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gontradicts the Grodsky wmodel.

Carson_and_Cramp (London) made a wnics pressntatic
latest wmodel version containing wmost oF the
gfferts., The model haszs a biochemical Ffundaasent and conteins

several saturated enzyme steps.

The main model building was dorne by  thae prgars
and Bergmans who modelsd hoth  imnsulin and gluso
after 200 wmg/kg glucoss ingections. They G
gdifferent models and started to investigats
identifiability., One maiv assumption wasz dizcuzes
measurenents were regarded as the input to bthe glucoze part
of the wmodel giving glucose output and vics vsrsa  for the
insulin part. Thus it has to be asswned that the sigrnals ars
sufficiently exeiting the systems and that thers ig no obthey

moupling  hetwesn the twe  parts  than  via the  plasma
concentrations (i.e, not via tiszua 0y Tiswmy

concentrationsi.,

Atkins (Edinburgh) gave a new apdel survey &
tToronto? pledge fore worldwids coorporati

omnrtication and review of nodels and data.

Some general comments should be made. Firsh of all it owas

astonishing how bad data the wodelers in general were
woerking with:s and  how littie wmodeling thab waz  wssd 0 the

o 5

work that pressnted ocriginal suxperimentsz. 20 Fsr it muysh b=
questioned 1Ff modeling has contributed asayvtiing to o bhe
understanding of the glucose system. By ihts  a1r of soianga
it has most certainly hiddes many ssrious nisbakas., Howsvare

when mod=ls  begin to be used morg  2axily  and  theie
limitationzs ave propecly stateds they can bz & fTogle  of
scisntific disgussion and thus unaful. Modeling and

simulation will then prove necessary fovr  bhe understsnading
and possibility to conmunicate conglusions.,

Sgoundly there was an intense discussion
during the evenings on the relative meri
infusions and of clossd loop systems versdas
pumps. & significant point  gseemed to be
patient could be trusted with a button
meals. Such a button wouwld be almosh v
preprogramned pusp while it would considervart
loop systemn. Ne design of cliosed loop svastews =
hased on  sny  reasconaple modeling. Ths  gusl
Bionstator control aslgorithnm was guestionsd
Cobelli would probably  Jgoin a3 projgect in
an  AEP. He sugaested sgme eollaborati
expariance, I khad Ffruitful privite disous
the participents: especially with  Nows &°
Carson and Yates.
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Insulin  release is cowsplicated. Awmeng others  Ashorofha
Matzchinskys Malaisser Grodsky and Hellman gave interest ing
survays., Beveral chemical stepss elsctrical activity amw
avern menbrane ohanges are postulateds and  to sowE  smxtent

CIE G

made plausible. Some time aspects were discu d. The
influence of somatoustatin, nervous signain amd gastric
hormores waz also ganphasizedy while L Hedding suestioned the
validity of Immunoreactive insulin (IRID by ﬁhmw. that i
pruinsulin following a stimulation of itrmsulin ,e:1wflow

firat decressed From 30 to 18% then iﬂﬂwﬂaﬁ@ﬂ considerably
to 60%. The difficulty to model the effacht  of oral imeulin
secretagoues is quite understandable in this light, The
Biostator was used for glucose clamps in  saveral of the
studies,

Concerning imsulin action Olefsky gave an overview of
insulin sensitivity (refered to the cowmalisated 6 Resven

test) and discussed insulin downregulation of recephaors and
its reversibility. The effect at the rescsptor  lavel of
starvations diet: and training was indicztad in several
studies (Beck-Mielsen: a Gothenburg group zt771 as well as
pomt receptor affects, Giurnal wvariatinns of  dnmulin
sensitivity were r&pqrted by Golia et al Ui%3Z:.

Tiie clinical FSEI10ONS ranged Firom enidemiology

peeudoetiology to diabstic care and patient aducation. 1 did
met participates at 4ll in these 228510608 .

Alimost  as a separate conference theve wera ong parnel on
infusion systemss  twe Free free commurication ssssions and
on®  poster sessiaon on  the artificial endocring  panorsas
(AERPY . In the sxhibition roows Ames had o  prosinest p1=w
with their Biostator, The stand was constantly  manned with

both chemical ang  slectronics expertise. I maturally
corecantrated  on  these zessions and  the  sxhinition by

Riostator. There was no exhibition 2f any other waching and
it was strikismg slso in  the talks what o morwwmi» T BT
market that Ames have achieved. Abhout B0 macki Ara apread
out over the world. The clivical prwrvﬂwzm v aceunt lat bng
i a very irradis fashion.

No one  seems to have bad a patient on & wachine for mors
thamnm a couple of days. There was no discussinm o session on
the the design of control  algorithes and  the quality of
control. Mowever some standard measureas  have heen  wsed to
arsess the behavior during meals sto.

H—CRnlEsrisgn ot

The vast majarity of these 5
mupau_laopwwamdwclmaedwlaag_mf;tEm51nftha uss oF  olosed loop
systens Lo program opsn loop systemsys or the ﬂmnnh:uutlom ofF
different i.v. or =s.c. infusiorn systems. The  ouss by Wladin
@t al 183y plus  insuling and  the Mill HiLll seswed
Mice. Qther punps ware presented by  Albiga: 5
Mirouze and Hepp.




The resuits by Kraegen [(Sydney) that wuch betiar control was
achiaved hy an open logop system witihh a ogal-puskbubtton than
with the Biosztator was stviking., The <fapprox 4% mind delay
in detecting 2 meal was shown to be responsible for bthis.
Nobody suggested that a closed loos systesn should  be

combived with a szal-pushbutton!

W. Kavrner demcnstrated that the Riostator anﬁjl rnoprofiles
were Slearly unsuitable for opern  loop control: although kis
conclusions were strongar.

Pfepiffers Ulmy the blg man in these s2ssionss prezentsg
results From the Biostabtor including some portal infusions.
in the controversy between AEG and preprogrammed puaps be
considerad AEG to be superior even for a wvovmal diabetics
while & diabetic with the Flus was the real esvidence. He
mentioned pancreatectomy and adenoms as soane  applinations
four the AEG.

Albidsser 111) reported open loop periphecal and portal iv

infusions in pancrestectomized dogs (2 yegers) using & new
peristaltic pumpd Weight 5530 ¢ including & +ull  dnsulin
repgervolr. The corncentration used was 1-2 U/Zal. Cowparison
was made in glucose nevmalizetion but alsn in lactate and
alaning. A. snphasized a filter used whan rafilling the
insulin reservoir. Ref Diabetes June. '

Deckert’s s.c. pump had 10 rates programnable @% 30 min
intervals and a pushbutton for meals. The rnext verelion wouid
have an  additional button for snacks . Hg warned against
long term iv because of sepzis, and Ltrigd ourrently
peritoneal without good results. Albisser warsed heecs For
fat deposites 1like around iaplanmted betascells., Halle T4
meaningless.

Hepp from Munich representing  the Sienens  pump: had 15ed
verouws catheters For up to 4 weeks bwt o losger. S.c.
required 40 % morse insulin. H  thought sensors were ot
realistic but alseo not necessary  and sugoested iwmplanted
prepwogrammed wikPYiJal-%" may be to some gxnant  patisnt

oritrolled. Many coonents were made by Irsigleyr VYienna
’Dz betes March 790,

Clemens (Ames) presented the standard slide= o the new Anges
regulator (submitted for patent) and Lried to explsin why it
is 80 muchk hetter than the one by Pootz.

In the poster session and later as comments ta sevsral talhks
the Karlgbuvg gvoug  CJOUERL  and Figchev) discusssd their

Fi-vegulator based on sodel bBuilding.

Renner  from the Muinich—-Sienens group Y Fow hivey
mariually wsed glucose rzadings and & Pb—al oy g weapk to
oontvel iv o and soodinsulin in order to mrmu 31 che Dlempng
pumn individually. It was found that & min samsling interval
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Schedule for

Symposium on: CARBOHYDRATE METABOLISM: QUANTITATIVE PHYSIOLOGY

AND MATHEMATICAL MODELING

to be held in Padova, September 4-6, 1979 at the Accademia
Patavina di Sclenze, Lettere ed Arti.

C. Cobelli and R. Bergman

Chailrmen
TUESDAY & WEDNESDAY 5 THURSDAY_6_
8:15 - 8:30 INTRODUCTION
8:30 - 9:15 0. KOLTERMAN A. CHERRINGTON C. GOODNER !
"Mechanisms of altered glucose homeoatasis "Regulation of glucose production by insulin "Oecillatiooe iﬁ the secretion of pantreatic
in obesity" and glucagon in the dog" iglet hormones DISCUSSANT:
DISCUSSANT: DISCUSSANT:
9:15 -~ 10:00 T. ZELEZNIK ' M. VRANIC E. YATES J. BOGUMIL
"In vivo .demonstration of the insulin R. SHERWIN "Interaction of epinephrine, glucagon and G. HETENYI "Temporal orgenization of mefnbolie processes:
receptor" insulin in the control of turnover in normal a bilospectroscopic approach"
and diabetic dogs" -SSR | | | ! §
COFFEE COFFEE COFFEE
10:30 - 11:15 R. SHERWIN M. ALBISSER
"Quaneifiontioo~of » for—in—vive "Influence of counterregulatory hormones and "Blood glucose regulation in clinical and
doonlintacston' blood glucose concentration on hepatic experimental diabetes mellitus ueing closed
glucose production' - and open=loop insulin delivery mechanisms" DISCUSSANT:
11:15 - 12:00 K. TRANBERG R. BERGMAN G. NOY J. MIROUZE
"Insulin kinetics after brief intraportal and "Further integration of the control of hepatic "Metabolic effects of glucose clamping at
peripherical infusions of unlabeled insulin" glucose handling in vitro and in vivo" normal and hyperglycemic levelg"
12:00 - 12:30 DISCUSSION DISCUSSION
LUNCH LUNCH LUMNCH
14:30 - 15:15 E. CERASI G. HETENYI E. CARSON
"Differential actions of glucose on insulin 'Calculation of the rate of gluconeogenesis "Dynamics of short term blood glucose
release" in vivo" d regulation"
‘DISCUSSANT: DISCUSSANT: DISCUSSANT:
15:15 = 16:00 V., LICKO J. RADZIUK K. NORWICH
"Modeling Insulin-secretion: analysis of D, PORTE "Glucose and glucagon metabolism following R. BERGMAN "Oc the methods of modeling: the need for C. COBELLI
glucose tolerance tests" glucose ingestion: a turmover approach" worldwide cooperation”
16:00 - 16:45 C. COBELLI A PILO G. ATKINS
"Minimal modeling and partition analysis for "Analysis of the glucose production and "A bilologist view of modeling glucose
estimating insulin-glucose interactions in disappearance trate following an oral glucose homeostasis"
the intact organism" load: a tracer study in the normal subject'
16:45 - 17:15 DISCUSSION DISCUSSION

DISCUSSION



" RELAZIONE SULL'ATTIVITA' SVOLTA NELL'ANNO 1978 e
RENDICONTO ANALITICO DEL FONDI AVUTI A DISPOSIZIONE
PER LO STESSO ANNO '

LABORATORIO PER RICERCHE DI DINAMICA DEI SISTEMI E

DI BIOINGEGNERIA (LADSEB)
Corso Stati Uniti, 35100 PADOVA, Tel.049-760933




COLLABORATORI PER L'ANNO 1978

Nominativo Qualifica Ente di Funzione nel N.ricarca
appartenenzaf 1'ambito del cul collabora
. la ricerca
IMARIANI LUIGI Prof.Str. Unsiv. PD Direttore 8
BATTINELLI ANDREA Coll.T.P. CNR Ricercatore 3
CAVAGGION CLAUDIO Ass.T.P. .CNR Tecnico 2,5
COBcLLI CLAUDIO Coll.T.P. CNR Ricercatore 4,8
DA RONCH ANGELO Coll.T.P. CNR Ricercatore 4,6,8
DEGANI ROSANNA Coll.T.P. CNR Ricercatore 5,8
DI MASI GIOYANNI B. Coll.T.P. CNR Ricercatore 1
MANCY NICOLE 0p.T.P. CNR Tecnico 4,5
MARTINOLI FERRUCCIO Co11.T.P. CNR Ricercatore 4
PAGELLO ENRICO Coll.T.P. CNR Ricercatore -7
PICCI GIORGIO Coll.T.P. CNR Ricercatore 1,8
POLO ANTONIO Coll.T.P. CNR Ricercatore 2
ROMANIN JACUR GIORGIO Coll.T.P. CNR Ricercatore 4,8
SALVAN ALBERTO Coll.T.P. CNR Ricercatore 4
SIGALOTTI GIOVANNI B. Coll.T.P. CNR Ricercatore 6
SPINABELLI RICCARDO Coll.T.P. CNR Ricercatore 6,
TOFFANO PAOLO Op.T.P. CNR Tecnico 6,
TORRESIN GIUSEPPE Coll.T.P. ChR Ricercatore 4
TRAINITO GAETAND Coll.T.P. CNR Ricercatore 2,7
Collaboratori

ANDREATTA GIOQVANNI Ass.Ord. Univ. PD Ricercatore 1,8
BRESSAMN MARTA Contrattista} Univ. PD Ricercatore 5
MORATO LAURA Contrattista| Univ. PD Ricercatore 1
PACINI GIOVANNI y Borsista CNR Ricercatore 4,5
PINOTTI ORESTE Prof. Ord. Univ. TO Ricercatore 4
REGGIANI ANTCNIO Prof. Stab. Univ. PD Ricercatore 4
RUNGGALDIER WOLFGANG Prof. Stab. Univ. PD Ricercatore oy
TOFFOLO GIANKNA | Borsista CNR Ricercatore 4,

Coll.T.P.=Collaboratcre Tecnico Professionale
Ass.T.P.==Assistente Tecnico Professionale

0p.T.P.

=Cperatore Tecnico Professionale




PARTE I

RELAZIONE SULL'ATTIVIA' SVCOLTA NELL'ANNO 1978

INDICAZIONE DELLE RICERCHE

1) Teoria della stima e problemi di rappresentazione interna, identificazio-
ne e approssimazione di sistemi stocastici (LADSEB 1.3)
2) Gestione interattiva di un esperimento di grandi dimensioni (LADSEB 2.8)

3) Applicazione della teoria dei sistemi dinamici a sistemi economici
(LADSEB.3.5)

4) Mod2111 di sistemi biologici (LADSEB 4.2)

5) Informatica clinica (LADSEB 5.2)

6) Strumentazione per applicazioni biomediche

7) Intelligenza artificiale

8) Altre ricerche. |

N.8. Le sigle sono articolate in conformitd ai criteri previsti per i program-
mi del G.N.A.S. e cio2 la prima parte indica la sede presso la quale si

. svolgono le ricerche, la seconda il numero d'ordine della ricerca, la ter
za i1 numero del sottogruppo del G.N.A.S. nella cui attivita la ricerca

va inquadrata.




Monday, September 10, 1979

e | s - T
3 A | B | ¢ D E F G PE
8:30h P | : : -—-
]
! 9,0? hp Minkowski Lecture | Audiovisual Audiovisual
S. Ashcroft | Transmission Transmission
9:30h P | - sl o] from Hall A — | from Hall A
i i - oA PERR O =y
10:00 h »> What e D - —— - - ————
at is Diabetes? | Viruses in Diabetes| Epidemiology of Lipid Disorders and | Neuropathy | Islet
Definition, Diabetes Diabetes A © 77 |Metabolism |
10:30 h > | Aetiology,, Chairman: Mellitus: eSS
Natural History, J. E. Craighead Changing Chairman: Insular Axis [
11:00 h P Diagnosis Preyalence and S. Sailer
Incidence
| Chairman:
11:30h > | R | evine Chairman:
| e Fah Bengci | Neuropathy II ‘Gastroentero- "~ |lIslet
12:00 h b W i il 15 L Insular Axis I |Metabolism i
: 5, Biochemistry of s :
12:30h P : : Complications ot RS T
! ®  Glhage Growth Hormone AL
. Ciader = iR oy
13:00 h > : PR O o Poster
R S N Session |
13:30h b e
| I ! - ::.r’«:'.. :
14:09 h b Treatment (With | Insulin Infusion Somatomedins and| Autoimmunity and Mt
What? When? | Systems NSILA Genetics in
14:3? h® | How?) :"f;. : _ . Diabetes Mellitus "o i ctatin | Endocrine Insulin Secretion
: 3 | Chairman: Chairman: _ e o Interactions In Vitro |
15:00 h > | Chairman: =7 .+ | E. F. Pfeiffer K. Hall Chairman: 5 : -
K. Seige 1 . W. J. Irvine iyt
15:30 h > | B85 Skt Nz g
16:00 h b FeR i R e
; PEy ! ke &_ﬁ;-s_.k....,_.._ o Y -~
At A I Nephropathy . |Insulin Secretion
16:30h P Somatostatin Il e R I Vitro I
Complications | Patient Cérel”f'f "Nutrition/"™ ™% 3;"?'-' Sy B YOF S
17:00 h | 4 SRR s | A R h;.‘ Rodenticides : R 1 )%
17:30 h B> ; : s __
: ._-_' ,,‘,:_* =% > ~.:-|,< & i
18:00 h
18:30 h P>
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8:30h P

9:00 h »>

9:30 h >

10:00 h >

10:30 h

11:00 h »

11:30 h P>

12:00 h >

12:30 h

13:00 h >

13:30 h >

14:00 h »

14:30 h »

15:00 h P>

15:30h P

16:00 h P

16:30 h »>

17:00 h p>

17:30h B

18:00 h »

18:30h

Tuesday, September 11, 1979

A

B

C

PE

H. Eppinger [ Audiovisual Audiovisual
Lecture -+ | Transmission Transmission
W. Waldhausl _ | from Hall A from Hall A
Acute (Early) Glucagon and | Diabetes in the Islet Hormone immunology | Insulin Receptors |
Complications Glucagon-Like Tropics Chemistry, Patient Care Il

Substances in Biosynthesis and
Chairman: Diabetes Chairman: Gene Studies
A. Bloom M. M. S. Ahuja

Chairman: Chairman:

R. H. Unger D. F. Steiner

o 4
Immunology |l Exercise Insulin Receptors Il

Chronic (Late)

Gastrointestinal

Biochemistry of

Exercise and

Poster
Session Il

Ketoacidosis |

Insulin Action [

Insulin Receptors Il

Ketoacidosis Il

Insulin Action |l

[ s

Diabetes in the «

e 9;'?_’1“._ i

A - .'E’_:J :
‘Chairman: "=
W. Mayes Jr. -
g s .

Complications Hormones Diabetic Diatetes
¥oF Complications
Chairman: by Chairman: Chairman:
C. Binder - | W. Creutzfeldt Chairman: J. Wahren
DL oS iy R. G. Spiro
Diabetes in Ot;esity y
Animals
i
I G




10:00 h P>

10:30 h >

11:00h P

11:30h »>

12:00 h »

12:30 h P>

13:00 h B

13:30 h P

14:00 h >

14:30 h P>

15:00 h P>

15:30 h P>

16:00 h p>

16:30 h b

17:00 h P>

17:30 h >

18:00 h >

18:30 h P>

Wednesday, September 12, 1979

A

B

C

PE

B. A. Houssay Audiovisual Audiovisual

Lecture ; Transmission Transmission

L. Leloir from Hall A from Hall A

Education: : Oral Anti-diabetic The Central Insulin Secretion Artifical Pancreas | | Insulin Genetics
An Important Part Agents Nervous System and Insulin Biochemistry and

of Treatment : and the Endocrine Resistance in Metabolism

Chairman:: g A
S. 8. Ajgaonkar

Chairman:
H. Keen

Pancreas

Chairman:
R. Luft

Insulin-Independent
Diabetes

Chairman:
S. S. Fajans

EASD General
Assembly

Artifical Pancreas I

Insulin Secretion
in vivo

Somatomedin-
NSILA

IDF General
Council
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8:30h P
\ 9:00 h >

9:30 h >
10:00 h P>
10:30 h >
11:00 h P
11:30h P
12:00h P>
12:30 h >
13:00 h »
13:30h P>
14:00 h P
14:30 h P
15:00h P
15:30 h P>
16:00 h p>
16:30 h >
17:00 h P
17:30 h P>
18:00 h p>

18:30 h b

Thursday, September 13, 1979

A |

B

C

PE

——— T b i b i { et |

Claude Bernard Audiovisual Audiovisual
Lecture | Transmission Transmission
D. A. Pyke from Hall A from Hall A

Diabetes Today

Local Treatment

Insulin Receptors:

Somatostatin

Oral Antidiabetic

Glucagon and

Haemoglobin A1c

A
iy 2
= - B

and Tomorrow of Diabetic Relation to (SRIF) Agents | Diabetes

Retinopathy Disease and to
Chairman: Insulin Action Chairman:
A. E. Renold Chairman: P. Brazeau

H. W. Larsen Chairman:

C. R. Kahn
Oral Antidiabetic Glucagon Lipids
23 | Agents Il Secretion
Poster
Session I
The Young .. 4 Treatment of Insulin Release Metabolic Fuels ,_
Diabetic Il , "] Metabolic %
£ .| Derangementsin | Chairman: Chairman: Insulin Treatment | Hepatic FThe Prognant
Chairman: . = < | Diabetic Coma W. J. Malaisse D. M. Kipnis Metabolism Diabetic i
D. D. Etzwiler . -~ o ot s ;
= | Chairman: Chairman: .
K. G. M. M. Alberti :
Islet Trans- Metabolic Fuels
plantation and Muscle
Patient Care IIl Hormone Metabolism
Pregnancy in Receptor
Diabetic Animals Interaction
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8:30h b
9:00 h
9:30h P
10:00 h P
10:30 h >
11:00 h >
11:30 h b
12:00 h »
12:30 h P
13:00 h b
13:30h >
14:00 h b
14:30 h >
15:00 h P
15:30 h P>
16:00 h P>
16:30 h >
17:00 h b
17:30h
18:00 h P>

18:30 h P>

Friday, September 14, 1979

A

B

C

E

PE

Jacobaeus Lecture| Audiovisual Audiovisual
Transmission Transmission
H. Goodman from Hall A from Hall A
Organising the Diabetic Insulin Action Islet Cell Classification Coagulation Microangiopathy |
World for the Pregnancy: Transplantation and Epidemiology
Fight Against Maternal Fuels Chairman: and Islet Cell
Diabetes and Fetal J. Larner Culture
Developments
Chairman: Chairman:
R. Luft Chairman: P. E. Lacy
= N. Freinkel
Epidemiology Neural Regulation Microangiopathy Il
(continued) of Glucose
Homeostasis
Closing Session Audiovisual Audiovisual
Transmission Transmission
from Hall A from Hall A




Aal o Monday, September 10, 1979

9:00- Audiovisual transmission of plenary lecture from
9:45h  hall A,
Panels
10:00- Viruses in Diabetes
12.30h J. E. Craighead (USA), chairman
Possible role of viruses in human diabetes and of
viruses in experimental diabetes.
A. Notkins (USA)
Genetically-determined susceptibility to viral insulitis.
D. R. Gamble (UK)
Epidemiology of virus-induced diabetes in man.
A. A. Like (USA)
Viruses and experimental insulitis.
H. Miintefering (FRG)
Effect of viruses on morphology and function of
islets in culture.
W. Gepts (Belgium)
Viruses and insulitis in human diabetes.
14:00- Insulin Infusion Systems
16:30h  E. F. Pteiffer {FRG), chairman
Introduction.
A. M. Albisser (Canada)
The artificial endocrine pancreas.
A. A. Seid-Gusejnov (USSR)
Insulin infusion systems. A surgeon’'s view.
T. Deckert (Denmark)
Preprogrammed insulin delivery.
J. Mirouze (France)
Insulin delivery systems.
K. D. Hepp (FRG)
Open loop systems for i.v. insulin therapy.
A. H. Clemens (USA)
Blood glucose sensors and control dynamics for
insulin infusion systems.
30
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Monday, September 10, 197

Poster Session | B i e
Artificial pancreas R ! i SR B %}4&%&
Bojsen J., Deckert T., Kohlendorf K., Lorup B. (Copenhagen/Denmark) Wy
Patient-controlled portable insulin infusion pump in diabetes (Absrra;gt N‘?’-??

Hulst 8. G. Th.,, Smit J. W, (Enschede/The Neth_erlgnifg) s ﬁéxﬂ,@%
Management of insulin-dependent’ diabetics using ' a “simpl ;a;_!mgﬁtgt;!
A

L s 11 14
LR

continuous subcutaneous insulin infuser (CSlI) (Abstract No. 253), |

Jutzi E., Fischer U. (Karlburg/GDR) _ ok g ek
The mathematical models of the glucose-ipsulin-relation as the.
closed-loop and open-loop systems (Abstra_cg No. 280). walp e ¢l % 3
Kawamori R., Morishima T., Yamasaki Y., Qji N. (Osaka/Japan) = i‘jjﬁ&}
The normalization of circadian profiles of plasma glucose, i,mm_gngfgﬁgg
glucagon, immunoreactive C-peptide in diabetics: _!ong-tarm_ treat '_'an_; h

pre-programmable insulin infusion pump. (Abstract No. 293). " Laa i
Noy G. A, Kurtz A. B. (Newcastle upon Tyne, London/UK) Pt e
Differential response of insulin-dependent diabetics to infusions of bavine

B

highly purified porcine insulins using the ‘artificia| pancreas" (Bl’g'ﬁta,}f I
glucose clamp (Abstract No. 454). T RN A ;J‘;ﬁ,_‘ :
Rodger N. W, Shepherd G, Champion M. Dupre J, (London/Canad:
Feasibility of self-administered continuous subcutaneous infusion of ingu in)
the treatment of diabetes mellitus (Abstract No. qu) ‘ ‘r'a.% f“fhff} : ‘,1
Sherwin R. S, Tamborlane W., Genel M., Felig P. (New Habgh{ys,q)'fﬁ?@;h 1
Prolonged normalization of plasma glucose in juvenile onset’ {gb ics’
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Panels

Insulin Secretion and Insulin Resistance in Insulin-
Independent Diabetes

S. 8. Fajans (USA), chairman

Heterogeneity of insulin responses in MODY and MOD.
E. Cerasi (Israel)

Basic Factor in MOD: Insulin deficiency.

R. C. Turner (UK)

Control of basal insulin secretion.

J. B. Halter (USA)
Hyperglycaemia:
secretion.

C. N. Hales (UK)
Pharmacologic moditication of insulin secretion.

G. Reaven (USA)
Insulin resistance in diabetes.

Compensation for impaired insulin
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11:45-
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11:45h

Audiovisual transmission of plenary lecture from
hall A.

Free Communications

Artificial Pancreas |
Chairmen: G. Slama (France),
A. E. Lambert (Belgium)

Albisser A. M., Goriya Y., Bahorio A., Jackman W. S.,
Ferguson T., Zinman B. (Toronto/Canada)
The control of experimental diabetes using preprogrammed

portal insulin infusions (Abstract No. 11).

Klein J. C., Slama G. (Fontainebleau/France)
A sophisticated programmable miniaturised pump for insulin
delivery (Abstract No. 312).

Sacca L, Sherwin R. S. (New Haven/USA; Naples/italy)
Glucose regulation during continuous insulin infusion:
Implications for pre-programmed insulin delivery systems in
the treatment of diabetes (Abstract No. 519).

Renner R., Piwernetz K., Hepp K. D., Mehnert H.
(Munich/FRG)

Optimizing open-loop systems for continuous intravenous
insulin therapy (Abstract No. 503).

Seid-Gusejnov A, Shumakov V., Livshits A., Levitskij E.,
lgnatenko S., Gor N., Adasko A., Galitskij A Voloshin A. 7
(Moscow/USSR) i .
Artificial endocrine pancreas (Abstract No. 544)

Nosadini R., Alberti K. G. M. M., Nattrass M., Orskov H.
(Newcastle upon Tyne/UK; Chicago/USA; /
Aarhus/Denmiark)

Metabolic normalisation of insulin-dependent diabetics
using a glucose-controlled insulin infusion system
(Abstract No. 451).

Artificial Pancreas Il
Chairmen: K. G. M. M. Alberti (UK),
G. Tamas (Hungary)

Granic M., Topic E., Mesic R., Stavljenic A., Skrabalo Z.
(Zagreb/YugosIavua)

Further results of the application of Biostator and continuous
subcutaneous insulin infusion in the treatment of insulin
dependent diabetics (Abstract No. 200).

contd.
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Free Communications

Kerner W., Beischel W., Pfeiffer E. F. (Ulm/FRG)
Comparison of diurnal blood glucose control in juvenile
diabetics under feedback controlled and preprogrammed
insulin infusion (Abstract No. 304).

Kraegen E. W., Chipps D., Chisholm D. J., Bell D., Zelenka G,
Lazarus L. (Sydney/Australia)

Insulin delivery during meals to diabetics using computer-
\assisted insulin delivery systems (Abstract No. 329).

Hansen Aa. P., Hansen H. E., Orskov H., Nosadini R., Noy G.
(Aarhus/Denmark; Newcastle upon Tyne/UK) '
The growth hormone hypersecretion and the hypersecretion
of glucagon in diabetes and uraemia. Studies with artificial
kidney and artificial pancreas (Abstract No. 216).

Eaton R. P., Schade D. S., Davis T. (Albuquerque/USA)
The kinetics of peritoneal insulin absorption
(Abstract No. 147).

Tze W. J. (Vancouver/Canada) .
Implantable artificial endocrine pancreas for islet xenograft

in dogs (Abstract No. 621).
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12:00 h

12:15h

Free Communications

Insulin Biochemistry and Metabolism
Chairmen: L. G. Heding (Denmark),
A. Rubenstein (USA)

Permutt M. A., Chyn R., Goldford M. (St. Louis/USA)
Purification of proinsulin messenger RNA and synthesis of its
complementary DNA (Abstract No. 478).

Zihlke H., Jahr H., Ziegler M., Ziegler B. (Karlsburg/GDR)
Influence of newly synthesized insulin-specific mRNA of
isolated pancreatic islets on proinsulin biosynthesis

{Abstract No. 688).

Bone A. J.,, Swenne |, Hellerstrom C. (Uppsala/Sweden)
Regulation of fetal islet growth and insulin biosynthesis
(Abstract No. 70).

Bachmann W., Béttger |, Haslbeck M. (Munich/FRG)

On the mechanism of insulin resistance in liver disease: Studies
in D-galactosamine-hepatitis and in partial hepatectomy in rats
(Abstract No. 30). ;

Yokono K., tmamura Y., Sakai H. (Kobe/ Japan)

Purification, characterization, immunological properties and
biological significance of insulin degrading enzyme from pig and
rat skeletal muscle (Abstract No. 677).

Insulin Secretion in vivo
Chairmen: P. Vague (France),
R. C. Turner (UK)

Strubbe J. H., Van Wachem P. (Haren/The Netherlands)
Insulin secretion of transplanted neonatal pancreases during
intracardiac glucose injection and spontaneous ingestion of
food (Abstract No. 580).

Michaelis D., Rjasanowski l. (Karlsburg/GDR)

Relationship between b-cell function and the development of
chemical and insulin-dependent diabetes in youth

(Abstract No. 408).

Taborsky G. J. Jr. (Seattle/USA)
Infusion of an insulin-selective analogue of somatostatin as a
model of maturity-onset diabetes (Abstract No. 588).

Heding L. G., Kasperska-Czyzykowa T.
(Copenhagen/Denmark; Warsaw/Poland)

Proinsulin in fasting and post-glucose non-diabetics
(Abstract No. 224). contd
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|” 1'-ll’utinnu-cnnl:mllud partable fnsulln Infusion pump in dlabotos s’ OF Inoulin’in the troatment of diabotes mellitus D
' ansmu, T, DECKERT, K. KPLENDORF and B, LPRUP, Copsnhagen, Den= g;‘;‘; dgonawu, G. SHEPHERD, M, CUAMPION and J. DUPRE, London,
mat.

We have examined the feasibility of subcutaneous infusion of insulin In
insulin-dependent diabetics using doses designed to normalize overnight-
fasting blood glucose and prevent glycosuria. Portable pumps delivered
insulin solution at 50 pl/hr between meals and at 400 uyl/hr (high rate)
for selected intervals before or during meals. Infusion was initiated
with 80% of the dally dose established with conventional injections
using high rate (initiated by subject) for 15 min bafore meals, with
subsequent adjustment of insulin concentration and/or duration of high
rate Infusions. 9 insulin-dependent diabetie volunteers were studied in
hospital for 2-4 days. Mean (*SEM) blood glucose concentrations before
breakfast, 90 min after breakfast, before lunch, before supper, before
bedtime, on 2 consecutive days were 6726.6, 17516, 129:14, 135+113,
120410 mg/dl respectively. Mean 24-hr urine glucose output was 1.90:0.7
g/day. In 7 subjects, exercise (450-800 k.p.m./min, 30 min) with continu-
ed infusion of insulin and omission of breakfast did not result in hypo-
glycemia. In 6 diabetics, infusions were maintained without difficulty
for 2-8 weeks. Two subjects monitored blood glucose by reflectance meter
and administered their infusions during normal activity cutside hospital
and reported overnight fasting blood glucose levels of 71+4,72:6 mg/d1l
12 observations each. It is concluded that self-administered éubcutane1
ous insulin infusion is a practical means of attaining excellent control
of blood glucose during normal activity in insulin-dependent diabetics.

e i
—
‘554 Pl Prolonged normalization of plasma glucose in juvenile-onset dia-

betics (JOD) by subcutaneous insulin (I) administered with a

Ten brittle diabetics, mean duration 10,2 years, all treated with highly
purified porcine NPH insulin twice daily, were placed on highly purified
porcine regular insulin 4 times daily for 2 days, Thereafter preplanned
intravenous insulin infusion was started. Insulin in an amount correspond=-
ing to the dally insulin requirement wae infused by a portable infusion
pump, Immedlately before the maln meals the postprandial infusion pro-
gramme was initiated by the patients by pushing a button. Caplllary blood
glucose was taken every 30 min after meals and every 2 hours during the
night. C-peptide response after 1 mg of glucagon intravenously and also
insulin antibodies were evaluated in every case, After an equilibration
period of 7 hours, blood glucose fluctuations were in the physiological
range in nearly all patients during the infusion perlod. Mean blood glu-
cose (MBG) was 5.4%0.7 mmol/l (mean:SD), and the standard deviation of
MBG was 1,720.5 mmol/l. Glucose homeostasis was significantly better dur-
ing the infusion days. It 1s concluded that near-normal blood glucose
fluctuations can be achieved in brittle diabetics by a preplanned insulin
infusion programme initiated by the diabetics.

1 280 P] Mathematical models of the glucose-insulin relation as the basis
tsmeemsy Of closed~loop 'and open-loop systems

E. JUTZI and U. FISCHER, Karlsburg, G.D.R.

The purpose of our study was to explore the quantitative aspect of the
blood glucose concentration on the rate of insulin secretion in man. In portable infusion pump
order to evaluate the relation between insulin response, glucose load

and glucose disappearance rate, 15 normal subjects were given a glucose R. S. SHERWIN,
dose of 12 mg/kg.min for 60 min by a continuous intravenous infusion. A CT, U.S.n,
mathematical model for the calculation of the insulin secretion rate
was developed:

CISR = F.IS (IRIt+At - IRIt.e

where CISR=calculated ;insulin secretion rate, F=proportional factor,
IS=insulin space and HLI=half-life of insulin. The coefficients of mul-
tiple regression analysis of the blood glucose and the insulin secretion
rate patterns were prepared for use in insulin infusions by a closed-
loop system in diabetes:’

iD = ag + a, (PG-90) + azAPG
where ID=insulin dose and PG=plasma glucose. In a further study, 12 nor-
mal subjects were observed for 24 hours. The multiple regression model
allows estimation of the 'basal' {glucose-independent) insulin secretion
rate (a,) over the whole time. There is a circadian rhythm of the basal
insulin ‘secretion rate with an increase in the morning and a decrease
in the afternocon. These data suggest a rhythmic insulin treatment by
open-loop infusion systems.

W. TAMBORLANE, M. GENEL and P, FELIG, New Haven,

Preprogrammed I delivery systems using the i.v.
ed by problems of infection or thrombosis,
?Ei?g gf p}asma glucose (PG) for periods of
xloxi cm), portable (400 g) infusion pump which is worn b
and delivers I via the subcutaneous rouge gt prep* Jjrammed gazgi E::égnt
with pulse dose increments 30 min Frior to each r 1. In the present
study, long-term efficacy of this system was exam. .ed in 4 brittle JOD
(age 16-26) treated with the pump for 2 wk while fully ambulatory. PG
(198432 mg/dl on conventional therapy) fell to 89:5 en day 7 (P<0.01)
and 85:2 on day 14 (P<0.01). Maximal excursions in PG also fell from
230:24 mg/dl (conventional therapy) to 8515 mg/dl (day 7, P<0.01) and
8246 mg/dl (day 14, P<0.01). Glycosuria (49212 g/24 hr pre-pump) was
campletely eliminated during pump therapy. Neo patient experienced symp=
toms of hypoglycemia. The total daily I dose delivered by the pump
(48+7 U) was less than or egqual to the patient's usual I dose. Conelu-
sion: Long-term (2 wk) normalization of PG can be achieved in ambulat-
ory JOD with a portable I infusion system which requires neither a
glucose sensor nor the i.v. route,

route are often hamper-
Recently we reported normaliz-

0.693.At4HLI)
48-96 hr with a miniaturized

293 P\ The normalization of circadian profiles of plasma glucose, im- L o

munoreactive glucagon and immunoreactive C-peptide in diabetics: -
long-term treatment with pre-programmable insulin infusion pump

R. EAWAMORI, T. MORISHIMA, ¥. YAMASAKI and N. OJI, Osaka, Japan

I 568 P.| Physiological control of meal intake by the artificial pancreas

we===="G. SLAMA, J. C. KLEIN, A. DELAGE, E. ARDILA, H. LEMAIGNEN,
L. PAPOZ and G. TCHOBROUTSKY, Paris, France

In view of the difficulties in the development of a portable glucose
sensor, a small and light pre-programmable insulin infuslon pump {pre-
pro pump! was applied to diabetics. In this system, the time pattern
of the insulin infusion rate over 24 hours obtained from our bedside-
type artificial beta-cell was pre-programmed in a mlcrocomputer, which
controlled the pump. The results show that small amounts of intravenous
insulin produced adequate glucose homeostasis, far superior to that pro-
duced by much larger doses of subcutanecous insulin. The quality of con-
trol was consistent in all cases studied. Immunoreactive glucagon (IRG)
and C-peptide (CPR) responses to intravenous insulin by the pre-pro
pump were compared in each subject with subcutaneous reqular Insqlin 3
times a day, or with subcutaneous intermedliate-acting insulin Injection
once a day. IRG levels were significantly lower when blood glucose re-
sponse and plasma immunoreactive insulin levels were normallzed by the
pre-pro pump, than when postprandial hyperglycemias were pronounced in
spite of subcutaneous intermediate-acting Insulin injection. In many
{nsulln-dependent diabetlcs, CPR was elevated when plasma glucose con-
centrations were high, despite subcutaneous insulin injections, but CPR
was kept in the lowest concentrations during Insulin infusion, showing
that beta-cell function was kept in resting state, This seemed to be
effective in lowering remarkably the insulin requirements thereafter.

We have studied the effects of mixed meals and dextrose intake on blood
glucose (BC) and insulin delivery by the artificial pancreas n 24 insu-
lin-dependent diabetics. Twelve patients had three mecals ¢ v tintig av
random 20, 40 and 60 g of complex carbohydrates (CHO): 12 u!: s diabet-
ics, comparable in weight, age and duration of dlabetes, recrived at
random 20, 40 and 60 g of dextrose. Physiological BG varialj ne wore
observed 1in these diabetic patients with a good reproducibtiivy 1t
glycemic control and amount of insulin delivered from one mu' ¢ct to
another. Dextrose ingestion led to higher initial BG incrrasy yhai min-
ed meals, but the duration of BG increase lasted significanti, (¥ 0,001)
longer after mixed meals than after dextrose, The areas undet the curves
of hyperglycemia were not significantly different; time delny between

the starting of food intake and BG increase were between )14} ang 25:%
min and were usually not shorter after dextrose than sfter # lwe! menl,
The total amount of insulin delivered in order to remtore Ll o} BG

values was hiyhly (but not linearly) correlated to the amis of T HO
administrated, On the other hand, it was not correlated (. ¢ g by
weight, duration of diabetes, initial BG values (in the rsuy o I 7 10
6.5 mmol/1l) nor to the nature and corder of administraillon ! . no
load. 5.10%1,%8 to 113.6622.09 units were needed for a perd [N I I
132411 min. Nrcause of the overall physiolngical pattsrn YT |



593 P| Basal and 'modulating' insulin demand in pregnant, non-pregnant and
insulin-resistant diabetics assessed by an artificial pancreas

Gy. TaMAS Jr, zs. BANYAI and J. BOJTA, Budapest, Hungary

Different components of insulin requirement were investigated in 8 non-
pregnant, 10 pregnant (6 cases, 2-3 times during pregnancy, n=20) and 2
insulin-resistant diabetics by means of an artificial endocrine pancreas
(Biostator® GC11S, Miles). Basal insulin necessary for maintaining normo-
glycemia in the resting fasting state (1-7 a.m.) calculated from the
amount of insulin given by Biostator was 1276+656 mU/hr (®:SD) in non-
pregnant (n=11 nights), 1277:745 (n=8) in early pregnant diabetics having
maximum at onset of sleep (rise in HGH) and a minimum between 3-4 a.m.
coinciding with minimum of cortisol secretion. A moderate increase during
pregnancy was found (18064972; n=8, 15221755; n=10; 2nd and 3rd trimester
respectively). 'Modulating' demand, calculated by subtracting mean basal
from total insulin given over 2.5 hours after a meal expressed as mU per
g carbohydrate, was practically the same in pregnant and non-pregnant dia-
betiecs (100-300 mU) showing a diurnal rhythm in 8 cases., A slight rise in
the evening demand compared to non-pregnants was observed during preg-
nancy. In resistant cases, basal insulins were 4400 to 45600 mU/hr,
'modulating' demand 490-1360 mU. These results might be helpful in opti-
mization of conventional insulin therapy and pre-programming of portable
insulin infusion systems.

28 P} Efficacy of insulin tégimen preplanned with the use of artificial
pancreas (AP) in brittle diabetics: a long-term study

Ph. VAGUE, E. ALTOMARE, J.P, MOULIN, B. VIALETTES, N. LOPEZ and

J. VAGUE, Marselilles, Ffance
Is it possible to establish?avpreplanned programme of insulin regimen with
long-term effectiveness in brittle diabetics? 15 insulin-dependent dia-

betics (diabetes duration >10 years, CPR <0.1 nmol/l) previously on mul-
tiple daily insulin injections and careful medical control were connected
for 30 hours to AP (Blostator)|. The insulin dose infused over 24 hours
was 1.03:20.3 U/kg (M#SD) divided into 20.9%7, 13.3+7, 12.6+3,7% (M:3D)
for the 20 min following breakfast, lunch and supper respectively and
7.8£3, 13,145, 31,7+¢6% during the intervals. The personal infused insulin
profile was used to establish for each patient the subseguent subcuta-
neous insulin regimen consisting of 2 daily injections of a mixture of
short and intermediate acting insulins. On out-patient follow-up the con-
trol was judged on the mean of 6 glycemias per day which were 309417 mg/
100 ml before, 196:19 8 days, 209+16 3 months and 204:12 6 months later
and M values (B82.8:11, 44.3:6, 39.5:8 and 61:13 respectively). Hb Alc
decreased only slightly. Averaging the doses infused by AP to the pa-
tients and establishing a standard insulin regimen on these basis did

not help to control 8 other brittle diabetics. It seems that every brit-
tle diabetic has peculiar fractional insulin needs. These nseds are ro-
latively stable over several months and thersfore a personalized pre-
planned programme may be used.

--"" i __-_-*‘_-—-_-h

56 PJ Demonstration of improved carbohydrate tolerance of insulin-de-
pendent diabetics to the administration of a saccharase inhibitor
using the artificial pancreas

J. BEYER, H, JAGER and U, CORDES, Mainz, F.R.G,

The effect of a saccharase inhibitor was studled on 10 insulin-dependent
diabetlics on an artificlal pancreas over a period of twice 48 hours. The
patients were examined at random after a therapy of at least 3 weeks with
a saccharase inhibitor or a placebo respectively for control on an in-
dividual standardized diet. In the first 24 of the 48 hour perigd a con-
tinuous blood sugar profile was made with the usual insulia therapy. Then
over a period of 24 hours the glucose-controlled insulin infusion was ad-
ministered by the artificlal pancreas. In this period the effect of the
enzyme inhibitor regarding the insulin consumption for 24 hours and the
respective postprandial and basal insulln consumption of the food-free
time was measured, The saccharase inhibltor reduced the insulin consump-
tion significantly over 24 hours, in the mean from 85 tec 61 U and the
evening postprandial consumption in the mean from 4.9 to 3.1 U. The night-
ly and the basal insulin consumption remained unchanged. The postprandlal
blood sugar peaks showed a lesser increase with an unchanged time of re=-
sorption, The fasting blood sugar values were decreased significantly in
the mean from 228 to 131 mgi, The lower blood sugar peaks after the meals
as well as the lesser postprandial insulin consumption demonstrate that
less glucose is taken from the food. In connection with the lower fasting




' 11 P’ The control of experimental dlabatas uning proprogrammed portal
insulin infusions

K.M, ALBISSER, ¥. GORIYA, A. BAHORIO, W,S. JACKMAN, T, PERGUSON
and B. ZINMAN, Toronto, Canada

We developed a portabls insulin delivery device and showed that glycemia

(G) in the postprandial (PP) and the postabsorptive (PA) periods could

be normalized in unrestrained pancreatectomlzed dogs given thelr usual

diet. Insulinemia (I) was higher than healthy controls in the PA (15+1 vys

10+1 pU/ml, P = 0,001) and in the PP (85+7 vs 2544 pU/ml, P < 0.001)

periods, perhaps due to the peripheral intravascular route of insulln in-

fusion. The present study used the same experimental model except that

insulin was infused directly into the portal vein via an externalized in-

dwelling silastic catheter. PA insulin delivery rates were less with the

portal (0.36+0.01 mU/kg/min) than with the peripheral (0.44+0.03 mi/kg/

min) routes, P < 0,05, and resulted in normal PAI. buring the PP period,

the basal rate was accelerated 7-fold for 7% h, as before, With this

simple waveform of insulin delivery, PPG was normalized but PPI was about

twice normal, P < 0.0S. It 4s concluded that insulin can be delivered in-

to the physiological (portal) route in diabetic dogs, that a constant

basal rate alene will normalize the fasting glydemia and insulinemia, that :
the glycemic response to meals can also be normalized and that the PP in- |
sulin levels can be significantly reduced compared to those observed with

the peripheral route of infusion. Complete normalization appears feasible

by further refinements of the meal insulin waveform.

An insulin infusion system has been developed with an original comput-
ing unit built into a small syringe pump. The unfilled system weighs
184 g. The mechanical part of_this device and its body are from a com-
mercial Pye Dynamics Limited module. The patient has access, by 2
multichannel knobs, to the determination of an adeqguate insulin infus-
ion program and to the time delay between the beginning of the food in-
take and actual insulin infusion. 8 profiles of insulin infusion are
stored in a programmable integrated memory. Each of these occupies 63
steps, each step determining the insulin injection rate for the next 2
min. By the last step the rate has returned to the basal insulin infus-
ion where it remains until further order. These 8 programs correspond
to 8 possible meals containing 10-80 g complex carbohydrates or sucrose.
Time delay, profiles and the total amount of insulin infused are infer-
red from previous ohservations on each patient during control by the
closed-loop artificial pancreas, then modified, if necessary, after
continious blood glucose monitoring. 11 young dlabetic patients have
been controlled by this method with a near-physiological blood glucose
response pattern. The originality of this system lies in the possibility
for the patient to choose the time, the nature and the amount of his
food intake. Programmed chips can be easily interchanged to adapt the
appliance to particular cases.

o I R SR -
A sophisticated programmable miniaturized pump for insulin
delivery

J.C. KLEIN and G.

SLAMA, Fontainebleau, France

519 F.}Glucose regulation during continuous insulin infusion: implicat- N
ions for preprogrammed insulin delivery systems (PPIDS) in the
treatment of diabetes ;

L. SACCA and R. S. SHERWIN, New Haven, CT, U.S.A. and Naples,
Italy

Lack of an implantable glucose sensor precludes diabetic treatment with
an artificial pancreas, PPIDS may provide an alternative for improving
diabetic control, However, it remains unestablished whether such systems
which provide continuous between-meal insdlin are likely,to produce
hypoglycemia. We therefore measured glucose kinetics (3-’H-glucose) in
normals and juvenile-onset diabetics during continuous insulin infusion
(0.4 mU/kg/min). In normals and diabetics, plasma glucose (PG) fell at
comparable rates and later stabilized at identical levels (55-60 mg/dl),
despite 5-fold elevatpons in plasma insulin. In normals, the PG decline
resulted from a 30% fall in glucose output (Ra) and a 30% rise in glu-
cose disappearance (Rd). Subsequent stabilization occurred as Ra and R4
returned to baseline. Rebound increases in Na preceeded (by 30-45 min)
elevations in counterregulatory hormones. In diabetes, the PG decline
was entirely due to suppression of Ra; however, later PG stabilization
resulted from a 50% fall in Rd (P<0.01) as Ra remained suppressed. Con-
clusions: (1) Insulin infusions twice basal secretory rates do not
cause symptomatic hypoglycemia. (2) In normals a rebound rise in Ra is
a principal mechanism preventing hypoglycemia, while in diabetes hypo-
is nrovanta’d huv an avaanerated fall in R4. {3) Homeostatic

~lovmami w

Optimlzing gpan~loop systema for continyous tntravenous fnsu
therapy

R. RENNER, K, PIWERNE?TZ, K.
F.R.G.

D. HEPP and H. MEHNERT, Munich,

Insulin-dependent diabetics can be better controlled with continuou:
sulin infusions than with conventional injections. In order to estal
optimal infusion profiles for portable open-loop systems, 7 insulin-
dependent diabetics were studied during a standard breakfast and lur
(36 g carbohydrates). Control algorithms were developed for a closec
loop system consisting of a manually-controlled infusion pump  (5-20¢(
mi/min} in combination with a glucose analyzer (YEllow Springs) for
intermittent glucose determinations at 6 min intervals. With this si
system, postprandial bloed glucose excursions never exceeded 70 mg/c¢
additional glucose infusions were not necessary. The infusion rate i
creased from a basal rate (10 mU/min) ca, 20 min after the beginnine
€ach meal. At half-maximal rates the mean width of the insulin peaks
were for breakfast 44 and for lunch 31 min. Basal rates were reached
again 90 min (breakfast) and 65 min (lunch) later. The mean insulin
at lunch was 74% of the breakfast dose. These values were used for g
programming miniaturized open-loop systems with fixed profiles or
patient-operated control.

=

lSiH F.\Artificial endocrine pancreas

A. SEID-GUSEJNOV, V. SHUMAKOV, A. LIVSHITS, E. LEVITSKIJ, S. IG-
NATENKO, N. GOR, A. ADASKO, A. GALITSKIJ and A, VOLOSHIN, Moscow,
U.5.S8.R.

The paper discusses surgical treatment of severe forms of diabetes mel-
litus complications and glucose metabolism disturbances in patients with
surgical pathology with the help of 3 main types of artificial endocrine
pancreas (AEP): stationary (SAEP), paracorporal (PAEP) and implantable
(IAEP)., At the terminal stage of diabetes nephropathy, AEP is applicable
in transplantation of a kidney and a donor pancreas in various opera-
tions and hemodialysis, The application of SAEP, PAEP and IAEP is dis-
cussed in patients with severe lesiocns of the pancreatoducdenal zone
{pancreonecrosis, chronic pancreatitis, tumors) who underwent various
surgical operations and who in acute and chronic states demonstrated
diabetes-like disturbances of glucose metabolism. AEP application is
discussed in diabetics with complications due to various surgical oper-
ations, Special attention is given to the application of AEP in patients
with steroid diabetes after the transplantation of a kidney as a result
of intensive hormone immunosuppression and in patients with surgical
interventions caused by diabetes angiopathy. Topics discussed include
methods of long-term insertions of PAEP, use of external signals re-
gistering glucose in blood for controlling IAEP use of fuel and enzyme
glucose sensors in PAEP and control programmes in various new types of

REP.
i

\451 Fi!Metabolic normalization of insulin-dependent diabetics using a
am— glucoss-controlled insulin infusion system (GCIIS)

R. NOSADINI, K.G.M.M. ALBERTI, M. NATTRASS and H. @RSKOV, New-
castle upon Tyne, U.K., Chicago, U.5,A. and Rarhus, Denmark

Normoylycaemia can be achieved using a GCllh
overall metabolic normalization resulta, aa aulin muat be Infused
peripherally rather than intraportally. We liss® thorefora studied me-
tabolic profiles in 6 diabetics on usual thm jy (55C) or with glucose
clamped at 4-6 mmol/l (GC) and in 20 normal s jr: e, Matabolites and
hormcnes were measured half-hourly for 12 hov. s fyom 0030 hours and
usual meals given. Glucose turnover was amwns-: .| by bolus {,v. 3-113/1-
€14 glucose injections 4 hours after lunch 1i# % dlabatics and 4 nor-
mals. Normoglycaemia was achieved within 3 hovire with CG with valuen
higher on SC. Gluconeogenic precursors, glucain and G were normal on
GC. Alanine (0,352+0.007 vs. 0.309+0,006; P<® “0}) and pyruvate (0.105%
0.004 vs. 0.098+0.004) P<0.05) were signifi: I! fiigher on SC than GC,
while glycerol was lower (0.074+0.005 vs, " ¢ Il ‘0% P<0,05), The pre-
dinner ketone body peak was significently ¢ ¢ than normal with ru
Pd were dpcreased
S

-t |t 18 unclear whuther

{0.35:0.07 vs. 0,16+0.03 mmol/1l; P<0.01) wiil tn, 1y
+0.07 vs. 0.9240,09 mmol/l; P<0.01). Glucowsa vap slmilar 4o nor-

mals {1.51#0.20 mg/kg/mitn) and GC (1.470.1¥ o eipprensed In SO fia-
betica (1.13+0.11) P<0.05). Thus, with pert; of tuwniin tnfusion there
{9 neimaltzation of eschohyilrate motalal 4 vy C S N ST |



AWV §e FMELLED T@JULTS Of TR EpPpP41Cation OI the Hlostator and conglpu-
ous subcutaneous insulin infusion (CSII) in the treatment of in=
sulin~dependent diabetics

M. GRaNIC, E. TOPIC, R. MESIC, A. STAVLJENIC and 2. SKRABALO,
Zagreb, Yugoslavia

Twenty insulin-dependent diabetics were treated with continuous subcutan-
eous insulin infusion for 7-14 days. The optimal dose of insulin during
24 hours was determined by means of the Blostator. Our indications for
the application of CSII were: (1) states after diabetic ketoacidosis and
coma, (2) during and after surgery in diabetics, (3) during pregnancy

in diabetic pregnant women, and (4) acute phases of non-regulated dia-
betes. The value of CSII application was determined by means of glucose
profile of intermediary metabolites and hormones., A statistically sig-
nificant difference was found between the mean 24-hour glucose value

(MBG 265.39:79.46 m%) before CSII application and Biostator, as well as |
during the application of BiQstator {(MBG 155.67+59.65 mg%). There was

no statistically significant difference between the mean lactate value
(10.2742.45 mmol/l) and pyruvates (0.65:0.25 mmol/l) during the Bio-
stator application, and the mean lactate value (10.55%2.34 mmol/l) and
pyruvates (0.9720.38 mmol/l) during the application of CSII. No technlc-
al problems appeared during CSII application. The combination of Biosta~
tor and CSII contributes to the treatment of certain states in insulin=- -
dependent diabetics. .

-t e b —— — I_
304 FJ Comparison of diurnal blood glucose control in juvenile diabetics
under feedback controlled and preprogrammed irsulin rinfusion

W. KERNER, W. BEISCHER and E.F., PFEIFFER, Ulm, F.R.G.

|
Attempts at improvement of insulin therapy in diabetic patients have
given rise to the development of the artificial endoerine pancreas (AEP)
and pumps for preprogrammed insulin infusion (PII). In the present study,
diurnal blood glucose (BG) profiles during treatment with AEP and PII,
using insulin infusion rates derived from AEP, were compared. Eight ju-
venile diabetics wiﬁhout residual insulin secretion were connected to
the AEP (Biostator ). After an overnight 86 equilibration, the patients
were given 6 standardized meals for 24 hours. BG concentrations and in-
sulin infusion rates for each minute were stored on a tape (Teleprint
390). Some days later, theisame patients were attached again to the AEP
for overnight BG equilibration. During the following 24 hours, while
the patients were given thé standardized meals, insulin was infused on
a minute to minute basis in the same amount as on the first day. This
was accomplished by a sPecialgy designed electronic device, which, was
loaded with the data from the tape and which controlled the action of
the insulin infusion pumps' of the AEP. BG was continuously monitored
during the second day. Mean blood glucose (MBG) concentrations and
mean amplitudes of glycemlc excursions (MAGE) during application of PIX
were higher as compared tojtreatment with AEP (MBG:AEP 92-105, PII
94-114 mg/100 ml; MAGE:AEP' 37-43, PII 55-110 mg/100 ml). We conclude
that BG control with PII - desplte application of insulin infusion
rates derived from AEP - is inferior to feedback-controlled treatment

with AEP. - ENE——
o

329 £l Insulin delivery during meals to diabetics using computer-;ssist- (gé,
ed insulin delivery systems .

E.W. KRAEGEN, D. CHIPPS, D.J. CHISHOLM, D. BELL, G. ZELENKA and
L. LAZARUS, Sydney, Bustralia

tudy was to design and test a computer algqrithm for
:?aniﬂngg ?géznflgo;} delivery 0% insulin to diabetics during meali agd
to compare this with a closed-loop artificial pancreas. Total insul g_ e-
jivered for meal regulation was based on previous data using a cl.osef
-loop system and the shape of the meal infusion profile was de:ivgd rom
data of insulin clearance, The algorithm delivered 1 unit of insu 1;
over the first 20 min of the meal with a total of 7 units in the i- :;r
postprandial period and was implemented on a bedside computer-ass stg
infusion system developed by us. Clinical studies were per}:?rmed_qnod
insulin-reguiring diabetics with and without C-peptide reserve. Elg 5.
glucose was normalized using a variable infusion rate of in ulinil v
~2.5 U/hr) and the meal program activated on commencement of a mixe ’
meal of 500 kCal containing 50 g carbohydrate. Increments in plasma free

insulin (mean 65 mU/1l at 60 min) closely approximated insulin increments
in normal subjects given identical meals. Plasma FFA and alanine re-
mained in the normal range durin he meal. Blood glucose varied from

a pre-meal level of 5.2+0.5 mmol/l to a peak of 7.0+0.6 mmol/l, approx-
imately 1 mmal/1l lower than peaks typically produced using the closed-
-loop artlficial pancreas (P<0.05). Prompt delivery of insulin coinci-
dent with food intake using a pre-planned insulin program provides ex-
cellent regulation of meal peaks compared with a closed-loop system in
which changes in insulin delivery follow blood glucose changes.

TTETTS in aiapeteds and uyraemia, Studies with artificial kidney and arti-
ficlal pancreas

Aa. P. HRNSEN, H. E. HANSEN, H. @RSKOV, R, NOSADINT and G. NoYy,
RAarhus, Denmark and Newcastle, U.K.

Five uraemic long-term dizbetic patients on long-term kreatment with
haemodialysis were studied during a 24-hour period involving a S5-hour
haemodialysis. 17 experiments included morning as well as evening dia-
lysis against glucose free dialysant with and without blood sugar con-
trol at 150 mg% using the artificial pancreas. The dialysis tubing was
not permeable to molecules greater than 2000 Daltons. Half-hourly blood
samples were taken. The growth hormone hypersecretion was completely
suppressed immediately after the start of dialysis in cases with arti-
ficial pancreas controlled normoglycaemia as well as in cases with
hypoglycaemia. In only 1 of 17 cases was a single growth hormone peak
observed during dialysis. Elevatead growth hormone levels did not recur
within the first 3 hours after a session of dialysis except in 2 cases.
While the behaviour of both hormones was similar, the described pattern
was less clear-cut for glucagon. These findings may point to a dialys-
able substance being responsible for the hormonal hypersecretion in
diabetes and uraemia. The preliminary results seem to exclude FFA, beta-
hydroxybuturate, alanine, lactate and glycerol. Currently, other candi-
dates and non-diabetic uraemics are being studied. The difficult pro-
blems in controlling electrolyte and metabolic aberrations during and
after dialysis so often encountered in uraemic diabetics were in pract-
ice abolished when the artificial pancreas was utilized.

q

147 F] The kinetics of peritoneal insulin absorption
“m==vlR. P. EATON, D. S. SCHADE and T. DAVIS, Albuquerque, NM, U.S.A.

The technical feasibility of peritoneal 1insulin delivery by an artifici-
al pancreas has been previously demonstrated, but the rapidity of the
insulin absorption and the importance of volume and concentration are
unknown. Therefore, we defined the kinetics of peritoneal insulin
absorption in 36 somatostatin-diabetic dogs. Non-anesthetized mongrel
dogs were given a fixed quantity of regular insulin (2 units) intra-
peritoneally at 3 different concentrations for 30 min (3.2 U/ml, 0.64
U/ml, or 0.13 U/ml respectively). Endogenous insulin secretion was
blocked by somatostatin. Both the rate and magnitude of peritoneal
insulin absorption into the peripheral circulation were compared with a
control saline study and an intravenous insulin infusion study. The
transport of insulin across the peritoreal surface demonstrated a time-
dependent dose-response, with a 10 min lag period prior to plasma detec-
tion.Maximal peripheral plasma insulin levels of 32 + B wU/ml were
achieved at a peritoneally infused insulin concentration of 0.64 U/ml
which was not enhanced by infusing the eguivalent amount of insulin at a
concentration of 3.2 U/ml. The decline in plasma glucose was directly
related to the magnitude of the absorbed peritoneal insulin., We con-
clude that both delivery volume and insulirn concentration are important
determinants of peritoneal insulin absorption. The absorption of peri-
toneally infused insulin is rapid and results in a reduction in plasma
glucose concentration. Thus, the peritoneal delivery of insulin by an
artificial pancreas is biologically feasible.

T
i 621 F} Implantable artificial endocrine pancreas (IAEP) for islet xeno-
graft in dogs

W.J. TZE, Vancouver, Canada

An implantable artificial endocrine pancreas (IAEP) unit with a coiled
single artificial capillary containing xenogeneic rat islets (100/kg body
welight) was implanted in streptozotocin-alloxan induced diabetic dogs.
Following implantation a decrease in plasma glucose level from an ini-
tial value of 370 mg% to normoglycemic level and a cotresponding increase
in eirculating immunoreactive insulin up to 120 pU/ml were observed in
the reciplent animals. In addition, normal plasma glurone and appropriate
insulin responses to intravenous glucose were also dem nstiated. These
findings suggest that xenogeneic rat islets implanted an an IAEP can
maintain a normal glucose homecstasis in a diabetle duy reciplent. This
IAEF system would appear to have the potential for future clinical ap-
plication in man.

£
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Flg. 1. Flow diagram of

the BIOSTATOR Glucose
Controller Pump Module.
Note that the scheme
permits a rapid two-point
calibration of the sensor and
the overall calibration of the
on-line analyzer without
removing the Double-
Lumen Catheter from the
patient’s vein?

Fig. 2. Correlation curve
compares the performance
of the BIOSTATOR Glucose
Analyzer Module with the
proposed glucose reference
method (hexokinase/
glucose-6-phosphate
dehydrogenase) ?

| R

- BIOSTATOR

GLUCOSE
CONTROLLE

for achievement and maintenance
of normoglycemia
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Labor and Delivery '

L. Jovanovic, R. L. Jones, C. M. Peterson
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Preprogrammable Micropumps with D.C.
or Stepper Drives far Open-Loop Drug
Delivery

A. H. Clemens

How to Make Miniaturized Insulin Admin-
istration Devices Safe Against Overdose
K. Prestele, M. Franetzki

Technical Concept of an Initial
Experience with Sensorless Insulin
Delivery Devices Implanted in Dogs

M. Franetzki, K. Prestele

Artificial Beta Cell Development Studies
W. J. Spencer, G. A, Carlson, R. P. Eaton,
D. C. Schade

A Sophisticated Programmable Miniatur-
ized Pump for Insulin Delivery
J. C. Klein, G. Slama

General Discussion

Route Assessment for Open-Loop
Systems

Moderator: A. H. Clemens

Comparison of Peripheral Venous,
Portal Venous, Subcutaneous and Intra-
peritoneal Routes for Insulin Delivery in
Diabetic Dogs

R. A. Rizza, F. J. Service, R. E. Westland,
L. D. Hall, G. S. Patton, M. W. Haymond,
J. E. Gerich

Preprogrammed Peripheal and Portal
Insulin Infusions in Unrestrained
Diabetic Dogs

A. M. Albisser, Y. Goriya, A. Bahoric
Comparison of [nsulin Administration via
Intravenous, Subcutaneous, or Intra-
peritoneal Routes in Insulin-Dependent
Maturity Onset Diabetics

K lreicler H Kritr
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A NEW EQUIPMENT FOR CONTINUQUS
BLOOD GLUCQSE MEASURING
WITHOUT BLOOD LOSS

A. Qvarnatrom, U. Nylen, B. Schersten, P. Hagander,
T. Lindhotm. H. Thysell, D. Heinegard, L-G Qbhlsson,
H. Hakansson, C-A Gullberg
Lund, Sweden

A mabile bedside system is developed for continuous
blood glucose monitaring (CGM). A micro extracorporeai
circuit is established by pumping blood from a venous or
arterial catheter at a constant flow on the outside of a
semipermeable membrane in the form of a capillary and
then returning the blood to a vein. An isotonic sodium
chloride solution is pumped inside the capillary. The
membrane contact area and the flow rates are chosen, so
that the glucose concentration in the dialysate is less than
2% of the concentralion in the blood. As the dialysate is
formed exciusively by a pressure independent diffusion
process there is a linear relation between the dialysate and
the blood giucose concentrations. The system is to some
extent temperature dependent but the error is made less
than 1% by electronic temperature compensation. The
dialysate passes at a steady flow rate through an enzyme
reactor. with immobilized glucose oxidase, immediately
followea by an oxygen electrode. In order to determine the
oxygen concertration in front of the enzyme reactor, this
is bypassed at predetermined intervals. The consumption
of oxygen In the reactar, and thus the glucose content is
caiculated from the electrode readings. The glucose
values are presented by a microcomputer with a delay time
of less than 60 seconds. The CGM-system was
successfully used in animal and patient investigations, In
some cases the system was combined with an algorithm
for automatic glucose control by insulin infusion.

A NEW AUTOMATED GLUCOSE-CONTROLLED
INSULIN INFUSION SYSTEM BASED ON A

PHYSIOLOGICAL ALGORITHM AND ITS APPLICATION

IN ANIMAL AND HUMAN DIABETES

F. Salzsiadar, E. Jutzl, G. Albrecht, W. Wllke, E.-J. Freyse

and U. Flascher
2201 Karlisburg, DDR

Basea on a flinear relationship between the glucose
concentration and its rate of change and the calculated
insuiin secretion rate an automatic insulin infusion system
was develoged. The system consists of a computer and an

infusion pump controt unit. The computer calculates the
insulin dosage for periods ot 5 minutes in relation to the

actual glucose concentration course. On the one hand the

pump controller converts the calculated insulin dosage
into a puise iike control signai and on the other hand it

divides the dose in a glucase controlled period and in a
constant “2asal” period of 2.5 minutes, The five essential

infusion parameters of this system are preselectable in a

wide range and therefore we can choagse the parameters

individualily for each diabetic patient or animal. The very
simple structure of the whole infusion system allows easily
a miniatunzatian.

In our experiments we have connected the system with the
Beckman Giucose-Analyzer (Beckman Instruments Inc.,
USA1 and the infusion pump Infumat LS 212 (MTA Kutesz,
Hungary). in investigations with experimental diabetic
dogs we used the system to fit the parameters of the
nae~3nCse %gonthm under special test situations
IITT ZTT wem the fitted parameters we obtlained a
—=-we ~Tr—auzation of the giucose concentration
==-re =¥ 1 =« O¢ longer. In patients the apparatus was
ape. a@ o —orove the conventional insulin therapy and to
cc—zara t~e-r 2wn findings with results received by other
Sysiams,

_————

CLINICAL EXPERIENCE OF A NEW EQUIPMENT
FOR CONTINUOUS GLUCQSE MEASURING

B. Schersten, P. Hagander, U. Nylen, A. Qvarnstorm,
C-A Gullberg
Lund, Sweden

Plasma giucese was continuously monitored with a time
deiay of less than 60 seconds by using a closed circuit in
which blood is returned to the patient after flowing

- through a microdialyser. The dialysate passes an enzyme
reactor containing glucose oxidase, and the giucose
concentration is calculated from the corresponding
oxygen consumption determined by an oxygen electrode.
Five independent security systems builtinto the apparatus
assured a high degree of safely.

The equipment was used for long term glucose maenitoring
in order to reach an oplimization of diabetic therapy. The
glucose kinetics was studied in response to intravenous
injections of glucagan, isoprenalin, glucose and insulin,
and in response to standardized meals. Blood was
sampled separately in these studies for determination of
insulin, C-peptide, glucagon, growth hormone. and
cortisol.
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The diagram shows how the four insulin stimulators were
used to study the insulin secretion capacity of a nat
insulindependent 50 years old diabetic on oral treatment.
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CIRCADIAN RHYTHMS OF GLUCOSE AND OF INSULIN
IN DIABETIC DOGS ON GLUCOSE-CONTROLLED
INSULIN INFUSION

U. Fischer, E. Jutzi, G. Albrecht, E.-J. Freyse,
P. Abel, W. Unger, M. Hell,
Central Institute of Dlabetes, Karisburg, GDR

The circadian rhythms were analyzed in dogs using power
spectra and c¢ross correlation analysis. Normally the

-acrophase of plasma glucose was early in the morning and
that of 1R was in the evening. This pattern is suggested to
be the expression of physiological regulatory events at

. least in carnivora. - The same dogs were made diabetic
(partial pancreatectomy and streptocotozin into the A.
pancreaticoduodenalis sup.) and got glucose controlled
insutin infusions. The algorithm used resuited from
multiple linear regression analysis of the narmal
glucoseinsulin relationship. - During these infusions there
were almost normal mesor values of the two parameters;
but they exhibit acraphases concomitantly in the evening.
In time-dependent insulin dosage (like an open-icop
system) acrophases of plasma glucose were in the
evening, too. - It is concluded that the normal circadian
rhythms in carbohydrate metabolism result both from that
of B-cells and of insulin responsiveness. But in artificial B-
cell application (closed-loop system) the circadian pattern
is determined by insulin responsiveness only,

RELATIONS BETWEEN INSULIN HALF LIFE AND THE
NEED OF INSULIN IN GLUCOSE-CONTROLLED
INSULIN INFUSIONS (GCI)

E.-J. Freyse, G. Albrecht, E, Jutzi, U. Flscher,
Central Institute of Diakates, Karlsburg, GDR

In GCI an algorithm was used resulting from regression
analysis between gtucose curves and simuitaneous insulin
secretion rates. They were calculated from peripheral IR1
curves of ndrmal dogs using half lite (1) and distribution
N space_(IS) of insulin. - Both in normal and diabetic dogs
(no insulin antibodies, no resting insulinagenic function)
the injaction of MC-insulin results in a monoexponential
IRI-decrease. r and IS do not significantly differ petween
normal (2.5 + 0.9 min., 103 + 44 mi‘kg) and diabatic
animals (3.2 + 0.6_ min., 160 + 20 mi‘kg). There are no
Systemalic variations e.g. in dependenca on the day-time
oron the duration of diabetes. Thevanations observed are
mainly due to the different basal IR levels. - The algorithm
parameters depend exponentially on r and on 15 as a
muitiptier. In the same animal a, (basai
glucaseindependent dose). a, (proportienal control), and
a, (differential controf) vary by afactor <2 in depandence
on the real 7 and IS values. The more rough the time
pattern (2.5 min in these expaniments) the more
pronounced is the influence of r, - Since there was no
sy;tem in the variations, the algorithm parameters can be
estimated using statisticailly proved values of rand IS,
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STUDIES IN ORDER TO OPTIMIZE CONSTANTS
USED IN THE ALGORITHMS OF THE
BIOSTATOR®GCIIS

J. Sandahl Christiansen, P. Aaby Svendsen, E. Mathilesen,
P. Rubln and B. Ronn

Using a set of constants recommended by Miles, a surplus
of 24-hour insulin consumption in the machine compared
to normal clinical dose was noted - in accordance with
several reports.

In C-peptide negative juvenile-onset insulin-dependent
diabetics repeated OGTT were performed using still
higher values for Ql and tower values for KR until the set of
values giving the smallest amount of insulin still capable of
maintaining normal glucose tolerance was found. Further
weakening of constants resulted again in higher insulin
consumption, but now producing OGTT-curves
resembling those of maturity-onset diabetics.

Using the optimized set of constants, 24-hour insulin
requirement in Biostator® GCIIS were found equal to the
clinical dose.

It is concluded that the Biostator GCIIS with the constants
described can be valuable in determining clinical insulin
dosz in insulin-dependent diabetics without endogenous
insulin secretion.

D-29

CLOSED-LOOP CLAMPING OF BLOOD GLUCOSE
DELAYS GROWTH HORMONE ELEVATION
AFTER INSULIN ADMINISTRATION

E. W. Kraegen, L. Lazarus and D. R. Chipps
Sydney, Australia

Studies using the glucose infusion facility of aclosed-loop
control system (artificial pancreas) enable direct effects of
insulin to be differentiated from those due to lowering of
blood glucose (BG). We have used such a system to
examine growth hormone (GH) and cortisol {C) secretion
after insulin administration.

After 30 minutes rest insulin (0,1U/kg) was delivered by
|.V. bolus to 6 healthy fasting volunteers., BG was then
maintained in the euglycaemic range (glucose clamp).
Integrated samples were taken for GH and C. A mean of
0.67+0.08 (SE) g/kg body weight of glucose was required
to maintain basal euglycaemia. (BG 3.5-5.5 mmol/L.) This
blocked the GH and C response to hypoglycaemia during
the first 2 hours post-insulin. All subjects however showed
a significant elevation (p<<0.025) in GH initially apparentat
17149 min post-insulin and reaching a peak of
20.0+3.1pU/ml at 21126 min. No significant rise in G were
observed (P>0.10). The GH rise followed the reduction to
negligible rates of L.V. glucose required to maintain BG. In
control studies (n=4),-subslituting saline for insulin, no
similar GH rises were observed.

CONGCLUSION: There is no immediate direct effect of
insulin on GH or C secretion during the euglycaemic
glucose clamp but there is a late rise of GH at 3-4 hours
after the glucose clamp. We suggest that this rise is not
stress-related (no accompanying rise in C) but is a
response to altered glucose turnover. AchangeinBG level
is not necessary to elicit this response.
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KINETIC MODEL OF INSULIN CONTROL
ON GLUCOSE METABOLISM

T. Deutsch, M. Schulz, Gy. Tamas -
Budapest, Hungary

For modeling glucose homeostasis determination of blood
glucose (BG) and IRI are necessary. Our investigation on
structural identifiability of insulin-glucose system in 3
diabetics with no insulin production (proved by C-peplide
det.) showed the possibility of calculating both parameters
of glucose- and insulin subsystem as well by measuring
BG only. Analyses of 6 insulin tolerance tests permitted us
to define a formal mathematical model containing 2
insulin- and 2 glucose compartments. At the beginning of
the tests a pulse injection of crystalline insulin were given
intravenously (16 U Actrapid and 16 U porcine des Phe B1-
insulin; HOE O1S resp. in two-day intervals), Starting BG
averaged 420 mg/dl.BG was measured continuously.
Glucose production was supposed to be inhibited by high
BG and high insulin level induced by insulin
administration.

Following parameters can be calculated: rate constants of
insulin and glucose transport (K12=0.19+0.11; K21=
1.70+0.66:K34=0.68+0.41; K43=7.68+2.08 /hr);insulin
metabolic rate constant (K10=1, 90+0, 15); peripheral
insulin sensitivity (S=1.08+1.21 U./h). The different
operating modes and control parameters of Biostator®
GCIIS (Miles) made it possible to get values for calculations.
Comparing results found in diabetics to those of the mode!
the data fit well (r=0.97). In our opinion using an artifical
endocrine pancreas the above mentioned characteristics
of glucose-insulin system in insulin dependent diabetics
can be calculated even without determining insulin by
measuring blood glucose only.

p-15

BIOSTATOR® GClIS FOR CHARACTERIZATION OF
INSULIN SENSITIVITY IN EARLY DIABETES

B. Schulz, K. P. Ratzmann, p. Abel, H. Gorac_zka
Karlsburg, German Democratlc Republlc

Insulin sensitivity may be assessed by monitoring changes
of plasma glucose concentrations in response to an
intravenous bolus injection or infusion of insulin.
Obviously, the relatively small decrease of blood glucose
levels without hypoglycemic symptoms does not allow an
exact determination of insulin sensitivity in early diabetes.
Reaven's group has circumvented this arduousness.by
using combined insulin-glucose infusions. dura_ng
inhibition of endogenous insulin secretion by epinephrine
and prapranolol. However, a real assessment of insglin
sensitivity is rendered more difficult because of interfering
effects of epinephrine, betaadrenergic agents, and insulin
on the metabolism of glucose—utilizing tissue. The purpose
of the present studies was l0 investigate insulin sensitivity
ysing the GCIIS (BIOSTATOR®; Mode 6:1). 5 healthy
subjects and 5 non-obese asymptomalic diabetics (A.D.)
were studied over 24 hours after an overnight fast. They
were continously infused with 2 ma/kg/min glucose
constant RD) withcul receiving any nutrients orally. Biood
samples were taken belore, at '; 1;2;3;6 and 24 hours gfler
the beginning of the investigation for assay of C-peptides
levels. The amount ol insulin (BC-Actrapid) needed to
keep glycemia at fasting levels (constant Bl) served asan
index of insulin sensitivity. Under these conditions the
endogenous insulin secretion was not slimulgt_ed. in
comparison to normal subjects A.D. required significantly
higher doses ol insulin. Moreover, a diurnal rhythm of
insulin sensitivity could be observed in all subjects. In
conclusion, the GClIS is sujtable to assess insulin
sensitivity which is reduced in non-obese A.D.




