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BAKGRUND

Insulin ar :

= Dyrt

= Svartillgangligt

= Kansligt for hur det forvaras
N

Livsnodvandigt!
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DYRT:

s Sverige: Kostnadsfritt insulin var en av kampgnistorna som startade "’Riksforbundet for sockersjuka”
1943. Forbundet pressade makthavare om hur “det ar ovardigt att vissa diabetiker ar tvungna att
vanda sig till fattigvarden for att fa sitt livsnodvandiga insulin”. 1955 blev insulinet gratis, mycket tack
vare forbundets stridbara ordforande riksdagspolitikern Nancy Eriksson. Kadlla: Sv Diabetsforbundet

s "A 2021 analysis by the RAND Corporation examined the cost of insulin in 33 nations of
comparable income levels. The average list price of a single vial of insulin equated to US $6 94 in
Australia, $7 ‘52 in the UK, and $14 40 in Japan. In the USA, it was $98 70, almost four times as
much as the next most expensive country, Chile ($21 48 per vial)”. Lancet Diabetes Endocrinol
2023 T Burki

s Mer an halften av en familjs samlade inkomst kan kravas for att forse en familjemedlem med insulin
och hjalpmedel av enklaste slag i ett utvecklingsland. Miljontals barn och vuxna ar for sin overlevnad
helt beroende av stdd fran ideella organisationer, ex Life For A Child.
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SVARTILLGANGLIGT:

Situationen i LRS (= Limited Resource Settings)

s Limited availability of insulin, often none of glucagon,
s Limited availability of BG testing supplies,

s Inadequate educational resources in local languages,
s Geographical distance and transport issues.

Virmani A, Brink SJ, Middlehurst A, et al. ISPAD Clinical Practice Consensus Guidelines 2022: Management of the child, adolescent,
and young adult with diabetes in limited resource settings. Pediatr Diabetes. 2022; 23(8):1529-1551.
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KANSLIGT FOR HUR DET FORVARAS:

s "lInsulin is temperature sensitive, with potency reduced through rising temperatures. Insulin
manufacturers and regulatory agencies direct that insulin be refrigerated (at 4-6°C), never frozen, and
with a maximum usage or storage period of approximately one month at standard room temperatures
(20-25°C). This requirement is especially challenging in hot climate settings if home refrigeration is
unavailable, which is the case for some 770 million people. Furthermore, in some situations, insulin
must also be stored for a few months due to clinic visit frequency, travel costs, and intermittent
pharmacy supplies. In response to this, many families use evaporative cooling with clay pots to assist in
reducing insulin storage temperatures, by storing insulin within an air-filled space or a sealed bag in clay
pots

Sanket Pendsey, Steven James, Timothy | Garrett, Anders Bay Nord, Sharad Pendsey, Daniel Malmodin, Géran Karlsson, Jayanthi
Maniam, Mark A Atkinson, Gun Forsander, Graham D Ogle . Lancet Diabetes-Endocrinology Vol || May 2023
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Insulinintroduktion
Projekt I: insulin och NMR som QC-teknik
Projekt 2: verklighetsstudie av insulinstabilitet

UNIVERSITY OF GOTHENBURG



Insulin fran naturlig kalla
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Extraktion med etanol
Utfallning
Formulering

>

2 ton bukspottkortel

225 g insulin

2

Filtrering, paketering

https://americanhistory.si.edu/blog/2013/1 | /two-tons-of-pig-parts-making-insulin-in-the- [ 920s.html
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Insulin den forsta s.k. ‘biological

Superexempel pa hur bioteknik anvants framgangsrikt

human wt insulin (Humulin, Actrapid)

(04 1 GIVEQCCTSICSLYQLENY N 21

1982 kortverkande
B 1 FVNOHLCGSHLVEALYLV GERGFFYTPKT 30

insulin aspart (Novorapid)
a 1 GIVEQCCTSICSLYQLENY N 21

2000 snabbverkande

B 1 FVNQHLCGSHLVEALYLV GERGFFYTDKT 30

lispro (Humalog)

(04 1 GIVEQCCTSICSLYQLENY N 21

1996 snabbverkande
B 1 FVNOHLCGSHLVEALYLV GERGFFYTKPT 30

glargin (Lantus, Basaglar)
- o a 1 GIVEQCCTSICSLYQLENYCG 21

2000
B 1 FVNQHLCGSHLVEALYLV' GERGFFYTPKTRR 32

langverkande

S. cerevisige
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insulinmutant...GMM har anvants

vanlig stabilisator for proteiner

DIRCA A

antimikrobiella substanser

6. Forpackningens innehall och évriga upplysniigar
Innehéllsdeklaration HO
« Den aktiva substansen &r insulin aspart. Varje'ml innehatfer 100 enheter insulin

aspart. Varje injektionsflaska innehaller 000 enheter insulin aspart -+ ml

FASS ) Aliménhet

Bipacksedel: Information till anvandaren

NovoRapid

100 enheter/ml injeket atska, l6sning i injekti
Insulin aspart

injektionsvatska.

« Ovriga innehdllsamnen &r glycerol, fenol, metakresol, zinkklorid,
dinatriumfosfatdihydrat, natriumklorid, saltsyra, natriumhydroxidM 2
injektionsvatskor. + b d d :
) Zn“" bindande protein

\ fosfatbuffert, pH-justerad
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Insulins olika former

Human Insulin self-association forms

Monomer

Circulation in blood
stream
Receptor binding

Partially unfolded

structure
- .
Nucleus
Denatured
peptide
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Dimer

'Y | 4 ﬁ
N y
NG
Building block

for hexamer

Introduktion

Rg¢ hexamer

2 Zn2*/6 insulin

6 phenol/6 insulin
B1-B8 convert to a-helix

Te hexamer
2 Zn2*/6 insulin

Pharmaceutical formulation
(with additional excipients)

Crystalline storage in p-
cells granula in vivo

novo nordisk”

PubMed: Insulin AND amyloid ger 4907 trdffar. ..

...eventuella biverkningar av fenoler ‘battre’ an
framtida amyloidsjukdom(?)

Projekt 2: insulin i Indien
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H = 'NMR-aktiv’ atomkadrna NMR-signal
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H = 'NMR-aktiv' atomkarna NMR:-signal
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= 'NMR-aktiv' atomkarna NMR:-signal
tid
Radiofrekvenspuls
S
(=}
&
= S
&S =
1 Jamvikt g
NMR-signalens integral (‘arean under grafen’) direkt proportionell mot
koncentration = absolutkvantifiering mgjlig
& Skillnader i mikromiljon kring atomkarnor ger olika resonansfrekvenser
i e T2 2 9
J
! 4L
frekvens

Jamvikt
Exciterat tillstdnd
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Journal of Diabetes Science and Technology
Volume 12, Issuc 4, July 2018, Pages 839-841
© 2017 Diabetes Technology Society, Article Reuse Guidelines
https://doi.org/10.1177/1932296817747292

@SAGE
journals

Technology Reports

Insulin Concentration in Vials Randomly Purchased in
Pharmacies in the United States: Considerable Loss in the Cold
Supply Chain

Alan W. Carter, PharmD 12 and Lutz Heinemann, PhD3

Abstract

The insulin content in vials/cartridges should be 95 U/ml upon release. No independent confirmation of
insulin concentration is available when purchased in the pharmacy (end of the cold supply chain). We
quantitatively measured intact insulin in randomly acquired multidose human insulin vials by standard
analytical methods. Eighteen 10 ml vials from two manufacturers (M1 and M2) were randomly acquired.
The intact insulin concentration ranged from 13.9 to 94.2 U/ml, mean 40.2 U/ml. No vial met the
minimum standard of 95 U/ml. These results imply the cold supply chain impacts insulin concentrations to
a larger extent than anticipated. Patients ate paying high prices for insulin and should expect to teceive
insulin vials with adequate insulin content in return.

UNIVERSITY OF GOTHENBURG

Projekt |: insulin och NMR som QC-teknik

Intact Insulin Concentrations For 18 Random Samples

Units USP/ml

=R, 28.7 26.126.2
[ o = 244

REGULAR NPH
9 vials Regular: 4 Lots M1, 5 Lots M2 9 vials NPH: 4 Lots M1 and 5 Lots M2

B Minimum 95 U/ml Mla M1b Mic
— M1d EmM2a M2 b . M2 c
| M2 d EEmM2 e =95 U/ml Threshold

Figure 2. The 95 U/ml minimum outlined in red and the 95 U/ml threshold red line represent the smallest
concentration of intact insulin allowed by the FDA for release by the manufacturer. N = 18, range = 13.9-94.2
U/ml, mean = 40.2 U/ml. To deidentify manufacturer source samples are labeled REGULAR M1 (a-d) and
REGULAR M2 (a-e); NPH M1 (a-d) and NPH M2 (a-e).

Introduktion

Projekt |: insulin och NMR
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Stammer detta! For insulinampuller 1 Sverige!?

UNIVERSITY OF GOTHENBURG Introduktion Projekt I: insulin och NMR Projekt 2: insulin 1 Indien
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prov analytisk teknik
surgjort, monomeriserat insulin LC-UV
surgjort, monomeriserat insulin LC-MS
farmaceutiska formuleringen + D20 NMR

Projekt |: insulin och NMR som QC-teknik

output

koncentration av nativt och
kemiskt frandrat insulin

koncentration av nativt och
kemiskt frandrat insulin

koncentration insulin och
excipienter

innehall

strukturinformation
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LC-UV: USP 41, ‘Insulin Human Injection” SOP

1.5 mg/ml insulin i 0.01 M HCI (- insulinmonomerisering)

0.28
.. ° m-Cresol — .

vatskekromatografi pd reverse phase kolonn 12 _ T

0.241 Insulin Human | HymulinR@® formulation
UV-absorbansdetektion vid 214 nm (peptidbindning) - il
Integralen av toppen -» koncentration _o161

- 4

0.124

0.084

0.044 J

0'00"'|"'|'L' '''' IAAAA AR RARN RARE RARE RALE RERE LER] LA BRI BARE BAR

4.0 8.0 120 16.0 20.0 240 28.0 32.0 36.0

Minutes

fran Wang et al. | Pharm Sci 2020(109): 1519-1528
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ID "H NMR som en QC-teknik fér insulin?

— kvantitativt, en signals integral o koncentration
— kvantifiera bade hogmolekyldra (insulin) och lagmolekylara (excipienter) komponenter

— minimal provberedning

— fenomenalt reproducerbart

Mata pd prov som ar valdigt ndra farmaceutiska formuleringen 20 QuantRefo0062Ps
— utspddning med 10% D20 ar enda beredningssteget
— samla in data under strikt SOP

(temp, vattenundertryckning, kvantifieringsreferens)

14 ml B = - e SNy gu Raefs B

CV kvantifiering 6ver drygt 4 ar:
4 o/u*100 = 1.07%

Valine methyls integral
S

K AR AR (S| G
xgb /%?;
,\Q
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glycerol «~

..............................................................................................................

5_—__11_.‘1_111 A LJLL J E | D |H-spek‘[’_rum
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fenol metakresol

Projekt |: insulin och NMR som QC-teknik

ID 'H-spektrum

UNIVERSITY OF GOTHENBURG
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insulin CH3

.........................

ID 'H-spektrum

T T T T — T
6 4 2 S 0
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Kvantifiering av insulin

s

<10 % 10° %10°

6 T T T T T T 6 T T T T 6 Ty T T T T T T
Ins1: 9 samples + 1 freeze-thawed A Ins2: 4 samples + 1 freeze-thawed E3 | ‘53; 13 samples + 1 freeze-thawed C
5| original { s} original 1 s} ofiginal
before freeze-thaw before freeze-tflaw be‘?fore freeze-thaw
T P |
: h : f | /‘
3F 3 |
(- N | A |
14 RN
2 | \ 1 2f 1| | \ || .
I‘ N AATAAvAT A Insl: Novorapid
‘ L / LA | .
il ) M \ B Ins2: Actrapid
', V W/ ./
1 1 ol .
0 1.2 1 08 06 04 02 0 0 12 1 08 0.6 04 C InS3‘ Humalog
"H (ppm) 'H (ppm) /
I . . D Ins4: Lantus
B L
Ins4: 5 samples Ins5: 2 | 1f -th ananoicH, {  ———— [ HSQC [& s
I p D || Or:zia‘ samples + 1 freeze-thawed E o oot ] e F © G E |n55- Llspro
before freeze-thaw Lo
WL [ ! Al i) | HSQC
| | ‘ | | HMBC =
I | I | e
sk I [ st ﬂ \A [
| | 1 I Wi | | 8
» | | .l | | ‘{AH I | WN | \ | Fo
| | (L Y (| "IN \ A | ethanol CH,
| \ \/ I\
! | [l /Y \\/\ I\ A | .
Ul I I VW 4 1 ]
| | _,_.\;’ » | // \ _/ \\\ /,/ - unkn. alcohol CH, N
0 ! . : N . . L N o
12 1 08 VH?pst' 04 02 o 12 1 08 'Hu(spm) 04 02 0 120 HEpm) | 115 H(ppm) 005 0.0 Malmodin et al. (2020)] Diabetes Sci Technol
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Kvantifiering av excipienter

10° 108 105
L T T T ; ; ; 3l — . T T T 12 10

Ins1 henol m-cresol Ins1 lycerol Inst citrate
Ins2 P A Ins2 » B Ins2 / acetate C
Ins3 g “\ 251 Ins3 1  '°T Ins3 iy
Ins5 Ins5 \
10F 1 1 1 2F 1 1 1 - i 1
| / | I It
| L | I i It |
F ' | I It
Ll | I I
s | | 4 1k | | E - I 4
L | [ It
i [ I It
I I L T U\\ I I | - |Al |
L UU U I y
0 ) L L h 0 ! 1 J 1 ! U. L L
74 7.3 7.2 71 7 6.9 6.8 6.7 6.6 3.8 3.75 3.7 3.65 3.6 3.55 35 2 1.5
'H (ppm) 'H (ppm)
Ins|: Novorapid
Ins2: Actrapid
Ins3: Humalog
Ins4: Lantus
Ins5: LiSpI"O Malmodin et al. (2020) J Diabetes Sci Technol
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Table I. Sample Overview With Insulin and Excipient Concentrations.

Expiry date (no [Insulin] mM = SD % of 3.5 mg/ml [Glycerol] [m-Cresol] Other excipients
Sample/type of samples) n Freeze-thaw (mg/ml = SD) Insulin mM = SD mM = SD concentration = SD
Ins|/Rapid-acting ~ 02/2019 (3), 9 No 0.593 *+ 0.0022 98 215::0:53 175 =+ 0.13 Phenol 15.6 = 0.065 mM
analog 07/2019 (3); (344 £ 0.013)
10/2019 (1);
01/2020 (2)
01/2020 | Yes 0.596 (3.45) 99, 215 17.6 Phenol 15.6 mM
Ins2/Short-acting 10/2018 (2); 4 No 0.604 = 0.019 100 223:2£:32 31.1 =046  Acetate |54 = 7.0uM . .
122018 (2) (3.50 = 0.11) Ins|: Novorapid
10/2018 | Yes 0.577 (3.34) 96 224 31.1 Acetate 16| uM Ins2. ACtr'apid
Ins3/Rapid-acting 10/2019" (4); 13 No 0.623 = 0.014 103 2070 31.2 £ 0.091 Ethanol® 5.29 * 0.14 mM :
analog 10/2019* (5); (3.61 = 0.083) Ins3: Huma|og
1172019 (1);
012020 (1); Ins4: Lantus
02/2020 (1); A
03/2020 (1) Ins5: Lispro
10/2019 | Yes 0.648 (3.76) 107 217 31.2 Ethanol® 5.41 mM
Ins4/Basal analog ~ 04/2018 (1); 5 No 0.646 = 0.0097 107 253 + 33 283 = 031  Citrate 459 + 46 uM
04/2019 (1); (3.74 = 0.056)
05/2019 (1);
10/2019 (1);
03/2020 (1)
Ins5/Rapid-acting 01/2020 (2) 2 No 0.608 = 0.010 101 21824 31.8 £ 042 Citrate 48.2 = 7.4uM
analog (3.53 = 0.059)
01/2020 | Yes 0.597 (3.46) 99 218 322 Citrate 56.4uM

*Two different batches. "Major fraction of methyl triplet (see Figure IF).

Malmodin et al. (2020) J Diabetes Sci Technol
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Slutsatser
D 'H NMR &r ett bra alternativ for kvalitetskontroll av insulin och excipienter
Den etablerade FDA-godkanda USP/EP metodiken ar LC-UV pa surgjort insulin
— koncentrationen av insulinmonomeren dr det enda som mats

— mats pa prov langt ifran den farmaceutiska formuleringen = inget molekylart
fingeravtryck' eller beddmning av tertiar/kvartenarstruktur

— finns inget egentligt incitament for industrin att andra metodik

Malmodin et al. (2020) J Diabetes Sci Technol
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Premiss

Nuvarande rekommendationer f6r insulinhantering och forvaring ar slésaktiga
(kyltemperatur, franvaro av direkt belysning)

— bruten kylkedja under transport till apotek/alutanvandare > kassera

— ooppnad insulinampull efter utgangsdatum - kassera

— insulin exponerat for frystemperatur > kassera

— insulin férvarad vid rumstemperatur mer dn en manad > kassera

Hur ligger det till i mindre priviligierade delar av varlden?

112 . . . Bumping commissions/donations to hopefully pay for
Over 1 mll]lOIl Amerlcans Wlth dlahews tomorrow and get enough on the side for my father's insulin (he's running
I‘ati()ned insu]in in past year out very quickly). the insulin is over 400$ so any help with that would

really mean a lot, thank you!
By Linda Scaring

My insulin fell out of the fridge and
my kid put it back in the freezer by /

mistake and thereby destroyed and
J

insurance won't replace it so that's
$800 which luckily | have because if )
| didn't I'd simply die, which is what

happened to one of my students. So

time to get to work.

UNIVERSITY OF GOTHENBURG Introduktion Projekt I: insulin och NMR Projekt 2: insulin I Indien
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Projekt koordinerat fran Sydney/Brisbane av Dr. Graham Ogle (Life for a child)
Forvaring av o6ppnade insulinampuller (6 typer) | 4 manader, provtagning vid |, 2 och 4 manader
Kontrollprover i en kyl pa DREAM Trust i Nagpur

Sex familjer rekryterades att fdrvara insulinampuller antingen i en dppen lada eller en lerkruka i det kallaste
rummet | bostaden

Analysera proverna med USP standardmetodiken vid University of Florida och med NMR vid GU

Home | ContactUs |

i@} Dream Trust

Trust that cares for diabetic children

Aim  Achievement Global support Donors Sponsors Trustinfo People SponsoraChild  Other Help

About Us
We believe: No child should die of diabetes.

“Help us
help diabetic in distress”

Type 1 diabetes is a lifelong condition
requiring daily insulin injections,
blood glucose monitoring, education
and specialist health care.

Access to this lfe-saving treatment is often difficult, and sometimes
impossible, to achieve in under-resourced countries.

Without support, many young people die soon after being diagnosed.
Those who survive may develop complications, such as eye damage
and kidney failure.
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, vattenutrymmen
Handgjorda lerkrukor

!

Avdunstning av vatten kyler insidan av krukan

Regelbunden vattentillsats och rengdring av salt
nodvandigt, krukan byts ut arligen

Sanker temperaturen pa insidan med ett par grader
3%/kruka

insulinfdrvaring

Pendsey Diabetes Voice 2006(51): 19
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Faltstudien utférdes mellan mars och
juni 2021, vilket sammanfoll med
andra covid|9-vdgen i Indien

Temperatures Nagpur March—June 2021

Daily New Cases in India

Daily New Cases

Cases per Day
Data as of 0:00 GMT+0

Temperature (°C)
B

G 00k
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S 300k
15 £
£ 200k
2
8
10 3 100k
3
2
. 0
5 ——Day —— Night
R N N N S e Tt Vg v M e ¥
OO S R S S S R G S AR O A gL
R R R R R LS U R U e U
R I A e s
. S E I TV P EESE T SRS

Pendsey et al. (2023) Lancet Diabetes Endocrinol
UNIVERSITY OF GOTHENBURG
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Projekt 2: verklighetsstudie av insulinstabilitet

Human soluble (Eli Lilly)

PCA

Insulin aspart (Novo Nordisk)
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PCA

kyl
| manad
2 manader

4 manader
Sma férandringar i linjebredd och/eller toppskift

Integralen 6ver metylregionen (= insulinkoncentrationen) ~oférandrad

™ V= e
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LC-UV (USP) and NMR
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Slutsatser
Temperaturen 2.6 £ 1.8 °C lagre i lerkruka dan i en 6ppen lada
Insulinkoncentrationen stabil 6ver tid

Med fa undantag (enl. LC-UV-metoden) dr alla insulinampuller inom det tillatna intervallet
Lerkruka battre an 6ppen lada — mindre effekt pa linjebredd/toppskift i NMR

(Precisionen av LC-UV-metoden ar inte bra, flera %)

Pendsey et al. (2023) Lancet Diabetes Endocrinol
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Svagheter I studien
Skralt statistiskt underlag for att motivera andring av rekommendationer — storre studie kravs
Ingen beddmning av insulinets formdga att aktivera insulinreceptorn

Ingen simulering av riktig’ anvandning, ex. med regelbundet genomborrande av ampullseptum

Ingen forklaring till de fordandringar som syns i NMR-spektra

...ny storre studie | planeringsstadiet..
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- Tg hexamer 2 Zn?*/6 insulin
Monomer Dimer 2 Zn2+/6 insulin 6 phenol/6 insulin

B1-B8 convert to a-helix
LansETEa,,

Vad hdander dad egentligen i stangda ampuller med tiden? Hypotes: jamviktsforskjutning
Undersok existerande (gamla) Indienampuller med biofysikaliska tekniker och jamfér med frascha

ampuller
— SEC-MALS: beddm kvartenadrstruktur med gelfiltrering kopplad till ljusspridningsanalys

— ThioflavinT assay: finns det fibriller i Indienampullerna?
— DSF assay: syns forandringen | forvaringstid som ett skift av smaltpunkten for insulin?

— Nativgelselektrofores: beddém andelen dimer/monomer och hexamer
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