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.-. Thank you. Hello. congratulationrl you are here to receive honors and vouwlll soon receive a de_grce. You are here to celebrate -- to enjoy your success. This ii anhanars c'nv,cratton. I prcsume that meaF. y9! are all intelligeirt, motivated, hard working,
and have achieved some level of personal, individual excellence.

^ V-y of you will continue you' studies -- graduate school - professional schools.Some of you will morc fully enrer the "real world.i Some of you af r,j"Ov fno* it __ if,ounnyour own backgrounds, jobs, community scrvice, student teaihing or otlher means.

. . Ilve brought three "fncnds" to help me today. Arthough their starements mav be abrt out ol conlext, thcir words help make my point -- in an enjoyable and identifiable way.

Here's the first one:

I believc the children are our future.
Teach them well and lct them lead the wav:
Show them all the beauty they possess inside.
Cive them a sense of pride.
To make it easier,
[€t the children's laushter
Remind us how we uied to be.

"The Greatest [-ove of All"
The Whitney Houston Album

@ 19,{15 Arista Records, ACf'9212.

Whitney Houston -- my first "helpcr" today, is talking atrnt you. you were the
children.--. now-1. you are now cducated iaulrs. Thc furure ii now -_ and is your
responsibility. ,Yol'r past is prologuc. Whirney is also singing about your kids -- bom andunbom -- and thc futurcs thcy wilr have and make, and the kids of yoir neighbors and ofthe homeless.

The real world is different from the university. As the University of Alabama atBirmingham is mainly an urban school,. many of you know that __ some;f you don't -_ andlt may be a rude or unplcasant introduction.



Your university experience has, I hope, provided you with societal and historical
perspective, with social and communication skills, with critical thinking skills, and with
problem-solving skills. I hope it has provided you with self mnfidence and with
sensitivity to the needs, qualities, potential, and aspirations of others -- of all components
of sociery. And I hope it has provided you with a sense of ethics and values.

That real world is far from perfecl It has many problems and needs which we'd all
prefer not !o think about - especially today: drugs, gangs, rape, crime, violence, racism,
disease, dementia, AIDS, health care, poverty, homelessness, unemployment, debt,
unwanted pregnancy, inesponsibility, and discrimination.

My "friend," Anne Murray, expresses it better than I can :

I come home this evenins
Thinking the news will * the same
Somebody takes a hostage --
Somcbody steals a plane.
How I want to hear the anchorman talk about a counfv fair.
And how we cleaned up the air,
How everybody leamed to care.
Oh, tell me nobody was assassinated in the whole durn world today
And in the streets of Ireland. all the children had to do was olav
And everybcdy loves everybody in the Ole USA
We sure could use a litde eood news todav!

"A Little Good News"
A Little Good News Album

@1983 Capitol Rccords, 4XT 12301.

You ate a member of society, as is each of your parents, your professors, bosses,
friends, colleagues. You will soon be conferred with a degree -- attestrng to your special
skills, education, perspective, and training. You must use them - not only in yourlob or
advanced studies, but in the conduct of your society and communities.

Direct some of your time and energy to help enhance the societies and communities
in which you exist. That includes: thc planet (its lands, occan, air, and water -- the
environment and the biosphere), the nation, the statc, and of course your city and local
communlty.

That does not mcan only serving on a local, high-rent district school board or
community council while perhaps ignoring the homeless, the unemployed, the
disadvantaged, as you drive by their areas in a secure, comfortablc, very well-Iocked
expensive automobile.

You m6, be involved. Do not listen to those who sav vou can isnore these societal
issues and concems in ordcr to fcrus on your graduate work, <jn medici school, or on
your first keyjob. Surc you have to focus and build your careers, but please don't usc
such focus as an excus€ for personal inesponsibilitv. Membcrs of communities have
responsibilities which can niither be ignoied nor d6legated. Those who advise you
othenvise are themselvcs a key part of the problem - the problem of personal
inesponsibility which pervades our weakening democracy.



As an educated member of society )ua must insist on ethical and responsible
FlTi.. 

- by the.press and the medi4 by your reachers anO professo.s, by'y."i i".ily
and I nends, by politicians, by business men, by lawyers - by everyone. bo not let anv oflnem tle_, cheat, drslort, mislead, even misquole -- you must be hon.st and critical with 

-
yourself and with them.

Part of your Universiry education dealt with the development of critical thinkinsslfllls -- being able to separate lact from fiction, realiry from fairtasy - !o detect lies,
91191,:":, traud, and misrepresenlarion. Excuse my Westem fraikress, but I call it "crapoercclron." Your degree certifies.you as_an educated crap detecor -- and believe me, your'
communities need you to utilize that skill.

If you are aware of lies,.fraud, dishonesty - and do not address it - then you arean accomplice. Ignorance may bebliss -- but noi for you. your days of innocen& andlgnorance arc over. Now, if you don't do something, it's not becarise you,re ignorant orunaware -- it's bccausc you'rc lazy and irresponsible-.

. _ _ Wa.lter Lippmann, 75 yean ago, said "There can be no libertv for a communitvwhlch lacks the means by which to detect lies." you are the lie dcteitors: detect andconlront them. Neil Postman said that intelligence is mainly the capacity to grasp the truthof things.

._,.. ^_Y:imust have the guts, the self confidence, the societal responsibility to grasp thetrxtn and to potnt out and expose non_truth.

You must also bc supportivc, positive, and uplifting. you must bc leaders,
:t^.]:f:*, pranners ot your communities __ perhaps not immediately __ but in the verynear tuture.

These are not chores and duties. They are challenges and opporunities.

, , . I oncc. heard a child. dying ol- cancer, say her major goal in life was ',ro leeve rhe\\'ono De[ler lnan I lound ll..' your goal can be no less. you do have thc time aldresources !o improve and enhance the world.

lrt me share a favonte quote from a not well known authoc

What does a man nced -- rcally need? A few pounds of food cach day,
heat and shelt,er, six fcct to lie down in __ and some form of workinq 

'
activity_that will yield a sense of arcomplishmenc That's all __ in thi
matenal sense. And we know iL But we are brainwashed bv our
economic system until we end up in a lomb beneath a pyramid of time
payments, mortgages, pr€posterous gadgetry, playthings that divert our
a ention from thc shecr idiocy of the charaai. 

'

The years_thundcr by.. The dreams of yourh grow dim where they lie
caked in dust on the shelves of patienc-e. Befirc we know it, theiomb
is sealed.

Sterling Hayden, Wanderer, Bantam Books, 1963, p.23.

.-Y.ou canno( predict whcre thc future wiI find you. you cannot predict how rone
yoy ylll lty: or how serislying tha.r li[e will be. but you can ask yourse'if _- nghr now _l
op€nly and honesrly -- what is really important? How can I makithis world a"bcner place?



Although life wi bc unpredictable, challenging, and exciting, rhe secret ofasatrslying life is indeed in heroing to make.rhe *orri uLtr, pr-e. In the words of mvthird and final "helper" this af'ternoon, a retto* namea rllnis faylor - Enjoy that Ride'!
Since we're only here for a little whileWe might as w6ll show some srylerJlvc us a smrle.  now.. .
Isn't it a lovely ride?
Sl iding down and gl id ing down, oh
l ry not to try too hard
It's just a lovclv ride.
Now the thjnp ibout Time is that Time isn,t really real.It's all_on you"r point of view
How docs it fcel for vou?
Einstein said hc couli nevcr undersland it allplanets.spinni ng rhrough space
i.ne smrle upon your face.
welcome to the human racc.
Isn,t that a lovely ride? Oh, yeah,
Sliding down anU glaing Oo'wn, 

'
I ry not to trv too hard.
I t 's  jusr a lovcly r iAe!

from "The Secret o' Life"
^ James Taylor (Live)
@ 1993^Sony Music Entcrtairimeni, Ino.

Columbia CZT 470fi, CT 57305

Thank you, and good luck.
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DIRECT READING BIOSENSORS: ANALYTICAL CEEMISTRY WTIHOUT
INST".IJMENTS

J.D. Andr"det2 C-Y wangl, R. scheeF R. Stewanl, J-I sohnl, and P' Triolo2

lDepartment of Bioengineering, University ofUtah,2480 MEB, SLC, {II S4lleUSA
2PmLin Solutions, Inc., 6009 Highland Drive, Sl.c, UT 84121' USA

Introduction
Health care cost concerns in many nations are

driving a Fowing interest in point of care-based
.technologies for scrcening, diagnosis, and even
treatment.l,4,5 Innovations and enhanced
technologies in meter-less chernical analysis devices,
cmploying immobilized and dry reagents, make it
possible for individual patients to monitor their own
glucose, cholesterol, pregnancy hormone, and other
palameters-

There is growing need for devices which can use
non-invasively derived samples, particularly urine
and saliva. There is an evolving trend in encouraging
and cmpowering consumers and potential patients
with greater education, awareness, and responsibility
for their own health care.l This has lead to a recent
proliferation in home medical, sclf diagnosis,
compu[er packages. These producs attest to the
growing interest in a the public becoming more
involvcd in assuming more responsibility for their
own educatio*and health care.

Therc is also a growing trehd throughout the
world in interactive, hands-on science and technology
centers/museums, in which human health and
physiology are a very major and a very popular
component. These centers provide a means for the
typical citizen to not only monitor physical
parametes related to their physiology, but chemical
ones as well. Over the next 10-20 years, such
experience is expected to lead to a segment of the
population that is more interested and involved in
their own health care, and insistent on the availability
of maerials and technologies which will permit such
involvement.

ln the arca of thcrapeutic drugs and drugs of
abuse, there are already major initiatives in most
nations which have led to simple screening tess and
devices for monitoring such drugs, or thcir
metabolytes, in blood, urine, saliva, sweat, and hair.

Wc are cmbarked on projeccs lo reseatch and
develop consumer friendly, dipstick-typc devices
applicable to non-invasively derived fluids for
education, analytical, and potential diagnostic usage.

Rationa.le
There are two very special rnolecules that play

unique and central roles in biology: adenosine
triphosphate (ATP) and nicotinarnide adenine
dinucleotide (NADH) and its phosphate form
(NADPH), a ubiquitous electron donor. ATP is

seneratlv recognized as tlg energy cur€ncy -rl
Eiolosy.3 Th" i*o molc.cules are closely couPled ln
^-y-bio"h"-i""1 processcs and can be regenerated
or recharged. 'Thcy are the basic couPLing agelts of
cellular metabolism."3 A very large number of
biochemical elzyme Proccsses involve one of thesc
two molecules-

It is very fortuitous that biology has evolved two
bioluminesceirt processes dependent on these two
molecules: the firefly luciferase reaction, which acts
on frefly luciferin in the presencc of ATP to produce
an oxidized oroduct which chemiluurinesces.z'o Tbe
bacterial tuciferase reactiol, which in the presencc of
alkyl aldehydcs, and FMNH2, Produccd by an
NAD(P)H reaction, also Produces an excited
chemiluminescent product which chemiluminesces''
Both reactions produce photons with high efhciencies
in the prescnce of oxygen. However, both thc
luciferases and luciferins involved are chemically
different2

There is a targe body of literature on the
develoDment of biosensors for ATP and ATP-
dependlnt processcs and for NADPH and NADPH-
depcndent processes, using the firefly and baclerial
luiiferase enzymes, resPectively. Such biosensors
generally employ fiberoptic or other wave guided
means of delivering the luminesceoce to a devlce
which can accurately measure light intensities'
Although one of the most Ponable and most sensitive
photon detectors available to the scientist or
physician is his or her own eyc, it is notoriously
difficult to calibrate for accurate m€asurements ot
even relative light intensity. The human two
dimensional Photon detectioo system, however, can
reliabty and iccurately measure changes in spatial
position.

We are using the human eye's spatial detection
capabilities as the readout system, focusing on
analysis of carbohydrates and other key molecules
using ATP-dependent kinase-based' Phosphorylation
reactions.

Sensor Components
An ATF specific sensor' based on firefly

. luminescence requires several critical components
and technotogies.8 The firefly luciferase enzyme is
critical becauie it provides the soecificitv for ATP'
The enzymc can be, and has been gencdcally
engineered, and otherwise modified, to cnhance its
ouiific"tion, its immobilization. and its shbility S

Prcceed. tntem. Symp. Control. Bel. Eioact. Mater.,23 (1996), Coniolled Belease Society' h1c'



Luciferin is normally produced by synthetic means, is
available from a wide range of sources, and is
relatively expensive. Luciferase, Iuciferin, and even
ATP require various stabilization and protection
tcchnologies and enhanccments for a practical sensor.

Typical dry reagent technology-based sensors
incorporat the critical reagents in or bn various
support materials, including cellulose and gels. Our
work irivolves cntrapping rerombinant luciferase in
low melting agaroses containing carbohydrate
additives which facilitate thet comDlere dehvdration
and later rehydrationS. Such a sensbr is specihc and
sensitive for ATP.

The major application of such ATP analysis is in
hygiene monitoring, the detection of small quantities
of bacteria or other cells, primarily in the food, dairy,
and food processing industries.o The surface or
device of interest is sampled with a swab, the
collected cells transfened to a reagent cocktail, which
releascs intracellular ATP.

"Rapid hygiene monitoring" methods are
growing rapidly due to thc growing need in
min in iz ing bacter ia l  contaminat ion in  many
industries. This is a generic bio4355 detection
technology; it does not speciate, that is, it docs not
indicate whether the bacteria detected are indeed
pathogenic. The method serues as a monitor for
cleanliness and hygiene, that is, as a routine screening
technique. A.very wide range of products and
methods, largely based on bactirial culturc and
defined media, are available for speciation analysis.

Our group is working on dry reagent, dipstick-
based, highly sensitivc sensors for ATP-based
hygiene monitoring, using simple photographic film
detection.

It is perhaps surprising that there has not been
more interest in using the exquisite imaging photon
detector, which practically all of us have, the human
eye. The cye is so beautifully accommodating,
adaptable, and auto-ranging, that it is a notoriously
bad detector of photon intensitv, the basic signal in
practically all fluorescence and luminescence-based
analytical devices. But the human eye is ideally
suited for the detection of images or pattems.

We have developed a set of technologies which
allows ATP concenration to be measured by the
spatial position of the bioluminescence, permirring a
quantitative detector designed and optimized for
human visual detection.

Analytes
Most analytes can be measured or monitored by

a variety of methods. A good example is glucose.4
There are at least 6 different ways to analyze glucose
using biosensors.4 One glucose analysis pathway is
to rcact it with ATP in the presence of hexokinase, or

even more spcbific cnzyrircs, to produce glucose
phospbatc. The consumption of ATP due to the
phosphorylation of glucose is a direct measure of
glucose concentration, hence, a glucose sensor based
on ATP-specific biolumiDescence.

Admittedly, this is not new, but its
irnplementation in a biosensor with the characteristics
noted (Figure l), coupled with direct visual detection,
serves as a demonstration for the more widepread
application of erlzyme and substrate sPecific anaiysis
based on ATP consumption or Production. This
method lends itself to the development of scnsors for
practically all nono-, di-, arid poly-saccharides.

Such sensors will make it possible to enharce
research and diagnosis in a wide range of problems
and pathologics related to metabolism and
bioenergetics, obviating the requiremelt for generally
more expensive and time consuming standard
analytical methods, often based on gas and liquid
chromatogaphy.

Characteristics:

Dipstick-Dry Reagent
Personal Sensors:

Direct Reading
Disposable
Inexpehsive
[Ilta Sensitive
Quantitative
Wide Dynamic Range
Rapid
Stable

Figure l. Sensor Characteristics

Conclusiors
This is a repon ofwork in progress. The sensing

technologies and devices discussed are not ye(
commercially available - or available for extended
testing. At this stage they are laboratory prototypes
undergoing much more cxtensive test and evaluation
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CHEMICAL SENSORS IN Tm HOIME: Discussion Paper
J.D.Andrade, Univ of Utah f oe.andrade@m.cc.utah.edu)

Many medical conditions require the measurement of one or more biochemicals in
order to facilitate diagnosis, manage a disease or condition, or monitor a treatment.
Physicians and other health care providers regularly order a range of chemical tests,
generally performed on blood or urine. The samples are generally obtained by the health
care provider and are sent to centralized analytical laboratories, which perform the
analyses and report the results. Historically, the techniques and procedures involved
require skilled personnel and specialized instrumentation.

In the last several decades analytical and clinical chemistry has developed to the
point where many useful analytical measurements can be made using relatively simple
and inexpensive instrumentation and often by unskilled personnel. Some of these
technologies have now become over the counter, readily available, kits and instruments
for home use. The most common of tlese is quantitative glucose measurement, used
regularly by millions of Diabetics throughout the world. Using a microlancet to generate
a small (50- 100 microliter) blood droplet, the patient transfers the blood sample to a dip
stick device, which serves to collect the sample, performs needed separation steps, and
delivers the sample to one or more anall.tical zones in which a specific chemical reaction
is carried out, resulting in a signal which is read by a small, inexpensive analytical
instrument. In the case of diabetes, glucose specific dipsticks are used and small hand
held reflectance colorimeters, commonly called Glucometers, are employed with
acquisition costs in the range of $30- 100 or more.

The individual Dipsticks cost in the range of 50 cents to $2.00, depending on the
manufacturer and quantity considerations. In addition to the enzyme based colorimetric
assays used for glucose, immunoassays can also be employed, the most cornmon of
which is the over the counter pregnancy test. The current over tle counter cholesterol
test is an enzyme based colorimetric system.

The major Diabetes Control and Complications Trial (DCCT) recently
documented the enhanced health benefits of tight glycemic control for diabetes. Regular
monitoring of glucose and regulation of insulin intake leads to much more effective
management of the disease and the minimization of the chronic complications which are
so burdensome to both the patient and to the health care system.

The diabetes community is leading and driving major research and development
activities to further improve the measurement and monitoring of glucose and of other
metabolites important to diabetes, with an emphasis on sampling methods which do not
involve the trauma and discomfort of blood sampling. There is a move towards the use
of interstitial fluid as the analytical sample and even to the development-of truly non-
invasive methods of analysis. Considerable research and development is now being
focused upon minimally invasive approaches for obtaining samples of interstitial fluids

"Home Care Technologies for the 21't Century', workshop co-sponsored by NSF and FDA,
April 7-9, 1999, Rockville, MD (www.hctr.be.cua.edu).



ht{-l-)0ddfTl
+)=b0-iFr'<ad

l

li

Y-irnti.r{

"dftlFE-l

<-\-

i$iiEE;iigEiiiEg€f,ii
iaifEE$EgiiEiEFEEiEt

l aliigg 
iiiiggtlsgggigg

jbIIl 
a)

, 
(J

O
_-u,

=
:

1
c

d"_
-tr

E
ld

)
(!c,
=

9
+toi5

d-l

;l:l 
\)

<l n\\

e;EtrtA:lG
l

-lF'aFIG
l

brl-FG
I

=a
-

F
€

G
lF

rrE
E

;
*. s.,
=

t
9

E

d-Etr{.l=
F

P
G

lE
B

:
a

rE
('I-d
A

:Hll
-::(l)c.
l

o
F

-
l

T
E

:t 
nr

G
I.F

('r5
Ia

A)q)()>\)

\J\)

t-)a''

!)\)

L
)

q.)

F-

u,
-G

I
rH*{(l)
FC

II
=

q)
rHHC

J
Q

)
ttr-.--

tst
r-H.AE

G
I

rx€eFI-
t

UrHa-a
aI|
Er-HaE



q igigilgigiitigiigiigigiiig; 
gg iirr ffiisi



$g€igiii€igiiiiiiiisiiiiisiiigiliiil

$gigiiaiggiiitslisiiiiigiisils;igiiiii

gi iiig3sg 
gfiifg;' 

iil*ili ilii i;;ig ls

q
 

c"j 
j 

Jft-H
.E

ttE
 

-i 
* 

I

iFllJutoccoz1q



$E$irF$i$i

iE$$ii$$ss
F

E
E

F
'

)
)

-
.

 
Q

h
o

(
,

)
o

)
L

-
r

 '
F

 Fi 
s

=
-t 3 3*;s

F
;g

 ;e
*g

g
is

i
J-E

s 
l',strS

m
1

.$
5

lE
€

 
E

"-sE
H

i?
E

c
ij 

:-
a

F
'c

{
"

r
h

-
il*$ x E

r s*t E
 HT

E
 ': 

?
 ::3

 
E

 o
,*',.9

b
 >

,b
 , 

€
 P

'F
5

.9
 9tE

*E! 4 E H 3 c-aiYE.
:

o
h

 
-

 
:

 
F

r
!

F
(

!
*

o
o

*.iE
 i E

s; r srsE
*

U
';E

 o
 I q

iE
 n

 g
l.F

!
;-3

H
 ? s

3
5

;E
F

.*:F
$

$
F

E
l 

s
x

?
i$

['[;B
i E

3
 El Ei: s i; g

H
;

E
a

I 6
1

 5 3
;-tE

E
 H';9

g
'E

t ;. E
€

 I s
il.E

;;
+,tf ? gtETf ar:E
8

6
E

 3 E
E

E
E

?
iF

?
""

o
1

;. 
*0

.8
._

Q
 

H
.l " ":

;i; tiilH
{;H

f,g
:.i i 

-P
5

.b
 

F
 h

* s
3

q
;€

i 
tr;;h

E
jE

E
*

5
 3

 
t! E

 be
.E

i t

{$iig;iE
€i: 

Iglgfigs 
i;ji{ F ii

ii€ffsi€fliE 
BiEiEiE€ 

?flE* i F?*? 
^

* j F
:;:E

.E
: 

H
!

isi$E;ri?lf€gi;i;iiiF?ti;';lte;
*is;e**i€f, 

tEEiEt€E 
i$i;i EE {iiig {

;iiiiiF€ig€uiEeEi;5i 
i;i'; F E+ ; ;i*E E

€EEErr€{;$irlEii;iria'Egij,EEf3$is

iII*l:-l<
l

6
l

<lqt-lÎl(*'
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for glucose analysis. Such fluid can be collected from the skin epidermal layer, which is
devoid of blood vessels or nerves. The process is therefore painless and bloodless.

A problem with minimally invasive approaches to sampling is that the volume
collected is often one microliter or less and thus considerably smaller than a typical
blood glucose sample, generally 30 microliters or more. This presents a considerable
challenge for current analytical methods of detection, which in the case of glucose is
primarily electrochemical or reflectance colorimetry. There are many groups developing
means for interstitial fluid collection and analysis (wwwjdfcure.com and
www.diabetes.org). It is likely that these efforts will be successful and that truly,
minimally invasive, painless means for acquiring samples for biochemical analysis will
become available in the very near future.

The problem of sensitivity is also being addressed by a number of groups,
including our own. We use a bioluminescence approach to the analysis of glucose and
other metabolites in blood, urine and interstitial fluids. Bioluminescence has an
advantage over existing approaches to such measurements in that it is generally at least
100 times more sensitive. Bioluminescence is light produced by biological compounds
undergoing specific, enzyme catalyzed chemical reactions. The most well known
example of bioluminescence is the firefly, however, ottrer organisms employ similar
reactions to produce light, e.g., there are also bioluminescent bacteria, fish, and fungi.
All bioluminescent reactions employ an enzyme, called luciferase, that makes the
reaction possible, e.g. there is a firefly luciferase, a bacterial luciferase, etc. Practically all
of biochemistry is linked to two very unique and ubiquitous molecules - ATP and
NADH. ATP and NADH represent the "energy currency" of metabolism and are both
linked via other enzymes to firefly luciferase bioluminescence and bacterial luciferase
bioluminescence, respectively. In our approach, the bioluminescence is detected with an
opto-electronic device, often a CCD camera. The amount of bioluminescence measured
can be related to the specific biochemical of interest in the sample.

These technologies permit the development of sensors for a many other diseases.
Of particular need are the many inborn errors of metabolism, exemplified by
Phenylketonuria (PKU) and Galactosemia. PKU is an inherited enzyme deficiency
disease which results in the accumulation of Phenylalanine to toxic levels. The disease
can normally be managed by careful dietary control and by regularly measuring
phenylalanine concentration in blood. Phenylalanine is an essential amino acid, so the
patient and his health care provider must walk a fine line between providing adequate
phenylalanine for growth and renewal and yet keep the circulating blood concentrations
of this essential amino acid in ranges which are non-todc and non-damaging. This
requires frequent blood monitoring, preferably weekly. Given the relatively low
incidence of that disease (one in ten thousand), the fact that the current analytical
methods require a large volume of blood for analysis (of the order of 200 to 500
microliter), and that there are no home based sampling or analytical methods available,
most PKU patients are not optimally monitored or managed.



Thesituation with Galactosemics is even more difficult. Althoueh Galactosemia is
a more cornplicated disease and is not as easily managed, it is important for
Galactosemics to minimize tleir Galactose intake. The major source of Galactose is
lactose in milk and diary products; Galactose is also common in a wide variety of fruits
and vegetables. Galactose and Galactose-l-phosphate should be monitored regularly
But as Galactosemia is even more of an "orphan disease" (incidence one in 50,000), the
technologies and resources for convenient monitoring are simply unavailable.

Aithough industry has respoided to the analytical and instrumentation challenges
required for the appropriate monitoring and management of diabetes, that is only because
it is a relatively high incidence disease. The numbers are such that it is cost effective to
develop and market products for diabetes. When a disease has an incidence of one in ten
thousand or significantly lower, it becomes extremely difficult to justify any such
development or expenditure by a comrnercial entity. Hence we call such diseases
"orphan diseases", as we are now familiar with the terrn "orphan drug".

It is clear that new and different incentives will need to be developed in order to
meet tle health care needs of these small segments of the population. The good news is
that Diabetes is basically driving the entire analytical biochemistry field with respect to
technologies which can be utilized at home.

A major application of home based over the counter biochemical measurement
devices is likely to be in the nutrition and food supplement communities. The ability to
monitor amino acids levels, vitamin levels, and a range of other nutrients and food
supplements is of interest to these major segments of the population. It would be of
interest for sports and physical performance enthusiasts, for example, to learn whether
or not creatine supplements do indeed in{luence the circulating levels of this important
bioenergetic chemical. Consumers takjng mega doses of Vitamin C would learn that
such dosages do not need necessarily lead to an increase in the circulating levels of
Vitamin C, thus, perhaps, prompting them to modify their behavior or at least minimize
their expenditures and intake.

Those empowered consumers and patients who are interested in their circulating
blood or urine levels of various analytes can now, via the worldwide web, order such
tests fiom centralized analytical laboratories and obtain such information privately, if
they so choose. As the technology continues to miniaturize, as it continues to become
more reliable and inexpensive and easy to apply, and as it becomes possible to make
such measurements painlessly, using minimally or non-invasively derived fluids, there is
likely to be growing interest in the application of home based analytical sensors. There is
even talk of incorporating the analytical unit as a PC card or using existing CD drives
directly as measurement devices.

The data derived from such measurements can thus easily be incorporated into PC
based personal medical advisor software and thereby facilitate personal diagnosis and
disease management. The present generation of instruments for the monitoring of
glucose already includes the capability for recording and storing the data and for



downloading it on a regular basis to the health care provider. Such capabilities will of
course be available in home based analytical chemistry devices for orphan and other ,
metabolic diseases.

The key questions are:
What should be rneasured?,
How should the data be interpreted and utilized?
How can one develop incentives to facilitate the development of the technologies
and instruments required for currently unmet health care needs?
How can these new technologies be incorporated in evolving tele-connected
living environments ?
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