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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.G.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

«Biology. Medicine. Geography» Series. No. 4(72)/2013 5



BIOLOGY

UDC 613.2:612.359
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!Institute of Diabetes «Gerhardt Katsch», Karlsburg, Germany;
’Diabetes Service Center, Karlsburg, Germany,
3Diabetes Research Group, Ye.A.Buketov Karaganda State University, Kazakhstan
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Optimizing diabetes management: Comprehensive analysis
of glucose monitorring data and use of better metrics for glycemic control

Current diabetes treatment relies primarily on hemoglobin A1C measurement to assess quality of glycemic
control and to adjust therapy. Recent studies have revealed that A1C has some important limitations, and it
conveys a rather complex message. This has to be taken into consideration for adjustment of diabetes therapy.
To significantly improve diabetes treatment, both key metrics for glycemic control on a day-to-day basis and
more advanced monitoring methods are needed. In addition to traditional discontinuous monitoring methods,
continuous glucose sensing has become an indispensable tool to reveal insufficient glycemic management in
patients with complicated diabetes. Several continuous glucose monitoring (CGM) systems, which have
shown usefulness in clinical practice, are currently on the market. The widespread clinical application of
CGM is still hampered by the lack of generally accepted measures for assessment of glucose profiles and
standardized reporting of glucose data.

Key words: Diabetes, continuous glucose monitoring, short- and long-term markers of glycemic control, hy-
perglycemia, hypoglycemia, measures of glycemic variability, standardization, quality of diabetes control,
therapy adjustment, computer-assisted decision support systems.

Since landmark studies have provided evidence that hemoglobin A1C (A1C) is linked to vascular com-
plications of diabetes [1, 2], current glycemic management is mainly based on measurement of A1C. Opti-
mal diabetes control aims to restore levels of A1C to as normal as possible to reduce or prevent diabetic
complications. However, recent studies have revealed that A1C has some important limitations, and repre-
sents a rather complex measure of glucose metabolism. A1C is a marker for overall glucose exposure and
integrates both fasting as well as postprandial hyperglycemia but their relative contribution varies with the
quality of glycemic control [3]. The increased cardiovascular risk observed in patients with type 2 diabetes is
only partly explained by traditional cardiovascular risk factors. It is well known that chronic sustained hy-
perglycemia increases the risk for microvascular complications in type 1 diabetes and the cardiovascular risk
in type 2 diabetes. Especially postprandial hyperglycemia, independent of A1C or fasting glucose, has been
associated with cardiovascular disease [4], and this could be confirmed very recently in a post-hoc analysis
of the «Effects of prandial versus fasting glycemia on cardiovascular outcomes in type 2 diabetes
(HEART2D)» study [5].

It is generally accepted, and as laid down in the American Diabetes Association and IDF guidelines,
that strict glycemic control, implicating a comprehensive diabetes evaluation, is needed to prevent or delay
diabetes complications. The outcomes of the ACCORD [6] and ADVANCE [7] trials have taught us that
A1C levels should be tailored to the patients” health status extensive comorbid conditions require less strin-
gent targets. Now, time has come to accomplish measurement of A1C by other markers of glycemic control,
allowing for assessment of shorter-time changes in glycemia.

Although self-monitoring of blood glucose (SMBG) is still the predominant mode of glucose monitor-
ing, the use of advanced technology such as continuous glucose monitoring (CGM) has shown remarkable

6 Bulletin of the Karaganda University



Optimizing diabetes management ...

benefits and expanded signifycantly during recent years. One major problem in utilization of CGM is appro-
priate evaluation of the great amount of data provided by CGM systems and the lack of standardization.

The purpose of the present review article is to give an insight into the problems of choosing the most
relevant markers of glycemic control and how to eva- luate CGM data properly to optimize management of
diabetes.

Markers of glycemic control

Several markers of glycemic control have been used in routine practice as well as in clinical trials to
guide therapy and to investigate the efficacy of therapeutic agents on patients” glycemic control. A compari-
son of validated markers is shown in Table 1.

Table 1
Long- and short- term markers of glycemic control

Marker Glycemic control period Reference
Hemoglobin Al 1-3 months Cohen [8]
Glycated serum proteins 2-3 weeks Takahashi et al. [14]
1,5-Anhydroglucitol 1-2 weeks Dungan et al. [17]
Glycemic variability indices 24-72 hours Rodbard [32]
Mean glucose 24-72 hours Rodbard [32]

Hemoglobin A1C

Among these markers, hemoglobin A1C (A1C) has been accepted as the fundamental biomarker and
clinical surrogate endpoint in diabetes management and was used for the last three decades. It is well docu-
mented that in both type 1 and type 2 diabetes, A1C is predictive for the occurrence of diabetes complica-
tions many years later. However, deeper insight into the pathogenesis of diabetes has disclosed important
limitations of A1C measurement. Early analyses recognized that upon comparing average glucose levels in
patients with diabetes can result in different average glucose concentrations at a given A1C value. In a mi-
nority of patients such mismatch might partly be explained by unequal temporal distribution of glucose sam-
pling, but more importantly, there are studies to provide evidence that this observation is due to changes in
intracellular glycation rates [8]. Other known conditions that could interfere with A1C measurement, causing
erroneous values, are high red cell turnover, anemia, blood transfusion, chronic renal or liver disease [9], and
drug treatment. The most important limitation of A1C, as a marker of glycemic control over the previous
2-3 months, is its inability to capture shorter-term changes of glycemia. In well-controlled patients with type
2 diabetes, we have previously shown that A1C is mainly determined by chronic sustained hyperglycemia
and glycemic fluctuations go undetected [10]. However, this is critical for safe and timely adjusted insulin
administration and clinical decision making. Therefore, researchers tried to introduce additional markers for
better characterizing glycemic control during shorter periods of time. These markers, however, have specific
characteristics and are not equally suited for diabetes management.

Glycated albumin

In recent years, serum glycated proteins with shorter half-lives (17-20 days) than hemoglobin have
been evaluated as markers of intermediate glycemia. The fructosamine assay is used to measures glycation of
serum proteins, principally albumin [11]. Glycated albumin (GA) has been reported to be a useful marker of
glycemic control in diabetes [12]. It is a more rapidly responding indicator than hemoglobin, although the
glycation rate for both proteins is comparable [13]. Since glycated albumin was shown to be an independent
variable of maximum glucose levels, it appears to be a more sensitive marker than A1C for glycemic excur-
sion, as they occur during postprandial times [14]. This is important because postprandial glucose excursions
are known risk factors for diabetic micro- and macrovascular complications. More recently, it was found that
serum GA levels are higher in relation to A1C in diabetes patients with reduced basal pancreatic B-cell func-
tion [15]. If in the state of postprandial hyperglycemia, indicating postprandial 8-cell dysfunction, serum GA
were found to be increased, then it could be a useful surrogate marker for cardiovascular risk. This has not
yet been confirmed by clinical trials, although the finding of elevated GA, but not A1C levels in patient with
coronary artery stenosis points out such a relationship [16].

«Biology. Medicine. Geography» Series. No. 4(72)/2013 7
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1,5-Anhydroglucitol

Another analyte, 1,5-anhydroglucitol (1,5-AG), has been suggested for use as intermediate marker of
glycemia to complement A1C measurements [17]. It is a naturally occurring polyol that competes with glu-
cose for tubular re-absorption and can thus not be used as a marker for glycemic control in patients with im-
paired kidney function. Furthermore, it should be noted that glucose levels exceeding the renal threshold for
glycosuria, i.e. 10 mmol/L (180 mg/dL), lead to a rapid reduction in serum concentration of 1,5-AG [18].
Poor glycemic control, indicated by high A1C values, is therefore associated with lower instead of higher
1,5-AG levels. Although this marker responds sensitively and rapidly to daily glucose excursions in patients
with near or at goal A1C levels [19], it can not identify hypoglycemia. Dungan et al. [20] have reported that
1,5-AG varied markedly in diabetes patients despite similar A1C and showed that this was mainly attributa-
ble to different postprandial glucose excursions. This makes 1,5-AG superior compared to A1C or GA (se-
rum fructosamine) measurements as a marker for identifying postprandial hyperglycemia. Consequently,
1,5-AG has been used to evaluate drug strategies on postprandial glycemia. Studies, including exenatide
[21], sitagliptin [22] or biphasic insulin [23], for example, support the usefulness of 1,5-AG as a marker to
identify treatment effects on postprandial glycemic excursions that would have otherwise been missed.

Measures of glycemic variability

It is a well-known clinical observation that glucose profiles can greatly differ at similar or even identi-
cal A1C values. While some patients have small or moderate glucose excursions and rare hypoglycemia,
others have marked postprandial increases with frequent hypoglycemic episodes. These ups and downs in
glucose levels over time, either measured within 24 hours or from day to day at the same time point, reflect
glycemic variability (GV) classified as within-day and between-day variability, respectively [24]. It remains
controversial whether GV is an independent causative or contributing factor to diabetes complications. How-
ever, there are data demonstrating close associations between GV and carotid intima-media thickness [25]
and microvascular complications [26]. The findings and observations that GV more than sustained chronic
hyperglycemia induces increased oxidative stress [27] provide strong indications that GV is involved in the
development of vascular disease. In clinical practice, minimizing GV is important to achieve acceptable gly-
cemic control without hypoglycemia [28—30].

With the advent of CGM various indices of GV gained considerable clinical importance [31]. Currently,
numerous indices are available, which have been carefully characterized by Rodbard [32] and Cameron et al.
[33] for evaluation of various aspects of GV. Although they can principally be calculated from frequently
sampled SMBG data, it is most suitable to use CGM datasets, because capturing all glucose peaks and nadirs
requires sampling frequencies of 1-5 minutes. Furthermore, it is very important to clearly differentiate be-
tween indices of GV and indices of the quality of glycemic control. Measures of GV quantify short-term
changes in glycemia and are suitable for different and specific aspects of glycemic control but should not be
interchanged. Validated indices such as mean amplitude of glycemic excursions (MAGE), mean of daily dif-
ference (MODD), continuous overall net glycemic action (CONGA) are often used in clinical research, but
they are not easy to calculate and computer programs have been developed for better handling of sampled
glucose data. We have recently developed a computer prog- ram to calculate MAGE [34], and meanwhile,
there is other software available, such as GlyCulator [35] and EasyGV [available at www.easygv.co.uk] for
computing glycemic variability indices. Most recently, an expert panel of diabetes specialists recommended
for the ease of use, familiarity, and correlation with other factors of glycemic control, the following three
measures of GV: SD around the mean glucose (SD), coefficient of variation (CV), and interquartile range
(IQR) [36]. Especially, if CGM data are collected, IQR is the most reliable aggregate measure of GV, as the
panel announced.

In addition to evaluation of GV by the aforementioned metrics, various indices have been developed to
estimate the quality of glycemic control to complement clinical assessment of diabetes treatment, such as the
average daily risk ratio (ADDR), including the high (HBGI) and the low blood glucose index (LBGI) [37]
and the glycemic risk assessment diabetes equation (GRADE) [38]. These metrics are calculated by convert-
ing glucose values into risk scores, i.e. they quantify the risk for glycemic extremes.

Mean glucose

Mean glucose is a metric that is equally understood by patients and clinicians. Although not crucial for
therapeutic decisions, it is useful to indicate glucose exposure during specified time periods and could help

8 Bulletin of the Karaganda University
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determine effects of food, exercise or diabetes medications [39]. Especially when CGM data is being re-
viewed, an A1C level derived from mean or average glucose [40] provides an option for reporting glucose
exposure during a defined time period. However, as reported by Kilpatrick et al. [41], the relationship be-
tween mean glucose and A1C may differ between different treatment groups. As demonstrated in Fig. 1, our
results obtained from a cohort of type 2 diabetes patients (n = 114) treated with diet and oral antidiabetes
drugs, further revealed that mean glucose derived from CGM measurements was more strongly correlated
with time spent in hyper-/hypoglycemia than with A1C. Correlation coefficients for mean glucose vs. hyper-
and hypoglycemia were »=0.965 and —0.345 (Fig. 1A) and for A1C » =0.508 and —0.226, respectively
(Fig. 1B). Correlation coefficients of similar magnitude were reported by Nielsen et al. [42] for type 1 diabe-
tes patients between A1C and fraction of time during hyper-/hypoglycemia, expressed as area under the
CGM curve (AUC).

A B
30 30

25

20

15 +

10 +

Time Hypo-/Hyperglycemia (mmol/L/h)
Time Hypo-/Hyperglycemia (mmol/L/h)

Mean Sensor Glucose (mmol/L) Hemoglobin A1C (%)

The hypoglycemic range is disproportionally compressed by y-axis scaling

Figure 1. Correlation between time spent in hypoglycemia (open circles) / hyperglycemia (filled circles)
and (A) mean sensor glucose (» =—0.345 and 0.965) and (B) A1C (» =—-0.226 and 0.508, P < 0.001 for all)

As our previous data from the cohort of type 2 diabetes patients demonstrated, % CV is one of the GV
metrics, which is closely correlated with the risk of hypoglycemia (» = 0.554, P <0.001). Even though signif-
icant, the correlation between A1C and hypoglycemia shown in Fig. 1B is weak. Multiple logistic regression
analysis further revealed that the odds ratio for % CV was higher than for mean sensor glucose: 1.25; 95 %
confidence interval (CI), 1.14-1.37 vs. 0.41; 95 % CI: 0.21-0.61 (P <0.001 for both), while A1C was not a
significant predictor (unpublished data). Overall, this clearly shows that A1C provides no reflection of hypo-
glycemia exposure.

It has also been discussed whether postprandial glucose should become a marker of glycemic control.
As suggested by Avogaro [43], postprandial glucose may rather represent a surrogate of metabolic events
occurring in the postprandial phase. On the other hand, we found a close correlation between mean glucose
and postprandial glucose in our cohort of type 2 diabetes patients (» = 0.630, P <0.001). This indicates that
changes in postprandial glucose levels are adequately reflected by mean glucose values.

Glucose monitoring

The development of hand-held blood glucose meters some decades ago made it possible for diabetes pa-
tients to monitor their own blood glucose levels at any time in a convenient way and enabled adjustment of
therapy. With the universal availability of glucose meters, SMBG found broad application for management
of glycemic control. However, this traditional monitoring usually measures single glucose values at any time
point, which is determined by the user. Thus, it provides only a snapshot of the whole glucose picture and rap-
id changes occurring between single measurements escape detection. The development of the CGM technology
presented a great step forward toward modern diabetes management, because it overcomes limitations of tradi-
tional SMBG by producing glucose profiles instead of distinct measurements over several days, real-time glu-
cose values, glucose trends and warnings when glucose values approach dangerously low or high levels.
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As demonstrated in Figure 2, CGM recordings also, provided evidence that diurnal glucose patterns may con-
siderably differ in individual patients, even at identical A1C levels — a fact overlooked in the past.

The figure shows individual average CGM profiles from a subsample of type 2 diabetes patients with an
A1C value of precisely 6.5 %. Although this is an accep- table A1C value and indicative of good metabolic
control, the CGM profiles are quite different in that: (1) most of them exceed the target range and (2) they
show marked glycemic excursions. It is conceivable that frequent use of CGM and careful pattern analysis is
able to improve glycemic control by uncovering such trouble points.

20

Glucose (mmol/L)

20:30
21:00
21:30
2200
2230
2300
2330

Figure 2. Continuous glucose monitoring tracings from seven patients with type 2 diabetes treated
with oral antidiabetes drugs. A1C value was 6.5 % for all. Average 24-h glucose profiles are shown.
For glycemic and metabolic characteristics of these patients, see Table 3.

Clinical study outcomes and data obtained from every-day diabetes management have shown that the
use of CGM can consistently improve glycemic control [44]. Although especially those with unstable diabe-
tes who are prone to hypoglycemia and hypoglycemia unawareness will benefit most, the majority of diabe-
tes patients can achieve their glucose targets when using CGM [45]. Two variants of CGM based on sensor
technology are available: retrospective and real-time glucose monitoring [46—48]. While CGM systems such
as CGMS Gold, Guardian T, Glucoday, and iPro2 were mainly designed as a tool for health care providers to
collect glucose data over a sensing period of 3—7 days during which the data were masked to patients, pro-
vide real-time sensors (Guardian RT, Dexcom Seven Plus and Navigator) real-time glucose values, trends,
and alarms if glucose levels become high or low. The latter systems enable immediate therapy adjustment
and correction of glucose levels, but require training experience for both health care practitioners and pa-
tients. Even though use of CGM has convincingly demonstrated improvement of glycemic control, i.e. re-
duction of time spent in hypo-/hyperglycemia, reduced glucose variability, and improvement of A1C levels,
this technology is still underutilized in diabetes management for a number of reasons [36]. All the commer-
cially available CGM devices have similar but somewhat different software to analyze the data and provide
reports. However, the main problem is the lack of standardized metrics and a more user-friendly presentation
of data.

There are currently several well-established clinical and research measures that have shown to be useful
in analyzing and characterizing CGM profiles.

Table 2 summarizes measures of glycemic control often used in clinic and research for which normative
values are available. Of the metrics shown (Table 2), it should be noted that the aforementioned expert panel
identified time in range (TIR) as one of the key metrics for guiding diabetes treatment [36]. This metric can
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be expressed either as «% of glucose readings» or «hours per day». As the default target range,
70—-180 mg/dL (3.9-10.0 mmol/L) was selected. This is not a «normal» range, but commonly used in clinical
practice. Individual targets closer to the ideal range can be defined, depending on age, comorbidities or pa-
tient compliance.

Table 2
Measures of glycemia derived from continuous glucose monitoring
Measure Definition
Measures of sensor glucose
Mean SG (mmol/L) Mean of all sensor glucose values
Max SG (mmol/L) Maximum sensor glucose value
Min SG (mmol/L) Minimum sensor glucose value
Measures of glycemia
Percentage above target range % of readings >7.8"; >10.0° mmol/L
Percentage in target range % of readings within 3.9-10.0° mmol/L
Percentage below target range % of readings <3.9" > mmol/L
Measures of glycemic variability
% CV 100 x SD/Mean
SD (mmol/L) SD around mean glucose
IQR (mmol/L) Interquartile range (25"—75" percentile)
MAGE (mmol/L) Glucose fluctuations (nadir to peak or peak to nadir >1SD)
CONGAn (mmol/L) Difference between glucose values at different set
intervals (n x 60 min ago)
MODD (mmol/L) Mean difference of glucose values at the same time
point on two consecutive days
Measures of glucose complexity
DFA (scaling exponent o) Dynamic measure indicative of glucoregulation,
not related to magnitude of glucose fluctuation

Note. 'International Diabetes Federation Guidelines; Guidelines of the American Diabetes Associa-
tion; CONGAn, continuous overlapping net glycemic action; CV, coefficient of variation; DFA, detrended
fluctuation analysis; MAGE, mean amplitude of glycemic excursions; MODD, mean of daily differences; SD,
standard deviation; SG, sensor glucose.

Standardized glucose reporting

One major barrier for broader application of CGM is certainly the existence of multiple indices and pa-
rameters for measurement of glycemic control and glycemic variability. Clinicians must interpret these pa-
rameters to extract the information they need to guide management of their diabetes patients. Some of the
parameters, which we use for evaluation of glycemic control and guiding patients treatment are displayed in
Table 3.

The data in Table 3 demonstrate how the magnitude of glycemic measures may individually differ even
in rather well-controlled type 2 diabetes patients and compared to healthy subjects. In our random sample
(n=7) all patients were treated with oral antidiabetes drugs and, even though well-controlled, it should be
noted that the maximum time spent in hypoglycemia was roughly 49 min/day. Among the parameters shown,
the detrended fluctuation analysis (DFA) scaling exponent can not be used for adjustment of therapy or gly-
cemic management but rather in clinical research for assessment of the impaired complexity of
glucoregulation.

In view of the various metrics used to characterize glycemic variability and quality of glycemic control,
an integrated approach is required. To ease analysis of CGM and SMBG data, Rodbard [52] has presented a
practical approach to definition of reference values for measures of quality of glycemic control and measures
of glycemic variability. He calculated quartiles (minimum, 25", 50", 75" percentiles and maximum) for six
measures of glycemic variability as well as measures of glycemic control from a reference population. So, by
using such a score sheet, one can utilize the areas above and below the curves for the percentiles in relation
to A1C levels to define glycemic control as Excellent, Good, Fair, and Poor. We used a somewhat different
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approach to evaluate the quality of glycemic control from CGM profiles and developed a Quality score
(Q-score) [53]. This score is a composite metric related to A1C, integrating mean glucose, time hy-
po-/hyperglycemic, range of glucose values, and MODD. After calculating the score, one can classify the
quality of glycemic control into five categories; Excellent, Good, Fair, Poor, and Unsatisfactory.

Table 3

Variations in the magnitude of characteristic glycemic and metabolic measures
in well-controlled type 2 diabetes patients with A1C value of 6.5 % and normative values
in patients without diabetes

Measure Type 2 diabetes Normative values
(range) (mean + SD)

Glucose®

Mean glucose (mmol/L) 6.4-10.4 5.8+0.6

Max glucose (mmol/L) 12.7-18.1 8.0+£13

Min glucose (mmol/L) 3.0-8.0 43+0.7

Max PP glucose (mmol/L) 8.9-14.4 8.0+1.6

Percentage time (%) at

Glucose > 10.0 mmol/L 3.0-23.2 0.7+0.8

Glucose < 3.9 mmol/L 0.0-3.4 02+0.3°
Glycemic variability®

SD 1.8-3.6 1.5+0.7

% CV 20.6-38.1 16.6+3.4°

IQR 2.5-4.3 1.2+0.4°

MAGE 4.1-7.1 1.4+0.5

ADRR 14.0-24.4 04+45

GRADE 3.2-17.9 04+2.0
Metabolic parameters

IS (Matsuda index) 1.9-16.7 15.6 +2.0 [48]

PP beta-cell function (10 */min)|  21.7 (17.3-42.5) 74.8 (58.7-106.2) [49]

Note. Normative values *adapted from Zhou et al. [50], "own data, °data from Hill et al.
[51]. “Values presented as median (25"-75"). IS, insulin sensitivity; PP, postprandial. See foot-
note of Table 2 for further abbreviations.

With the goal to translate glycemic variability measures into the clinic, Rawlings et al. [54] created a
user-friendly Continuous Glucose Monitoring User Interface for Diabetes Evaluation (CGM-GUIDE®). This
interface calculates and displays multiple measures derived from CGM data. It allows for user-defined
thresholds for hyper- and hypoglycemia and calculates the glucose variability measures SD, MAGE,
CONGAn, and MODD in conjunction with glycemic statistics, i.e. time spent in target range, time spent in
hyper-/hypoglycemia, areas under the CGM curve (AUC-CGM), and mean glucose.

Only recently, the International Diabetes Center (Minneapolis, USA) has developed the data analysis
software program (capture AGP™) called Ambulatory Glucose Profile AGP «Dashboard» and issued rec-
ommendations for standardizing glucose reporting and analysis to optimize clinical decision making [36].

Computer-assisted decision support systems for diabetes management

With the growing number of diabetes patients worldwide, the expanding classes of diabetes medications
and variety of treatment modalities, it becomes more and more difficult for primary care providers to assess
the quality of glycemic control and keep abreast with recent developments. As a consequence, the portion of
patients not achieving their treatment goals remains irresponsibly high.

In type 1 diabetes, software to adjust insulin dosage and adopt treatment regimens was successfully in-
troduced [55, 56], but to generate computer-assisted decision support programs for type 2 diabetes has been
difficult, because of its complex pathophysiology. Only as of 2007, the Karlsburg Diabetes Management
System (KADIS®), developed by a team of researchers at the Institute of Diabetes Karlsburg, Germany, be-
came available as a computer-based decision support for management of type 2 diabetes, using input of
CGM data for glycemic control and optimized diabetes therapy. A mathematical description of the KADIS®
model can be found at [57] and more details will be given in a following article of this journal volume.
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A randomized study performed in outpatients with type 2 diabetes over three months, utilizing KADIS®,
demonstrated a net reduction in A1C of 0.6 % and curtailed time spent in hyperglycemia by 22 % without
increasing hypoglycemia [58].

In 2011, Rodbard and Vigersky [59] developed a computer-assisted decision support (CADS) for pri-
mary care providers to improve diabetes management in type 2 diabetes patients. This system is based on the
input of SMBG data, including clinical information (diagnosis, comorbidities, medication history, history of
adverse events, and laboratory data), rules for dosing individual medications, adding or discontinuing medi-
cations; and rules for individualizing targets for A1C and glucose levels by time of day. Various outputs are
provided, such as analysis and display of SMBG data, therapy recommendations, several therapy options;
and educational information for care professionals and patients. CADS can interact with other systems to
collect glucose meter data via the MetriLink device and with the comprehensive diabetes management pro-
gram (CDMP). As the authors stated, the system is currently implemented in a clinical research setting and
adaptation to other health care systems are being intended [59]. Even if the outputs of KADIS® and CADS
are similar, the underlying algorithms appear to be different. KADIS® is able to generate a virtual copy of
glucose metabolism and allows interactive simulation of various therapeutic regimens in optimizing glyce-
mic control of individual patients.

Conclusions

During recent years, many new tools and metrics have been developed. The time has come to use CGM
more widely in diabetes management and to introduce, in addition to A1C, metrics that allow assessment of
continuous glucose sensing for better glycemic control on a day-to-day basis. An important step in this direc-
tion would be standardization of glucose metrics and glucose reporting.

Data analysis software (capture AGP™) as well as computer-assisted decision support systems
(KADIS®, CADS) has the potential to optimize clinical decision making and diabetes management to the
benefit of our patients.

References

1 The Diabetes Control and Complication Trial Research Group. The effects of intensive treatment of diabetes on the develop-
ment of and progression of long-term complications in insulin dependent diabetes mellitus// N. Engl. J. Med. — 1995. — Vol. 329,
No. 14. —P. 304-309.

2 Turner R.C., Holman R.R. et al. Intensive blood glucose control with sulfonylureas or insulin compared with conventional
treatment and risk of complications in patients with type 2 diabetes (UKPDS 33) // Lancet. — 1998. — Vol. 352, No. 9131. —
P. 837-853.

3 Monnier L., Lapinski H., Colette C. Contributions of fasting and postprandial glucose increments to the overall diurnal hy-
perglycemia of type 2 diabetic patients: variations with increasing levels of HbAlc // Diabetes Care. — 2003. — Vol. 26, No. 3. —
P. 881-885.

4 Temelkova-Kurktschiev T.S., Koehler C. et al. Postchallenge plasma glucose and glycemic spikes are more strongly associat-
ed with atherosclerosis than fasting glucose or HbAlc level // Diabetes Care. — 2000. — Vol. 23, No. 12. — P. 1830-1834.

5 Raz I, Wilson P.W. et al. Effects of prandial versus fasting glycemia on cardiovascular outcomes in type 2 diabetes: the
HEART2D trial // Diabetes Care. — 2009. — Vol. 32, No. 3. — P. 381-386.

6 Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein H.C., Miller M.E. et al. Effects of intensive glu-
cose lowering in type 2 diabetes / N. Engl. J. Med. — 2008. — Vol. 358, No. 24. — P. 2545-2559.

7 ADVANCE Collaborative Group, Patel A., MacMahon S. et al. Intensive blood glucose control and vascular outcomes in pa-
tients with type 2 diabetes // N. Engl. J. Med. — 2008. — Vol. 358, No. 24. — P. 2560-2559.

8 Cohen R.M. A1C: does it fit all? // Diabetes Care. — 2007. — Vol. 30, No. 10. — P. 2756-2758.

9 Goldstein D.E., Little R.R. et al. American Diabetes Association Technical Review on Tests of Glycemia // Diabetes Care. —
1995. — Vol. 18, No. 6. — P. 896-909.

10 Kohnert K.D., Augstein P. et al. Chronic hyperglycemia but not glycemic variability determines HbAlc levels in well-
controlled patients with type 2 diabetes // Diabetes Res. Clin. Pract. — 2007. — Vol. 77, No. 3. — P. 420-426.

11 Mittman N., Desiraju B. et al. Serum fructosamine versus glycosylated hemoglobin as an index of glycemic control, hospital-
ization, and infection in diabetic hemodialysis patients // Kidney International. — 2010. — Vol. 78, No. 117 (Suppl.). — P. S41—
S45.

12 Yoshiuchi K., Matsuhisa M. et al. Glycated albumin is a better indicator for glucose excursion than glycated hemoglobin in
type 1 and type 2 diabetes // Endocr. J. — 2008. — Vol. 55, No. 3. — P. 503-507.

13 Cohen M.P., Hud E., Shea E. Rate of Formation of Glycated Albumin Revisited and Clinical Implications // J. Diabetes
Metab. — 2010. — Vol. 1, No. 102. — doi:10.4172/2155-6156.1000102.

«Biology. Medicine. Geography» Series. No. 4(72)/2013 13



K.-D.Kohnert, P.Heinke et al.

14 Takahashi S., Uchino H. et al. Comparison of glycated albumin (GA) and gycated hemoglobin (HbAlc) in type 2 diabetic
patients: usefulness of GA for evaluation of short-term changes in glycemic control // Endocr. J. — 2007. — Vol. 54, No. 1. —
P. 139-144.

15 Koga M., Murai J. et al. Glycated albumin and glycated hemoglobin are influenced differently by endogneous insulin secre-
tion in patients with type 2 diabetes // Diabetes Care. — 2010. — Vol. 33, No. 2. — P. 270-272.

16 Pu L.J.,, Lu L. et al. Increased serum glycated albumin level is associated with the presence and severity of coronary artery
disease in type 2 diabetic patients // Circ. J. — 2007. — Vol. 71, No. 7. — P. 1067-1073.

17 Dungan K.M. 1,5-anhydroglucitol (GlycoMark™) as a marker of short-term glycemic control and glycemic excursions // Ex-
pert Rev. Mol. Diagn. — 2008. — Vol. §, No. 1. — P. 9-19.

18 Akanuma Y., Morita M. et al. Urinary excretion of 1,5 anhydro-D-glucitol accompanying glucose excretion in diabetic pa-
tients // Diabetologia. — 1988. — Vol. 31, No. 11. — P. 831-835.

19 Kishimoto M., Yamasaki Y. et al. 1,5-anhydro-d-glucitol evaluated daily glycemic excursions in well-controlled NIDDM //
Diabetes Care. — 1995. — Vol. 18, No. 8. — P. 1156-1159.

20 Dungan K.M., Buse J.B. et al. 1,5-Anhydroglucitol and postprandial hyperglycemia as measured by continuous glucose mon-
itoring system in moderately controlled patients with diabetes // Diabetes Care. — 2006. — Vol. 29, No. 6. — P. 1214-1219.

21 Kazda C., Bachmann O. et al. Exenatide verbessert bei Patienten mit Typ-2-Diabetes die postprandiale Glucosekontrolle,
gemessen an der Konzentration von 1,5-Anhydroglucitol // Diabetologie und Stoffwechsel. — 2008. — Vol. 3. — A221 —
doi: 10.1055/5-2008-1076368.

22 Kishimoto M., Noda M. A pilot study of the efficacy of miglitol and sitagliptin for type 2 diabetes with a continuous glucose
monitoring system and incretin markers // Cardiovasc. Diabetol. — 2011. — Vol. 10, No. 115. — doi: 10.1186/1475-2840-10-115.

23 Moses A.C., Raskin P., Khutoryansk N. Does serum 1,5-anhydroglucitol establish a relationship between improvements in
HbA,. and postprandial glucose excursions? Supportive evidence utilizing the differential effects between biphasic insulin aspart 30
and insulin glargine // Diabetic Med. — 2008. — Vol. 25, No. 2. — P. 200-205.

24 Tylee T.S., Trence D.L. Glycemic variability: looking beyond the A1C // Diabetes Spectrum. — 2012. — Vol. 25, No. 3. —
P. 149-153.

25 Chen X.M., Zhang Y. et al. Correlation between glucose fluctuations and carotid intima-media thickness in type 2 diabetes //
Diabetes Res. Clin. Pract. — 2010. — Vol. 90, No. 1. — P. 95-99.

26 Monnier L., Colette C. et al. The eftect of glucose variability on the risk of microvascular complications in type 1 diabetes //
Diabetes Care. — 2007. — Vol. 30, No. 1. — P. 185-186.

27 Monnier L., Mas E. et al. Activation of oxidative stress by acute glucose fluctuations compared with sustained chronic hy-
perglycemia in patients with type 2 diabetes // JAMA. — 2006. — Vol. 295, No. 14. — P. 1681-1687.

28 Monnier L., Wojtusciszyn A. et al. The contribution of glucose variability to asmptomatic hypoglycemia in persons with type
2 diabetes// Diabetes Technol Ther.—2007.—Vol. 13. No. 8.—P. 813-818.

29 Qu Y., Jacober S. et al. Rate of hypoglycemia in insulin-treated patients with type 2 diabetes can be predicted from glycemic
variability data // Diabetes Technol. Ther. — 2012. — Vol. 14, No. 11. — P. 1008-1012.

30 Kohnert K.D., Heinke P. et al. Reduced glucose variability is associated with improved quality of glycemic control in pa-
tients with type 2 diabetes: a 12-month observational study // J. Endocrinol. Metab. — 2011. — Vol. 1, No. 2. — P. 64-72.

31 Kohnert K.D., Vogt L., Salzsieder E.Advances in understanding glucose variability and the role of continuous glucose moni-
toring// European Endocrinol.—2010—Vol. 6. No. 1.—P. 53-56.

32 Rodbard D. Interpretation of continuous glucose monitoring data: glycemic variability and quality of glycemic control // Di-
abetes Technol. Ther. — 2009. — Vol. 11, No. Suppl. 1. — P. S55-S65.

33 Cameron F.J., Donath S.M., Baghurst P.A. Measuring glycemic variation // Current Diabetes Rev. — 2010. — Vol. 6, No. 1.
— P. 17-26.

34 Fritzsche G., Kohnert K.D. et al. The use of a computer program to calculate the mean amplitude of glycemic excursions //
Diabetes Technol. Ther. — 2011. — Vol. 13, No. 3. — P. 319-325.

35 Czerwoniuk D., Fendler W. et al. GlyCulator: a glycemic variability calculation tool for continuous glucose monitoring data
// J. Diabetes Sci. Technol. — 2011. — Vol. 5, No. 2. — P. 447-451.

36 Bergenstal R.M., Ahmann A.J. et al. Recommendations for standardizing glucose reporting and analysis to optimize clinical
decision making in diabetes: the ambulatory glucose profile (AGP) // Diabetes Technol. Ther. — 2013. — Vol. 15, No. 3. — P. 1-
14.

37 Kovatchev B.P., Cox D.J. et al. Assessment of risk for severe hypoglycemia among adults with IDDM: validation of the low
blood glucose index // Diabetes Care. — 1998. — Vol. 21, No. 11. — P. 1870-1875.

38 Hill N.R., Hindmarsh P.C. et al. A method for assessing quality of control from glucose profiles // Diabet Med. — 2007. —
Vol. 24, No. 7. — P. 753-758.

39 Peterson K., Chlup R. et al. Influence of oral antidiabetic drugs on hyperglycemic response to foods in persons with type 2
diabetes mellitus as assessed by continuous glucose monitoring system: a pilot study // J. Diabetes Sci. Technol. — 2010. — Vol. 4,
No. 4. — P. 983-992.

40 Nathan D.M., Kuenen J. et al. For the A1C-Derived Average Glucose (ADAG) Study Group: translating the A1C assay into
estimated average glucose values // Diabetes Care. — 2008. — Vol. 8, No. 11. — P. 1473-1478.

41 Kilpatrick E.S., Rigby A.S., Atkin S.L. Variability in the relationship between mean plasma glucose and HbAlc: implications
for the assessment of glycemic control // Clinical Chemistry. — 2007. — Vol. 53, No. 5. — P. 897-901.

42 Nielsen J.K., Gravolt C.H. et al. Continuous subcutaneous glucose monitoring shows a close correlation between mean glu-
cose and time spent in hyperglycemia and hemoglobin Alc // J. Diabetes Sci. Technol. — 2007. — Vol. 1, No. 6. — P. 857-863.

43 Avogaro A. Postprandial glucose: marker or risk factor? // Diabetes Care. — 2011. — Vol. 34, No. 10. — P. 2333-2335.

14 Bulletin of the Karaganda University



Optimizing diabetes management ...

44 Buckinham B. Clinical overview of continuous glucose monitoring // J. Diabetes Sci. Technol. — 2008. — Vol. 2, No. 2. —
P. 551-565.

45 Juvenile Diabetes Research Foundation Continuous Glucose Monitoring Study Group. The effect of continuous glucose mon-
itoring in well-controlled type 1 diabetes // Diabetes Care. — 2009. — Vol. 32, No. 8. — P. 1378-1383.

46 Blevins T. Professional continuous glucose monitoring in clinical practice 2010 // J. Diabetes Sci. Technol. — 2010. —
Vol. 4, No. 2. — P. 440-456.

47 Mastrototaro J., Welsh J.B., Lee S. Practical considerations in the use of real-time continuous glucose monitoring alerts //
J. Diabetes Sci. Technol. — 2010. — Vol. 4, No. 3. — P. 733-739.

48 Maki K.C., Kelley K.M. et al. Validation of insulin sensitivity and secretion indices derived from the liquid meal tolerance
test // Diabetes Technol. Ther. — 2011. — Vol. 13, No. 6. — P. 661-666.

49 Hovorka R., Albarrak A. et al. Relationship between B-cell responsiveness and fasting plasma glucose in Caucasian subjects
with newly presenting type 2 diabetes / Diabet Med. — 2001. — Vol. 18, No. 10. — P. 797-802.

50 Zhou J., Li H. et al. Reference values for continuous glucose monitoring in Chinese subjects // Diabetes Care. — 2009. —
Vol. 32, No. 7. — P. 1188-1193.

51 Hill N.R., Oliver N.S. et al. Normal reference range for mean tissue glucose and glycemic variability derived from continuous
glucose monitoring for subjects without diabetes in different ethnic groups // Diabetes Technol. Ther. — 2011. — Vol. 13, No. 9. —
P. 921-928.

52 Rodbard D. Clinical interpretation of indices of quality of glycemic control and glycemic variability // Postgrad. Med. —
2011.— Vol. 123, No. 4. — P. 107-118.

53 Salzsieder E., Vogt L. et al. Q-score: a new tool for objective assessment and verification of the quality of continuously
measured glucose profiles // Diabetologie und Stoffwechsel. — 2011. — Vol. 6. — P. 223.

54 Rawlings R., Shi H. et al. Translating glucose variability metrics into the clinic via continuous glucose monitoring: a graph-
ical user interface for diabetes evaluation (CGM-GUIDE®) // Diabetes Technol. Ther. — 2011. — Vol. 13, No. 12. — P. 1241-1248.

55 Rutscher A., Salzsieder et al. KADIS — a computer-aided decision support system for improving the management of type-I
diabetes // Exp. Clin. Endocrinol. — 1990. — Vol. 95, No. 1. — P. 137-147.

56 Albisser A.M., Sakkal S., Wright C. Home blood glucose prediction: validation, safety, and efficacy testing in clinical diabe-
tes // Diabetes Technol. Ther. — 2005. — Vol. 7, No. 3. — P. 487-496.

57 Salzsieder E., Vogt L. et al. Model-based decision support in diabetes care / Comput. Methods Prog. Biomed. — 2011. —
Vol. 102, No. 2. — P. 206-218.

58 Augstein P., Vogt L. et al. Outpatient assessment of Karlsburg Diabetes Management System-based decision support // Dia-
betes Care. — 2007. — Vol. 30, No. 7. — P. 1704-1708.

59 Rodbard D., Vigersky R.A. Design of a decision support system to help clinicians manage glycemia in patients with type 2 di-
abetes mellitus // J. Diabetes Sci. Technol. — 2011. — Vol. 5, No. 2. — P. 402-411.

K.-JI.Konepr, I1. Xaiinke, JI.®@ort, F.F.Meiipamos, O.3anbuuaep

JAnadeTTi 0acKapyabl OHTANJIAHABIPY: IVIIOK03a IeHreili MOHMTOPUHTIHE
JKaAH-)KAKTHI TAN/1ay KOHe NNINKEeMHUSUIBIK 0aKblIay YUIiH
TaHAayJIbl JAiCTePAi KOJIaHy

Kanr auaberiH emzaey KaH KypaMbIHAAFbI [IIOKO3a AeHrelin O0akpuiay MeH A1C reMornoOuHi aHbIKTayMeH
katap kypemi. Emaey Oapeiceima Al1C Gactankbl KepceTkiluTe KeHOip MaHbBI3IbI ILICKTEyJepre ue
OoJaTHIHBIH ecKepy KakeT. EMuey HoTmrkeci »aKChl MIBIFYBI YINiH, 9pJalbIM TIIMKEMISUIBIK KaJarayiay exi
KepceTKimTe xyprisimyi tumic. Kasipri kezge rmoko3za CGM MoHuTOpHHTIH Oakpuray OipHerre y3mikci3
anicrepMeH xy3ere acanbl. OnmapIbIH KeH KOJIaHBICH KIMHUKaaa 60JIMaybIMEeH Koca Oepinesi.

K.-.Konepr, I1.Xaitake, JI.®ort, ['.I".Meilipamos, 3.3anbuuaep

OnTumusanus YHpaBJICHUEM zmaﬁeTa: BCCCTOpOHHHﬁ aHaJInu3
MOHUTOPHUHTIA YPOBHS I'NIIOKO3bI U UCTIOJIB30BAHUE JIYIIIHUX METOAOB
AJIHA INIMKEMUY€CKOro KOHTPOJIsA

Jleuenue caxapHoro auadera CONPOBOXKAACTCS ompeseneHneM remoriaobnna A1C B coueTaHnu ¢ KOHTPOJIEM
YPOBHS TIIOKO3EI KpoBU. Panee Obw10 nmokaszano, 4to A1C uMeeT HEeKOTOpbIe BaKHBIE OTPaHWIEHHS, YTO He-
00XO0JMMO yUIHTHIBATH B IIPOIIECCE JICUCHHUS, VIS YITydIICHUS] pe3yIbTaTOB KOTOPOTO HEOOXOIMMBI 00a MoKa-
3aTesst Pery/sIpHOTO TMIMKEMHYECKOT0 KOHTPOJISL. B ononHenne K TpaJuIIOHHBIM IEPHOIMIECKUM METOJaM
MOHHUTOPHHI'A, HENIPEPBIBHBIH KOHTPOJIb YPOBHS IIIIOKO3bI SBIACTCA HEOOXOJUMBIM JUISl TTALIUEHTOB C OCIOXK-
HEHMSIMHU JnabeTa. ABTOPBI YTBEP)KAAIOT, YTO CErOAHS HCIIOIB3YIOTCS HECKOJBKO HENpPEpPBIBHBIX METO/OB
MoOHUTOpUHTa rmoko3sl (CGM), KOTOpBIE HEIOCTATOYHO HH(GOPMATHBHBI B KIMHUYECKOHM MPAKTHKE.
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Diabetogenic derivatives of 8-oxyquinolin
(mechanisms of action and principles for prevention
developing of diabetes caused by them)

Alteration and destruction of pancreatic B-cells caused by chemicals are one of numerous causes of develop-
ing of diabetes mellitus. Authors demonstrated results of investigation of mechanisms developing of diabetes
caused by some of 18 diabetogenic derivatives of 8-oxyquinolin including chemicals formed in Human as re-
sult of disturbances of metaboilsm of aminoacids. Authors proposed a few ways for prevention of diabetes
developed as result of their action and proposed for possible using of method inhibition of endogene synthesis
of diabetogenic metabolites of Tryptophan as more suitable way for prevention developing of diabetes.

Key words: experimental diabetes, pancreatic B-cells, insulin, diabetogenic derivatives of 8-oxyquinolin,
diabetogenic metabolits of tryptophan.

Today there are more than 30 chemicals which are able to induce experimental diabetes mellitus by se-
lective destruction of B-cells. More than 20 of their possess chelat diabetogenic properties. 18 from them
belong for derivatives of 8-oxyquinolin.

More than 70 years ago Scott and Fischer were separated insulin from the native pancreas as insulin-Zn
complex and supposed that the presence of Zn-ions determined physiological activity of insulin [1]. Interest
to this problem was increased after reporting by these authors in 1938 that in pancreas of death diabetic pa-
tients total amount of Zn is not more than 50 % in compared with non diabetic men [2]. They found 0,07 mg
of Zn per 1 g of pancreas tissue of diabetic patients comparatively with 0,14 mg per 1 g pancreas of healthy
persons. Analogical result was obtained by Eisenbrandt and coll. [3]. A large amount of Zn were found in
human pancreas of healthy men. In 1942-1943 K.Okamoto discovered in pancreatic B-cells a large amount
of Zn [4—12]. It is supposed today the important role of Zn-ions in processes of storage of insulin in B-cells
[13]. There are proportional dependence between content of Zn-ions in B-cells and in cytoplasm. Decreasing
of content of deposited insulin accompanied by decreasing of Zn-ions in B-cells [12, 14]. It is known that
Zn-ions reacted in processes of synthesis as in cristallization of insulin [4]. It was showed that pancreas of
mammals-animals, birds and in earth-water animals contained a large amount of Zn-ions.

The amount of Zn is evidently decreased in experimental diabetes induced by any causes [9, 10, 14-16].
Zn-ions are able be accumulated in pancreas tissue. Administration of Zn in organism outside accompanied
by increasing of total amount in pancreas in 4-20 times [17]. 0,3 % of Zn administrated in organism was ac-
cumulated in pancreas of alloxan diabetic rats comparatively with 2,6 % in healthy animals [18].
H.Kawanishi and K.Okamoto confirmed [19, 20] by electron histochemical microscopy that in B-cells
Zn-ions are located in B-granules, a deposited form of insulin and that Zn is concentrated in central part of
B-granules, in periphery and partly in cover of granules.

Zn-ions contained in cytoplasm of B-cells have the coordinate number (chemical coordinate number)
4 and 6 and interacted with chemicals which formed with Zn-ions chelat salts in which atom of Zn is fixed
between a few other atoms [21]. The affinity of Zn-ions to formation of chelats is evidently more high com-
paratively with other metals of main group.

1. Diabetogenic derivatives of 8-oxyquinolin

In 1947 A.Albert reported that 8-oxyquinolin which usually is not toxic substance, is very toxic for cells
in the presence of metals and for the first time of Zn-ions. It was showed that this fact determined by ability
of 8-oxyquinolin to form with metals the chelat metal-complexes which are toxic for B-cells [21]. Studying
of toxicity of 8-oxyquinolin for B-cells Okamoto K. [7, 20, 22] reported that injection of it to animals ac-
companied by developing of experimental diabetes. Later it was showed that injection of 18 derivatives of
8-oxyquinolin and of 8-oxyquinaldin accompanied by rapid developing of heavy diabetes in animals [7].
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a) 2,4-dimethyl-8-oxyquinolin, 35 mg/kg; b) 5-phenylaso-8-oxyquinolin, 20 mg/kg; c) 5-para(toluene)-8-
oxyquinolin, 20 mg/kg; d) 5-orto(toluene)-8-oxyquinolin, 40 mg/kg; e) 8-oxyquinolin, 50-60 mg/kg;
f) 5-para(diethylaminophenylaso)-8-oxyquinolin, 20 mg/kg; g) 5-meta(hydroxyphenylaso)-8-oxyquinolin,
30 mg/kg; h) 5-para(dimethylaminophenylaso)-8-oxyquinolin, 45 mg/kg; i) 5-para(acetylaminophenyl-
aso)-8-oxyquinolin, 50 mg/kg; x) 8-oxyquinaldin, 10 mg/kg; 1) 5-para(aminophenylaso)-8-oxyquinolin,
10 mg/kg; m) 5-amino-8-oxyquinolin, 30 mg/kg; n) S-para(diethylaminophenylaso)-8-oxyquinolin,
40 mg/kg; o) 9-oxy-7-jodoqui- nolin, 50-60 mg/kg; p) 4,8—dihydroxyquinolin-2-carboxylic acid (xan-
thurenic acid); r) 8-para(toluenesul- phonylamino)quinolin, 30-50 mg/kg; s) 8-para(benzolsulphonyl-
amino)quinolin, 30-100 mg/kg; t) 8-para(metansulphonylamino)quinolin, 40—81 mg/kg; u) diphenylthio-
carbazone (dithizon), 45-50 mg/ kg
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Figure 1. Complex salts of Diabetogenic zincbinding chelat active chemicals
with Zn-ions and its diabetogenic doses
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It was noted that all these chemicals have in position 8 of quinolin ring OH™ group or any other radical con-
tained atom of S or atom of O. Six isomers of 8-oxyquinolin which not contained in position 8 of the active
group are not able to form chelat complexes with Zn-ions and not induced experimental diabetes. Experi-
mental diabetes is induced by derivatives: 8-para(toluenesulphonylamino)quinolin /8PTSQ/, 8-para(benzol-
sulphonylamino)quinolin /8PBSQ/, 8-para(methansulphonylamino)quinolin /8PMSQ/, 5-para(acetamino-
phenylaso)-8-oxyquinolin /SA80X/, 8-hydroxyquinaldin, 5-amino-8-hydroxyquinolin and others (Fig. 1).
It was demonstrated by Okamoto K. and Kadota I. that injection of these derivatives result strongly selective
necrosis of B-cells and developing of diabetes. Injection of these chemicals in doses of 30—100 mg/kg ac-
companied by developing within a few days of heavy diabetes with marked degenerative changes in islets
[23-28].
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It is known that most stable complexes are formed in case if atom of Zn is fixed between 2 atom of N, S
and O of molecule of chelator. Later it was reported that only derivatives of 8-oxyquinolin contained in posi-
tion 8 of quinolin ring of the hydroxyl or other radical contained atoms of S, N or O possess diabetogenic
properties. Atom of Zn is fixed between atoms of S and O in position 8 and between atoms of N and O in
position 1 or 2.

It was reported, what is more, that extraction of these radicals from position 8 accompanied by com-
plete disappearing of diabetogenic properties of chelators [29]. Formation of chelats by atoms of O and N of
chelator result usually forming of pentagonal or hexagonal rings [21] (Fig. 1). Pentagonal rings are more sta-
ble. The most stable are quadrangular complexes with atom of S. It is known that derivatives of 8-oxy-
quinolin formed quadragonal complexes with atom of S often. Electrons of indivisible pair are displaced
from donor-atom of N in position 1 to Zn atom.

On the base of data obtained by A.Albert, G.Zentmyer supposed that toxic effect of 8-oxyquinolin is de-
termined by its ability to bind and eliminate ions of metal from B-cells [30]. But later this hypothesis was not
confirmed: it was showed that long time prolonged elimination of Zn ions from B-cells result any effect on
the state of histostructure and function of B-cells [31]. Finally, S.Rubbo and A.Albert established that toxic
effect of 8-oxyquinolin determined by its ability to form in cells toxic complexes with metals [32] that many
times was confirmed later. It was showed that presence of chelat a short time in cytoplasm of B-cells accom-
panied by alteration of cells. In experiences with using derivatives of 8-oxyquinolin — a various isomers of
the azaoxyquinolin (azaoxyn) — it was demonstrated dependence: most toxic are isomers formed chelats 1:1
with metal and with logarifm of constant of stability as 7.6 and more high, until 9.4. Meanwhile toxicity of
chelats of other isomers of azaoxyn with constant of stability 5.8—6.7 was clearly more less [21]. It was
showed that very toxic chelats of derivatives of 8-oxyquinolin with Zn-ions have a more high logarifm of
constant of stability as 8.5. Weitzel G. and coll. showed that complex 1:1 contained 1 molecule of
8-oxyquinolin and 1 atom of ion of Zn is most toxic for cells [33].

Stability of formed complexes 2:1 is depended not only of affinity of chelator to metal but in added —
of 2 properties of chelator and metal: 1) presence of additional radicals in para-positions molecule of
chelator, especially — in zones contacted with part of molecule, reacted with ions of metal conduce to form-
ing of the steric effect; as result, two molecules of the chelator are not able to approach for to put atom of
metal in stable ring; 2) size of diameter of atom; in case if atom of metal have a small diameter, ring may be
not formed; atom of Zn have radius as 0,74 nm between Berillium (0,31 nm) and Rubidium (1,49 nm).
A high stability of the complex Zn-Dithizon is determined by stretch form of molecule of Dithizon and by
location of 2 phenol rings on the 2 ends of molecule. That is why atom of N and S are easy approach to atom
of Zn. More over, atom of Zn is fixed between atoms of N and S. Meanwhile it is known that affinity of Zn
to N and S is more high comparatively with affinity of Zn to O. In added, complex is formed by two mole-
cule of Dithizon each of two have a great number of double couplings.

Mechanisms of diabetogenic action of derivatives of 8-oxyquinolin and Dithizon were investigated
since 1967. For the first it was showed that injection of diabetogenic doses of derivatives of 8-oxyquinolin
(D80OX) 1-2 min past injection accompanied by complete binding of all amount of Zn-ions in cytoplasm of
B-cells. 1.5-2 h later this complex is dissociated and same amount of Zn-ions in B-cells is reveal as before
injection [ 14, 34-36].

Stability of complexes 1:1 formed by derivatives of 8-oxyquinolin is determined by: 1) great number of
double coupling in molecule of chelator; 2) forming of quadragonal ring; 3) derivatives of 8-aren-
sulphonylaminoquinoline formed chelat-complex by aid of atom of S. More high stability of the complex
Zn-Xanturenic Acid is determined by additional fixation of the atom of Zn between 2 atom of O.

Later it was showed that 8PTSQ, a derivative of 8-oxyquinolin, formed with Zn ions toxic chelats
which in UV-light have specific intensive green fluorescence. This fact was used for elaboration of high spe-
cific and very high sensitive fluorescent method of revealing of Zn ions [13, 37, 38].

This amount of Zn is able to form a new chelat-complexes with new portion of diabetogenic substance
again. Extraction of complexes Zn-D8OX from B-cells by CHCI; or by CCl, result completely negative fluo-
rescent reaction for Zn-ions in B-cells. This complex dissociated within 1-2 h and Zn-ions are able again to
react with chelator [14, 35].

2. On the mechanisms of Diabetogenic activity of chelat active substances
In 1949 K.Okamoto first induced experimental diabetes by injection of Dithizon [39]. Dithizon are able

to form red chelat complexes with 18 metals; Zn-ions only contained in pancreatic B-cells of some animals
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and human. Dithizon possess very high affinity to Zn-ions and rapidly reacted with forming complex DZ-Zn
2:1. Dithizon is not synthesed in organism as of animals as human. Later Maske [40] proposed vital method
of colour detection of Zn-ions in B-cells based on ability of Dithizon to form purple granules of
Zn-dithizonat past injection of Dithizon solution. It was noted that diabetes induced by DZ accompanied by
formation of red granules of chelat Zn-DZ in B-cells. Diabetes never developed in case if red granules are
not formed in cytoplasm of B-cells. By aid of this method Zn-ions were discovered in islets of rabbits, hu-
man, rats, pigs, mice, dogs, horses, pigeons, frogs, some sorts of fish and other animals, excluding guinea pig
only which not contained Zn in B-cells [22, 41-47]. As it was showed later Dithizon not formed red granules
in B-cells of guinea pig and diabetes in this case not developed [34]. Later it was confirmed by spectral anal-
ysis that spectrum of absorbance of purple granules formed in B-cells past injection of Dithizon exactly cor-
respond to spectrum of absorbance of pure synthetic Zn-DZ chelat [34].

K.Okamoto supposed that diabetogenic action of Dithizon determined by its ability to form in B-cells of
chelat complexes with Zn-ions. He concluded finally: the binding of Zn-ions in B-cells by DZ is main cause
of developing of diabetes. This suggestion was confirmed many times later. For the first it was confirmed
that diabetes developed past injection of DZ in case if purple granules of Zn-DZ is formed in cytoplasm of
B-cells only. Meanwhile according conception of Okamoto K. is not possible to understand what are mecha-
nisms of diabetogenic action of Dithizon on B-cells as of chelator.

There are important question: does this complex Zn-DZ is eliminated from B-cells or this complex is
dissociated in B-cells and Zn-ions are preserved in islets and are able to interact again with DZ?

It was established that 30 min past injection the total amount of red granules of Zn-DZ in cytoplasm of
B-cells is evidently decreased and 1 h past injection (mices) and 1,5-2 h (rabbits) red granules disappeared
completely from islets. In opposite, parallelly at the same time the amount of free Zn-ions in B-cells is in-
creased and 1,5-2 h past injection concentration of Zn-ions in cytoplasm of B-cells is same as before injec-
tion of Dithizon [34, 35]. Meanwhile it was showed that injection of diabetogenic dose of Dithizon result a
complete binding of all amount of Zn-ions contained in B-cells: past extraction from cytoplasm of B-cells of
all amount of complex DZ-Zn by CHCI; free Zn-ions were not revealed in cytoplasm of B-cells by absolute-
ly and high specifical for Zn-ions fluorescent method. However, 1-1,5 h later concentration of free Zn-ions
in cytoplasm of B-cells was maximally high as before injection of Dithizon. Meanwhile it was not possible
to have same result in case if Zn-ions were eliminated from cytoplasm of B-cells.

Thus, it was confirmed that injection of Dithizon accompanied by forming of chelat Zn-DZ in cyto-
plasm of B-cells, which is dissociated in cells within 1-2 h past injection of chelator and free Zn-ions are
able to form chelat complexes again with chelator in cytoplasm of B-cells.

Later it was showed that in animals at +36 °C without circulation of blood dissociation of complex
DZ-Zn is markely delayed: 3 h past injection of Dithizon 50-60 % of granules contained in cytoplasm of
B-cells are not dissociated yet [34, 35].

However later it was supposed that injection of chelator result binding of Zn-ions in Zn-contained en-
zymes that result inactivation of enzymes and as final — disturbances of metabolism in cells and developing
of histological changes. But this conception was not confirmed later. It is known that metal-contained en-
zymes usually fixed strongly atom of metal in structure of molecule enzyme and chelators are not able to
form chelat-metal complexes. According other conception, complete elimination of Zn-ions from B-cells
protect cells of formation of toxic complexes Zn-diabetogenic chelator but in this same time result disturb-
ances of processes of synthesis and storage of insulin in B-cells. But this hypothesis was not confirmed too,
because it was showed, that complete binding of Zn-ions in B-cells by Zn-diabetogenic chelator not ac-
companied by elimination of complex. As it was evidently established, this complex is dissociated in cyto-
plasm of B-cells within 1-2 h and Zn-ions are not eliminated from cytoplasm of B-cells.

In opposite, it was showed, that complete elimination of Zn-ions from cytoplasm of B-cells by
Glibenclamide not accompanied by changes of structure and function of B-cells [48]. Injection of Dithizon to
animals pretreated by Glibenclamide not accompanied by forming of complex Zn-DZ in cytoplasm of
B-cells and diabetes is not developed.

As is known, Zn-ions contained in rethina of eye and injection of DZ to rabbit accompanied by forming
of chelat-complex Zn-DZ in retina which result blindness [21, 45]. Meanwhile, displacing of Dithizon from
complex Zn-DZ by non-diabetogenic chelators within first 5 min. past forming of complex accompanied by
prevention developing of diabetes in 95 % of animals [48] whereas analogical displacing of Dithizon
15-20 min past forming of complex Zn-DZ result developing of diabetes in 95-97 % of animals and diabetes
was prevented in 3—5 % animals only.
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2.1. Investigation of toxic action of complex «Zn-chelat active metaly
on histostructure and ultrastructures of pancreatic islets

It was showed that first changes in cytoplasm of B-cells appeared 5 min past injection of DZ as small
zones of destruction of cytoplasm. More detail analysis by aid of transmission electron microscopy showed
that process of destruction of B-cells started by destruction of B-granules [49] (Fig. 2.7, 2.8).

2.7 2.8

2.1 — Isolated intact islet. Aldehyde fucshine; x280; 2.2 — Destruction of isolated islet past 6 min pro-
longed action of 8-para(toluenesulphonylamino)quinolin. Aldehyde fucshine; x280; 2.3 — Section of
pancreas of intact rat; Aldehydefucshine; x280; 2.4 — Section of rat’s pancreas. Destruction of B-cells
caused by Dithizone; Aldehydefucshine; x280; 2.5 — Islet of intact rabbit; X280; 2.6 — Red granules of
Zn-DZ complex in B-cells of rabbit. Total destruction of B-cells followed 5 min past formation of com-
plex in cytoplasm of B-cells; x280; 2.7 — Transmission electron microscopy of intact Rabbit’s pancreatic
B-cell. Ultrastructure withot changes. Multiple B-grenules contained Zn-insulin complex; x4800; 2.8 —
Transmission electron microscopy of Rabbit’s pancreatic B-cell. Diabetes induced by Dithizon. Destruc-
tion of main part of cell matrix. Destroying of B-granules; x4950

Figure 2

For the first, the 2—4 B-granules are destructed with forming of small zones of destruction of cytoplasm
of B-cells [7, 49, 50], not more than 3—5 % of total surface of section of B-cells. 15-20 min later the sizes of
these zones rapidly increased until 30—40 % of surface of B-cells and 1-2 h past injection almost all cell’s
matrix, 80-90 % of section’s surface, is destroyed completely [7, 49, 50]. We showed that these changes are
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not visible on light microscopy but very well discovered by transmission electron microscopy. Destructive
histological changes developed a few days later — are secondary changes as result of not visible destroying
of B-cells within first 15—20 min past forming of chelat complex in cytoplasm of B-cells.

Thus, it was concluded that destruction of B-cells past injection of chelators is determined by destruc-
tive action of red complex Zn-DZ on structures, for the first — B-granules, of B-cells within first
15-20 min. past forming of complex in cytoplasm of B-cells (Fig. 2, 3).
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Figure 3. Mechanismes of action of the Diabetogenic Chelat Active Chemicals (¢ — formed in human)

Using of transmission electron microscopy method we showed that 2 h past injection of Dithizon a
strongly marked destruction of B-cells was developed: total devastation of cytoplasm of cell’s matrix, de-
struction of mitochondria, endoplasmatic reticulum and B-granules were discovered in the most parts of cells
with remained matrix [49, 50]. Same results were obtained 1 h past injection. Meanwhile, 15 min past injec-
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tion in the contrary to 2 h cell’s matrix was remained on 60—70 % of B-cell’s surface but 30—40 % appeared
as zone free of matrix or zone of complete destruction of ultrastructures of B-cells [49]. Minimal alterations
were revealed 5 min past injection: sometimes a few destructed B-granules formed very small zones of de-
struction of cells. Detail analysis showed that process of destruction of B-cells was begun by destruction of
B-granules and forming of zones of destruction of cytoplasm [49]. Investigation of state of ultrastructure of
B-cells 5 min past injection have important role for revealing first initial changes in B-cells which are im-
portant for understanding mechanismes of diabetogenic action of substance. Then it was confirmed that start
destruction of B-cells by destruction of B-granules is determined by forming toxic chelat complexes of
diabetogenic chelat chemical with Zn-ions located in B-granules. From the granules process of destruction is
spread on other parts of cells. Meanwhile, it is reason to note, that in B-granules is locaited all amount of
Zn-ions contained in B-cells.

3. Dabetes induced by Xanturenic Acid, a abnormal metabolit of Tryptophan

L.Musajo in 1935 reported about fact of synthesis of Xanturenic Acid (XA). This substance was sepa-
rated from the urine of experimental animals and confirmed as 4,8-dihydroxyquinolin-2-carboxylic acid [50],
Ci0H/NOs.

S.Lepkovsky and coll. interested by this substance [51]. There are intensification of synthesis of XA in
organism when abundance of fat acids was accumulated in organism in combination with vitamin B6 defi-
ciency. These changes were accompanied by developing of symptoms of diabetes [52—57].

XA is product of disturbance of tryptophan metabolism. Usually tryptophan is metabolised by serotonin
or kynurenine metabolic ways which completed by forming of S5-oxyindolacetic acid and NADF
correspondly. The deficiency of Pyridoxal-5-Phosphate (P-5-P) induced by deficiency of vitamin B6 result
inhibition of 5-oxytryptophandecarboxylase and kynureninase which result inhibition of both metabolic
ways. As result 4 substances are formed: XA and 8-oxyquinaldine from 3-oxykynurenine and kynurenic acid
and oxykynurenic acid from kynurenine (Fig. 4). Meanwhile it was showed that vitamin B6 (Pyridoxin) pos-
sess ability to inhibite endogene synthesis of the XA [58—62].

The synthesis of XA determined by main enzymes kynureninaminotransferase (KAT) and oxytrypto-
phandecarboxylase (OTD) with co-enzym as P-5-P [60, 63]. XA is formed from the 3-oxykynurenine by ac-
tion of KAT. The deficiency of P-5-P result inhibition of synthesis of serotonin and, in the contrary, synthe-
sis of XA and kynurenine are increased [32, 51]. But here we have contradiction: why deficiency of P-5-P
accompanied by inhibition of serotonin way and by stimulation synthesis of XA? On the one hand this is de-
termined by fact that pyridoxal enzymes reacted differently for the P-5-P deficiency: activity of kynureninase
decreased for 83 % and of KAT — for 42 % only [64]. On the other hand as it was established, KAT are lo-
calized as in mitochondries as in soluble part of cells while kynureninase — in soluble part of cells only. De-
ficiency of P-5-P accompanied by decreasing of content of both enzymes in soluble part of cells and content
of KAT-mitochondrial not decreased [65]. This is because elimination of XA with urine is increased. For
first time increasing of elimination of XA was discovered in urine of rats contained on diet enriched by tryp-
tophan in combination of vitamin B6 deficiency. XA is disappeared from the urine when vitamin B6 was is
added in diet [58, 61, 66]. But aggravation B6 deficiency accompanied by decreasing activity of KAT that
result increasing of elimination of XA by urine [32]. More later XA was discovered in the urine of rats, dogs,
guinea pigs and human [52, 59, 67-71]. The high concentrations of XA discovered in urine of diabetic pa-
tients in middle and old age [72] as more high concentrations of kynurenic acid. Additional administration of
Pyridoxine accompanied by decreasing of XA in urine but without complete normalization [72] especially in
organism of old persons. XA is eliminated from organism by kidneys. The middle concentrations of XA in
the urine of healthy persons in 24 h portion of urine are equalled 2.1-8.9 mg [61].

Deficiency of P-5-P in organism is result of deficiency of vitamin B6 in diet or related with disturb-
ances of synthesis of P-5-P from vitamin B6. Synthesis of XA is intensified by diet enriched by fat acids and
casein. It is known 2 enzym systems which determined byosynthesis of P-5-P: pyridoxinphosphateoxydase
(PPO) and pyridoxinkynase (PK). Enriched of diet by fat acids result inhibition of activity of PPO in the liver
[73] and may be restored by administration of vitamin B2, a co-enzym of PPO. It was showed that in neona-
tal period — first 3 days — derivatives of kynurenine metabolic ways are not discovered in the urine [74]. In
period between 5th and 20th days minimal concentrations of XA are present in urine of babies contained on
milk of mother [75, 76]. Addition of a-Tryptophan accompanied by increasing concentration of XA in the
urine of babies taked off mother milk as in children in age 4—6 years. In elderly human in age 70 and more
synthesis of kynurenine is active. Addition of 100 mg per 1 kg of a-tryptophan in diet accompanied by inten-
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sive elimination of XA with urine from organism of old men in age of 70 and more [77-79]. It is possible to
normalyse elimination of XA by administration of Pyridoxin [80]. Administration of Pyridoxin accompanied
by normalization [21, 80-86] of concentration of xanturenic acid in the urine excluding patients with strong
deficiency of vit. B6 [62, 83] due to reduction activity of kynureninaminotransferase. Administration of
100 mg per 1 kg of a-tryptophan in organism of pregnant women accompanied by abnormally high elimina-
tion of XA during all time of pregnancy as of kynurenic acid for 3—4 months [82]. It was showed deficiency
of vit. B6 in diabetic patients with high concentration of xanturenic acid in the urine [87, 88]. Usually dis-
turbances of tryptophan metabolism accompanied by forming of abundance of XA as of other abnormal
products in result of deficiency of P-5-P in organism [47].

De

ficiency of vit. B6 + Fat enriched Diet

|

Deficiency of
Pyridoxal-5-phosphate

S-oxyantranylic acid

SEROTONIN

-

1.

5-OTDase i

S-oxytryptophan
Quinaldin Asid

TRYPTOPHAN

KATase

[—P KYNURI;:NIN » Kynurenic Acid

KATase-myt

t A J
L—b 3-oxykynurenin » Xanturenic Acid

KYNase

h 4

Oxyantranylic Acid 8-oxyquinaldin Acid

Quinolin Acid

NA%)F

+—— Inhibition of activity

5-0TDase — S-tryptophanedehydrogenase

KATase — kynureninaminotransferase

KATase-myt — kynureninaminotransferase nrytochondrial
KYNase — kynureninase

Figure 4. Disturbances of Tryptophan metabolism

Y .Kotake and coll. in 1957 investigated processes of forming and elimination of XA from organism. He
used various Na-salts of fat acids and tryptophan which were administrated intraperitoneally in organism of
rats. The most large amount of XA was formed and eliminated (elimination — 10,49 mg of XA per 24 h) by
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urine after using of mixture «tryptophan+oleic acid» and the most less effect — 1,6 mg per 24 h, after ad-
ministration of tryptophan only. Effects of other mixtures: «tryptophantacetic acid» — 5,37 mg of XA per
24 h, «tryptophan-+propyonic acid» — 8,79 mg of XA per 24 h, «tryptophan-+oleic acid» — 9,87 mg of XA
per 24 h, «tryptophan+valeryanic acid» — 9,64 mg of XA per 24 h, «tryptophan+palmytin acid» — 9,61 mg
of XA per 24 h and «tryptophantstearynic acid» — 8,57 mg of XA per 24 h. On the base of its experiences
Y .Kotake recommended to include in diet a followed products for stimulation of synthesis of XA: casein,
salt mixture of McColumn, agar-agar, sugar, saturated oleum, yeast and starch. It was showed that biosyn-
thesis of P-5-P is depended of containing of fat or fat acids in diet. It was concluded: fats and fat acids stimu-
lated decreasing activity of pyridoxinaminotransferase in the liver of rats [73]. It was reported that stress
stimulated acceleration accumulation of diabetogenic metabolits of tryptophan [88, 89].

Meanwhile injection of 10,0 mg of vitamin B6 in experimental conditions accompanied by decreasing
of elimination of XA till 2,03 mg per 24 h [14] in compared with 8,42 mg per 24 h in control. Y.Kotake in
1968 established that fat acids stimulated inhibition of synthesis of P-5-P from the vitamin B6. As result —
increasing of forming of XA. Intraperitoneal injection of 200 mg per 1 kg of endogene synthezed XA to
mouse accompanied by developing of diabetes [89] and by temporary hyperglycemia in rabbits [90]. But
injection of synthetic XA in dose of 200 mg per 1 kg not accompanied by diabetes after administration to
dogs and to rabbits [33]. Combination of injection of synthetic XA and using of diet enriched by large
amount of fat accompanied, in the contrary, by hyperglicemia and developing of histological changes in is-
lets typical for diabetes [60, 91-94]. Meanwhile diabetes was not developed in conditions: injection of syn-
thetic XA+diet free of vitamin B6 [95].

Using of diet «10 mg/kg tryptophan+deficiency of vitamin B2» accompanied by hyperglycemia and
xanturenuria [53]. Same effect was obtained after using of diet «tryptophan+deficiency of vitamin B6». Us-
ing of diet enriched by fats by Y.Kotake accompanied in added by increasing of weight of animals on aver-
age from 140 g till 220-260 g and by developing of obesity [94]. The excretion of XA was equalled to
2-3 mg per 24 h [96]. Using of histology it was showed developing of evident changes in B-cells: degranula-
tion of B-cells, vacuolisation of cytoplasm, destruction of cells, developing of hydropic degeneration and
changes in the nuclei [29, 53, 54, 97-101]. Not only XA but kynurenic acid induced hyperglicemia. It is
transformed in quinaldic acid. XA is metabolized in final product — 8-oxyquinaldic acid which possessed
diabetogenic properties.

Theoretically this substance may be transformed in diabetogenic agent 8-oxyquinaldin but we have not
found information about forming 8-oxyquinaldin in organism of animals or in human organism as result of
disturbances of tryptophan metabolism. It is known that diabetogenic effect of 8-oxyquinaldin is not so in-
tensive as effect of other derivatives of 8-oxyquinolin described above. XA as quinaldic acid and kynurenic
acid possess insulin releasing activity [66, 102] and stimulated intensive insulin releasing from isolated pan-
creatic islets in the first 30 min after start of incubation. Later activity is decreased. The quinaldic acid
inhibite completely 2nd phase of insulin releasing [103, 104] and is more active comparatively with
8-oxyquinaldic acid [105]. Incubation of insulin and XA accompanied by forming of stable complex
XA-insulin separated on the Sephadex [96, 106]. It was showed by using fluorimetric method that 2 moles of
XA are binded with 1 mole of insulin. Activity of this complex is as 49 % of activity of pure insulin.

Not only XA but kynurenic acid induced hyperglicemia too [107]. XA is transformed in quinaldic acid
[113] and later is metabolized in final product — 8-oxyquinaldic acid [66] which possessed diabetogenic
properties. Activity of native insulin [96, 108] is increased after administration of Zn-ions in incubation me-
dium [106, 109, 110]. It was showed that Zn-ions force out molecule of insulin from the complex XA-insulin
and formed new complex XA-Zn. Meanwhile the role of this chelat complex was not investigated.

E.Murakami reported [97, 111-116] that incubation of XA with insulin result forming of 2 sorts of
complexes which were separated and purified: complex XA-insulin 1:1 and complex XA-insulin 1:1,5. Ac-
tivity of both complexes is as 50 % of activity of native insulin only [66, 108]. He supposed that same com-
plex may be formed in human organism. In the blood XA is easy binding with insulin and not transformed
chemical structure of it. This complex is stable [96] and chemical connection is formed via atom of Zn and
imidazol group of histydin in molecule of insulin [96, 98]. XA possess especial affinity to Zn-ions [114].
Addition of Zn-ions to the serum of blood contained complex XA-insulin stimulated restoration activity of
insulin [115]. Not only deficiency of vitamin B6 induced active synthesis of XA in organism as of other ab-
normal metabolits of tryptophan. The biosynthesis of P-5-P in human organism is inhibited by some drugs
for treating of patients with tuberculosis due to its ability to block both enzyme systems of P-5-P [48].
Treatment by Hydraside of Isonicotine acid accompanied by deficiency of P-5-P [116, 117] and as result by
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xanturenuria. Isoniasid is antagonist of P-5-P [118] and of kynureninase [119]. Treatement by Isoniasid ac-
companied by xanturenuria and kynurenuria [76]. It was established in added that tuberculosis accompanied
by deficiency of vitamin B6 in organism which stimulated aggravation of deficiency of P-5-P.

Other state — pregnancy — accompanied by xanturenuria too. Intensity of xanturenuria is decreased by
administration of vitamin B6 [50]. Total amount of XA eliminated with urine from organism of patients with
pregnancy aggravated by toxycosis and reached 190 mg per day in compared with 0,3—13 mg of XA per day
in control group without pregnancy and toxycosis [50]. It is showed that frequency of diabetes is depended
of number of pregnancy during woman'’s life: 2,7 % among women with 1 pregnancy, 5,2 % — 2 pregnan-
cies, 7 % — 3 and more pregnancies [120]. Now are not cleared causes of xanturenuria in pregnancy. There
are suppositions that pregnancy induced acceleration of desintegration of tryptophan by activation of
tryptophanoxygenase [21] but it is evidently that more high frequency of diabetes in patients with tuberculo-
sis and pregnancy have relation with endogene synthesis of large amount of XA in organism.

Thus, noted above data about diabetogenic properties of XA are especially interested due to fact that in
the contrary to many other diabetogenic chemicals, including all investigated previously diabetogenic deriva-
tives of 8-oxyquinolin, XA only may be formed in organism of animals and human in result of simple dis-
turbances of diet accompanied by deficiency of vitamin B6.

It is necessary to turn attention on 4 coincidences: 1. Xanturenuria is often discovered in the urine of di-
abetic patiens. 2. Xanturenuria is often discovered in organism of old men. Meanwhile it is known that dia-
betes of 2nd type is developed more often among elderly persons. 3. Very often deficiency of vitamin B6 is
discovered in the group of elderly and old men. 4. XA as chemical is belong to derivatives of 8-oxyquinolin
which have in position 8 active group as all other diabetogenic derivatives of 8-oxyquinolin which
diabetogenic properties were investigated previously. 5. Extraction of active group from position 8 of mole-
cule of XA accompanied by complete disappearing of its diabetogenic properties as of some other
diabetogenic derivatives of 8-oxyquinolin. Returning back of this group in position 8 accommpanied by res-
toration of diabetogenic properties of XA. 6. Contrary to all other 18 diabetogenic derivatives of
8-oxyquinolin XA is formed in human organism.

4. On the mechanisms of diabetogenic action of tryptophan’s metabolits

More than 40 years ago Y.Kotake was fixed attention on fact that chemical structure of XA is very
similar with structures of other diabetogenic derivatives of 8-oxyquinolin. He supposed that its diabetogenic
properties determined by the presence of active OH-group in position 8 of quinolin ring [121, 122]. In 1957
Y .Kotake and M.Kato were confirmed fact that XA may to induce diabetes only in case if in position 8 is
fixed OH-group. Extraction of this group from molecule accompanied by complete disappearing of
diabetogenic properties of XA [29, 122].

G.Weitzel and coll. and S.lIkeda and coll. [33, 114] confirmed that XA formed with Zn-ions complex
1:1 and atom of Zn is fixed between hydroxyl and carboxyl groups of quinolin ring. As it is known this sort
of complex of 8-oxyquinolin derivatives (1:1) is most toxic for cells. E.Murakami and Y.Kotake were inves-
tigated interaction between insulin and XA. They confirmed that xanturenic acid in vitro formed complex
XA-insulin [112].

On the base of obtained data Kotake Y. and Ueda T. were proposed a followed point of view on the un-
derstanding of mechanismes of diabetogenic action of XA [108, 112, 115] (Fig. 5, left part).

Meanwhile authors in passing showed that after dissociation of complex XA-insulin, xanturenic acid
again formed new complex with Zn-ions as XA-Zn. But it was make not attention to this fact and this chelat-
complex was not investigated. Howerer, more later it was showed in vitro that XA binded Zn-ions in B-cells
[123—131] and that presence of this complex in cytoplasm of B-cells within short time result alteration and
destruction of cells [132—139].

Deficiency of vitamin B6 stimulated forming not only of XA but additionally kynurenic acid and
quinaldic acid. These acids stimulated releasing of insulin from the isolated islets [102—104]. On the other
side these metabolits are inhibite forming of B-granules [104] in result of blocking of Zn-ions in cells. 8-oxy-
quinaldic acid inhibite in added synthesis of proinsulin [122]. More over XA inhibite synthesis of insulin by
bindng of insulin with Zn-ions [124].

As result of disturbances of Tryptophan metabolism the 8-oxyquinaldin may be accumulated. Mean-
while 8-oxyquinaldin, a derivative of 8-oxyquinolin, is diabetogenic substance which are able to induce hy-
perglycemia and degenerative changes in B-cells [33]. However XA is eliminated from the organism with
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urine and now there are not reported facts that XA is transformed in 8-oxyquinaldin in organism. Neverthe-
less, we cannot to exclude this possibility.
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Figure 5. Mechanisms of Diabetogenic Action of Xanturenic Acid

Diabetes induced by derivatives of 8-oxyquinolin may be prevented in experimental conditions by pre-
liminary preventive binding of Zn-ions in B-cells by not diabetogenic chelat active substances as
Dietyldithiocarbamate of sodium which are able to protect B-cells in 95-100 % animals for 24 h [48] of de-
struction. The other, 2™ way: preventive almost complete elimination of Zn-ions from B-cells before admin-
istration of diabetogenic chelat active chemicals. And 3™ way: preventive concurent interseption of
diabetogenic chelator in nutria media by Zn-ions delivered in solution outside as ZnSO4. But this way is val-
id for experimental defence of B-cells of isolated pancreatic islets. The advantage of this method: reaction
passed not into cytoplasm of B-cells, but outside of cells.

These methods protection of B-cells which we have used in process of investigation of mechanisms of
developing of diabetes induced by chelat active chemicals, not have perspective of practical using because it
is not possible and not expediently to keep Zn-ions in B-cells permanently connected with not diabetogenic
substances or to eliminate permanently Zn-ions from the cytoplasm of B-cells and to keep cells free of
Zn-ions permanently.

Thus, despite of fact that by aid of both methods it is possible to prevent developing of experimental di-
abetes in 95-100 %, these methods are not suitable for prevention developing of XA-diabetes on aspect of
human diabetes.

However it is known that synthesis of XA in organism may be prevented by administration of vitamin
B6. This way of preventinion of xanturenic diabetes is, as we think, more perspective. Besides this method
not need additional investigations and scientifical reasons concerning elaboration related with practical using
of vitamin B6.

Injection of other diabetogenic derivatives of 8-oxyquinolin result 2—3 days later developing of heavy
diabetes 1 type. Diabetes induced by XA in the contrary look like diabetes of 2 type. It is explayned probably
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by a followed circumstances. Other diabetogenic derivatives of 8-oxyquinolin were used as one injection of
100 % diabetogenic doses of substance. More less amount of XA is formed in organism more slowly day by
day permanently in result of changes of diet or changes of tryptophan metabolism especially in old organism.

Interest to diabetes induced by XA is increased due to followed factors: 1. XA in the contrary to other
diabetogenic derivatives of 8-oxyquinolin is formed in human organism as result of simple changes of diet.
2. A large amount of XA is discovered in the urine not only of diabetic patients in middle or old age, but in
the urine of persons in same age without diagnosis of diabetes. 3. Deficiency of vitamin B6 is discovered in
organism of old persons with registrated diagnosis of diabetes or without it.

Previous our investigations of mechanismes of diabetogenic action of derivatives of 8-oxyquinolin,
which cannot be synthezed in organism or to come into organism outside, have theoretical significance only.
However data obtained during these experiences let us to understand more profoundly mechanisms of
diabetogenic action of XA. XA due to noted above data make us to call our attention on this substance which
may to have some significance in pathogenesis of human diabetes.

On the base of data obtained by other investigators and by us I propose a followed point of view on the
mechanisms of diabetes induced by XA (Fig. 5).

Thus, noted above data showed a potential role of diabetogenic metabolits of tryptophan in pathogene-
sis of human diabetes. From the presented data it is possible to conclude that main role among a few
metabolits — XA, kynurenic acid, oxyquinaldic acid, 8-oxyquinaldic acid and 8-oxyquinaldin — are belong
to XA. Kynurenic acid and oxyquinaldic acid not contained, in the contrary to XA, in position 8 of quinolin
ring of active chemical group and not induced diabetes. Both these chemicals activate insulin releasing from
B-cells.

Thus, now it is possible to suppose that main role is belong to XA as to diabetogenic chemical. Other
metabolits are able to aggravate diabetes induced by XA.

5. On the possible ways for prevention developing of diabetes caused by chelators

What is minimal period of the presence of chelat complexes in B-cells for to induce diabetes? As it was
showed previously this period is 15-20 min. For to confirm this fact the experiences with non diabetogenic
chelator-Na salt of Diethyldithiocarbamic acid (NaDDC) were conducted. NaDDC have more high affinity
to Zn-ions and able to displace Dithizon from chelat complex Zn-DZ as of derivatives of 8-oxyquinolin from
its chelats with Zn-ions. Analogical properties possess Dimethyldithiocarbamic acid and its derivatives.
EDTA as chelator possess more high affinity to Zn and constant of stability of its chelats with Zn is 13.1
meanwhile with ions of Mg™, Ca*” and Fe® correspondly 5.4, 7.3, and 10.9 [15]. It was showed that EDTA
prevent diabetogenic action of streptosotozin by binding of Zn ions [131]. More detail investigation of pro-
cesses of interaction of Zn-ions contained in B-cells with NaDDC showed that injection of 250 mg/kg of
NaDDC result binding of part amount of Zn-ions inlocated in cytoplasm of B-cells, and of 500 and
1000 mg/kg — a complete binding of all amount of Zn-ions. Dissociation of complex is passed more slowly:
10-12 h past injection dissociated less part of complex and 2448 h past injection — all amount of Zn-ions
are free [34, 35, 49]. Injection of NaDDC 5 min — 6 h before diabetogenic chelator result complete preven-
tion of diabetes in 100 % of animals for 8—10 h. Injection of DZ within this period not accompanied by for-
mation of red stained granules of Zn-DZ complex in cytoplasm of B-cells and diabetes is not developed
[41, 48]. Injection of NaDDC 15 min past injection of DZ accompanied by complete displacing of DZ from
complex Zn-DZ and by formation of not diabetogenic complex Zn-NaDDC but diabetes developed in 95—
96 % of animals and was prevented in 5 % of animals only. Injection of NaDDC 5 min past DZ accompanied
also by complete displacing of DZ from complex Zn-DZ but diabetes was prevented completely in 95 % of
animals and was developed in 5 % of animals only (49). Injection of NaDDC 2 h past injection of DZ ac-
companied by developing of diabetes in 100 % of animals [48]. Thus, by these experiences it was confirmed
that the presence of toxic chelat complexes of DZ and diabetogenic derivatives of 8-oxyquinolin in B-cells
within first 15 min after its forming result not visible for the first a few hours incorrigible destructive chang-
es in B-cells. Formed more later degenerative histological changes in islets is result of action of chelators in
the first 15 min.

The aminoacids Cystein and Glutathion formed not toxic chelats with atoms of heavy metals due to
sulfhydril radicals which have high affinity to ions of Zn™*, Pb™, Cd™ and Hg". It is suggested that by these
radicals aminoacids formed not toxic chelats with Zn-ions. The constant of stability of complex Zn-Cystein
is very high — 17.1-18.2 [48].
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Aminoacid Hystidin formed with Zn-ions high stable complex 2:1 which logarifm is 12. Contrary to
other aminoacids chelat activity of Hystidin is determined by the presence in molecule of the imidazol ring
[21].

Injection of Cystein 1000 mg/kg prevent formation in B-cells of toxic chelat Zn-DZ an completely pro-
tect of diabetes all animals within 6 h; 12 h past injection diabetes was prevented in 6 animals from 8 and
24 h past injection of Cystein — in 2 animals from 4. Cystein protect B-cells of destruction caused by
diabetogenic derivatives of 8-oxyquinolin. Aminoacid Serin, which contained hydroxyl radical in molecule
instead of sulthydril radical in molecule of Cystein, not possess diabetogenic properties.

Diabetes is prevented by Restored Gluthation. Preventive injection of it protect B-cells of destruction
and of developing of diabetes in all animals: normoglycemia and B-cells — without changes. Oxydation of
Restored Gluthation result: two molecules of Restored Gluthation formed one molecule with forming of di-
sulfide connection. Injection to animals of 1000 mg/kg of the Gluthation — oxyd not accompanied by pre-
vention of diabetes in all experimental animals.

Thus, inactivation or change of Sulfhydril radicals in molecules of Cystein and Gluthation result com-
plete disappearing of diabetogenic properties of these both substances [28]. Injection to animals of 1000
mg/kg of the Hystidin Hydrochloride (HH) result complete prevention of diabetes past injection of Dithizon
followed 5 min past injection of HH and — in half of total number of animals injected of Dithizon 0,5-1 h
past injection of HH [28].

Prevention of binding of Zn-ions in pancreatic islets by diabetogenic chelators may be realized by other
way — preliminary complete elimination off B-cells zinc-insulin complex by derivatives of Sulphon-
urea [31]. Injection of Dithizon or derivatives of 8-oxyquinolin past maximal complete elimination of Zn-
ions from B-cells not result forming of toxic copmlexes «Zn-chelator» in cytoplasm of B-cells and diabetes
not developed in 100 % of animals. This method of prevention of diabetes is effective and suitable in cases
when administration of diabetogenic dose of chelator is expected. In opposite, this method it is not suitable
when low doses of diabetogenic chelators are formed in organism during long period.

Dehydroascorbic Acid (DA) which is formed in organism as result of metabolisation of Ascorbic Acid,
possess diabetogenic properties and result of direct alterative effect on B-cells [120]. Concentration of DA in
organism of diabetic patients is evidently increased in opposite to decreasing concentration of Ascorbic
Acid [123].

It is known that Streptozotocin possess chelat properties and have high affinity to Zn-ions. Alterative
action of Streptozotocyn may be prevented or reduced by preventive action of EDTA [137].

Investigation of diabetogenic properties of Dithizon and derivatives of 8-oxyquinolin have theoretical
significance because these chemicals are not formed in human and really not delivered in human organism
outside. In added, peroral administration of its is not effective because they are not soluble and not absorbed
in intestinum. Parenteral injection of diabetogenic chelators result developing of diabetes only. Meanwhile
solutions of all these chelators are not stable and only injection of the fresh prepared solutions (ex tempore)
result diabetogenic effect.

Among 18 diabetogenic derivatives of 8-oxyquinolin the Xanturenic Acid (XA) only is formed in elder-
ly humans. It is known that XA is accumulated in organism of old human as result of disturbances of Tryp-
tophan metabolism. Low doses of the XA accumulated in human gradually. May be that is why diabetes
caused by XA developed gradually as type 2 contrary to type 1 diabetes caused by injection of diabetogenic
doses of other chelators. Mechanisms of diabetogenic activity of chelat active chemicals and way of preven-
tion development of diabetes caused by them were studied by us before [140-194].

The most perspective way for prevention of diabetes caused by XA is, of course, prevention of
endogene synthesis of XA in human in disturbances of Tryptophan metabolism.

Last decades the number of diabetogenic chelators human have contacts is very increased. As example,
Tetracycline hydrochloride is active chelator which have high affinity to Zn-ions and formed with it complex
1:1 and 2:1 with high constant of stability as 9,0 [21]. Direct action on B-cells of high doses of tetracycline
result hyperplasia and degeneration of cells. Isoniazid, a drug for treatment of tuberculosis, formed pentago-
nal stable chelats with Zn-ions. May be more high frequency of diabetes among patients treated by Isoniazid
determined by this fact? This interest is increased taking into consideration fact that in this case concentra-
tion of the Xanturenic acid in urine is high because Isoniazid in antagonist of Pyridoxal-5-Phosphate [63].

Diuretics as derivatives of Benzothiodiazine possess chelating properties and treatment during long
time accompanied by developing of diabetes sometimes. Treatment by Chlorthiazid accompanied by hyper-
glycemia and glucosuria.
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It is known that chelators which formed with Zn-ions tetragonal or pentagonal rings possess diabeto-
genic properties. Chelators contained in molecule as least 4 or 5 double chemical connections possess
diabetogenic properties also in opposite to chelators contained 1-2 or not contained its which not possess
analogical properties. As example — derivatives of Diethyldithiocarbamic Acid of Dimethyldithiocarbamic
acid, aminoacids Cystein, Gluthation and Hystidin. Complexes formed by noted above protectors not con-
tained in molecule tetragonal or pentagonal rings and not contained or contained minimal number (1-2) of
double connections. Administration of large amount of these chelators not result destruction of B-cells and
protect, in opposite, B-cells of destruction caused by diabetogenic chelators.

Noted above data put us to look on these chemicals as on one possible factor in ethiology of human dia-
betes. The significance of this possibility is increased taking consideration fact that human pancreas con-
tained a large amount of Zn-ions possess to form chelat complexes with diabetogenic chelators.

On the base of presented above our experimental data as data obtained by other investigators we pro-
pose a followed point of view on the role of Zn"-ions in the pathogenesis of diabetes mellitus caused by
diabetogenic derivatives of 8-oxyquinolin as followed main steps:

1. Diabetes induced by chelators is determined by formation in cytoplasm of B-cells of the chelat com-
plexes «Zn-chelator» only and developed as IDDM. Any mechanisms prevention synthesis of this chelats-
complexes in cytoplasm of B-cells protect completely cells of destruction and of developing of diabetes.

2. Destruction of B-cells caused by direct action of chelat complexes on histoctructures of B-cells — is
main mechanism of developing of these models of diabetes. Inevitable destructive changes in cytoplasm of
B-cells developed within first 15-20 min past forming of chelats in cells. Changes developed within first 4-5
min are not significant and displacing of chelator from complex «Zn-chelator» by not diabetogenic chelators
that result prevention of destruction of B-cells and developing of diabetes. Incorrigible histological changes
in B-cells developed a few days later, are as result of noted above changes developed within first 15-20 min.
past formation of toxic chelat complexes in B-cells.

3. Diabetes induced by chelators may be prevented by prevention formation of complexes
«Zn-chelatory» by 4 ways: a) preliminary complete elimination of Zn-ions off cytoplasm of B-cells; b) by pre-
liminary binding of Zn-ions in B-cells by not diabetogenic chelators have more high affinity to Zn-ions com-
paratively with diabetogenic chelators; 3) by concurent interseption of chelator in liquid media by Zn-ions
delivered outside with Zn-contained salts; 4) by prevention of the synthesis in organism (including human)
of diabetogenic chelators.

4. Inhibition of endogene synthesis in cytoplasm of B-cells of diabetogenic metabolits of tryptopan us-
ing of Pyridoxine is most preferable and perspective way for prevention developing of diabetes in animals
and Human.

Next years be investigated possibilities for prevention developing of diabetes caused by 4,8-dihydroxy-
quinolin-2-carboxylic acid (XA) by partial or almost complete inhibition of endogenous synthesis in animals
and human of the XA, a product of abnormal tryptophan metaboilsm.
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F.f.Meiipamos, K.-JI.Konept, .I'.Axmae, A.F.MeilipamoBa

8-OxcuxuHOMMHHIH 1MadeToreHaiK oHiMaepi (3cep eTyiHiH MeXaHU3M/Iepi
JK9HE 0J1ap/AbIH dCepPiHeH TYbIHAATHIH 1Ma0eT JaMYbIHBIH AJ/IbIH AJIy 5KOJAapPhl)

Kanrt nnabeti namysIHBIH cebenTepiniy OipiHe YHKpIOe3iH B-xacymanapbIHbIH 3aKbIMIaHYbl MEH BIIBIpaybI
KaTazabl. ABTOpIAp 8-OKCHXMHOJIMH TYBIHIBUIAPBIHBIH 9CEP €Ty MEXaHM3MJCPIH 3ePTTErcH, OHbIH ilIiHIe
3aTTEKTEP/iH anMacybl Oy3bUIFaH Ke3/le agaM ar3achblHIa OHIIpineTiH eHiMaepi ae Gap. Aypy JAamyIbiH
IABIH  anyblHBIH OipHEIIe J>KOJIapbl 3epTTeNreH. AJaM ar3achlHAa OHAIPIICTIH 8-OKCHXMHOINH
TYBIHIBIIAPB! TYBIHIATATHIH JUA0CT JaMYBIHBIH allJIbIH aTybIHBIH JKOJIBIHA OPTaHU3M/IE OJIApABIH 3HIOTCHI
TY3UIyiH TeXey MYMKIHAITi KOpCeTiIre .

I'.I".'Meiipamos, K.-JI[.Konept, N.I'.Axkmaes, A.I'.MeiipamoBa

JAnadeToreHHble NPOM3BOAHBbIE 8-OKCMXUHOJIUHA (MeXaHU3MBbI IeCTBUS
U MYTH NpeJ0TBPallleHUs Pa3BUTHS 1UadeTa, BbI3HIBA€MOI0 NMH)

OnHa U3 MPUYMH PA3BUTHS CaxapHOTO AuabeTa — MOBPEXICHHE U pa3pylleHue B-KIeTok MopKemya0uHoil
JKeJIe3bl XUMUYECKUMU BeleCTBaMU. ABTOpaMM U3y4EHbl XapaKTep U MEXaHU3MBI JCHCTBUS HEKOTOPBIX U3
HUX, BKJIIOYas M T€, YTO CHHTE3UPYIOTCS B OPraHN3Me 4YeJoBeKa MY HapyIIeHUsX oOMeHa BemecTB. Mccie-
JIOBaHO HECKOJBKO CIOCOOOB MpENOTBpAILIeHHs Pa3BUTHs 3a0oyieBaHMs, BbI3bIBaeMoro umu. [lokazano, 4to
HanboJiee TPHEMJIEMBIM CIIOCOOOM MPENOTBpANICHHs Pa3BUTUS JuabeTa IPOU3BOAHBIMH 8-OKCHXHMHOJIMHA
SBJIAETCS BO3MOXKHOCTB ITOJIABJIEHHS UX SHAOTCHHOTO CHHTE3a B OPTaHU3Me.
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Decision support and e-health services for diabetes management

In this article, we will introduce and discuss new options by using personal decision support and e-health ser-
vices in diabetes management. Usage of the KADIS® system for personal decision support provides opportu-
nities to identify improved therapy options in accordance with the guidelines of the professional societies.
This enables the best treatment modality for the individual patient to be determined in a very short time and,
individual circumstances of the patient as well as the practical feasibility of treatment recommendations are
taken into account. Furthermore, the telemedicine platform TeleDIAB® together with the embedded
KADIS® simulation are suitable to make knowledge and experience globally available to treat diabetes.

Key words: diabetes, personal decision support, telemedicine, in silico model, e-health service, diabetes man-
agement.

Introduction

According to data, recently published by the International Diabetes Federation (IDF), an estimated
371 million persons worldwide have diabetes mellitus. Four out of 5 diabetes patients live in developing and
emerging countries. Especially in Asia and in countries of the Gulf region with a high population growth rate
and drastical changes in living conditions, the disease has reached an epidemic dimension. The diabetes
prevalence in these regions already exceeds 20 % [1-3]. Prevalence figures also rise, even though not to the
same extent, in developed countries, like the U.S. and Germany; however, other factors, such as an aging
society, overnutrition, and lack of physical activity may play a role. In contrast to developing and emerging
countries, significantly larger healthcare budgets are available in highly-developed countries for diabetes
treatment. Furthermore, within the latter healthcare systems extensive know-how and sophisticated treatment
strategies have been established for management of diabetes. This includes research, established structures of
diabetes care, and special programs aiming to prevent diabetes.

Thus, general practitioners as well as diabetes specialists can take advantage of a wide variety of phar-
maceutical and technical resources available for diabetes treatment. Guidelines have been established by the
ADA and EASD in order to standardize diabetes care [1, 4]. With data provided by blood glucose self-
monitoring, continuous glucose monitoring systems or collection of self-control data by the patient, and nu-
merous diagnostic parameters needed for treatment decisions, the doctor is faced with a huge amount of in-
formation. For the evaluation of glucose variability, for example, alone over 30 different metrics have been
published until now [5-11].

The increasing prevaalence of diabetes, the great variety of treatment options, and the flood of data
raise the necessity of appropriate and effective strategies applicable to find a timely therapeutic approach
tailored to the individual needs of the patient. As our previous outcomes showed, the telemedicine-based
Karlsburg Dliabetes management System KADIS® could play an important role [5, 6] in achieving this goal.
In addition, telemedicine solutions are suitable to make knowledge and experience globally available to treat
diabetes.

Karlsburg Diabetes Management System, KADIS™

The metabolic status is as different as a fingerprint for each person and clearly shows an individual
rhythm reflected in the 24-h blood glucose curve of a patient. By means of KADIS", a so called in silico
copy of the metabolic behavior of diabetic patients can be created for the first time worldwide. The KADIS"
system itself is protected by patents, but its application was already published in peer-reviewed journals
[12, 13].

To map the individual metabolic behavior in silico, i.e. in a computerbased model, the KADIS® system
requires data, which can be easily collected under everyday conditions. This includes blood glucose readings,
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patient’s self-control data, such as glycemic therapy (insulin, oral antidiabetics), food intake as well as phys-
ical activities (sports) and demographic data (e.g., age, diabetes type, disease duration, body weight and
height). After entering all these data, they will be automatically analyzed by the KADIS® system. Upon in-
formation on dose and insulin formulations or oral drugs, the corresponding activity profiles are calculated,
absorption profiles for food intake be determined, and sports activities are converted into insulin action
equivalents. Importantly, the insulin responsiveness during the day can be visualized. Moreover, in the case
of Type 2 diabetes, the daily profile of endogenous insulin can be determined and simultaneously displayed
with the insulin responsiveness by means of the KADIS® model. During the subsequent iteration process,
blood glucose curves will be simulated on the basis of the available data. The specific parameters of the
KADIS® model are gradually adapted based on a patented mathematical method until defined termination
conditions are reached. As a result of this procedure, one obtains a setting of the KADIS" system, where the
blood glucose tracings of the patient derived from glucose monitorings is best reflected by the simulated glu-
cose profile. The in silico mapping of the individual metabolic behavior on the PC is referred to as personal
«Metabolic fingerprint» of the patient (Fig. 1).
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Blood glucose tracing obtained from 24-hour glucose monitoring (red dotted line); 24-hour insulin activi-
ty profiles (total insulin available) exogenous insulin (blue area) and endogenous insulin (light blue area);
insulin sensitivity throughout the day (pink curve); 24-hour resorption profile of meals (light brown area),
insulin and oral drugs intake (time, dose, type); meals (food, quantity, time)

Figure 1. Presentation of the «metabolic fingerprint» by means of KADIS"

Weak-point Analysis

Weak points, such as hypo- or hyperglycemia can be read directly in the course of blood glucose
changes from the «metabolic fingerprint» (Fig. 1). Using KADIS®; however, a more sophisticated analysis of
potential weak points can be performed. A causal relationship of hyperglycemia/hypoglycemia with current
therapy (action profiles, time regime), with food intake (carbohydrate units), with physical activity and spe-
cial events can be established. For example, rising blood glucose levels in the morning, before the first meal,
could be explained by a significantly reduced insulin sensitivity and/or insufficient administration of exoge-
nous in(s@ulin. Such a specific analysis of weak points induced by such factors is another unique feature of
KADIS".

Decision support, testing therapy recommendations

Based on the in silico mapping and weak point analysis, modelbased simulations of the blood glucose
curve could be performed in terms of a decision support. Therapy changes envisaged by the diabetes care
giver will be entered into the KADIS® system, which then simulates immediately the corresponding glucose
curves for the entered data. Thus, the usual time-consuming and tedious «trail and error» approach can be
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circumvented. Strategies and therapeutic options recommended by guidelines of professional societies [1]
can quickly and safely be tested in an interactive dialogue with the KADIS® system. This enables the best
treatment modality for the individual patient to be determined in a very short time and, individual circum-
stances of the patient as well as the practical feasibility of treatment recommendations are taken into account.
The results of this testing and individual treatment options are automatically documented in the KADIS® Re-
port. This report is available either online or as download for use by the attending physician to adjust the pa-
tient’s glycemic therapy (Fig. 2).
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The test shown in the figure demonstrates significant improvement of the blood glucose curve and the
glycemic control to be expected (blue curve vs the original gray and red represented blood sugar curve).
The percentage of time, where the patient is hyperglycemic, drops down from 100 % to 18 % (see «quali-
ty eye» in the upper right corner).

Figure 2. In this example of inadequate glycemic control with diet, switching to an OHA monotherapy
with metformin is recommended, according to the guidelines of the German Diabetes Association

TeleDIAB® — E-Health Platform

To give GP’s as well as Diabetologists full access to the KADIS® functionality described above, the
e-health platform «TeleDIAB®» was developed. TeleDIAB® is based on a high-performance secured data-
base and is provided as a browser-based solution via the Internet. The Diabetes Service Center Karlsburg, as
operator of the e-health platform, provides appropriate access accounts on the basis of licenses. In addition to
the KADIS® simulation, the required routines for the acquisition of basic and self-control data are integrated
in the TeleDIAB® platform (Fig. 3).

As soon as all necessary data has been collected, the KADIS® simulation component is ready to simu-
late glucose profiles. Depending on the design of the access to the TeleDIAB® platform, recommendations of
diabetes experts can be provided and added to the start settings of the KADIS®™ system (KADIS® Identifica-
tion). Up to 7 variants of tested therapy options can be stored simultaneously in TeleDIAB®. A brief note
may be entered, explaining each simulation in order to allow better identification (Fig. 4).
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The schedule representing the basic data is shown on the left, the right contains the Graphical User Inter-
face (GUI) for recording blood glucose readings from glucose meter measurements and the corresponding
self-control data, including therapy modalities and meals. In the case that CGM systems are used for re-
cording of blood glucose, the glucose data will be uploaded to the TeleDIAB® platform.

Figure 3. Collecting data required for KADIS® application

| & TeleDIABE - KADIS Simulation
| [«>](+@ &) [@- Gosgie L
.
Browser: TeleDIAB® on InterSystems Caché Pl \j* “DNKADIS
Login Time: 08:50:50 [Lutz Vogt (3)] g’ Health | e N Dubmaieiger
Menue: Patient -> Patient  [P-00800043 (PID: 6) - CGM] - Monitoring: 26.04.2011 - 29.04.2011 Logout 4" madelndanine; T i o Version 1.107.2012
J[ Home Admin Case Book Patient Data KADIS TOOLS ]
Therapeutic Options
T Blood Glucose
Diab. type: Typ-2 since: 2007 = rm” ke - Ay
HbAlc: 10.4 % (03.03.2011) 380 20 ate ""“—...... Y 1: Matformin
> o 2: 80T
Body waight: 83 kg v, A O 3: Matformi
Bedy siza: 155 hpb i
s B e
Currgnt Therapy: 201
180 10
Meals.
0s:00 28U [NSQ) ) \_//\/\/__/-\—\
12:15 4BU [N10] »Eé A o
14:30 28U [N30] H s + t T
20:45 3BU [N4S] RO R
Insulinf @ @
long-acting
20
Inkretin Eh]
> [ J_L_l_l—_—:l:_,’l:ttm;
om @0 M _ » G
Metformin, 500 mg
o [ ]
Meals [5U] .
i 6
Nas
4
N3O 2 = SelectSIM!
N1 2 I . 1 l I 1
| BOT
Sports[10€] Enter Remark!
a0:00 06100 12100 18100 Time
Save & Simulate

Figure 4. Screen of the KADIS® simulation which is embedded in the TeleDIAB® platform
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The KADIS" Report summarizes the analysis of blood glucose monitoring, outcome of the KADIS®
identification, and results of the simulation for recommendations of treatment options. The report is created
automatically and can be read either online or downloaded as a PDF file (Fig. 5).

Proposal (2): Adjustment to an intensive insulin therapy (ICT)

Insulin
- adjustment to an ICT as indicated in the table

Food
- adjustment of eating habits as indicated in the table
- if not already taken place, the participation on a dietary training course is recommended

Sport
- an evening walk of approx. 30 mins. duration

Blood glucose self-monitoring

in the course of the Diabetiva Program, self-monitoring of blood glucose (SMBG) should be performed according to
the guidelines of the German Diabetes Association (DDG) on an empty stomach and before the administration of
each insulin holus.
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Figure 5. KADIS® report

Benefit analysis

The value benefit analysis will be released, provided that, as in the past, only the attending physician is
to decide the treatment modalities. The main differences to generally accepted treatment practice are:

1. Predictability of the therapy efficacy (e.g., avoidance of hypoglycemia, percentage of blood glucose
values in target range) is achieved with KADIS® online immediately (within seconds), without loosing time
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until the next patient’s physician consultation for evaluating therapy outcome. This significant time saving
helps, especially those patients with complicated diabetes.

2. As patients can be involved via KADIS® Online in the process of optimization, the clear and visible
identification of weak points in glycemic control on the KADIS® report, stimulates the interest in taking an
active part in the improvement of metabolic control and makes the therapeutic approach better understanda-
ble.

3. By bringing all important data for glycemic control on a single print sheet together, the doctor in at-
tendance is able, at a glance, to assess individual metabolic characteristics of the patient and the efficacy of
the therapeutic approach in question.

4. The doctor can also consider alternative therapeutic approaches and is thus supported in its compe-
tence to find out the optimal treatment for his patient.

Finally, the benefit through improved metabolic control in gaining personal quality of life and reducing
the risk of late diabetes complications, as has been shown by the large diabetes studies DCCT and UKPDS,
cannot be overemphasized.

Conclusions

Diabetes mellitus is a global problem of epidemic dimension. The determinants of the increasing preva-
lence of diabetes are different in each country. For several reasons, there are also considerable differences in
the level of diabetes care. Telemedicine is a tool to make knowledge and experience in the treatment of dia-
betes globally available. The use of the KADIS® system, the world's unique computer program for diabetes
management, enables care givers to examine personalized treatment recommendations and quickly and safe-
ly to find out the best treatment strategy for optimizing a patient’s glycemic control. With the embedding of
KADIS® functionality in the telemedicine information system TeleDIAB®, essential conditions are met for
using KADIS®, particularly in regions of the world where there is a need for evidence-based personalized
medicine.
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K.-A.Koneprt, F.F.Meiipamos, 3.3anbuuaep

MuaberTi 6ackapyna KADIS-xkyiiecimen Oipre
TeJeMeJUIIMHAHBI KaTap KOJAaHy/Abl Heri3ey

Juaber aypyblHBIH oCyi eMAeydiH THIMIi JKOJJAapblH i3[4ey KaKETTUIriH Heri3medzai. ABTopiap X eke
xonpanbicta KADIS sxyiiecin nmalianany sl YCBIHBII OTBIp, Oy ©3 Ke3eTriHae KociOM accoIanus TajanTa-
pBIHA caif eMJIeyAiH callachlH aifTapiblKTail akcapTyFa MyMKiHZik Oepeni. JKyiie yaKbIT TalIIBUIBIFBI )KOHE
eMJelyIIiiepre KaThICTH 0acKa 1a cebenTepi OoJFaH Karjaiia eMaeyIiH eH )KaKChl JepOec MyYMKIHIIKTepiH
oepeni. ConsiMer Kartap enrizinren KADIS sxyitecimen karap tenemenuuuHansik TeleDIAB nerisi quaberti
emzey KesiHze Koizia 6ap FajsamIpbIK aklapaTThl KOJJIAHy YIIiH Kaxer.

JL.®orT, P.®orrT, I1.Xaitnke, I.®putuie, [1. Ayrmraity,
K.-JI.Koneprt, I'.I".MelipamoB, 2.3anb1uaep

O0ocHOBaHHME HCIOJIB30BAHUSA CHCTEMBI TeJIeMe I IMHbI
B couetanum ¢ KADIS-cucremoii B ynpapjiennu iuaderom

Poct 3a0601eBaemoctu auabeToM 00OCHOBBIBAET HEOOXOANMOCTh MOUCKA P PEKTHBHOI CTpaTeruu JIeueHusI.
ABTOpaMH MPEAOKEHO UCTOTb30Banue cucTeMbl KADIS® st HHAMBHIYaTbHOTO IPHMEHEHHS, YTO TOMO-
raeT 3HAUUTENBHO YIYYIIUTh KA4ECTBO JIEYEHHS B COOTBETCTBHM C TPEOOBAHUAMH NPO(ECCHOHATBHBIX aCCO-
IUAIMH, pacIupsieT BO3MOXKHOCTH HHANBUYAIbHOTO J€YEHHs MAI[MEHTOB B YCIOBUSIX HEXBATKH BPEMEHU H
Ipyrux (pakToOpOB, KACAKOMIMXCS IALHeHToB. KpoMe Toro, TenemenumuucKas ocHosa TeleDIAB®™ u Buenpen-
Has cuctema KADIS® mpuroHe! I HCIIONB30BaHAS UMEIOMIEHCS TI0GaNbHON HHDOPMAIHH IS JeTCHIS
nuabeTa.
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Vascular changes in pancreas in diabetes caused by abnormal metabolits
of tryptophan aggravate developing of diabetes

Contrary to many models of experimental diabetes caused by chemicals, diabetes induced by endogene syn-
thesis of xanturenic acid (XA), a metabolit of abnormal Tryptophan metabolism, approached to human diabe-
tes. Meanwhile in these conditions of natural developing of diabetes not in result of artificial injection of
diabetogenic substances, are not investigated yet state of blood vessels and blood circulation as in exocrine
pancreas tissue as in pancreatic islets. Authors showed developing in experimental XA-diabetes of numerous
destructive changes of blood vessels of a pancreas, fibrinoid changes of parenchyma of pancreas tissue,
dystrophya and necrosis of exocrine and endocrine pancreas tissue; necrotic changes of endothelium of arter-
ies. In pancreatic islets: necrosis of endothelium and cells in pericapillar. Authors conclude that described
changes can result aggravation of developing of diabetes.

Key words: diabetes, pancreas, exocrine tissue, B-cells, vascular changes.

The main cause for mortality of patients with type 2 diabetes are cardiovascular complications [1, 2].
The leading role in development of these complications belongs to a hyperglycemia which is a cause of a
number of pathological processes such as endothelial dysfunction, oxydative stress, changes of rheological
properties of blood in macro- and microvessels [3]. It was reported that thickening of basal membranes is
developed in capillaries as result of fixation on the endothelium of vessels of amorphous material consisting
mainly of mucopolysaccharides [4]. It is known that microcirculation in diabetes accompanied by aggrega-
tion of blood cells and damage an endothelium. Sclerosis, inflammation and destruction of vessels result de-
veloping of heavy blood circulation [5].

Research objective: to study state of histostructure of blood and of stroma of tissue of pancreas in ex-
perimental Xanthurenic acid induced experimental diabetes.

Materials and methods

Diabetes in animals caused by containing of animals on diet by Y.Kotake [6] stimulated endogene syn-
thesis of 4,8-dihydroxyquinolin-2-carboxylic acid (Xanthurenic acid, XA) which possess diabetogenic prop-
erties due to direct selective destruction of B-cells as to binding and inactivation of insulin [6]. 72 white rats
Vistar 160-240 g. body wheight were used. Animals were distributed for 5 groups. Rats of Groups 1, 2 and 3
were contained 60, 90 and 120 days respectively on a diet stimulated endogene synthesis of XA. The diet
components included starch, butter, sugar, casein, yeast and salt additives. Group 4 (diet+vit. B6), investiga-
tion of blood Glucose concentration and of Xanturenyria excluding histological and histochemical analysis
of pancreas tissue: animals were treated within period of containing on diet by injections of water solution of
vit. B6 8,7 mg/kg per day. Group 5 (control 2) — intact animals. Blood Glucose control-weekly by Glucose
oxydase method. Concentration of Xanturenic acid in urine [7] was measured monthly and body weigh in the
beginning and at the end of experience.

Histology. Samples of pancreas tissue fixed in Bouin liquid, carried out in alcohols 70°, 80°,90° and
100°, filled in paraffin. Leica 2125 rotation microtome used for preparing sections 4—5 mem. For survey mi-
croscopy of tissue of a pancreas staining technology was applied using hemalaoun of Mayer and eosin [8] as
hemathein of Mayer [9].

Histochemical methods: Method by Gomori, a differential staining of B-and a-cells by Aldehyde
fucshine and Helmi's mix [10, 11]. Deposited form of insulin [12] revealed as violet granules in cytoplasm of
B-cells. Kikui Y. and coll. method [13] using reagent Victoria 4R with floxyn, phosphorum-volfram acid and
the light green was used for differential staining of B- and a-cells. Immunohistochemical method [14] stain-
ing of insulin by kits from DAKO (Denmark) was used with photometrical measuring intensity of staining of
B-cells [15]. Parameter K was calculated as AB1/AB2. AB1 — light absorbtion of B-cells; AB2 — light
absorbtion of exocrine tissue.
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Results

Blood Glucose level. 60 days containing of rats on diet: increasing of blood Glucose level for 1,5-1,8
times in majority of number of animals excluding 6 rats have kept normal value. On average level of a
glycemia is 6,91 £+ 0,36 mmol/l (p < 0,05) in compared with initial 4,20 = 0,11 mmol/l (Fig. 1). On 90th day
containing on diet blood Glucose level is increased for 1,9 times comparatively with initial (p <0,001). In
some animals increasing for 2,5-3 times was observed. 4 rats have not changes of blood Glucose level. We
observed till 90" day decreasing of body weight of experimental animals on the average from
216,84 + 4,07 g to 183,20 £ 4,06 g (p <0,001).

At 120th day of experience concentration of blood Glucose level was increased for 2,8-3 times on aver-
age, until 11,81 £0,56 mmol/l (p <0,001) comparatively with initial 4,11 = 0,19 mmol/l by 2,8-3 times;
p <0,001. The body weight was decreased for 23-25 %; (p < 0,001) comparatively with initial.
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Figure 1. Blood Glucose concentration in animals contained on diet
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Figure 2. Concentration of Xanturenic acid in the urine of rats contained on diet and diet+vit. B6

The analysis of level of xanturenuria of rats contained on a diet for 120 days showed reliable increase in
compared with control for 9-10 time (p <0,001) (Fig. 2). Thus, the maintenance of animals on diet accom-
panied by development of marked hyperglycemia reaching the maximum till 120 day.
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Morphological researches

30th days containing on diet result developing of: disturbances of blood circulation; fibrinoid changes
of intraglobular arteries of exocrine tissue; necrosis of veins, destroying of vessel’s wall, hemostasis, lysis
and infiltration of eritrocytes in tissue (Fig. 3.1); distribution of fibrinoid processes to parenchyma.

3.1 — Pancreas tissue. Stasis and hemoly-
sis in interglobular arteries (—). Destruc-
tion and necrosis of connecting tissue of
blood vessels (——). 30 days on diet.
Staining by Victoria 4R; x280;

3.2 — Pancreas tissue. Fibrinoid changes
- of arteries (—). Necrosis of veins (——)
and distrophya of ductus (———). 60 days
on diet. Staining by Hemalaoune and eo-
sin; x280;

i 3.3 — Pancreas tissue. Stasis and hemoly-
sis in interglobular vein (—). Fibrinoid
chanhes, destruction of acinuses and
atrophya of exocrine parenchyma (——).
60 days on diet. Staining by Hemalaoune
and eosin; x280;

B 3.4 — Exocrine tissue of pancreas. Gwo-
ving of collagen fibers in globules (—).
Hypostasis in inter acinuses spaces and
collagen fibers around acinuses (——). 60
on diet. Staining by Victoria 4R; x900;

3.5 — Pancreatic islet. Marked hyperemia
| and lysis of eritrocytes in capillaries (—).
Degranulation and destruction of B-cells
(——). 60 days on diet. Staining by
Aldenyde Fucshine and Helmi; x700;

. ' 3.6 — Pancreatic islet. Degranulation of
~ B-cells (—). Distrophya and necrosis of
B-cells (——). Thrombosis of veins
| (—>——). 100days on diet. Staining by
Aldenyde Fucshine and Helmi; x280;

3.7 — Pancreatic islet. Destruction of in-
ternal capsule (—) and hyalinosis on mid-
dle and external capsules of arteries
(——). 120 days on diet. Staining by Vic-
toria 4R; x280;

3.8 — Pancreas tissue. Dissociation of
acinuses (—). Destruction of islets, necro-
sis of B-cells (——). 120 days on diet.
" Staining by Hemalaoune and eosin; X280

Figure 3. State of pancreas tissue and vascular changes in exocrine and endocrine tissues

60th days containing on diet accompanied by: developing of destructive changes in parenchyma
(Fig. 3.2); hyperemia and destruction of capillaries; growing of collagen fibers accompanied by necrosis of
adventicium of vessels; necrosis of veins with infiltration of eritrocytes in tissue; fibrinoid changes in paren-
chyma of tissue, fat infiltration and fat necrosis of the gland’s cells; intraglobular fibrillogenesis; infiltration
of parenchyma by collagen fibers (Fig. 3.4); hemostasis and lysis of eritrocytes in capillaries of islets
(Fig. 3.5). Arterioles: fibrinoid changes, thickening of walls. Venules: necrosis, destruction, infiltration of
eritrocytes in tissue. Fibrinoid changes of stroma of pancreas, growing of fat tissue in interseptal spaces;
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pressing of acinuces by fat tissue and forming of necrosis centers in gland’s tissue; developing of intraglobu-
lar fibrillogenesis that accompanied by thickening of intersticium of pancreas tissue. Infiltration of paren-
chyma by collagen fibers, dissociation of parenchyma for little gland segments consisting of a few acinuses
(Fig. 3.4).

90 days containing on diet result: hemorrhagic necrosis of exocrine tissue, sclerosis of wall of arteries;
growth of fibrous structures; sclerosis of capillaries. Hyperemia in veins and in capillaries; fibrinoid changes
of arterioles; thickening of basal membrane of endothelium; stagnant hyperemia in vessels of venous collec-
tor; alteration of arterial endothelium, destruction of endothelial layer in arteries and in interglobular veins,
proliferation of facile muscle cells; destruction and distrophya of walls of vessels, infiltration in tissue of
components of blood; sclerosis and inflammation, concentration of leucocytes in the gleam of vessels and
infiltration of parenchyma of tis- sue; growing of fat tissue in islets with degranulation, distrophya and ne-
crosis of B-cells, stasis and hemolysis in capillaries of islets (Fig. 3.6); infiltration of lymphocytes and leuco-
cytes outside of vessels, homogenization of blood cells in vessels; thrombosis of veins and capillaries; devel-
oping of hyalinosis in arteries (Fig. 3.7); destruct- tion, distrophya and incapsulation of acinuses; agglomera-
tion of fibroblasts, lymphocytes and collagen fibers nearest destroyed acinuses. Near vascular bunches, is-
lands and of acinuses; the wide cavities, filled by homogeneous consistence liquid near vascular bunches as
near island (Fig. 3.8).

100-120 days containing on diet. Inflammation of arteries and veins, infiltration of leukocytes outside
of arteries and veins parenchyma; necrosis of parenchyma, growing of fat tissue accompanied by
intraglobular lipomathosis; islets: marked hyperemia, stasis in capillaries, degranulation and necrosis of
B-cells (Fig. 3.6); marked hyperemia in veins in combination with infiltration of lymphocytes into the wall
of vessels; gomogenisation of collagen fibers in adventicium of arteries, concentration of fibroblasts between
collagen fibers.

Thus, disturbances of metabolism in animals contained on diabetogenic diet result marked destructive
changes in arteries, veins and capillaries as in islets as in exocrine tissue of pancreas that accompanied by
destruction of walls of vessels and fibrinoid changes of stroma. Noted above changes accompanied by dis-
turbances of circulation of blood in vessels and by hemostasis which is estimated as sign of acute pathologi-
cal process [3.3].

Stasis is a frequent effect in disturbances of cardiovascular system and of blood circulation caused by
external causes [16]. J.Andersen and coll. [17] supposed that accumulation in their wall of fibronectin, of
type 4 collagen, hyaluronic acid and calcium result damage of blood vessels. Dysfunction an endotelium ac-
companied by angiospasm, thrombosis and tendence for developing of atherosclerosis [18, 19]. Insulin re-
sistance is estimated as one of cause of destruction of blood vessels [20]. On 30™ day containing on diet we
observed accumulation of fats in wall of interglobular arteries and developing of lipomathosis in globules.
Diabetes accompanied by marked forms of this processes as by fibrosis and lipomathosis of intraglobular
spaces [21].

Dysfuction of endothelium is shown by angiospasm, tendencies for formation of thrombs and develop-
ing of atherosclerosis [19].

Thus, at first week of experience disorders of blood circulation and destructive changes of vessels were
developed and accompanied by fibrinoid changes, fibrosis and lipomathosis in intraglobular spaces. Stagna-
tion and long time prolonged hemostasis result destruction of vessel’s wall and exit of eritrocytes in exocrine
tissue. Formation of blood clots is a symptom of chronic process. Vascular changes, result developing of ne-
crosis in acinuses and of atrophya of exocrine tissue of pancreatic islets. Proliferation of epithelial tissue and
periductal sclerosis of gland’s ductus as hemorrhagic sclerosis of exocrine tissue cells with sclerosis of capil-
laries walls are estimated as structure symptoms diabetes mellitus [16, 21].

As it was observed in pancreas sections of rats contained on a diet from the 30th till 120th days, sclerot-
ic changes underwent some stages of development: from plasmatic infiltration and fibrinoid changes of a
wall of vessels to hyalinosis. Hyalinosis of small arteries and the capillaries, developing as result of plasmat-
ic infiltration is widespread at diabetes and most expressed in a brain, a kidney, in retina and islets.

Thus, analysis of results of research of series of experience showed accruing suppression of function of
the B-cells, accompanied by degenerative changes and decreasing of insulin content in cytoplasm of B-cells
for 76 % caused by XA.

Developed multiple wascular changes in blood vessels as in pancreatic islets as in exocrine tissue result
developing of fibrinoid changes, of sclerosis of stroma including hyalinosis of arteries and sclerosis of capil-
laries and veins. These changes aggravate developed diabetes in spite of the fact that are not its direct cause.
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A.A KuxpimbaeBa, A.M.Tynuesa, A.A.XKy3xacaposa, A.E.Mopar,
P.C.Mawmitxan, I'.J[.lingabexoBa

TpunrodanubiH (uadeTOreH1i MeTadOJINTTEPIHIH ar3ara dcepiHeH
KaH allHAJIBIMBIHBIH 0Y3bLIYbI KOHE OHBIH TIKIipUOeaiK
KAHT AUA0eTiHIH 6TyiH KUBIHIATYbI

ABTOpJIap 3KCICPUMEHTAIbl KCAHTYPEHIIK uabeT Ke3iHae YHKbIOe3 KaHTaMbIPJIApbIHBIH ASCTPYKLHUSICH,
OHBIH IapeHXUMATO3/IbIK TiHiHIH (uOpuHOUATI e3repicrepine ceben OGosraHblH OaiikaraH. byn esrepicrep-
MEH 9K30- JKOHE SHIOKPUHIIK OesiMaepaiH IMcTpO(HACH MEH HEKPO3bl epe *KYpreH. ¥HKpIOe3 apalllibIK-
TapblH/a KalWusipiap SHIOTENHHIHIH IECTPYKIMACH JKOHE KallWJULIpiiap MaHBIHIAFbl B-kacynranappiH
HEKpO3/bIK e3repicTepi aiKbIHAanFaH. ABTOpiap YHKBIOE3AiH HHCYISPIBI amllapaThIHBIH KETiCIeYIIUIir,
JIabeTOTeHIIK eMIOM ocepiHeH KeMipcylap MeH MaiiIap/IbIH aIMacybIHBIH Oy3bUIBICTapbIHA, COHMAM-aK KaH
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aifHaNIBIMHBIH OY3bUIBICTapblHA TOyelai ekeHiH Oosmkaiapl. CoHOali-ak 3aT ajaMacy MpoLecTepAiH Oy3buTy
HOTI)KECIHIE Makaa OoJiFaH KaHTaMBIPJIApAbIH e3repicrepi B-kacymianmapiplH JKaHalaH ASCTPYKTHUBTIK
e3repicrepine cebern 00JbIn 1ua0beT GapbICHIH KYIISHTE TYCIIEeK.

A.A KukumbaeBa, A.M.Tynuea, A.A.XKy3xacaposa, A.E.Mopar,
P.C.Mamurtxan, I'.J]./lunnabexosa

Hapyumienusi kpoBooOpauieHusi Npu BO3/1eliCTBUU HA OPraHU3M
AUA0eTOreHHbIX MeTA00JIMTOB TPUNITO(PaHA, yCYTyOasIlONIHe TedHeHue
IKCIEPUMEHTAJIbHOI0 CAXapHOro Auadera

IIpn sxcepuMeHTaIFHOM KCAaHTYPEHOBOM JHadeTe, KOTOPHII 10 XapaKTepy Pa3BUTUS U TeUEHHs IPHOIIIKa-
eTcsl K 1uabeTy y YenoBeKa, aBTOPHI UCCIICIOBAIN Pa3BUBAIONINECS NECTPYKTHBHBIC N3MEHEHUSI KPOBEHOC-
HBIX COCY/IOB HOKEITYJOYHOH skerne3bl. OHU cOMpOBOXKAAIOTCS (GUOPHHOMIHBIME N3MEHEHUSIMH NTApEeHXAMa-
TO3HOW TKaHH, T€, B CBOIO O4epelb, AUCTpOodHeil U HEKPO30M IK30- M IHIOKPUHHOW TKaHH. B maHkpeartu-
YECKUX OCTPOBKAX BBISBICHBI AECTPYKIIMS SHAOTENHS KaNWUIIPOB U HEKPOTUUECKUE U3MEHEHHSI EPHKATIHII-
JSIPHBIX B-KJ1€TOK. ABTOpBI MOJAraroT, YTO COCYAUCTHIE U3MEHEHUS, HE ABIISSCh MPSIMON MPUYMHOM quabeTa,
MOTYT 3HAYUTENbHO YTSXKENIATh €r0 TeUCHHE.
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Victoria-4 histochemical method staining of insulin

Results using of histochemical Victoria-4 method staining of insulin in pancreatic B-cells are presented by
authors comparatively with results of using other histochemical methods: immunofluorescent,
immunohistochemical, pseudoisocyanine and aldehyde fucshine. By authors it is shown that this method be-
ing specific concerning insulin revealing in B-cells, is not high precise for quantitative measuring of insulin
content in cells because not only B-cells but blood vessels and connecting tissue of islets are painted in dark
colour registered by a photometer as well as blue colour of B-cells. Using of Victoria-4 method is possible for
stain of various histostructures of islets that gives possibility to estimate the state of histostructure of islets not
only insulin content.

Key words: insulin contents, immunohistochemical, immunofluorescent, pseudoisocyanine and aldehyde
fuchsine methods, B-cells.

The are a few histochemical and immunohistochemical methods staining of insulin in pancreastic
B-cells: immunofluorescent (IF), immunohistochemical (IG), aldehydefucshine (AF) [1], Victoria-4 methods
[2—8] and diethylpseudoisocyanine (PS) [7, 9].

Advantage of fluorescent IF and PS methods determined by more high sensivity of fluorescent
stainings: minimal concentration of substances as 10”'—10"° maybe revealed using these methods. Meanwhile
histological sections past staining maybe used for microscopy within short time as 0,5-1 h. Using fluorescent
methods not possible to estimate state of histostructure of pancreatic islets. Immunohisto-chemical method as
IF is more high specific for staining of insulin comparatively with all other methuds and now widely are used
in the world.

Aim of work: to compare results of insulin staining in sections of rat’s and rabit’s pancreas tissue using
staining by Victoria-4 method [V4] comparatively with immunohistochemical [IG], aldehydefucshine [AF]
and pseudoisocyanine [PS] technologies.

Materials and methods

Pancreas tissue of 12 rats Vistar and 2 rabbits were used. Fixation in Bouin 24 h. Paraffin sections
4 mcm were used. Staining methods for insulin revealing in B-cells: Victoria-4 [V4], immunohistochemical
[IG], aldehydefucshine [AF], pseudoisocyanine [PS] and staining by Dithizon [DZ].

The reagent Victoria blue 4R, diphenylnaphtylmethane derivative, mol. wt. 520 (Cs4H34,N;3Cl), color In-
dex 42563, «MERCK» (Germany) was used for staining of insulin in B-cells [3]. We have used fixation of
pancreas tissue in Bouin, permanganate oxidation of sections prior staining using V4 as a 0.05 % acid alco-
holic solution [4, 5].

Mixture for oxidation: 0,3 % aqueous potassium permanganate — 50 ml, 0,3 % Sulpuhric acid —
50 ml. Victoria Blue 4R main solution: 96° alcohol — 100 ml, Victoria Blue 4R — 1 g. Victoria Blue 4R
staining solution: Victoria Blue 4R main solution — 25 ml, 96° alcohol — 100 ml, Glycerin — 300 ml,
1 % acetic acid glacial — 25 ml [2].

Maximum light absorbtion of V4 solutions depended on the concentration of the reagent. It is suggested
that V4 forms molecular aggregates with maximum of absorbtion at 593 nm which could represent monometric
dye particles and minimum absorbtion at 540 nm dimeric dye molecules [6]. The nature of the fixation in Bouin
on staining of B-cells is not clear. Perhaps this is dependent on the formation of waterinsoluble insulin picrate
[4]. Without Bouin fixation crystalline bovine insulin stains by V4 only after oxidation [4, 5].

Insulin content in B-cells was estimated by measuring of absorbance by photometry of B-cells located
in central part of islets. Parameter K was calculated. For Pseudoisocyanine and Immunofluorescent methods:
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K=IN1/IN2; IN1-intensity of fluorescence of B-cells, IN2-intensity of fluorescence of exocrine tissue. For
calculation direct dependence was used: increasing of amount of insulin in cells accompanied by higher in-

tensity of fluorescence.

For

Immunohistochemical,

Aldehydefucshine and Victoria-4 methods:

K2=AB1/AB2; ABI-absorbance of light by exocrine tissue, AB2-absorbance of light by B-cells. For calcula-
tion inverse relationship is used: more intensive staining of cells for insulin result reduction of light amount
accepted by photometer. By each method 20-25 pairs measurements endocrine/exocrine tissue was used.
The average values of K1 and K2 parameters for exocrine tissue was accepted for 1.00.

Results

Insulin in pancreatic B-cells was identified using of all histochemical methods (Table 1, Fig. 1).

Table 1
Intensity staining of B-cells and of exocrine tissue using various methods
and insulin content (parameter K) in pancreatic B-cells
. . Staining technologies
Ne Pancreas tissue AT G PS Va IF
1 |Rats: B-cells; 1.94+0,05 1.7940,04 2.02+0,11 1.83+0,08 2.08+0,12
exocrine tissue; 1.00+0,02 1.00+0,03 1.00+0,08 1.00+0,04 1.00+0,02
results staining of high insufficient insufficient high insufficient
histostructure of islets
2 |Rabbits: B-cells; 1.98+0,04 - 2.07+0,12 1.96+0,05 -
exocrine tissue 1.00+0,04 - 1.00+0,07 1.00+0,03 —
3 |Rats; diabetes:
B-cells; 1.07+0,07 1.04+0,04 1.024+0,03 1.16+0,09 1.09+0,03
exocrine tissue 1.00+0,06 1.00+0,03 1.00+0,07 1.00+0,05 1.00+0,04
4 |Density staining of exocr. 1.14+0,04 1.07+0,03 - - -
tissue V4/AF, V4/1G
Table 2
Practical characteristics methods of insulin staining in B-cells
o Characteristics Staining technologies
- of methods AF 1G PS V4 IF
1 | Specifity for insu- Specifity for Absolute specifity for | High specifity | High specifity Absolute
lin staining staining a few | insulin staining in any | for staining of | for staining of | specifity for
hormones; for tissues A-chain of in- A-chain of | insulin staining
B-cells specific sulin insulin
for insulin
2 | Staining of Staining in detail; | Staining not in detail; | Not staining of | Staining in de | Not staining of
histostructure of | suitable for detail | not suitable for de- histostrusture; | tail; suit able | histostrusture;
is lets and of exo- | analysis of state | tail analysis of state | not suitable for for detail not suitable for
crine tissue of histostructure of histostructure analysis of state | anaysis of | analysis of state
of histostructure | state of by | of histost ructure
histostruccture
3 |Reagents Reagents for stai- | Kits for insulin staini- | Diethylpseudo- | V4 is produ- | Anticorps are
ning are produc- | ng are produced by | isocyanine for | ced byafew | produced by a
ed by many firms | many firms; method | staining is pro- firms few firms as by
is widely used as uni | duced only by research labora-
versal for staining SERVA tories
many hormones
4 | Practical using Long time stored | Long time stored his- | Slides stored a Long time Slides stored a
histological par- tological slides short time stored short time
affin sections of (0,51 h) histologycal (0,5-1 h)
tissue slides
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Fluorescent methods showed more high deviations of value of parameter K that can be explained by
more wide fluctuation intensity of fluorescence in various islets. The highest value of parameter K was ob-
tained at measurement intensity of staining in B-cells of complex zinc-insulin by Dithizon slides (Fig. 1.7).
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1.7

1.1 Intact pancreatic islet. Insulin. Intensive fluorescence. Immunofluorescent staining method; 5x40;

1.2 Intact pancreatic islet. Insulin. Red fluorescence of A-chair of molecule of insulin. Diethylpseudoisocyanine stain-
ing method; 3x40;

1.3 Intact pancreatic islet. Insulin. Dark blue color of insulin.Victoria-4 staining method; 7x40;

1.4 Isolated intact pancreatic islet. Dark blue color of insulin.Victoria-4 staining method; 7x40;

1.5 Intact pancreatic islet. Insulin. Brown color of insulin Immunohistochemical staining method; 7%x40;

1.6 Intact pancreatic islet. Insulin. Dark violet color of hormone. Aldehyde fucshin staining method; 7x40;

1.7 Intact rabbit’s pancreatic islet. Insulin-Zn"* red coloring complex. Staining by Dithizon; 7x40;

1.8 Intact pancreatic islet. Insulin. Hematoxylin and eosin staining method; 7x40.

Figure 1
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High fluctuations of absorption in sections painted by Victoria-4 comparatively with AF and IG meth-
ods are obviously caused besides the following reasons: 1) evidently more intensive staining of other struc-
tures of pancreatic islets as wall of blood vessels, nucleus, connecting tissue and of exocrine tissue that result
more intensive absorbtion of comparatively with IG and AF methods; 2) density of staining of exocrine tis-
sue is more high too comparatively with AF and IG methods and approximately same, as well as using stain-
ing by Hematoxyline and Eosin (Table 1; Fig. 1.3-1.6, 1.8).

It was reported that a possible explanation for the ability of B-granules to react with V4 past oxidation
only determined by structure of insulin. Oxidation result dissociation of disulfide bonds between two chains
of molecule of insulin. It is suggested that reactivity of B-cells with V4 is dependent on the staining of oxi-
dised A-chain of insulin. The sulphonic acid groups in the A-chain give conditions favourrable for staining
by V4 [10].

Analysis of characteristics of methods of insulin staining (Table 2) showed that V4 and AF methods are
more preferable for estimate as of insulin content as state of histostrusture of pancreatic islets and exocrine
tissue. Chemicals specific of V4 method is more high comparatively with AF method.

Immunofluorescent staining method [IF]. We have obtained same results of staining by IF as using of
sections of pancreas tissue (Fig. 1.1-1.3). IF is high specific method for revealing of Insulin in B-cells. De-
creasing of Insulin content in B-cells of islets past action direct action of Streptosotozin was evidently
demonstrated by this method (Fig. 1.3).

Diethylpseudoisocyanine chloride fluorescent method [PS], a high specific for revealing A-chair of
molecule of Insulin, showed same result comparatively using of sections of Pancreas tissue (Fig. 1.4-1.6).
Time for staining of sections in 0,4 % solution of Diethylpseudoisocyanine was reduced from 20 min till
15 min as was reduced time for washing of sections past staining procedures. This method showed marked
decreasing of Insulin content in damaged B-cells (Fig. 1.5, 1.6) in com pared with intacts.

Aldehydefucshine method showed analogical results. A significant differences are revealed of state of
histostructure as of Insulin content in damaged isolated islets comparatively with intacts (Fig. 1.8).
Aldehydefucshine method [AF] contrary to IF and PS is not belong to high specific because colours other
hormones too. But for pancreatic B-cells not contained other hormones AF is specific for Insulin.

Discussion

Analysis of results showed that using of histological and histochemical methods for staining of sections
of isolated pancreatic islets have similar or equal to similar results obtained in pancreas tissue past staining
by same methods. Fluorescent histochemical methods as Immunofluorescent reaction for Insulin as method
using of Diethylpseudoisocyanine are more sensitive and identify the very low concentrations of investigated
substances as 10'—107%, that has been confirmed by our results. Meanwhile both these methods have a com-
mon fault: histological sections past completing of staining procedures are not permanent and must be inves-
tigated within short time. Both methods are belong to high specific for staining of Insulin or of A-chair of
molecule of Insulin. These methods are more precise for measuring intensity of insulin staining in B-cells
because no other structure of islets are stained.

More suitable for practical using is Aldehydefucshine technic. Histological sections of pancreas tissue
as of isolated islets stained by this method are permanent and can be stored for a long time. Aldehydfucshine
method is not belong to high specific for Insulin staining. It is known that some pituitary hormones can also
be stained by Aldehydefucshine method. Meanwhile for pancreatic islet’s B-cells this method you can be
measured as specific for insulin because the other hormones in B-cells are not synthesized. Method Victoria
4R is high specific for Insulin and as Aldehydefucshine technic gives an opportunity to obtain permanent
histological sections. Quantitative estimation of insulin content in stained sections is based on measuring of
absorbed by B-cells of light. However, both of these methods are belong to histological methods too and re-
sult staining not only of Insulin, but also other structures of B-cells which absorbed light as Insulin. There-
fore, results of estimation of Insulin content in the B-cells by measuring of absorbance is not so precise as
using fluorescent histochemical methods for Insulin staining.

We used significantly reduced time for fixation of Islets in Bouin from 24 h for pieces of pancreas tis-
sue up to 15-30min for isolated Islets. Time for staining of sections of isolated islets by
Diethylpseudoisocyanine was reduced to 15 min comparatively with 20 min for sections of pancreas tissue.
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Conclusions

1. V4 and AF methods evidently are more suitable for to estimate state of histostructure of pancreatic
islets and of exocrine tissue, not only the content of insulin in B-cells.

2. V4 method is more specific for staining of insulin comparatively with AF method.

3. V4 method is more precise for quantitative estimate of the insulin content in B-cells comparatively
with Pseudoisocyanine and Immunofluorescent methods and less precise in compared with Immunohisto-
chemical and Aldehyde-fucshine methods.
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A.Il.AnnpeeBa, b.Takk, @.Bonspad, A.M.AUTKYIIOB,
A.A Kukpimbaesa, I'. T. Tycin6exoBa, A.M.Tynuena

HNucyaun 00srbIIbIHBIH «BUKTOPHUA-4» TrMCTOXUMHSJIBIK IicCi

Makamana «Victoria-4» THCTOXUMUSUIBIK ofic (MOIIMETTTEp) IepeKTepi HMMMYHHO(IIOOPECIEHTTI,
HMMMYHHOTUCTOXHMHMSUTBIK, JKaHA TICEBION3OLHAHIIT XKOHE aNbAeTUAPYKCHHAB 0acKa THCTOXUMUSUIBIK 9JIic-
Tep KOJNIAaHy HOTIKENIEpIMEeH CaIBICTHIPMANIBI TYPFHIIAa OepinreH. ABTOpIapABIH KepceTyiMeH Oyl omic
JKOFapPBIIAFrbl 9MICTEPAiH 00Ty THIFBI3BIFBIHBIH CAHIBIK OaFACBIHBIH JAJIIrH OepyiH/e )KeTKiTiKCi3 OOIFaHbI-
MEH, MHCYJIMHI'€ KaTbIChIHAA cHelU(HKaIbIK apTHIKIIBUIBIFBIMEH epeKinenaeHeai. byl oicTiH KYH/ABUIBIFbI
MaHKPEaTUT apallapbIHbIH Op TYPJI KYpbUIBIMAAPbIH canaisl 005y Herizinae B-xkacyiuanapaarbl HHCYJIUH/L
caraibl aHBIKTayMeH Kartap, apalaiap/iblH THCTOKYPBUIBIMABIK KYiiH Oaraiay MyMKiHAIrH Oepeni.
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A.Il.Aunpeesa, b.Takk, @.Bonbpad, A.M.AUTKyIOB,
A.A Kuxumbaena, I'.T.Tycyn6ekosa, A.M.TynueBa

«BI/IKTOpI/lﬂ-"-» T’HCTOXUMHYECKHUM METOA OKPACKHU UHCYJ/INHA

B pabore npuBeneHbI JaHHbBIE UCIIOIb30BAHHS THCTOXUMHUYECKOT0 MeTosia Victoria-4 B CpaBHEHHH C Pe3yilb-
TaTaMd OPUMEHEHHs JPYTHX THCTOXUMHYECKHX METOJOB: HMMYHOQIIOOPECHEHTHOI0, WMMYHOTHCTOXH-
MHYECKOT'0, TICEBJOM30LIMAaHN HOBOTO U aJIbAETHAPYKCHHOBOIO. ABTOpaMH IOKa3aHO, YTO JAHHBIA METO[,
SABILISICH CHIENU(DUYHBIM B OTHOILCHWM WHCYJIMHA, YCTYHAaeT MO TOYHOCTH NPH KOJIMYECTBEHHOH OILeHKe
IJIOTHOCTU OKPACKH TEPEUMCIIEHHBIM BBIIIE METOJIaM, HO BBIMIPBIBAET B CTOMMOCTHOM OTHOUIeHHH. Ero
MPEUMYILECTBOM TAKKE SBJISETCS JOCTATOUYHO KAYECTBEHHAs OKpacka Pa3JIMYHbIX CTPYKTYp NMaHKpeaTHude-
CKHX OCTPOBKOB, YTO Ja€T BO3MOXXHOCTh TOYHEE OLIEHUBATh COCTOSIHUE TUCTOCTPYKTYPBI OCTPOBKOB, [IOMUMO
oTpezieNIeHHs coJiep>kaHus B B-kiieTkax JenoHNpOBaHHOTO UHCYJIMHA.
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Statistical analysis of diabetes in land Karaganda in 2008—2012

On the basis of statistical analysis of dynamics indicators of incidence, morbidity by diabetes among popula-
tion of the Land Karaganda from 2008 for 2012 was investigated. The average annual indicator of incidence
of diabetes in area is 187,2 + 19,4 on 100 000 population, morbidity — 1500,7 + 169,2 on 100 000 popula-
tion. There are tendency for increasing numbers of incidences of diabetes as of 1 and 2 types. Indicators of
diabetes incidence and morbidity were authentically more higher among urban population comparatively with
country people especially is more high in compared with in compared with territory of absolute prevalence of
Kazakh population.

Key words: 1% and 2™ type of diabetes, indicators of diabetes, incidence and morbidity.

Relevance of diabetes is caused by metabolic changes, a high risk of development of atherosclerosis,
vascular disorders, mental disorders, a frequent invalidism of patients, including children, teenagers, de-
crease in quality of life [1-6]. The Diabetes (D) is included into group of the diseases, including also cardio-
vascular diseases, malignant new growths, a chronic obstructive illness of lungs which is at the bottom of
about 80 % of all cases of death from noninfectious diseases. According to WHO forecasts, in 2030 diabetes
becomes the seventh cause of death on the importance [6, 7].

Actuality is determined by possibility of prevention developing of type 2 diabetes, making 80 % of all
patients with diabetes, in patients with prediabetes. In Kazakhstan is organized some activity for early identi-
fication and prevention of development of diabetes: routine medical examinations of target groups of the
population for the purpose of identification of socially significant diseases, including diabetes, at early stag-
es, are carried out within the guaranteed volume of free medical care (order of Minister of Health of Kazakh-
stan dated November 10, 2009 No. 685 «About the approval of Rules of carrying out routine medical exami-
nations of target groups of the population»). Considering that consequences of diabetes suffer an irreplacea-
ble loss to the state, for the purpose of decrease in an incidence by diabetes, reduction of number of compli-
cations, increases in average life expectancy of patients of diabetes in Kazakhstan is allocated in the category
of socially significant diseases demanding system decisions and measures of the state reaction. Thus, study-
ing in developing of indicators of an epidemiological situation not only gives valuable information on a con-
dition of a problem, but also is a basis for rational planning of the actions directed on improvement of results
and quality of treatment of diabetes.

Now the territorial system of Kazakhstan include 14 Lands among which the Land Karaganda is the
largest in KZ with more than 8 % of all population of the Kazakhstan.

Aim of work: to study main statistics data regarding diabetes in the Karaganda region, studying of inci-
dence and morbidity of diabetes among the population of the Karaganda region from 2008 until 2012 were a
research objective.

Material and research methods
Data of annual forms No.12 in 5 years (2008-2012) containing data of number of patients with for the

first time established diagnosis of diabetes and patients, consisting on the account depending on diabetes
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type were a material for research. Forms of account included the patients living in 9 cities and 9 rural regions
of area. Data on average annual population are submitted by Department of statistics of the Karaganda re-
gion. Statistical processing was carried out with Excell 10.0 program use.

Intensive indicators of incidence, morbidity on 100 000 population were calculated for the studied peri-
od, the average annual rate of increasing, check of a temporary row on a trend using of criterion of Coke and
Stewart. Reliability was estimated by means of coefficient of Dickson and Mud. In the analysis of indicators
recommendations L.Sachs [8] were considered.

Results

Results showed that indicators of incidence of diabetes in area from 2008 for 2012 increased by 22,3 %,
growth of incidence by diabetes of 1 and 2 types — for 20,6 % and 25,6 % respectively (Fig. 1) was thus
noted. Trends of incidence of diabetes of 1 and 2 types had increasing character (p<0,03). In structure for the
first time the revealed patients with diabetes SD 2 types which specific weight averaged 95,1+3,15 % pre-
vailed.

100000 population
2250
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175.0 4 —
150.0
1250
100,0
750
50,0
250

 — —
— e — Y ————t . S i TEm— T — 4 — T —

2008 © 2009 2010 T 2011 2012
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= linear (DM) w—=linear (IDDM) == linear (NIDDM)

Figure 1. Dynamics of Indicator of Incidence of Diabetes, 1% and 2" types of diabetes
of the population of the Karaganda region from 2008 for 2012

The number of revealed new patients with other forms of diabetes was for the first time small and hesi-
tated from 0 to 4 patients per year (only 9 patients for 5 years were revealed). In group of other specific
forms of diabetes there were mainly patients with diseases of the exocrine tissue of pancreas and of gesta-
tional diabetes.

Results of studying of epidemioliogy showed growth of number of incidence of diabetes as in city was
noted, and villages (Table 1). Thus, incidence of urban population in 2012 increased by 25,5 % in compari-
son with an indicator of 2008, among country people — for 10,4 %. Due to faster rate of a gain of incidence
among residents in 2012 the indicator of incidence of diabetes of the persons living in the city exceeded a
similar indicator of rural areas for 27,4 %, while in 2008 — for 12,7 % (p<0,01). The comparative analysis
of an incidence of 1 type and 2 types showed (Table 1) that incidence indicators during the whole period
were authentically higher among the persons living in the city in comparison with country people: 1 type —
for 61,8 %, 2 type — for 29 %.

Now the Land Karaganda includes 9 rural areas: 1) Aktogaysky with the center in the village Aktogay;
2) Abaysky with the center in the city of Abay; 3) Bukhar-Zhyrausky with the center in Botakara settlement;
4) Karkaralinsky with the center in the city of Karkaralinsk, 5) Nurinsky with the center in Kievka settle-
ment; 6) Osakarovsky with the center in Osakarovka settlement; 7) Zhanaarkinsky with the center in Atasu
settlement; 8) Ulytausky with the center in Ulytau village, 9) Shetsky with the center in Aksu-Ayuli village
and also 9 cities of regional submission. Biggest of them — the regional center the city of Karaganda. The
second — Temirtau then followed Zhezkazgan, Balkhash, Shakhtinsk, Satpayev, Saran, Abay, Priozersk.

The comparative analysis of incidence in the certain cities and regions of area showed existence of es-
sential distinctions on certain territories. Fluctuations of average annual indicators of incidence of diabetes
last 5 years within 63,8 on 100000 population in the city of Priozersk to 277,6,0 on 100000 population in the
city of Balkhash (Fig. 2). Distribution of areas depending on an incidence of diabetes showed that in 4 cities
(Karaganda, Temirtau, Zhezkazgan and Balkhash) is noted rather high incidence (higher than 197,0 on
100000 population), middle — in the city of Shakhtinsk and in Bukhar-Zhyrausky area — average, and in
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4 cities and 8 regions of area the average annual indicator of incidence of diabetes made less than 177,5 for
100 thousand population.

Table 1
Indicators incidence of diabetes among urban and country people
of the Karaganda region in 2008-2012 years
Year Incidence of urban population (on 100 000 pop.) Incidence of country people (on 100000 pop.)
diabetes 1™ type 2% type | other forms| diabetes 1™ type 2% type | other forms
2008 167,8 5,80 162,0 0 146,5 4,29 142,2 0
2009 196,0 7,60 188,4 0 1229 2,48 119,8 0,62
2010 185,0 6,85 178,2 0 131,3 4,89 1252 1,22
2011 236,7 28,0 208,5 0,29 136,6 4,61 132,0 0
2012 225,1 7,44 217,7 0 163,5 4,92 158,6 0
M+m|202,1+23,0] 11,1 +6,74 |190,9+17,7| 0,06 +0,09|140,2 £ 11,9*%|4,24 +0,70*|135,6 = 11,9%*| 0,37 + 0,44
CTII 8,56 64,1 158,7 - 13,9 13,9 109,5 —

Note. *p < 0,01 — reliability of distinctions indicators of incidence of diabetes, 1% type, 2™ types among country people in
comparison with urban population.
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Figure 2. Distribution of the cities and regions of the Land Karaganda
depending on level of average annual indicator (2009—2012) of incidence of diabetes

It is known that formation of epidemiological indicators is difficult process and these indicators formed
in conditions of influence of various endogenous factors and factors of environment [9]. In view of multiple-
factor nature of formation of epidemiological indicators, is of interest that in 64,3 % of regions with a low
incidence of diabetes there were no specialists endocrinologists.

Studying of the contingent of patients with diabetes registered in Diabetes Re gistre showed that the
number of patients with diabetes in area increased from 1,29 % in 2008 to 1,71 % in 2012, thus accumulation
of patients with diabetes first of all determined by growth number of patients with diabetes 2 types (Fig. 3).
Number of registered patients with 2 types in 2008 in Land Karaganda was increased from 93,9 % in 2008
until 94,7 % in 2012. In Karazhal, Priozersk, Aktogaysky, Bukhar-Zhirausky, Jean-Arkinsky, Nurinsky areas
for 2-3 years, and in the Ulytausky area throughout all analyzed period it isn't registered any case of diabetes
of 1 type.
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Figure 3. Indicators of morbidity diabetes of 1 type and 2 types in 20082012

Thus, this is negative tendence for increasing number of new patients with type 1 diabetes in Ulytausky,
and Bukhar-Zhirausky areas as in the cities Priozersk, Karazhal, and positive tendence — in Zhezkazgan,
Karaganda, Temirtau, Saran, Satpayev, Shakhtinsk, Abaysky, Osakarovsky and Shetsky areas. In the contra-
ry other tendence developing of dynamics indicator of morbidity of 2 type diabetes: in all cities and regions
of area during period 2008-2012 years we observe increasing number of patients, varying from 6,0 % in the
Karkaralinsky area to 46,9 % in the Nurinsky area is observed.

It is obviously that indicators of morbidity are reliable more high among urban population comparative-
ly with population of rural areas. The comparative analysis of indicators of morbidity between the various
cities and areas showed existence of essential distinctions not only between the population of city and rural
areas, but also between the certain cities and regions of area (Table 2). Among cities of the Land Karaganda
region the highest rate of morbidity diabetes both 1, and 2 types is noted in Karaganda, Zhezkazgan and
Shakhtinsk, the lowest — in Priozersk. Among areas more high morbidity is in Abaysky and Osakarovsky
area, the lowest indicators of morbidity are noted in Aktogaysky, Karkaralinsky and Ulytausky areas.

For planning organization of medical service for patients important significance have information about
absolute number of patients in each area and in cities. Among 9 cities of area 64,4 % of city patients concen-
trated in 3 cites: Karaganda, Temirtau, and Shahtinsk.

Average annual indicators of morbidity for 2008-2012 (on 100 000 population), average annual number
of patients for 2008—2012 and predicted number of patients for 2014 by diabetes 1 and 2 types depending of
the place of residence in the Karaganda region are concentrated in Table 2.

Now the Land Karaganda includes 9 rural areas: Aktogaysky with the center in the village Aktogay;
2) Abaysky with the center in the city of Abay; 3) Bukhar-Zhyrausky with the center in Botakara settlement;
4) Karkaralinsky with the center in the city of Karkaralinsk; 5) Nurinsky with the center in Kievka settle-
ment; 6) Osakarovsky with the center in Osakarovka settlement; 7) Zhanaarkinsky with the center in Atasu
settlement; 8) Ulytausky with the center in Ulytau village; 9) Shetsky with the center in Aksu-Ayuli village
and also 9 cities of regional submission. Biggest of them — the regional center the city of Karaganda. The
second — Temirtau then followed Zhezkazgan, Balkhash, Shakhtinsk, Satpayev, Saran, Abay, Priozersk.

Among 9 cities of area of 64,4 % of city patients are concentrated in 3 industrial cities — Karaganda,
Zhezkazgan and Shakhtinsk, from 9 rural regions 58,3 % of pa- tients live in 3 areas — Abaysky, Bukhar-
Zhirausky and Osakarovsky. The percent of patients with diabetes of 1 type in population by the end of noted
above period varies from 0,02 % in the Ulytausky area to 0,11 % in Karaganda, Zhezkazgan, Shakhtinsk and
Osakarovsky area, diabetes 2 types — from 0,58 % in the city of Priozersk and the Aktogaysky area to
2,17 % in the city of Zhezkazgan. The absolute number of patients with diabetes in area by 2012 reached
23 198 people, from them 21976-with diabetes 2 types. On the base of today’s tendence of growing of inci-
dence the predicted number of patients in 2014 in Land Karaganda will increase by 34,3 % in comparison
with 2008 and will average 26292,8 people.
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Discussion

Last more than 20 years there are in the World a intensive increasing of number of diabetic patients till
366 millions in 2011. In 1992 diabetes is confirmed by WHO as «Non infectious Epidemy of the 20™ Centu-
ry» and later was confirmed as «Threat for the world». Land Karaganda is not an exception despite of fact
that morbidity in Kazakhstan is not so high comparatively with majority of European countries and many
countries in Asia and America. The incidence of diabetes in Land Karaganda exceeds similar indicator for
Kazakhstan for 15,1-25,3 % from 2009 for 2011. The risk of development of diabetes depending of type is
determined by various factors among which important value has age, sex, the comparative analysis of inten-
sive indicators of incidence and morbidity not always reflects because age, sexual structure of population as
other factors of other Lands of Kazakhstan are very different comparatively with Land Karaganda.

In Lands with high birth rate and prevalence of young population intensive indicators can be lower in
comparison with other areas. It is known that the greatest peak of development of diabetes of 1 type is the
share of age group till 15 years — from 30 to 50 % of all cases, diabetes 2 types, on the contrary, developed
at adult population. Number of diabetic patients among of adult population (over 15 years) in Land Karagan-
da region for 3—4 % higher in compared with other Lands of KZ. In other countries according report of In-
ternational Diabetes Federation, incidence of diabetes is very various: in Russia in 2011 — 10,02 %;
France — 7,3 %; Finland — 8,7 %; Germany — 8 %; Austria — 9,1 %; Italy — 7,8 %; Poland — 10,6 %;
Sweden — 5,7 %; Mexico — 18 %; Caribbean countries — from 12,8 % in Antigua until 16,4 % in Guyana;
a dramatic increasing of diabetes in Persian Gulf countries last 10—15 years: in Saudi Arabia — 16,2 %; Ku-
wait — 15,9 %; Qatar — 14,1 %; UAE — 12,6 %; Jamaica — 15,9 %; China — 9,3 %; India — 8,3 %; Ma-
laysia— 11,7 %; Singapore — 11,1 %; USA — 10,8 % [10]; Uzbekistan — 0,44 %; Kyrgyzstan — 0,61 %
and in the World on average — 8,5 % [11].

The prevalence of 2 types diabetes in the general structure of a disease is noted in all countries. Exist-
ence of areas in which within several years it is not revealed any cases of diabetes of 1 type, can be caused
by features of epidemiology of this disease. Nevertheless it should be noted that important value for the ac-
counting of incidence, in particular diabetes of 1 type has improvement of monitoring and registration of new
patients. The analysis of registers shows that in age from 19 till 20 years the incidence of teenagers decreas-
es; one of the reasons is loss of a certain number of patients by transfer for making diabetes care from chil-
dren's endocrinologists to adult endocrinologists [1].

A high incidence of diabetes 2 types among urban population in comparison with the rural is noted by
other researchers [3]. Decreasing of physical activity, obesity, fat and carbohydrates enriched food, intensive
using last 10—15 years European food traditions excluding rural areas (90-100 % of ethnical Kazakh people)
where population strongly keep national tradition of nutrition, alcohol, smoking — are well known factors as
widely in the World. Smoking, development of obesity are undoubted determinants in development of viola-
tions of a carbohydrate exchange. The great attention of researchers is drawn by influence of ecological fac-
tors on emergence and diabetes development. It was reported about increasing of resistance to insulin par-
tially as result possible influence of polluted air, compounds of nitrogen-nitrates, nitrites, nitrosamines, influ-
ence of chemicals of environment diabetogenny and contributing to obesity [12].

From 1934, year of found, Karaganda is developed as industrial centre only where in concentrated
100 % of black metallurgy production of KZ, coal industry. Now the main pollution of the air environment
of area is emissions of contaminations from stationary sources of pollution despite evident decreasing of its
total volume due to using of new technologies by industrial plants, is increased by transport. The most pol-
luted industrial centers of area there are cities of Temirtau and Balkhash to which share in 2010 62,6 % of all
emissions of polluting substances, then Zhezkazgan and Karaganda [13].

Among rural areas the greatest amount of emissions in the atmosphere is observed in the Abaysky area.
We keep attention that in the cities of industrial areas the are a highest rates of incidence and morbidity of
SD.

Identification of factors of the environment promoting development of diabetes, has huge value as pos-
sibilities for prevention of development of diseases are created.

In 2012 1,72 % of the population of the Land are a registered diabetic patients, from them 8,5 % have
disability, 5,3 % have a diabetic nephropathy, from them 0,7 % are on a program hemodialysis, 15,1 % have
a retinopathy, from them 1,1 % blindness. According today’s tendencies number of incidence and morbidity
the number of patients in 2 years will increase more than for 30 %. In this regard it should be noted special
relevance of early diagnostics of diabetes and tolerance to glucose. The number of patients with the estab-
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lished diagnosis of diabetes does not exactly correspond to real number of diabetic patients. As example, in
2010 the number of diabetic patients in the city of Alma-Ata made 24 821. Meanwhile in result of carrying
out purposeful screening it was established that in population of adult population of Almaty (total population
1,475,000 in 2012) prevalence of diabetes makes 15 %, in group of risk — 39 % [2].

Conclusions

Results of investigation showed that in Land Karaganda the reliable growth of incidence of diabetes
which has reached in 2012 of 210,4 on 100 000 population is over the last 5 years; in structure of diabetes
prevalence of 2 types — 95,143,15 %. Incidence and morbidity indicators during the whole period were au-
thentically higher among the residents of cities in comparison with country people: diabets of 1 type — for
61,8 % and 40,9 %, and diabetes 2 types — for 29 % and 36,9 % according to (p<0,05). According today’s
tendencies, incidence and morbidity in 2014 number of patients with SD will increase on average by 34,3 %
in comparison with 2008 and will reach 26292,8. The highest incidence and morbidities of diabetes is noted
in Karaganda, Zhezkazgan, Shakhtinsk, among rural areas — in Abaysky and Osakarovsky areas.
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JLI . TypreiHoBa, A.P.Anuna, 3.M.TyTkpiOaeBa

2008-2012 xkpuinapaa Kaparanabl 00JIbICHIHAAFBI KAHT QHa0eTi
00IBbIHIIA CTATUCTUKAJIBIK KOPCETKIIITEPiHiH ITMHAMUKACHI

2008-2012 xpmmap apamarsiHna Kaparangbl OONBICHI TYPFBIHAAPBIHBIH apachblHAA 5 OKbUT IIiHAE
apanbiFerHIa Ne 12 KBUIIBIK ecenr 6epy GopMaiapbl MIIMETTEPiHIH CTAaTHCTHKANBIK capanTaMackl HEeTi3iH/e
KaHT anabeTiMeH CHIpKAaTTaHy, aypymaHAbIK KepceTkimTepi 3eprrenmi. OOmbIic GOHbIHIIA OpTamia XbUIIBIK
KaHT guaberiMen celpkarTany 100 000 TtypreiHFa makkannma 187,2+19.4, aypymanmeik 1500,7+169,2
Kypaapl. Kant nuaberiMen jxoHe aAnuabeTTiH | jkoHe 2 THUNTEpiMEH CHIPKATTHUIBIK 3aHIBUIBIKTAPHI YIEeMei
cumatrta Oonmel (p<0,03). AybIn TYPFBIHAAPBIMEH CalBICTHIPFaHa Kajla aJaMAapbIHbIH apachblHIa
CBIPKATTBUIBIK JKOHE aypyIIaHABIK KOPCETKIIITEP A TYp/e dKOFapbl eKSH/IITT aHBIKTAI/IbI.
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JLT.Typrynosa, A.P.Anuna, 3.M.TyTkymbaeBa

JAMHaMMKa CTATHCTHYECKHUX MOKAa3aTeiell caxapHoro auadera
B Kaparanaunckoi odsaactu B 2008-2012 rr.

Ha ocHOBaHMM CTaTHCTHUECKOTO aHAIM3a JAaHHBIX TOJOBBIX OTYEeTHHIX (hopm Ne 12 3a 5 yet m3ydeHa nuHa-
MHKa TOKa3aTesnei 3a0oieBaeMOoCTH, OOJIE3HEHHOCTH caxapHbIM IuabeToM cpenu HaceneHus: Kaparanaus-
ckoii obmactu 3a mepuoxa ¢ 2008 mo 2012 rogsl. CpenHerofoBoi mokas3aresb 3a00JI€BaeMOCTH CaXapHBIM
nuabetom B obmactu coctaBmin 187,2+19,4 wa 100 000 macenenus, OonesnennHoctd — 1500,7£169,2 Ha
100 000 Hacenenus. TenneHIUH 3a00I€BAEMOCTH CaxapHbBIM IuabeToM M auaderoM 1 M 2 THIIOB HOCHIH
Bo3pacTtatommii xapakrep (p<0,03). ITokazaTenu 3a0osieBaeMOCTH U OOJIC3HEHHOCTH TUa0ETOM OBLIH JOCTO-
BEpPHO BBIIIE y TOPOACKOTO HACENICHHUS [0 CPAaBHEHUIO C CelbcKUM HacenenueM (p<0,03).
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Clinical features and risk factors of development
and coronary heart disease progressing in patients with diabetes 2 type

At patients diabetes 2 types noted the high frequency of bezbolevy ischemia of a myocardium (17,4 %), atyp-
ical symptoms of coronary heart disease (59,4 %), chronic warm insufficiency (60,9 %) and early develop-
ment of coronary heart disease (63,8 %). Risk factors of development of coronary heart disease at patients
with diabetes 2 types are the long course of diabetes, an arterial hypertension, a heavy decompensation of a
carbohydrate exchange, violation of the lipidic exchange, the raised level of uric acid.

Key words: type 2 of diabetes, ishemia heart disease, arterial hypertension, nephropathy, coronary heart dis-
ease, risk factors of diabetes, vascular complications and developing of atherosclerosis, biochemical risk fac-
tors.

Diabetes mellitus (DM) is one of the most widespread endocrine diseases. The forecast of a current of
DM, life expectancy of patients are defined by development and progressing of vascular complications: arte-
rial hypertension (AH), nephropathy, coronary heart disease (CHD), cerebral atherosclerosis [1, 2]. At DM
2 type the risk of development of ishemia heart disease (IHD) increases by 2—4 times in comparison with
population without DM. Cardiovascular diseases (CVD-SSZ) serve as a cause of death at 50-60 % of all pa-
tients suffering from DM [1]. High frequency of IHD is caused by that DM 2 types and are one of the most
important risk factors of atherosclerosis as often combined with other risk factors (AH, a dyslipidemia, obe-
sity), strengthening their adverse action [2—6].

Despite the sufficient volume of data on risk factors of development of IHD in DM 2 types, studying of
clinical features of a current, risk factors of development and coronary heart disease progressing at diabetes
2 types is important problem for [3, 4] researchers.

Thus, a research objective of this work: investigation of clinical features of a current and of clinical and
biochemical risk factors which are taking part in development and progressing of [HD in 2 type DM.

Materials and methods

118 patients with NIDDM which were divided for 2 groups: the first group included 69 patients with
IHD, second group — 49 patients without IHD. Groups were comparable on a sex, age: 28 men (middle age
of 54,4+3,3 years) and 41 women (middle age of 53,0+4,9 years) in the first group and in second — 15 men
(middle age of 52,6+4,03 years) and 34 women (middle age of 51,9+4,4 years). Criteria of inclusion in re-
search: patients aged from 45 till 60 years with IHD or without IHD. Criteria of an exception of research: the
age of the patient till 45 years also is more than 60 years; existence in patients of chronic kidney insufficien-
cy, accompanying chronic diseases, a purulent — necrotic complications. Verification of the diagnosis car-
ried out according to criteria of Committee of WHO experts on MD (1999). For definition of the IBS form
used the WHO classification (MKB — 10. T.1. P.1. C. 487): 120. Peroral sulforea and biguanides were used
for treatment of 64 patients. Insulin therapy used for 54 patients (45,8 %). The average dose of insulin —
28,7+11,5 PIECES/days.

Clinical and biochemical investigation: profile of a glycemia, HbAlc, cholesterol, low density
lipoproteides (LPNP), high density lipoproteides (LPVP), triglycerides (TG)), a daily proteinuria,
microalbuminuriya, calculation of body weight (BWI), an index a waist circle to a circle of hips (OT/OB).
All laboratory indicators were determined by the standard techniques [7, 8]. For confirmation or first time
revealing of IHD was used Holterov monitoring of an electrocardiogram using «Markett HELLIGE» with
computer processing of results by means of Mars 8000 system and a tredmilmetry on «<HELLIGE CardioSoft
V3.0». For an assessment of vegetative changes a standard autonomous electrocardiography (electrocardio-
grams) tests were used: test with deep operated breath (respiratory test), Valsalva's test.

Statistical analysis of obtained data is carried using computer with application of packages of the ap-
plied programs «Biostats» and «Statistica 6.0». All data are presented as arithmetic averages and their stand-
ard deviation (M£SD). Reliability of distinctions was estimated by means of t-criterion of Student at normal
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distribution of a sign and in other cases — using of Mann's nonparametric method Whitney. For the analysis
of qualitative signs were used Fischer's exact criterion and x*. Reliability of coefficients of distinctions ac-
cepted at value p <0,05. For establishment of interrelation of signs carried out the correlation analysis ac-
cording to Pearson (at normal distribution of a sign) or across Spirmen (at distribution of a sign, excellent
from normal).

Results

Among patients with NIDDM the IHD following forms were revealed: tension stenocardia — 60,9 %
(42 patients); previous infarct of myocardium — 60,9 % (42 patients); ischemia of a myocardium — 17,4 %
(12 patients). At 13 (18,9 %) (9 men, middle age of 53,6+3,9 years; 4 women, middle age of 54,8+2,9 years)
IHD was verified on average for 3,5+1,6 earlier, than diabetes was distinguished. From them at 6 (46,1 %)
IHD was diagnosed aged from 45 till 50 years and at 7 (53,9 %) patients are more over 50 years. In 3 (4,3 %)
(2 men, average age — 57,5+2,1 years; 1 woman — age of 46 years) cases of NIDDM and IBS were diag-
nosed at the same time. At 53 (76,8 %) patients (15 men, middle age of 54,2+2,8 years; 33 women, middle
age of 52,8+5,1 years) NIDDM was diagnosed for 7,3£3,5 years before IHD development. From them in 9
(17 %) patients IHD was revealed aged till 45 years, in 27 (50,9 %) — from 45 to 50 years and in 17
(32,1 %) patients are diagnosed over age as 50 years.

In 12 (17,4 %) patients (4 men, middle age of 56,7+2,6 years; 8 women, middle age of 52,6+4,8 years)
painless form of ischemia of myocardium is revealed. From them at 7 patients have diagnosis as stenocardia
of tension. Duration of a disease of NIDDM at patients with painless form ischemia of myocardium
proceedes 5,5+4,9 years.

Among patients with NIDDN and IHD at 42 (60,9 %) age 53,7+5,5 years had previously IM: 18 men
(middle age 54,043,2 years) and 24 women (middle age 52,5+5,1 years). Duration of NIDDM in patients
with myocardial infarction preceding it — 10,2+7,4 years.

In patients with NIDDM-+IHD 23 persons (33,3 %, 10 men and 13 women) 3 persons had the expressed
heartaches developed after physical exercises. 41 patients (59,4 %) in were found atypical symptoms, from
them 27 people (9 men and 18 women) have aching heartaches accompanied by fatigue and weakness and
14 people (7 men and 7 women) have heartaches not connected with physical activity.

Results of Holterov monitoring: in 5 patients painless ischemia of a myocardium was revealed, and in
7 patients — stenocardia of tension noted bezbolevy episodes of ischemia of a myocardium. In 22 patients
with atypical symptoms a shift of a segment of ST according ischemic type was registered.

The cardiovascular form of the diabetic autonomous neiropathy (DAN) was revealed in patients of
1 group with existence of atypical symptoms of IHD in 92,7 % cases, from them — among patients with
painless ischemia of a myocardium in 91,7 % cases, among patients with typical with typical pain behind a
breast — in 82,6 % cases (Fig. 1). Respiratory coefficient and values Valsalva's coefficient had no reliable
differences depending on a clinical current of IHD (6,0+3,9 and 1,004+0,09; 5,0+4,2 and 1,02+0,09; 6,1£5,6
and 1,03+0,09 respectively, p > 0,05).

-
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Hlanginal aches

atypical symptoms

Bipainless myocardial
ischemia

Diabetic autonomic neuropathy

Figure 1. Frequency of autonomy neiropathy in patients with NIDDM depending of clinical symptoms of IHD

In patients with NIDDM + IM Diabetic Autonomy Neuropathy (DAN) was found in 92,9 %. In patients
with IM and without as without it the average values of coefficient of Valsalv’a and test with breath authen-
tically didn't differ (1,02+0,09 and 5,6+4,3; 1,02+0,09 and 5,5+4,5 respectively, p > 0,05).
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As result of clinical investigation of 20 patients (9 men and 11 women) with NIDDM with IHD is re-
vealed the chronic heart insufficiency (CHI) of the I functional class (FC) according classification of the
New York association of the heart (NYHA), the II FC — in 18 persons (6 men and 12 women) and III FC —
in 4 patients (2 men and 2 women). Average age of sick SD 2 types with CHI FC I made 54,8+4,4 years,
with the II FC — 54,0+3,7 years, with the IIl FC — 57,042,7 years. The interrelation of duration of a current
of NIDDM, AG, IHD and FC CHI are investigated. Thus, patients with the III FC CHI had higher duration
of ITHD. So at the [ FC IHD duration of IHD was prolonged 3,9+2,5 years, in the Il FC — 6,4+3,2 years, and
in patients with III FC HSN — 9,0+7,1 years (p <0,05).

One of research problems was investigation of clinical and biochemical risk factors which are taking
part in development and progressing of IBS at sick SD 2 types. By results of this research Duration of
NIDDM prevailed at patients with [HD comparatively with patients without it (8,7+5,9 and 6,5+5,2 years
respectively, p <0,05). Women with IHD had duration of NIDDM authentically above, than at patients is a
male which made 10,345,7 and 7,5+5,3 years respectively, (p < 0,01). Duration NIDDM at women with IHD
authentically prevailed in comparison with patients without it (10,2+6,4 and 5,8+5,1 years respectively,
p<0,001).

Prevalence of AG at patients with NIDDM made 96,6 %. AG duration in patients with NIDDM and
IHD made 10,3+5,7 years and in patients with NIDDM without [HD 7,5+5,3 of years (p < 0,05). AG dura-
tion at women with NIDDM and IHD authentically prevailed comparatively with women without IBS which
made 11,6+6,2 and 6,9+5,6 years, respectively (p < 0,01). Among patients with NIDDM and IHD according
to MOAG (1999) WHO classification 2™ degree of AG is revealed in 28,9 % of patients, the 3rd degree of
AG in 71,1 % cases. In patients without IBS ond degree of AG is established in 30,6 %, the 3rd degree of
61,2 % cases and at 4 (8,2 %) patients weren't noted arterial pressure (AP) increase ((3” = 6,068, p = 0,048).
Patients with IHD had systolic arterial pressure (SAP) and diastolic arterial pressure (DAP) indicators au-
thentically above than in patients without IHD.

Tobacco smoking frequency in patients with NIDDM made 46,6 % and in patients with NIDDM and
IHD (55,1 %) in comparison with in patients with NIDDM and without IBS (34,7 %) (x* = 3,998, p = 0,046).
Among patients with IHD the percent of smoking men made 96,4 %, and among patients without IHD —
86,7 % (y2 = 0,324; p = 0,569). Female patients with NIDDM with IBS smoked in 26,8 % cases, women with
NIDDM without IHD in 11,8 % cases (x> = 1,779, p = 0,182).

High prevalence of IBS and other diseases of cardiovascular system at SD is defined by also such fac-
tors as a hyperglycemia, insulin resistance and giperinsulinemya, obesity, low physical activity, a
dislipidemya.

The Body Weight Index (BWI) was raised in both groups. At patients of SD 2 types with IHDS BWI on
average made 33,1+5,5 kg/sq.m, in patients without IHD — 30,8+6,8 kg/sq.m (p > 0,05). Irrespective of ex-
istence or abscence of [HD, a high values of an index «a waist circle to a circle of hips (OT/OB)» are re-
vealed. Among men with NIDDM and IHD and without IHD the abdominal type of obesity is established
82,1 % and 73,3 % cases correspondingly (x> = 0,080, p = 0,777), among women in 92,7 % and 88,2 % cases
respectively (x* = 0,068, p = 0,794).

When studying indicators of a carbohydrate exchange at sick SD 2 types with IBS in comparison with
patients of SD 2 types without IBS are revealed. A higher levels of morning glycemia (p<0,001), a postpran-
dial glycemia (p < 0,001), an average daily glycemia (p < 0,001) and HbAlc (p <0,01) were revealed in pa-
tients with NIDDM +IHD omparatively with NIDDM only (Table 1).

Table 1
Parameters of carbohydrate metabolism at patients with NIDDM with IHD and without IHD

Parameters IDDM with IHD, n = 69 NIDDM without IHD, n = 49 p
Fasting glycemia, mmol/l 9,3+1,8 7,2+1,4 0,001
Postprandial glycemia, mmol/l 11,2+1,9 8,7+2,04 0,001
Daily average glycemia, mmol/l 9,8+1,7 7,7+1,4 0,001
HbAlc, % 10,2+1,9 8,9+£2,2 0,002

Lipid metabolism disorders. According to criteria of European Diabetes Policy Group (1998-1999) pa-
tients with NIDDM and IHD the hypercholesterolemia (>4,8 mmol/l) is revealed in 88,4 %, in patients with-
out IBS in 73,5 % (x> = 3,408, p = 0,065), a hypertriglyceridemia (>1,7 mmol/l) 82,6 % and 57,1 % cases
respectively (5° = 8,003, p = 0,005). The LPNP high level (>3,0 mmol/l) at patients of 1 group was defined at
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72,5%, in 2nd group at 51,0 % of patients (x*=4,800, p=0,028). Low concentration of LPVP
(>1,2 mmol/1) was observed at 68,1 % patients with NIDDM with IBS and at 38,7 % of patients without IBS
(x*= 11,584, p=0,001). The Atherogenic Coefficient (AC) was higher at patients with NIDDM and THD
(82,6 %) in comparisons with patients without IBS (63,3 %) (y* = 4,680, p = 0,031) (Fig. 2).

& 1st group
£ 2nd group|

FEEEEEERL
CUTTL LY

1 — hyperholesterinemia; 2 — hypertriglyceridemia; 3 — high level of LDL;
4— low level of HDL; 5 — high level of CA; p < 0,05 on all pairs of indicators

Figure 2. The frequency of lipid metabolism disorders in patients NIDDM with IHD and without IHD

Apparently (Table 2), patients with IHD had on average values of OHS, TG, LPVP authentically higher
than at patients without IHD. Statistically significant decrease concentration of LPVP showed noted at pa-
tients with NIDDM and IHD in comparison with patients without IBS (p <0,001). Authentically the KA
high levels are revealed in patients with NIDDM.

Table 2
Lipid metabolism in patients NIDDM with IHD and without IHD

Parameters NIDDM with IHD, n = 69 IDDM without IHD, n = 49
TCH, mmol/l 6,4+1,3 5,4£1,0%
Triglycerides mmol/l 2,8+1,2 1,9+0,9*
HDL, mmol/l 1,11+£0,22 1,28+0,14*
LDL, mmol/l 4,0+1,3 3,3+0,9%*
CA,U 5,4+1,3 4,4+0,9*

Note. * — p <0,05.

Miroalbuminuria is revealed in 56,5 % number of patients with NIDDM and IHD and in 40,8 % pa-
tients without IBS (y° = 2,234, p = 0,135). The proteinuria was found in 28,9 % of patients of 1 group and in
24,5 % of (x> = 0,110, p = 0,741).

The content of uric acid in both groups without changes. However, in patients with NIDDM and IHD
had an average value of uric acid authentically above than at patients without IBS (303,5+71,5 and
264,8+51,3 mmol/l respectively, p < 0,05).

By correlation analysis of patients with NIDDM and IHD it was revealed significant interrelations be-
tween morning glycemia and duration of NIDDM (» =0,36, p <0,05), the TG level (r=0,47, p <0,05),
LPVP (r=-0,41, p <0,05). Similar data are obtained for postprandial glycemia: interrelation with values of
LPNP (r=0,21, p <0,05), uric acid (»=0,31, p<0,05) and diastolic arterial pressure (»= 0,20, p <0,05)
also was revealed. The HbAc1 level didn't correlate with NIDDM duration and with level of TG and LPNP,
LPVP, uric acid, meanwhile was however connected with the OHS level of serum of blood (r= 0,24,
p <0,05).

42 patients with NIDDM (60,9 %) patients have earlier a myocardial infarction. patients with NIDDM
with IHD and IM in the anamnesis and without IM only reliable distinction on NIDDM duration is noted, but
not revealed statistically significant difference on BWI, AG duration, to the GARDEN and DAD levels, in-
dicators of a carbohydrate and lipid changes, values of uric acid, a daily proteinuria.
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Discussion

Frequency of combination of NIDDM and IHD can reach 45-55 %, and IHD developed early [5, 9-12].
Our results confirmed a high frequency of IHD in patients with NIDDM as 58,5 %; more often among per-
sons till 50 years (63,8 %) testify to the high frequency of IHD.

According to some authors at sick SD 2 types Existence of an autonomous neiropathy with alteration of
afferent nerves of heart can be one of cause developing of painless ishemia of a myocardium and atypical
symptoms of IHD which increase risk development of sudden death [2, 7, 10, 13]. It is necessary treat of all
symptoms of ischemia of a myocardium not only of typical attacks of stenocardia.

NIDDM consider as one of major factors of risk of heart function insufficiency. At patients with
NIDDM types with IHD in 60,9 % cases there are a chronic heart insufficiency which depended of NIDDM
duration. These data are coordinated with Framingemky's results, results of the Russian epidemiological re-
search EPOHA-HHI as with American national register NHANES.

High frequency of cardiovascular diseases in patients with NIDDM is caused by various risk factors. In
diabetes the risk of development of IHD may be determinaed by obesity, smoking, AG, a dislipidemiya, and
also with a hyperglycemia, an insulin resistance and by hyperinsulinemia. Our results showed that in patients
with NIDDM+IHD duration of diabetes and AG of the GARDEN and DAD level authentically more high
and fact of smoking is established more often comparatively with patients without IBS. The Body Weight
Index as a giperinsulinemia indicator, was increased as high values of index a waist circle to a circle of hips
(OT/OB) as in patients with NIDDM-+IHD as in NIDDM without IHD. It is a not direct confirmation of im-
portance role of smoking and AG as of abdominal obesity in development of macrovascular complications in
NIDDM. More high morning and postprandial glycemia and HbA were revealed in patients with
NIDDM-+IHD as more high frequency of hyper triglycerinemia more high level of LPLD and KA level, the
low concentration of LPHD omparatively with patients with NIDDM only.

Researches UKPDS (1998), Honolulu Heart Study (1999), DECODE (The Diabetes Epidemiology:
Collaborative Analysis of Diagnostic Criteria in Europe) (1999) established reliable decrease of the frequen-
cy of macrovascular complications among patients with lower glycemia level and also adverse predictive
value of a postprandial hyperglycemia in development of cardiovascular complications [14].

Thus, results of this research confirm important role of disorders of the glucose and lipid metabolism as
risk factors of atherogenesis.

Today more often the great significance is attached to influence of factors as microalbuminuria, pro-
teinuria and of uric acid as risk factors for developing of cardiovascular diseases.

Among patients with NIDDM+IHD frequency of a microalbuminuria made 56,5 % that will be coordi-
nated with results of D.R.Meeking et al. (1999) [15]. Patients had authentically more high aised level of uric
acid comparatively with patients with NIDDM only. Microalbuminuria is a marker developing of atheroscle-
rosis [9] and the raised content of uric acid can promote damage endothelium of arteries and create predispo-
sition to fixation of cholesterol, to activate adhesion and aggregation of platelets [16].

Conclusions

1. In patients with NIDDM are revealed the high frequency of painless form of ischemia of a myocardi-
um (17,4 %), atypical symptoms (59,4 %) of IHD, chronic heart function insufficiency (60,9 %) and in
63,8 % early development of IHD (till 50 years).

2. In patients with NIDDM+IHD is revealed longer current of NIDDM and of AG, decompensation
glucose metabolism and marked disorders of a lipid metabolism as high frequency of the
hypertriglyceridemiya, high LPNP level, and low level of LPVP, authentically high level systolic and dias-
tolic blood pressure as of uric acid concentration comparatively with patients without IHD.
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A.P.Anmuna, JI.I'.TypreiHOBa

2 TMnTeri KaHT A1uadeTiMeH aybIPaThIHAAPAA KYPEKTIH HIIEMUSIJIBIK AYbIPYbIHbIH
naiia 00J1y Kayini MeH KapKbIH aJ1ybIHbIH ()AKTOPJIAPHI KIHE ayPYAbIH 6TYiHIH
KJIMHUKAJIBIK epeKieaikTepi

Kanr puaGeriMeH aybIpaThlHAAPABIH 2 THINHAC TOMEHAETl aypyJlapiAblH >KOFapbl JKHiNiri OalKaiFaH:
aybIpCBIHYCBI3 0onaThlH MHOKaph uiemusicsl (17,4 %), sKypekTiH wumeMusuiblk aysipysl (59,4 %),
CO3BUIMAJIBI JKYPEK KBICBIMBI keTiMcizairi (60,9 %) oHe JKYPEeKTiH HIIEMHUSIIBIK aypybIHBIH €pTe JaMybl
(63,8 %). KanT nuaberiMeH aybIpaThIHAAPIBIH 2 THIIHAE XKYPEKTiH NIIEMISUIBIK aypybIHBIH AaMy KayimiHiH
cebebi KaHT quadeTi aypybIHBIH, apTepHaIIbl THIEPTOHMSHBIH Y3aK YaKbIT 0Ty, KOMIPCY aIMacybIHBIH aybIp
JIEKOMITCHCANUSICHI, THITHATEP aIMaCyBIHBIH OY3bUTYHI, 30p KBIIIKBUIBIHBIH K00etoi O0IbI TaObIIab!.

A.P.Anuna, JL.I.Typrynosa

Kiannu4yeckne 0co0eHHOCTH TedeHUs1, (aKTOPbI PUCKA PA3BUTHSA
U MIPOrpeccHpoOBaHNS MILIEMUYECKOl 00J1e3HH cepana y 00JbHBIX
caxapHbIM 1ua0eToM 2 THIa

V nanuenToB, GONBHBIX CaXxapHBIM ArabeToM 2 THIa, OTMEYEHa BBICOKas 4acToTa 6e3001eBOH HIIEMUH MHO-
kapna (17,4 %), aTHIAYHBIX CUMIITOMOB HIIeMUYecKoi 6omne3nn cepaua (59,4 %), XpOHUYECKON cepeuHOM
HenocraTouHocTH (60,9 %) u paHHee pa3BuTHE MIIeMHIeckoi OosesHn cepama (63,8 %). dakropamu pucka
pa3BUTHA UIIEMHYECKOil 00Je3HH cepaua y OOJNBHBIX CaXapHbIM OHA0ETOM 2 THIIA SBIAIOTCS: AJIUTEIHLHOE
TeYeHHe caxapHoro nuabera, apTepUalbHas TUNEPTOHUSA, TSDKENas JSKOMIIEHCALs YIJIEBOJHOIO OOMeHa,
HApYIICHUS JIUIMUJHOTO OOMEHA, MOBBIILICHHBII YPOBEHb MOYEBOH KHCIIOTBHL.
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Methods predicting the probability of stroke in patients with type 2 diabetes

Risk developing of a stroke in patients with diabetes 2.8 times is higher comparatively with health persons.
Authors proposed the mathematical model «stroke-risk factors» for definition probability of developing of
stroke at patients with diabetes 2 types based on standard methods carried out in medical service. The analy-
sis of mathematical model allowed to establish the speed of increase of a stroke for urgent hospitalization of
patients.

Key words: diabetes, stroke, macrovascular complications, mathematical model of stroke-risk factor,
macroangiopathy, cerebral disorders, predicting of stroke.

Introduction

There is a rapid increase in the incidence of diabetes mellitus (DM) now, dominant share of which is
type 2 diabetes. Type 2 diabetes is up to 95 % of all cases of diabetes [1]. The significance of this trend is
dramatically, not only within manifestation of disease by itself, but also the close pathogenetic association
with type 2 diabetes with the development of micro-and macrovascular complications.

Diabetic macroangiopathy is a frequent complication of diabetes with a primary lesion of the coronary,
cerebral and peripheral blood vessels. One of the significant pathology that develops on the background of
macroangiopathy — an acute cerebrovascular accident (stroke), and encephalopathy as its predecessor.
Stroke is one of lea ding causes of death in the world and is the major reason of permanent disability. [2] Ac-
cording to WHO, more than 30 million cases of stroke registered annually [3]. Disability as a result of a
stroke varies from 40 to 80 % [4].

According to the MRFIT research the risk of stroke among patients with diabetes was 2.8 times higher
than in patients without diabetes. Stroke occurs in 2.08 times mo re frequently in patients with diabetes ac-
cording to our study [5].

The main theories to explain the development of macroangiopathy in type 2 diabetes include hypergly-
cemia, dislipidemia, oxidative stress, insulin resistance, hyperinsulinemia, endothelial dysfunction. Difficult
to say which mechanism is primary, but it is absolutely clear that they are part of each other and aggravate
the disease, accelerating the formation of macrovascular complications [6, 7].

Due to the high risk of stroke in patients with type 2 diabetes it is necessary to carry out preventive
measures. It is necessary to develop a method that forecasts the risk of stroke, taking into account possible
risk factors to implement an effective prevention of stroke in patients with diabetes.

On the base of Centre of primary health care in Karaganda standard laboratory and hardware methods
of investigation were performed. This methods are conducted regularly in patients with type 2 diabetes.
A mathematical model predicting the likelihood of stroke in patients with type 2 diabetes was developed ac-
cording to this data.

The purpose of the study was to develop a mathematical model of «stroke-risk factors» to determine the
likelihood of stroke in patients with type 2 diabetes.

Materials and methods

In the laboratory study included 94 participants aged 40 to 83 years, with an equal inclusion of women
and men of different national and ethnic origin. There were 60 patients with diabetes mellitus in the compen-
satory stage with cerebral disorders in the group, 9 of them had a stroke for the current year. The group of
comparison consisted of 34 participants with diabetes without stroke matched for age and sex. The criteria
for inclusion in the control group were age 40-80 years, normal blood pressure, BMI within 18.5-2.5.

Surveys conducted with all of the participants in the study. The questionnaire presented questions to
identify risk factors (gender, age, height, weight, family history of diabetes and stroke, the presence of hyper-
tension and its duration, the presence of diabetes and its duration, smoking, alcohol abuse, lack of exercise,
diabetes, unbalanced diet, obesity, emotional stress, use of oral contraceptives), as well as questions that re-
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veal the presence of symptoms of ischemic attacks (sudden headache, nausea, ringing in the ears, dizziness,
weakness, loss of consciousness, motor and speech impairment). After conducting the survey all participants
underwent the following survey methods.

Measurement of BMI. Body mass index was calculated by Adolph Quetelet formula: [ = m/h"2. Meas-
urement of systolic and diastolic blood pressure. The patient was asked to relax and calm down for 15
minutes before measurement. SBP and DBP were measured by the method of Korotkov with mechanical
tonometer. Measurement of respiratory rate. Respiratory rate was measured by the auscultatory at rest.
Measurement of heart rate. Heart rate was measured by tactile method for a minute at rest. Testing blood
glucose blood sampling was performed in the morning on an empty stomach in the standard terms. For blood
collection were used tubes Vacutainer, the level of glucose in the blood was determined by the method of So-
mogyi-Nelson.

Determination of glycated hemoglobin. Blood sampling was performed in the morning on an empty
stomach in the standard terms. For blood collection were used tubes Vacutainer. Determination of glycated
hemoglobin produced by using immunological reagents Vital and DR 2800 spectrophotometer with a wave-
length 443 nm.

Studies of blood coagulation (PTI, amount of fibrinogen, platelet aggregation, APTT). Blood sampling
was performed in the morning fasting in the standard terms. For blood collections were used tubes
Vacutainer. The analysis was performed on the singlechannel analyzer parameters of hemostasis Clot-1. De-
termination of blood biochemical parameters (cholesterol, triglycerides, ALT, AST, total bilirubin, direct
bilirubin, urea, creatinine, total protein). Blood sampling was performed in the morning fasting in the stand-
ard terms. For blood collections were used tubes Vacutainer. For analysis reagents used with the company
Vital biochemical analyzer BioSystemA-15.

Electrocardiogram. ECG study was conducted in 12-lead electrocardiograph for BTL-088D, United
Kingdom, 2011. CDSM of brachiocephalic trunk. CDSM of b/c the barrel held scanner MEDISON
SONOACE X8, 5-12 MHz linear probe.

According to the questionnaires and surveys conducted by expert assessments by specialists (neurolo-
gist) was diagnosed with the presence of cerebrovascular accidents. Statistical processing of the measure-
ment was carried out according to conventional methods in the program Statistica. Square correlation matrix
was set to determine the correlation coefficient. The distributions of the parameters subordinated to the nor-
mal distribution law [8—10].

Results

There is a significant correlation between the event «stroke» and SBP, duration of hypertension, the
percentage of stenosis of the carotid artery in the group of patients with diabetes and cerebrovascular disor-
ders. It is interesting to note that there is a significant correlation coefficient between diabetes disease dura-
tion and duration of hypertension. Also, there is a significant correlation coefficient between HbA1 and dura-
tion of hypertension (Table).

Table
Significant correlation coefficients
Correlation
coefficients Intervals Regression
Ne X Parameter between event Intervals diapason with .
«stroke» and codes coefficients
parameter
1 2 3 4 5 6
X1 Age 0,19 Less than 60-90 1-4 -0,240133
X2 |BMI 0,05 16-31 and higher 1-4 —1,93289
X3 | Duration of hypertension 0,23 0-21 and higher 1-6 —4,16929
X4 | Stroke 1 0/1
X5 |SBP 0,34 110-191 and higher 1-9 2
X6 |DBP 0,08 60—110 and higher 1-5 —1,24113
X7 |HR 0,14 Less than 60—81 and higher 1-4 39
X8 |RR —0,01 16-21 and higher 1-3 5,31
X9 |Blood glucose 0,02 3,3—12 and higher 1-4 -3,24604
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Table continues

1 2 3 4 5 6
X10 | Cholesterol 0,04 Less than 5.2-8 and higher 1-4 —4,43646
X11 | Triglycerides 0,13 0,14-4,5 and higher 1-3 7
X12 |PTI 0,11 77-101 and higher 1-4 —4,45344
X13 |Fibrinogen 0,02 2,3-7,5 1-3 —4,57874
X14 |Platelet agregation 0,04 13-19 and higher 1-3 18
X15 |aPTT —0,03 23-41 and higher 1-3 —4,08824
X16 |ALT 0,14 0-61 and higher 1-3 —4,01144
X17 |AST 0,07 0-61 and higher 1-3 —2,47517
X18 | Total bilirubin 0,14 8,6-20,6 and higher 1-3 —1,29847
X19 |Direct bilirubin 0,15 3,4-12 and higher 1-3 —0,666565
X20 |Urea 0,07 25-51 and higher 1-4 9,620053
X21 |Creatinine 0,07 40-116 and higher 1-5 —7,49193
X22 | Total protein —0,10 Less than 65-86 and higher 1-4 1,42290
X23 | Tachycardia - Yes/No 1-2 0,229491
X24 | Conduction disturbances - Yes/No 1-2 1,776381
X25 | Violation of repolarization - Yes/No 1-2 —0,340166
X26 | Arrhythmia - Yes/No 1-2 —24,3798
X27 |Extrasystole - Yes/No 1-2 —27,0057
X28 |Normal ECG — Yes/No 1-2 1,142954
X29 |Percentage of carotid stenosis 0,29 0-99 % 1-3 6,095

0,58 7,01

0,87 7,33
X30 |Increase of peripheral resistance — Yes/No 1-2 —5,64649
X31 |Deformation of VA - Yes/No 1-2 -19.4154
X32 | Compression of VA — Yes/No 1-2 16
X33 |Increase acceleration of blood flow — Yes/No 1-2 16
X34 |[Normal DCS - Yes/No 1-2 2,914050
X35 | Glycosylated hemoglobin 0,02 4-12 and higher 1-9 0,917
X36 |Diabetes disease duration 0,18 0-21 and higher 1-6 -1,38249

It was necessary to create a matrix with coded values to develop mathematical model because these
studies included both qualitative and quantitative characteristics in different units of measurement.

The next step is: to determine the regression coefficients by method of logistic regression. These factors
were the basis for the development of a mathematical model to predict the risk of stroke [9]. The mathemati-
cal model allows: to determine the risk of stroke in a patient or a tendency of stroke rise in social groups, to
explore the character of change in the probability of occurrence of stroke according to operating factors, to
assess the degree of influence of the studied factors on the probability, to predict the occurrence of stroke for
given levels of the factors, to determine the optimal levels of factors to indicate required values of parame-
ters [8].

This model is:

y=-exp (b0 +bl *x1 +... +bi *xi)/ {l +exp (b0 + bl * x1 +... + bi * xi)}; (N

0 <y <1, where: y — its occurrence; b0 — free term; bl.... bi — regression coefficients of factors
x1... xi; x1... xi — studied factors.

The processing of the regression coefficients were tabulated.

The following is a regression equation that indicates the likelihood of stroke in patients with type 2 dia-
betes.

Y=EXP(8.155-0.240133*X1-1.93289*X2-4.16929*X3+2*X5-24113*X6+3.9* X7+ 5.31*X8-
—3.24604%X9-4.43646*X10+7*X11-4.45344*X12-4.57874*X13+18*X14-4. 08824*X15-4.01144*X 16—
—2.47517*X17-1.29847*X18-0.666565*X19+9.620053E+00*X20—
—7.49193*X21+1.42290%X22+0.229491*X23+1.776381*X24-0.340166* X25-24.3798*X26—
—27.0057*X27+1.142954*X28+6.0955*%X29-5.64649*X30-19.
4154*%X31+16*%X32+16*X33+2.914050E+01*X34+0.917*X35-1.38249*X3)/1+ EXP(8.155—
—0.240133*X1-1.93289*X2-4.16929*X3+2*X5-1.24113*X6+3.9*X 7+ 5.31*X8-3.24604*X9—
—4.43646*X10+7*X11-4.45344*X12-4.57874*X13+18*X14-4.08824*X15-4.01144*X16-2.47517*X17—
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—1.29847*X18-0.666565*X19+9.620053 E+00*X20—
—7.49193%X21+1.42290%X22+0.229491*X23+1.776381*X24-0.340166* X25-24.3798*X26—
—27.0057%X27+1.142954*%X28+6.0955*%X29-5.64649*X30-19.

4154*X31+16*¥X32+16*X33+2.914050E+01*X34+0.917*X35-1.38249* X3); 2)
It is noteworthy that tests of significance were p = 0.02038, with hi2 = 54.174 for the second group (pa-
tients with diabetes), and for the first group of p = 0.03683, with hi2 = 51.352. These significance tests con-
firm performance of the model.
Regression equation is close to functional. The derivative of the regression equation allows to determine
the development trend of the probability of stroke:

dy __a

, ) 3)
dxi (1+z)
Where: a= b0+b1+...+bi-1; z=exp b0+bl+...bi *x.
Increasing xi
dy
— 0. 4
dxi @

Function of the probability of each risk factor is hyperbole, asymptotically approaching 1, and the func-
tion of the probability of change of speed — hyperbole that tends to 0.

The resulting dependence of the rate of increase of stroke can be used to deter- mine the terms of hospi-
talization of the patient.

Discussion

There are significant correlation coefficients between the event «stroke» and elevated SBP, duration of
hypertension and a high percentage of carotid stenosis, the presence of these factors already predetermines
the development of cerebrovascular accidents. It takes such a low number of parameters in patients with dia-
betes for the development of stroke, due to pathologically altered state of the vas- cular wall, their changed
architectonic and endothelial dysfunction.

The glycation end products (GEP) are formed in diabetes. GEP circulating in the bloodstream bind the
proteins of the extracellular matrix of blood vessels. In addition, GEP have the following effects: increase
permeability between endothelial cells, violate the bioavailability of NO to the smooth muscle cells of arteri-
oles and initiate the secretion of cytokines by macrophages -primary mediators of inflammation [11]. These
processes lead to endothelial dysfunction, thickening of the basement membrane, decreased elasticity, in-
creased vascular tone, the violation of their architectonic. According to McDermott, glycosylation end prod-
ucts independently contribute to the development and maintenance of high blood pressure in patients with
diabetes mellitus, disrupting normal sensitivity to the action of the vessel walls of vasodilator substances.
The irreversibility of the molecules glycosylation end products explains the continued progression of micro-
and macrovascular complications even with very good compensation of diabetes [12].

Violation of NO-producing endothelial function is primarily due to the development of angiopathy and
atherogenesis. Inadequate NO production not only leads to reduced vascular relaxation and spasm, but also
to an increased vascular permeability of proteins and lipoproteins, to the rapid proliferation of smooth mus-
cle cells to unhindered expression of adhesion molecules on endothelial cells to increased thrombosis. All of
these processes lead to an imbalance between vasodilator and vasoconstrictor, prothrombotic and antithrom-
botic, anti-inflammatory and pro-inflammatory, anti-sclerotic, proliferative factors in side of prevalence the
latter [6].

As pointed Mkrtumian [6] et al. alteration of endothelium expresses adhesion molecules, including
ICAM-1 to facilitate the penetration of monocytes crowded lipids in the subendothelium. These abnormali-
ties are probably promote lipid accumulation in the vascular wall, proliferation and migration into the intima
of smooth muscle cells of arteries and increase their production of collagen and elastin, developing platelet
microaggregates. Recent shape the microembolisms vasa-vasorum large arterial vessels with local changes of
the vascular wall, which ultimately leads to the development of atherosclerosis and thrombosis.

There are three components of the underlying etiology and pathogenesis of stroke: an inadequate cardi-
ovascular activity, altered state of brain vessels and disturbances in coagulation [13, 14]. The above patho-
logical processes lead to abnormalities in both the cardiovascular system and the inadequacy of blood supply
of the brain, atherosclerotic vascular changes and activation of coagulation processes [15-17].
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As a result, the long duration of hypertension, high SBP and the high percentage of carotid stenosis in
patients with type 2 diabetes are sufficient risk factors for the appearance of stroke.

Conclusions

Obtained results led to the following conclusions about sufficient quantity of three risk factors (elevated
SBP, prolonged hypertension, and a high percentage of stenosis of the carotid artery) for the occurrence of
acute ischemic attack in patients with type 2 diabetes, due to a significant correlation coefficient between the
event «stroke» and examined factors. A methodology was developed to predict the occurrence of stroke in
patients with type 2 diabetes. It was based on standard methods regularly conducted in hospitals. The analy-
sis of the mathematical model allowed us to establish the rate of increase of stroke in order to monitor its
trend and provide timely hospitalization to the patient.
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®.A.Munny6aesa, M.A.Kaniposa

2 Tunreri KaHT AnadeTiMeH aybIpaTbIHAAP/AA HHCYJBTTIH Naiaa 001y bIHBIH
BIKTUMAJIIBIFBIH 00J12KaY d/licTemMeci

Makanaga 2 THOTI KaHT [uabeTiMeH aybIpaThlH MALUCHTTEPIIH HHCYIbTKE WIANJBIFY MYMKIHIITIH
MaTeMaTHKaJIBIK yIriney OoifbiHIma akmapat yceiHbutran. Kaparannsl kamaceiHaa Ne2 AMCK werizinnme
YJIKEH KeJIeM/Ie 3epTXaHaNBIK JKOHE alapaTThIK 3epTTeyep xyprisinai. CoqaH KeiiH HHCYJIBT OKUFAChl MEH
3epTTedreH (aKTOpiIapiAblH apachIHAAFbl Koppensius Koddduumentrepi aHplkranael. Keneci keseq
JIOTUCTUKAIBIK PErpeccHst 9IICIMEH «ToyeKeNIiH HHCYIBT-(aKTOpIaphl» PErpecCHBTI MOJETIH KYPacTHIpY
GoutbI TaOBIIABL. AJBIHFAH TEHACYJIEp HHCYIBTTIH OO0y KayilliH aHBIKTayFa MYMKIHJIK Oepexi. Perpeccus
TEHJICYl 63 MOHI OOWBIHIIIA IETEPMHUHJICITEHTE XKAKbIH OOJFaH/IBIKTaH, OHBI MU QepeHnusiayra 6omamapl. Op
Toyekeln (akTopbl OOWBIHINA AJIFAIIKBI TYBIHABI BIKTUMAJIBIKTBIH ©CY KbUIIaMbIFBI aHBIKTaIIbI Oepeni. by
KayJIbl JkaHa OOJIBII TaObUIAAbIL.
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MeToauka NpOrHO3MPOBaHUS BEPOSITHOCTH BOSHUKHOBEHHUS HHCYJIbTA
y 00JIbHBIX CAXapPHBIM AUA0€TOM 2 THIIA

Prck BO3HMKHOBEHUS MHCYJIbTa CPEAU NMAIMEHTOB C CaXapHBIM anaberoM B 2,8 pasa BBIIIE 10 CPABHEHHIO
C IMI[AMH, HE HMEIOUIMMH ero. ABTOpaMM NpENIOKEHa METOIAMKAa MAaTeMaTHUECKOW MOJENH «UHCYIbT-
(bakTopBl pUCKa» IS ONpPENeIeHHs] BEPOITHOCTH BOSHHUKHOBEHHS MHCYJIBTAa y OOJBHBIX JuabeToMm 2 Tuia.
Mertoanka OCHOBaHa Ha CTAaHAAPTHBIX METOAAX HCCIIEA0BAHMS, PETYISIPHO MPOBOJUMBIX B JIEUEOHBIX YUPEXK-
JEeHUAX. AHaITU3 MaTeMaTU4eCKOH MOJIENHU MO3BOJHI YCTAHOBUTH CKOPOCTh HAPACTAHMS MHCYIBTA C LIENBIO
CBOEBPEMEHHOH FOCTIUTANIN3ANNH OOJIBHBIX.
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High specific fluorescent method staining of zinc-insulin complex
in pancreatic B-cells

Authors demonstrated results using of high specific fluorescent method histochemical staining of Zn-ions in
pancreatic B-cells. It was showed in diabetic animals and in animals past mobilization of insulin from B-cells
a simultaneous decreasing as of amount of insulin as of Zn"%-ions in cytoplasm of B-cells. Meanwhile for-
mation in B-cells of chemical complexes of derivatives of Diethyldithiocarbamic acid with Zn"*-ions result
negative fluorescent reaction for Zn"2-ions but positive reaction for insulin using of insulin staining methods.

Key words: insulin contents, immunohistochemical, immunofluorescent, pseudoisocyanine and aldehyde
fuchsine methods, pancreatic B-cells.

It is known that pancreatic B-cells contained a large amount of ions of Zinc [1-3] as salivary glands and
prostate. In B-cells zinc ions take part in processes of biosynthesis of insulin as in of storage of insulin by
forming of zinc-insulin complex [4, 5]. Pancreas of rat, rabbit, dog, cat, some fish, human, birds, mice, ham-
ster, porcine, hoerst, contained a large amount of zinc. Using of electron microscopy histochemical method it
was showed that that zinc concentrated in B-cells in B-granules only contained deposited form of insulin [6]
and destruction of B-cells caused by Dithizon which formed in B-cells toxic complexes with zinc-ions, start-
ed by destruction of B-granules [7].

Widely known methods staining of insulin as immunohistochemical, immunofluorescent, diethyl-
pseudoisocyanine and some other methods are specific for insulin only but not for staining of zinc ions. Very
often in diabetes and intact B-cells there are is a quantity correlation between insulin and zinc ions content:
decreasing of insulin content accompanied by decreasing of amount of zinc ions and in opposite, in intact
B-cells a large amount of insulin accompanied by a large amount of zinc-ions. Meanwhile for estimate abil-
ity of B-cells for storage of insulin in cells it is necessary to use method of staining of zinc-ions whereas
staining of insulin is indirect method for to estimate concentration of zinc ins in B-cells.

Aim of work: to study result using of high specific fluorescent methods revealing of zinc ions by using
of 8-para(toluenesulphonylamino)quinolin (TSQ), a high specific for Zn"*-ions reagent [8, 9] which formed
complex «zinc-TSQ». TSQ is a derivative of 8-oxyquinolin and synthesis was elaborated by Prof.
N.N.Voroshzov in 1930 [10]. In UV-light with maximum of absorbance as 360-370 nm, this complex fluo-
resces brightly green light [11]. Specificity for zinc ions of this method was confirmed in vitro by interaction
of pure zinc ions with TSQ that result intensive green fluorescence of solution; using of spectral analysis it
was confirmed presence in solution of «zinc-TSQ» complex and correlation of maximum of absorbance of
this complex with pure complex synthezed in vitro. Sensitivity of this method is high and concentration of
zinc as 10 —10"® revealed using it [8]. This same time in TSQ is TSQ possess a high diabetogenic activity
and injection of 40-50 mg/kg result necrosis, destruction and death of absolute majority of B-cells within
20-30 min past formation of complex «zinc-TSQ» in B-cells [12].

Materials and methods

8 rabbits (2450-2680 g) and 3 Guinea Pigs (320-370 g). Group 1: 3 animals with diabetes caused by
Dithizon (48,8-51,6 mg/kg); Group 2: intact rabbits; Group 3: 3 animals past administration of Na salt of
diethyldithiocarbamic acid (DCA) (504 and 987 mg/kg) that result temporary non toxic binding of zinc in
B-cells; Group 4: 2 Guinea Pigs past administration of DZ (49,5-52,8 mg/kg) and 2 intact Guinea Pig.

Preparing of Dithizon water-ammonia solution: Dithizon (Avocado Chem. Company, USA) —
200 mg.+ 15 ml. of bi-distilled water + 0,25 ml of 25 % ammonia, 10 min mixing on temperature +70° Cel-
sius.
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Staining technologies

1. Fluorescent reaction with TSQ. 0,04 % ammonia solution of TSQ was used. Staining procedures:
a few drops of TSQ solution place on frozen sections for 10 sec.; 3 times wash by distilled water and investi-
gation on UV-light microscope with measuring of intensity of fluorescence (intensity of fluorescence in con-
trol was accepted for 1,00; length of wave of light — 360 nanometers. For quantitative estimation of results
of measuring intensity of fluorescence parameter K was calculated as relation: Intensity of fluorescence of
B-cells IF1/ Intensity of fluorescence of exocrine tissue cells IF2 (IF1/IF2); intensity of staining of exocrine
tissue cells was accepted for 1,00 using of histofluorimetrical complex constructed by G.G.Meyramov and
coll. [13] (Fig. 1).

1 — UV-lamp; 2 — photo-electronic multiplier; 3 —diaphragm for a choice of B-cells; 4 — electric device
Figure 1. Histofluorimetrical complex for measurement amount of zinc-insulin complex in pancreatic B-cells

2. For insulin staining the Immunohistochemical (anticorps for insulin from DAKO, Denmark) and
Pseudoisocyanine [14] (SERVA, Germany) methods was used. For quantitative estimation of results of
measuring intensity of fluorescence parameter K was calculated as relation: Intensity of fluorescence of
B-cells IL1/ Intensity of fluorescence of exocrine tissue cells IL2 (IL1/IL2); intensity of staining of exocrine
tissue cells was accepted for 1,00. For quantitative estimation of results of measuring density of staining
B-cells by Immunohistochemical method parameter K was calculated as relation: Density of staining of
B-cells IG1/ Density of staining of exocrine tissue — 1G2 (IG1/1G2); intensity of staining of exocrine tissue
cells was accepted for 1,00.

For histological analysis Victoria-4 histochemical method (MERCK, Germany) was used [15-18].

Results

1. Group 1. Immediately past injection of Dithizon (DZ) negative reaction for zinc ions was revealed in
B-cells contrary to positive reaction for insulin (fig.2.1, 2.2) that is determined by binding of all amount of
zinc in cells by DZ. As result zinc ions not formed with TSQ visible fluorescent complex in cytoplasm of
B-cells. Intensity of fluorescence of B-cells: K(IF1/IF2) = 1,04+0,02; control: intact B-cells: K =2,02+0,07
(p <0,001). Insulin content in B-cells: K(IG1/1G2) = 1,88+0,02 IL1/IL2 = 2,06+0,08 (Table).

2. Group 2. Animals with diabetes caused by injection of DZ (50,2 and 47,6 mg/kg) 7 days ago. Nega-
tive reaction as for zinc-ions with TSQ as for insulin revealed in B-cells on frozen sections of pancreas tissue
(fig. 2.3, 2.4) that demonstrated absence in cytoplasm of B-cells as of zinc-ions as of insulin in result of ne-
crosis and destruction of cells: K(IF1/IF2) = 1,08+0,03; control: intact B-cells: K =2,00+0,08 (p < 0,001).
Insulin content in B-cells: K(IG1/1G2) = 1,12+0,02; IL1/IL2 = 1,07+0,06 (Table).

3. Group 3. Injection of Na salt of diethyldithiocarbamic acid (DCA) result forming in cytoplasm of
B-cells of not toxic complex zinc-DCA for a few hours. A negative reaction for zinc-ions (fig. 2.5) was re-
vealed in B-cells past injection of DCA that is explained by formation of complex zinc-DCA that is why
TSQ not formed fluorescent complex zinc-TSQ in cells [7]: K = K(IF1/IF2) = 1,02+0,04; control: intact
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B-cells: K=1,98+0,05 (p <0,001). Positive reaction for insulin (fig. 2.6). Insulin content in B-cells:
K(IG1/1G2) = 1,85+0,04; IL1/ IL2 = 2,02+0,07 (Table).

| 2.] — Pancreatic islet of intact rabbit. TSQ
.. fluorescent reaction for zinc. Intensive flu-
.+ orescence (a large amount of zinc in
" B-cells); UV-light microscopy; x140;

2.2 — Pancreatic islet of intact rat. Victo-
ria-4 staining method. Normal content of
deposited insulin in B-cells (blue-violet
. color); x280;

2.1

2.3 — Pancreatic islet of diabetic rats. TSQ
. fluorescent reaction for zinc. Completely
- negative reaction for zinc (absence of fluo-
rescence) determined by destruction of B-
| cells and by absence of zinc-ions in cyto-
~ plasm; UV-light microscopy; x140;

2.4 — Pancreatic islet of diabetic rats. Vic-
toria-4 staining method. Decreasing of in-
4§ sulin content in B-cells and of size and
number of islets in sections; x280;

23

2.5 — Pancreatic islet of rabbit. DCA
987 mg/kg. TSQ fluorescent reaction for
| zinc. Completely negative reaction for zinc
' (absence of fluorescence) determined by
- not diabetogenic temporary binding of
zinc-ions by DCA; UV-light microscopy;
x140;

2.6 — Victoria-4 staining method. Normal
. content of deposited insulin in B-cells
(blue-violet color); X280

2.5

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

4. Group 4. B-cells of Guinea Pig contrary to many other animals (rabbit, rat, dog, fish, cat, hamster,
porcine) not contained zinc ions and biochemical nature of processes of insulin storage in B-cells of Guinea
Pig now not cleared yet.

Negative reaction for zinc-ions with TSQ was revealed in B-cells: K = (IF1/IF2) = 0,98+0,04; control:
intact B-cells of rat: K=1,97£0,06 (p<0,001). Insulin content in B-cells: K(IG1/IG2)=1,82+0,04;
IL1/IL2 = 1,9140,05 (Table).

Table
Insulin and Zinc content in pancreatic B-cells (parameter K)
. . Insulin (IG, IL) and Zinc content (IF) in B-cells (parameter K)
No. Conditions of experience insulin (1G) insulin (IL) Zinc (IF)
1 |5 min. past injection of DZ 1,88+0,02* 2,06+0,08* 1,04+0,02
2 | Diabetes caused by DZ (48,8—51,6 mg/kg) 1,12+0,02* 1,07+0,06* 1,08+0,03*
3 |DCA (987 mg/kg) 1,85+0,04 2,02+0,07 1,02+0,04
4 | Guinea Pig (intact) 1,82+0,04 1,91+0,05 0,98+0,04
5 |Rabbit (intact) 1,92+0,04 2,02+0,06 1,98+0,06*

Note. * — p < 0,005.
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Discussion

In 1961 E.Boshevolnov and G.Serebrarakova informed about ability of TSQ, a derivative of
8-oxyquinolin, to form in vitro complexes with Zn-ions and with ions of Cadmium (Fig. 3, 4).

Figure 3. 8-para(toluene- Figure 4. Complex Zn'* — 8-para(toluene-
sulphonylamino)quinolin (TSQ) sulphonylamino)quinolin (TSQ)

Zn"*-TSQ complex radiates intensive green fluorescence under UV-light 360-370 nm length of wave
and Cd-TSQ — intensive yellow fluorescence that was confirmed by spectral analysis of spectrum of ab-
sorbance. Past long time prolonging testing in Institute of High Pure Chemicals (Moscow) TSQ was pro-
posed as fluorescent reagent for identification of very small amounts of zinc in solutions and tissues. Later in
laboratory of Lasaris Y.A. and coll., Karaganda, TSQ was tested for revealing in vitro and in intact and dia-
betic animals of a large amount of zinc-ions. TSQ is high specific reagent for staining of zinc-ions in pancre-
atic B-cells. Now there are not other methods for revealing of zinc-ions in B-cells. It is known that zinc-ions
take part in processes of storage of insulin by formation of complex zinc-insulin in B-cells. Very often there
are parallelism between content of zinc and insulin in cytoplasm of B-cells and is possible to stain insulin in
B-cells for estimate a content of zinc-ions in cells.

Results of using for many years of this method revealing of zinc-ions showed that in 3 cases method
demonstrated a full coincidence with content of insulin in B-cells: 1) in intact animals; 2) in animals with
experimental diabetes; 3) in animals after removing of zinc-insulin complex from B-cells by drugs. That is
why this method can be used not only for estimate of zinc-ions content in B-cells but for insulin content too.

In one case results of TSQ-reaction can not correspond to quantity contained of zinc-ions in B-cells:
some chemicals formed complexes with zinc in B-cells for short period and this time in fluorescent reaction
for zinc will be negative despite of presence a large amount of metal in cytoplasm of cells.

This method demands following conditions: for fixing of tissue of a pancreas to use the alcohol sated
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.
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2+
IHankpearThik B-:kacymanapaa Zn~ moHaapbiH 00S1yAbIH
JKOFapbl apHaYJIbl THCTOXUMMSJIBIK d1icTepi

ABropiap B-kacymianapna MbIpbIII MOHIAPBIH AHBIKTAHTBIH JKOFapbl apHAyJbl JIIOMHHECLEHTTI oficTi
KOJIIaHyIbIH HOTIDKENIEpiH KepceTkeH. bip mesrimae toxipubenik nuaderrte B-kacymramapia sxoHe OCHI
KeneH i B-kacyianapaan xyMbUIABIPY Ke3iH/e A€ MBIPBIII HOHbI MEH MHCYJIMH MOJILEPiHIH TOMEHeHTiHi
kepcerinreH. COHbIMEH KaTap jkacyllagap[a MBIPBII MOHIAPBIHBIH JHITUITHOKAPOOAMHUH KbIIKBUIBIHBIH
TYBIHIBIIapbIMEH GailJIaHBICHl — MBIPBILI HOHIAPbIHA KYPT Kepi ocep, all HHCYJIHHIe ailKbIHAAIFaH OH dcep
eTYIMEH KaTap *Kypei.

A.I".Meiipamosa, K.-/I.Konepr, A.M.Afitkynos, A.P.Anuna, I'.0.)Ky30aeBa,
3.T.Ksicraybaesa, A.Il. Auapeesa, O.JI.KoBanenko, A.A.XKy3xacaposa, C.C.TeipxxanoBa

. . +2
Boicokocnenu(puuHbIi rHICTOXMMHUYECKUNA METOl OKPACKU HOHOB Zn
B IaHKpeaTuyecKux B-kierkax

ABTOpaMU TOKa3aHbI Pe3yIbTaThl HCIOJIB30BAHAS BEICOKOCTICIU(HIHOTO JIIOMUHECIIECHTHOTO METO/a BBISB-
JICHUS MOHOB IIMHKA B B-kierkax. OTMEueHO, 4TO OJHOBPEMEHHOE MapajIeIbHOEC CHIDKEHHE COACPIKaHUSA
MOHOB IIMHKA U MHCYJIHWHA HabtoaeTcs B B-kieTkax mpu 3KCHepUMEHTAIbHOM AHabeTe U Mociie MOOHIH3a-
IIMM KOMIUTeKca U3 B-kietok. Mexay TeM CBsI3bIBaHHE MOHOB IIMHKA B KJIETKAX NMPOM3BOIHBIMU JHITUIIN-
THOKapOaMUHOBOH KHCIIOTBI COMPOBOXKAAETCS PE3KO OTPUIATENBHON peaknuel Ha IIMHK C COXpPaHEHHEM XO-
POLLIO BBIPAXKEHHOM MOJI0KUTENBHON peakue Ha UHCYJINH.
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Long time prolonged elimination of zinc-insulin complex
from B-cells not result dysfunction of cells

Authors showed that almost complete elimination of zinc-insulin complex from cytoplasm of B-cells caused by
3 days prolonged administration of Glibenclamide to animals accompanied by complete disappearing of insulin
and zinc-ions from B-cells. Next 67 days free of using of Glibenclamide result parallel complete recovery of
amount of insulin and zinc in B-cells without any changes of histostructure of islets and function of B-cells.

Key words: rats Vistar, histology, insulin, B-cells, dissociation of complex, secretion, pancreatic islet, histo-
structure.

Pancreatic B-cells of many sorts of animals and of human contained a large amount of zinc-ions which
take part in process of forming deposited form of insulin in cells which concentrated in B-granules of cells.
In pancreas tissue B-cells contain large amounts of zinc. The major role of zinc is the binding of insulin in
hexamers [1]. Zinc ions and insulin create a hexameric, crystalline structure, comprising 2 zinc ions and 6
insulin molecules, which is stored in the secretory granules until secreted in response to metabolic de-
mands [2]. Zinc in B-cell secretory granules is involved in the storage and stabilization of the insulin
hexamere in B-cells [2, 3]. Zinc ions appear to play important significance in process of microcrystallization
of the precipitated insulin granules. May be it is advantage in condensing the stored hormone [2].

Article usage statistics combine cumulative total PDF downloads and full-text HTML views from pub-
lication date (but no earlier than 25 Jun 2011, launch date of this website) to 06 Nov 2013. Article views are
only counted from this site. Although these data are updated every 24 hours, there may be a 48-hour delay
before the most recent numbers are available.

It is known that prescription of Sulphorea result elimination of complex insulin-zinc from B-cells [4]. It
was showed that 1 week past of partial or almost complete elimination of zinc-insulin complex from B-cells,
function of cells are restored. It is not investigated question: are eliminated from B-cells zinc and insulin, insu-
lin only or insulin and part of zinc-ions. Previously it was reported that binding of zinc-ions in B-cells by
diabetogenic or not diabetogenic chelat active chemicals result a complete binding of zinc-ions and dissociation
of complex 1,5-2 h later: chemicals are removed from cells and zinc remains in the cytoplasm of B-cells [5].

Meanwhile now is not cleared what is insulin and zinc content in cytoplasm of B-cells more long time
after elimination of insulin from B-cells.

Aim of work: to investigate insulin and zinc ions content as state of histostructure of pancreatic islets
more long period later, as 30 days, after almost complete elimination of zinc-insulin complex from B-cells.

Materials and methods

26 rats Vistar 170—185 g were used. 2 % starch suspension of Glibenclamide (GB) used for peroral ad-
ministration to animals in doses 10 and 25 mg/kg for 6 days 1 time daily. Blood Glucose control: 3 h, 24 h,
3 days 15 days and 30 days after past administration of GB). Histostructure of pancreas tissue and insulin
content in B-cells were studied 30 days after administration of GB.

Histology. Pancreas tissue were fixed in Bouin. Sections 4-5 mcm were stained by hematoxylin and
eosine; insulin staining by aldehyde fucshine [6], pseudoisocyanine [7-9] and zinc-ions — by
8-para(toluenesulphonylamino)quinolin (TSQ) [9]. Intensity of fluorescence of insulin and of zinc-ions was
measured by fluorescent histofluorimetric complex constructed by G.G.Meyramov [10]. For transmission
electron microscopy samples of pancreas tissue were fixed in 2,5 % Gluthar-aldehyde. Ultrafine sections of
tissue contrasted by Reynolds [11] and were investigated on electron microscope JEM-7A.
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Results

Blood Glucose concentration past administration of GB. Results showed that maximal decreasing of
BG concentration was observed 3 h past first administration of 10 mg/kg (-approx. 20 %) and of 25 mg/kg
(-28 %). 24 h past administration there are some not authentically prevalence of BG level in comparison be-
fore administration of GB. Next period from 3™ days until 30" days BG concentrations was not changed.

PSS, « T\
S

1.5 1.6

1.1 — Pancreatic islet of intact rat. Aldehydefucshine; x280;

1.2 — Pancreatic islet 3h past action of GB 10 mg/ kg. Decreasing of insulin content in B-cells. Aldehydefucshine; x280;
1.3 — Pancreatic islet of intact rat. Immunohistochemistry; x280;

1.4 — Pancreatic islet 3h past action of GB 25 mg/kg. Decreasing of insulin content in B-cells. Immunohistochemistry; x280;
1.5 — Pancreatic islet of intact rat. Pseudoisocyanine; x200;

1.6 — Pancreatic islet 3h past action of GB 10 mg/kg. Decreasing of insulin content in B-cells. Pseudoisocyanine; %200

Figure 1
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Table 1
Blood Glucose concentration past administration of GB
Dose Blood Glucose concentration, mM

before 3h 24 h 3 days 15 days 30 days

1 | Control (intact) | 5,1+0,31 5,0+0,21 4,9+0,14 5,240,28 5,140,25 5,1+0,32

2 |GB, 10 mg/kg 4,7¢0,22 | 3,840,16 p <0,05 4,8+0,15 4,8+0,23 4,9+0,17 4,6+0,23

3 |GB, 25 mg/kg 4,6+0,15 | 3,3+0,14 p <0,05 4,9+0,12 5,1+0,29 4,8+0,15 4,5+0,13
Table 2

Insulin and Zinc content in pancreatic B-cells past administration of GB (parameter K)

Insulin and Zinc content in B-cells (K)
Condition before GB 3 h after GB 30 days after GB
insulin zine insulin zine insulin zine
GB, 10 mg/kg 2,0440,05%* 2,00+0,03 °1,62+0,04** | *1,71+0,03 1,94+0,06 1,87+0,05
2 |GB, 25 mg/kg 1,95+0,06* 1,97+0,05 1,3840,04*" 1,62+0,04" 2,00+0,07 1,96+0,06
Intact 2,02+0,05 1,98+0,06 1,96+0,07 1,94+0,08 1,97+0,04 2,02+0,05

Note. * —p <0,01; ** —p <0,05;" —p <0,05; * —p <0,05.

Results of estimation of insulin and zinc content in B-cells showed evident decreasing amount as of in-
sulin as of zinc-ions 3 hours after GB administration (Table 2; Fig. 1.1-1.6; Fig. 2.1, 2.2). Decreasing is
more marked past administration of 25 mg/kg — for almost 30 % comparatively with approximately 20 %
past ad- ministration of 10 mg/kg. Results showed that a coincidence of results between the contents in
B-cells of insulin and zinc is available only for intact B-cells and after 24 h and 30 days past administration
of drug. 3 hours after administration of GB results showed more intensive decreasing of insulin content com-
paratively with content of zinc-ions (Table 2). Results obtained before action of GB were authentically pre-
vailed in compared with zinc ions past administration of both doses of GB. 30 days past administration of
both doses of GB insulin and zinc content in B-cells were restored completely. There are not any histological
changes in pancreatic islets 30 days after action of GB (Fig. 1.2, 1.4).

We found discrepancy more marked differences between results measuring of insulin and zinc-ions
content 3 h past action of GB 25 mg/kg (Table 2): approximately 30 % of insulin are eliminated from B-cells
and 18-20 % of zinc-ions only eliminated contrary to parallelism of results 30 days past action of GB. It is
possible to suppose that part of amount of zinc-ions after dissociation of complex is eliminated from B-cells
and part remain in cells (Fig. 3).

2.1 — Intact pancreatic islet. B-cells. Large number of B-granules contained zinc-insulin complex; x3450;
2.2 — Islet 3 h past administration to animal of GB 25 mg/kg. Marked decreasing of number of B-granules; x2920

Figure 2. Transmission electron microscopy
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2, . 2. . . ” .
Zn"-insulin - to cell membrane — Zn -insulin — secretion of insulin out B-cell

approx, 10% in cell. — Zn™— approx. 20%—from B-cells (7)

Ze *-insulin-Dithizon — dissociation of Zn“-insulin-Dithizon
i

i
w2
< all amount of Zn"

Figure 3. Dissociation of complexes Zn*-insulin and Zn"*-insulin-Dithizon in B-cells

Conclusions

1. Elimination of insulin from B-cells by GB accompanied by partial decreasing of zinc-ions content 3 h
after action and completely is restored 30 days later. Insulin content in B-cells reduced for approximately
30 % and of zinc-ions — for 18-20 % 3 hours after administration of 25 mg/kg of GB.

2. There are not any histological changes of histostructure of pancreatic islets 30 days past elimination
of zinc-insulin complex from B-cells. Amount of insulin and zinc-ions in B-cells restored completely
30 days later.
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B-:xacymanapaad MpIpbIII-MHCYJHH KelIeHIHIH y3aK YaKbITTaFbl
JIMMHUHAIUACHI KIHE 0JIAPJABIH (PYHKIIUACHI 0Y3bLIYbIHA KATHICHIHBIH KOKTBIFbI

Astopnap «['MuOeHKIaMUAT YII KYHJIK €HTi3y[eH KeHiH B-xacymanapslHaH MBIPBII-UHCYIHH KeISHIHIH
SNMMHMHALMACH] [MTOIUIA3Ma/laH MBIPBIII TI€H WHCYJIUHHIH TOJbBIKTall JKOFayblHA OKEIIN COKKAHIBIFBIH
aHbIKTa/bl. [IpenapaTThl eHri3yai TOKTaTKaHHAH KeHiH KacyllanapAarbl MbIPBILI IIEH MHCYJIMHHIH MeJepi
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TOJIbIKTA OpHbIHA Kenai. [TaHKpeaTHTTIK OCIHALIEP/iH THCTOKYPBUIBICHIHBIH IKarqailblHaa CIIKaHIai
e3repicrep GaliKaaMaibL.

I".T.Tycyn6ekoBa, A.M.Aiitkynos, JI.Bunssmc, B.1.Kopuun, JI.I.TypryHosa,
3.T.Keicraybaesa, I'.0.2Ky36aeBa, O.JI.KoBanenko, A.XK.I1laii0ek,
A.M.Tynuesa, K.T.Kome6aeBa

JumTenbHasi JIMMHHANMS HUHK-UHCYJMHOBOI0 KOMILIEKCA
U3 B-KJI€TOK, He CONPOBOKAAINAICH HAPYIIEHUAMHU UX PYHKIUMN

ABTOpaMHU YCTaHOBJICHO, YTO JJIMMHMHAIMA U3 B-KIETOK LIMHK-MHCYIMHOBOIO KOMILUIEKCA, BbI3BaHHAs TPEX-
JTHEBHBIM BBeJeHHeM [ nbeHKIaMuia, CONpoBOKAaIach MOJTHEIM HCUE3HOBEHHEM N3 IIUTOIIIa3Mbl HHCYIIIHA
u 1uHKa. [locne mpekpaieHns BBeAESHUS MpemnapaTa cojepskKaHne IMHKA U HHCYJIMHA B KIETKAX TOJHOCTBIO
BOCCTaHABIUBATOCh. HUKakuX M3MEHEHH COCTOSHHS IMCTOCTPYKTYPhl MAHKPEATHUECKUX OCTPOBKOB HE BBI-
SBJIEHO, KaK U MHCYJTHHIpOAynupyomeil GyHKnuu B-KkeTok B mociaeayomem.
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