MEDICINE

UDC 616.379-008.64-07:616

R.Chlup

Dept. of Physiology and II" Dept. of Medicine, Faculty of Medicine and Dentistry,
Palacky University Olomouc and Teaching Hospital Olomouc, Czech Republic,
Institute of Neurology and Geriatrics, Moravsky Beroun, Czech Republic
(E-mail: rudolf.chlup@fnol.cz)

Outcomes of clinical diabetes research at the Teaching Hospital
and Faculty of Medicine, Palacky University Olomouc (1971-2014)

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

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

Introduction

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

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

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

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

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

(3) Diabetes and pregnancy.

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

(6) Glycaemic Index of foods.

(7) Intensive selfmonitoring.

1. Treatment of people with type 1 diabetes mellitus

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

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

In the last two regimens (B or C), the total daily insulin dose was higher than in Regimen A. The group
education and a new insulin pen (MADI) proved to motivate the PWDI1 to an intensification of insulin thera-
py including injections of shortacting insulin at 2.30 a.m. in Regimen A. The acceptance of night injections
increased from 2 % at the baseline to 42 % at the end of the study. However, despite of such an intensive
treatment, a longlasting euglycaemia could not be reached, even though the plasma insulin concentrations
were higher than in persons without diabetes (Fig. 2, Fig. 3). There were no differences in metabolic control
when using the needle-pen or catheter-pen [3, 4]. The needle pen was preferred in 54 % of all patient-
days [5].
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Figure 2. Evolution of BG concentrations in 16-point B-glucose profiles at the end of 14-day test period with
Regimen A in all PWD1 (n=36), in the best PWD1 (A — nejlepsi, n=21) and in healthy men (Zdravi, n=9). Mean + SE
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Figure 3. Evolution of FIRI concentrations in 16-point B-glucose profiles at the end of 14-day test period
with Regimen A in all 36 PWD1 (upper curve) and in healthy men (n=9, lower curve). Mean + SE

1.2. Continuous subcutaneous insulin infusion (CSII) in PWDI1. A retrospective study (1993—-1998)
with 13 men and women on an insulin pump, (Dahedi, H-Tron, Minimed) demonstrated that CSII resulted
within 72 days in a decrease of concentrations of HbAlc in blood (9.3+0.46 vs 7.6+£0.28 %, p<0.05, DCCT
units), reduction of total serum cholesterol (5.47+0.29 vs 4.85+0.19 mmol/l, p<0.05) and triacylglycerols TG
(1.58+£0.24 vs 1.13+£0.15 mmol/l;. p<0.05). The total daily dose of insulin was reduced (47.84+2.75 vs
41.3+2.3 1U/d, p<0.05) and the body mass did not change. An improved metabolic control was also found in
a check-up 554 days later. There were no serious complications resulting from handling insulin pump [6]. In
the year 2004 we have replaced phosphate buffered insulin (Velosulin) with insulin aspart (Novorapid) for
all PWD1 on insulin pumps. Reduction of HBA1c without increased frequency of hypoglycaemias appeared
within one year (Fig. 4). The daily insulin dose and body mass did not change [7].
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Figure 4. HbAlc concentration (DCCT) in PWD1 on CSII in the course of treatment with phosphate buffered human
insulin (VELOSULIN) and after switching to insulin aspart (NOVORAPID). Mean + SE [7]
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1.3. Dynamic physical training. A prospective study (1978-1982) with 19 men improved insights in
submaximum physical training (duration 157443 days). Here are the effects of training in men with type 1
diabetes:

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

1.3.2. An improvement of lipoprotein metabolism demonstrated by an increase in HDL cholesterol con-
centration (1.19+£0.08 vs 1.86+0.22 mmol/l, p<0.05, Fig. 6) and by a decrease in the index of total cholester-
ol/HDL cholesterol. These significant changes were also found 7 days after the end of the training.
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Figure 6. S-HDL cholesterol in PWD1 at baseline (before training) and at the end of physical training

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

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

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

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

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

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

2. Treatment of persons with type 2 diabetes mellitus

2.1. Start of Complementary insulin therapy [12]. A prospective study (1991-1994) with 251 men
and women with type 2 diabetes (PWD2) aged between 20 and 82 years demonstrated benefits of small sup-
plementary insulin doses (1 to 10 IU) before each meal both in a group of 108 PWD2 previously on diet/oral
antidiabetic drugs which started a complementary treatment with total insulin 26 1U/d (Fig. 8), and in a group
of 143 PWD2 previously treated-with longacting insulin in which on complementary treatment the daily in-
sulin dose was reduced from 47 1U/d to 32 IU/d (Fig. 9) [13].
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Figure 8. Evolution of BG concentrations in 10-point B-glucose profiles without insulin (upper curve)
and with complementary prandial doses of 1 to 10 IU of shortacting insulin (lower curve),
the mean total of 26 TU/d. n = 108, mean+SE [13]
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Figure 9. Evolution of BG concentrations in 10-point B-glucose profiles with longacting insulin 1-2 injections/d,
the mean dose 47 IU/d (upper curve) and with complementary prandial doses of 1 to 10 IU of shortacting
insulin the mean daily dose 32 IU (lower curve). N=143, mean+SE, *P<0.05 [13]

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

2.2. Continuation of Complementary (supplementary) insulin therapy over 5 years. A retrospec-
tive analysis of a group'of 70 PWD?2 in which a complementary insulin treatment was introduced in our cen-
tre in the year 1991 or later on (so that this treatment lasted 5.0+0.12 years), and which were consequently
treated in three different diabetes centres, brought the following results: the body mass decreased in 56 %,
the concentration of HbA 1c decreased in 56 % and the daily insulin dose decreased in 57 % of all 70 PWD2
[15]. Based-on these observations the complementary insulin treatment may be recommended for a
longlasting treatment of both non-obese and obese PWD2.

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

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

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

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

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

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

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

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

4.Technical prerequisites for the intensive conventional insulin treatment

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

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

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

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

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

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

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

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

5. Education — Programmed treatment of people with diabetes

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

6. Glycaemic Index of foods (GI)

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

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

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

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

The Shapiro-Wilk test showed a non-normal distribution of GI values. Median and 1st and 3rd quartiles
were used to express the value of group-related GI. The evolution of plasma glucose in the course of 210 min
after the meal start is demonstrated (Fig. 20-22).
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Figure 19. Degif XL — printscreen; evolution of P glucose concentration after consumption
of 50 g glucose (red line) and after the tested meal (chocolate) containing 50 g of absorbable
carbohydrates (blue); GI values of tested foods (G-A-R-Y-C) as means of the whole group
of 20 tested persons or of tests for one selected volunteer (VL, Prob. No 20) [41]
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Figure 20. The values of group-related GI of rolled waffers at 5 different times of the day and average value.
The evolution of plasma glucose in the course of 210 min after the meal start [40]
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Figure 21. The values of group-related GI of white bread and ham at 5 different times of the day and average value.
The evolution of plasma glucose in the course of 210 min after the meal start [40]
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Figure 22. The average values of group-related GIs of 6 different foods{[40]

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

7. Intensive selfmonitoring

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

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

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

stability of diabetes control;

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

indicates a dawn phenomenon;

— to explain the postprandial PG variations over the day;

— to identify hypoglycaemias;

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

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

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

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

Figure 25. Continuous glucose monitoring: Sofsensor inserted into subcutaneous tissue and connected
to transmitter Minilink (left); insulin pump Paradigm x22 (right)
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Figure 26. Evolution of HbA1c in PWD1 on CSII (insulin pump Paradigm x22, Medtronic Minimed, Northridge,
CA, USA) when performing selfmonitoring of plasma glucose (SMPG) using glucometer-strips system Advance
(Hypoguard, GB) and during the 3-month period with continuous glucose monitoring (CGM) using Sofsensor
and Minilink (Medtronic Minimed) [50]

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

Yex PecnybOuukacsl Osiomoyn K. YHuBepcuTeTiHIH Meauunaa GpakysabTeTiHiH
KiInHuKacbiHaa (1971-2014) nuadet aypybiHa IATABIKKAH
HAYKACTap TepanusiCblHbIH KJIMHUKAJIBIK 3epTTeyJiep HaTH:KecCi

Maxkanaga 1971-2014 >xpuinap apaibiFblHAa KIMHHKAIBIK 3€PTTCYJCPAiH HOTHIKEICPIHIH JKAJIbl CaHbI
6enrinenren. unabertin 1 Typimen aybipraH amamaapia Kbicka.opeker ererin (MDI) nHcyavH Tepanusch
JKOHE WHCYNMHMHAI Y3aikci3 kyto (CSII) Ttepamusickl THiIMAI €KeHi KepceTiireH. MHCYIHHTe KOFapbl
ce3iMTaIAbIK, Mmrasmaga HDL-xonmectepuH MemmiepiHiH JeHTeiiHIH azalobl, HEWpONATHs TEPaInsICHIHBIH
HOTIDKEIIEPiHIH, €CiHe CaKTayIIbUIBIK TIeH 3eHiHHIH Kakcapysl Oenrinerai. XKoHe e ankorois KaObUIaraH
JKaraaiila KaH KypaMblHJa aJIKOTOJb MMOCTIPAHANANBIIK MOJIICPiHiH a3alFbIH/bIFbl OaliKaaapl. ABTOpIAp
IabeTHKAIBIK He(pOMaTHsIMEH aybIpaThIH aJlaMap/blH OYIpEeK MEH jKYPEK TaMbIp JKYHECiHiH KbpI3METiHe
NukpetuH MeH Jlo3apTaH npenapaTTapbiHbIH KaFbIMABI 9CEpiH KopceTkeH. JKypriziiren emMmaey HOTHKeciHae
IrabeTIeH aypaThlH aHAJIap/IbIH MePUHATATB/IIK 0iMi KOPCETKILITepi TOMEHCTeHI AAMIeNACH .

P.Xnyn

Kinnun4yeckue uccjaeoBaHus pe3yJibTATOB TePanuu 001bHbBIX
caxXapHbIM 11Ma0€TOM B KINMHUKe MeauuuHCKOro pakyjabrera
YuauBepcureta r. Osomoyu, Yexus (1971-2014)

B cratbe cyMMupoBaHbl pe3yabTaThl KIMHUYECKUX HccienoBanuil B nepuox ¢ 1971 mo 2014 roxsr. Ilokasa-
HO, 4TO Yy JIUIL C AHabeToM 1 thma >3¢(eKTHBHON OKa3aylach Tepanus npernapaTaMu HHCYJIMHA KOPOTKOTO Jeii-
ctBusa (MDI), a Taroke Tepanus myTeMm HenpepsiBHOro BauBanus nHcyanHa (CSII). OTmeuanocs NOBBIIIEHNE
YyBCTBUTEJILHOCTH K MHCYJIMHY, CHIDKEHHE YPOBHS cojepxanus B miazme HDL-xonectepuHa, ynydiieHue
pe3yabTaTOB TEpalMi HeHpoIaThH, MoKa3aTelied maMsaTH W BHUMaHMsA. OTMEUEHO TaKXkKe CHIDKEHHE MOCT-
MIPaHUAIBHOTO YPOBHS AIKOTOJIS B KPOBH B CITyJasiX €ro yHoTpeOiIeHus. ABTOpaMHU II0Ka3aHO MOJIOKHUTEIb-
HOoe- BiMsiHUE mpenapatoB Mukpermn u Jlo3apran Ha JeSTENBPHOCTh IIOYEK M COCTOSHHE CEpIeYHO-
COCYANCTON CHCTEMBI y OONBHBIX ¢ anaberudeckoil Heppomarneid. OTMEUEHO CHIDKEHHE IepHHATaIbHON
CMEPTHOCTH MaTepei, OOJIbHBIX ANA0ETOM, B Pe3ysbTaTe NPOBOANUMOTrO JieyeHHs. [IpuMeHeHne HHbEKTOPOB
MHOFOPa30BOT0 MOJb30BaHus (LIIPUL-PYUKH) NT0Ka3a10 00Jiee BHICOKYIO TOYHOCTh BBOAMMOI! JO3bI HHCYIIU-
Ha M MHKPOOHYIO 0€301acHOCTb; aBTOpaMH OBbUIM MOKa3aHbl MPEHMYILECTBA ONpPEJIETICHUS TIIHKEMHUYECKOTO
MHZIEKCA MHUIIK B YCIOBHAX HEIPEPHIBHOTO KOHTPOJIS YPOBHS TIIMKEMHUH, TIPEMMYIIECTBA HCIIOIb30BaHUS IS
CaMOKOHTPOJISI TTIFOKOMETPOB, a TaKKe CHIDKCHHE YPOBHS TIIMKO3MIMPOBAHHOTO TeMOTJIOOWHA TIPH MCHOJIb-
30BaHUH MHCYJIMHOBEIX MOMIL.
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Histochemical method for fluorescent staining of Zn"™-jons in glands

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

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

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

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

Some diabetogenic derivatives of 8<0xyquinolin [SOXQ] possess high chemical affinity for Zn"-ions
and in vitro formed color complexes‘as Zn'*-chelator [7]. One of tits, a 8-para(toluenesulphonylamino)-
quinoline [TSQ] is used for color revealing of Zn"-ions in solutions [8].

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

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

Staining procedures

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

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

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