) ,
was added to 1 mL samples (n = 3) that were Suspended

subsequently counted in a liquid scintillation counter. ’ Vit gt

Mgﬁg Carl%:; caculations detcgrmined that there was a Ha "[ﬁ{“"m"d“""
high probability that an emitted b~ partide would System
interact with a nanoparticle in suspenson.

The reaults of the counting experiments showed that the NanoScintillation sysem was
capable of quantifying the amount of “C in a sample a greater than 50% of the efficiency of
a conventional (organic) scintillation cocktall (see Table below). Thus, the NanoScintillation
system has the capahility of quantifying the amount of *C in a ssmple a a sufficient
detection efficiency without generating mixed waste. This is expected to have sgnificant
environmental and economic advantages.

This ressarch was supported by a grant from the Nationd Science Foundation
(Nanointillation Systems for Aqueous-Based Liquid Scintillaion Counting. (Pl RJ
Mumper) $79,656. 7/1/01 — 6/30/02.).



Relative Counting Absolute Counting
CPM o g
Efficiency Efficiency
Conventional ) o
LSC Cocktail 75,310 + 195 90.1%
NanoSantillation | 7 735 4 706 50.1% 45.1%
System
NanoScintillation
System —no *C- 13+ 1.3 0.018% 0.016%
acetic acid added
Water 26+45 0.035% 0.031%

2. Nanoparticles Engineered from Microemulsion Precursors for Coenzyme Q10

(CoQ10) Delivery

This project is being conducted in collaboration with Dr. Russ Mumper and is beng
executed by a Pharmaceutical Sciences graduate student, M s. Cheng-Hsuan (Sherry) Hsu.

CoQ10, a poorly water-soluble compound exhibiting low ord bicavalability, is a
physiologica antioxidant and has been used in the treatment of cardiovascular disorders. It
has been hypotheszed that its bioavalability can be improved by incorporaing the
compound into sub-micron paticles. The purpose of these studies was to prepare and
characterize a CoQ10 nanoparticles using a smple, scaable method.

CoQ10-incorporated nanoparticles were prepared by cooling warm microemulsion precursors
comprised of emulsfying wax, CoQ10, Brij 78 and/or Tween 20. The nanoparticles were
characterized by paticle sze andyds, TEM, and DSC. The incorporation efficiency was
determined by ultrafiltration. The gability of CoQ10-nanoparticle in agueous suspension and
smulated GI media was monitored at 37°C. The release of CoQ10 from the nanoparticles
was investigated a 37°C. Findly, an in-vitro cdl uptake of CoQ10-nanoparticles by mouse
macrophage, J774A.1, was completed.

CoQ10-incorporated nanoparticles (d~70 nm) were successfully engineered. The
incorporation efficiency of CoQ10 was approximately 74+5%. The CoQ10-nanoparticles
were sphericad and uniformly distributed under TEM. The DSC thermograms of CoQ10 and
emulsfying wax exhibited sharp endothermic pesks, corresponding to the mdting points of
each compound. However, the thermograph of CoQ10-incorporated nanoparticles showed a
broad peak around 40°C, which was different from those of CoQ10, emulsfying wax, and
the physcd mixture of both compounds. Short-term  gability dudies showed the
nanopaticles increesed in dze in both agueous suspenson and smulaed Gl media,
demondtrating that aternative ways to storage conditions were needed. The in-vitro release
profile of CoQ10 from the nanoparticles showed a faster release in the first 9 hours followed
by a period of dower and extended release. The uptake of CoQ10-nanoparticles by the
Jr74A.1 cellswas over 4-fold higher than that of the CoQ10-free nanoparticles (P < 0.05).
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This research is being supported in pat by a grant from the Nationd Inditutes of Hedth
(Nanotemplate Engineering of Cdl-Specific Nanoparticles.  Nationa Inditutes of Hedth
Technology Development for Biomedica Applications Phased Innovation Awad -
R21/R33). (P.I.: RIMumper). $1,919,393. 2/1/02 — 1/31/07.

3. Synthesis, Chemical Stability and in vitro Cytotoxicity of Ester Prodruqgs of
Nicotinic Acid for Pulmonary Liquid Ventilation

This project is being conducted in collaboration with Dr. Hans Lehmler (Graduate Center
for Toxicology) and Dr. Paul Bummer (Pharmaceuticd Sciences) and was being executed
by a Pharmaceutical Sciences graduate student, Ms. Cheng-Hsuan (Sherry) Hsu.

It has been proposed that fluorinated ester prodrugs could improve the solubility of nicatinic
acid (NA) in a pefluorocarbon solvent (eg. perflubron) for drug delivery via pulmonary
liquid ventilaion The solubility and dability of a series of fluorinated NA prodrugs were
evauated in perflubron and agueous media. The in vitro cytotoxicity of these prodrugs and
their corresponding acohols were assessed in human non-amdl-cell lung cancer (NSCLC)
cdl line
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The solubility of nonfluorinated and fluorinated NA eser prodrugs was determined by
adding excess amounts of the compounds to perflubron and different buffer solutions in the
range of pH 2-8 a 25°C for 12 hours. The apparent partition coefficient (log Papp) were
evduated in 1-octanol/pH 7.4 phosphate buffer at 25°C. The degradation of the esters was
investigated in different buffer solutions in the pH range of 28 at 60°C, and the appearance
of degradation products was monitored by HPLC. The prodrugs and their corresponding
acohols were coincubated with NSCLC cdl line (H522) for 24 and 72 hours. The resazurin
assay was used to assess in-vitro cytotoxicity.

In perflubron, the fluorinated butyl nicotinate i1s3.5-fold more soluble than butyl nicotinate.
The order of the solubility of fluorinated prodrugs in perflubron was octyl>hexyl>butyl
nicotinates. The agueous solubility of the prodrugs increased with decreasing buffer pH. The
lipophilicity of these prodrugs increased with increesing chain length. The toxicity results
showed the LCsp vaue of the fluorinated nicotinates decreased with increasing carbon chain
length. The nonfluorinated prodrugs have higher LCso values compared to those of the
corresponding fluorinated prodrugs. However, a the concentrations tested, these prodrugs
and their corresponding dcohols exhibited no sgnificant cytotoxicity.

Chemicd and enzymatic stability of Compounds 1-4

tae
Esters pH 7.4 buffer® Esterase (100 U/L)
(h) (min)
1 646 170
2 12 3
3 178 163
4 316 D

2t 1/» was cal culated by the extrapolation of the Arrhenius plot at 37°C.
b ty2>24h.



In k obs (h™)
N

-6 T T
2.800 2.900 3.000 3.100

1T x 10% (K)

Arrhenius plot for prodrugs1 ?; 2m; 3 ?; 4@) in 0.02M phosphate buffer pH 7.4 (n+0.1).

Thus, it appears that the prodrug approach can enhance the solubility of NA in perflubron,
and initid screening showed that these prodrugs and their corresponding acohols do not
cause cytotoxicity. This approach has potentid for the pulmonary ddivery of water-soluble
compounds vialiquid ventilation.

. Water-in-Fluor carbon Microemulsionsfor Pulmonary Druq Delivery

This project is being conducted in collaboration with Dr. Hans Lehmler (Graduate Center
for Toxicology) and Dr. Paul Bummer (Pharmaceutica Sciences) and is the Ph.D. thess
project of a Pharmaceutica Sciences graduate student, Mr. Michael Clark.

adminigration of drugs with liquid ventilation. The

thermodynamic  gability of microemulsons makes

them atractive for this application. A / \
microemulson system composed of perblubron,

Ancther approach that we have undertaken to
enhance drug solubility in perflubron has been to
prepare inverse micdles and microemulsons with
the ad of fluorinated and patidly-fluorinated
aurfactants. A water-in-perfluorocarbon  emulsion
can contan dinicadly useful concentrations of a
water-soluble drug dissolved in the agueous interior
of the emulson and, thus, faclitaie the pulmonary

perfluoroheptancic acid and water was prepared in



and 30% Surfactant (35°C) to determine the appropriate component

Label 10% 20%  30% ratios for maximizing the water content.

From the table, it can be seen that
Perflubron wt% 82.8 66.4 57 sgnificant  quantiies of waer can be

Surfactant wt% 9.2 16.5 23.9 | incorporated while retaining a dable
Agueous wt% 8 17.1 191 | microemulson sysem. This dlows the
W/S Molar Ratio 18428 21402 16 ..0,| POSSBility of “significant solublization of
Aqueous (mL) 16 mL 30 mL 40mL water soluble drugs into perflubron,

expanding the therapeutic capabilities of
this approach. Since inverse microemulsons have polar functiond head groups, one concern
involves the dability of drug molecules incorporated into the agueous phase.  Undable
compounds may be subjected to enhanced degradation in the environment of the agueous
core of an inverse microemulson. A modd compound, cefaclor, is being used to study the
effect of various surfactant head groups on its rate of degradation in a water-in-perflubron
microemulson.  Prdiminary dudies have reveded that the presence of cefaclor in the
aqueous has a demonstrable effect on the droplet size.

MICROEMULSION COMPONENTS Apparmt Dropld slze
(nm)
X F Surfactant
E Br . 0 o
AT A Concentration 10% 20% 30%
RSN Water 4255 |57 |57
— Buffer 914 |49 |911
C;T " j’:?/ “ Buffer +Drug | 2532 |49 |57

. Purification by Foam Fractionation.

Foam fractionation is a separation process based on the sdective adsorption of a surface
active species to a gasliquid inteface. We ae currently exploring the potentid of foam
fractionation as a low-cod, high-volume protein purification method. Gamma scintigraphy is
being employed to acquire data to be used in the development of a mathematicd mode that
can be used to determine the effect of column parameters on protein separation and
enrichment.  Dr. Jay and Dr. Paul Bummer have previoudy described the use of foam
fractionation to separate protein mixtures based on ther reative affinities for a gasliquid
interface.  This was the Ph.D. thesis project of Dr. Christopher Lockwood who is currently
employed a Boehringer-Ingelheim Corp. Drs. Jay and Bummer are dso working with Dr.
Czarena Crofcheck (Dept. of Biosysems and Agriculturd Engineering) on the use of foam




fractionation to purify proteins that have been recombinantly produced in tobacco plants by
enhancing the affinity of a protein of interes for a gas-liqud interface with the assstance of
novel surfactants.  Another project involves the use of foam fractionation to economicaly
isolate expengve lipid components from drug-lipid mixtures. This project was the subject of
the Ph.D. thesisof Mr. David Worthen.

A schematic diagram of a batch-type foam fractionation device is shown in Figure. 1.
The device is characterized by smple glass congtruction and lack of chromatographic matrix.
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Illugtrated in Figure 2 are the important phenomena occurring in a Smple foam fractionation
unit. At the bottom of the glass column, individua bubbles are produced by introducing an
inert gas, pre-saturated with water, into the feed solution through a sintered glass frit or other
porous device. As the bubbles rise through the feed solution, surface active species (A) in
the feed solution adsorb to the gasliquid interface, the surface being dominated by those
molecules with a gresater rate and extent of adsorption. Bubbles leave the surface of the feed
liqud pool, entraining both adsorbed solute and bulk liquid (in the interditium between
bubbles) into the riang column of foam. The interdtitid liquid drains dowly through the
lamella between the individud bubbles returning any unadsorbed solute (U) to the feed

solution.  Drainage results in a thinning lamela which causes the gas bubbles to undergo
s it codescence and interbubble gas diffuson. At
{ w & Laud the exit point, foam is collected and collapsed,
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forming the foamate liquid enriched in the
surface active component.

Foam fractionation has many advantages
over other more traditional separation methods
for use in the separation and recovery of
biologicd products such as protens and
enzymes. Besdes low capital and operationd
cods, the appliction to dilute protein
solutions would be advantageous because
sepaation efficency generdly increases with
a decrease in species concentration.  Foam
fractionation is dso fadt, and should be easly
scaled for industrial use.



Dr. Jay's lab has employed gamma scintigr to measure the volume of liquid holdup in
foam fractionation columns. The radionudlide *°™Tc-pertechnetate (*°™Tc0,) was added to

the bulk solution as a marker of the agueous phase, and images were obtained usng a
scintigraphic imaging device.

Serid scintiphotos were obtained which reflected the water content in the interditid lamellae
of the bubbles as they moved up the column. A dedicated software program was used to flag

thin Regions-of-Interest (ROIs) a various column heights. Comparing radioactive counts in

these ROIs to a ROl of damilar sze in the bulk solution provided a measure of the liquid
holdup &t the various heights above the bulk liquid-foam interface.
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This work was presented at 17" Pharmaceutical Technology Conference and Exhibition in
Dublin, Irdand (March 24-26, 1998) and earned the Mendedl Award as the outstanding
presentation of the conference



Improved Recovery of Engineered Phar maceutical Proteins from Tobacco Plant Extract
Czarena Crofcheck, Michad Jay and Paul Bummer

Recently there have been dgnificant advances in the development of transgenic tobacco,
which can be used as a solar powered bioreactor, producing commercidly attractive
pharmaceuticls or enzymes.  Severd plant biotech companies have identified vauable
product targets, but there is a need for acceptable production practices and industrid scale
process development before transgenic plants can provide a new market for growers. The
cost of protein recovery and purification may be the determining factor in whether a product
is economicdly viable. One economicdly viable recovery process that has received new
interest is foam fractionaion, where a gas is bubbled through a dilute protein solution, the
proteins adsorb to the water-gas interface, rise to the top of the solution, and can be collected
as a protein enriched foam.  This project focuses on the use of foam fractionation to separate
engineered pharmaceutical  proteins from tobacco. One disadvantage of foaming is its
potentid to denature the protein when the protein adsorbs to the bubble surface. It has been
hypothesized that a protein can be engineered to favor binding to surfactant insteed of to the
bubble surface, and then the surfactant adsorbs to the bubble and facilitates remova by
foaming. The protein is then removed with little exposure to the bubble surface, minimizing
denaturization and maximizing protein recovery. In this sudy, the engineered protein will be
added to tobacco extract and then appropriately preconditioned before addition to the foam
fractionation column. Subsequently we will determine if the protein retains its sructure and
function following the foam fractionation separation process, adjust the solution and column
parameters to optimize he recovery of the engineered protein; and develop a modd to ad in
further anadlysis and scde-up. The work proposed here is a necessary step before attempting
to produce the engineered protein in tobacco.

We have proposed to engineer a peptide sequence into the protein gructure that would
chelate NP* ions, eg., a hiidine “tag” (His). This engineered protein could be complexed
with a spedifically-designed surfactant that is expected to accumulate at gas-liquid interfaces
like those occurring in a foam. Thus, the surfactant would adsorb to the gas-interface instead
of the protein of interest (Figure 3). In this way, the protein would be located away from the
gas-liquid interface and hopefully limit the extent of denaturation. After separation, the
higidine tag could be easly cleaved from the protein of interes. This methodology is aso
atractive because, the optimum foaming conditions would be the same for any protein of
interest; may alow for separation by foam fractionation even when the protein of interest is
not eadly foamed; and dlow for sdective separdtion of the protein of interest, leaving behind
surface-active by-products.
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Thiswork is being supported by the following grants:

Foam Fractionation of Engineered Proteins from Tobacco Plant Extract. Tobacco and Health
Research Ingtitute. (P.I.: C. Crofcheck). $37,000. 10/1/01 — 9/30/02.

Improved Recovery of Engineered Pharmaceuticd Proteins from Tobacco Plant Extraect.
Kentucky Science & Engineering Foundation. (P..: C. Crofcheck). $56,069. 2/01/02—
1/31/04.

PREVIOUS RESEARCH ACTIVITIES

1. Gamma <cintigraphy. This involves the labdling of pharmaceuticd dosage forms with
ganma-emitting radionuclides and monitoring their biodigpodtion with a gamma camera
following adminigration to human volunteers.

A gamma camea is cgpable of acquiring
images in a datic or dynamic mode, and is
interfaced with a computer for data storage and
subsequent image andyss. The quantities of
radioactivity adminigered to human subjects is
100-500 fold lower than those routindy
adminigered to patients undergoing a diagnostic
nucleer medicine procedure.  All  human
stintigraphic  studies are  reviewed by the
Inditutiond Review Boad, the Readioactive
Drug research Committee, and the Radiation
Safety Committee.

This frequently involves radiolabdling dosage
fooms usng a neutron activation gpproach
which was developed in Dr. Jay's lab and was
the subject of the Ph.D. thesis of Dr. Alan Parr
(now a GlaxoSmithKling). A smdl amount of a
caefully chosen dable isotope (eg. samarium-
152) is incorporated into the dosage form during
its manufecture. This dlows preparation of
dosage forms under indudtrid scde conditions
without exposng the formulaior to ionizing
radiation. The finished dosage form is then
exposed to a neutron flux.




The capture of neutrons by the stable isotope
results in the formation of a radioactive isotope
that will ultimatdy emit gamma rays that can be
detected by the gamma camera. This procedure
dlows one to radiolabd dosage forms that
canot easly be labdled othewise, eg.
polymer-coated controlled-release dosage
forms.

Here is an example of a coated dosage form that
was desgned to release the active ingredient in
the large intestines for the topica treastment of
coliis This time-lgpse scintiphoto shows the
intact tablet leaving the stomach and moving
across the duodenum.

Four-to-five hours later, this dosage form has
entered the ascending colon and has dis-
integrated releasing its contents demongtrating
tha the dosage form peformed as it was
desgned to. The segments of the ascending
colon can be seen clearly.

Gamma scintigrgphy has been employed to sudy a variety of dosage forms and drug ddivery
sysems including aerosols, ophthamics, pharynged, etc. This imaging technique can dso be
used in in vitro gpplications (see foam fractionation section above). Much of this work was
carried out in collaboration with Dr. Robert M. Beihn of Scintiprox, Inc.



2. Scintillation Proximity Assay.

Scintillation Proximity Assay [Rediommunoassy is a competiive binding assay
- in which a radiolabdled antigen competes with an

. unlabdled antigen for a limited number of binding
i dtes on anitibodies. By binding these antibodies
ol _—~ 2 onto the pore surface of a membrane in which fluors

S \ have been entrapped within the membrane matrix,
T~ // i P /4\ -, |only those labelled antigens bound to the membrane

| lare in dose enough proximity to the fluors to induce
Lap ™= S | gantillaions.  Thus  the dep  invalving  the
i:; il 7 separation of bound and unbound radio-antigen can

i

be diminated. This scintillation proximity gpproach
has been applied to a one-step radioimmunoassay
utilizing microporous polymeric  membranes. The
results of this work were recognized by the Society of Nuclear Medicine by the presentation of
the Berson-Yalow Award. This work was the Ph.D. thess project of Dr. Robert K Mansfield
who currently is employed by MDS Tricom in Tampa, FL.
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