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The application of insulin analogues in the treatment of type 2 diabetes mellitus:
the focus on the cardio protection

We have investigated 20 patients with type 2 diabetes, with an average age of 58,0 + 4,32 years, with disease
duration of 6,29 + 1,28 years. The carbohydrate metabolism was estimated: fasting blood glucose and 2 hours
later after meal, glycosylated hemoglobin (HbA1C). For the purpose of determine the safety of insulin ana-
logues, have been studied biochemical parameters of blood before and after 3 months of therapy. The basic
criterion of the safety of the therapy within 3 months of application study of insulin analogues was the num-
ber of daytime and nighttime hypoglycaemia, as well as the dynamics of body weight during the study period.
Structural and functional state of the left parts of heart was assessed by echocardiography and dopplerography
of transmitral blood flow. For all patients were assigned insulin analogues, the average daily dose was
32,4 + 2,8 units, particularly rapid-acting insulin aspart (Novorapid) and acting insulin detemir (Levemir).
Analogs of human insulin had a favorable effect on carbohydrate metabolism and reduced the incidence of
nocturnal hypoglycemia. Also, there was a trend to improvement of the structural parameters and left ventric-
ular diastolic function in patients with type 2 diabetes after treatment with insulin analogues. Application of
insulin analogues have proven the safety of the insulin group in terms of prevention of hypoglycemia, which
has a positive effect on cardiovascular events in the outcome of the treatment of diabetes.

Key words: diabetes mellitus type 2, fasting blood glucose level, postprandial hyperglycemia, glycosylated
haemoglobin, insulin analogues.

The problem of diabetes mellitus (DM) has become «pandemic», and the number of patients as per the
IDF Diabetes Atlas (2012) is 366 million (6.6 %). According to the expert forecast, that number of the pa-
tients with diabetes can raise up to 552 million (8 %) by 2030. In-growth is going to occur almost exclusive-
ly at the expense of patients with the type 2 diabetes mellitus in both developed countries and the developing
countries [1, 2]. In 2010, in the Republic of Uzbekistan there were 117,240 (0.45 %) patients with diabetes
mellitus registered; however, the results of epidemiological studies showed that in fact the number of pa-
tients was 10 times higher [3]. The large social significance of diabetes is that it leads to early disability and
mortality at the expense of late vascular complications.

There are two underlying endocrine defects in the pathogenesis of this disease: impaired insulin produc-
tion and peripheral insulin resistance. It is the insulin resistance which causes the excessive hepatic glucose
production manifested, in particular, by morning hyperglycemia [4]. Hyperglycemia is an independent risk
factor for late macro- and micro vascular complications in type 2 diabetes mellitus, as well as one of the ma-
jor risk factors for mortality in cardiovascular diseases [5, 6].

Given the scale of developing epidemic of DM there is an urgent need to develop an effective therapeu-
tic algorithm of blood-glucose-lowering treatment, which allows achieving the compensation of carbohy-
drate metabolism and preventing the development of severe vascular complications of this disease. At that,
the efficacy of blood-glucose-lowering action of drugs concomitantly with their safety (both short-and long-
term) for patients should be the priority in the selection of therapeutic agents. The presence of severe com-
plications of DM, especially, of cardiovascular ones, imposes certain restrictions on setting individual goals
of glycemic control. The results of studies such as ACCORD, VADT, ADVANCE and UKPDS (which also
involved Russian endocrinology and cardiology centers), show that in the presence of cardiovascular com-
plications the achievement of normoglycemia is dangerous due to the development of hypoglycemia result-
ing in cardio-cerebrovascular outcomes [7].

The chronic, relentlessly progressive nature of the type 2 diabetes course inevitably leads to the fact that
sooner or later most patients with diabetes are unable to achieve or maintain an optimal long-term glycemic
control with the help of diet therapy and medications (oral blood-glucose-lowering drugs) [8, 9]. The retro-
spective analysis of the UKPDS shows that about 50 % of B-cells in the pancreas have been destroyed and
have lost their function by the time of the diagnosis of the type 2 diabetes [10]. With the development of the
disease, the function of remaining B-cells in the pancreas becomes worse and, therefore the majority of pa-
tients require an adequate blood-glucose-lowering therapy [11]. However, within six years from the time of
the diagnosis, as the disease progresses, most patients need an insulin therapy [12].
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Over the past decade, the treatment approaches have changed. The importance of an individualized ap-
proach is increasing. Regardless of the age at which the diagnosis is established, DM is a lifelong disease,
and the patients should follow the particulars of the treatment. Current data indicate the existence of the ef-
fect of «metabolic memory» whereby even short periods of poor glycemic control at the onset of the disease
may increase the risk of future complications and long-term adverse outcomes, especially in respect of the
cardiovascular system [13, 14]. Other studies emphasize the negative impact of hypoglycemia caused by an
intensive insulin therapy on the cardiovascular system and mortality of patients with the type 2 DM. This
issue remains unresolved; the available data are contradictory and not clear [7]. The individualized therapeu-
tic approach recommended today in diabetes mellitus implies an optimal balance of the efficacy and risk of
adverse events for each patient [15].

The type 2 diabetes is a progressive disease. The stage of insulin hypersecretion is replaced by the stage
of «exhaustion»; during this period, an insulin deficiency occurs, and the patient begins to need an insulin
therapy. Different types of insulin are used for the initiation of an insulin therapy and its further intensifica-
tion. More than 80 years have passed since insulin was discovered. The first commercial insulin preparations
were far from ideal, however, the rapid improvement in the technology led to the appearance of highly puri-
fied animal insulins, long-acting insulins, and finally, the recombinant human insulin. The completion of the
DCCT and UKPDS studies, which demonstrated the ability to prevent the development and progression of
diabetic complications with the tight glycemic control, was an important event for diabetology. At the same
time, the shortcomings of standard insulin preparations, which did not provide the required flexibility of the
therapy and often caused hypoglycemia when trying to normalize the level of HbAlc, became apparent. To-
day, modern genetic engineering technologies allow making changes to the structure of recombinant protein
molecules and getting modified insulins (analogues). The first decade of the XXI century was an epoch of
the rapid and widespread introduction of insulin analogues, as the most physiologic and effective drugs to
replace a relative and absolute insulin deficiency [16, 3].

The reasons of poor compensation of the type 2 diabetes are varied, and not least related to economic
factors, the organization of health care, etc. However, the special barriers to an effective therapy of diabetes
are caused by the peculiarities of the perception of the treatment process by both patients and medical per-
sonnel. There is a «psychological insulin resistance» to a pathogenetically associated insulin therapy in the
type 2 diabetes, not only in the patients but also in doctors. This situation often leads to a late prescription of
insulin on the background of the progressive course of the disease and formed severe complications of diabe-
tes, when it is impossible to significantly improve the prognosis. The phenomenon of «clinical inertia» (the
delayed start and intensification of insulin therapy) is now well-known and experts define it primarily as a
medical problem [8]. Naturally, for the doctor, there are many quite rational concerns about the prescription
and treatment with insulin, especially concerns regarding hypoglycemia and weight gain. However, these
adverse events are actually a natural consequence of the effective action of insulin. It is impossible to com-
pletely get rid of them, and the minimization of these effects is the most important task. It is not allowed to
neglect the achievement of compensation trying to avoid adverse events [8]. The selection of insulin prepara-
tions with least side effects, a simple mode of administration and available algorithms of the dose titration is
one of the most effective ways to prevent both clinical inertia and psychological insulin resistance. On that
score, the insulin analogues that have recently been introduced into the wide clinical practice for the treat-
ment of DM are preferable. Every year, these preparations become widely popular among both doctors and
patients. This is due to their high efficacy, good safety profile and physiological insulin secretion. The clini-
cal efficacy of insulin analogues is determined by the following criteria: the binding to insulin receptors in
target tissues, the metabolic / mitogenic potency ratio, biochemical and physical activity and immunogenici-
ty. One of the preparations for the treatment of DM is Detemir (the trade name is Levemir), which is classi-
fied among acylated long-acting recombinant human insulin analogues. The results of pharmacodynamic
studies have shown that detemir has a more predictable blood-glucose-lowering effect than other basal
insulins. The results of several international clinical trials have convincingly shown that the use of Levemir
is safe and effective in the patients with type 2 diabetes at the initiation of insulin therapy as a single agent
and in combination with oral blood-glucose-lowering agents [9].

The combination of basal and rapid-acting insulin analogues creates a more physiologic profile of ac-
tion than the regular human insulin, and it is used to improve the efficacy and tolerability.

The information on the effect of insulin on the cardiovascular system in type 2 diabetes is very contra-
dictory. Despite the fact that an insulin therapy is considered the standard for glycemic control in high insu-
lin resistance, the use of insulin is not always beneficial for patients with cardiovascular diseases because of
the possible development of hypoglycemia [4, 17-20]. However, the results of numerous randomized clinical
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trials indicate that a significant improvement of glycemic control under the therapy with insulin analogues is
associated with a very low incidence of severe and nocturnal hypoglycemia and almost no risk of severe hy-
poglycemia in the monotherapy with Levemir® insulin. What is one of the measures to prevent the progres-
sion of cardiovascular diseases in people with type 2 diabetes? In light of the facts above, we decided to
evaluate the effect of insulin analogues on both carbohydrate metabolism and structural-functional parame-
ters of the cardiovascular system in the patients with type 2 diabetes.

The aim of the study was to investigate the effect of insulin analogues on the diastolic dysfunction and
structural-functional parameters of the left ventricular myocardium in the patients with type 2 diabetes.

Material and methods. The study included 20 patients with moderate type 2 diabetes, the average age of
58.0 &+ 4.32 years, disease duration of 6.29 + 1.28 years, who received inpatient treatment in the endocrinolo-
gy department of clinic No.3 of Tashkent Medical Academy. The degree of compensation of carbohydrate
metabolism was evaluated taking into account the fasting blood glucose levels and the blood glucose levels
in 2 hours after a meal, as well as by determining the glycosylated hemoglobin level (HbA1C). In order to
determine the safety of insulin analogues, the levels of ALT, AST, creatinine, blood urea were investigated
before the therapy and after 3 months of the therapy. The number of diurnal and nocturnal hypoglycemic
states within 3 months of using the studied insulin analogues, as well as the dynamics of the body weight
change during the period of the study was the main criterion of the safety of the therapy conducted. All the
patients were assigned to insulin analogues, namely, aspart (NovoRapid) — an ultrashort-acting insulin and
detemir (Levemir) — prolonged-acting insulin, at an average daily dose of 32.4 + 2.8 units.

The structural-functional state of the left parts of the heart was assessed by the echocardiography and
Doppler ultrasound of the transmitral blood flow [21-24, 15]. The investigation was conducted at Sonos ul-
trasonic cardiograph produced in the USA, with the dopplerographic attachment. The structural parameters
of the heart were determined during the investigation in the one-dimensional mode. The pulsed Doppler
EchoCG was conducted using B-mode EchoCG [25]. The transmitral blood flow was recorded from the api-
cal 5- or 4-chamber view. The left atrial (LA) end-diastolic dimension and left ventricular end-diastolic di-
mension, the thickness (mm) of the left ventricular posterior wall (LVPW) and interventricular septum (IVS)
in diastole, left ventricular end-diastolic volume (LV EDV, ml), left ventricular ejection fraction (LVEF, %)
were determined in the echocardiography [5]. The left ventricular mass (LVM, g) was determined by the
formula of Devereux R., Reichek N. (1977); the left ventricular mass index (LVMI, g/m?): the LVM / body
surface area ratio (Devereux R., 1984); left ventricular relative wall thickness index (LV RWTI, mm): the
sum of the thickness of LVPW and IVS / LV EDD ratio. The transmitral diastolic flow was investigated to
assess the left ventricular diastolic function: the peak of the LV rapid diastolic filling (VE, m/sec.) / peak of
active atrial filling (VA, m/sec.) ratio — VE/VA or E/A.This study of the patients with type 2 diabetes was
carried out before the treatment and after 3 months of the treatment with the insulin analogues.

Results. The analysis of changes in the measures of carbohydrate metabolism, body mass index (BMI),
and a daily dose of insulin after 3 months of insulin therapy, was performed (Table 1).

Table 1

The analysis of changes in the measures of carbohydrate metabolism, body mass index (BMI),
and a daily dose of insulin after 3 months of insulin therapy

Measures Before the treatment, n=20 After the treatment, n=20
Fasting blood glucose, mmol/L 8.87+0.82 6.5+0.53*
Postprandial blood glucose, mmol/L 10.68+1.01 8.61+1.48
Glycosylated hemoglobin, % 9.72+£3.2 7.240.9*
BMI, kg/m” 30.7+0.96 30.1+0.95
Daily dose of insulin, units/day 32.4£2.8 34.4+4.3

Note. The significance between the groups before and after the treatment: * p < 0.05.

The measures of carbohydrate metabolism, such as, fasting blood glucose, postprandial blood glucose,
glycosylated hemoglobin after the insulin therapy decreased by 26.7 %, 19.4 %, 25.9 % respectively. Under
the treatment with insulin analogues, the body mass index (BMI) remained unaltered. The daily dose in-
creased by 6.2 % taking into account the titration of insulin.

The levels of ALT, AST, creatinine, and blood urea were measured before and after the administration
to determine the effect of the insulin analogues on the liver and kidney functions (Table 2).
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Table 2
Measures of liver and kidney functions under the therapy with the insulin analogues
Measures Before the treatment, n=20 After the treatment, n=20
ALT, U/L 21.3+3.43 23.56+1.76
AST, U/L 1742.47 18+2.03
Creatinine, mcmol/l 70.68+5.75 69.28+7.17
Urea, mmol /1 6.06+0.79 6.38+0.79

According to the findings of the study, no significant effect on the liver and kidney functions was
found.

The incidence of hypoglycemic states is an independent measure of the safety of the replacement insu-
lin therapy conducted (Table 3).

Table 3
The incidence of hypoglycemic states
Diurnal, % Nocturnal, %
Baseline After 3 months Baseline After 3 months
25.2 234 29.3 13.5%

Note. The significance between the groups at baseline and after 3 months. * p <0.05.

Based on the anamnestic data it was found that after 3 months, under the intensive metabolic control of
the disease, there is a slight decrease in the incidence of diurnal hypoglycemia. Meanwhile, it was a very signif-
icant fact that the incidence of the nocturnal hypoglycemia decreased by almost 2 times; it was 13.5 % versus
29.3 %, which was primarily due to the positive pharmacodynamic properties of the insulin analogues.

There was a trend towards the improvement of the left ventricular structural parameters and diastolic
function in the patients with type 2 diabetes after the treatment with the insulin analogues. The following
changes were observed: the left atrial diameter decreased by 1.9 % and the left ventricular end-diastolic vol-
ume (LV EDV) — by 4.4 %; the thickness of the interventricular septum (IVS) was reduced by 2.9 % and
the left ventricular posterior wall (LVPW) — by 3.24 % and the relative wall thickness (RWT) — by 1.8 %.
The reduction of the wall thickness and internal volume of the cavity of the left ventricle resulted in the de-
crease in the left ventricular mass index (LVMI) by 6.1 %. In investigating the LV diastolic function, the
significant increase in the PE by16.4 % and the decrease in the PA by 5.7 % were found, as well as the in-
crease in the E / A ratio by 24 %; that is the evidence of the improved diastolic function.

The LV structure and diastolic function changed under the treatment with the insulin analogues (Table 4).

Table 4

The structural and functional state of the cardio-vascular system in the patients with type 2 diabetes
under the treatment with the insulin analogues

Parameters Before the treatment, n=20 After the treatment, n=20
LA, cm 3.81+0.16 3.744+0.3
IVS, cm 1.04+0.02 1.0120.02
LVPW, cm 0.96+0.03 0.9340.01
LV EDV, ml 129.0+6.41 123.4+5.12
LVMI 132.742.51 124.7+£3.51%*
RWT, rel.u. 0.40+0.01 0.39+0.01
EDV/LVM 0.57+0.03 0.59+0.04
LV EF,% 58.3+1.65 60.1+1.62
LV PE, msec 0.42+0.02 0.49+0.01*
LV PA, msec 0.53+0.02 0.50+0.01*
PE/PA, s.u. 0.79+0.03 0.98+0.03*

Note. The significance of differences before and after the treatment: *p < 0.05.
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Discussion. Thus, according to our study, the efficacy and safety of human insulin analogues when used
in the patients with the type 2 diabetes, were proved, as well as the trend towards the improvement of the left
ventricular structural parameters and diastolic function was observed.

According to Veterans Affairs Diabetes Trial (VADT), it was found that pronounced hypoglycemic re-
actions in the type 2 DM were the main predictors of myocardial infarction, stroke and death from all causes
[26]. The maintenance of the compensation of DM providing a HbAlc level of less than 6.5 % was the start-
ing point for planning the large-scale multicenter randomized two-factor study — ACCORD (Action to Con-
trol Cardiovascular Risk in Diabetes), as the primary role of hyperglycemia in the pathogenesis of
angiopathy proceeding with the affection of both small and large vessels was proved. When analyzing the
overall mortality rate it was observed that in the total group of patients with type 2 diabetes, in patients with-
out hypoglycemic episodes it was 1.2 % per year, and in the presence of hypoglycemia — 3.3 % per year.
Moreover, in both branches of the study, the mortality was higher in subgroups with recorded hypoglycemic
episodes (2.8 vs. 1.3 % per year in the intensive-control group and 4.9 % versus 1.1 % per year in the stand-
ard —control group). Thus, the mortality was higher in the patients with recorded hypoglycemic episodes re-
gardless of a therapeutic strategy. In the risk assessment it was determined that the risk of death was higher
in the group of intensive hypoglycemic therapy, in individuals without recorded hypoglycemic episodes,
whereas in the group of standard therapy, the mortality was highest in the patients with recorded hypoglyce-
mia.

It was concluded that it is hypoglycemia that causes an increase in the risk of negative cardiac out-
comes.

The relative risk of myocardial infarction (MI) associated with undergone episodes of severe hypogly-
cemia | year before Ml is 12 %, 5.5 months before MI is 20 %, 2 weeks before MI is 65 % [27].

The consensus the ADA and the scientific analysis of the American College of Cardiology and the
American Heart Association: severe hypoglycemia is considered as the most likely reason for the increase in
the cardiovascular mortality in the group of intensive glycemic control [27].

The death from hypoglycemia may be mistaken for the death from acute coronary syndrome, as it is
generally not preceded by the measurement of the blood glucose level. Anatomical and morphological post-
mortem signs of hypoglycemia are absent.

Despite the fact that the results may indicate that the decrease in the blood glucose levels to the average
HbAlc level of 6.5 % s as a result of the treatment does not reduce the risk of macrovascular events, these
data do not detract from the benefit which can be derived as a result of the obtained significant difference
between the groups of intensive and standard controls in reducing the risk of total events — serious macro —
and microvascular events in the group of intensive therapy.

Thus, hypoglycemic episodes have a negative impact on the course of DM, not only from the standpoint
of the difficulties in achieving the compensation, but cause an increased risk of acute cardiovascular events.
Cardiovascular events increase the probability of death, cause difficulties in providing the compensation for
diabetes and initiate the development of microvascular complications also resulting in a negative progno-
sis [28].

Our findings in respect of the effect of the insulin analogues on the structural-functional parameters
once again proved the safety of this insulin group in terms of the prevention of hypoglycemia, and that has a
positive effect on the cardiovascular events in the treatment outcome of diabetes.

Conclusions:

1. The human insulin analogues had a beneficial effect on the carbohydrate metabolism: significantly
reduced the fasting glucose, postprandial blood glucose, led to the reduction of glycosylated hemoglobin
compared to the baseline values by 25.9 %, which certainly indicates a high clinical efficacy of insulin ana-
logues in the treatment of diabetes.

2. No effect on the liver and kidney functions in the application of the insulin analogues was found.

3. The application of insulin analogues in the treatment of type 2 diabetes mellitus helped to reduce the
incidence of nocturnal hypoglycemia by 15.3 %.

4. There was a trend towards the improvement of the left ventricular structural parameters and diastolic
function in the patients with the type 2 diabetes after the treatment with the insulin analogues: the left atrial
diameter decreased by 1.9 %, the LV EDV — by 4.4 %; the IVS was reduced by 2.9 %, the LVPW — by
3.24 %, the RWT — by 1.8 %, the LVMI — by 6.1 %; the increase in the PE was by16.4 %, the decrease in
the PA — by 5.7 %, the increase in the E / A ratio — by 24 %; that is the evidence of the trend towards the
improved diastolic function.
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5. The application of the insulin analogues proved the safety of this group of insulins in terms of the
prevention of hypoglycemia, and that has a positive effect on cardiovascular events in the treatment outcome
of diabetes.
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J.K.Haxxmyrnunosa, H.A Kynparosa

JAuabeTTiH 2-TYpiH eMeyAe HHCYJIHMH 0ajlaMaJIapbIH KOJJIAHY:
KApANONPOTEeKUMAFa Ha3ap ayAapy

Bizain 3eprreyimisre amaberTiH 2-TypiMeH aybIpaThlH opTaiua jxactarbl 58,0+4,32 jxac, aypy Y3aKThIFbI
6,29+1,28 20 Haykac 3eprreninai. Kemipcy anMacybl: amkapblHaa KaHIarbl TJIOKO3a )KOHE TaMaKTaH KeHiH
2 cararraH coH mmKo3upieHreH remorinoomH (HbA1C) Oaramangel. VHCynIMH aHamorsl Kayinci3airin
aHBIKTAay MaKCaThIH/a TepalusFa IeiiH jkoHe 3 aiilaH COH KaHHBIH OHOXMMMSUIBIK KOPCETKILITEPI 3ePTTEIIi.
XKyprizinren Tepanust HeTi3ri Kayinci3gik KpUTEpUii peTiHge HHCYINH aHaJOTHIH 3 aif Mep3iMze KolJaHFaH-
HaH KeWiH, KYH/I3ri )KOHE TYHI'| THIOTIMKEMHUSUIBIK KYil CaHbI KOHE 3epTTeY Ke3CHIHCT] JAeHE calMarbIHbIH
JMHAMHUKACHI ecerke anbIHAbL JKYpeKkTiH cou xak 6eiMiHiH KYpbUIbIMABIK-(GYHKINOHAIABIK Kyl Jomiepo-
rpadusi TpaHCMUTpaabl KaHarbichl jkoHe DxoKI kemerimen Oaranmanzipl. bapniblk aypynapra HHCYJIMH
aHAJIOThI JKEKeNlel ayFaHaa yibTpakbicka oceputi acnapt (HoBopamun) »oHe y3apThUIFaH ocepili IeTeMup
uncynuti (Jlesemup) opramra Toymikrik Mesmepae 32,4+2,8 EJI 6ekitinai. Axam HHCYJIMHI aHAIOTH KOMipCy
aJIMacybIHa JKaFbIMABI 9Cep eTill, TYHII THUIOTJINKEeMHUs KUUITiHIH ToMeHeyiHe acep erTi. COHBIMEH KaTap
HHCYJIMH QHAJIIOTBIMEH EMJCYJACH COH, NuaberTTiH 2-Typi aypyJiapbIHBIH COJ KapbIHIIAHBIH AHACTOJNAJIBIK
GYHKUMACHI MEH KYPBUIBIMABIK HapaMeTpiepiHiH jKakcapy TeHICHLMsCH Oalkanabl. VHCYIHH aHalIOrbIH
KoJjaHy auaberTi emuey GapbIChIHIA XKYPEK KaHTaMbIPFa )KaFrbIMIBI 9CEp CTill, TUIOTJIMKEMHSHBIH all[bIH
allyaa MHCYJIUH Kayilci3airi aanenaeHi.

J.K.Haxxmyrnunosa, H.A Kynparosa

IpuMeHeHne aHAJIOTOB HHCYJIMHA B JICYEHUH CAXapPHOT0 quadeTa TUna 2:
(okyc Ha KAPAMONIPOTEKIHIO

Hamu 6sutn o6¢neroBanst 20 6ompubx CJI THHA 2, co cpenHuM Bo3pactoM 58,0+4,32 riet, ¢ NINTENEHOCTEIO
3aboneBanus 6,29+1,28 roga. beut OlleHEH YTiIeBOAHBIM OOMEH: TITFOKO3bI KPOBU HATOMIAK U [TOCTIE €/IbI Yepe3
2 gaca, rauko3mirposaHHoro remorsioonHa (HbA1C). C nensio onpeneneHus 6e3011aCHOCTH aHAJIOTOB WH-
cynuHa OBUIM HCCIEeNOBaHBI OMOXMMHUYECKUE MOKa3aTeNll KPOBH 10 U depe3 3 Mecsina Ttepanud. OCHOBHBIM
KpUTepHeM 0€30I1aCHOCTH NMPOBOAUMOMN Tepanuu ObUIO0 KOJUYECTBO AHEBHBIX U HOYHBIX THIIOTIMKEMUYECKUX
COCTOSIHUH B TedeHHe 3 MecsleB MPUMEHEHUs CCIEAyEMBIX aHAJI0T0B MHCYJIMHA, a TAKKE OTCIEKEHa AUHA-
MMKa Macchl Tela 3a nepuoj ucciaenoBaHus. CTPYKTYpHO-QYHKIHMOHAIBHOE COCTOSHUE JIEBBIX OTIENIOB
cepaua oueHuBanoch ¢ nomouipio OxoKI' u Jlonmueporpagun TpaHCMUTPaAIBLHOTO KPOBOTOKa. Beem 6oiib-
HBIM OBUTM Ha3HAYeHBI aHAJOTW MHCYJIMHA B CpefHed cyrouHoil nmose 32,4+2,8 EJI, B 4acTHOCTH, HHCYIHH
YIBTPAaKOPOTKOTO nercTBus acrnapTt (HoBopammm) m MHCYIHMH NpoJuIeHHOTO AeiicTBus neremup (JIeBemmup).
AHAJIOTH YeJI0OBEYECKOTO MHCYJIMHA OKa3bIBAIN OJIArONPHUSITHOE BIMSHUE HA YIIIEBOAHBIN OOMEH, CIIOCOOCT-
BOBAJIN CHIDKEHHIO YacTOTH HOYHBIX THITOTTIMKeMUH. Takxke OblIa OTMEUCHA TCHAEHNUS K YIydIICHUIO Ha-
pPaMeTpOB CTPYKTYPHI U TMACTOJIMYECKOH (YHKIMH JIEBOTO Kelynouka y OonpHbeIx CJI THIa 2 mocine nedeHus
aHaroraMu MHCynIuHA. IIpyMeHeHne aHanoroB MHCYJIHHA JOKa3alo 0e30MacHOCTh JaHHOM IPYMINbl HHCYIIH-
HOB B IUIaHE NMPOQHUIAKTHKY TUIIOTJINKEMHUHM, YTO ONAromnpusiTHO BIUAET Ha CEPAEUHO-COCYANUCThIE COOBITHS B
UCXO0jie JeUeHHs Auabera.
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