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Uses of insulin in diabetes

Objectives:

Define diabetes and mention different types of diabetes

Differentiate between difference in freating type | and type Il diabetes.
Understand mechanism of action, secretion, and actions of insulin.
Describe different types of insulin analogues

Be able to recognize the difference in pharmacokinetic profile between
different types of insulin analogues.

Know uses of different insulin analogues
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Treatment of diabetes
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Type Il Diabetes

Type | Diabetes

Human Insulin oral hypoglycemic
analogues drugs

N

Ultra-short acting
insulins ( Lispro,
aspart & glulisine)

NS
N

Intermediate
acting insulins
(Isophane (NPH) &
Lente (Humulin L,
Novolin L))

N7

N

i

NS
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Short acting
insulins (Regular
insulin (Humulin
R, Novolin R))

NS
N

Long acting
insulins (Insulin
glargine (lantus) &
Insulin detemir
(Levemir)
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DM is a chronic metabolic disorder characterized by high blood glucose level caused by
relative or absolute deficiency of insulin.

4

g Complications of diabetes:
Cardiovascular problems (Micro- and macro-vascular disease, Renal failure (nephropathy),
Blindness (retinopathy), Neuropathy, &risk of foot amputation.

Fasting plasma glucose (No food for 8 hours)

A
s N
Normal Prediabetes Diabetes
<100 mg/dl =100-125 mg/dl >126 mg/dl
(5.6 mmol/l) (5.6-6.9 mmol/L) (7 mmol/L)
200 mg/dl (11.1 mmol/L) 2h after a meal
Types of diabetes
- ,,
- N

Type | diabetes
due to autoimmune or viral diseases

Type Il diabetes

due to genetic susceptibility and other
factors (age, obesity)

Characteristic Type | Type Il
Onset (Age) Usually during childhood or puberty Usually over age 35 - 40
Type of onset Abrupt Gradual
Prevalence 10-20% 80-90 %
CemeE Moderate Very strong

predisposition

Defects B-cells are destroyed B-cells produce inadequate quantity of insulin
- Absent
Enc!oge.nous - . ) ) Present (not enough)
insulin - absolute deficiency of insulin secretion
i P t (i ipheral ti
|I:lSU|In absent resent (in peripheral tissues)
resistance
Usually obese
Nutritional status Usually thin o y
(Obesity is an important factor)
Ketosis Frequent Usually absent
Clinical Polydipsia, polyphagia, polyuria, weight Often asymptomatic
symptoms loss
Related lipid

abnormalities

Hypercholesterolemia frequent

Cholesterol & triglycerides often elevated

Treatment

001 13 3 ALl |50l e

Insulin injection

Oral hypoglycemic drugs

Note: The rate of formation of HbAlc is proportional to the average blood glucose concentration over the previous 3
months. Therefore, HbAlc provides a measure of how well treatment has normalized blood glucose in diabetic patients




Rece | * Present on cell membranes of most tissues. * Tyrosine kinase
ptors | « Mainly in liver, muscle and adipose tissue. receptors.
% Carbohydrate Metabolism: * Protein Metabolism:
= T glucose uptake & utilization by peripheral tissues (anabolic effect)
= T Glycogen synthesis (glycogen synthase) = Liver:
5 = T Conversion of carbohydrate to fats. J protein catabolism.
2 = | Gluconeogenesis. *= Muscle:
S = { Glycogenolysis (liver) s st (o) s iie T amino acids uptake.
= i Ol WAL daly (OsSshall) eSS dglee a5 3 . .
S T Glycolysis (muscle). =2 5 0 i T protein synthesis.
< . .
& |* FatMetabolism: T glycogen synthesis
c " T'—"_’er- _ (glycogenesis).
= l t!polge'f‘eist; . e % Potassium:
O IpolysIs y decreasing the activity of lipase enzyme ;
) = Inhibit the production of FFA = Inhibits conversion of T POtaSSIum uptake
= fatty acids to keto acids. into cells.
8 ketoacidosis s e Sl (8 (ias (Saad 53 o ASI) patic (58T dulaall (538 (5 smn (ol susl) patic L (Y ) S (o ja e gt MV AISE Lia hyperkolemio s as e (s G REUg Py
= » Adipose Tissue: APl il iy e (sl 4ok
. . Al Ay Sl Glaall paddll of o yas s (g -
T Triglycerides storage. e diabetic ketoacidosis (s Ua s (s skl
T Fatty acids synthesis. L 43) 4l (e 250 5 electrolyte imbalance sxic

LAl o sl all Jasy Gl sasi] o230

! Lipolysis.

Exogenous
Sources

Beef Insulin: Jall (5« A pemy ) b 48 sl a3
. . . . . ; ; e gls oY) Y hypersensitivity
Differs from human insulin by 3 amino acids (antigenic). o e o 5 S

Porcine Insulin: .yl (e human insulin (s 5% << e
. . . . . ff
Differs by one amino acid (antigenic). e

Analogues

Prepared by recombinant DNA techniques. {3 smomsimes oy iscomeinont oA techniques

Less immunogenic - no antigenicity, bc it is not extracted from animal + extracted from human gene
Modifications of amino acid sequence of human insulin can change
pharmacokinetiCs (absorption, distribution, metabolism & excretion) = 7% * oo ol S sl s it b Ll o

biological activity (P.D) e il o5y aailas o sl

P.K of exo analogues

Can not be given orally - bc itis degraded in the gastrointestinal tract if taken orally.
Insulin syringes (& in arms, abdomen, thlghS) - we advise th pts to change the site of injection.
= Portable pin injector (pre-filled). Pic
= Continuous S.C. infusion (insulin pump). Pic Its advantages:
- More convenient.
- Eliminate multiple daily injection.
- Programmed to deliver basal rate of insulin >

A oaie (T eatia il jaeall e g3 5 Analalle 8 6 Caay cl W) el sty Jasg o 25 JSU Lo 0 Bass (B 253 g0 2k )5S 5l sy Basal rate
Os adlay Galls Gl Y1 OY hypoglycemia 4ss sha sxie Ua @ 4l s 3w 5l he skipped one meal e sl ¢ 3al) aalas haalidl (ad 3l as
YA e Bl e (558 a3V 5 JULYT ae L saddivg Sale | anall (50 coNtrol

Intravenously (in a hyperglycemic emergency) — in ketoacidosis
Under Clinical Trials:

= Inhaled aerosols, transdermal, intranasal - but until now what is known for us?
Insulin is given S.C only, unless we have emergency situation.

Degradation

PoONPE

Physiological, insulin is secreted biphasic: Initial & Delayed - they want to mimic its action in treatment of diabetic pt. Pic explain
Basal level of endogenous insulin is 5-15 puU/ml.
Half life of circulating insulin is 3-5 min = in endogenous & exogenous iNsulin. )+ se w5 L cay i)
60% liver & 40% kidney (endogenous insulin) | gy insulin protease, which is found
60% kidney & 40% liver (exogenous insulin) mainly in the liver and kidney.
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Types of Insulin preparation differ according to:

Differ in pharmacokinetic properties mainly:

A

Rate of Absorption

(Onset of Action) Duration of Action

These variations are due to:

+ Change of amino acid sequence.

» Size and composition of insulin crystal preparations (monomers-1
particle-, mmerS-ZparticleS-, hexamers-6 particles-) >
* Mono - faster action & shorter T1\2 S 4 _
. s Wil AA sequence e ou e ab
* Hexamers - delayed action & longer T1\2 s LU LK) e (381 58 ol 4nna 5 4153

Types of insulin preparations (Insulin Analogues):

A (URIZS;S?O” B- Short C- Intermediate D- Long
o Lispro o Regular o NPH (Isophane) | o Glargine
o Aspart insulin @sunr) | 5 ente o Detemir

R:regular.

Very fast onset of
action and short

duration
Called Fast acting

Fast onset of Slow onset, Slow onset and
action and short intermediate long duration of
duration duration of action action

omad (Y Gl a3) ey 138 & duration of action J) <l Ul gl cale (S
ash o il ) i 13 oy duration of action J) <t sl

Note: When rapid-acting insulins (e.qg., lispro, aspart) are mixed with another
insulin, the preparation should be used immediately.

*All Insulin analogues are human insulin.




A o 0 apioc Regular
Drug O O
Lispro, Aspart, Glulisine Humulin R, Novolin R
Physical Clear -can be injected 1.v.- Clear solution at neutral pH +
characteristics solution at neutral pH - the Soluble crystalline zinc insulin -
same pH in blood 7.3-7.5 durationd! Jshy <-- 4asa S <o @l axe sl ol sesd) 58 Siny

Monomeric analogue
- Mono=easily absorbed
(Do not aggregate or form dimers or
hexamers) - they are soluble in solution

e & clear = so upon injection it will produce Hexameric analogue
ry its effect fast. onset & duration s caaall ol )
Sile 38 oldie slaae i) AT 8 e (e el padid dagpals

Aol gail st regular insulind) aihe B (JS4
LS sy g 30 Ty s ultra short 3L Juadls

AA difference in aspart:
replacement of Pro by Asp.

Route and time | S.C. (5 -15 min) before meal S.C. (30 — 45 min) before meal
of admin [.V. in emergency l.V. in emergency
Onset 5-15min (S.C) 30-45min (S.C)
Peak level 30 —90 min 2—4 hrs.
Duration 3 —5 hrs. (Shorter) 6 — 8 hrs. (Longer)
(JsY) 5o Y QB0 ol Lal) (5 e w3 L 080 uxnle
2 — 3 times/day 2 — 3 times / day
Usual admin 1S e | ST n ST Sl (5 gione i o ISV i anlind 1 58 5 g e o 535 03 ¢JSY1 38 V) 35kt L ShOTt acting 49 psds oY

G st b ) ol A 05 0 5 sm ¥ agabied ol (B iy ¥ siS ol cagtia il ) 5 e S S ) 8 pece! 8 50 oS 1
hypoglycemia siie smas La (s £ gal) dghae La g Laa gl JSU ) ba 4l ke ¥ Sany agdac celasd) Zun g JSL L i oY)

» Control of postprandial* «  Control of postprandial
hyperglycemia (S.C)> hyperglycemia (S.C)
because they mimic the prandial | < Emergency diabetic
mealtime insulin release. ketoacidosis (1.V)
Indications |« Emergency diabetic « Can be used in pregnancy
ketoacidosis (1.V) Jeal) S (o pardiung liel (o Dl S 2] 4l 4
« Preferred for external insulin 24, diabetic women type Il gsie 5 ¢ 15 ,m3 233 bk
. oral hypoglycemic to control her DM 4,3
pump (Lispro does not form oral J1 &Y Insulin le J3a3 a3¥ Jead L 3 e
hexam ers) hypoglycemics have ADRs on fetus
* After eating.
Note:
o Only clear solutions can be given L.V.
o If meal is skipped, no injection is needed. other wise it will lead to hypoglycemia

Advantages of Insulin Lispro vs Regular Insulin. Insulin lispro has:

o Rapid onset of action (due to rapid absorption)
o Reduced risk of postprandial hypoglycemia and hyperinsulinemia (due to

shorter duration of action, no more than 3-4 hrs regardless of dose).

Up 10 8hs xivs Leeliy <S8y regulard) cusl o 81 Leeliy <S8y gty cilelu © day ) @ gia 081 ¢ shill Jid muall yltra shortd! cual 4l ix
LB and cpl ! S Jlie hypoglycemia sdie o) peag Tags e elasll ua s 340 e i pall 5l




Drug

1- Isophane (NPH) insulin

Mech. of action

o NPH, is a Neutral Protamine* Hagedorn** insulin in phosphate buffer.
o NPH insulin is combination of protamine & crystalline zinc insulin (1:6
molecules). proteolysis release insulin.
::éé g Y S a5 g S0 Jlued) ¢ S L protamine sulfate (e 4wl
Calig nll dza g ol pui¥) Jeat combination & complexd! ) e
3 0 S (e (o 5D Lo el ) 5 A pal) il Lo o (gmasal) 50 () ol il iy 3 Uy S Lo ol i) Gl el sl a1 ol

ol V) (ol ang) aldny 4idiy Lo s aSule o o3 4 S8 (paali g pall Jasi y 45y Jshal sl L Jany s g il allay Jla oY 6 jmal 5 dag jos 5 gamy 328 5
Jsh) saal 4 Jading (lée AL LSy

P.K

o Turbid suspension at neutral pH - can't be given Iv
- cant be used in case of ER (diabetic ketoacidosis) o Onset of action 1-2 h.
O G'Ven S.C. Only, not |V intermediate & long acting are not given 1.V 0 Peak serum |eve| 5-7 h
o Can not be used in ketoacidosis or o Duration of action 13-18 h

emergency.

Insulin Mixtures

Lads b gl say e d suiDU Aalall il 3 o (S0 (galall a6 aaling I aadall o) ginnay Livie Gl susiy) e Jablay S 5l 138 Tada
Isniia Gl lan sl 85 25 B85 8yl 3 s allay () sl (l g1 (e o olae (580 o 52U (AL et dia allal ) Al LS, ) e
By ey yalue (gl gui¥) (5 gl odic (galall S8 gl 8 S Ada g (m gy 6 2 edie (i pall (55K Cusy BV eni A AdalA

B _wal B yidl g 5 yuS 40aSy ¢ i sdie Dlia ]l

Ja Ol HUadYl Ay a1 e (basal rated) ha) delu VA 3ad gl sel) ddida g ey 4l Cusse y5Y1 zinsulin mixtured)

short acting iNsulin 4 2 s se Mixtured! 138 48 55 e 4 1Y $JSY) J8 GuST ) 8 (e piSas) 30 zlial

«» Insulin mixtures: (= Intermediate + either w\ ultra-short or regular insulin)

o NPH/ regular INSUTINT 65 0 301 20 08 e W 0 158 e 6,76 e n st 2l L short actingd) .. Regular insulin & o3 331 o 535 50 NPH s
. 75125, 70/30 , 50/50 el s NPH 5 5 oais i 4 Gl oin ) ol o i ool o il oy il 258,20
(NPL=NPH / Lispro) (NPA= NPH / Aspart) cusd s o s sy

NPL & NPA have the same duration as NPH -« s s by

Have two peaks. oo ooy i

See next page for better understanding.

© 0 O O

Drug

2- Lente insulin (Humulin L, Novolin L) (Longer)

Characteristics

o Mixture of:
* 30% semilente insulin (amorphous-low degree of crystals- precipitate of zinc
insulin in acetate buffer)
* 70% ultralente insulin (poorly soluble crystal of zinc insulin)
o Turbid suspension at neutral pH - b it is turbid, we can’t give it 1.V
Given S.C., not intravenously 1.Vv.du e L o sl 58t 505 o oY) S e (S5,

(@)

P.K
0O 00 0O

Delayed onset of action (1-3 h)

Peak serum level 4-8 h.

Duration of action 13-20 h.

Lente and NPH insulins are equivalent in activity.

Lente is not used in diabetic ketoacidosis or emergency.

dclu 2 s onset of actiond) Cue iy J<
licls Y)Y A a2y L duration of actiond)s




To Understand Better

Prandial and basal insulin replacement

This slide has Prof. Hanan'’s notes & explanation

Evening Night e,
L LG el S e Ll Bale W e jal)
short 38l dua s JS Jd 43) ¢ oY) 8 guall b sl
regular |shel aa Al g2 &5 acting insulin
Regular Regular Regular ppH Ol o5l gliial ke regular insulind! .. insulin
ool da il Gl sl e | il ) axy aaliag
* * * asdl iy Sl ey (Y ek Y Sshort acting W
G5 mm S8 i e AV ln gl amy aclii ) Jie 5a
e pa b (lie agill cdy 8 slad G guidl)
Jd 4l 1l coma & Jasl s hypoglycemia

Y insulin intermediate :a 4
Q ° QL gs QBedtime R

) shasinn) a8 Al ki o s A0 8 guall 8 Lia e
ultra-short acting insulind. regular insulind!
Oe g ol o ls Galy Ultra-short ¢ <aes b 35 ..
basal S 2sa se (58 Gl il lial W . regular
el e e cds Slevel

/ / / l Jie intermediated) e i sa 38T 3 Ls jlasls

Insulin effect

Morning Aftemnc Evening Night

Lispro Lispro Lispro NPH

mw}a‘eg\dalseﬂ‘g)suhgm&@)gq
Bl a gl C g o) Cilaa 1)

& intermediated! e osie s Bial Lead cula

- e S sk regulard! dssie e oY € regulard

ultra-shortdl
B L S || Bedtime S

Figure 24.8 35 L intermediate of (i) salls (o Aasal
Examples of four regimens that ¥l llad SV o gl (8 e (e S
provide both prandial and basal

insulin replacement. B = breakfast;

L = lunch; S = supper. NPH = neutral

protamine Hagedorn.

Insulin effect

i s 5d IS o Y 5 al JIV) Caraa ) () uant La Sl (g pe 2AL (g jiall T el Uia il 2ey

filei 5 injection

Insulin mixture = intermediate & short acting insulin!! J) G W aaas cana ¢ 5215 S50
(el s crn @l all dae iy (San) G psall (B Oige sl 50 033 ey | IS iy yall o LI 12
Short- s se 4 juay daa s JSh e 3 a5 a5l J1sk basal level of insulind! e 4 hadlay 43) cuay
.aalis) by acting insulin

ﬁ&%}d&\&@dﬁ\&hﬁhcgjjédﬁgam DSl (s s e dlady a3 Sl (ay je () e4d jai a 3N o A K
Aoy al ) Cojay € (alidsh odie jla ol ol sl (o e ja 38l ad) (Y1 S (5 e b S g ld ) s2ie jla
(sl s 3 ms sl STy Bt e el i ng) ALl s b i €0l s (po Anliinl (30 S




Insulin glargine (lantus), Insulin detemir (Levemir)

(o)) L] L]
8 Insulin glargine (Lantus)
o Clear solution BUT forms precipitate (hexamer) at injection site.
D) Le sl (38 & . clear Solution ae) aeaibas e Y 1LV, 0 shais aed) Ultra short & regular insulind) & Us =
their pH is acidic and once we inject it through th blood (which is alkaline) <V ¢4 Iclear s g .V agakel
. it will precipitate in the blood - blockage of BV!!!!
S| o Slow onset of action 2 hr.
g | o absorbed less rapidly than NPH & Lente insulin.
2 o Given S.C. only, not intravenously
9] . . . . . .
o | o Should not be mixed with other insulins in the same syringe. ‘4
= )5l Gailiad 5y awall 8 Leiini Lo Ji 5 3Y) Lait 8 precipitation 4 deas ¢Sae s pHJ! i short acting e 4balal L s« sa 43y
w8 e S all Al Lpanl (S el 2 5l pailadl) Gany a5 ) (o3l Lan LSl 4SS5 G V3 s 1 ulsui¥) Al s Gl Lantusd)
Slow 4las; &Y s microprecipitation s s las pH=7.4 4ga) s alall can aiia 24 Le Jsf oS Aiall Jas 4 sie 5 5S; bads ( pH=4) i
e W5 A A 7 g ety gl ae oS0 A o (aSil s Gila 7.4 i a5 e Ol oS0 Aiad) il ol (IS 43 1 5La 15,08 release
act as a long acting insulin 4l ) adis &l juall
o Maximum effect after 4-5 h
o Prolonged duration of action (24 h).
N2 .
o | o Once daily.
o Produce broad plasma concentration plateau (low continuous insulin level)
o Glargine must be used in regimens with rapid or short acting insulins.
% Advantages over intermediate-acting insulins:
o Constant circulating insulin over 24 hr.
m - -
g, o with no peak (peakless profile) (an advantage for Lantus) -
k) secreted normally in healthy human W ¢l sy 536 4l Hil Julasd (Constant basal rated) s f4) b 4ie il
c .
c>; o Produce flat prolonged hypoglycemic effect.
3 o (reduced risk of nocturnal hypoglycemia) - Safer than NPH & Lente
insulins = why? Bc the effect of hypoglycemia is less than intermediate acting
insulin, Why? hypoglycemial cuu 4 &a,al (b 58 a2 be a8 0l pud¥) 58 5 don dom oy 4Y

Lines of treatment:

Fast or ultra-short & regular insulin >

b s Y2l Y Al 8 e ¥ ageadind WIe de ja 38T Lo $haa s il e cala |y JSYI U8 Ao

Intermediate >

Aans IS U8 ST il 4 asall A G sl 8 e nglall adl w3V CST opan Wiy ) s

Long >

POV IS glie ol )y o ;»ﬁyf! Olila s a0 8 ai yu Sl 48y ¢3S 1S adla Jfl 5 8an 550 aal Jniy e G casall (B35 5 50 40
Ay JS 8 S| @) dll aghac




Insulin Dosing considerations

» Blood glucose monitoring is required in all patients receiving insulin.
* Rotate injection sites within the same region. - bc of lipodystrophy risk.
* Insulin should be stored in refrigerator and warm up to room temp before use.

Complications of Insulin Therapy

» Weight gain (due to anabolic
effects of insulin )

* Insulin resistance.

» Hypokalemia

* Hypoglycemia - with all types except long acting.
* Hypersensitivity reactions.
* Lipodystrophy at injection site

Summary from Dr’s slides

Insulin analogues are used to treat type | diabetes.

~

o Fast acting insulins (Lispro, Aspart)
given s.c. or i.v., produce fast action, used to mimic postprandial insulin.

J
e
® Short acting insulin (Regular insulin)
given s.c. or 1.v. produce rapid action, used to mimic postprandial insulin.
y
e . . . .
PY Intermediate acting insulin (Ilente, Isophane)
produce slower action, than regular insulin,
given s.c. not i.v. )
e . : . .
Long acting insulins (glargine, detemir)
produce constant circulating insulin over 24 hr with no peak (peakless
profile), s.c. not i.v. )
".l'::i's’in Insulin aspart, insulin lispro
gl ne
llhgularinsulin NPH insulin
-]
F o
oz Insulin glargine (20-24 hrs)
23 Insulin detemir (12-24 hrs)
52
g l
1
24

Figure 24.7
Onset and duration of action of human insulin and insulin analogs. NPH = neutral protamine Hagedorn.




+ Beef Insulin :Differs from human insulin by 3 amino acids (antigenic).
3 + Porcine Insulin:Differs by one amino acid (antigenic )
g * Human Insulin analogues :Prepared by recombinant DNA techniques.
3 Less immunogenic.
Modifications of amino acid sequence of human insulin can change pharmacokinetics.
G % Can not be given orally (why ?)
« 6 2 | Insulin syringes (s.c., arms, abdomen, thighs).
2 S 4 | Portable pin injector (pre-filled).
é E % Continuous S.C. infusion (insulin pump).More convenient ,Eliminate multiple daily injection
% 2 | ,Programmed to deliver basal rate of insulin.
S % | L.V (in a hyperglycemic emergency)
,§ Basal level of endogenous insulin is 5-15 pU/ml.
=5 Half life of circulating insulin is 3-5 min.
i< % 60% liver & 40% kidney (endogenous insulin)
a 60% kidney & 40% liver (exogenous insulin)

Types of insulin preparations

Differs in pharmacokinetic properties mainly : 1) Rate of absorption (Onset of action).
2) Duration of action.
Variation is due to: 1) Change of amino acid sequence. 2) Size and composition of insulin crystals in

preparations.

Preparation

A- Ultra-Short acting insulin Lispro, aspart,

B- Short-acting (regular)
insulins

lulisine . .
g e.g. Humulin R, Novolin R
Physical . .
characteristics Clear solution at neutral pH Clear solution at neutral pH
Chemistry Monomeric analogue Hexameric analogue

Route & fime of
administration

S.C. 5 min (no more than 15 min) before meal
[.V. in emergency
(e.g. diabetic ketoacidosis)

S.C. 30 — 45 min before meal
I.V. in emergency
(e.g. diabetic ketoacidosis)

Onset of action

Fast 5—15min (S.C)

rapid 30 — 45 min (S.C)

Peak level 30 -90 min 2—4hr
Duration 3 -5 hr Shorter 6 -8 hr longer
2 — 3 times/daypostprandial hyperglycemia &
emergency diabetic ketoacidosis
2 — 3 times/ day
U] Advantages of Insulin Lispro vs Regular Insulin : postprandial hyperglycemia &

administration

Rapid onset of action (due to rapid absorption)

Reduced risk of postprandial hypoglycemia
and hyperinsulinemia (due to shorter duration of

action, no more than 3-4 hrs regardless of dose).

emergency diabetic
ketoacidosis




Types of insulin preparations cont.

5 C- Intermediate acting insulins D- Long acting insulins
O C o o
86 N Insulin glargine (lantus),
0 : : Lente insulin . . :
b Isophane (NPH) insulin o L oyl Insulin detemir (Levemir)
Insulin glargine (lantus) :
_£ Clear solution BUT forms
0% Turbid : |py | Turbid suspension at precipitate (hexamer) at
O
<
O absorbed less rapidly than
NPH & Lente insulin.
Insulin mixtures
NPH/regular insulin Mixture of:
z 75/25, 70/30 , 50/50 30% semilente insulin
= (NPL= NPH / lispro) (NPA= NPH / (amorphous precipitate of zinc
I \ o -
9 aspart) insulin in acetate buffer)
9 NPL & NPA have the same duration 70% ultralente insulin (poorly
as NPH soluble crystal of zinc insulin)
Have two peaks
Given S.C. only not Given S.C., not Given s.C., not intravenously
ROA | . . Once daily
intravenously intravenously
Onset .
c;f 1-2 h. (1-3 h) Delayed Slow onset of action 2 h.
acrtion
reOk Peak serum level 4-8 h after 4-5h
evel
buration | 13-18 h. 13-20 h Prolonged duration of action (24 h)
Can not be used in ketoacidosis not used in diabetic - Produce broad plasma
5 or emergency ketoacidosis or emergency. concentration plateau I(low
o Lente and NPH insulins are equivalent in activity continuous insulin leve).
z Glargine must be used in
8 . Cor}.sltant circulating insulin over 24 hr with no peak (peakless acting insulins
S profile). . - Should not be mixed with
2 = Produce flat prolonged hypoglycemic effect. ther i lins in th
= Safer than NPH & Lente insulins 0 gr INSUIiNS In the same
= (reduced risk of nocturnal hypoglycemia). syrninge

Insulin Dosing considerations:

. Blood glucose monitoring is required in all patients receiving insulin

. Rotate injection sites within the same region.
. Insulin should be stored in refrigerator and warm up to room temp before use.

Complications of Insulin Therapy:

Hypoglycemia, Hypersensitivity reactions, Lipodystrophy at injection site, Weight gain (due to anabolic effects of
insulin), Insulin resistance, Hypokalemia.

To sum up: Insulin analogues are used to treat type | diabetes.
Fast acting insulins (lispro, aspart), given s.c. or i,.v., produce fast action, used to mimic postprandial insulin.

Short acting insulin (Regular insulin), given s.c. or i.v. produce rapid action, used to mimic postprandial insulin.
Intermediate acting insulin (lente, Isophane) produce slower action, than regular insulin, given s.c. not i.v.

Long acting insulins (glargine, detemir) produce constant circulating insulin over 24 hr with no peak (peakless profile),
S.C. Not i.v.




INSULINS
+ Rapid-acting: Lispro,
aspart, glulisine
* Short-acting: Regular
* Intermediate-acting:
NPH
* Long-acting: Detemir,
glargine

Extra summaries

e Patients with type 1 diabetes require long-term insulin:

— an intermediate-acting preparation (e.g. isophane
insulin) or a long-acting analogue (e.g. glargine) is
often combined with soluble insulin or a short-acting
analogue (e.g. lispro) taken before meals.

¢ Soluble insulin is used (intravenously) in emergency
treatment of hyperglycaemic emergencies (e.g. diabetic
ketoacidosis).

e Approximately one-third of patients with type 2 diabetes
ultimately benefit from insulin.

e Short-term treatment of patients with type 2 diabetes or
impaired glucose tolerance during intercurrent events
(e.g. operations, infections, myocardial infarction).

¢ During pregnancy, for gestational diabetes not
controlled by diet alone.

* Emergency treatment of hyperkalaemia: insulin is given
with glucose to lower extracellular K via redistribution
into cells.

e Exenatide for type 2 diabetes in addition to oral agents
to improve control and lose weight.

. J

Mechanism of Action Effects Clinical Applications

Activate insulin receptor Reduce circulating glucose

* promote glucose transport
and oxidation; glycogen,
lipid, protein synthesis; and
regulation of gene expression

Type 1 and type 2
diabetes

SUMMARY Drugs Used for Diabetes

Pharmacokinetics,
Toxicities, Interactions

Parenteral (SC or IV) +
duration varies (see text)
Toxicity: Hypoglycemia,
weight gain, lipodystrophy
(rare)




MCQs

1- Which of the following statements is correct regarding insulin glargine?
A- It is primarily used to conftrol postprandial hyperglycemia.

B- It is a “peakless” insulin.

C- The prolonged duration of activity is due to slow dissociation from albumin.
D- It should not be used in a regimen with insulin lispro or glulisine.

2- The duration of action of insulin-zinc suspension (lente insulin) is:
A-3-5h

B- 6-8 h

C-13-18h

D- 20-40 h

3- Action of Insulin does not include the following:
A- Facilitation of glucose transport into cells

B- Facilitation of glycogen synthesis by liver

C- Facilitation of neoglucogenesis by liver

D- Inhibition of lipolysis in adipose tissue

4- The primary route of administration of insulin is:
A- Intradermal

B- Subcutaneous

C- Intramuscular

D- Infravenous

5- The most common adverse reaction to insulin is:
A- Hypoglycemia

B- Lipodystrophy

C- Urticaria

D- Angioedema

6- Insulin therapy is required for the following category/ categories of type 2 diabetes
mellitus patients:

A- Patients with ketoacidosis

B- Patients undergoing surgery

C- Pregnant diabetic

D- All of the above

7- Which of the following measures is not an essential component of the management
of moderately severe diabetic ketoacidosis:

A- Insulin

B- Intravenous fluid

C- Potassium

D- Sodium bicarbonate

8- The monocomponent insulin preparations differ from the conventional preparations
in the following respects except:

A- They are less allergenic

B- They cause less hypoglycaemic reactions

C- They cause less lipodystrophy

D- They are less liable to induce insulin resistanc

Answers: 1-B 2-C 3-C 4B 5-A 6D 7-D 8-B




MCQs

9- A 28-year-old man who is obese is found to have a hemoglobin Alc of 9.5%. He has
been unable to adequately control his blood sugar with diet and exercise alone. His
physician wishes to prescribe an insulin product to help control his blood sugar level.
Which of the following is the longest acting to provide this patient a low, baseline insulin
dose that will last throughout the day?

A- Insulin aspart

B- Insulin glargine

C- Insulin lispro

D- NPH insulin

10- A 15-year-old boy who has diabetes and is insulin dependent is brought to the
emergency department after collapsing at a baseball game. His blood sugar is 463
mg/dL by finger stick. Which of the following routes of administration would be most
efficacious for medications to bring the blood sugar down?

A- Oral

B- Subcutaneous

C- Intramuscular

D- Infravenous

11- One of the insulin effects:
A- T Glycogen synthesis

B- | Lipogenesis

C- T protein catabolism

D- A+B

12- The Beef Insulin differ from the human insulin by:
A- One amino acid

B- Three amino acids

C- There is no difference

13- Which of the following drugs is safer for pregnancy?
A- NovolinR

B- Glulisine

C- Lente insulin

14- Which of the following drugs reaches peak levels in 30-90 minutes?
A- NPH

B- Glulisine

C- Detemir

15- Which of following drugs has an onset of action within 30-45 minutes?
A- Lispro
B- Lente
C- Glargine
D- Novolin R

Answers: 9-B 10-D 11-A 12-B 13-A 14-B
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