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M the problem
Hm the Insulins

B sensors

B pumps

B sensor assisted
m closed loop

M our results
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il the status quo

B we understand much more
m for example.......
B insulins have become:
W purer
m genetically engineered to become human

m synthetically altered for different kinetics
W lispro, aspart, glulisine
B detimir, glargine (but only for subcutaneous)

H solutions —no sedimentation or
precipitation

February 15, 1923




T Insulins

B phenol complexes  dmerisatin
H monomeric

m smarter formulations
m Viaject |
m Genapol




/hat’s wrong with that?
arriers to compliance

B may be well out of control some of each day —cumulative
toxic mechanisms

B they may not pick this up when testing (peak 16mmol/L)

B means and HbA,. may miss the problem
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that’'s wrong with that?
the complications

B damage from chronic high glucose (type 1 & 2)

B macrovascular
B stroke and heart attack
B addressed with statins, aspirin and ACE inhibitors

m however, glucose is likely to be the underlying cause
B microvascular (obvious after 20 years)

m kidney failure

B amputations

m blindness

® minimised with good glucose control

Hm nerve damage*




B {wO major purposes

B sensors have been important for open loop decisions
m will be implicit for most closed loop

B
Glucose
f level

Sensing Delivery
(glucose sensor) (insulin pump)

&} Modulation |:]j

(control
algorithm)
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Cellulose

CNT-enzyme

film Insulating  pellet

film

glucose oxidase has been a mainstay
of testing for many years

the oxidation cycle, working with other
electron acceptor-donors generates a
current

sensor difficulties being solved for
indwelling

protein and fibroblast deposition
embolism

calibration drift (needs clamp)
interference - paracetamol and
vit C

temperature dependence

low oxygen tension

peroxide build up

delays



http://upload.wikimedia.org/wikipedia/commons/6/63/77_1gpe.gif

m for open loop testing
B USB connections for PC transfer

iBG*STAR" |

The first blood
glucose meter
that seamlessly
connects to
an iPhone or
iPod touch

“IBGStar does not indude the
iPhane or iPod touch




m interstitial fluid —indwelling (open & closed
loop)

H electrochemically similar

m equilibration delays -more later

Working Electrode Contact

The sensor
measures
glucose in the
interstitial fluid

May 1, 2012
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pumps

B pumps were developed from the 1970s

B 1st order by injection, zero order by pump
W gives better control than injections

B fewer hypos and better HbAlc values

m few unintentional peaks/troughs in output from site




m highly developed

H stand alone
B Animas Lifescan

B Accu-Chek Spirit
m Medtronic Veo
B touch screen types (Tano

H barriers to success



http://blogs.discovery.com/.a/6a00d8341bf67c53ef0154371026ff970c-popup
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B connects with very short tube at the
back

B seems more acceptable
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'z\m%) patch pumg

B some examples
B Omnipod —the first, waterproof, type 1 and 2
B Solo —longer shelf life on skin, not waterproof, still

needs filling often per week (Mendingo —Roche)
m CeQur (Boston) —type 2 but not yet marketed

May 1, 2012



http://www.diabetesmine.com/wp-content/uploads/2010/01/cequr-patch-pump.jpg

patch pumps

m Cellnovo -touch screen, data logging
and cloud technology
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® Micropump Debiotech Jewel

B dimension ratio
B makes device smaller and more acceptable )

W pump action —low shear, spares insulin



http://www.google.co.uk/imgres?q=finesse+insulin&hl=en&newwindow=1&sa=X&rlz=1I7GGIE_en&biw=1085&bih=442&tbm=isch&prmd=imvns&tbnid=kD1qIJZzMBpddM:&imgrefurl=http://medgadget.com/2010/07/click_and_pump_insulin_delivery_device_from_calibra_medical.html&docid=TcpJ-FcImafLnM&imgurl=http://cdn.medgadget.com/img/mmae4yyy.jpg&w=250&h=197&ei=eEOXT-fPPM6a0QXI6ISrDg&zoom=1&iact=hc&vpx=500&vpy=156&dur=4063&hovh=157&hovw=200&tx=143&ty=52&sig=115365447048156275423&page=1&tbnh=114&tbnw=143&start=0&ndsp=14&ved=1t:429,r:3,s:0,i:73
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patch pumps

m Altea —the electroporation Passport
B needle and cannula-free
m delivery local or means to systemic
B may now be defunct

The phenomenon of electroporation




B microneedle technology
m Valeritas V-Go

MICRONEEDLES DRUG PATCH
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B more about direct contact sensor problems

sensor difficulties being
‘ solved for indwelling

- - S s ++ s
microprocessor . —> glwose  GODox  H:0.  protein and fibroblast
controlled pumps /Te N /N /'8 N deposition
linked to « embolism
electronic \ /\ )+ calibration drift (needs clamp)
lucose sensors slucoe  OODred « interference - paracetamol and
g -— acid R | vit C

* temperature dependence
* low oxygen tension

« peroxide build up

« delays



ubcutaneous delay

« time lags
* Dblood to interstitial fluid
« sensor uptake (diffusion)
* response due to compensatory
filters

* insulin release to plasma

« complex algorithms needed
« timely (compensate for lags)
* biphasic as for normal

* heating, vibration, hyaluronidase

=

Normal Skin




‘loop is still mainly ope
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Fingersticks give you hints — your Guardian REAL-Time System tells the whole story.

Alert warns patient ] )
of ancaming high Prompt action may avoid
high or reduce duration™
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levw or reduce duration®
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*A confirmatory fingerstick is required prior to taking action,




11se to abnoral conscious decision needed

levels after food

M a need for: e e o
B continuous delivery

about nsulin dose
at fhis point

m constant feedback High ghcos \\

W auto real time adjustment

i

@ [nsulin output from

device is automatically
high when glucose
k lewvels raised after food

[nsulin output fiom o

device is automatically

lowr when glucose \
levels low when

a meal 15 due

Low glucose
status

May 1, 2012




the requirements

W be specific for glucose

m switched on by high glucose :

W curtailed by low glucose e 3
M respond in correct time-scale

m able to transmit the variable rate in real time to plasma
m respond in dose-related manner

m detailed control without undue oscillation

B deal with local visceral insulin and glucose levels not skin
m not produce increased need (“down regulation”)

m avoid leak of dose or components or other harm

B deliver unmodified insulin (other than monomeric)

B operate long term




Wizard - Add glucose measurement Confirm or modify insulin advice

[73 um

4 min

J20/0872008 = [ =] {20008/2008 =zl [0 =]

NaVigator

glucose (mmolil)
Insulin infusion (U/h)






http://www.google.co.uk/imgres?q=diaport+insulin&hl=en&newwindow=1&sa=X&rlz=1I7GGIE_en&biw=1280&bih=460&tbm=isch&prmd=imvns&tbnid=iXamsxWbu9eAiM:&imgrefurl=http://www.insulin-pumpers.org.uk/diaport/&docid=ICTjEY0LbZoipM&imgurl=http://www.insulin-pumpers.org.uk/images/hires/diaport3.jpg&w=720&h=540&ei=IG6YT-f3IIbf8QO34531BQ&zoom=1&iact=hc&vpx=413&vpy=2&dur=1281&hovh=194&hovw=259&tx=106&ty=80&sig=115365447048156275423&page=1&tbnh=114&tbnw=152&start=0&ndsp=13&ved=1t:429,r:2,s:0,i:71
http://helenfrohloff.com/wp-content/uploads/2011/03/CIMG0348.jpg
http://www.diabetesmine.com/wp-content/uploads/2011/05/diaport2.jpg
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totally implantable pump

|\ ma

m at first was mainly
programmable %

refillable

has now been adapted to
closed loop with an implanted
sensor coupled to a
microprocessor vascular &
subcutaneous sensors trialled




. tot lly implantable pumg

Subcutaneus
connecting lead

Enzymatic IV
glucose sensor

External
receiver and
programmer

Peritoneal
catheter Implantable insulin pump (MIP 2007)

Figure 1. Scheme of human implantation of the Long-Term Sensor System® (LTSS, Medtronic-Min-
iMed), a prototype of implantable artificial beta-cell.

May 1, 2012




m device with glucose sensitive gel
m governs output from insulin depot

high glucose

m insulin travels out faster when glucose softens gel

m reverses when glucose level falls
M it is a closed loop system



our technology

how the gel responds to glucose

\:} steel balls

stuck on gel
samples on
glass slide

dry glucose
added




H In Vitro evidence

B measuring the viscosity changes
W using standard methods

W viscosity falls over relevant values

% fall in viscosity

effect of glucose (high sheax)

May 1, 2012
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B improving the basic mechanis

B component movement
H loss and phase separation

H could disable mechanism
H could be toxic

B remedies
®m bond molecules together
B standard covalent bonding & polymerisation
m small pore size

May 1, 2012




the peritoneal site

m allows sensing of ambient glucose

B glucose equilibrium blood:peritoneal fluid
m delivery is always appropriate

m allows delivery directly to liver
m small aliquots

m fast, not rate-determining
B mesenteric veins drain peritoneum (cf skin)
B mesenteric to portal to liver route

B metabolism of dose is rapid
B no hypos

m but clearly invasive and difficult




m testing the feedback

m building simple in vivo test cell
| for peritoneal implant
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rat trials

—— 350U/mL bovine: activ e gel (150)
—— 350U/mL bovine: activ e gel (154)
—o— 350U/mL bovine: activ e gel (156)

—(— 350U/mL bovine: activ e gel (157)

—— 350U/mL bovine: activ e gel (159)

— 0 —- saline control: activ e gel (131)

% ]
gavage 2gkg variable
I I
A e ad viscosity, high
insulin 1Ukg Foepe? ) dose
{these controls only) ; i
s
/ 7
4 [/
= A 2% :
N § ./ variable
o Y ‘) viscosity, zero
N i $ 7
Vo o / dose
4
4

— -0~ - saline control: active gel (132)

medium
Viscosity,

high dose

——350U/mL bov ine:carbomer 10% (174)

——350U/mL bov ine:carbomer 10% (175)

gavage 2g/kg

medium

viscosity,

low dose

—a— 250U/mL bov ine:carbomer 10% (184)

—#—250U/mL bov ine:carbomer 10% (185)

300

—4—250U/mL bov ine:carbomer 10% (198)

——250U/mL bov ine: carbomer 10% (201)

blood glucose

nallenge in vivo results -worked well
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ulti-challenge tests

Body w eight & blood glucose changes
rat#187

blood glucose post gavage rat #18°

—+—challenge day 5
——+—-challenge day 6
—+—challenge day 9

1

T o T T T
-200 -100 0 100 200 300 400 500

B method development has lead to longer working times

m allowing multi-challenge (feasibility of long term use)
B morning BG readings on the left (diabetes revealed here, incidentally)
m three challenge days
B each comprises a standard and a challenge
m all BGs remain in range each time




Body weight & blood glucose change: blood glucose post gavage rat #109
rat#109 S— 35 day 5 < —o—rat #109 day 5 small then large

—+—rat #109 day 11 small
—+—rat #109 day 12 small then large

30 -

—+—rat #109 day 13 large only
—-+—-rat #109 day 18 large only

!

---4---rat #109 day 19 small then large
-,

—4—Body weight (g)
——Series2

body weight (g)

t.
+*

blood glucese mmol/L

Blood glucose mmol/L

15

time (days)
100 Time (min) 200

B successfully exposing failure of control experiments

B also affected by calorie intake and output
m but withholding food suppresses peaks

B repeated challenges reveal lack of control
B as seen here in this long lasting control experiment

May 1, 2012




B simple ‘closed loop’ pump
B based on a chemical response
B glucose-specific one-step response

B responds rapidly and in therapeutic
range

B no biological, electronic or moving
parts

B needs no battery power

B needs no immunosuppressive
drugs

B could be available in large numbers
B could be cheap to produce

B could be simple to implant

B could be refillable




gel stabil

D500 + con A raw gel over time % D500-MA+con A-MA acrylic gel irradiated for 50 min

Complex viscosity (Pa.s)

1000

10 nnn
TOoT EavAviviv)

—e—neat gel
—=— 0.1%G

—— neatgel

—&— 0.1%glucose

Complex viscosity (Pa.s)

0.0001

' ' ' 0.001 001 0.1
0.001 . 0.1

time (days) Time (day)

method —dialysis bags

creatinine (132mmol/L), lactic dehydrogenase147U/ml), aloumin(21.2g/L),
bilirubin (305mmol/L), triglycerides (0.7mmol/L), cholesterol (1.7mmol/L),
glutamic oxalactic transaminase(40U/L)

chymotrypsin could breakdown con A into peptides and amino acids



pig device &
clinical maquette

- actual "works-like” prototype
for trials In large animals
» designed for repeated

dismantling in trials so not
pretty

* mock-up “looks-like”
prototype

* looks more like the clinical
version

 cartridges and minimised
features







v calibration

hours well above normal

| Allpig 5 effect of food Conclusion Without food, even a small dose can plunge
into hypo. Ifthe animal undereats a hypo may be avaoided but the hyper
- develops. Even a large hoost when combined with food and a challenge is not
1 enough but protects from hypos
——Pig5-2U/h-no food and no boosts
- #-Pig 3 -2U/had lib food but undersaten, no boost

—#—Pig5 -7U/hplus 3U boost ad lib food

=0.27 days
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performance of the device

Glucose (mmol/L)

35

30

25

20

it

10

5 |

(1]

I

Four days of
supporting
injectedinsulin
after device
insulin
insufficientfor
wellbeing

Time

9 2 4 6 5 101214161820222426253032343638 4042444648 50525456586062 64 {days}
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Glucose (mmol/L)

about one hour above normal




m closed loop Is the way

forward

m normalise life ‘
B optimise outcomes ey - lﬁ:{% ‘

- - : by e TR 10 S N AN
m relieve anxiety and illness o e ..,p‘-fu}.}
q R w4

4'
o s,
B minimise treatment events Y
m regularise glucose

B reduce expenditure

Hm alternative methods

m Dbiological and electronic
methods are not the only way




