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Insulin

® The oldest and best studied treatments

for diabetes mellitus

® Can be used to treat patients with all

types of diabetes

Insulin secretion

Insulin resistance
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Insulin

® amino acid peptide hormone

® synthesized and secreted by pancreatic
beta cells

® stimulate insulin release: glucose, vagal
stimulation, sulfonylurea drugs

® Inhibitors of insulin release: Alpha-
adrenergic effect, Somatostatin, Drugs
(Phenytoin, Vinblastin)
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Proinsulin

— Connecting peptide
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Figure 43-3 Structure of proinsulin. With removal of the connecting peptide (C-peptide), proinsulin is
converted to insulin.

Copyright £ 2003 Lippincott Williams & Wilkins. Instructor’s Resource CT-ROM 1o Accompany Porth's Pathophysiology: Concepts of Altered Health States, Seventh Edition
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Indications for Insulin Therapy

\J

® All patients with type 1 DM

® Type 2 DM that failure to achieve
glycemic control with diet, exercise,
and oral medications

® Acute illness or surgery

® Pregnancy

® Glucose toxicity (DKA,HHNS)
® Renal and hepatic disease



ANSUNNOMAATASTIFNOILIE U1 INeIEsNIAa
FACULTY OF MEDICINE SIRIRAJ HOSPITAL

&
Physiology

® Basal insulin is secreted at an approximate
rate of 0.5-1.0 U/h

® Postprandial insulin is released in a
transient 2 to 5 minute burst (first phase)

® A slow but progressive increase in insulin
secretion for 5-52 minutes (second phase)

® Insulin concentrations return to basal
levels within 2-4 hours of a meal
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Classifications of Insulin

1. mj'ammzﬂznaﬂumﬁaaﬂqﬂé : rapid, ShOFt,
intermediate, long, very long acting

2. mj'mm%’ﬂqﬂszmﬁalummaﬂqﬂé: basal, prandial
insulin

3. mismunadsmswan ¢ conventional insulin,
insulin analogues
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Major types of insulin (duration)
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® Rapid-acting insulin

® Short-acting insulin

® Intermediate-acting insulin

® Long-acting insulin

® No peak insulin (Very long-acting)
® Pre-mixed (Combination) insulin
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Aspart, lispro (4-6 hr)

Regular (6-10 hr] Extended zinc
l MPH [12-20 hr) insulin {18-24 hr)

Glargine (20-24 hr)

:
:
=
2
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Figure 2. Approximate Pharmacokinetic Profiles of Human Insulin
and Insulin Analogues.

The relative duration of action of the various forms of insulin is shown.
The duration will vary widely both between and within persons.
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Insulin Preparations (purpose)
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1. Basal Insulin (Basal supplement)
2. Prandial Insulin (Premeal bolus dose)
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Insulin Preparations (purpose)

Basal Insulin
® As a basal supplement

® intermediate- to very long-acting
preparation (NPH, lente, ultralente, or
glargine)

® suppress hepatic glucose production and
maintain near normoglycemia in the
fasting state
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Insulin Preparations (purpose)

Prandial Insulin
® As a premeal bolus doses

® rapid-acting (regular or short-acting)
or very-rapid-acting (lispro, aspart)
insulin

® cover the extra requirements after
food is absorbed
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Insulin Preparations (Methods)

® Conventional insulins (Human Insulin)
® Insulin analogues
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Conventional insulins preparations

® short-acting regular insulin, intermediate-
acting insulins (NPH insulin) and long-
acting insulin (insulin ultralente)

® |limitations in the time-action profile
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Insulin Analogues

\J

® recombinant DNA technology

® overcome the limitations of conventional
insulins

® simulate physiological insulin profiles

® Rapid-acting insulin analogues: insulin
lispro, insulin aspart and insulin glulisine

® Basal insulin analogues: insulin glargine
and insulin detemir
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Short-acting insulin

\J

® Reqular Insulin (RI)

® Pk after subcutaneous injection

% Onset: 0.5-1 hours

“Peak effect: 2-3 hours

¢ Duration: 8-12 hours

» IV or IM in diabetic emergency
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Short-acting insulin

® Injected 30-60 minutes before a meal
® inconvenient for most patients

® insulin concentration falls slowly after
peaking
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Intermediate-acting insulin

\J

® [sophane insulin suspension or
Neutral Protamine Hagedorn (NPH)

® Addition protamine to regular insulin:
slowly absorbed

2+ Onset: 1-1.5 hours
s Peak effect: 4-12 hours
»» Duration: 24 hours
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Intermediate-acting insulin

® distinct peak and trough effect
® wide variations in blood glucose

® two or more injections a day (basal
insulin)
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Rapid-acting insulin

® Insulin lispro
® Insulin aspart
® Insulin glulisine




Insulin lispr

® substitution of proline wit
position 28 and lysine wit
position 29 of the insulin
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N lysine at
N proline at

3-chain

® injected 5-15 minutes before a meal
or immediately after a meal

® better postprandial glucose control
and less frequent late hypoglycaemia
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Insulin Lispro

A chain ‘

B chain
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Insulin Aspart

® single replacement of the amino acid
proline by aspartic acid at position 28
of the insulin B-chain

® Pk and Pd profiles of insulin lispro and
insulin aspart were minor differrences

<+ Onset: 0.17-0.33 hours
» Peak effect: 1-3 hours
*Duration: 3-5 hours
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Insulin Aspart

A chain

B chain

S
|
g
|

Substitution
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No peak insulin (Very long acting)

® Insulin glargine
® Insulin detemir
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Insulin glargine

® the amino acid asparagine at position
A21 is replaced by glycine and two
arginines are added to the C-terminus
of the B-chain

® onset of action of approximately 2
hours

® reaching a plateau of biological action
at 4-6 hours
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Insulin glargine

® |asting up to 24 hours
® ‘flat” and peakless
® |ess nocturnal hypoglycaemia

® administered once daily, at any time of
day

® administered at the same time each day

® Cannot be diluted or mixed with any
other insulin or solution
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Insulin Glargine

A chain

B chain

O

/

Substitution

Addition l}
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Insulin Detemir

® a soluble, long-acting basal insulin
analog

® the amino acid threonine in position
B30 has been removed

® a 14-carbon fatty acid (myristic acid)
has been acylated to lysine at B29
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Insulin Detemir
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Insulin Detemir

® more predictable pharmacokinetic
profile than NPH insulin

® 98-99% albumin bound in plasma
® reducing the risk of hypoglycaemia
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Insulin Analogues

s s

Myristic acid

A ;

B-chain

Fig. 1. The structural modifications of insulin found in some insulin analogues. Insulin lispro differs from human insulin by the substitution of
proline with lysine at position 28 and lysine with proline at position 29 of the insulin B-chain; insulin aspart is designed with the single
replacement of the amino acid proline by aspartic acid at position 28 of the human insulin p-chain; insulin glulising is designed with the
substitution of the amino acid lysine with asparagine at position 3 of the human insulin B-chain and by substitution of the amino acid lysine at
position 29 with glutamine; insulin glargine diffars from human insulin in that the amino acid asparagine at position A21 is replaced by
glycine and two arginines are added to the C-terminus of the B-chain; insulin detemir is designed to bind albumin in plasma after absorption,
threonine is omitted from position 20 of the insulin B-chain and replaced by myristic acid, a C14 fatty acid chain.
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Pre-mixed(Combination)insulin

® pre-meal insulin in addition to basal
insulin
® draw up pre-meal and basal insulins in

the same syringe or commercial
preparation

® Combination NPH/RI eg. 70/30, 50/50 or
NPH/Rapid acting eg.
Humalog 75/25 = NPH(75%):Lispro
(25%)

® Onset, peak and duration are variable
(proportion and type of insulin)



9,

Table 1. Rapid-acting, long-acting, and premixed insulin analogs.

Analog

Rapid-acting analogs
Lispro
Aspart
Glulisine

Long-acting analogs
Glargine

Detemir

Premixed analogs
75% neutral protamine
lispro, 25% lispro
50% neutral protamine
lispro, 50% lispro
70% protamine aspart,
30% aspart

Trade name/manufacturer

Humalog/Eli Lilly
Novolog/Novo Nordisk
Apidra/Sanofi-Aventis

Lantus/Sanofi-Aventis

Lavemir’Novo Nordisk

75/25 Humalog/El Lilly
50/50 Humalog/El Lilly

70/30 Novolog/Novo Nordisk
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Insulin molecule modifications

Pro(B28)/Lys(B29) swifched
Asp replaces Pro(B28)
Asp(B3) replaced by Lys; Lys(B29) replaced by Glu

Asp(A21) replaced by Gly; 2 Arg added to C-terminus
of B-chain
Thr(B30) omitted; C14 fatty acid chain addad at B29

NA
NA

NA

Asp, aspartic acid; Arg, angining; Glu, glutamic acid; Lys, lysing: Pro, proling; Thr, thraonine; NA, not applicable.
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Pharmacokinetics of Most Commonly Used Insulin Preparations

Insulin type

Onset
of action

Lispra, aspart, glulisine 3 to 13 min

Reqular
NFH or Lenta
Ultralente

Inzulin glargine

About 30 riin

About 2 h

About 4 h

About 2 h

Time to
peak effect

43 to T2 min
Ztodh
Bto10h

1010 20

Mo discernable
peak

Duration
of action

Ztodh

JtoEh

18 to 28 h

1210 20h

20t ¥4 h
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TABLE 1
Description of Onset, Peak, and Duration of Insulins
Peak Usual effective Usual maximum

Insulin Onset (hours) duration (hours)  duration (hours)
Bolus or mealtime insulin

Aspart (Novolog) 5 to 10 minutes 1103 3to5 4106

Lispro (Humalog) < 15 minutes 05t015 2tcd 4106

Regular (Humulin R, Novalin R] 30 to 80 minutes 2 to 3 3to6 6to 10
Basal insulin

NPH (Humulin N, Novolin N) 2 to 4 hours 410 10 10to 16 14 to 18

Lente (insulin zinc suspension) 3 to 4 hours 41012 12 to 18 16 to 20

Ultralente (extended insulin zinc 6 to 10 hours Peakless 1810 20 2010 24

suspension)

Glargine (Lantus) 1 hour, & minutes  Peakless 24 24
Combinations

G0% NPH/S0% regular 30 to 60 minutes  Dual 10to 16 141018

70% NPH/30% regular (Humulin R 70/30, 30 to 60 minutes  Dual 10to 16 14 t0 18

Novolin B 70/30)
75% NPL/25% lispro (Humalog 75/25) < 15 minutes Dual 1010 16 1410 18
70% NPH/30% aspart (Novolog 70/30) 5 to 10 minutes Dual 10 to 16 1410 18
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Numulin®
100 U/ ml
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30% human insulin injection R ——
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: 3mL
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- 5 Cartridges

Humalog
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R e

Novo Nordisk

wiulugidu

R E R

[E——

¥ Avenlis




Onset of
insulin
action

Generic

e Type of insulin

i ® i Onsst: 5-16 mil
- Apidra : Insu!n:‘n : Sasone
- Solostar - Glulisine : Duration: 84 hrs

R

é § g ° * 2 a - 5 &

s

- Humalog® : Insulin Onset: 0-15 mins

- KwikPen . Lispro Duration: 3.6-4.6 nrs
- NovoRapid® | Insulin Oncet: 10-20 mins

: : : Pealc 1-8 hrs

. FlexPen - Aspart Duration: 3-5 frs

o 2 4 6 8 10 32 34 16 18 20 22 24 {n

0 mi

Actrapid® '
100 e
b L=

Oncst- 0.6 hrs
Pealc 1-8 hrs
Duration: 8 s

T

- Actrapid® i Regular
: Insulin

oo

o 2 4 8 8 10 32 34 16 18 20 22 24{n
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( :

Onset of
insulin
action

Brand Generic

and type A Type of insulin

| @

' NPH |
- Insulatard® el Srmars ! i
- : Duration: 24 hrs

D 2 4 6 8 10 12 14 18 18 20 22 24{n)

- v
...............................................................................................................................................................................
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hset of

. 2 Generic
insulin

S Type of insulin

action

2 Onsst- 1-2hrs
Lantus® - Insulin : é * Sk Paak: no peak
Solostar - Glargine § . Eranoa 2408

: g ' B Lantus 0.3 Units/kg

o - -+ = NPH 0.8 Units/kg
Time {hr) afer Inection

Levemir® - Insulin Onset- 1-2 hrs

. . : Psak: 3-14 hrs
FlexPen . Detemir Duration: 24 hrs

0O 2 4 6 8 110 12 14 16 18 20 22 24(m)

Toujeo®
- SoloStar
300 units/ml :

Insulin
Glargine




Onset of

insulin Type of insulin

action
On=st: 10-20 min=
. Peaalkc 1-49 hra
Duration: 24 hus

o 2 - s 8 10 12 114 116 I8 20 22 24 ()

Biphasic
Insulin
Aspart

NovoMix®30
FlexPen

N eI eI SN e E eIt et et et ee e ettt e ettt et el et edeeedededeeeded e s ses s tatrsrsesenatsretvacs frronedettarsssrsres s s taatrsrsrsesesesatsbsbritisisasrrrrrroasseessasrssssssesssssanses

Biphasic
Insulin
Lispro
259%/
Protamine
75%

Humalog®
Mix 75/25
KwikPen

: Biphasic
Humalog® . Insulin
Mix 50/50 : Lispro
Kwikpen : 50%/
¢ Protamine
509

Biphasic
30%0
- Soluble :
Mixtard® 30 : Human Onsect 0.5 hwa
: Insulin :
+70% NPH
Insulin :
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Daily Requirements

® Insulin production by a normal, thin,
healthy person = 18 - 40 units/day or
0.2 - 0.5 units/kg of body weight per
day

® > secreted in the basal state, 2
response to meals

® basal secretion is about 0.5 - 1 units/h



Needle cap
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Administration
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Administration

® Subcutaneous injection

® Intravenous and intramuscular (Only
Emergency condition)

® Site of injection: abdominal wall
(fastest), arm, leg and buttock
(slowest)

® Tools: syringe, pen, pump
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Catheter——-—\ -
Fat =
Irsulin—

An insulin pump
administers insulin
through a catheter in
the abdominal fat to
help control a person's

blood sugar levels

Insulin pump

FADAM.

Insulin pump
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ee®*

Insu

INn pen
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O :
A\ Factors That Affect Insulin
Absorption

® site of injection ® the volume and

® the type of insulin Conc;el_‘ltratior_w of |
® subcutaneous the injected insulin

blood flow ® depth of injection
® regional muscular

activity at the site
of the injection
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Adverse reactions

® Hypoglycemia: most common

® Cardiovascular: Palpitation,
tachycardia, pallor

® Central nervous system: Fatigue,
mental confusion, loss of
consciousness, headache, hypothermia

® Dermatologic: Urticaria, redness

® Gastrointestinal: Hunger, nausea,
numbness of mouth
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Therapeutic Regimens

\J

® Ideal insulin therapy regimen should
mimic normal physiologic insulin
release

® Tailored to the patient’s degree of
hyperglycemia, the risks associated with
hypoglycemia, comorbid conditions, the
ability to adhere to a routine,
understand and master the information
and skills, and the cost
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BASAL (Lantus®)
LONG-ACTING INSULIN

1 lendala

In#

ﬁ
t ) t 1

BREAKFAST LLIMCH SUPFER BEDTIME

Onset

2-4 hours
Uuration

24 hours

INTERMEDIATE-ACTING INSULIN (NPH}

aali

nau

e

BREAKFAST  LUMCH ZIPPER BEDTIME
Oniget

0.5-1 hours

Duration

10-16 hours

PRANDIAL
RAPID-ACTING INSULIN

i lnvals

AL

EREAKFAST  LWMNCH SLIFFER BEDTINE

Onget
-5 minutes

Luration

4-5 hours

S |

+ +

BREAKFAST  LLMNCH

+ %

SUPPER BEDTIMVE

f:l kT
30 minutes

Duration

Up to 6 hours

PREMIX
PREMIXED INSULIN (ANALOG)

1 lvals

=

% t +

BREAKFAST LUMCH  SLIFPER BEOTINVE
Onaet
5-15 minutes

Luration

10-16 hours

PREMIXED INSULIN (HUMAN)

sl

1+ + +

BREEAKFLST LLUIMCH SLIFFPER BEOTINE
I:‘:'II!EI!!'T
5-15 minutes

Curation

10-16 hours
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Ideal Insulin Replacement Pattern

|
Ln

Breakfast Lunch Dinner

LN
=

P
Ln

Plasma Insulin (uU/mL)

4:00 8:00 12:00 16:00 20:00 24:00 4:00

* f Timef

. Profile of ideal insulin replacement pattern.



ANSUNNOFEATHI T IBFNOILIE U 1INRsLHAa
FACULTY OF MEDICINE SIRIRAJ HOSPITAL

Basal-Bolus Therapy Using Glargine
and Aspart or Lispro

75
= Breakfast Lunch Dinner
E
=
=
= 50 Aspart or| Aspart or Aspart or
E lispro lispro lispro
=
4]
£ 25
e
Q. Glarglne
4:00 8:00 12:00 16:00 20:00 24:00 4:00

f f Timef f

- Basal plus meal-related regimen using glargine plus aspart or
lispro.
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PHARMACOLOGIC THERAPY FOR TYPE 1 DIABETES

Recommendations

9.1 Most people with type 1 diabetes should be treated with multiple daily
injections of prandial and basal insulin, or continuous subcutaneous insulin
infusion. A

9.2 Most individuals with type 1 diabetes should use rapid-acting insulin analogs
to reduce hypoglycemia risk. A
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Ifinjectable therapy is needed to recuce A1C'

LETTITIT Y
[

¢ If already on GLP-1RA or dual GIP/GLP-1RA, or if :
: these are not appropriate, or f insulin is preferred :

]
I

Consider GLP-1RA or dual GIP and GLP-1RA in most individuals prior to insulin®

INITIATION: Initiate appropriate starting dose for agent selected (varies within class)
TITRATION: Titrate to maintenance dose (varies within class)

If A1C is above goal

Considerations for adding basal insulin’

Choice of basal insulin should be based on person-specific considerations, including cost. Refer to Table 9.4 for insulin {
cost information. Consider prescription of glucagon for emergent hypoglycemia.

A

Initiation and titration of basal analog or bedtime NPH insulin®
INITIATION: Start 10 units per day OR 0.1-0.2 units/kg per day
TITRATION:
+ Set FPG goal (see Section 6, "Glycemic Goals and Hypoglycemia')
+ Choose evidence-based titration algorithm, e.q., increase 2 units every 3 days to reach FPG goal without
hypoglycemia
+ For hypoglycemia: determine cause; If no clear reason, lower dose by 10-20%
|
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LAA = Long Acting Insulin Analog
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6.1.2 Oral antidiabetic drugs

1.  Glibenclamide tab (tawz 2.5 wag 5 mo) f
ALADULAZVDAITIZI

NasedinseislunUlegeonensanUl8Minsyina e munNns a9

2. Glipizide tab A
Metformin hydrochloride tab A

4.  Pioglitazone hydrochloride tab (tawz 15 wag 30 mg) U
Foulay

laidugmnaden nendinislyen Metformin wSaengal Sulfonylureas

af

ALADULAZVDAITILIY

1. dulderilud@iffmledumailusefuiizuuss (NHA Tusedu 3 wag 4) enilenavilviAnane
M laduman
2. Iﬂﬂuﬂ%fmﬁiu%’ﬂ’aaﬁﬁ’lé’aL‘i"]umﬁamzwnzﬂaa’nz
5. Repaglinide tab (tawz 0.5, 1 wag 2 mg) N
Rouly
1. Tlaidmiuan postprandial hyperglycemia
2. Tlalugith giflenuds e hyposlycemia a9
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6.1 Drugs used in diabetes

6.1.1 Insulins

1. Biphasic isophane insulin sterile susp f

(Soluble insulin + Isophane insulin)
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Isophane insulin (NPH; Isophane protamine insulin) sterile susp
Soluble insulin (Neutral insulin; insulin injection) sterile sol
Insulin aspart sterile sol
(Soulwy

1. TawzgUleniiin hypoglycemia Uaenilaly conventional insulin
2. lgdwmiumiunun1ig postprandial hyperglycemia

Insulin aspart + Insulin aspart protamine sterile susp (taW1E 30% + 70%) 3
Sauly

iULFEBIU Insulin aspart
Insulin lispro sterile sol N
Foulwy
1. ’L%'Lawwﬁﬂ'mﬁtﬁm hypoglycemia Usenilald conventional insulin
2. lodwmiuaununig postprandial hyperglycemia
Insulin lispro + Insulin lispro protamine sterile susp (WL 25% + 75%) N
(oulwy

iULAEIU Insulin lispro
Insulin glargine sterile sol (cartridge taw1z 100 N

IU/m0) (3 mL), (pre-filled pen w1y

100 IU/mU (3 mL)
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Inhaled Insulin

® A powdered form of insulin

® Delivered with a nebulizer into the
lungs where it is absorbed

® In 2014, US FDA approved Afrezza for
both Type I and Type II adult diabetics
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New Type 2 DiabetesTreatments

® Nearly 100 new Type 2 diabetes
medications are being studied in clinical
trials

® Many of them work differently from
current treatment options

® Providing heart, kidney, and body weight-
related benefits
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New Type 2 DiabetesTreatments

® Tirzepatide

® In early 2022, the FDA approved a new
medication called tirzepatide
(Mounjaro)

® Tirzepatide has been found to work
better than semaglutide at lowering
A1C. And people taking it lost more
weight.
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New Type 2 DiabetesTreatments

® Sotagliflozin:Dual SGLT1/2 inhibitors

® [coSema:combines semaglutide with
insulin icodec, a new once-weekly
insulin

® CagriSema: combines semaglutide and
cagrilintide into a once-weekly
injection. Cagrilintide is a new long-
acting amylin analogue
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Questions???

- -
Rq‘.lgsulin(m_)_"

0 IU/mL
EGUMR va

B-chain

Figure 43-3 Structure of proinsulin. With removal of the connecting peptide (C-peptide). proinsulin is

converted to insulin.
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