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THE MAIN PRINCIPLES OF INSULIN THERAPY
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The article describes the main indications for insulin therapy, insulin agents and their characteristics
depending on the origin, methods of producing and action duration. The article elucidates the methods of
insulin injection and injection technique. Also, this article presents the insulin therapy regimen: the
conventional and basal-bolus therapy, the daily insulin demand depending on the DM period and its
distribution throughout a day. Besides, the article deals with the morning hyperglycemia syndromes, their
differential diagnostics and therapeutic approach.
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3ATAJIbHI TPUHIUIIN THCYJITHOTEPAIIII
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XapkiBchKuii HanioHansHUH yHiBepcuTeT iMeHi B. H. Kapasina, Ykpaina

VY crarTi npeacTaBlieHi OCHOBHI MOKa3aHHsI A0 MIPU3HAYEHHs 1HCYTiHOTEpanii, nmpenapary iHCyliHa Ta iX
XapaKTePUCTUKH 3aJI©KHO BiJl MOXOIKEHHS, METOJY OTPHMaHHS 1 TpHBaJoCTi Jii. BUCBiTIEHO muTaHHA
crocoOy BBEJEHHS 1HCYJIIHY Ta TeXHIKM BUKOHAHHS 1H'ekiii. OmIcaHO peXUMU 1HCYTIHOTEpaIii: TpaauliiHa
i 6a3ucHO - OONOCHA, BHM3HAuYeHHS J000BOI MOTpeOM B IHCYINiHI B 3aJeXHOCTI BiJ mepiomy mepediry
IYKPOBOTO AiabeTy Ta HOro po3MOMAia HMPOTATOM JHS. PO3MISHYTO CHHAPOMHU PAHKOBOI TilEprIiKeMii, ix
nudepeHIliifHa JiarHOCTUKA Ta TAKTUKA JTIKYBaHHS.

K/TIO40BI CJIOBA: uykpoBuii niadet 1 Tuiy, iIHCYIiH, CTAaHAapTHA Tepalis, 0a3UCHO-O00IIOCHA Teparlis,
PEeXUMH THCYTiHOTEpamii

OCHOBHBIE ITPUHIIATIBI THCYJINHOTEPAIINN

E. E. Tomuna
XapbKOoBCKUi HalmoHaIbHBIN yHUBepcuTeT umenu B. H. Kapasuna, Ykpauna

B craTtbe MpeACTaBJICHBI OCHOBHBIC IMOKa3aHUA K HA3HAUYCHUIO MHCYJIMHOTEPAIINU, IperiapaTbl MHCYJIUWHA U
X XapaKTCPUCTUKU B 3aBUCHUMOCTU OT IMPOUCXOXKACHUA, MECTOAA IMOTYUCHUA U JJIUTCIBHOCTH I[eﬁCTBPIH.
OCBCH_ICHH BOIIPOCHI crocoba BBCJICHUA MHCYJIMHA W TCXHUKWU BBIITOJTHCHUA WHBEKIINU. Onucansl PEKUMBI
HUHCYJIMHOTEpAIIMU: TpaaulluOHHAA 1 633I/ICHO-60J'HOCHaH, OIIPCACIICHNE CyTO‘IHOﬁ HOTpeGHOCTI/I B MHCYJIMHE
B 3aBUCUMOCTHU OT II€pUoAa TCUCHUA CaXapHOT O I[I/IaGCTa " €ro pacrpeacIiCHUEC B TCUCHNUEC JHA. PaCCMOTpeHI)I
CUHAPOMBI yrpeHHeﬁ TUNICPIIIMKEMUH, UX I[I/I(b(bepeHL[I/IaHI)HaH JUArHOCTHKA U TaKTHUKa JICUCHUA.

K/IFOYEBBIE CJIOBA: caxapubiii quaber 1 Tuma, MHCYIWH, CTaHAapTHas Tepanusl, 0a3ucHO-00II0CHAs
Tepamnus, peKUMbl HHCYITHHOTEPAITH

Besides, up to 40 % of patients with DM

INSULIN THERAPY type 2 (DM-2) are on the insulin [2, 3].
100 % of patients with diabetes mellitus
(DM) type 1 (DM-1) need insulin therapy, as

hyperglycemia that was caused by absolute

GENERAL INDICATIONS FOR INSULIN
THERAPY [1-3]

insulin deficit can be negated only with the 1. DM-1.

help of replacement therapy institution. A diet 2. DM-2, in such cases:

and physical activity are considered only for - progressive weight loss and ketoaci-
insulin dose modification [1, 2]. dosis expansion;

- surgical intensive interference;
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- acute macrovascular complications;
- serious virulent diseases;
- glycemia’s level is more than 15-18
mmol/L;
- permanent lack of compensation in
case of maximum daily dose admini-
stration of tableted antihyperglycemic
drugs;
- advanced stages of the DM’s chronic
complications.
3. Ketoacidotic and hyperosmolar coma.
4. Gestational DM without compensation
achievement.
5. Pancreatectomy.

INSULIN AGENTS’ CLASSIFICATION

Insulin agents are divided by origin and action
duration [3,4].
1. By origin:
1. Of animal origin:
a) Porcine,
b) Beef;
2. Of human origin:
a) Genetically engineered,
b) Semisynthetic;

3. Insulin human analogues - with fixed
pharmacokinetics.

Porcine insulin is distinguished from human
origin insulin by one amino acid and the beef
one - by three amino acids, that leads to its
greater antigenic specificity. Recently animal
origin insulins are rarely used. There are two
methods of producing human insulin: a semi-
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synthetic (with the help of porcine insulin, by
replacing one differ amino acid), and
genetically engineered.

Genetically engineered human insulins are
of the highest quality, as they are produced by
the association of human genome's locus,
responsible for insulin release ,with the yeast
cultures genome or E.coli, that start to produce
human insulin.

Genetically engineered insulins - are agents
of choice in the course of the DM-1 treatment
(especially for the youngsters under the age of
eighteen) [4, 5].

Insulin analogues were obtained in the result
of the amino acids’ misplacement in order to
get fixed pharmakokinetics agents (of ultrashort
and long-act).

Insulin analogues are recommended in cases
of intolerance to other types of insulin and
during the labile DM with a tendency to severe
hypoglycemia.

If the compensation of DM was achieved, it
isn’t recommended to switch to other insulin
types [3].

II. By action duration:

1. Ultrashort-acting (insulin human analo-
gues);

2. Short-acting (regular insulin);

3. Intermediate-acting (Neutral Protamine
Hagedorn);

4. Long-acting (insulin human analogues).

Table 1 describes the characteristics of
insulin agents.

Table 1
Insulin agents’characteristics
Insulin types International Effect
nonproprietary name Onset Peaktime Duration

Insulin lispro

Ultrashort-acting Insulin aspart 5-15 min 1-2h 4-5h
Insulin glulisine

Short-acting Soluble genetically 20-30 min 2-4h 5-6h
engineered human insulin

. . Isophane genetically
Intermediate-acting engineered human insulin 2h 6-10 h 12-16 h
Long-acting %E:EEE flﬁfrll Illre 1-2h - Upto24h
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Ultrashort-acting agent should be injected
immediately preprandial, short-acting - a 30
minute before meals. A short duration effect of
ultrashort  acting insulin  reduces the
hypoglycemia risk [6]. Ultrashort- and short-
acting agents can be injected in a subdermic,
intramusculary and endovenous way [3-7].

Among the intermediate-acting insulin the
most popular agents are those that include
Neutral Protamine Hagedorn (NPH), which
adsorbates insulin noncovalently, reducing its
subcutaneous fat absorption [3].

NPH doesn’t bind insulin’s additional
amounts and as a result it is possible to create
standard mixtures with short-acting insulin
(diphasic genetically engineered human insulin)
and ultrashort insulin analogues (diphasic
insulin lispro and aspart) [7]. It is possible to
combine short- and ultrashort-acting insulins
with protamined insulin in different proportions
such as 25/75, 30/70 or 50/50. Usually only the
first digit is on the product name and it
indicates the percentage of regular insulin, the
second one - attends to NPH insulin.

The advantage of insulin's standard mixtures
is a substitution of two injections for one, the
downside - inability to separate the individual
dosing components out of the mixture [3, 7].

Long-acting insulin analogues provide more
uniform and prolonged agent’s admission from
subdermal repository, than NPH insulin, that
can be injected once a day, regardless of the
time of day. [8].

THE INJECTION TECHNIQUE

In general the success of insulin therapy
depends on strict implementation of injection
technique.

The simplest and the most reliable method is
insulin injection using an insulin syringe. The
method of insulin injection using an automatic
syringe device, which consists of the insulin
cartridge, dose delivery system and skin wheal
needle with the pressure infusor, is more
convenient for patients. For maintenance
therapy insulin should be administered
subcutaneously: short-acting insulin - to the
subcutaneous fat of the abdomen, prolonged -
to the pacefollower of the shoulder or hip. The
needle is to be located at an angle of 45° to the
skin fold, if the thickness of subcutaneous fat
layer exceeds the length of the needle - of 90°.
At the same time, in order to prevent
lipodystrophy, the injection site within the same
zone should be daily changed [3-5, 9].
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Daily-used insulin vials or injection pens
can be stored at indoor temperature during one
month; insulin is to be of indoor temperature
before being injected. Intermediate-acting
insulins (NPH insulins) and ready-made insulin
mixtures should be mixed meticulously before
the injection [9].

The insulin pump usage is one of the insulin
injection methods. It allows to make the basal
insulin injection at the rate of 0.5-1.0 U/h with
the additional insulin injection before meals,
depending on the consumed carbohydrate and
glycemia [3, 7]. The positive aspect of insulin
pump usage is the ability to inject only short-
acting or ultrashort-acting insulin. It is more
physiological, because prolonged insulin
absorption is exposed to large fluctuations [10].
The disadvantages of insulin pump injection
are: inconvenience caused by constant wearing
of a device on the body and long-term presence
of the injection needle in the subcutaneous
tissue. The indications for insulin pump usage
are: decompensated or refractory DM, the dawn
phenomenon patients, pregnant or planning
pregnancy women with DM-1 [9, 10].

INSULIN THERAPY REGIMEN

In arriving at a DM-1 diagnosis, short-
acting insulin is prescribed subcutaneously 4-6
times a day before meals. A few days later it is
necessary to start the combined insulin
injection. The average daily insulin demand in
patients with DM-1 is 40 - 60 units.

In early disease the required amount of
insulin is 0.5-0.6 U/kg.

After insulin therapy initiation the insulin
requirement may even decrease (0.3-0.4 U/kg)
- the «honeymoon period». This period can last
from several weeks to several years (on ave-
rage for several months), but the autoimmune
destruction of the rest of endocrine pancreas
will inevitably lead to increasing insulin
requirement up to 0.7-0.8 U/kg [3, 4].

The DM-1 decompensation will lead to
even greater insulin demand - 1.0-1.5 U/kg
(3, 4].

Insulin therapy must be individualized in
order to achieve the best control of DM
progression in the setting of the absence of
severe hypoglycemia.

Normally the pancreatic secretes 35-50
units of (0.6-1.2 U per 1 kg body mass) insulin
per day. This secretion is divided into
nutritional or bolus (50-70 % of daily output)
and basal.



The neutralization of postprandial hyper-
glycemia occurs at the expense of food insulin
secretion - about 1-2.5 U per 10-12 g of
carbohydrates (= 1 bread unit -BU). 2.0-2.5
units of insulin are secreted at 1 BU during
breakfast, 1.0-1.5 units at lunch and 1.0 unit at
diner. It is connected with the greatest activity
of counter-insulin hormones in the morning
(3, 4].

Basal insulin secretion (with a rate of 1 U/h)
provides an optimal level of glycemia between
meals and during a sleep.

The conventional insulin therapy involves
the usage of standard mixtures with a fixed
dose of insulin, which is more preferable for
patients with DM- 2 [3, 4, 7].

Intensive insulin therapy with flexible choice of
the dose which depends on glycemia and on the
amount of carbohydrates in food is more
approximated to a physiological insulin
secretion [11]. The need for basal insulin
secretion is provided by two intermediate-
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acting insulin injections (%5 in the morning and
5 in the evening) or a single injection of long-
acting insulin (does not matter in what time of
day). A daily dose of basal insulin should not
be more than a half of agent's total daily
requirement (%5 - Y2). Food insulin secretion is
replaced by short-acting or ultra short-acting
insulin before each meal (Y% at dinner, the
remaining dose is divided roughly in two parts
between breakfast and lunch), taking into
account the amount of carbohydrates which the
patient is going to take during the meal. Not all
carbohydrates are taken into account, but only
«carb counting», such as: fruits, potatoes,
grains, sweet and liquid milk products. You can
count a matching insulin dose with the help of
special exchange tables that were developed for
the patients’ convenience (tab. 2). For each BU,
that is planned to be eaten, 2 U of insulin
should be injected in the morning, 1,5 U at
lunch and 1U at dinner [3, 4, 7].

Table 2
The exchange table of products containing 1 BU
Product description Portion size Dimension

Milk, kefir, curdled milk, whey 1 cup 250 ml
Cheesecake (medium-sized) 1 75 g
Ice-cream % of portion 65¢g
Boiled groats (porridge) 2 tablespoons 50g
Vermicelli, noodles, elbows 1,5 tablespoons
Bread, small loaves except buns 1 25-30 g
Pancakes with cheese 1
Sand sugar 1 tablespoon 12¢g
Refined sugar 2-2,5 pcs 12g
Mashed potatoes 1-1,5 tablespoons
Fried potatoes 1,5-2 tablespoons
Carrot (large) 3
Kidney bean 7 tablespoons 120 g
Beetroot (large) 1
Banana (with peel weight) 0,5 90 g
Pear 1 90-100g
Melon 300 g
Watermelon 400 g
Peach (medium-sized) 1 120 g
Apricots, blue plums (medium-sized) 3 120 g
Mandarines, oranges 1 170 g
Apples(medium-sized) 1 100-120 g
Strawberries (medium-sized) 10 120 g
Cherry (large) 15 120 g
Strawberries, blackberries, raspberries, black

) . 1 cup 100 g
currants, gooseberries, cranberries
Apple juice, grapefruit and orange juice 0,5 cup 100 g
Dumplings 4 pcs
Cooked sausage, sausages 100 g
Cutlet (medium-sized) 1
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A short-acting and long-acting insulin doze
depends on the amount of eaten carbohydrates
(BU) and glucose level before the injection.
While meal, containing 1 BU increases
glycemia at 1.6-2.2 mmol/L, the injection of
insulin (1U) reduces it to the same level. Short-
acting insulin is injected with morning dose of
NPH insulin. Evening dose of NPH insulin is
prescribed for 22-23 hours. It is necessary to
consider the probability of typical phenomena
development during the selection of evening
intermediate-acting insulin dose.

The dawn phenomenon 1is morning
hyperglycemia associated with the lack of
evening prolonged insulin dose, in the setting of
increasing morning insulin requirement [3, 4,
12, 13].

The Somogyi effect also occurs through
morning hyperglycemia and develops after the
precursory  hypoglycemia. The excessive
evening dose of prolonged insulin leads to night
hypoglycemia (between 2:00 and 4:00 a.m.),
when the counter-insular hormones level is
minimal and tissues are the most sensitive to
insulin. During this period hypoglycemia
stimulates the compensatory release of counter-
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And as conclusion I would like to quote the
words of a German doctor Michel Berger:
«Diabetes is not a disease but a way of life.
Sick with diabetes — all the same that drive the
car on a busy road — be aware traffic rules».
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