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Preface

Diabetes mellitus is a severe disease, and its prevalence is dramatically increasing world-wide. The
complications associated with the disease include cardiovascular disease, blindness, amputations, end-stage
renal disease, kidney dialysis, and kidney transplantations and present major public-health problems. Fur-
thermore, diabetes costs are exceeding meanwhile billions of dollars annually and put tremendous burden on
national health care systems. Recent years have seen a significant progress in basic knowledge on diabetes
due to enormous research efforts, making possible the development of new technology and therapeutics for
diabetes management and care.

It was just diabetes research, when Dr. G.A.Meyramov from the Karaganda State University joined me
in 1977 in Karlsburg and started out to study how tryptophan metabolites could induce diabetes in animals.
Since then we look back on a very fruitful cooperation between the Karaganda State University and the Insti-
tute of Diabetes Karlsburg.

It was a landmark decision of the Faculty of Biology of the University and the Publishing House of this
journal to issue a volume focusing on problems in diabetes. Of note, this is the first time in the history of Ka-
zakhstan and Central Asia that there is a special issue of this distinguished journal, exclusively devoted to
diabetes research. The Editors of this journal, by inviting contributions from international as well as national
diabetes experts, made an important step in enhancing and disseminating knowledge about diabetes but, be-
yond that, lay emphasis on care and management of diabetes in Kazakhstan.

We trust that readers will welcome the present issue and benefit from the contributions herein provided
by experts in the field.

Prof. Klaus-Dieter Kohnert, MD, PhD Prof. Gabit G.Meyramov, MD, PhD
Institute of Diabetes «Gerhardt Katschy, Karaganda State University,
Karlsburg, Germany Karaganda, Kazakhstan
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BIOLOGY

UDC 616.379-008.64-07:616

K.-D.Kohnertl, P.Heinkel, L‘Vogtz, E.-] .Freysel, L.Kohnert® ,
G.G.Meyramov”, E.Salzsieder' *

!Institute of Diabetes «Gerhardt Katschy, Karlsburg, Germany;
’Diabetes Service Center, Karlsburg, Germany;
*Hochschule Neubrandenburg, Neubrandenburg, Germany
*Diabetes Research Group, Ye.A.Buketov Karaganda State University
(E-mail: kohnert@diabetes-karlsburg.de)

Is early short-term intensive insulin treatment an option
to preserve B-cell function in type 2 diabetes?

Type 2 diabetes mellitus is a complex metabolic disorder characterized by a relative deficiency of insulin in
the presence of hepatic, adipose tissue, and skeletal muscle insulin resistance. The pathological process un-
derlying the B-cell dysfunction occurs already prior to the disease onset. While at the initial stage, 3-cell mass
and insulin secretory function are sufficiently well maintained in the majority of individuals with type 2 dia-
betes, the later stages are characterized by aggravating insulin deficiency. The clinical course of the disease
requires escalating therapy with oral drugs over time and eventually consistent application of insulin at the
late stage for control of glycemia. Oral therapies are quite effective in improving the short-term insulin secre-
tory capacity, but are incapable of preventing the inexorable decline in B-cell function during diabetes pro-
gression. On the other hand, long-term use of antidiabetic agents is not without various side effects. Since a
series of clinical trials have recently shown that implementation of short-term intensive insulin therapy in in-
dividuals with newly diagnosed type 2 diabetes can drastically improve and preserve -cell function and in-
duce glycemic remission, this treatment strategy has gained considerable interest. However, whether early in-
tensive treatment with insulin can really provide longer-term protection of the pancreatic B-cells and may be
preferable to other therapy modalities is a question that is not yet clearly established and requires appropriate
clinical studies.

Key words: 3-cells function, type 2 diabetes, short-term intensive insulin treatment, glycemic remission.

Diabetes mellitus is a complex metabolic disorder that is characterized by absolute (type 1 diabetes) or
relative (type 2 diabetes) deficiency of insulin. Autoimmune-mediated processes trigger dysfunction and ear-
ly destruction of pancreatic B-cells in type 1 diabetes, whereas gradual reduction in B-cell mass, defective
insulin secretion and sensitivity are the main factors causing initiation and progression of type 2 diabetes. An
early indication of the failing B-cell is the progressive deterioration of glucoregulation with excessive glu-
cose excursion after carbohydrate ingestion and the sequential occurrence of sustained chronic hyperglyce-
mia at postprandial times and during fasting periods. By the time the disease is clinically diagnosed, B-cell
mass and B-cell function have declined by 25-60 % [1]. Early functional alterations of B-cells in individuals
with type 2 diabetes characteristically include reduced or absent first-phase insulin/C-peptide response to
glucose and blunted or delayed insulin/C-peptide release during a mixed-meal test. Chronic sustained hyper-
glycemia has been shown to exert deleterious effects on the B-cells via several pathological pathways, among
which apoptosis induced by glucotoxicity is the most harmful lesion. 3-Cell function, i.e. glycemic control,
declines more rapidly in poorly controlled than in well-controlled diabetes, as has been documented in the
Diabetes Control and Complication Trial (DCCT/EDIC) [2] and the United Kingdom Prospective Diabetes
Study (UKPDS) [3]. On the other hand, these trials demonstrated that intensive therapy creates a metabolic
memory that slows down the development of diabetic complications. The question arises whether strict gly-
cemic control early in the history of dysglycemia is able to normalize or at least preserve the residual B-cell
function over longer times. A wealth of data from numerous experimental and clinical studies has suggested

«Biology. Medicine. Geography» Series. No. 2(78)/2015 7
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that reducing any hyperglycemic stress, either induced by sustained chronic hyperglycemia or excessive glu-
cose variability, leads to amelioration of the B-cell function [4]. These data provide hope that the factors me-
diating B-cell preservation can eventually be identified.

f3-Cell failure in type 2 diabetes

The functional and structural alterations of B-cells in type 2 diabetes are progressive in nature. Mild
postprandial hyperglycemia is the earliest metabolic defect observed in individuals with impaired glucose
tolerance. It is of note that, at this stage, the decline in B-cell function is associated with little increase in pe-
ripheral insulin resistance, as reported by Kahn [5] and Gastadelli et al. [6]. As disturbance of glucose home-
ostasis progresses, postprandial glucose excursions become excessive and prolonged, followed by
hypersecretion of insulin to compensate for peripheral insulin resistance. These prandial abnormalities in
glucose regulation indicate a deficit in first-phase insulin secretion, which gives rise to insufficient suppres-
sion of hepatic glucose production. The resulting hyperglycemia launches a pathological process in which
both B-cell mass and function are greatly lost and insulin substitution becomes unavoidable for patients” sur-
vival. Interestingly, the rapidity of the functional decline depends on a variety of environmental as well as
genetic factors. A summary of the potentially most important factors to be involved in B-cell dysfunction is
shown in Figure 1.

Chronic
hyperglycemia
+ Glycemic
variability

Genetic Intrauterine
mechanisms circumstances

R-Cell
dysfunction

Insulin
resistance

High fat
diet

Figure 1. Synopsis of potentially negative factors contributing to -cell dysfunction in type 2 diabetes
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Figure 2. Relationship between B-cell function measured as disposition index (DI) during withdrawal of ral
antihyperglycemic agents and hemoglobin Alc values in a cohort of non-insulin treated type 2 diabetic patients
(n =54). The regression line was obtained by nonlinear regression analysis as DI = 4526.8exp(—0. HbAlc); r = 0.683,
P <0.0001 (Kohnert et al. unpublished data)
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According to current knowledge, there is no doubt that hyperglycemia and excessive fluctuation in glu-
cose levels are main contributors to B-cell failure [7]. Figure 2 shows that B3-cell function (Disposition index)
declines in an exponential manner with worsening long-term glucose control (HbAlc), and patients with
HbA Ic levels in the range of 5.0-6.5 % maintain better preserved B-cell function than those above this range,
as indicated by higher disposition index values. It should be noted that the disposition index is the most com-
prehensive measure to express B-cell function, because it takes whole-body insulin resistance into account.

The pathway from sustained chronic hyperglycemia, increased glycemic variability, and elevated non-
esterified fatty acids to B-cell damage includes glucolipotoxicity, generation of oxidative stress and
nitrosative stress through excessive production of reactive oxygen (ROS) and reactive nitrogen species
(RNS), respectively [8]. The unbalanced formation of ROS and RNS species promotes lipid peroxidation,
protein oxidation, mitochondrial and genomic DNA damage. Furthermore, the interference with signal trans-
duction pathways can lead to B-cell damage by a various mechanisms [9]. In contrast to animal experiments,
evidence for the clinical importance of these processes in humans is so far lacking. Nevertheless, type 2 dia-
betic islets were shown to contain significantly higher concentrations of stress markers than pancreatic islets
obtained from non-diabetic donors, suggesting a causal link between increased oxidative stress and de-
creased glucose-stimulated insulin secretion. The very low levels of intracellular antioxydant enzymes, such
as catalase, glutathione peroxidase, and superoxide dismutase [10] may explain the high vulnerability against
ROS and RNS and subsequent changes resulting in a variety of cellular dysfunctions and finally B-cell apop-
tosis. Butler et al. [11] ascribed the mechanism responsible for reduced B-cell volume to a 3- to 10-fold in-
crease in the rate of apoptosis, they observed in obese patients with type 2 diabetes as compared to lean
nondiabetic subjects.

Genome-wide association studies identified several risk loci for type 2 diabetes [12], and it has been
shown that some genetic risk variants (i.e., TCF7L2, KCNJ11, CDKAL1) act through perturbation of glu-
cose-stimulated insulin secretion. CDKALI, for example, is strongly expressed in the endoplasmic reticulum
and Golgi apparatus in the B-cell and may affect insulin secretion by causing stress and mitochondrial disrup-
tion due to misfolding or defective processing of proteins [13]. BMI-associated variants such as FTO were
found to be implicated in regulation of lipid levels [14] and can thus modulate insulin resistance.

Insulin resistance is already established in individuals who are prone to develop type 2 diabetes but still
having normal glucose tolerance. High fat diet and its metabolic consequences of increased body mass index
are the critical factors in the development of insulin resistance. In order to compensate for the elevated insen-
sitivity of skeletal muscle and liver, B-cells are forced to hypersecrete insulin owing to chronic sustained hy-
perglycemia. This vicious cycle creates endoplasmic reticulum stress, probably triggering an apoptotic signal
with subsequent destruction of B-cells. It should be noted; however, that insulin resistance can also exist
without B-cell dysfunction.

Of the several mechanisms, which have been proposed to induce B-cell failure in type 2 diabetes, vari-
ous components of an inflammatory process are likely to be involved [15, 16]. The observation of amyloid
deposits and fibrosis in pancreas section from patients with type 2 diabetes [17] is a strong indication for the
occurrence of inflammatory processes in islets. Furthermore, it could be shown by Boni-Schnetzler et al. [18]
that hyperglycemia increases interleukin-18 production at the protein level, a factor that contributes to
glucotoxicity. In the presence of elevated glucose concentrations, lipids have shown to exert deleterious ef-
fects on B-cells, and cytokines (i.e., TNFa, interleukin-6, and leptin) secreted by fat cells may act directly or
via activation of the innate immune system [19].

B-Cell dysfunction can already originate in utero. Even though there are conflicting reports in the litera-
ture, several studies in small-for-gestational-age neonates demonstrated defects in glucose homeostasis [20];
and a study conducted by Nicolini et al. [21] in intrauterine growth restricted fetuses at 26—33 weeks of ges-
tation found a complete absence of the first-phase insulin secretion, whereas Wang et al. [22] reported higher
plasma insulin concentrations in small-forestational-age infants at 72 hours post partal. Indeed, the preva-
lence of type 2 diabetes is higher in individuals who had been exposed to intrauterine growth restriction dur-
ing fetal development. Although the underlying mechanism for disturbances in glucose homeostasis occur-
ring in small-for-gestational-age infants postnatal or later in life are not well understood, fetal under nutrition
associated with placental insufficiency appears to be the primary cause.

Antidiabetic therapy and reversibility of -cell dysfunction
Although it has been shown that reversal of B-cell failure and insulin resistance can be achieved without

any antidiabetic medication, merely by dietary energy restriction [23], this treatment strategy requires long-
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term adherence and does not work in most individuals with type 2 diabetes. Thus pharmacologic intervention
is inevitable to control hyperglycemia. Despite growing numbers of antidiabetic agents, the ideal drug that
normalizes levels of glycemia throughout day and night is not yet available. In type 2 diabetes, a stepwise
approach is routinely used to manage glycemic control. However, this approach has been questioned as it
does not ensure consistently good glycemic control in the majority of patients. The «A Diabetes Outcome
Progression Trial» (ADOPT) demonstrated, for example, that regardless of the oral drug initially used,
monotherapy failed to a remarkable extent. The incidence of secondary therapy failure at five years was
34 %, 21 % and 15 % for glyburide, metformin, and rosiglitazone, respectively [24]. Two main conclusions
can be derived from these outc- omes: (1) the therapeutic approach did not address the pathological mecha-
nisms, i.e., progressive declining B-cell function and (2) monotherapy with oral drugs will surely fail at some
time during disease advancement.

Glucagon-like peptide 1 (GLP-1) receptor agonists have shown promising positive effects on B-cell
function and even on B-cell mass [25]. In a randomized clinical trial, Bunck et al. [26] investigated metabolic
effects of exenatide in metformin-treated type 2 diabetic patients. Although these authors observed im-
provement of B-cell function and glycemic control during one year of treatment, this effect was not sus-
tained; B-cell function and glycemia returned to pretreatment levels at 4 weeks after drug discontinuation.
Moreover, in a recent, randomized controlled trial, Gudipaty and coauthors [27] evaluated the B-cell secreto-
ry capacity of exenatide with glimepiride as a comparator early in the course of type 2 diabetes and found
that the acute insulin response to arginine remained unchanged after 6 months of treatment with exenatide,
whereas the sulfonylurea increased the B-cell secretory capacity.

Analyzing the burden of treatment failure in type 2 diabetes, Brown et al. [28] came to the conclusion
that treatment needs to be changed earlier and less likely to fail. As a consequence, antidiabetic therapy both
capable of correcting the patho- genetic B-cell abnormalities, as outlined by Del Prato and colleagues [29],
and timely provided may ensure glycemic stability. The proposal by DeFronzo et al. [30] to initiate triple
therapy with antidiabetic agents at the earliest stage of the disease is further reaching and in line with the
multifactorial nature of type 2 diabetes, as outlined above in Fig 1. A strategy capturing several of the indi-
cated factors at once, e.g., insulin resistance, inflammation, glucotoxicity, and lipotoxicity might be more
efficacious than customary stepwise approaches to achieve long-term glycemic control. However, justifica-
tion for implementation of such an early combination treatment requires large long-term clinical trials.

Initiation of early insulin therapy—potential benefits and negative consequences

The beneficial effect of insulin administration shortly after onset of diabetes has been demonstrated in
experimental as well as clinical studies. For example, in pre-hyperglycemic animals and models for type 2
diabetes, insulin administration to normalize glycemia produced improvement of B-cell secretory function
and islet insulin content [31, 32]. In 1996, Kobayashi and colleagues [33] already reported that small doses
of subcutaneous insulin prevented progressive B-cell failure in patients with Latent Autoimmune Diabetes of
Adults (LADA) over a follow-up of 30 months. Actually, insulin has been shown to be capable of preventing
B-cell defects [34] by reduction of glucolipotoxicity [35, 36] and inhibition of oxidative stress, as recently
shown by Monnier et al. [37].

In the past ten years, several studies have shown that administration of insulin either shortly after onset
or early in the course of the disease can improve both B-cell secretory function and insulin resistance [38—
44]. Table summarizes trials that were published from 2003 to 2012 and in which B-cell function has been
assessed, using established methods. It is interesting that in some clinical trials in which initial treatments
with insulin and oral hypoglycemic agents were compared head-to-head, both treatment modalities achieved
comparable glycemic control. However, the drug-free remission with insulin exceeded by far that attained
with oral drugs, for example, 62.5 vs. 0.5 %, at 12 months in the study performed by Chandra et al. [45], and
similar studies also showed that B-cell function parameters proved to be better preserved in the insulin than
in the oral drug-treated groups [46, 47]. It is also interesting that chronic supplementation of the long-acting
insulin glargin produced improvement in the first- and second-phase insulin secretion in type 2 diabetic pa-
tients with mean disease duration of 4.6 years, whereas acute insulin injections reduced glucose-induced in-
sulin response [48]. Harrison and colleagues [49] evaluated B-cell function in drug-naive patients with newly
diagnosed type 2 diabetes prior to and 42 months after treatment with insulin and metformin or a combina-
tion of metformin, glyburide, and pioglitazone. As the authors did not find any significant change in C-
peptide or C-peptide/glucose ratios during the study, they concluded that B-cell function could be preserved
at least for 42 months by either treatment.
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A recent meta-analysis [50] has confirmed that early short-term intensified insulin treatment can im-
prove B-cell function and decrease insulin resistance. Nonetheless, it must also be recognized that the clinical
outcomes among the patients revealed a heterogeneous response. Given the phenotypic heterogeneity of type
2 diabetes, it is conceivable that not all participants in the studies listed in Table, but a variable percentage —
on the average 58 % after 1 year [34] — did achieve and maintain a drug-free period of euglycemia, i.e. re-
versibility of B-cell function after the short intensified insulin treatment. It is thus most important to figure
out the key determinants and mechanisms of improvement in B-cell function. Kramer and colleagues [51]
performed a study in type 2 diabetic patients with mean 3-year disease duration and well-controlled
glycemia, using intensive insulin treatment consisting of basal and premeal insulin. They found that baseline
HbAlc and change in insulin resistance (HOMA-IR) were independent predictors of reversibility of B-cell
dysfunction. This suggests that elevated glucose concentrations per se (i.e., HbAlc levels) accelerate decline
of B-cell capacity, as displayed in Fig. 1, and that lowering of insulin resistance importantly contributes to
the reversibility of insulin secretory function. The pathophysiological basis for early use of insulin has been
presented in reviews by Rolla [52] and Joffe et al. [53].

Considering the study outcomes in favor of early intensive insulin therapy, one might ask whether this
treatment modality does have negative consequences.

Because of the phenotypic heterogeneity of type 2 diabetes, it is conceivable that not all patients will
benefit from early insulin therapy. As pointed out by Lebovitz [54], patients who initially presenting with
severe hyperglycemia will take most advantage of it. Intensive glycemic control has been associated with
increased incidence of hypoglycemia [55]. However, patients in the Kramer study [51] had very low rates of
hypoglycemia (< 3.9 mmol/L), which might reflect the moderating contribution of the endogenous insulin
reserve, as the authors emphasized. Initiation of insulin therapy in a later stage of disease progression, fol-
lowing failure of oral antidiabetic drugs, requires usually higher doses than in an early stage to control
glycemia and thus increases the risk of hypoglycemia and weight gain. Gain in body weight and insulin
treatment go often hand in hand and has been shown to be influenced, for example, by baseline HbAlc, the
therapy regimen applied, treatment duration, and oral drugs used in combination with insulin. Use of lower
insulin doses has the advantage of hampering weight gain [56]. Thus, the dosage used in early short-term
intensive insulin treatment is unlikely to provoke weight gain in patients with type 2 diabetes.

Conclusions

Based on pathophysiological evidence, initiation of insulin therapy is evidently the most effective strat-
egy to control glycemia. Insulin has the unique capability of correcting factors involved in the progressive
decline of B-cell function, such as first-phase insulin secretion, insulin resistance, glucolipotoxicity, and in-
flammation. A number of recent studies have clearly demonstrated that early short-term insulin therapy may
modify the disease progression by protecting and restoring B-cell function. The benefits of insulin therapy
are still offered to late, i.e. when B-cell mass and function are largely lost. It is of utmost importance to pre-
serve B-cell function in order to maintain good glycemic control to prevent late diabetes complications and
improve patients” quality of life. As the response to short-term intensive insulin treatment is variable, pheno-
type-targeted therapy may be required to gain the biggest advantage from this intervention. More studies will
certainly be needed to verify the current findings and clarify the question whether early intensive treatment
with insulin can really alter disease progression by providing long-term protection of B-cell function.
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Kbicka Mep3imMae MHCYJIMHMEH KapPKbIHAbI eM/ey JuadeT aypybIHbIH 2-TYpi
JKaFAaibIHAa f-KacyliajJapAbIH KbI3METIH caKTay MYMKIHAIT 001611 TA0bLIAABI Ma?

Muabertin (cycambipibia) 2-Typi Oayblpaa, Mail yINachlHIa jKOHE KaHKa OYIIIBIK €TTEpiHAe WHCYIMHHIH
CaJIbICTHIPMAJIbl JKETKUTIKCI3IriMEH CHUIATTaNaThbIH 3aT aJMacyAblH Kypaeni Oy3butybl OOJbIN TaObLIabI.
B-kacymanapapiH AUCQYHKUIHMACHIHBIH HETIi3iHACr] MaTONOTHSUIBIK IPOLECC aypyaAblH OacTamybl KesiHae
Gaiikananpl. Jlereumen B-kacymranap/pIH KoHE HHCYIMH OOJyLIl KbI3MET IHAa0CTTiH 2-TypiMeH aybIpaThiH
KOIITeTeH afamap/a 0acTanKbl Ke3eHIe CaKTANBII, ajl COHFBI Ke3CHep e MHCYJINHHIH JKeTICIIeYIIiiri apTa
tyceni. Ilepopanbabl eMaey WHCYIHH CEKPEIMSCHIHBIH KbICKa Mep3iMIi MYMKIHIIKTEpiH jKakcapTyaa
HEFYpIBIM THIMAI oxic Ooibim TaObutangsl, Oipak AuMa0eTTiH KapKBIHABI eplIyiHme, B-xacymamapasiy
(YHKIMSCHIHBIH QIICIpEYiHIH alAblH alyna Kaykapchld Oonmansl. KiIMHHMKaNBIK 3epTTeynepiiH OipKaTapbl
auabeTTiH 2-Typi ajfail aHBIKTaJIfaH HayKacTapra KbICKa Mep3iMIi KapKbIHABI HMHCYJIMHMEH eMAeY
Tepanuscel B-xacyanapablH (QYHKIMACHIH CaKTall JKOHE KOPCETKIIUTEpAi jKaKcapTa OTBIPHIN, PEMUCCHs
TybIHIAyblHa ceOenkep Oonapl. Anaiiia HaykacTapra KbICKa Mep3iMai KapKbIHIbl MHCYJIMHMEH eMIey
TEepaNMAChl MAHKPEATHTTIK B-xKacymanapably y3aK Mep3iMIi KOPFaHBICHIH KAMTaMachl3 €Te anaJibl Ma JKoHe
eMJICY/IiH THIMI TYpiHe )KaTaMma JIETeH MICelie alJaFrbl KIIMHUKAIBIK 3ePTTEYJICP Il TaJlal eTe .
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K.-JI.Konepr, I1.Xaiiake, JI.®@ort, E.-X.Dpeiize, JI.Konepr, ['.I".Meiipamos, E.3anbuuaep

SBasieTcst 1M KPATKOCPOYHAS MHCYJIMHOTEPANNS CIIOCO0O0M COXpPaHEeHHUs
(Gynkuun B-ki1eTok nmpu caxapuom auadere 2 Tuna?

CaxapHslii 1uader 2 THIIa — CII0KHOE MeTaboIndecKoe 3a00IeBaHIe, XapaKTePH3YIOIEeCs] OTHOCHTEIBHBIM
nebULIUTOM MHCYJIMHA, HApyIICHUSIMH (QYHKLIUM IEYCHHU, KUPOBOH TKAaHH M PE3UCTEHTHOCTH CKEJNETHOH
MYCKYJIaTypbl K HHCYIUHY. [laTonoruyeckuii nporecc, Jexaiuii B OCHOBEe IMCYHKIMK B-KIIeTOK, pa3BUBa-
eTcs elle 10 Havaia nposBieHui 6osiesnn. Ha HauanbHOI craauu Macca B-KIETOK M MX MHCYJIMHIIPOJYLIHU-
pytomas GyHKIHS JOCTaTOYHO XOPOULIO MOJAEPKUBAIOT OOJIBHOTO ¢ AMAabeToM 2 Tuma, OJHAKo Ha Oonee
TIO3THAX CTaIUAX Ne(UIUT UHCYIMHA YCHIMBAeTCS. B KiMHMYeckol cragun TpeOyeTcs yCHICHHE Tepalnuu
Ta0JIeTHPOBAaHHBIMHY IIpENapaTaMy, OJHAKO Ha OoJiee MO3IHUX CTaJUsiIX HEOOXOAUMO IIPUMEHEHNE HHCYIINHA
Ut KOHTpoutst TimkeMud. [lepopanbHast Tepamnus BecbMa 3G (EeKTHBHA IJIsI KPaTKOCPOUHOTO YIydIICHHS CEeK-
peLy HHCYJIMHA, HO HECIIOCOOHA MPENOTBPATUTh HEYMOJMMOE ociabieHne (QyHKIMM KIETOK B IIpoliecce
nporpeccupoBanus quadera. C qpyroil CTOPOHBI, IIUTEIBHOE HCIIOJIB30BAaHNE AaHTHIMA0ETHYECKUX TIpenapa-
TOB HE MO3BOJACT M30exkaTh UX MoOo4yHOro neiictBus. HenaBHUE KIMHMYECKHE MCIIBITAHUS MOKAa3ajd, 4TO
KPaTKOCPOYHAask MHTCHCHBHAs TEPAIMs MHCYJIMHA y JIML C HEAABHO JMarHOCTUPOBAHHBIM THIOM 2 nuabera
MOJKET 3HAUUTEIbHO YIIYYIIUTh U COXPAHUTh QYHKUNUIO B-KIETOK 1 criocoOcTBOBaTh pemuccuu. OHaKo Mo-
XKET JIM paHHEee MHTCHCUBHOE JICYECHHE MHCYJIMHOM JICHCTBHUTEIBPHO 00ECICYHTh 3alIUTy B-KiIeTok Ha Ooee
JUTITENILHBIA TIEPHOJ] 1 IMEET JIM TIPEUMYIIECTBO Tepex APYTUMH BUAAMH TepPaIriyd — 3TO BOIIPOC, KOTOPBIH
TpeOyeT COOTBETCTBYIOMNX KINHUIECKUX HUCCIICIOBAHUH.
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Assessment of glucose profiles in routine diabetes care

The regular documentation of glucose measurements during insulin and / or oral drug therapy, meal intake,
and special events in the daily life are crucial for doctors in the treatment of patients with diabetes mellitus.
Therefore, we developed a method, which allows objective, rapid and comprehensive review of glucose pro-
files for the first time. On the basis of glucose values, either recorded by self-monitoring of blood glucose or
by a continuous glucose monitoring with a sensor system, the Q-Score can easily be computed. Classification
by Q-Score is simple, time-saving, and useful in terms of daily treatment routine. In addition, it involves
analysis of the contribution of individual glycemic components expressed as the Q-Score and enables assess-
ment of therapeutic efficacy. The method for determining the Q-Score, evaluation of glucose readings and
self-control data as well as presentation of results and the therapeutic advancement will be implemented into
the telemedicine information and communication system TeleDIAB®, which is available via world-wide.

Key words: glucose profile, diabetes care, TeleDIAB, sensor system, insulin therapy.

Introduction

HbA ¢ reflects glycemic control of the last 8—12 weeks and is the gold standard in diabetes care. Howe-
ver, the advantage of glucose profiles for the assessment of metabolic control is actually intensively dis-
cussed [1-3]. Among others, glucose profiles allow evaluation of the variability, show trends for hypogly-
cemic events, and can be used to find causal relationships between glucose excursions, therapeutic in-
terventions, and meal intake. Glucose profiles representing the actual metabolic control of the patient and are
suitable to detect deficiencies in the metabolic management. In order to characterize glucose profiles and
find appropriate parameters, a large number of studies have provided a bulk of data. More than 30 metrics
for characterization of glucose profiles were published of which each focused only on a single aspect, e.g.
the variability within one day, the mean glucose level, risk for hypo- or hyperglycemia and the mean of daily
differences in the course of glucose measurements [4—17]. Routine clinical use by calculating up to 30 pa-
rameters for complete characterization of glucose profiles seems to be un- realistic. Moreover, an intra- and
inter-individual comparison of glucose profiles will be difficult or even impossible. Therefore, we have re-
cently developed a method that allows for the first time objective assessment of the quality of glucose pro-
files by calculating one single value, which we call Q-Score [18]. The Q-Score integrates 5 specific compo-
nents of glucose profiles into a single value. Using the Q-score, physicians can obtain both an objective as-
sessment of glucose profiles from their patients and derive therapeutic recommendations to improve glyce-
mic control.

Methods

Using historical data from continuous glucose monitoring (CGM, n = 1562), 15 parameters, which are
considered important for assessment of glucose profiles were calculated. The CGM data were obtained dur-
ing a diabetes care program running from 2006 to 2010 in Germany. In order to identify those factors that
determine the characteristics of the glucose profiles, a factor analysis with principal component analysis and
varimax rotation was performed. This analysis yielded five primary factors that determined the glucose pro-
file characteristics. As shown in Figure 1, these factors are mean glucose, glucose range, hypoglycemia
(thypo), hyperglycemia (thyper), and mean of daily difference (MODD) which were used for constructing
the formula for calculation of the Q-Score.

For practical use, the Q-Score was classified into the following categories: no risk, very low risk, mod-
erate risk, high risk, and dangerous (Figure 2). This classification was verified by evaluation of n = 766
CGM profiles by independent diabetes specialists. They allocated the CGM profiles to one of the classifica-
tions listed below. The results of the classification were highly correlated with the specialists judgement
(Kendall’s tau = 0.671, 0.787 and 0.751; p < 0.001).
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Figure 1. Characteristic metrics of glucose profiles constituting the Q-Score
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Figure 2. Q-Score classifications for assessment of glucose profile

Results and discussion

To probe the «selectivity» of the Q-Scores, glucose profiles of patients with diabetes were assigned to
each of the category indicated in Figure 3. It can be seen that the values of the Q-Score correlated very well
with the quality of glycemic control, as reflected by the glucose profiles of diabetic patients. Unlike the
HbAlc value, regarded as long-term parameter for glycemic control, the Q-Score provides an objective view
of the current metabolic status. For the Q-Score, the following categories were established: «no risk» < 4.0;
«very low risk» 4.0 to 6.0; «moderate risk» from 6.0 to 8.5; «high risk» 8.5 to 12.0; «dangerous» > 12.0.

The assessment of glucose profiles using the Q-Scores shows the attending physician immediately the
current status of metabolic control of his/her patients. Such a profound and grounded evaluation can not be
derived from notebook or diary entries [19]. The calculation of the Q-Score provides an objective assessment
of the glucose profiles whereas the assessment of diary data by more than one people may lead to individual
differences. In contrast to existing services using notebook or diary data providing statistical methods to as-
sist judgment of glycemic control the Q-Score summarizes important components for estimating the risk.
This could be of advantage in routine clinical use.

One might ask what is the advantage of the Q-Score over other evaluation methods have? — Demon-
strated by 3 examples of glucose profiles for each category in Figure 3, it can be seen that the individual glu-
cose profile patterns within a specific category, e.g. in the case of «high risk», are different. This is due to the
fact that, in individual cases, different factors contribute to the classification as «high risk». The profiles of
the middle graph (Q-Score = 8.9) in the category «high risk» are characterized by pronounced hypoglycemic
phases, whereas in the left panel (Q-Score 10.2) hyperglycemia is the main problem for poor metabolic con-
trol. Thus, the Q-Score addresses pertinent problems in relation to the current metabolic control.

As afore-noted, various components are involved in the evaluation of daily glucose profiles and calcula-
tion of the Q-Score, as illustrated in Figure 3. Analysis of the quantitative contribution of each component
provides the therapeutic potential for improvement of glycemic control and can thus be used for personalized
recommendations to overcome weakpoints (Fig. 4).
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Figure 4. Example demonstrating the metabolic components that constitute the Q-Score category

In the example shown in Fig. 4, both the nocturnal hypoglycemia and the large day-time variation of
glucose levels are mainly responsible for the poor metabolic control. The differences between the individual
24-h profiles (MODD) are pronounced only during daytime hours, while at night, almost identical curves
with low glucose levels are observed. This leads to the conclusion that in this case changing eating behavior
may be beneficial to reduce hyperglycemia. The nocturnal phases of hypoglycemia, however, could indicate
that overdosing of antidiabetic medication is the main problem in controlling glycemia. Overall, these exam-
ples demonstrate how valuable evaluation and assessment of glucose profiles could be for a family physi-

cian, using the Q-Score.

For the case shown in Figure 4, the corresponding results of therapeutic interventions based on the Q-
Score analysis are demonstrated in Figure 5. Glucose monitoring after 12 and 24 months was accompanied
by subsequent improvement in the Q-Score, illustrating close relationships between scoring and metabolic

control.

18

1 1 1
therapeutic potential

T
w0 o 0500 wm

© 2013 - DCC Karisburg

Bulletin of the Karaganda University

@@




Assessment of glucose profiles ...

Glukose MBG: 170 mg/dl (9.5 mmol/l)
[mg/dI] [mmol/1]
450 %

MBG

Range : “ “
]
i
]

thypo

thyper

Zielbereich

MODD

0 T T 1
0000 0300 06:00 09:00 1200 16:00 1800 2100 time at baseline

© 2013 - DCC Karlsburg
7

T T
therapeutic potential

Glukose MBG: 173 mg/dl (9.6 mmol/l)
[mgydi] [ 1]
MBG g i)
360 20
Range o
B
2
t hypo %
5 : high risk
t 9 8
hyper . 2 Q-Score = 11.49
)
i N
MODD § 0 ‘ ‘ 0
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 il
o time after 12 month
T T T T T
therapeutic potential
Glukose MBG: 112 mg/dl (6.2 mmol/l)
[mg/dl] [ I/1]
MBG mg el
360 I bt - 20
Range o
2
.g 270+ 15
%}
= N
thypo & | .l : i
o | ™ 0__ low risk
t o \\! Sermey T 5
hyper Ol w W 2 5 3 Q-Score = 5.81
3 IS
MODD § DD(]DO 03:00 06:00 09:00 1200 15:00 18:00 21:00 ti :
ime
© after 24 month

T T T T T
therapeutic potential

Figure 5. Representative example showing change of Q-Score categories along with improvement in glycemia

Especially when glucose measurement is performed with test strips, as it is usually the case in the ma-
jority of patients, objective and comparable assessment of metabolic control could be obtained by using the
KADIS®Program [18] and calculation of the Q-Score. Additional laboratory tests are not required for calcu-
lation of the Q-Score to get the full picture of the patient’s glycemic status. As there are additional therapeu-
tic recommendations that can be derived, the presented approach could be a useful innovation for doctors and
patients. Also the online availability will substantially expand the usefulness of the Q-Scores.
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JAmnabeTTi KYHIeJIKTI eMaey YpaiciHAeri KAHHBIH IJIIOK03a JeHreiiin 0arajay

I'nroxo3aHs! JoHEe MHCYNUHII ONIICYiH HeMece Mepopababl JOpUliK eMey Tociepi, TAMaKThl Maiganany
JKOHE KYH/CIIKTI eMiperi Imapanap/blH TYPaKThl KY)KaTTapblHbIH HOTHKENepi AHabeTHeH aypaTbhlHIapabl
eMIeyJe Jopirepiep YIIiH IIenrynr MaHpisfa we. bi3 rmoko3a JeHrediH OOBEKTHBTI, TE3 IKOHE IKAaJIIbl
KeJeM/1i OaranayIblH kKaHa S/iciH )kacaablK. KaHnaarsl riiroko3a AeHreiin o3iHaik OaKpuiay Ke3iHae alblHFaH
KaHJarbl TJII0KO3a MOJIIepi HeTi3iHae HeMece aTYUKTEp JKYHeciMeH TIIIOKO3ara Y3[iKCi3 MOHH- TOPHHT
kKacay dkoibIMeH Q-KepceTkill »XeHin aHblkTanagsl. Q-Score OoiblHIIA JKyHeney KapamailbM, YakKbIT
yHeMIesne i )KoHe KYHICHIKTI emipae emzeyne Kojaiisl. COHBIMEH KaTap OFaH JKEKEJIeTeH TIIMKeMUSUIBIK
KOMITOHEHTTEp MOHJEpIHIH Taijmaybl Ja Kipemi, on Q-KepceTKill peTiHIe CHIaTTalafbl XoHEe eMIey
TuimMaiirine 6ara oepeni. Q-Score OOWBIHIIA eMICY dici TIFOK03a MEH ©31HIIK TeKCepy KOPCETKIIMITEPiHiH
0arachl oHE HOTIDKEINIeP/ll KOPCEeTy aKIMapaTThIK TeJIeMEHUIIHA JKOHE HHTEPHET JKellici apKbUIbI KOJDKETIMI,
conpaii-ak TeleDIAB R Gaiinansic sxylieci KoMeTriMeH )Ky3ere achIpbIIaThIH 00JIa bl.

P.®orr, K.-JI.Kouept, I1.Ayrmraitn, I1. Xaitnke, C.Pakos,
I'.I".Meiipamos, JI.®orT, E.3ansuuaep

Ounenka npoduJieii rII0OK0361 KPOBH B MPOIlEcce MOBCETHEBHOTO JIeUeHUsI TnadeTa

Perymsipaas peructpanusi mokazaresicii KOHTPOJIS YPOBHS TUIFOKO3BI MIPH TEPAIUU WHCYJIMHOM WM TaOJIeTH-
POBaHHEIMH ITpenapaTaMy, HCIOIb30BAHKUE JUETH U CHCHUAIBHBIC MEPOIIPHATHS B MPOIIECCE JICUCHUS OOJTb-
HBIX KpallHe BaXKHBI JUIs Bpadcil B eueOHOM mporiecce. Hamu paspaboran MeTol, KOTOPBIH MO3BOJISET 00B-
€KTHBHO, OBICTPO U BCEOOBEMITIONIE OLICHUTH NMPOGIIN YPOBHEH IIIIOKO3bI B Havaie jedeHus. Ha ocHose om-
peneNeHHbIX y OOJMBHOTO MOKa3aTeNe YpOBHS IJIIOKO3bI JIMOO MOJIYYEHHBIX IIPHU HCHOJIb30BAaHUU METOAOB
CaMOKOHTPOJIS, HETIPEPHIBHOI'O MOHUTOPUHTA KOHIIEHTPALUH TJIFOKO3BI ¢ TOMOIIBIO JATYMKOB MOYKHO JIETKO
BBIYHCINTE Q-TToKa3arens. Ero onpenenenue ABIseTCS HECIOKHBIM, SKOHOMUT BpeMs, a HCIOIb30BaHUE TI0-
JIE3HO B IpolLecce eXeAHEeBHOM Tepanuu. KpoMe Toro, oH BKIIIOYAeT aHajau3 3HaYCHUS OTIENbHBIX TNIMKEMU-
YeCKHX KOMIIOHEHTOB, BBIPAXKCHHBIX Kak Q-TIOKa3aTellb, U IO3BOJIICT OICHUTh TEPANICBTUICCKYIO S DEKTHB-
HOCTb IIpoliecca JiedeHus. JJanusle onpenenenus: Q-noxas3aTelis, OLEHKA Pe3yJIbTaTOB aHaju3a YPOBHS TJIIO-
KO3BI ¥ JIAHHBIX CAMOKOHTPOJISI OYIyT HCIOJIB30BaThCS B TelIeMeIuInHe U cucteme cBsizu TeleDIAB®, moc-
TYIHOM 4epe3 UHTEPHET.
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Histochemical and immunocytochemical investigation of endocrine tissue
of pancreas after administration of B-cytotoxic chemicals

Authors showed that intravenous injection amino acids Cystein and L-Hystidine prevent in majority of ani-
mals developing of experimental diabetes caused by chemicals formed in B-cells chelat complexes with
Zn"2-ions. It was shown that in all cases administration of these amino acids prior injection of diabetogenic
chelator as Diphe nylthiocarbazon (Dithizon) accompanied by almost complete absence of binding of
Zn"2-ions in B-cells with formation of toxic complexes which result destruction and death of B-cells within
short time. Authors suppose that protective effect is determined by presence in molecules of Cystein and
L-Hystidine of SH-groups reacted with reacted with Zn**-ions in B-cells with forming of not toxic complexes
and not able to forming of complexes with a Dithizon. Authors showed also that from the used various
histochemical and immunocytohistochemical methods insulin staining in B-cell more precise results was ob-
tained using of immunohistochemical and fluorescent Diethylpseudoisocyanine methods. However, Alde-
hyde-fuchsine method and method Victoria 4R more suitable for investigation state of histostructure of pan-
creatic islets.

Key words: pancreas, B-cells, Zn"*-ions, Cystein, L-Hystidine.

Background

Okamoto K. showed that Diphenylthiocarbazone (Dithizon) possess ability for selective destruction of
B-cells accompanied by developing of diabetes within a few days [1]. More later it was showed that injection
of Alloxan, Derivatives of 8-oxyquinolin and Streptosotozin result selective death of B-cells too. Among
methods for investigation result of action of these substances on islets histochemical and
immunocytochemical methods have a few advantages as: 1)detail analysis of state of histostructure of islets;
2) analysis of insulin and Zn"*-ions content and disposition of hormone in cytoplasm of B-cells; 3) reveal the
early histological and histochemical changes in islets. Pancreatic B-cells contained a large amount of
Zn"ions [2-4] as salivary glands and prostate. In B-cells Zn-ions take part in processes of biosynthesis of
insulin as in of storage by forming of Zn"-insulin complex [5, 6]. It is known that Zn"*-ions in B-cells
formed with insulin a deposited form of hormone as Zn"-insulin complex [5]. Proinsulin forms a zinc con-
taining hexamer soon after its synthesis. In addition the zinc ions enhance proinsulin solubility and render
insulin insoluble. Zinc ions also appear to play an important role in the microcrystalline character of the pre-
cipitated insulin granule [1]. Pancreas of rat, rabbit, dog, cat, some fish, human, birds, mice, hamster, por-
cine, hoerst, contained a large amount of Zn"-ions [1]. By electron histochemistry method it was showed
that Zn"-ions concentrated in B-granules only contained deposited form of insulin [7] and that destruction of
B-cells caused by Dithizon, which formed in B-cells toxic complexes with Zn"-ions, started by destruction
of B-granules [8, 9].

Aim of work: to investigate influence of 2 groups of diabetogenic chemicals on histostructure and insu-
lin content in B-cells of pancreatic islets: 1) diabetogenic zinc-binding substances as Diphenyldithio-
carbazone (Dithizon) [DZ] and 8-para(toluenesulphonylamino)quinolin [8PTSQ]; 2) SH-contains amino-
acids as Gluthation Reduced form, Cystein, Hystidine and Na salt of Diethyldithiocarbamic Acid [DDCA];
3) to compare results of staining of islets by various histochemical and immunocytochemical methods as to
compare results of action of diabetogenic substances on B-cells in experiences on animals and on isolated
pancreatic islets.
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Methods

Animals. 14 Rabbits 2240-3050 g, 22 Rats 158-175g and 12 white mice 33-42 g were used.
1. Experiences with Dithizon. 2. Experiences with 8PTSQ. 3. Experiences with Na salt of Diethyl-
dithiocarbamic Acid [DDCA]. 4. Experiences with Cystein and Hystidine.

Dithizon [DZ] as 8PTSQ possess a high chemical affinity for Zn"*-ions and in vitro formed color com-
plexes as Zn"*-chelator [1, 2]. 8TSQ formed fluorescent green complexes with Zn™-ions visible using fluo-
rescent microscopy and Dithizone formed red DZ-Zn"*-ions complex visible using dark microscopy. Maxi-
mum of absorbance of Zn"-DZ complex on spectrum of absorbance correspond for 530 nm [3]. 8PTSQ is
very sensitive for revealing of Zn"*-ions in solutions contained minimal concentrations as 107—10"° of
Zn"-ions and is used for color revealing of its in solutions. Diabetogenic properties of all these substances
were established previously and determined by ability to form complex salt with Zn"-ions in cytoplasm of
B-cells that result necrosis and death of cells within short time [4, 5].

Na salt of Diethyldithiocarbamic Acid [DDCA] possess a high affinity for Zn"*-ions too [17]. DDCA
formed not toxic for B-cells complex with Zn-ions and not result developing of experimental diabetes [8].
Contrary, binding of Zn"*-ions by DDCA, injected in dose of 1000 mg per kg body weight animals protect
B-cells in 95 %-100 % animals of death and of developing of diabetes caused by DZ and diabetogenic deriv-
atives of 8-oxyquinolin for 12-24h [5].

Preparing of solutions

Preparing of 8PTSQ solution: 25 mg. of 8PTSQ (Inst. High Pure Chemicals, Moscow) was dissolved in
65 % Ethanol on +70° Celsium and injected to Rabbits 35,5-38,8 mg/kg [9]. Preparing of DDCA solution:
1000 mg of DDCA (MERCK, Germany) dissolved in 10 ml of bidistillate.

Frozen sections of Rat’s Pancreas 4 mcm were investigated 10 min past injection using dark microsco-
py. Intensity of staining was measured by photometer. 2™ part of pancreas tissue was fixed in Ethanol 70 %
contained dissolved H,S; paraffin sections of tissue were stained by 0,4 % acetone solution of 8PTSQ [6] and
were investigated on fluorescent microscope.

Pancreas tissue was fixed in Bouin 24h. Staining technologies. Following methods were used for stain-
ing 4-5 mcm paraffin sections of pancreas.

Aldehyde-fucshine method by Gomori G. Violet granules in cytoplasm of B-cells correspond to depos-
ited form of insulin [10—13].Intensity of color of cytoplasm of B-cells directly correspond to insulin content
in cytoplasm [12—13]. Insulin content was calculated as parameter K=AB1/AB2 where: AB1 — density of
staining of intact B-cells; AB1 — density of staining of B-cells past action of diabetogenic chemicals (calcu-
lated as 1,00).

Diethylpseudoisocyanine fluorescent method. Schiebler T. and Schiessler S. showed that A chair of ox-
idized insulin reacted with Diethylpseudoisocyanine chloride with formation of red fluorescent complex
which fluoresces in UV light 360-370 nm. We have used modernized by Coalson R.E. method [14-15].

This method method is used not often, that is why we offer the detailed description of staining proce-
dures. Preparing of staining solution: 0,04 % water solution of Diethylpseudoisocyanine (SERVA, Germa-
ny). Staining procedures: 1) deparaffinization of sections in xylol; 2) alcohol 90°, 80°, 70° 1 min in each;
3) washing in cold water; 4) oxidation 0,5-2 min; oxidation solution: 5 ml of 5 % H,SO4+ 5 ml 2,5 % solu-
tion of KMnO, + 30 ml bidistillate at +28° Celsius; 5) washing in cold water; 6) 5 % solution of oxalic ac-
id — 5 sec; 6) washing in 2 portions of cold water; 7) 0,04 % cold solution of Diethylpseudoisocyanine —
20 min in refrigerator at +4° Celsius; 8) washing in cold water 5 min; 9) store in refrigerator 1,5-3 h. Insulin
content was calculated as parameter K = IF1/IF2 where: IF1 — intensity of fluorescence of intact B-cells;
IF2 — intensity of fluorescence of B-cells past action of diabetogenic chemicals (calculated as 1,00).

Victoria Blue 4r method staining of insulin (V4R), Diphenylnaphthylmetane, colour index 42563;
MERCK, Germany; FERAK, West Berlin). It was showed by F.Wohlrab (16) that V4R in aqueous solution
interacted with oxidized A-chair of insulin that is accompanied by painting of cytoplasm of B-cells in a blue
color proportionally to the amount of insulin [16]. V4R paints some peptides hormones but B-cells produce
insulin only. This method method is used not often, that is why we offer description of staining procedures.
Staining procedures: 1) deparaffinization of sections; 2) washing in cold water a few min; 3) oxidation 3—
5 min (oxidation solution: 0,3 % KMnO,4 50 ml + 0,3 % H,SO, 50 ml; wash sections; 4) place sections in 2—
5 % water solution of natrium bisulphate — 1 min; wash sections; 5) 70° alcohol — 1 min; 6) stain in stain-
ing solution (96° alcohol 100 ml + Victoria Blue 4R — 1 g) 15 min — 2h; wash sections; 7) stain in 0,5 %
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water solution of Phloxine 30-120 sec.; wash sections; 8) 5 % water solution of phosphortungstic acid 1—
2 min; wash section in water; 9) stain in 0,5 % water solution of Light Green 1-2 min; 10) dehydratation in
96 % alcohol. Method was adopted for using of sections of tissue culture of islets [17]. Insulin content was
calculated as parameter K = AB1/AB2 where: AB1 — density of staining of intact B-cells; AB1 — density
of staining of B-cells past action of diabetogenic chemicals (calculated as 1,00).

Staining by Dithizon. Preparing of Dithizon solution: 30 mg of Dithizon, (SIGMA, USA) + 10 ml
bidistillate + 0.2 ml 25 % NH;OH 10 min. mixing on temperature +70° at Celsium. Solution was injected
intravenously to Rabbits and to Mice 46—48,6 mg/kg.

Frozen sections of 4 mcm were investigated 5—10 min past injection on dark microscopy. Density of
staining was measured using photometer. Insulin content was calculated as parameter K=AB1/AB2 where:
AB1 — density of staining of intact B-cells; AB1 — density of staining of B-cells past action of
diabetogenic chemicals (calculated as 1,00).

Staining by 8PTSQ. Zn™-8PTSQ complex radiates intensive green fluorescence under UV-light 360—
370 nm length of wave that was confirmed by spectral analysis [18-20]. Cytoplasm of B-cells not contained
Cadmium. Past long time prolonging testing in Institute of High Pure Chemicals (Moscow) 8PTSQ was pro-
posed as fluorescent reagent for identification of very small amounts of Zn" in solutions and tissues. Later
by Y.A.Lasaris and coll. SPTSQ was tested for revealing Zn*-ions. 8PTSQ is high specific reagent for stain-
ing of Zn"™-ions in pancreatic B-cells. Frozen sections of rat’s Pancreas 4 mem were investigated on fluores-
cent microscope. Staining procedures: 1) staining by 0,4 % acetone solution of 8PTSQ; 3—4 drop of solution
placed on section; wash section by 3 portions of bidistillate. Intensity of fluorescence was measured [21].
Insulin content was calculated as parameter K=AB1/AB2 where: IF1 — intensity of fluorescence of intact
B-cells; IF2 — intensity of fluorescence of B-cells past action of diabetogenic substances (calculated as
1,00).

Immunofluorescent staining of insulin. Anticorps for insulin (Institute of Diabetes «Gerhardt Katschy)
were used for staining sections of pancreas tissue.

Immunohistochemical method. Standard kits for insulin (DAKO, Denmark) were used for staining. In-
sulin content was calculated as parameter K=AB1/AB2 where: AB1 — density of staining of intact B-cells;
AB1 — density of staining of B-cells past action of diabetogenic chemicals (calculated as 1,00).

Isolation of pancreatic islets by Collagenase

Animals. Pancreas of 14 rats LEWIS 4-5 days old and 8-10 weeks old human embryons were used.
Isolation procedures: dissected pancreas tissue were treated 3 times 3 min each by 2 % solution of Colla-
genase (Boehringer Mannheim, Germany; FLUKA, Switzerland); human embryons pancreas was treated by
Collagenase 2 times 1 min each; rinse 3 times in cold Hanks solution and centrifugation; cultivation 12h at
+37° Celsius in medium RPMI 1640 (SERVA, Germany) with bovine serum + 5.5 mM of Glucose, pH 7.32—
7.41. Fixation in Bouin 15 min — 1 h and embedding in paraffin. Sections 4 mcm were used. Dithizon solu-
tion 0,4 ml was added in 10 ml of nutria media 199 contains islets for 20 min that correspond to concentra-
tion about 40 mg/kg in experiences on animals. Than media 199 was changed for new fresh portion +
5,5 mmol/l of Glucose + bovine serum; cultivation 5h at pH=7,34-7,41.

Results
Isolated pancreatic islets. Intact islets.

Aldehyde-fuchsine staining. Intact islets. Histostructure of islets without histological changes. Islets
have oval form and contains deposited insulin (blue-violet color) (fig. 1.1). Insulin content: AB=1,93+0,06.

Victoria 4R staining. Histoctructure of islets without histological changes. Islets contains a large
amount of deposited insulin (fig. 1.2). Insulin content: AB=1,97+0,05.

Immunohistochemistry. Histoctructure of islets without histological changes; B-cells contains a large
amount of deposited insulin (fig. 1.3). Insulin content: AB=1,81+0,04.

Diethylpseudoisocyanine method. Histoctructure of islets without histological changes; Red fluores-
cence of A-chair of insulin; insulin content: IF=2,02+0,05.

Fluorescent staining of Zn"-ions. Intensive green fluorescence of B-cells (fig. 1.5): IF=2,08+0,05.

Past action of Dithizon

Aldehyde-fuchsine staining. Necrosis, destruction and death of B-cells; marked decreasing of insulin
content in majority of B-cells (fig.1.6). Insulin content: AB=1,1440,04.
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Victoria 4R staining. Destruction of islets, destruction and death of B-cells; decreasing of insulin con-
tent in majority of B-cells (fig. 1.7): AB=1,38+0,05.

Immunohistochemistry. Deformation of islets; destruction and death of B-cells; decreasing of insulin
content in majority of B-cells (fig.1.8): AB=1,18+0,04.

Diethylpseudoisocyanine staining. Destruction of islets; marked decreasing of insulin content in B-cells
(fig. 1.9): IF=1,07+0,011.

Fluorescent staining of Zn"*-ions. Almost complete disappearing of Zn"*-ions from B-cells (fig. 1.10):
IF=1,01+0,02.

Human embryo islets

Aldehyde-fuchsine staining. Intact embryo islets structure contains not compact or compact groups of
polygonal B-cells not completed formation of islet; insulin content visually is reduced comparatively with
B-cells of adult rats and rabbits (fig. 1.11); small groups and single B-cells (fig. 1.12) have oval or polygonal
form contains deposited insulin.

Victoria 4R staining. A compact groups of 10—15 or single oval form B-cells not completely formed is-
let; insulin content visually is not reduced comparatively with B-cells of adult rats and rabbits (fig. 1.13).

Diethylpseudoisocyanine staining. Small compact groups of B-cells or disseminated group contains a
few B-cells not completed formation of islet; number of cells is 45 times less in compared with islets of
adult rats and rabbits; insulin content visually is not reduced comparatively with B-cells of adult rats and
rabbits (fig. 1.14): IF=1,96+0,09 (intact rat B-cells — 2,02+0,08).

Immunofluorescent method. Compact small groups contains 12+7,6 B-cells visually almost completed
forming of small islet; insulin content (green fluorescence) visually is not reduced comparatively with
B-cells of adult rats (fig. 1.15). On sections prepared using pancreas tissue, around islets are located exocrine
tissue.

State of histostructure and insulin content in islets after action of SPTSQ and Dithizon

Aldehyde-fuchsine staining. Intact islets: oval form, histostructure without changes, a large amount of
deposited insulin (violet color) in cytoplasm of B-cells (fig. 1.16) which maximally are concentrated in
B-cells located around blood capillaries; AB=2,01+0,05.

Victoria 4R staining. Intact islets: histostructure of islets without changes; a large amount of deposited
insulin (blue color) in cytoplasm of B-cells (fig. 1.17); A-cells on periphery of islets (red color)
AB=1,68+0,06.

Immunohistochemistry. Intact islets: histostructure and form of islets without changes; a large amount
of deposited insulin (brown color) in cytoplasm of B-cells (fig. 1.18) (AB=1,87+0,07);

Diethylpseudoisocyanine staining. Intact islets: histostructure and form of islets without changes; a
large amount of deposited insulin (red fluorescence) in cytoplasm of B-cells (fig. 1.19); IF=2,04+0,06.

Fluorescent staining of Zn"-ions. Intact islets: intensive green fluorescence of Zn'-ions B-cells
(fig. 1.20): [F=2,08+0,05.

Aldehyde-fuchsine staining. Past action of 8PTSQ: destruction and death of majority of B-cells, marked
decreasing of insulin content in B-cells (AB=1,12+0,03) (fig. 1.21).

Victoria 4R staining. Past action of DZ: destruction and death of majority of B-cells, marked decre-
asing of insulin content in B-cells (AB=1,08+0,09) (fig. 1.22); reduced size of islets; A-cells on periphery of
islets without changes.

Immunohistochemistry. DZ: decreasing of insulin content in 90-95 % of B-cells (AB=1,03%0,02)
(fig. 1.23); reduced size of islets.

Diethylpseudoisocyanine staining, Past action of TSQ: destruction of B-cells in central part of islet;
marked decreasing of insulin content in B-cells (IF=1,11+0,04) (fig. 1.24).

Fluorescent staining of Zn"-ions, DZ: absence of Zn'*-ions in cytoplasm of B-cells (fig. 1.25):
IF=2,08+0,05) (fig. 1.25).
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Figure 1

1.1-1.5 Intact isolated pancreatic islets. Histostructure without changes. Normal content of Insulin and Zn-ions in B-cells: high
density of staining and intensive fluorescence of B-cells; 1.1 — Aldehyde-fuchsine; 1.2 — Victoria 4R; 1.3 — Immu-
nohistochemistry; 1.4 — Diethylpseudoisocyanine; 1.5 — 8PTSQ

1.6-1.10 Pancreatic islets treated by Dithizon. Destruction and death of B-cells; marked decreasing of Insulin and Zn’-ions in
B-cells; 1.6 — Aldehydefuchsine; 1.7 — Victoria 4R; 1.8 — Immunohistochemistry; 1.9 — Diethylpseudoisocyanine;
1.10 — 8PTSQ.

1.11-1.15  Human embryon’s small pancreatic islets and not formed groups of B-cells. Almost normal content of Insulin in
B-cells; 1.11 — Aldehydefuchsine; 1.12 — Victoria 4R; 1.13 — Immunohistochemistry; 1.14 — Diethylpseudoiso-
cyanine; 1.15 — Immunofluorescent method for Insulin.

«Biology. Medicine. Geography» Series. No. 2(78)/2015 25



G.G.Meyramov, K.-D.Kohnert et al.

1.16-1.20  Pancreatic islets of intact pancreas tissue. Histostructure without changes. Normal content of Insulin and Zn’-ions in
B-cells: high density of staining and intensive fluorescence of B-cells; 1.16 — Aldehyde-fuchsine; 1.17 — Victoria 4R;
1.18 — Immunohistochemistry; 1.19 — Diethylpseudoisocyanine; 1.20 — 8PTSQ.

1.21-1.25  Pancreas of animals with experimental diabetes. Destruction and death of B-cells; marked decreasing of Insulin and
Zn’-ions in B-cells; 1.21 — Aldehyde-fuchsine; 1.22 — Victoria 4R; 1.23 — Immunohistochemistry; 1.24 — Dieth-
ylpseudoisocyanine; 1.25 — 8PTSQ.

1.26-1.30  Pancreas of intact animals (1.25), past injection of DZ (1.27-1.29) and past injection of DDCA and DZ (1.30); Staining
by Dithizone.

1.31-1.35  Pancreatic islets past injection of DZ (1.31), Cystein + DZ: prevention formation of complex DZ-Zn> (1.32),
Gluthatione Reduced form + DZ; prevention formation of complex DZ—Zn? (1.33), Gluthatione Oxidized form + DZ;
not prevention formation of complex DZ—Zn? in B-cells (1.34), Histidine + DZ; prevention formation of complex DZ—
Zn* (1.35); 1.31-1.35 staining by DZ; x140 for fig. 1.2, 1.10, 1.15, 1.20; x280 for other preparats.

Influence of Cystein, L-Hystidin and DDCA on interaction of Zn'*-ions of B-cells with Dithizon
Intact pancreas tissue

Investigation of intact frozen sections of rabbit and mice pancreas without staining showed using dark
microscopy: histostructure of islet without changes; on periphery lo- cated white color A-cells (fig. 1.26).
Injection of Dithizon to animals accompanied a few minutes later by formation of a large amount of red
granules of DZ-Zn"* complex in B-cells (fig. 1.27, 1.28).Concentration of complex in islets of mice is low
comparatively with rabbits: AB rabbit=2,02+0,04; AB mice=1,62+0,14. This is determined by reduced con-
centration of Zn"*-ions in B-cells of mice. Investigation of disposition of granules of DZ-Zn"* complex in
islets evidently demonstrated that this is maximal concentration of complex around capillaries (fig.1.29).
Elimination of Zn"-ions from B-cells result prevention formation of DZ-Zn" in islets (fig.1.30) as by pre-
vention developing of diabetes caused by DZ in animals (9,20).

Past action of Cystein, L-Hystidin and DDCA

Obtained results showed that injection of Cystein and L-Hystidine result almost complete binding of
Zn-ions in cytoplasm of B-cells. Minimal amount of toxic complex as DZ-Zn"* was formed in B-cells con-
tacted with islet arterial capillaries (fig. 1.32,1.33) in compared with a large amount of complex completed
all surface of cytoplasm of B-cells not only around capillaries in intact islets (firg. 1.31). Results of measur-
ing of amount of complex in cytoplasm. Intact islets: AB=2,02+0,04; Cystein: 1,2140,02; L-Hystidine:
1,32+0,02.

Injection of DDCA 500 mg/kg and 1000 mg/kg accompanied by complete binding of Zn"-ions in cyto-
plasm of B-cells that result prevention formation of DZ-Zn"* complex (fig. 1.30); AB=1,01+0,02.

Table 1
Comparative analysis of results of measuring of insulin content in B-cells
Ne Method Intact animals Diabetes . D1ffer.ence
intact/diabetes
Isolated islets
1 |Aldehyde-fuchsine 1,93+0,06 1,14+0,04 0,79
2 |Victoria 4R 1,97+0,05 1,29+0,05°" 0,59
3 [Immunohistochemistry 1,81+0,04* 1,18+0,04 0,63
4 |Diethylpseudoisocyanine 2,02+0,05* 1,0710,01'* 0,95
Pancreas tissue
1 |Aldehyde-fucshine 2,01+0,05° 1,124+0,03 0,89
2 |Victoria 4R 1,68+0,06°" 1,08+0,09 0,60
3 [Immunohistochemistry 1,95+0,07 1,03+0,02 0,84
4 |Diethylpseudoisocyanine 2,04+0,06 1,11+0,04 0,93

Note. P<0,001.

A comparative analysis of results using of different histochemical methods staining of insulin showed
that most precise results of quantitative estimation of insulin content in B-cells were obtained using
Immunohistochemical and Diethylpseudoisocyanine methods. We explain it by high specifity of these meth-
ods for insulin; there is no staining of other substances or structures in B-cells using these methods that is
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why they does not can to change results of photometry. Analysis showed also the presence of higher values
of insulin content using Diethylpseudoisocyanine method comparatively with immunohistochemical tech-
nique that is determined by evidently more high sensitivity of Diethylpseudoisocyanine method as fluores-
cent method. Minimal value of parameter K as 1,68+0,06 (Table 1)was obtained using of Victoria 4R meth-
od that is explained by high level of absorbance by exocrine tissue.

Results of investigation of staining of B-cells of human embryo showed that majo- rity of investigated
small islets not completed forming. There are groups consisting of a few B-cells. They were not yet formed
islet as organ: a circulatory system capillaries and capsule were absent.

The insulin content in B-cells is almost same as in B-cells of rats. We observed also a multiple single
B-cells or very small groups consisting from 2-3 of cells.
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F.F Meiipamos, K.-JI.Konepr, I'.M.Trikexanosa, 3.T.KpicTaybaesa, A.A.KuksimbaeBa,
AM.Aiitkynos, O.H.rononTt, E.M.JIaptommna, A.F.90ipaiisimoBa-Meiipamosa,
I'.A.A6nynmuna, C.B.AxmeroBa, A.K.I1laii6ek, O.J.KoBanenko

B-uMTOTOKCHUKAJIBIK 3aTTAap dcePiHeH YIKbI 0€e3iHIH YHIOKPUH/I Y/ KAFIaAbIH
THCTOXHMHUSIBIK 7K9HE MMMYHOTUCTOXUMUSUIBIK 3epTTey

ABTOpap aHbIKTaraHIal, KOKTaMBIPFa IMCTEWH MEH L-THCTHIWH aMUHKBIIIKBUIBIH CHTi3TeHHEH KeHiH
MBIPbILI OailIaHBICTBIPYIIBI JUAa0STOreH Il 3aTTap TyAbIPAThIH JkaHyapiapaa auabertiy 1-typi namysiH 90 %
aJIBIH anajasl. bapiblk kargaiina Oyl aMUHKBIIKBUIIAPBIH €Hri3reHHeH KeiliH, B-kacymiamapast Oy3aTeiH
TOKCHUKAJbIK KELIEH TY3€TiH MBIPbI OaillaHbICTBIPYIIBI B-kacymianap nuaGeToreHzi 3aTTap TOJIBIK
KOWBUTYbIMEH OaliKasJbl. ABTOpJIAp LIMCTEUH XKOHE L-THCTHINH QJIIBIH ally OPEKETiH, MBIPBIII HOHAAPBIMEH
TOKCHKAJbIK eMec KeweH Ty3inyi SH-Tonm MoseKyianapbiHbIH —JMTH30H KELIECHIH KaJbIITACYbIH
OonBIpMayBIH JKOpaMalmaiinsl. ABTOpIap KepceTkeHneH, B-kacymramapia WHCYNHHII THCTOXMMHUSIIBIK
JKOHE MMMYHOLTOTHCTOXUMILUIBIK onicTepaeH Oacka, (roopecreHTTik oxmicrep, an Bukropms 4R sxome
IBIETHAQYKCHHAL SICTEp MaHKPEaTHT apajllajdapbIHBIH THCTOKYPBUIBIMABIK KYHIH Oaranayra MYMKIHIIK
Oepeni.

I'.T".Meiipamos, K.-[I.Konept, I.M.TrikexxanoBa, 3.T.KsicraybaeBa, A.A.Kukumbaena,
A .M. Aiitkynos, O.H./lrormont, E.M.Jlaprommna, A.I'.A6npanmoBa-MeiipamoBa,
I A.AGnynuna, C.B.AxmeroBa, A.K.Illait6ek, O.JI.KoBanenko

I'mcroxumuyeckoe ¥ HUMMYHOUMTOTHCTOXUMUYECKOE UCCICA0BAHUE
COCTOSIHMS SHAOKPHUHHOU TKAHU TMOIKEJTYT0UYHOH Kejie3bl Mocje BO3AeCTBUA
B-uMTOoTOKCHYECKHX BelecTB

ABTOpaMu yCTaHOBIICHO, YTO BHYTPUBEHHOE BBEICHUE AMHUHOKHMCIOTHI IUCTEHHA U L-TUCTUANHA )KUBOTHBIM
B 90 % ciydaeB mpenoTBpamaeT pa3BUTHe quabera | THIa, BBI3BIBAEMOTO IMHKCBS3BIBAIOINMU AnabeTo-
TeHHBIMH BelllecTBaMu. [IokazaHo, YTO BO BCEX CITydyasX BBEAECHHE 3THX aMHHOKHUCIIOT COMPOBOKAAETCS MMOY-
TH TIOJIHBIM OTCYTCTBHEM CBSI3BIBAHHS LIMHKA B-Ki1eTOK ¢ AMabeTOreHHBIMU BEIIECTBAMHU C 00pa30BaHUEM
TOKCHYHBIX KOMIUIEKCOB, Pa3pyIIaonMX B-kneTku. ABTOpPEI NpeaNonaraioT, YTo Ipeaynpexatomee JencT-
BHE LUCTEHHA U L-ructuauHa o0yclioBIeHO colepxkanueM B Monekyne SH-rpymmn, yepe3 kotopsie Gpopmupy-
€TCsl HeTOKCHYHBIH KOMIUICKC ¢ MOHAMHM IIMHKA, IPETSTCTBYIONMH (OPMUPOBAHUIO KOMIUIEKCOB C JUTU30-
HOM. ABTOpPaMU TaKKe [OKA3aHO, YTO U3 MCIOJIb30BAHHBIX THCTOXUMHUUYECKUX U UMMYHOLUTOTUCTOXUMHUYEC-
CKHMX METO/IOB KOJIMYECTBEHHOI OIIEHKH COJCp)KaHMsI MHCYINHA B B-KkieTkax Hamboiee TOUHbBIE pe3ysIbTaThl
o0ecreurBalOT HUMMYHOTHCTOXHUMHUUYECKUI W VS THINCEBION30IMaHNHOBEI METOMBI, a albIeTHI(PYKCHHO-
BBl MeTox U MeTo] Bukropus 4R Hanbosee MoAXOIAT sl OLIEHKH COCTOSIHUS THCTOCTPYKTYpPbI TAHKpeaTH-
YECKUX OCTPOBKOB.
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On the protective effect of 2,3-dimercaptopropanol for destructive action
of zincbinding chemicals on pancreatic B-cells

2,3-Dimercaptopropanol is a substance able to re-activate sulthydryl groups of enzymes and has the property
to form temporary complexes with metals, including zinc. It is also known that certain amino acids, particu-
larly cysteine and glutathione also contain in its composition mole coli SH-groups. Administration of these
amino acids in to animals result prevention developing of experimental diabetes caused zinkbinding
diabetogenic chemicals. It is confirmed that this effect is determined by their ability to form non-toxic tempo-
rary complexes with zinc in B-cells of pancreatic islets that protect cells of the destruction caused by
diabetogenic chelating agents. The authors have shown that 2,3-dimercaptopropanol at doses of 60 and
120 mg/kg is able to prevent the development of diabetes in almost all experimental animals. Authors found
that this ability 2,3-dimercaptopropanol is explained by its property through SH-groups included in its com-
position, to form non-toxic complexes with zinc in pancreatic cells that protect cells of death.

Key words: B-cells, SH-groups, experimental diabetes, zinc, 2,3-dimercaptopropanol.

2,3-Dimercaptopropanol (DMP) is known as re-activator of SH-group of enzymes and possess ability to
form stable complexes with metals. However it is known that some aminoacids contains SH-groups in mole-
cule as Cystein and Glutathuone reduced form protect developing of diabetes caused by chelat active chemi-
cals. This effect determined by high affinity of SH-group for zinc and cadmium [1]. 2,3-Dimercaptopropanol
is able in added to destroy other complexes, previously formed with zinc by chelators, that accompanied by
re-placing atom of chelator from complex [2] and formation of complex DMT-metal via SH-group.

Aim of work: to investigate state of histostructure of pancreatic islets and possible interaction of Zn">-
ions in B-cells with DMP and Dithizon, a diabetogenic chelator.

Material and methods

Animals: 10 rabbits 2,200-2,650 g were used. Group 1: control intact animals: A-injection of Dithizon,
48,9 mg/kg; B-intact rabbit; Group 2: injection of DMP («SIGMA») in doses 60 and 120 mg/kg to 8 animals;
30 min later water solution of Dithizon 46,6-49,7 mg/kg was injected to 6 animals; animals killed 10 min
past injection of DZ. Group 3: injection of DMP, 60 and 120 mg/kg to 2 animals; animals killed 10 min past
injection. Group 4: injection of DMP, 60 and 120 mg/kg to 2 animals; 30 min later injection of Dithizon
48 mg/kg; animals killed 5 days past injection of DZ.

Frozen sections of pancreas were investigated using dark microscopy for revealing of DZ-Zn"*-complex
in B-cells. The high specific fluorescent method revealing of free Zn"-ions in B-cells by fluorochrom
8-para(toluenesulphonylamino)quinolin [SPTSQ] was used [3, 4]. 3 animals were killed 5 days past injec-
tions of DMP and DZ. Pancreas was fixed in alcohol 70° + H,S. Staining of sections by aldehyde-fucshine
[5-7] and 8PTSQ.

Results

Group 1. Control intact animals section o pancreas. 20 frozen sections of pancreas tissue were investi-
gated using dark microscopy. Cytoplasm of all investigated islets contain a large amount of red chelat com-
plex Zn"™-Dithizon [1] which concentrated on the all surface of cytoplasm, maximally around blood islet’s
capillaries (fig. 1.1). Reaction for Zn"-ions: intensive fluorescence of B-cells (fig. 1.2). Group 2. Admin-
istration of 2,3-dimercaptopropropanol and of Dithizon result prevention of formation in majority of B-cells
of Zn"™-Dithizon complex which is partially formed in cells located around blood capillaries (fig. 1.3). Pro-
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tective effect determined by not diabetogenic binding of Zn"-ions by DMT. It is known that DMT possess
high affinity for Zn"*-ions.

Intact rabbit. Injection of Dithizon, 48,9 mg/kg; dark microscopy; red granules of complex zinc-DZ in B-cells; [*280]

Intact rabbit. Positive fluorescent reaction for Zn in B-cells: intensive green fluorescence of Zn in cytoplasm of B-cells; [x140]
Injection of DMP 60 mg/kg + DZ; dark microscopy; only B-cells contacted with capillaries contain complex zinc-DZ; [x280]
Injection of DMP 60 mg/kg + DZ; negative fluorescent reaction for Zn in B-cells: only a few cells contain a small amount of Zn; [*140]
Dithizon, 48 mg/kg. Aldehyde-fucshine staining; destruction of B-cells; degranulation, decreasing of insulin content in B-cells; [x280]
Injection of DMP + DZ; Aldehyde-fucshine staining; histostructure of islets and insulin content in B-cells without changes; [%280]

(o)W R S

Figure 1. Pancreas tissue
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Group 3. Investigation of free Zn"-ions content in B-cells past injection of DMT showed a negative re-
action for Zn"* in islets (fig. 1.4). A few B-cells contains minimal amount of Zn™ in cytoplasm. This result
determined by forming by DMT of not visible Zn>-DMT complex.

Group 4. Investigation of effect of DMT on diabetogenic property of Dithizon showed that administra-
tion of it accompanied by absence of any histological changes in pancreatic islets (fig. 1.5; 1.6).

Table
Results of investigation of blood glucose level
. .. Blood Glucose (mmol/l), day
Ne Conditions Bofore 1 3 5 7
1 |Dithizon, 46,8-48 mg/kg 2 animals 5,1+0,3 | 3,0£04 | 9,6+1,2" |12,6+2,2°|16,2+2,6*
2 |DMT, 102-110 mg/kg + Dithizon, 48,8 mg/kg, 4 animals | 4,9+0,4 | 52+0,4 | 5,6+0,5" | 5,8+0,7° | 5,4+0,6*

Note. ¥ — p<0,001; « — p <0,005; m —p <0,01.

Results of investigation of blood glucose level (table 1) demonstrated that injection of Dithizon accom-
panied by marked decreasing of blood glucose level that is determined by release of a large amount of insu-
lin as result of destruction within short time of majority B-cells. In other animals, past injections of DMT and
followed past 1, 2 and 3 h injections of diabetogenic doses of Dithizon not accompanied by hyperglycemia in
animals. We observed only not reliable increasing of blood glucose level until 5,6-5,8 mmol/l (Table).

Discussion

Molecule of 2,3-Dimercaptopropanol (C;HgOS, m.m. 124,22) contains two SH-groups. It is known that
some metals (Me) as mercury, arsenic, cadmium, lead, zinc interacted with chemicals contains SH-groups
and formed stable cyclic mercaptide:

SH S
/ N
Me?** — R Me 4 2H*
\SH+ ) s/ ¥

R

As bivalent metal Zn"-ions interacts with 2 SH-groups of molecule of 2,3-Dimercaptopropanol with
forming of cyclic mercaptide which are more stable in compared with some chelat active chemicals. It is
known that 2,3-Dimercaptopropanol is able to destroy complexes previously formed with chelators accom-
panied by replace atom of chelator from complex [2].

HS —CH, S—CH,
| +2 Zn AN +
HS —(lfH +7Zn —> S— (lfH + 2H

Thus, obtained results showed that 2,3-Dimercaptopropanol protect B-cells of destruction caused by
Dithizon and of developing of diabetes. Investigation of interaction in B-cells between Zn™-ions and
2,3-Dimercaptopropanol evidently showed that DMT protect B-cells of formation of toxic Dithizon-Zn"
complex by interseption of Zn"*-ions and forming new complex DMT-Zn ™.
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JAnadeToreHai MbIpbIlI 0AHJIAHBICTHIPYIIBI KOCHUIBICTAPMEH TYBIHAAWTHIH
naHkpeaTuT B-skacymanapbiHbIH 0Y3bLIYBIH 00J11BIpMay/ia
2,3-1MMepKanToNnpoNnaHoJJAbIH KadijleTi TypaJibl

2,3-JInMepKanToNpoIaHoJl ©31HIH MOJICKYIAIBIK KypaMbIHAA eKi cyabdruapmwibai Ton (SH-Tom) GomybiMeH,
CynbGTrUapuIIBAl GepMeHT TOOBI peakTUBATOpP peTiHae 6enrini sxkoHe oHbIH SH-TOOB! apKbUTbI OaiiIaHbICATHIH
aybIp MeTaJIapMeH yakbITIIa KelleH Ty3yre Oeiiimai. CoHpIMeH Katap KypambiHaa SH-ToOsI 6ap L-ructunun
JOHE LUCTEMH aAMUHKBIIIKBULIAPE! B-Kacylmanapsineie Zn'> HOHBIMEH yakbITIIa GaiimaHbiCTEIpyFa Geifimmi,
ochUIalma AuabeToreH Il MBIPBII OalIaHBICTHIPYIIBI KOCBUIBICTAPMEH €3apa OpEKETiHE KOHE YKOHBUTYbIH
OonmplpMayFa opeKkeT eTeli. ABTOpIap KOpCeTKeHJeH, skaHyapiapra 2,3-IuMepkanrtonpornanoi 60 sxoHe
120 Mr/kr Memmepse eHrizy B-)kacymramapaarbl MBIPBIIITEL TOJNBIK TOCKAaybUIAaTambl. 2,3-JuMepKkanTonpo-
TIAHOJI TPEBEHTUBTI OPEKETI OHBIH KYpaMbIHAA CyIb(OTHAPHIBII TOI MOJIEKYJIAJApBIHEIH Oap OOJybIMEH
CHITIATTaJaJbl AeTeH KOPBITHIHIBI KAaca/bl.

I".I".Meiipamos, K.-I.Konept, JI.@ort, 3.T.KbeicraybaeBa, .M. TrikexxkaHOBa,
I'.T.Tycyn6ekoBa, ®.A.Munnybaesa, ['.0.Ky36aeBa, A.JK.Illai6ex,
KK Kymaranuesa, C.C.Tripkanosa, K.A. X Kymamesa, A.Kaitboraposa

O cnoco6HOCTH 2,3-AMMEPKANITONPONAHOJIA NPeI0TBPALIATH
pa3pylieHne NaHKpeaTHYecKUx B-kieTok, BbI3bIBaeMoe
ANa0eTOreHHBIMH IMHKCBS3bIBAIOIIMMHU COeTHHEHUSIMH

2,3-JInMepKanToNpOIIaHOJI SIBISETCS BEIIECTBOM, CIIOCOOHBIM PEaKTHBHPOBATH CYIb(OTHAPHIGHBIE TPYIIIBI
(hepMeHTOB 1 00J1aJaeT CBOHCTBOM (pOPMHUPOBATH BPEMEHHBIE KOMIUICKCHI ¢ METalIaMH, BKIIIO9ast IIUHK. V3-
BECTHO TAK¥KE, YTO HEKOTOPBIC AMUHOKHCIIOTHI, B YACTHOCTH, LIUCTEUH U INIIOTATUOH TAaKXKE COLEPKAT B CO-
cTaBe cBoel MouseKynsl SH-rpynmsl. OTH aMUHOKHUCIOTHI IIPH MapeHTEPaNbHOM BBEICHUH MPEIOTBPAIIAIOT
pa3BUTHE 3KCIEPUMEHTAIBHOTO CaXapHOro AuabeTa, BBI3BIBAEMOI0 LIMHKCBSI3BIBAIOIINMU AMA0ETOreHHBIMU
BeuiectBaMu. J[oka3aHo, 4To 3TOT 3G deKT 00yCIOBIeH UX CIOCOOHOCTBIO (POPMHUPOBATH HETOKCHYHBIE BpeE-
MEHHbIE KOMIUIEKCHI C IIMHKOM B-KJIeTOK MaHKpeaTH4eCKHX OCTPOBKOB, 3aIllUIAs UX TAKUM 00pa3oM OT pas-
pYLIAIOMEro BO3ACHCTBUS NUAaOETOTEHHBIX XellaTooOpa3zoBaTeineil. ABTOpaMH IOKa3aHO, 4TO 2,3-auMep-
KanTornpornaHoi B go3ax 60 n 120 Mr/kr cnocoOeH IpenoTBpamaTh pa3BUTHE AuadeTa MOYTH y BCEX OMBIT-
HBIX JKUBOTHBIX. ABTOpaMHM YCTaHOBJIEHO, YTO 3Ta CIOCOOHOCTH 2,3-AMMEpKalTOINpOoNaHoa 00yCIOBICHA
ero cBoHcTBOM uepe3 SH-rpymmel, BXoJsIue B €ro cocras, (OpMHPOBATh HETOKCHYHBIC KOMILIEKCH C I[1H-
KOM IaHKPeaTHYECKUX B-KIETOK, MpensaTCTBYs 3TUM MOBPEXIAIOLUIEMY AEHCTBHIO AMAa0ETOTEHHBIX LIMHKCBS-
3bIBAIOLIHUX BELIECTB.
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Outcomes of clinical diabetes research at the Teaching Hospital
and Faculty of Medicine, Palacky University Olomouc (1971-2014)

This paper summarizes results of clinical studies in the period of years 1971-2014 as follows: (1) In persons
with type 1 diabetes, effectiveness of conventional therapy with multiple doses of shortacting insulin (MDI)
or continuous sucutaneous insulin infusion (CSII) was demonstrated. Dynamic training was shown to en-
hance insulin sensitivity and plasma HDL cholesterol, and to improve neuropathy, memory and attention. In-
fluence of alcohol and effects of insulin on postprandial alcohol concentrations revealed similar consequenc-
es; model experiments were suggested when answering forensic questions. (2) In persons with type 2 diabe-
tes, advantage of complementary therapy with prandial rapid acting insulin was demonstrated. In MDI-
persistent hyperglycaemia, insulin pump was shown to reduce HbAlc, to diminish daily insulin dose and to
improve quality of life. Benefits of incretin preparations were described. Effects of losartan on renal and car-
diovascular outcomes in diabetic nephropathy were documented. (3) Perinatal mortality of newborns of
mothers with diabetes decreased due to thorough diabetes and obstetric care. (4) Manual Device for Insulin
injections (MADI-pen) was developed and introduced into daily routine. Its accuracy, pharmacological and
microbial safety were proved. (5) «Programmed Treatment of persons with diabetes» comprising the
principels of Therapeutic Patients Education of the WHO was introduced. (6) Glycaemic Index of foods was
calculated using a new method with continuous glucose monitoring. (7) Intensive selfmonitoring. The accura-
cy and precision of various glucometers were explored. Tenpoint ambulatory glycaemic profile and continu-
ous glucose monitoring system (CGMS) was introduced to practice. In persons on insulin pumps CGMS re-
sulted in reduction of HBAIc.

Key words: diabetes mellitus, dawn phenomenon, selfmonitoring, glycaemic profile, glucometer, insulin
pumps, incretins, therapeutic education, Carelink, Diabass 5.

Introduction

This review comprises practice-related outcomes of clinical studies carried out in the period of years
1971-2014 at the University Diabetes Centre in Olomouc, Czech Republic [1]. The problems were solved in
cooperation with other centres in Czech and Slovak Republic and abroad, particulatly with the Institute of
Diabetes «G.Katschy», Karlsburg, Diabetiker Sanatorium Bergfried, Saalfeld, Dept. of Endocrinology, Uni-
versity Heinrich Heine, Diisseldorf, Germany; Royal Infirmary Edinburgh, St. Thomas Hospital, London,
UK Institute of Diabetes «N.C.Paulesco», Bucharest, Romania; etc. Over 100 professionals, medical stu-
dents and nurses were step by step involved into the presented clinical research. Thousands of various bio-
chemical and radioimunological analyses were performed in highly specialized laboratories in Olomouc,
Karlsburg and Moravsky Beroun.

All studies paid attention to the optimum diagnostic and therapeutic procedures in type 1 and type 2 di-
abetes mellitus including the development of aids for insulin administration and educational programmes.

The most important achievements were presented at national and/or international conferences (ADA,
EASD etc.) and published. In addition, their implementation into daily routine has always been consid-
ered.
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In this paper the achievments are summarized in seven chapters:

(1) Treatment of people with type 1 diabetes (PWD1).

(2) Treatment of people with type 2 diabetes (PWD2).

(3) Diabetes and pregnancy.

(4) Technical prerequisites for the intensive conventional insulin treatment.
(5) Education — Programmed treatment of people with diabetes.

(6) Glycaemic Index of foods.

(7) Intensive selfmonitoring.

1. Treatment of people with type 1 diabetes mellitus

1.1. Conventional insulin substitution. A randomized cross-over study (1987-1990) was performed in
Institute of Diabetes Gerhardt Katsch, Karlsburg, with 36 PWD1 (men) admitted to hospital for a period of 6
weeks. Each tested person was assigned to one of six arms differing only by the sequence of three defined
insulin Regimens A, B, C. In every men all three Regimens were tested (two weeks each). At the end of each
14-day test period a 16-point B-glucose (BG) and P-free insulin (FIRI) profile was performed (Fig. 1).

This study revealed that the basal and prandial insulin substitution with only shortacting porcine insulin
given 7 times a day (Regimen A) is the most effective kind of conventional insulin therapy [2]. This ap-
proach led to the best metabolic control in 21/36 (58 %) tested PWD1. An insulin regimen with similar insu-
lin doses over morning and afternoon hours but different regimens over night — either intermediate insulin
preparation BS at 10 p.m. (Regimen B) or longacting insulin Ultratard HM at 5.30 p.m.(Regimen C) led to
the best control only in 6/36 (17 %) or in 9/36 (25 %) PWD1, respectively.
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Figure 1. Insulin doses per day and evolution of BG- and FIRI concentrations in 16-point B-glucose profiles
at the end of 14-day test periods with respective Regimen A, B, C in 36 PWDI (men). Mean = SE

In the last two regimens (B or C), the total daily insulin dose was higher than in Regimen A. The group
education and a new insulin pen (MADI) proved to motivate the PWDI1 to an intensification of insulin thera-
py including injections of shortacting insulin at 2.30 a.m. in Regimen A. The acceptance of night injections
increased from 2 % at the baseline to 42 % at the end of the study. However, despite of such an intensive
treatment, a longlasting euglycaemia could not be reached, even though the plasma insulin concentrations
were higher than in persons without diabetes (Fig. 2, Fig. 3). There were no differences in metabolic control
when using the needle-pen or catheter-pen [3, 4]. The needle pen was preferred in 54 % of all patient-

days [5].
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Figure 2. Evolution of BG concentrations in 16-point B-glucose profiles at the end of 14-day test period with
Regimen A in all PWDI1 (n=36), in the best PWD1 (A — nejlepsi, n=21) and in healthy men (Zdravi, n=9). Mean = SE
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Figure 3. Evolution of FIRI concentrations in 16-point B-glucose profiles at the end of 14-day test period
with Regimen A in all 36 PWD1 (upper curve) and in healthy men (n=9, lower curve). Mean + SE

1.2. Continuous subcutaneous insulin infusion (CSII) in PWDI1. A retrospective study (1993-1998)
with 13 men and women on an insulin pump (Dahedi, H-Tron, Minimed) demonstrated that CSII resulted
within 72 days in a decrease of concentrations of HbAlc in blood (9.3+0.46 vs 7.6+£0.28 %, p<0.05, DCCT
units), reduction of total serum cholesterol (5.47+0.29 vs 4.85+0.19 mmol/l, p<0.05) and triacylglycerols TG
(1.58+£0.24 vs 1.13+£0.15 mmol/l, p<0.05). The total daily dose of insulin was reduced (47.84+2.75 vs
41.3+2.3 1U/d, p<0.05) and the body mass did not change. An improved metabolic control was also found in
a check-up 554 days later. There were no serious complications resulting from handling insulin pump [6]. In
the year 2004 we have replaced phosphate buffered insulin (Velosulin) with insulin aspart (Novorapid) for
all PWD1 on insulin pumps. Reduction of HBA1¢ without increased frequency of hypoglycaemias appeared
within one year (Fig. 4). The daily insulin dose and body mass did not change [7].

SR VELOSULIN HM NOVORAPID
: 1 T 7,53
§ I
E 7]
£

- 259th day - 18th day 80th day 364th day
N=21

Figure 4. HbAlc concentration (DCCT) in PWD1 on CSII in the course of treatment with phosphate buffered human
insulin (VELOSULIN) and after switching to insulin aspart (NOVORAPID). Mean + SE [7]
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1.3. Dynamic physical training. A prospective study (1978-1982) with 19 men improved insights in
submaximum physical training (duration 157443 days). Here are the effects of training in men with type 1
diabetes:

1.3.1. An improvement of carbohydrate metabolism demonstrated by the increased insulin effectiveness
without any change in blood glucose control. An approximate relation between insulin effectiveness Q and
physical working capacity (PWC 170) was calculated using formula Q [g Carb./IU = 0,03 PWC 170 [W] - 0,5,
(where 90 W < PWC 170 < 295 W). This formula was derived from our observations and needs to be con-
firmed. The insulin effectiveness Q reached values ranging from 2.5 to 22.4 g Carb./IU. The increase of the
PWC depends on the amount of energy expended for the submaximal training. Following the training inter-
ruption, the insulin effectiveness drops depending on the decrease of PWC 170 (Fig. 5).
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Figure 5. Relation between insulin effectiveness Q and physical working capacity PWC 170 in PWD 1 (n=19)
before (ZT Q I) and after (ZT Q II and ZT Q III) submaximal dynamic training

1.3.2. An improvement of lipoprotein metabolism demonstrated by an increase in HDL cholesterol con-
centration (1.19+£0.08 vs 1.86+0.22 mmol/l, p<0.05, Fig. 6) and by a decrease in the index of total cholester-
ol/HDL cholesterol. These significant changes were also found 7 days after the end of the training.

HDL-Ch 1,19+0,08 1,86+0,22

[mmol/l]

Figure 6. S-HDL cholesterol in PWD1 at baseline (before training) and at the end of physical training

1.3.3. A beneficial influence on some signs of neuropathy, on memory, attention and on the general
condition of men with type 1 diabetes was demonstrated as well.

Based on this study, a submaximal dynamic physical training may be recommended as an additive
treatment of persons with type 1 diabetes with no signs of catabolism. At the beginning, the insulin should be
reduced or the amount of carbohydrates in food increased, according to the change of insulin effectiveness.
Even in patients with high physical working capacity it is not possible to replace insulin by physical exercise.
Following the training cessation, the insulin should be increased or the amount of carbohydrates in food de-
creased according to the decrease of insulin effectiveness [8, 9].

1.4. Ethyl alcohol consumption. A controlled prospective study (1986—-1988) on influence of ethyl al-
cohol consumption on B-glucose concentrations and on the influence of B-glucose on ethyl alcohol concen-
trations was performed. A group of 15 men with DM1 and a group of 15 healthy men consumed alcohol in
order to reach the alcohol concentration in blood of 1 g/kg. Following formula was used to calculate the
amount of consumed alcohol:
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Amount of consumed alcohol [g] = 0.7 x body mass [kg] x alcohol concentration in blood [g/kg]. This
trial brought the following conclusions [10]:

1.4.1. Development of alcoholaemia after application of a usual insulin dose and after a fixed breakfast
in men with type 1 diabetes is similar to that in healthy males. A reduction of the insulin dose (and omitting
of the breakfast) results in a quicker increase of alcoholaemia with a higher maximum concentration.

1.4.2. The maximum alcoholaemia up to 1 g/kg does not influence neither the B-glucose nor the
B-acetone within 240 min after drinking the alcohol. The serum concentration of non-esterified fatty acids
(NEFA) in men with diabetes (but not in healthy persons) decreases, the concentrations of TG and lactate
does not change. Alcohol had no influence on the concentrations of some amino acids (threonin, glutamic
acid, prolin, ornithin, arginin) and ambivalent influence on other amino acids.

1.4.3. Due to large inter-individual differences in the development of calculated alcoholaemia (Fig. 7) a
model experiment appears to be necessary in order to answer some important forensic questions [11].
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Figure 7. Individual alcohol concentrations in blood reached in PWD 1 after consumption of the calculated amount
of alcohol [g] with full dose (100 %) of insulin + full meal, and with half dose of insulin without meal

2. Treatment of persons with type 2 diabetes mellitus

2.1. Start of Complementary insulin therapy [12]. A prospective study (1991-1994) with 251 men
and women with type 2 diabetes (PWD2) aged between 20 and 82 years demonstrated benefits of small sup-
plementary insulin doses (1 to 10 IU) before each meal both in a group of 108 PWD2 previously on diet/oral
antidiabetic drugs which started a complementary treatment with total insulin 26 1U/d (Fig. 8), and in a group
of 143 PWD2 previously treated with longacting insulin in which on complementary treatment the daily in-
sulin dose was reduced from 47 1U/d to 32 IU/d (Fig. 9) [13].

23 -
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Figure 8. Evolution of BG concentrations in 10-point B-glucose profiles without insulin (upper curve)
and with complementary prandial doses of 1 to 10 IU of shortacting insulin (lower curve),
the mean total of 26 TU/d. n = 108, mean+SE [13]
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Figure 9. Evolution of BG concentrations in 10-point B-glucose profiles with longacting insulin 1-2 injections/d,
the mean dose 47 IU/d (upper curve) and with complementary prandial doses of 1 to 10 IU of shortacting
insulin the mean daily dose 32 IU (lower curve). N=143, mean+SE, *P<0.05 [13]

In the course of 10 weeks the BMI decreased from 29.4+0.73 to 28.9+0.73 kg/m2 (p<0.05). In addition,
this treatment resulted not only in an improvement of B-glucose profile, mean B-glucose, HbAlc but also in
a better spectrum of lipoproteins (increase of LpA, decrease of apo B and Lp(a) — Fig. 10). The patients’
satisfaction with the new treatment was good. The increased number of injections has not been an obstacle:
91 % of PWD2 (when using MADI pen) decided to go on the intensive complementary treatment [14].
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Figure 10. Changes in serum concentrations of Lipoprotein A (upper diagram) and lipoprotein B (lower diagram)
in PWD2 between baseline and 10 weeks with complementary treatment [14]

2.2. Continuation of Complementary (supplementary) insulin therapy over 5 years. A retrospec-
tive analysis of a group of 70 PWD?2 in which a complementary insulin treatment was introduced in our cen-
tre in the year 1991 or later on (so that this treatment lasted 5.0+0.12 years), and which were consequently
treated in three different diabetes centres, brought the following results: the body mass decreased in 56 %,
the concentration of HbAlc decreased in 56 % and the daily insulin dose decreased in 57 % of all 70 PWD?2
[15]. Based on these observations the complementary insulin treatment may be recommended for a
longlasting treatment of both non-obese and obese PWD2.

2.3. Rapid acting insulin analogs in complementary therapy. In our trial (2002-2007) 57 PWD2
treated with human regular insulin for 5.2 + 0.44 years were investigated [16]. Following two checkups per-
formed in the course of the 364 + 17.9-day baseline period, human regular insulin was replaced with aspart
in equivalent boluses, and two checkups in the course of 330 = 11.1-day sequential period were performed
(Fig. 11). The control group consisted of 17 PWD?2 treated with insulin for 4.2 = 0.57 years. In the interven-
tion group, following the switch from human regular insulin to aspart, hemoglobin Alc (HbAlc) decreased
from 8.4 £ 0.23 % at baseline to 7.9 £ 0.17 % (P = 0.031), and thereafter to 7.5 + 0.20 % (P < 0.001) daily

insulin dose (37.1 = 1.39 1U/d), BMI (30.5 £ 0.82 kg/m2), and frequency of hypo- and hyperglycaemic epi-
sodes did not change (P > 0.05).
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Figure 11. Evolution of HbAlc following the switch from human regular insulin to insulin aspart.
N=57, mean + SE, *P<0,05 [16]

In the control group, no significant change of baseline HbAlc (8.4+0.54 %), insulin dose
(33.1£3.17 IU/d), and BMI (32.1£1.12 kg/m2) was found. Aspart appears to be more effective than human
regular insulin for supplementary (com- plementary) insulin treatment in individuals with type 2 diabetes.
Our conclusions correspond to other studies [17-19]

2.4.Continuous subcutaneous insulin infusion in PWD2. Our pilot monocentric uncontrolled trial
PARASEN (2006-2010) demonstrated that CSII in trained PWD?2 results in reduction of daily insulin dose
without change in HbAlc concentration and body mass [20, 21]. This is in accordance to other studies, in
particular to the recent prospective randomized multicentre controlled study OpT2mise (2011-2014)
[22, 23].

2.5. Inkretin preparations. In 35 obese metformin-treated PWD2 with persistent hyperglycaemia
exenatide twice daily or liraglutide once daily was injected. In the course of 3 to 6 months reduction of body
mass up to 1 kg/week (Fig. 12) and HbA1c concentrations about 10 % of baseline (Fig. 13) was registered in
most of them. However, following the 6-month successful period, these effects were mostly less pronounced
or none. Exenatide QW (once per week) appears to be helpful.
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Figure 12. Evolution of BMI since the beginning Figure 13. Evolution of HbAlc since the beginning
of DM 2 in the course of metformin (M) therapy, of DM 2 in the course of metformin (M) therapy,
and effects of sitagliptin (S) and liraglutide (L) and effects of sitagliptin (S) and liraglutide (L)

2.6. Study RENAAL (Double-Blind, Randomized, Placebo-Controlled Study to Evaluate the Re-
nal Protective Effects of Losartan in Patients With Noninsulin Dependent Diabetes Mellitus and
Nephropathy; 1997-2001, principal coordinator B.M.Brenner, California) [24].

A total of 1513 patients were enroled in this study at 250 specialized centres in 28 countries, 25 of them
in Olomouc. There were a total of 327 patients in losartan group and 359 in placebo group. In conclusion,
losartan conferred significant renal benefits in PWD2 and nephropathy and it was generally well tolerated.
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3. Diabetes mellitus and pregnancy

An open epidemiologic study aiming to the diabetes treatment in pregnancy de- monstrated that the in-
tensive management of diabetes carried out at the University Hospital in Olomouc resulted in a marked de-
crease of the perinatal mortality of newborns of diabetic mothers. This mortality dropped from 66 % in the
year 1965 to 6.5 % in the year 1980 and finally reached the same percentage as in non-diabetic mothers (i.e.
less than 1 %). To date, the management of a pregnant diabetic woman is based on the intensive treatment
with shortacting insulin or insulin aspart (either conventional by means of a pen or as continuous subcutane-
ous insulin infusion by means of an insulin pump) aiming to the euglycaemia level (P-glucose between 4.0
and 7,0 mmol/l) and on intensive obstetrical care in a specialized centre. Insulin pump and intensive
selfmontoring using CGMS is recommended (Fig. 14). Delivery in 38—40 week of pregnancy; in threatening
complications any delay of a caesarean section should be avoided [25, 26].
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Figure 14. Evolution of P-glucose concentration at the day of delivery. PWD1, Primipara [26]

4.Technical prerequisites for the intensive conventional insulin treatment

4.1. The Pen-like case [5]. In a close cooperation with other institutions a proposal of a simple pen-like
case for an insulin syringe filled with insulin (Fig. 15) was submitted and the safety of this case was investi-
gated. The pen case was produced from light metals or plastic materials and used several years before the era
of insulin pens.
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Figure 15. «Disposable» syringe filled with shortacting insulin and the pen-like case

4.2. A new insulin pen MADI (Manual Device for Insulin Injection) was proposed, constructed and
developed (Fig. 16). The MADI was one of the first insulin pens worldwide [5, 27-32].
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Figure 16. The MADI-pen (year 1991); special case with disposable reservoirs, needles, insulin vial

4.2.1. The precision of MADI was tested In a technical study. The variability of individual doses is in-
significant. In the type MADI 7/2, the average dose equals 1.9 IU and the coefficient of variation ranges be-
tween 1.0 and 4.6 %, exceptionally up to 5.7 %. Neither the speed of application, nor the temperature rang-
ing between 20 and 370C have any influence on the total dose injected. Even a simulated 5 years usage of
the MADI did not lead to any significant change of individual doses.

4.2.2. Pharmacological assessment. Under the standard laboratory conditions (Institute of diabetes
Karlsburg 1987-1990) it was found out that within one year there is no significant change in the activity of
shortacting porcine insulin when stored in a plastic reservoir under 37°C without mechanical stress (Fig. 17).
If a heavy mechanical stress is added, the full insulin activity remains three days at least, and then it begans
to decrease.
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Figure 17. Activity of shortacting porcine insulin (SNC Berlin Chemie)
when stored in a plastic reservoir under 37 °C without mechanical stress in the course of 12 months

4.2.3. Microbial safety. Thorough microbial investigations and clinical observations of over 500 000
injection sites resulted in a conclusion that the repeated use of disposable syringes, reservoirs and needles in
one PWD may be recommended as a convenient and safe approach in insulin administration. If no obvious
contamination occurs, the period of usage of a needle seems to be limited by its sharpness [33].

4.2.4. Clinical study. A prospective multicentre clinical study (1985-1992) confirmed that MADI is a
useful aid for the application of all kinds of insulin in all age-groups of PWD1 and PWD2 which are able to
handle the pen. No visual control of insulin injection is necessary. The MADI was produced from light met-
als and plastic materials. The insulin is filled from original vials. The filling and application is performed by
twisting the cap. The latest models of MADI from the year 1994 (40-1, 40-2, 100-1, 100-2, 80-1, 80-2)
may be distinguished by color. The volume of a reservoir is 3 ml. The needle is protected by a special sliding
cover. The MADI was used as a needle-pen or as a catheter-pen. Since 1986, more than 1800 MADI-pens
were introduced at the Teaching Hospital Olomouc (Fig. 18).
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Figure 18. Number of MADI-pens introduced to PWD in Teaching hospital Olomouc
at the begining of pen-era (1986-2003)

At present, the MADI production is over. MADI pens have been replaced by disposable flexpens pre-
filled with insulin aspart or by other pens. Despite of that, the experience and skills with MADI are effective-
ly used on behalf of all PWD.

4.3. Insulin pumps. In the Teaching hospital Olomouc, the first insulin pump (Promedos E 1, Siemens)
was introduced in December 1981. However, as late as at the end of the last century the CSII became a so-
phisticated therapeutic approach in several diabetes centres. To date, over 6000 men and women from more
than 100 000 insulin treated PWD are profittig from various types of insulin pumps in the Czech Republic
[34, 35].

5. Education — Programmed treatment of people with diabetes

Based on the concommittant clinical studies, principals of education comprising the principels of Ther-
apeutic Patients Education of the WHO was introduced. The proposed educational schedule became a part of
the so called «Programmed Treatment of persons with diabetes» which was proposed and checked on hun-
dreds of diabetic patients as a part of the research grant on «The treatment of diabetes by means of an insulin
pump and of the pen MADI. The Programmed treatment aims to an introduction of the intensive insulin ther-
apy into the practice and has been composed of 4 parts: (1) diagnostic procedures, (2) introduction of an in-
tensive insulin treatment, (3) patient’s education and supplying him with a pen and a glucose meter, (4)
paitent’s self-decision dealing with his forthcoming treatment (acceptance or rejection of intensive insulin
therapy). The PWD and the educator are substantial parts of any professional team dealing with diabetes
treatment [36, 37].

6. Glycaemic Index of foods (GI)

The glycaemic index (GI) is a measure of the food power to raise plasma glucose (PG) concentration af-
ter a meal. For its determination, classical methods register the development of glucose concentration in ca-
pillary plasma or whole blood in the course of 120 min [38, 39].

There is no standardized protocol for measuring glycemic index (GI) that takes the time-of-day effects
into account. Using the CGMS, software CareLink and MS Excel the enhanced data processing software
(Degif XL4 and recently Degif XL5) enabeling the GI calculation at breakfast, lunch, afternoon snack and
dinner times has been made possible (Fig. 19).

Using the Degif XL5, the glucose concentrations of 20 volunteers are monitored after they consumed
either 50 g of glucose or one of six alternative foodstuffs at breakfasts, lunches, snacks and at dinner times.
Within the 9-day test period, 7 such meals were monitored in 5 replicates for each volunteer. Specifically,
CGMS (monitor Guardian, Sofsensor and transmitter Minilink) was used to monitor plasma glucose levels at
5 minute-intervals for a period of 120 min following ingestion. At the end of day 9, the data from all volun-
teers are transferred into Carelink, to MS Excel and processed [40].

Any tests that did not fulfill the evaluation criteria (fasting before meal shorter than 210 min, consump-
tion lasted longer than 30 min, incomplete portion or additional food was eaten or sensor failure appeared)
were not processed. Next, Gls exceeding three times the interquartile interval were excluded. Such as 312
out of 350 tests (89 %) were analyzed.

The Shapiro-Wilk test showed a non-normal distribution of GI values. Median and 1st and 3rd quartiles
were used to express the value of group-related GI. The evolution of plasma glucose in the course of 210 min
after the meal start is demonstrated (Fig. 20-22).
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Figure 19. Degif XL — printscreen; evolution of P glucose concentration after consumption
of 50 g glucose (red line) and after the tested meal (chocolate) containing 50 g of absorbable
carbohydrates (blue); GI values of tested foods (G-A-R-Y-C) as means of the whole group
of 20 tested persons or of tests for one selected volunteer (VL, Prob. No 20) [41]

Rolled wafers with nuts filling

Gl [%] G1120 at different times of day Rolled wafers with nuts filling
120
(median £1st and 3rd quartile) 3.0
100 Gl 22
80 S 20
= Glucose
60 %
iy
40 = 1.0 1
Z
20 3
0 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210

Breakfast Lunch Snake Dinner 1 Dinner 2 Average

time [min]

Figure 20. The values of group-related GI of rolled waffers at 5 different times of the day and average value.
The evolution of plasma glucose in the course of 210 min after the meal start [40]

ol White bread and ham .
[%l] G1120 at different times of day White bread 100 g and ham 100 g
120 (median +1st and 3rd quartile) 3.0
Gl 46
100 -
3
80 E 2.0 1 Glucose
59 =
60 58 w
- 45 - 6 40
= 1
“ g J\T\L
E s
20 PI—1_ |
0.0 T T T T T T T T T T
0 0 15 30 45 &0 75 90 105 120 135 150 165 180 195 210
Breakfast Lunch Snake Dinner 1 Dinner 2 Average time [min]

Figure 21. The values of group-related GI of white bread and ham at 5 different times of the day and average value.
The evolution of plasma glucose in the course of 210 min after the meal start [40]
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Figure 22. The average values of group-related Gls of 6 different foods [40]

Our findings suggest that tests performed at different times of day using CGMS are an acceptable ap-
proach to GI determination. This approach appears to be worthy of consideration as an alternative to present
methods according to the standard ISO 26642. This method appears to be useful to the assessment of thera-
peutic effectiveness of oral antidiabetic drugs etc. [42].

7. Intensive selfmonitoring

The accuracy and precision of various glucometers was estimated [43—48]. Ten-point ambulatory gly-
caemic profile and continuous glucose monitoring (CGMS) was introduced to practice [49]. In persons on
insulin pumps CGMS resulted in reduction of HBA1c [50].

7.1. Accuracy and precision of glucometer-strips systems was evaluated in several studies using dif-
ferent methods. Within the course of 15 years we have tested the glucometer systems Card (Medisense),
Optium (Abbott), Advance (Hypoguard, GB) and Linus (Agamatrix, USA) at our diabetes centre considering
their accuracy when used in real life. The purpose of our recent trial was to assess the accuracy and precision
of the electrochemistry-based glucometers CONTOURLINK, Bayer, Germany, using FAD glucose dehydro-
genase strips, and CALLA, Welion, Austria, as well as LINUS, Agamatrix, USA, both using glucose oxidase
strips. The tests performed with these glucometers resulted in acceptable results (Fig. 23) [49].
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Figure 23. Relative deviations of Plasma glucose concentration estimated on glucometers
from laboratory analyzer Cobas Integra [49]
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7.2. Ambulatory glycaemic profiles. We also paid attention to the assessment of diabetes control in
real life using Ambulatory Glycaemic Profiles (AGP) as markers of therapeutic effectiveness (Fig. 24). In
our centre, the ten-points ambulatory glycaemic profiles are performed as a substantial part of regular diabe-
tes check-ups. The PWD'’s are trained in AGP including corrections of timing of fingerpricks, meals and in-
sulin application exceeding = 15 min of the times printed on the AGP sheet. On the evaluation of an AGP is
especially recommended:

—to compare the fasting PG values at 6,00 h at the beginning and at the end of the AGP to assess the

stability of diabetes control;

— to pay attention to the evolution of PG between midnight and 6,00 h a.m.; the increase > 1.0 mmol/L

indicates a dawn phenomenon;

— to explain the postprandial PG variations over the day;

— to identify hypoglycaemias;

— to discuss all items dealing with insulin dosage, meals and exercise;

— to suggest adaptations.
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Figure 24. 10-point P-glucose profile carried out by a men with DM 1

7.3. Continuous glucose monitoring. In the course of our study PARASEN (sensor augmented CSII
using insulin pump Paradigm x22 or Paradigm x54) following observations were made: Since 1993, insulin
pump treatment was started in 167 PWD1 or PWD2. Long-term Continuous Glucose Monitoring (Fig. 25)
was shown to reduce HbAlc (Fig. 26). The purpose of a prospective study was to assess the real patient’s
interest in routine use of transcutaneous sensors related to the hypothetical optimum,, always on CGM». In
the course of 7 years (2006 to 2012) the sensor-augmentation of Continuous Subcutaneous Insulin Infusion
(CSII) was repeatedly offered free of charge to all PWD on pumps (n=123) attending the regular check-ups
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supported by Carelink Personal software. The CGM was accepted for variable number of days by 63 (51 %)
of them. Even after offering sensors and CGM education to all PWD free of charge, there seems to be lack of

interest/motivation in PWD to try CGM [51].

Figure 25. Continuous glucose monitoring: Sofsensor inserted into subcutaneous tissue and connected
to transmitter Minilink (left); insulin pump Paradigm x22 (right)
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Figure 26. Evolution of HbAlc in PWD1 on CSII (insulin pump Paradigm x22, Medtronic Minimed, Northridge,
CA, USA) when performing selfmonitoring of plasma glucose (SMPGQG) using glucometer-strips system Advance
(Hypoguard, GB) and during the 3-month period with continuous glucose monitoring (CGM) using Sofsensor
and Minilink (Medtronic Minimed) [50]

The positiv influence of CGMS on glycaemic variability and evolution of HbAlc [52-57], and on the
other hand, a week acceptance (around 50 %) of this approach from men and women with diabetes may chal-
lenge both professionals in CGMS technology and professionals in patients’education to improve the out-
comes of their endeavour. Occurrence of adverse events is very rare [58].
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P.Xoyn

Yex PecnyOuukacsl Osiomoyn K. YHuBepcuTeTiHiH Meauunaa paky/JabTeTiHiH
KiInHuKacbiHaa (1971-2014) nuadet aypybiHa IATABIKKAH
HAYKACTAp TepanusiCblHbIH KJIMHUKAJIBIK 3epTTeyJiep HITHKeC I

Maxkanaga 1971-2014 >xpuinap apayiblfblHAa KIMHHKAIBIK 3€PTTEYJCPAiH HOTHIKEICPIiHIH JKAJIbl CaHbI
6enrinenren. uaberrin 1 Typimen aybipraH amamaapna Kbicka opeker ereriH (MDI) nHcyiaMH Tepanusch
JKOHe WMHCYMMHAI y3aikci3 kyto (CSII) Ttepamumsickl THiMAI eKeHi KepceTiireH. HHCyIHHIe >KOFapbl
cesimMranpik, mazmMana HDL-xosectepuH MeILEpiHiH JACHreHiHIH a3arobl, HEHPONATHS TepanusChIHBIH
HOTIDKEIIEPIiHIH, €CiHE CaKTayIIbUIBIK TICH 3CHiHHIH Kakcapysl Oenrinenai. JKoHe 1€ ankorois KaObUIIaraH
JKaraaiila KaH KypaMblHJa aJIKOroJib MMOCTHIPAHANANBIIK MOJIICPiHiH a3alFbIH/bIFbl OaliKaagsl. ABTOpIAp
IabeTHKAIBIK He(pOMaTUsIMEH aybIpaThIH aJaMaapiblH OYipek MeH jKYPeK TaMbIp JKYHECiHiH KbpI3METiHe
Nukpetun MeH Jlo3apTaH npenapaTTapbiHbIH KaFbIMIbl 9CEpiH KopceTkeH. JKypriziiren emMmaey HOTHXeciHae
IrabeTIeH aypaThlH aHaJIap/IbIH NePUHATAIbIIK 0J1iMi KOPCETKILITEpi TOMEH T eHI IaIeNICH .

P.Xonyn

Kinnun4yeckue uccienoBaHusi pe3yJibTATOB Tepanuu 001bHbIX
caxapHbIM 1ua0eToM B KJIMHUKe MeIuUMHCKOro (pakyjJbTeTa
YuuBepcurera r. Osnomoyu, Yexus (1971-2014)

B cratbe cyMMupoBaHbI pe3yabTaThl KIMHUYECKUX HccienoBanuil B nepuon ¢ 1971 mo 2014 roasr. Ilokasa-
HO, 4TO Yy JIUL ¢ inabeToM 1 Tuna 3¢(eKTHBHON OKa3alach Tepanus npernapaTaMu HHCYJIMHA KOPOTKOTO Jeii-
ctBusa (MDI), a Taroke Tepanus myteMm HenpepsiBHOro BauBaHus nHcyauna (CSII). Otmeuanocs HOBBIIIEHNE
YyBCTBUTEJIHOCTH K HHCYJIMHY, CHIDKCHHE YPOBHS coiepxanus B miasme HDL-xonectepuna, ynydiieHue
pe3yIbTaTOB TEpalMU HEeHpOIaTHH, MoKa3aTesied maMsaTH W BHUMaHMSA. OTMEYEHO TaKXkKe CHIDKEHHE MOCT-
MIPaHUAIBHOTO YPOBHS alKOTOJIS B KPOBH B CIIyJasiX €ro yHnoTpeOiIeHus. ABTOpaMHU IIOKa3aHO MOJIOKHUTEIb-
Hoe BiWsHUE mpenapatoB Mukperun u Jlo3apraH Ha JEATENBPHOCTh IIOYEK M COCTOSHHE CEpIeYHO-
COCYMCTOH CHUCTEMBI y OOJIBHBIX ¢ Juabermdeckoi Hedpomaruell. OTMEUCHO CHIDKEHHE NEpHUHATAIBHOI
CMEPTHOCTH Matepel, OONbHBIX 1HabeToM, B pe3yJibTaTe IPOBOJMMOrO JiedeHus. [IpUMeHeHe HHBEKTOPOB
MHOT0pa30BOr0 M0J1b30BaHus (LIIPHUL-PYUKH) NTOKa3a10 00Jiee BHICOKYIO TOYHOCTh BBOAMMOIT JO3bI HHCYIIU-
Ha M MHUKPOOHYIO 0€301acHOCTb; aBTOpaMy OBbUIM MOKa3aHbl MPEHMYILECTBA ONpPEIETICHUS TIIMKEMHYECKOTo
MHJIeKCa MHUIIK B YCJIOBHAX HEIPEPHIBHOTO KOHTPOJIS YPOBHS TIIMKEMUH, IIPEUMYILECTBA MCIIOIb30BaHUS IS
CaMOKOHTPOJIS TTIIOKOMETPOB, a TaKKe CHIDKCHHE YPOBHS TIIMKO3MIMPOBAHHOTO TeMOTJIOOWHA TIPH HCIOJIb-
30BaHUH MHCYJIMHOBEIX MOMIL.

50 Bulletin of the Karaganda University



UDC 616.379-008.64-092.9

A.A Kikimbaeva" 4, Z.T.Kystaubaeval’ 2, G.M.Tykezhanoval’ 2, L.K.Bystrevska3,
A.G.Abdraimova-Meyramoval’ 3, Ye.M.Laryushina3, S.B.Zhautikova® , V.N.Beskov3,
G.O.Zhuzbaevaz, A.R.Alina3, S.S.Turzhanovaz, G.K.Turlibekova®

'Diabetes Research Group, Karaganda;
’Ye.A.Buketov Karaganda State University;
*Karaganda State Medical University;
Astana Medical University
(E-mail: meyramow@mail.ru)

Histochemical method for fluorescent staining of Zn"™-jons in glands

It is showed by authors that using of 8-para(toluenesulphonylamino)quinoline — a derivative of 8-oxyquino-
lin result histochemical revealing by using of fluorescent microscopy of Zn-ions in cells of tissue of pros-
tate, in pancreatic B-cells and in salivary glands contains a large amounts of ions. This method is high sensi-
tive and high specific for revealing of Zn-ions and there are only one step of staining procedures. Mean-
while it is possible to use only fresh frozen sections of tissues for investigation within short time limited by
15-20 min.

Key words: B-cells, Prostate, Salivary glands, 8-para(toluenesulphonylamino)quinolone, Zn-ions.

Background. Pancreatic B-cells contains a large amount of Zn-ions [1-3] as salivary glands and pros-
tate. In B-cells Zn"*-ions take part in processes of biosynthesis of insulin as in storage by forming of zinc-
insulin complex [4, 5]. It is known that Zn"*-ions in B-cells formed with insulin a deposited form of hormone
as Zn"*-insulin complex [4]. Proinsulin forms a Zn"-ions containing hexamer soon after its synthesis. In ad-
dition the zinc ions enhance proinsulin solubility and render insulin insoluble. Pancreas of animals as of Hu-
man contain Zn"*-ions [6].

There are between insulin and zinc content in B-cells: decreasing of insulin con- tent accompanied by
decreasing of amount of Zn"-ions and in opposite in intact B-cells a large amount of insulin accompanied by
a large amount of Zn-ions. Meanwhile for estimate ability of B-cells for storage of insulin in cells it is nec-
essary to use method of staining of zinc-ions.

Some diabetogenic derivatives of 8-oxyquinolin [SOXQ] possess high chemical affinity for Zn"-ions
and in vitro formed color complexes as Zn'*-chelator [7]. One of tits, a 8-para(toluenesulphonylamino)-
quinoline [TSQ] is used for color revealing of Zn"-ions in solutions [8].

Aim of work: 1) to investigate Zn"*-ions content in B-cells using staining by TSQ in pancreas tissue, in
prostate and salivary glands of intact animals.

Methods. Animals: 8 Rabbits 2,2-2,6 kg. Frozen sections of Pancreas tissue as of Prostate and Salivary
glands were used. Group 1: A) Staining of Zn"-ions in B-cells on sections of intact animal’s pancreas tissue,
prostate and of salivary gland using of 0,4 % acetone solution of TSQ. B) Injection of TSO, 38,6 mg/kg and
fluorescent microscopy of frozen section of pancreas.

Staining procedures

1. Staining procedures for sections of pancreas using fluorescent reagent 8PTSQ: 0,4 % acetone solu-
tion of TSQ prepared using NH,OH 25 %-solution. Staining procedures: a few drops of 8PTSQ solution
place on frozen sections for 10 sec.; 3 times washing by distilled water and investigation on UV-light micro-
scope with measuring of intensity of fluorescence (control intensity of fluorescence of exocrine tissue’s cells
was accepted for 1,00); length of wave of UV-light 360—370 nanometers. For quantitative estimation of re-
sults of measuring intensity of fluorescence parameter K was calculated as rate: intensity of fluorescence of
B-cells IF1/intensity of fluorescence of exocrine tissue cells IF2 (IF1/1F2);

2. Preparing of TSQ solution for injection (vital staining of Zn"-ions in islets, prostate and salivary
glands): 25 mg of 8PTSQ (Institiute for High Pure Chemicals, Moscow) was dissolved in 70 % Ethanol at
+70° Celsius and injected to Rabbits 36,5-38,8 mg/kg.

3. Staining of insulin and Zn"-ions content in B-cells of animals with experimental diabetes caused by
injection of Dithizone.
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Results

1. Intact animals. Intensive fluorescence of complex Zn"*-ions-TSQ as positive reaction for Zn"*-ions in
cytoplasm of B-cells was revealed in cytoplasm of B-cells of pancreas past staining by TSQ solution as by
using of vital histochemical reaction past intravenous injection of TSQ to animals. We observed decreasing
intensity of fluorescence past partial and almost complete removing of Zn"-ions off B-cells by 3 days pro-
longed per oral treatment by Glibenclamide, 15-20 mg/kg daily [Fig. 1.2, 1.3].Results of fluorescent micros-
copy of sections demonstrate partial or almost complete negative reaction for Zn"-ions — as result of re-
moving of Zn"-ions from B-cells [Fig. 1.3]. Negative fluorescent reaction for Zn"*-ions in islets of animals
with diabetes caused by selective destruction of B-cells by Dithizone (Fig. 1.5, 1.6; Tables 1, 2).

1.7

.1 Intact Rabbit. Fluorescence of Zn"*-ions in B-cells. Frozen section of Pancreas. Staining by 8PTSQ; x140;

1.2 Injection of DDCA 250 mg/kg. Staining by 8PTSQ; partial binding of Zn"*-ions in B-cells by DDCA; x140;

1.3 Injection of DDCA 1000 mg/kg. Staining by 8PTSQ; almost complete binding of Zn**-ions in B-cells by DDCA;
negative fluorescent reaction for Zn"*-ions in B-cells; x140;

1.4 Injection of 8PTSQ 38,8 mg/kg; vital staining of Zn"*-ions in B-cells past injection. Frozen section of pancreas;
x140;

1.5 Rabbit, Destruction of B-cells caused by injection of Dithizone, 48,6 mg/kg; dark microscopy; frozen section of
pancreas; x200;

1.6 Rabbit, Destruction of B-cells caused by injection of Dithizone, 48,6 mg/kg; frozen section of pancreas, staining
by 8PTSQ: absence of Zn"*-ions in B-cells;

1.7 Intact Mice. Fluorescence of Zn'-ions in B-cells. Frozen section of Pancreas. Staining by 8PTSQ; x140;

1.8 Frozen section of Prostate tissue of Rabbit. Staining by 8PTSQ. Fluorescense of Zn'*-ions; x140;

1.9 Frozen section of Salivary gland; Staining by 8PTSQ. Fluorescence of Zn"*-ions; x 140

Figure 1
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We observed intensive fluorescence of cytoplasm contained a large amount Zn"*-ions cells of Prostate
and Salivary gland (Fig. 1.8, 1.9) past intravenous injection of 8PTSQ solution.

2. Animals with diabetes caused by injection of DZ (50,2 mg/kg). Negative reaction for Zn"-ions with
8PTSQ as for insulin in B-cells in sections of pancreas tissue (fig. 2.3, 2.4; control 2.1, 2.2; Table 1, 2) that
demonstrate absence in cytoplasm of B-cells as of Zn"-ions as of insulin in result of necrosis and destruction
of cells: Rabbits: K(IF1/IF2)=1,03+0,05; control: intact B-cells: K=2,06+0,07 (p<0,001); Mice: 1,89 +0,06
and control (intact)=1,06+£0,04.Insulin content in B-cells: K(IG1/1G2)=1,12 +0,03; intact B-cells
1G1/1G2=1,92+0,04 (Table 1, 2).

23

2.1 Pancreatic islet of intact rabbit. 8PTSQ fluorescent reaction for zinc. Intensive fluorescence (a large amount of
zinc in B-cells); UV-light microscopy; x140;

2.2 Pancreatic islet of intact rat. Immunohistochemical method. Normal content of deposited insulin in B-cells (blue-
violet color); x280;

2.3 Pancreatic islet of rat with dianetes. 8PTSQ fluorescent reaction for zinc. Negative reaction for zinc (absence of
fluorescence) determined by destruction of B-cells and by absence of zinc-ions in cytoplasm; UV-light microsco-
py; x140;

2.4 Panc reatic islet of rat with diabetes. Immunohistochemical staining method. Decreasing of insulin content in
B-cells and of size and number of islets in sections; x280

Figure 2. Zinc-ions and insulin content in B-cells of intact and experimental rats

Table 1
Zn"-ions content in B-cells (parameter K: IF1/1F2)
No Animals Intact animals Diabetes caused by
- (IF1/IF2) Dithizone (IF1/1F2)
1 Rabbits 2,06+0,07° 1,03+0,05°
2 Rats 1,94+0,05 —
3 Mice 1,894+0,06* 1,06+0,04*

Note. * *— p<0,005.
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Table 2

Insulin and Zinc content in pancreatic B-cells (parameter K)

No Conditions of experience Insuliq (IG). and Z+2 content (IF) in B—cells. (parameter K) |
insulin (IG) zinc (IF)
1 |5 min. past injection of DZ 1,88+0,05 1,03+0,05
2 |Diabetes caused by DZ (48,8-51,6 mg/kg) 1,12+0,03° 1,08+0,03
3 |DDCA (987 mg/kg) 1,85+0,04 1,02+0,04"
5 |Rabbit (intact) 1,92+0,04° 1,98+0,06 |

Note. * *— p<0,001.

Results showed that in 3 cases method demonstrated a full coincidence of Zn"-ions content with con-
tent of insulin in B-cells: 1) in intact animals; 2) in animals with experimental diabetes; 3) in animals after
removing of Zn"*-insulin complex from B-cells by drugs.

This method demands following conditions. For fixation of tissue of pancreas to use the 70° alcohol sat-
ed with hydrogen sulfide (H,S) or to use sections of frozen-pancreas tissue. Filters for UV-microscopy:
UV-filter between UV-lamp and microscope and yellow filter for ocular of microscope. 8PTSQ is high spe-
cific fluorescent reagent for revealing of minimal concentrations of Zn"*-ions in solutions as 107—10"*.
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Zn™ HOHAAPBIH Oe3aepae GroopecueHTTi AHBIKTAY/IbIH THCTOXMMHUSJIBIK JicCi

ABropiapMeH 8-mapa(ToyryoncysibQOHHIAMUHO)XHHOIHH — 8-OKCHXHHOJIMHHIH TYBIH/BICHIH KOJIIAHY
(bIr0OpECIEHTTIK MUKPOCKOITHSIHBIH KOMETiMEH KybIKanabl OC3iHIH yiina »KacylIachblH/a, MTaHKPEATHUKAIBIK
B-KacylIacEIHAA KOHE cimekeil Gesmepinge Zn'> HOHZAPHIH AHKBIHZAYFA MYMKiHIZIK GepeTinairi
KepceTinreH. OmCTiH 63remitiri — OHBIH KOFAPHI CE3IMTAIIBIbI, JKaCYIIanapaa Zn' > HOHIAPbIH alfKEIHAAY

epeKIIeNiri jkoHe Oosuty TopTiOiHiH OipcaThuibiFbl. CanbICTHIPMAaibl TYPHAETi KEMIIUIri — TyYpakKThl
THCTOJIOTHSUIBIK IIperiapaTTapibl aly MYMKIHAIriHiH Oosmaysl. [Ipemaparrap a3 yakpIT cakrajaibl —
15-20 mumH.
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. +2
I'mcroxumuyeckuii MeTo1 (PJIIOOPECHEHTHOIO BLIABJICHUS MOHOB 7Zn ~ B ’Keje3ax

ABTOpaMH TIOKa3aHO, YTO HCIOJIL30BaHUE §-Mapa(Toyoscyab()OHMIAMIHO)XUHOINHA — MPOU3BOJHOTO
8-OKCHXHHOJIMHA TI03BOJISET C MOMOIIBIO (IIIOOPECHIEHTHO MUKPOCKOIIMH BBISBIATH HOHBI ZNn'> B KJIeTKax
TKaHM NIPEJCTaTeNIbHOM JKeNle3bl, B IAHKPeaTUYECKUX B-KileTkax U B CIIIOHHBIX XKeJe3ax, [Ie OH COACPKHUTCS
B 3HAUUTENIBHBIX KoiandecTBaX. OTianunTensHas 0COOCHHOCTH METOJa — €ro BBICOKAas UyBCTBUTENHHOCTH,
aBCOMIOTHAS CIEIUbHIHOCTS B OTHOIICHHH BBIABICHUS MOHOB ZNn'> B KJIETKAX H OJHOITAMTHOCTb HPOLIECAYPHI
okpackd. OTHOCHTENBHBIN HEAOCTATOK COCTOUT B OTCYTCTBHM BO3MOXHOCTH MOTy4YEHHs MOCTOSIHHBIX THCTO-
Joruueckux npemnaparos. [IpemapaTsl COXpaHsSIOTCS OTHOCUTENBHO HEN0AT0 — B TeueHue 15-20 mMuH.
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Interrelations between polymorphism of a gene of a methylenetetrahydrofolatreductase
with level of Homocystein in patients with 2 type of diabetes

Purpose of the research — to study the frequency of occurrence of polymorphism ST gene methylenetetra-
hydrofolate patients with diabetes mellitus type 2 and its correlation with homocysteine levels and the devel-
opment of ischemic heart diseases. 118 patients with diabetes mellitus type 2 at the age of 45-60 years were
surveyed. Statistically significant differences were observed frequencies of alleles of T and S, genotype SS
between groups of patients with pancreatic diabetes type 2 with ischemic heart disease and tran- sferred myo-
cardial infarction and healthy persons. It was found that the allele T 677 gene, methylentetrahydrofolat-
reductase associated with an increased risk of myocardial infarction in patients with diabetes mellitus type 2
(OR=1,879, p=0,029). The combination of genotype T677 gene methylenetetrahydrofolatereductase with
hyperhomocysteinemia in 2 type diabetic patients with coronary heart disease is related with other risk factors
for cardiovascular diseases and can have a significant impact on the course of ischemic heart disease.

Key words: diabetes mellitus type 2, coronary heart illness, homocysteine, methylenetetrahydrofolate.

Actuality of research. Cardiovascular diseases, in particular the coronary heart disease (CHD), are one
of main cause of death of patients with diabetes (DM) [1]. The relative risk of its emergence is increased at
men depended from age by 1,5-2,5 times, at women by 1,74 times and the increase in risk is always more
expressed at women comparatively with men. Existence of DM is related with high risk of emergence of all
ishemia forms (ICD), including stenocardy, ischemia of a myocardium, a myocardial infarct and death [2].
ICD in patients with DM in comparison with patients without DM develops at earlier age and characterized
by more severe damage of coronary arteries with involvement of distal part [1, 2]. Pathogenesis of cardio-
vascular complications based on multiple factors and determined by insufficient metabolic control of DM, by
immunological and hormonal changes as by changes in system of hemostasis. Previously a special signifi-
cance in pathogenesis of the cardiovascular diseases (CD) is attached with genetic disorders [3, 4].

Now hard works on studying of one of genetic markers of CHD — polymorphism — of a gene 5,10 —
a metylentetragidrofolatreductase (MTGFR) and its role in formation of this pathology are conducted. Poly-
morphism of a gene of MTGFR characterized by replacement of a cytosin on tymin in the T677th nucleotide
(C677T) As result enzyme is transformed in thermolabile and its activity decrease by 30—65 %, that result
destroying of processes of transformation of Homocysteine in Methionin and to development of a
hypergomocysteinemya (HGC) [3, 5].

Recently value of HGC as important risk factor of atherosclerotic changes of vessels and also of arterial
and venous tromboembolia is widely discussed [6—8]. Homocysteine (GC) is the sulfur-containing amino
acid which is formed in the course of an exchange of methionine and cysteine. The methionine is metabo-
lized with formation of S-adenosilhomocystein as result of hydrolysis, is transformed into GC. Disturbances
of transformation of this amino acid into methionine and cysteine leads to increase in its content in blood.
Increased GC level in plasma result activation of processes of oxidation with formation of free radicals toxic
for endothelial cells that result proliferation muscle cells and stimulation of platelets and leukocytes [4, 9].
The HGC promotes oxidation of lipids that stimulates processes of atherogenesis [7, 8].

It was established that HGC high level in plasma of blood is independent risk factor for developing of
CHD [4, 9]. It was showed that risk of cardiovascular pathology considerably increases when the CHD is
combined with DM [6, 10, 11]. However there are MTGFR low studied polymorphism of a gene and its in-
terrelation with the GC level and their influence on development of ICD at 2 type of DM.

Research objective. To study polymorphism of C677T of a gene of MTGFR, its interrelation with the
GC level and role in development and progressing of ICD in patients with 2 type of DM.

Materials and methods

Genetic material was obtained from 118 patients with 2 type of DM aged from 45 till 60 years. Duration
of disease is 7,8+5,7 years. For investigation influence of polymorphism gene of MTGFR on development of
ICD patients were divided for 2 groups. The first group included 69 patients age — 53,6+4,4 years. This
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group in 42 patients in the anamnesis had a myocardial infarction (18 men and 24 women) age — 53,7+7,5
years. The second group 49 patients with 2 types of DM without ICD (15 men and 34 women), age —
52,1+4,3 years.

Criteria of exception from 1 and 2 groups: the age of patients till 45 years and over 60 years; existence
at patients of chronic renal failure, recurrence of accompanying chronic diseases, of purulent — necrotic
complication, B12-and folic acid deficiency induced anemia and also last month treatment by folic acid or
vitamins of group B.

Control group included 89 patients (blood donors) aged from 45 till 60 years without disturbances of
carbohydrate metabolism and the atherosclerosis and trombosis in the anamnesis.

All patient conducted full clinical and biochemical analysis. For identification of ICD Holterovsky
monitoring of electrocardiogram using «Markett HELLIGE» system and a tredmillmetry using «<HELLIGE
CardioSoft V3.0» was carried out.

For DNA analysis samples of epithelial cells were used. Method phenolchloroformic extraction was
used for separation of DNA. Polymorphic parts were amplifycated by Polymerase reaction using
amplificator of «Eppendorf». Analysis of GC level was carried out by an immunoenzyme method using the
analyzer IMMULITE 2000 type the Homocysteine (AXSIS) sets.

The statistical analysis was carried out using applied programs «Biostat» and «Statistica 6.0». All data
are provided in a type of arithmetic averages and their standard deviation (M£SD). Tests for balance of Har-
dy — Weinberg and identification of associations by method y*. Reliability of coefficients of distinctions
was accepted at value p<0,05. For estimation of associations of polymorphic options with pathological phe-
notype a relative risk (OR — odds ratio) was counted using formula OR = ad/bc, where: a — frequency ana-
lyzed allele at patients; b — frequency analyzed allele in control selection; ¢ and d — total frequency of oth-
er alleles at patients and in control respectively. The size OR = 1 indicated absence of association at OR>1
the positive association allele with a disease («risk factor») were confirmed, at OR<1 — negative association
allele with disease, as protective action given allele.

Results and discussion

Results demonstrated prevalence of normal alleles C677 in patients with type 2 of DM which was de-
fined at 75,4 % of patients. Thus an allele of T677 which in some researches proved as a marker of CHD
[12, 13] was revealed at 24,6 % of patients and at 21,9 % of persons of control group (OR=I1,161,
C.I.=[0,731-1,844], y> = 0,40, p=0,52) (Table 1).

Table 1

Frequency of alleles and genotypes of C677T polymorphic locus of MTHFR gene
in patients with type 2 diabetes mellitus and in the control group

Selection Alleles, n (%) Genotypes, n (%) The Hardy-Weinberg law
C677 T677 C677C C677T T677T matching ()2*, df=1), p
Patients with type 2 diabetes 178 58 68 42 8 0.664651
mellitus (n=118) (75,4) (24,6) (57,6) (35,6) (6,8) ’
Control group 139 39 55 29 5
(n=89) (78,1) (21,9) (61,8) (32,6) (5,6) 0,652185

Frequency of occurrence of genotypes corresponded to Hardy's law — Weinberg (table 1). At the sur-
veyed patients with 2 type of DM the heterozygotic genotype of C677T showed in 35,6 % of cases; the ho-
mozygous (normal) genotype of C677C — in 57,6 %; at 6,8 % of patients was a homozygous genotype of
T677T.

Statistically significant distinction in frequencies of occurrence of genotypes of C677C, C677T and
T677T between patients with 2 type of DM and control group is not revealed (table 1). At calculation of
stratification risk the DM it was revealed some association of 2 types with T677 alleles (to OR = 1,1) with
homozygous genotype of T677T (OR = 1,2) and with heterozygotic genotype of C677T (OR = 1,1) but this
association wasn't reliable. There are risk for developing of ICD in patients with a homozygous genotype of
T677T [9, 10].

One of problems of this research was to estimate influence of polymorphism of a gene of MTGFR as
one of the factors of influence on metabolism of a homocystein on development of ICD. Results of investiga-
tion patients with ICB duration of current of DM and of arterial hypertension (AH), glycemia before and
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postprandial were authentically higher as more high level of HbAlc. In patients with ICD a higher level of
cholesterol (OHS), triglycerides (TG), lipoproteides of the low density (LPNP) and the lowered indicators of
lipoproteides of the high density (LPVP) (table 2) are registered. These results correspond to data obtained
by other authors [1, 14].

A.Engbersen et al. [15], A.Gardemann et al. [16] demonstrated existence of association of a homozy-
gous genotype of T677T of gene of MTGFR with CHD [13, 11]. Other researchers didn't find relation be-
tween this polymorphism and vascular pathology [5, 17].

Results demonstrated that frequency of allele T677 of gene MTGFR in patients with DM 2 types with
ICD and without ICD authentically didn't differ in gene MTGFR at patients with DM and made 26,8 % and
21,4 % respectively (table 3).

Analysis of distribution of genotypes of MTGFR at 7,3 % of patients with 2 type DM with ICD and at
6,1 % of patients without ICD are revealed existence of a homozygous (T677T) genotype of MTGFR (table 3).
The heterozygot genotype of C677T prevailed in patients of 1 group (2 type DM with IBS) in compared with
patients of 2 groups (2 type DM without IBS) (39,1 % and 30,6 %, respectively. Analysis of stratification risk
the DM showed some association 2 types in combination with ICD with T677 alleles (to OR = 1,3), a homozy-
gous genotype of T677T is revealed (OR = 1,4) and a heterozygotic genotype of C677T (OR = 1,3). However
this association isn't reliable. Similar data are described also by other authors. In groups of the French, Swedish
and Australian patients with CHD the association of allele T677 and a genotype of T677T of a gene of MTGFR
with atherosclerotic damage of coronary arteries is also not revealed [11, 12, 18].

Table 2

Clinical-laboratory characteristics of patients with type 2 diabetes mellitus
and coronary heart disease and without coronary heart disease

Indicator Type 2 diabetes patients mellitus Type 2 diabetes mellitus patients
with coronary heart disease without coronary heart disease
Duration of diabetes, years 8,7+5.9 6,5+5,2*
Duration of hypertension, years 10,3+5,7 7,5+5,3*
Fasting blood glucose, mmol/L 8,3+1,8 7,2+1,4*
Postprandial blood glucose, mmol/L 11,2+1,9 8,7+2,04%*
Average daily blood glucose, mmol/L 9,8+1,7 7,7+1,4%*
HbAlc, % 10,2+1,9 8,9+£2.2%
Total cholesterol, mmol/L 6,4+1,3 5,4+1,0*
Triglycerides mmol/I 2,8+1,2 1,94+0,9*
HDL cholesterol, mmol/L 1,11£0,22 1,28+ 0,14*
LDL cholesterol, mmol/L 4,0+1,3 3,3 £0,9*
CA,ED 5,4£1,3 4,440,9%*

Table 3

Frequency of alleles and genotypes of C677T polymorphic locus of MTHFR gene in patients
with type 2 diabetes mellitus (DM) with and without coronary heart disease (CHD)

Selection Alleles, n (%) Genotypes, n (%) The Hardy-Weinberg law
C677 T677 C677C C677T T677T matching ()**, df=1), p
Patients wih type 2 DM and 101 37 37 27 5 0.980493
CHD (n=69) (73,2) (26,8) (53,6) (39,1) (7,3) ’
Patients wih type 2 DM 77 21 31 15 3 0.524539
without CHD (n=69) (78,6) (21,4) (63.,3) (30,6) (6,1) ’

Note: * — Pirson y? agreement criteria.

It was demonstrated the presence of high frequency of allele by T677 in patients with repeated myocar-
dial infarctions and correlation this allele with the HZ level in serum [10, 19, 20]. A.Gardemann et al., 1999,
demonstrated polymorphism of C677T of MTGFR almost at 2500 Europeans with angiographic the verified
atherosclerosis of coronary arteries was investigated. It was noted that carriers of a homozygous genotype of
T677T have higher rate of atherosclerotic damage of coronary arteries comparatively with patients have as
least one allele of C677 [16].

58 Bulletin of the Karaganda University



Interrelations between polymorphism ...

This regard on the analysis of polymorphism of gene MTGEFR in patients with 2 type of DM with ICD
depending of existence or absence in anamnesis of a myocardial infarction was carried out. Patients with 2
type of DM with a myocardial infarction in the anamnesis differed from control group on the frequency of
occurrence of alleles of T677 (OR=1,879, C.1. [1,059-3,333], y = 4,72, p=0,029) and C677 (OR= 0,532, C.I.
[0,300-0,944], y* = 4,72, p=0,029). At patients past myocardial infarction less than in control the homozy-
gous genotype of C677C (OR=0,420, C.I was observed. [0,199-0,890], ¥*>=5,24, p=0,022). Also high fre-
quency of genotypes of C677T and T677T (50 % and 9,5 %, respectively) in this group of patients is found
in comparison with control group (32,6 % and 5,6 %, respectively) but this distinction wasn't reliable (ta-
ble 4). Carriers of allele T677 had increased risk of development of a myocardial infarction (OR=1,879, C.I.
[1,059-3,333], x. 2 =4,72, r=0,029).

Patients with myocardial infarction in anamnesis differed on frequency of oc- currence of polymor-
phism of a gene MTGFR not only from healthy people but also from patients with 2 type of DM without
ICD and with ICD but without myocardial infarction. Allele of T677 I is found at 34,5 % of patients with
myocardial infarction whereas at patients without myocardial infarction and without ICD was revealed at
14,8 % and 21,4 %, respectively (y * =7,78, 1=0,02) (table 4). In group of patients with 2 type of DM and
myocardial infarction are revealed prevalence of heterozygotic C677T (%*=6,43, r=0,04) and homozygous
T677T (x*=0,93, =0,62) genotype in compared with patients with 2 type of DM with ICD without myocar-
dial infarction and 2 types DM without IBS (table 4).

Table 4

The frequency of alleles and genotypes of C677T polymorphic locus of MTHFR gene in patients
with type 2 diabetes mellitus, coronary heart disease and myocardial infarction,
with coronary heart disease without myocardial infarction and without coronary heart disease

Selection Alleles, n (%) Genotypes, n (%) The Hardy-Weinberg law
C677 T677 C677C C677T T677T matching ()2*, df=1), p
Patients with type 2 DM 55 29 17 21 4 0.492288
with CHD and MI (n=42) (65,5) (34,5) (40,5) (50,0) (9,5) ’
Patients wih type 2 DM with 46 8 20 6 1 0.534416
CHD without MI (n=27) (85,2) (14,8) (74,1) (22,2) (3,7) ’
Patients wih type 2 DM 77 21 31 15 3 0.524539
without CHD (n=49) (78,6) (21.4) (63,3) (30,6) (6,1) ’
139 39 55 29 5
Control group (n=89) (78.1) (21.9) (61.8) (32.6) (5.6) 0,652185

Note: * — Pirson 2 agreement criteria.

It is known that polymorphism of gene MTGFR can be one of the cause of the HZ causing increase. In
patients with 2 type of DM were found higher values of HZ than at persons of control group: 14,0+5,2 umol/l
in patients with 2 type of DM and ICD (rk=0,001); 11,6+4,8 umol/I in patients with 2 type of DM without
IBS and 9,38+5,4 umol/l in control (Fig.1).

* kok
15 > —
O control
10
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mgroup 2
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0

Note. * — significant of differences with the control group, p <0,001; ** — significance of differences with group Ne 2, p <0.05

Figure 1. Serum homocysteine levels in patients type 2 diabetes mellitus and
with coronary heart disease (group 1) and without coronary heart disease (group 2)
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The average level of HZ at patients with the post- poned myocardial infarction was authentically higher
in comparison with patients without myocardial infarction (15,3+4,3 and 12,1£5,4 of umol/l respectively,
p<0,05) (Fig. 2).

18
16 | Ocontrol
14
12
10 @ patients with type 2 diabetes mellitus
with coronary heart disease
8 and myocardial infarction
6
M patients with type 2 diabetes mellitus
4 ) .
with coronary heart disease
2 and without myocardial infarction
0

Note. * — significant of differences with the control group, p <0,05; ** — significance of differences with group
of patients with type 2 diabetes mellitus, coronary heart disease and myocardial infarction, p <0.05

Figure 2. Homocysteine serum levels in patients with type 2 diabetes mellitus
with coronary heart disease and myocardial infarction and without myocardial infarction

Analysis of results of research HZ depending of polymorphism of a gene MTGFR showed that both in
control and at patients with 2 type of DM (in 1 and 2 groups) the HZ greatest level is revealed at a homozy-
gous genotype of T677T (Table 5). Especially it was observed in patients with a myocardial infarction in the
anamnesis where at a homozygous and heterozygotic genotype of T677T and C677T the greatest values of
HZ (Table 6) are revealed. Similar results were showed by K.Arai et al. (1997) that the level of a
gomocysteinemiya is higher in patients with 2 type of DM with T677T MTGFR gene genotype than at sur-
veyed with C677C a genotype. Also in group of patients with 2 type of DM with T677T the genotype re-
vealed the high frequency of a myocardial infarction.

Table 5
C677T polymorphism of MTHFR gene and serum homocysteine levels
in patients with type 2 diabetes mellitus and in the control group
Control homocysteine, Type 2 DM with CHD Type 2 DM without CHD
Parameters : ;
umol/l homocysteine, umol/l homocysteine, umol/l
MTHFR C677C 8,8+1,8 13,243,9* 11,244,6*
MTHFR C677T 10,4+2,3 14,5+6,5 12,1447
MTHEFR T677T 12,5 15,8+4,1 13,847,5

Note. * — Significant of differences with the control group, p < 0,05.

Thus, authors showed that T677T MTGFR gene genotype indirectly, through moderated by GHZ stimu-
lated developing of atherosclerosis in patients with 2 type of DM and increases risk of a myocardial infarc-
tion [6].

Multiple-factor regression analysis of the HZ level in patients with 2 type of DM with ICD with myo-
cardial infarction in the anamnesis and a homozygous genotype of T677T with other risk factors of ICD
where in model as independent factor are a variables duration of DM and AG, level of systolic and diastolic
the blood pressure, a glycemia before and postprandial, OHS, TG, LPVP, LPNP and as the dependent fac-
tor — the level of HZ, showed that HZ level at patients with a homozygous genotype of T677T depended of
level of a pre- and postprandial glycemia as of daily glycemia and of HbAlc, LPVP, TG (R* = 0,99;
r=0,014).
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Table 6

C677T polymorphism of gene MTHFR and homocysteine serum levels in patients with type 2 diabetes mellitus
and coronary heart disease and myocardial infarction and without myocardial infarction

Type 2 diabetes mellitus patients, coronary Type 2 diabetes mellitus patients, coronary
Parameters heart disease and myocardial infarction heart disease and myocardial infarction
Homocysteine, umol/l Homocysteine, umol/l
MTHEFR C677C 13,7442 12,1433
MTHFR C677T 14,5447 13,8+4,8
MTHEFR T677T 16,9£3,8 11,2

Thus, a high HZ level at a homozygous genotype of T677T of a gene of MTGFR can be an important
factor in development of a myocardial infarction in patients with 2 type of DM.

Conclusions:

1. Frequency of occurrence of alleles and genotypes of C677T of a gene of MTGFR at patients with
2 type of diabetes without and with Ishemical Cardiac Disease (ICD) but without myocardial infarction in
the anamnesis corresponded to control group.

2. Patients with 2 type of diabetes with a myocardial infarction in anamnesis differed from control
group on the frequency of occurrence of alleles of T677 and C677 of gene of MTGFR (r=0,029). An allele of
T677 of gene of MTGFR have relation with the increased risk of development of myocardial infarction pa-
tients with 2 type of diabetes (OR=1,879, r=0,029).

3. In patients with 2 type of diabetes ICD the HZ high level of serum of blood revealed in comparison
with patients without ICD and control group.

4. Combination of homozygous genotype of T677T of gene of MTGFR to GHZ in patients with type 2
of DM with ICD and a myocardial infarction in the anamnesis is related with other risk factors of cardiovas-
cular diseases (level of a pre- and post-prandial glycemia, average daily glycemia, HbAlc, LPVP, TG and
can have important influense on current of ICD and myocardial infarction.
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A.P.Anuna, JL.I.TypreiroBa, E.M.JIapromuna, H.B.Bacunwesa, /I.T.OmipxaHoBa

JAuaberTin 2-Typinae MeTHIeHTeTPparuapodoJiaTpeayKkrasa reui
MOJIUMOP(PU3MiHIH TOMOLMCTEHH JeHreiliMeH e3apa 0ailJIaHbICHI

Jmaberrin 2-Typi O6ap HayKactapma MermieHTeTparuapodonarpenykrazansiy C677T reHi nomuMophu3MHiH
Ke3ZleCy SKUUIII MeH OHBIH T'OMOIMCTEHH JEHIeHi J>KOHE JXYPEKTIH HIIEMHSUIBIK aypybl AaMybIMEH
OaiiaHBICHIH 3epTTey MakcaThiHaa 45—60 jxac apanbFbIHAAFEl quabeTTiH 2-Typi Oap 118 Haykac Texcepinmi.
JlnabetTiH 2-Typi MeH XYpEKTiH HIIEMUSUIBIK aypybl jkKoHe OachlHAH O©TKepreH MHOKapiA HHQapkTici 6ap
HaykacTap MeH fAeHi cay agamaapaa T 677, C 677 amnennepi MmeH C677C reHoTHI Ke3zecy >KHINIriHIH
apachblHAa CTATUCTHKAIBIK AQJENi aiblpMAIIbUIBIKTAp Oap ekeHmiri aHbIKTaynasl. Jluaberrin 2-Typi Gap
HayKacTapga MeTwieHTerparuapodonarpenykrasa ¢epmentinin T677 amreni muokapa wuH apKrici
JIaMybIHBIH KoFapel Kayinimen (OR=1,879, p=0,029) GaiinanbicTsl exenairi monennenni. [uabertin 2-Typi
MEH JKYPEKTiH HIIEMHsUIBIK aypybl 6ap anamaapaa MetuieHterparuapodoatpenykrasasie T677T reHoTumni
JKYPEK-TaMbIp aypyJapblHbIH 0Oacka Ja Kayill (akTopiapbIMEH ThHIFbI3 OalIaHBICTBI JKOHE JKYPEKTIiH
HILEMHSUIBIK ayPybIHBIH aFbIMbIHA aTapIIBIKTall ocep eTyi MyMKiH.

A.P.Anuna, JL.I.Typrynosa, E.M.Jlaprommna, H.B.Bacunsesa, JI. T.AMupxanosa

B3anmocBs3p noIuMop(pu3Ma reHa MeTHJICHTETPAruApooIaTpeyKTa3bl
C YPOBHEM rOMOIMCTEHHA NIPH caXapHOM aualere 2 TMNIA

C wmenpio MCCIEIOBaHHUS M3YYEHHs 4acTOThl BeTpedaemocTd noiumopdusma C677T rena meTuieHTeTpa-
rupodonaTpeayKTa3sl y OOMBHBIX CaXapHBIM OHA0ETOM 2 THIAa M €ro B3aHMMOCBS3U C YPOBHEM T'OMOLIMC-
TCWHAa M Pa3BUTHEM HIIEMHYECKOH Ooye3HM cepiuma oOcienoBaHbl 118 manmeHTOB caxapHBIM AnabeTOM
2 tuma B Bo3pacte 45-60 yiet. BBIBICHBI CTATHCTHYECKH 3HAYNMbIE PA3JIMIMs JaCTOT BCTPEUaeMOCTH ajlle-
neit T677 u C677, renotuna C677C Mexmy rpynnamy OOJIBHBIX CaxapHBIM JHa0eTOM 2 THIA C WIIeMHYe-
CKO¥ 00JIe3HBIO CepJIla U NMePeHECEHHBIM HH(PAPKTOM MHOKap/a U 3/I0POBBIX JINL. Y CTAaHOBIICHO, YTO aJlIelIb
T677 rena MetuneHTeTparuapodoIaTpeyKTassl CBI3aH C MOBBIIICHHBIM PUCKOM Pa3BUTUS MH(pAPKTa MHO-
KapJa y NanueHToB caxapHbIM auabetom 2 tuma (OR=1,879, p=0,029). Coueranue reHoruna T677 reHa me-
THJIEHTETParuApoQoaaTpeykra3bl ¢ THIEPrOMOLCTEMHEMHEH y OOJBHBIX CaXapHbIM JUabeToM 2 THma
UIIEMUYECKON OOJIE3HBIO CEPALIA TECHO B3aUMOCBS3aHO € IPYrUMHU (haKTopamMu pUcKa CepAedHO-COCY JUCTBIX
3a00JIeBaHUH M MOXKET OKa3bIBATh CYNIECTBEHHOE BIIMSHIE HA TEUCHUE UIIEMIYECKOH O0Ie3HH cepa.
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Assessment of risk factors of development of diabetes
in respondents of the Karaganda region

We studied the frequency and structure of the risk factors of diabetes mellitus in 1453 respondents Karaganda
region in the form of screening among urban and rural population using a scale FINDRISK. To identify fac-
tors shaping the development of the high risk of diabetes, was conducted the analysis of the socio-economic
conditions, lifestyle factors, presence of chronic diseases, as well as a number of quantitative indicators such
as: body mass index, waist circumference, measurement of glucose levels and blood cholesterol. The pres-
ence of high frequency (99,5 %) risk of developing diabetes among urban populations (46,3 %) and villages
of the Karaganda region (53,6 %) in the age group from 45 to 60 years. It is revealed that a high risk of de-
veloping diabetes is higher by a factor of 1.2 in the urban population of Karaganda region than in rural areas.
Risk factors that determine the high-risk group, as in the urban population, and in rural areas are lack of em-
ployment, presence of hypertension, angina, lack of physical activity, passive smoking, obesity, hyperglyce-
mia, hypercholesterolemia.

Key words: diabetes mellitus, risk factors, the urban population of the village.

Introduction. Number of incidence of diabetes (D) is increased in every countries [1, 2] that is deter-
mined by aging of the population, prevalence of obesity and decrease in physical activity [3]. In half of cases
diabetes is diagnosed more later real terms of its emergence and very often with developed complications.
Primary prophylactic activity and optimization of mode of life of patients with prediabetes — is one of ways
for to reduce social and economic consequences and to reduce risk developing of diabetes for 45-63 % [4—
6].The main tool of preventive programs and a key to management of health of the population is work with
risk factors of a disease. In this regard studying of frequency and structure of risk factors of diabetes among
city population and in rural areas of the Karaganda region is undertaken.

Research objective: to estimate the frequency and structure of risk factors of diabetes among inhabitants
of city population and rural areas of the Karaganda region.

Material and methods. One-stage cross (cross-section) research in the form of screening among popula-
tion city of Saran (54,000) and rural people (Osakarovsky area) of the Karaganda region is conducted. 1453
persons, from them 1082 women (74,4 %) and 372 men (25,6 %) are included in research. In the
Osakarovsky area 544 women (69,7 %) and 237 men (30,3 %) are examined 781 persons, from them. In city
of Saran examined 672 persons, from them 538 women (80,1 %) and 134 men (19,9 %).

The following criteria of respondents are formulated: 1) age of respondents of 18—65 years inclusive;
2) accommodation of families not less than one last year in the studied regions of the country; 3) absence at
respondent at the time of research of an acute disease and relapse of chronic diseases; 4) knowledge of Rus-
sian and Kazakh languages; consent to participation in research. Criteria of an exception were: pregnant
women, persons with a mental, serious neurologic illness.

For assessment of risk of development of diabetes during 10 previous years at adults the scale of
FINDRISK (FINnish Diabetes Risk Score) [7] was used. For unification of method, calculation and submis-
sion of information results in the questionnaire of FINDRISK are subdivided for 2 classes: with low (< 7-11
points) and high risk of development of a disease (12—20 points). For identification of the factors forming
development of high risk of diabetes the analysis of social and economic conditions, factors of a way of life,
production and labor and extra work, relationship status, existence of chronic diseases, and also a number of
quantitative indices was carried out: as body weight index, waist circle, measurement of level of glucose and
level of cholesterol of blood, level of systolic and diastolic blood pressure. Statistical processing was carried
out using of STATISTICA package. For comparison of frequency of occurrence of a qualitative sign in vari-
ous independent sets the criterion a HY2 was used: statistical differences were considered statistically signif-
icant at p<0.05. In the analysis of quantitative signs for each group were defined a median, the lower and top
quartiles, the statistical importance of distinctions between groups was estimated by nonparametric criterion
of Mang-Whitney, distinctions were considered statistically significant at p<0.05.
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Results and discussion. Risk of development of diabetes in Karaganda region is revealed in 1447 per-
sons (99,5 %) and number of persons with high risk of a disease of n = 802 (55,4 %) that is 1,2 times higher
than with low risk of n = 645 (44,6 %) prevailed. The obtained data showed existence of a similar tendency
in forecasts of growth of prevalence of DM in the world and expediency of carrying out preventive actions.
In Osakarovsky district in 776 people (99,4 %) risk of dia- betes are revealed, and the ratio of low and high
risk was approximately identical: with low risk — 387 (49,8 %) and with high risk — 389 (50,1 %). In group
with high risk of a disease there are prevalence of women — 290 (74,6 %) at men — 99 (25,4 %). The often
highest risk of development of diabetes in group of 45-60 years (54,2 %) and prevalence of female persons
(71 %) (Fig. 1).
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Figure 1. Evaluation of the factors of high and low risk of diabetes among respondents Osakarovsky area
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In the city of Saran (population 54,000) the risk of development of diabetes made 671 — (46,3 %) with

prevalence of respondents with high risk — 413 (61,5 %) comparatively with low risk — 258 (38,4 %).
There are interrelation of high risk of development of diabetes in Saran in age group of 45-60 years (53,2 %)
with prevalence of female persons (86,3 %) is traced (Fig. 2).
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Figure 2. Evaluation of the factors of high and low risk of diabetes among respondents city of Saran
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There are reliable prevalence of group with high risk of development of DM as in city as in rural area
people it is reliable more high among women in age of 45—60 years that correspond to other author’s data on
increase of risk of diabetes with increase in age.

Thus, analysis of the obtained data demonstrated a prevalence of general risk of diabetes in rural areas
over city however the high risk of development of a disease is higher for city population of the Karaganda
region, than in rural areas that will be correspond to literary other author’s data on the high frequency of risk
of development of diabetes among urban population [8]. It is known that intensive transport traffic in city
accompanied by high risk of diabetes [9].

The analysis of influence of social and economic conditions as factors of mode of life, production and
work activity, relationship status, existence of chronic diseases in city population and rural areas was carried
out. Results of research are shown on figure 1, 2.

In Osakarovsky area, among investigated respondents the unemployed — 219 (56,2 %) (p=0,002) in
comparison with group of low risk of a disease — 151 met with high risk of diabetes by 1,4 times more often
(38,8 %). In group of high risk of a disease of persons with physical nature of work is 1,1 times less
(p=0,01), than in group of low risk of DM.

Results of interviewing evidently confirm increase in risk of development of diabetes in the presence of
chronic diseases (57,8 %) especially more often at women. Arterial hypertension in group of respondents
with high risk observed in 200 persons that is more often for 38 %, stenocardia at 81 that is for 14,3 % more
often (p=0,04), a myocardial infarction at 25 that is 5,2 % more often (p=0,01) comparatively with group of
low risk.

Physical activity is important factor for prevention of development of diabetes, In this regard existence
30 minute physical activity was analyzed. It is established that in group with high risk development of dis-
ease physical activity (existence of 30 min. physical activity) was available at 328 (84,3 %) the respondents
that is 5,4 % lower (p=0,01) in comparison with the persons having low risk of a disease — 349 people
(90,1 %).

Among the examined persons with high risk of development of diabetes the percent of smokers made
63 (16,2 %) that is 6,3 % lower than among persons with low risk have diseases 87 (22,5 %). However it is
necessary to note that the percent of the passively smoking was 4,6 % higher in group of high risk at 148 re-
spondents.

A gender distinctions in group of respondents with high risk of a disease the factor of active smoking
was higher at men (86,8 %) than at women — (47,8 %), however the factor of daily smoking was higher at
women, than men have 36,2 % and 6,0 % respectively.

At respondents of the Osacarovsky region with high risk of DM it isn't established to reliable interrela-
tion with professional activity, material level of life, relationship status, disability, existence of heart attack, a
stroke, oncological diseases at relatives. Also it isn't revealed reliable interrelations with alcohol intake, level
of depression and alarm.

Obesity, hypercholesterolemia, hyperglycemia are belong to main factors of risk of DM, especially obe-
sity. Epidemiological researches testify to higher prevalence of DM among persons with obesity than without
it. Among respondents of the Osakarovsky region with high risk of development of diabetes the high percent
of persons 194 (49,8 %) with body weight index as 30 kg/sq.m (p=0,0000) is revealed that by 7,1 times ex-
ceeds this indicator in group of low risk 27 (6,9 %). High risk of DM was revealed in patients with hypergly-
cemia-72 prevailed (18,5 %) than-20 without hyperglycemia (5,2 %) and are 3,6 times higher (p=0,0000)
than in group of low risk. In 198 (50,9 %) respondents with high risk of DM the percent of a hypercholester-
olemia is 2,6 times higher (p=0,0000), than in group of low risk 76 (19,6 %) respondents.

Also in group of high risk it is established that at 100 % of respondents the waist circle was increased as
result of obesity. The similar tendency is noted at respondents of both floors, with prevalence of percent of
female. More high percent of raised index of body weight as of hyperglycemia and hypercholesterolemia
was observed at women and also in the general age group of 44-59 years.

Thus, the risk factors determined group of high risk in rural areas are: unemployment, intensive physi-
cal of work, chronic diseases as arterial hypertension, stenocardia, myocardial infarction, insufficient physi-
cal activity, passive smoking, obesity, hyperglycemia, hypercholesterolemia.

The analysis of risk factors of diabetes is carried out to city Saran, for establishment of influence of the
studied factors in city conditions. In Saran, among the interrogated respondents with high risk of develop-
ment of diabetes less persons with the higher education (p=0,01) were reliable, (is 1,2 times lower, than per-
sons with low risk). In city population the high risk of development of diabetes 3,1 times more often was
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observed at jobless persons comparatively with group of low risk of diabetes. However thus, in group of re-
spondents with high risk of a disease the ratio working and the unemployed had no sharp distinctions
(53,7 % and 45,3 % respectively). The analysis of the obtained data established that the group of high risk of
diabetes is formed by the persons who are married which number is 1,7 times higher, than in group with low
risk of a disecase. The number of not married persons was lower in group with high risk of a disease
(p=0,0051).

Among the factors influencing on high risk of development of diabetes in Saran existence of chronic
diseases (72,3 %) that is 2,5 times higher (p=0,0000), than in group of respondents with low risk of diabetes
is established. In the analysis of gender distinctions the percent of the women having chronic diseases was
slightly higher than at men. Among chronic diseases in group of high risk of DM, in comparison with group
of low risk, 7 times more often arterial hypertension (p=0,0000) was observed, stenocardia (p=0,0043) is 6,3
times more often. In the analysis of indicators, depending on a sex, it isn't established a reliable difference
between men and women in the frequency of the specified diseases.

In group with high risk of a disease, though it is doubtful, such diseases as a myocardial infarction, a
stroke, a chronic obstructive pulmonary disease, oncological diseases and hereditary predisposition to onco-
logical diseases were more often observed. In group with high risk of diabetes more persons with a high on-
cology risk (p=0,0019) were observed. Follows from the above that comorbid states increase risk of devel-
opment of diabetes. It should be noted that the number of the interrogated persons with existence of chronic
diseases is higher in the city, than in the rural area that is explains by more higher risk of diabetes among city
population.

Unlike of residents of rural areas among respondents of city Saran the number of the persons having ex-
istence 30 min. daily physical activities was authentically 7,5 % higher (p=0,01) in group with high risk of a
disease. The percent of the persons having the excess body weight and obesity was 46 % higher (p<0,01) in
group of high risk (an index of body weight 30), than respondents with low risk have diseases (an index of
body weight 23). The analysis showed that the frequency of obesity is higher at women by 7 times, in com-
parison with men. Results of research indicate higher frequency of obesity (by 1,3 times) among female ur-
ban population, in comparison with the village.

At respondents with high risk of development of diabetes in Saran prevalence of smokers is established,
and the percent of the passively smoking was authentically 9,4 % higher (p=0,023), than in group with low
risk of a disease. It should be noted that among female persons passive smoking (39,3 % higher, than at
males), is widespread in age group of 2544 and 44-59 years. With high degree of reliability in group of
high risk persons with a hyperglycemia (14 times higher, than in group of low risk) prevailed (p=0,0000), a
hypercholesterolemia (is 3,9 times higher, than in group of low risk.) (p=0,0000) and the increased waist cir-
cle (is 1,2 times higher, than in group with low risk). The specified tendency is traced at persons of both
floors, however is more often at women at the age of 4559 years.

Thus, results showed that risk factors of development of diabetes among urban population in Central
Kazakhstan is the following: are low level of education of respondents, the highest number of unemployed,
the presence of chronic diseases such as hypertension, angina pectoris, passive smoking, obesity, hyper-
glycemia, and hypercholesterolemia. Urban residents have a higher percentage of chronic diseases than rural
residents, but the percentage of persons with 30 minute physical activity was higher among the urban popula-
tion.

Conclusions

1. The presence of high-frequency risk of diabetes (99.5 %) among residents of the Karaganda region;
in the urban population (46.3 %), rural (53.6 %) in the age group 45-60 years.

2. High risk of developing diabetes is 1.2 times higher than in the urban population of the Karaganda
region than in the countryside.

3. Risk factors that determine the high-risk group, both in urban populations, and in the village are the
lack of employment, the presence of chronic diseases such as hypertension, angina, lack of physical activity,
passive smoking, obesity, hyperglycemia, hypercholesterolemia.

4. Urban residents at high risk of diabetes had a higher percentage of chronic diseases, low level of edu-
cation than rural residents.
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A.A.Typmyxam6etoBa, JI.I'.TypreiHoBa, J[.T.OMipxaHoBa,
E.M.Jlapromnna, A.P.Anuna, A.E.J)KakpimoBa

Kaparanabl 00/1bICbIHBIH PeCIIOH/ICHTTEPiH/Ie
AuadeTTiH AaMy Kayini (pakTop/apbiH 6araaay

Kaparanzapr o6abiceinbly 1453 pecnionnentrepinne FINDRISK mikanacelHbIH KeMEriMeH Kaja jKOHE aybll
TYPFBIHIAPBI apachlHIa CKPUHHUHI TYpiHZE IHAOCETTiH Kayin (akTOpJIapbIHBIH JKUUIIIT MEH KYpPBUIBIMBI
3eprrenni. JlwmabeTTiH >kofapbl KayiliHIH JaMyblH KaJBIITACTHIPATHIH (AaKTOpIApAbl aHBIKTAy YIIiH
QIEYMETTiK-9KOHOMHKAJIBIK JKaFaaiIapIblH, OMip CalThl (JaKTOPJIApBIHBIH, CO3BUIMAIIBI aypyIap OOIyBIHBIH,
COHBIMEH Karap OipKarap CaHABIK KOPCETKIIUTEpJiH: JeHEe calMarbl HHJIEKCIHIH, OeJ oJIeMiHiH, KaHIarbl
TIIIOKO3a MEH XOJIECTepPHH JeHreiiepiHiy capanTamacs! xyprisinai. Kaparanast oOnbsIckHBIE Kana (46,3 %)
sxkoHe aybl (53,6 %) momymnsauacs TYPFBIHAAPBIHBIH 45—60 >kac apalblFbIHAAFbl TOOBIHIA AUA0eT JaMybl-
HbIH JKOFrapbl KayiminiH (99,5 %) Ooxybl nonenpennai. KaparanIpl OOJBICBIHBIH Kajla NOMYJISILUSACHIHAA
aybUIIBI JKEPMEH calbICThIpFanaa 1,2 ece auaber AaMybIHBIH JKOFaphl Kayimi aHbiKTanasl. COHbIMEH KaTap
Kajla, aybul HOIYJALMACHIHAA >KOFApFbl Kayill TOOBIH aHBIKTAWTBIH (hakTopyap: >KYMBICTBIH OOJIMAaybl,
apTepuaiabl THIEPTEH3Us, CTEHOKApAWS TOpi3Al  CO3BUIMAIBI  aypyilapAblH — OOnybl,  (U3UKAIBIK
OEeJICeHIUTIKTIH JKeTKITIKCI3IAiri, MacCHBTI TEMEKi IIETy, CeMIi3MiK, TUIEPIINKEMHUs], TUIIePX0JIeCTePHHEMHUS
OOJIBII TaOBIIABL.

A.A.Typmyxambetosa, JL.I' . Typrynosa, J[.T.AMupxanona,
E.M.Jlapromina, A.P.Anuna, A.E.)Kakynosa

Ouenka (pakTOpoOB PUCKAa Pa3BUTHS CAXaPHOIO qnuadeTa
y pecnionienToB Kaparanaunckoii o6j1actu

W3zydena gactoTa u cTpykTypa (hakTopoB pHcKa caxapHoro quadera y 1453 pecnonnentoB Kaparananackoit
001acTy B BUZI€ CKPHUHUHTA CPEelU TOPOJICKOTO U CENbCKOro HaceneHus ¢ momoinpio mxaiasl FINDRISK. Jlns
BbISABJICHUS (HaKTOPOB, (POPMUPYIOLIMX Pa3BUTHE BBHICOKOT'O PUCKA CaXapHOTo auadera, MPOBOJHICS aHAIM3
COLIMAJIBHO-3KOHOMHUYECKUX YCIOBHIi, (hakTOpOB 00pa3a »M3HM, HATIMYUS XPOHUUECKHUX 3a001eBaHU, a Tak-
JKe psAfia KOJMMYECTBEHHBIX MOKa3aTelel, TaKUX KaK MHIEKC MacChl Tella, OKPYKHOCTh TaJIHH, YPOBEHb IJIO-
KO3BI U XOJIECTEPHHA KPOBHU. Y CTAaHOBJICHO HAIMYHE BEICOKOH 4acTOTHI (99,5 %) pucka pa3BUTHS CaxapHOTO
nuabera cpenu >kuTeneil ropojckoi nomymsinun (46,3 %) u cen Kaparananuckoit obmactu (53,6 %) B B0O3-
pacTHO# rpymme ot 45 1o 60 ner. BeisiBiaeHo, 4To BBICOKMIT PUCK Pa3BUTHS caxapHOro quabera Beimre B 1,2
pa3a B ropojckoil momymsnuyn Kaparanmuackoit o61acTr, 4eM B cenbckoil MecTHOcTH. DakTopamu puCKa,
OTIPEENAIONIMMH TPYIITY BHICOKOTO PUCKA, KaK B FOPOJCKOH MOMYJIALUY, TaK U B CEJE, ABIAIOTCA OTCYTCT-
BHE 3aHATOCTH, HaJIM4ME apTepUaTbHON THUNEPTEH3UH, CTEHOKapAWH, HEeJOoCTaTouHas (u3udecKas aKTHB-
HOCTb, TACCHUBHOE KypEeHHUE, 0)KUPEHHUE, THIIEPTIINKEMUS], THIIEPXOJIECTEPHHEMHUSL.
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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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Assessment of indicators of a kidney blood-groove at chronic pyelonephritis
at patients with diabetes 2 types

There was conducted investigation of the nephritic blood circulations in different levels of the nephritic arter-
ies of 90 patients with the 2nd type of diabetes in combination with the chronic pyelo-nephritis in the phase of
exacerbation and remission. There was determined disorder of the nephritic blood circulations in the form of
the nephritic blood flow velocity lowering and the increasing of the nephritic vascular resistance in different
levels of the nephritic arteries, the expressiveness of which is determined by the activity of the inflammatory
process in kidneys.

Key words: diabetes mellitus, pyelonephritis, nephritic blood circulations, renal arteries, diabetic nephropathy.

Background. Chronic pyelo-nephritis is important complication of diabetes (DM), taking into consid-
eration its prevalence, difficulty of achievement of full treatment, high frequency of a re-infektion and devel-
opment of complications as cortico-medullar abscess, the kidney anthrax, emphysematic pyelo-nephritis and
pyelitis [1, 2]. Chronic pyelo-nephritis aggravate development of diabetes and result leading to decompen-
sation, resistance to insulin, keto-acidosis and to diabetic coma [3]. The long time prolonged treatment, re-
lapses and unsatisfactory results of antibacterial therapy of chronic pyelo-nephritis in patients with DM sug-
gest about a role of violations of kidney hemodynamic in pathogenesis of aggravation of DM

The ultrasonic Doppler sonography (UZDG) of renal arteries (RA) is important method for investiga-
tion of blood circulation in diabetic nephropathy [4].

Research objective: to study of features of kidney haemodynamic at various levels of a renal artery us-
ing data obtained by UZDG depending on activity of chronic pyelo-nephritis at patients with diabetes
2 types.

Material and methods: 90 patients with chronic pyelo-nephritis (PN) with DM 2 types which were hos-
pitalized in Regional Clinical Hospital of downtown Karaganda were examined. 2 groups of patients:
Group 1 — relapse of chronic pyelo-nephritis (45 patients; 9 men, 36 women), the Group 2 — with remis-
sion of chronic pyelo-nephritis (45 patients; 18 men, 27 women). Average age of the Group 1 is 53,4+0,90
and average age of Group 2 is 50,9+0,75. Both Groups were comparable according to the main characteris-
tics of DM and chronic pyelo-nephritis.

Patients with accompanying urological pathology, with chronic renal failure which were expressed by a
diabetic nefro-angiopathy, malignant hypertensia were excluded from research. Control group: 20 patients
with DM 2 types without chronic pyelo-nephritis.

All patient carried out UZDG on the ultrasonic Doppler system «Aloka-5000» (Japan), in real time with
the convex sensor of 3,5 Megahertz. Analyzed data of power Doppler sonography with allocation of 4 de-
grees: 0 — kidney blood circulation without changes and is observed to the capsule of a kidney; 1 -easy de-
creasing of a blood cirsulation in a subcapsular space, 2 — moderate violation of kidney haemo dynamic;
3 — expressed decreasing of blood-cirsulation in cortical layer of kidneys. High-speed indicators of a circu-
lation were investigated: peak of systolic speed of a blood cirsulation (V max), final diastolic speed of
(V min), average speed of a blood-groove during complete cycle (V mean) and indicators of a vascular re-
sistance, an index of resistance (RI), the pulsation index (PI), a sistola-diastola ratio of speeds (Ratio) in dis-
tal parts of main of renal arteries, segmentar, intershare and arc arteries. The obtained data are processed us-
ing of program «Statistica-6,0.»

Results and discussion. Patients with chronic pyelo-nephritis in a phase have aggravations and remis-
sions of DM in the mode of power Doppler sonography the color impoverishment of drawing of intra kidney
vessels determined by circulator frustration in intra renal arteries was observed. In aggravation of inflamma-
tory process at DM decreasing of blood circulation in subcapsular part was observed at 28 (52,9 %) patients,
moderate violation of kidney haemo dynamics (the blood-groove was observed to a cortical layer, vascular
drawing of a brain layer is not changed) was observed at 25 (47,1 %) patients. The blood circulation in-
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creased in kidneys was asymmetrical, with prevalence of changes in the left kidney. The qualitative analysis
Doppler analysis data showed a low systolic and diastolic blood circulation that points to increase of periph-
eral resistance in kidney vessels. At remission of chronic pyelonephritis in DM the decreasing of circulation
in subcapsular part was observed in 29 (64,5 %) patients, moderate violation of kidney haemo dynamics (cir-
culation traced to cortical layer, vascular drawing of a brain layer is not changed) was observed in 11
(24,4 %) patients, the expressed violation of kidney haemo dynamics (circulation in cortical layer is not de-
fined, vascular drawing of a brain layer is impoverished in the form of a reduction arc and «strippings» of
intershare vessels in 5 (11,1 %) patients. The blood circulation in kidneys was symmetric.

Quantitative analysis of the Doppler data showed a presence of violations of kidney haemo dynamics in
aggravation phase as in phase of remission of chronic pyelo-nephritis. Regardless of activity of inflammatory
process in kidneys expressed violations of kidney haemo dynamics were observed characterized by consider-
able decrease of speeds of kidney blood circulation (Vmax, Vmin, Vmean) with distinct increase of indexes
of vascular resistance (Ratio PI, RI) at the level of the main trunk, segmentary, intershare and arc arteries.

Thus, the analysis of indicators of kidney haemodynamics at chronic pyelonephritis in patients with DM
2 type, demonstrated revealed hypoperfusion of kidneys with increasing of vascular resistance at all levels of
renal arteries that showed about essential haemodynamic changes in the microcirculation in comparison with
control. In turn, decrease in a kidney blood-circulation creates a favorable conditions for maintenance and
further progressing of inflammatory process in kidneys.

We carried out the analysis of Doppler parameters of a kidney blood-groove depending on a phase of
chronic pyelonephritis at SD 2 types (Table 1). Apparently, reliable distinctions between groups are revealed
at the level of the main trunk, intershare, arc arteries. Lower values Vmax, Vmean at the level of the main
trunk of PAS in a phase of an exacerbation of chronic pyelonephritis in comparison with a remission phase at
SD were noted 2 types. Thus it should be noted that reliable changes are revealed at the level of the main
trunk left by PAS (p<0,001). Authentically higher PI values in the main trunk left by PAS in a phase of an
exacerbation of chronic pyelonephritis, than in a remission phase were noted at SD 2 types.

Table 1
Indicators of kidney blood circulation at an aggravation
and remission of chronic pyelo-nephritis at patients with diabetes 2 types
Indicators Control DM without PM DM+PM relapse DM+PM remission
right left right left right left
Main trunk
V max cm/c 69,842,34 | 71,942,54 | 52,442,53*** | 46,8+1,68*** | 53,04+2,20%** | 56,342,07***###
V min cMm/c 28,8+1,22 | 29,0£1,32 | 18,8+1,04*** | 16,9+0,75%** 17,4+1,06%** 19,241,15%**
V mean cm/c 37,5€1,17 | 38,6+1,56 | 27,5+1,74*** | 22,740,99*** | 29,74+1,60*** 31,241, 36%F*###
Ratio 2,46+0,07 | 2,53+0,08 | 2,93+0,13** | 2 87+0,10* 3,43+0,24*** 3,38+0,24 **
PI 1,07+0,02 | 1,11£0,04 | 1,28+0,05** | 1,31+0,04** 1,21+0,05%* 1,18+0,03 #
RI 0,58+0,01 | 0,59+0,01 | 0,63+0,01** | 0,63+0,01* 0,65+0,01** 0,65+0,01**
Segmental VP
V max cm/c 51,2225 | 56,6+£2,80 | 44,8+1,95*% | 38,4+1,90%** | 40,7+£1,90%** 40,2+1,74%***
V min cMm/c 22.2+1,41 |24,07£1,24 | 17,4+0,79%* | 14,7+0,79*** | 15,02+0,95%** 14,7+40,72%%*
V mean cm/c 28,6+1,48 | 30,4+1,54 | 23,4=+1,14%* | 20,7+1,23*** 24 3+1,54%* 23,241 ,27%**
Ratio 2,36+0,06 | 2,35+0,03 | 2,67+0,09** | 2,64+0,07** 3,01+0,18** 2,88+0,15%*
PI 1,01+0,02 | 1,06+£0,02 | 1,15£0,02*** | 1,16+0,04* 1,07+0,03 1,08+0,02
RI 0,57+0,01 | 0,570,006 | 0,60+0,01 0,60+0,01** 0,61+0,01%* 0,614+0,01**
Interglobular VP
V max cm/c 44342 43 | 4594234 | 35,2+1,88%* |34,05£2,01%**| 30,1£1,68***# 28,3£1,74***#
V min cMm/c 21,7+41,56 | 19,840,99 | 14,4+0,82*** | 13,240,68*** | 11,6+0,76 ***# | 11,02+0,69*** #
Notes. Significance of differences compared with patients without diabetes chronic pyelonephritis * — p <0,05;

*¥* — p <0,01; *** — p <0,001. Significant of difference between the DM + HP exacerbation and remission ¥ — p <0,05;
sk - eksk
—p<0,01; — p <0,001.

At an assessment of change of a kidney blood-groove at the level of intershare renal arteries the tenden-

cy to increase in high-speed indicators of a blood-groove (Vmax, Vmin) in a phase of an exacerbation of
chronic pyelonephritis in comparison with a remission phase (p < 0,05) at sick SD 2 types is noted. Reliable
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distinctions in indicators of average speed of a blood-groove and indexes of vascular resistance it isn't re-
vealed. The tendency to higher PI values in right arc PA in a phase of an exacerbation of chronic pyelone-
phritis in comparison with a remission phase was traced (p < 0,05) whereas left arc PA of reliable distinc-
tions it isn't revealed. The analysis of indicators of kidney haemo dynamics in the studied groups at the level
of segmentary PASES allows to note lack of reliable distinctions on key parameters of a kidney blood-
groove.

Thus, the phase of an exacerbation of pyelonephritis is characterized by lower blood-groove in the main
arteries and higher in intershare arteries and increase of kidney vascular resistance in the main trunk and arc
arteries.

The obtained data testify to informational content of indicators of a blood-groove at the level of the
main, intershare, arc renal arteries in definition of an active phase of chronic pyelonephritis at patients with
diabetes 2 types.

Conclusions:

1. Violations of kidney haemo dynamics at chronic pyelonephritis at patients with diabetes 2 types are
characterized by decrease in a kidney blood-groove with the simultaneous growth of indexes of vascular re-
sistance at various levels of renal arteries.

2. In an exacerbation of chronic pyelonephritis at patients with diabetes 2 types in comparison with a
phase of remission are revealed decrease of a blood-groove in the main arteries and increase in intershare
arteries, and also increase of vascular resistance at the level of the main trunk and arc renal arteries.
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JnabeTTiH 2-TypiMeH aypaTblH HAYKACTAPAA CO3bLIMAJIbI
nueoHedpuTTe OyiipeKk KaH arbICHIHBIH KOPCETKILITepiH 0araay

JMuabettin 2-TypiMeH aybipaThid 90 HayKacThIH CO3bUIMAJIbI MHETOHE(PPUT KaOBIHYBI )KOHE YaKbITIIA OHATYHI
Ke3iHme OVHpeKTiH op Typii JeHreiineri aprepusuiapblHAArbl OYyHpek TIeMOAMHAMHKACHIHA 3epTTey
xKyprizinni. Bylipek remMonuMHaMHKachIHBIH Oy3bUTYBl OVipek KaH aiHAaNBICHIHBIH O KbUIJaMIbIFBIHBIH
TOMEHZICYIMEH JKOHE op TypJii HeHreiineri Oyipek aprepumsichiHAa OyHpeKk TaMbIpIapbIHAAFBl KeIEPTiHiH
JKOFapJaybIMeH OalKaiblll, aNKBIHABUIBIFEI OYyHpeKTeri KaOBIHYNBIH OeJCeHIUNriMeH OaiylaHBICHI
AHBIKTAJIJIBI.

A.A.TypmyxambetoBa, JI.I'. Typrynosa, E.M.Jlapromuna, JI.T.AMupxaHosa,
A.P.Anmuna, b.K.Koituyoekos, A.E.)Kakymosa

Ouenka nokasareJieil I0YeYHOr0 KPOBOTOKA NPH XPOHUYECKOM NHeJIoHeppuUTe
y 00JIbHBIX CaXapHbIM AUa0eTOM 2 THIIA

ABTOpaMu HCCIIEIOBAIOCH COCTOSIHUE (YHKIMU MOYEK Ipu caxapHoM auabere. Y 90 mamueHToB, OOJIBHBIX
caxapHbIM 1uabeToM 2 TUMa B COYETaHHU C XPOHHYECKHM MUeIoHeppUTOM, B (a3ax 00OCTPEHHUS U PEeMHC-
CHH M3y4€HO COCTOSHHE I0YEYHOr0 KPOBOOOPAICHNS. BBIABICHO TOCTOBEPHOE CHH)KEHHE CKOPOCTH KPOBO-
TOKa, a TAKXKE TOHIKEHNE U MOBBIICHHE COCYAUCTOrO CONPOTUBIICHUS Ha PA3JIMYHBIX YPOBHSX apTepui no-
4eK, KOTOpBIe 00YCIIOBIEHBI aKTHBHOCTBIO BOCIIAJIUTENIHHOTO IIpOIiecca B IIOYKaX.
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