OLENOVYCH, Olha & ZUKOW, Walery. Osmotic concentration of urine in the dynamics of the development of alloxan-induced experimental
diabetes. Journal of Education, Health and Sport. 2022;12(10):389-400. eISSN 2391-8306. DOI_http://dx.doi.org/10.12775/JEHS.2022.12.10.045
https://apcz.umk.pl/JEHS/article/view/42555

https://zenodo.org/record/7632534

The journal has had 40 points in Ministry of Edllcatlon and Suence of Poland parametric ion. Annex to the of the Minister of Education and Science of December 21, 2021. No. 32343.

Has a Journal's Unique ifier: 201159. Scienti i Physical Culture Sciences (Field of Medical sciences and health sciences); Health Sciences (Field of Medical Sciences and Health Sciences).
Punkty Ministerialne z 2019 - y rok 40 p ow. Zal ik do il Ministra Edukacji i Nauki z dnia 21 grudnia 2021 r. Lp. 32343. Posiada Unikatowy Identyfikator Czasopisma: 201159.
Przypisane dyscypliny naukowe: Nauki o kulturze fizy j (Dziedzina nauk yeznych i nauk o zdrowiu); Nauki o zdrowiu (Dziedzina nauk medycznych i nauk o zdrowiu).

© The Authors 2022;

This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland

Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author (s)
and source are credited. This i |s an open access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike.

(http://er 4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any medium, provided the work is properly cited.

The authors declare that there is no conflict of interests regarding the publication of this paper.

Received: 10.09.2022. Revised: 02.10.2022. Accepted: 30.10.2022.

UDC 616.379-008.64-092.9:612.466.21

OSMOTIC CONCENTRATION OF URINE IN THE DYNAMICS OF THE DEVELOPMENT OF ALLOXAN-
INDUCED EXPERIMENTAL DIABETES

Olenovych Olha, PhD, MD — Associate Professor of the Department of Clinical Immunology, Allergology and Endocrinology,
Bukovinian State Medical University, Chernivtsi, Ukraine.

https://orcid.org/0000-0002-9824-8885

E-mail: olenovych.olga@bsmu.edu.ua

Zukow Walery
Nicolaus Copernicus University, Torun, Poland
https://orcid.org/0000-0002-7675-6117

E-mail: w.zukow@wp.pl

Abstract

In order to clarify the peculiarities of the osmotic concentration of urine in the dynamics of the development of
alloxan-induced experimental diabetes mellitus (EDM), the experiments were carried out on 54 white non-linear mature male
rats after modeling of diabetes by intraperitoneal administration of alloxan (Alloxan monohydrate, «Acros Organics», Belgium)
at a dose of 160 mg/kg of body weight after a previous 12-hour food deprivation with preserved access to water. 10, 25, and 45
days after the administration of the diabetogenic substance, 24 alloxan-diabetic rats, as well as 30 control (intact) animals, were
loading with water in a volume of 5% of body weight, urine was collected for 2 hours, euthanasia was performed by
decapitation under light ether anesthesia. In blood samples, the level of glucose and creatinine was determined, in urine
samples, after the assessment of water-induced 2-hour diuresis (in ml/100 g of body weight in 2 hours), the concentration of
creatinine was determined, the clearance of endogenous creatinine, the clearance of osmotically free water, as well as relative
(tubular) reabsorption of water were calculated, the content of glucose, urea, its excretion were determined, including
standardized by 100 pl of glomerular filtrate, as well as urine osmolarity.

The results of the study allow the statement that as the duration of experimental diabetes mellitus increases, the
pathogenetic significance of hyperfiltration, which determines the speed of fluid movement along the tubule and the intensity
of its absorption, weakens in relation to the processes of osmotic concentration of urine, yielding to other factors, such as the
osmolality of the renal medulla, as well as the presence of substances in the fluid of the distal segment and collecting tubes,
whose reabsorption can change their concentration in the collecting tubes as urine moves. In diabetes, in addition to glucose,
such substances include urea. Attempts to analyze the renal excretion of urea revealed that changes in its urinary concentration
are definitely correlated with the dynamics of changes in urine osmolality. Moreover, it can be assumed that urea transport
disorders in the diabetic kidney occur earlier than the ability to excrete osmotically active substances in general. A combined
investigation of the processes of renal transport of urea and urine osmolality can serve as an early verifier of tubulointerstitial
damage. Nevertheless, to improve the reliability of the interpretation of the features of the osmotic urine concentration in
diabetes, we consider it necessary to study the character of the renal transport of electrolytes (sodium, potassium, calcium, and
ammonium).

Key words: experimental diabetes, alloxan, urine osmolarity, urea, osmotic concentration of urine.

INTRODUCTION

In modern nephrological and endocrinological literature, a lot of attention is paid to the pathogenesis, clinical
manifestations and treatment of diabetic kidney disease — a complication of diabetes, which directly determines the prognosis
and life expectancy of patients. In most studies, the main focus is on glomerular damage and the development of the
pathogenetic mechanism of hyperfiltration and intraglomerular hypertension. At the same time, data from recent years indicate
the role of tubular damage in the development of diabetic nephropathy [1]. The functional and hemodynamic consequences of
such damage need to be studied and detailed, since the inability of the tubular apparatus of the kidneys to effectively
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homeostasis the internal environment of the body, ensuring adequate removal of water, ions and osmotically active substances,
will certainly have not only organ-specific, but also systemic consequences.

Therefore, the purpose of our study was to find out the peculiarities of the osmotic concentration of urine in the
dynamics of the development of alloxan-induced experimental diabetes mellitus (DM).

MATERIALS AND METHODS RESEARCH

The research was conducted on 54 sexually mature non-linear male white rats, weighing 0.18-0.20 kg, which were
kept under identical standard vivarium conditions. The influence of different duration hyperglycemia on the processes of
osmotic concentration of urine was studied under the conditions of experimental diabetes mellitus (EDM), which was
simulated by intraperitoneal administration of alloxan solution (Alloxan monohydrate, «Acros Organics», Belgium) at a dose
of 160 mg/kg of body weight after the preceding 12-hour food deprivation with preserved access to water. 10, 25, and 45 days
after the administration of the diabetogenic substance, 24 alloxan-diabetic rats (8 animals in each subgroup), as well as 30
control (intact) animals (10 each at each stage of the experiment), were loaded with water in a volume of 5% of body weight,
urine was collected for 2 hours, euthanasia was performed by decapitation under light ether anesthesia.

The level of glucose in blood plasma samples was determined using a One Touch Ultra portable glucometer (LifeScan,
USA) with further consideration of findings from rats with permanent hyperglycemia exceeding 7,0 mmol/L. The glucose
content in urine samples was determined by a colorimetric enzymatic method using a standard diagnostic kit of Liquick Cor-
GLUCOSE reagents (Poland).

Further analysis of urine samples, s well as blood plasma, enabled the evaluation of kidney functional state by the
clearance method [2, 3]. After the assessment of water induced 2-hour diuresis (in ml/100 g of body weight per 2 hours), the
concentration of creatinine in the urine (in the reaction with picric acid in urine according to the Folin’s method) and in blood
plasma (according to the Merson’s method) was determined [3], endogenous creatinine clearance [2, 3], clearance of
osmotically free water, as well as relative (tubular) reabsorption of water [4] were calculated.

The level of urea in urine samples was determined by the photometric method using standard diagnostic kits of
Liquick reagents Cor-UREA (Poland) with registration of results at a wavelength of 340 nm. The rate of urea excretion was
correlated with a unit of functioning nephron (absolute values were calculated per 100 pl of glomerular filtrate (GF)) [4]. Urine
osmolarity was determined using an Osmomat 030 osmometer (GONOTEC GmbH, Germany) according to the standard
method.

Statistical processing of the obtained data was carried out with the establishment of mean value and standard errors.
The non-parametric Mann-Whitney rank test (for samples with a non-normal distribution of values) and paired Student's t-test
(for comparing quantitative indices with a normal distribution) were used to assess the probability of a difference between the
studied groups [5].

The research was carried out in compliance with the provisions of the EU Directive No. 609 (1986) and the Order of
the Ministry of Health of Ukraine No. 690 of 09/23/2009 «On Measures for Further Improvement of the Organizational
Standards of the Use of Experimental Animalsy.

RESULTS AND DISCUSSIONS

As we noted earlier [6], the increase in the clearance of endogenous creatinine as the duration of EDM was extended
was accompanied by an increase in the hyperosmolarity of urine (Fig. 1) and a persistent tendency to decrease the level of
glycosuria (Fig. 2) disproportionately to the glycemic indicators during the corresponding periods of the experiment (Fig. 3) .
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Fig. 1. Urine osmolality of rats in the dynamics of the development of alloxan-induced experimental diabetes
* — significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the Student’s paired criterion.
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Thus, on the 11th day of the experiment, the excretion of glucose with urine increased significantly, probably not only due to
its suprathreshold content in the blood, but also due to a significant limitation of its reabsorption, which may be associated with
the functional inability of the proximal tubules to adequately absorb glucose through the effect of overloading the system of its
transporter proteins [6, 7].
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Fig. 2. Glucose concentration in the urine of rats in the dynamics of the development of alloxan-induced experimental
diabetes
* — significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the non-parametric Mann-Whitney criterion.

The presence of a significant amount of osmotically active glucose in the lumen of the proximal tubules can prevent the
obligatory reabsorption of water in the descending part of Henle’s loop — the relative reabsorption of water during the 11-day
EDM non-reliably increases by only 1.2% (Fig. 4).
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Fig. 3. Glucose concentration in the blood of rats in the dynamics of the development of alloxan-induced experimental
diabetes
* —significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the non-parametric Mann-Whitney criterion.
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Therefore, the osmolarity of the fluid in the proximal tubules exceeds the osmolarity of the interstitium of the outer
renal medulla, restraining the movement of water along the osmotic gradient and preventing the primary concentration of urine
by the renal recirculation system [8]. Equilibration of the osmolar concentration of the interstitium of renal medulla, which is
known to increase in the direction from the cortical zone to the papilla of the kidneys [9], probably also does not occur, which
potentiates blood hyperosmosis in the early stages of the development of EDM. The latter, in turn, provokes an ADH-
dependent reaction of the distal parts of the nephron.
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Fig. 4. Relative water reabsorption in rats with alloxan-induced experimental diabetes of different durations
* — significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the non-parametric Mann-Whitney criterion.

Osmotic diuresis under the conditions of vasopressin secretion should be accompanied by intensification of reverse
absorption of osmotically free water [10], however, as our studies have shown, the clearance of osmotically free water in 11-
day long EDM reliably increases by 13.4% (Fig. 5).
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Fig. 5. Clearance of osmotically free water in rats with alloxan-induced experimental diabetes of different durations
* — significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the non-parametric Mann-Whitney criterion.
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Bearing in mind that our studies were conducted under conditions of water-induced diuresis, which is characterized by a
decrease in the reabsorption of osmotically free water in the collecting tubes [10], one should not ignore the fact that the latter
depends not only on the vasopressin-regulated permeability of the tubular wall to water, but also on a number of factors.
Among them there are the speed of fluid movement along the tubule and the corresponding intensity of its absorption, the
osmolality of the renal medulla, which determines the size of the osmotic gradient between the interstitium of the renal medulla
and the lumen of the collecting tubules, as well as the presence of substances in the fluid of the distal segment and collecting
tubules, the reabsorption of which can change their concentration in the collection tubes as the urine progresses [10].
Analyzing the possibility of the influence of the above factors on the processes of osmotic concentration of urine under
the conditions of experimental alloxan-induced hyperglycemia, one should start with the importance of hyperfiltration in the
genesis of osmoregulation disorders in diabetes. As it was shown by our studies [6], the intensification of urination in the
dynamics of the development of EDM is accompanied by an increase in the osmolarity of urine along with an increase in the
clearance of osmotically free water. And if in 11-day EDM hyperfiltration itself can be considered responsible for the limited
intensity of glucose absorption during movement through the tubules, then the gradual decline of glucose content in the urine
of rats with developing EDM, despite the limitation of its relative reabsorption [6], suggests the idea of a determining role of
other factors in the osmotic concentration of urine, such as tubulointerstitial disorders due to the redistribution of other
osmotically active substances between the ultrafiltrate and the interstitium of renal medulla. Since it is known that the most
active osmolates of Henle’s loop are sodium and urea, and only urea — in the collecting tube [9], we analyzed the changes in
the excretion of the latter by the diabetic kidney.

The urinary concentration of urea in 11-day long EDM significantly decreased (by 1.8 times) as compared to the rate of
intact animals, whereas its excretion was 1.6 times lower, including standardized by the volume of GF — 2.1 times — than the
corresponding control indices (Fig. 6). Such results, on one hand, allow to state the preserved reabsorption of urea in the
proximal convoluted tubule, on the other hand, they are not consistent with the assumption regarding the participation of urea
in the formation of the concentration gradient in the kidney interstitium, since the reabsorption of water from the collecting
tubules in 11-day long EDM decreases, and its clearance — raises significantly. Thus, summing up, hyperhydration due to the
induction of water diuresis limits the endogenous production of ADH and proves the predominance of water diuresis over
osmotic diuresis on the 11th day of the experiment.
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Fig. 6. Urinary excretion of urea in rats with 11-day alloxan-induced experimental diabetes
* —significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the non-parametric Mann-Whitney criterion.

Analyzing the features of the osmotic concentration of urine in 26-day long alloxan-induced EDM, we found slightly
different regularities. Against the background of the maximal level of hyperfiltration at all the investigated periods of the
experiment, hyperglycemia was accompanied by a reliable limitation of the relative reabsorption of glucose by the proximal
tubules and, accordingly, significant glucosuria, although less intensive as compared to the 11-day long EDM. The fact of a
significant elevation of the relative water reabsorption in 26-day long alloxan-induced hyperglycemia is noteworthy, creating
the prerequisites for the assumption of an increase in the osmotic concentration of the interstitium of renal medulla. At the
same time, the concentration of urea in the urine of animals with 26-day long EDM demonstrated an upward trend and was
21.0% higher than the corresponding index in the group of intact animals (Fig. 7). Its excretion raised by 37.4%, however,
calculated per unit volume of GF, it was 3.2 times lower than the rate of intact animals, indicating a probable violation of urea
reabsorption in the proximal convoluted tubule. Therefore, it is the excretory fraction of urea that probably determines the
increase in the osmolarity of the urine of rats of this experimental group to a greater extent than the glucose content init.
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Fig. 7. Urinary excretion of urea in rats with 26-day alloxan-induced experimental diabetes
* —significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the non-parametric Mann-Whitney criterion.

It can be assumed that urea transport disorders in the diabetic kidney occur earlier than the ability to excrete osmotically active
substances in general. At the same time, the higher level of clearance of osmotically free water in rats with 26-day EDM
indicates a limitation of vasopressin effect on the permeability of the medullary parts of the collecting tubules, relatively small
concentrations of urea in the interstitium of the inner medulla, and possibly significant tubulointerstitial disorders.

These trends persisted on the 46th day after the administration of the diabetogenic substance. Despite the highest level
of glycemia for all periods of the experiment, the concentration of glucose in the urine was the lowest in comparison with the
indices in 11- and 26-day long EDM, although the relative reabsorption of glucose was markedly reduced. A significant
elevation of the relative tubular water reabsorption (by 4.4%) testifies to an increase in the osmolar concentration of renal
medulla and the formation of an osmotic gradient for the movement of water to the peritubular space.

The intensification of urea excretion in animals with 46-day long alloxan diabetes should be noted: urinary
concentration of urea increased by 61.0% and its excretion by — 75.7% in comparison with the controls (Fig. 8). However,
standardization of the excretory fraction of urea by the volume of GF revealed its reliable decline by 38.4%. The augmentation
of the excretory fraction of urea against the background of hyperfiltration prevents its reabsorption from the collecting duct to
the interstitium and probably contributes to a fairly high clearance of osmotically free water. Despite this, on the 46th day of
the experiment, the maximal level of urine osmolality was established, which may be indicative of a limitation in the
sensitivity of the collecting tubes to the action of vasopressin and may serve the signs of kidney damage and serious violations
of the tubulointerstitial compartment [6].

Thereby, the level of glycemia, the intensity of glucose reabsorption determine the very possibility of osmotic diuresis,
but the subsequent reaction of the distal segment of the nephron to these changes depends on the degree of tubulopathy and
tubulointerstitial disorders in a diabetic kidney. Disturbance of osmoregulation in diabetic renopathy requires a clear distinction
between the concepts of violation of the osmotic concentration of urine by the kidney and the development of cellular
resistance to vasopressin, which is reported by some authors [11]. The data we obtained indicate a positive correlation between
the rate of urination and the reabsorption of osmotically free water [6]. As the duration of the experiment increases, the
influence of hyperfiltration on the processes of osmoregulation weakens, as well as the osmolality of urine in the dynamics of
EDM. There is an assumption that the defect in osmotic concentration is not as much related to the reaction of cells on
vasopressin as to the difficulty of implementation of its effect in the kidney due to structural changes of the tubulointerstitial
compartment, in particular. It is believed that in diabetes it is hyperglycemia that is responsible for hyperosmosis, which
regulates the secretion of vasopressin and the intensity of reabsorption of osmotically free water, processes of osmotic
concentration of urine. At the same time, chronic kidney disease can be accompanied by hyperosmia due to the accumulation
of urea in the blood plasma, which also induces the reaction of osmoreceptors and the osmoregulation system. Moreover, it is
known that osmoreceptor cells, which regulate the release of ADH into the bloodstream, are more sensitive to the
concentration of urea than to glucose [11]. A possible conflict of osmoregulation systems arises due to the necessity to respond
simultaneously to blood osmolality and its volume. The search for a «compromise» between osmoregulation systems is
probably not limited by reabsorption of osmotically free water under conditions of hypervolemia or transtubular redistribution
of fluid. In our opinion, a comprehensive interpretation of osmoregulation features and the kidneys’ ability to concentrate urine
in diabetic renopathy requires an assessment of the transcellular transport of cations, in particular,
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sodium, potassium, calcium, and ammonium, and determination of their role in the processes of osmoregulation and
volumeregulation.
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Fig. 8. Urinary excretion of urea in rats with 46-day alloxan-induced experimental diabetes
* — significant difference in comparison with control group p<0.05; assessment of intergroup
differences was carried out using the non-parametric Mann-Whitney criterion.

Conclusion. The obtained data is indicative of a very complex genesis of violations of the mechanisms of osmotic
concentration of urine against the background of experimental alloxan-induced diabetes. Many components of this process
require further study. Interpretation of the data is complicated by the combination of hyperfiltration under the conditions of
water-induced diuresis with elements of osmotic diuresis, typical for diabetes and associated with hyperglycemia and
glycosuria. At the same time, the analysis of the obtained data allows the statement that as the duration of experimental
diabetes mellitus increases, the pathogenetic significance of hyperfiltration, which determines the speed of fluid movement
along the tubule and the intensity of its absorption, weakens in relation to the processes of osmotic concentration of urine,
yielding to other factors, such as the osmolality of the renal medulla, as well as the presence of substances in the fluid of the
distal segment and collecting tubes, whose reabsorption can change their concentration in the collecting tubes as urine moves.
In diabetes, in addition to glucose, such substances include urea. Attempts to analyze the renal excretion of urea revealed that
changes in its urinary concentration are definitely correlated with the dynamics of changes in urine osmolality. Moreover, it
can be assumed that urea transport disorders in the diabetic kidney occur earlier than the ability to excrete osmotically active
substances in general. A combined investigation of the processes of renal transport of urea and urine osmolality can serve as an
early verifier of tubulointerstitial damage. Nevertheless, to improve the reliability of the interpretation of the features of the
osmotic urine concentration in diabetes, we consider it necessary to study the character of the renal transport of electrolytes
(sodium, potassium, calcium, and ammonium).
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OCMOTHUYHE KOHUOEHTPYBAHHS CEYI B IMHAMIII PO3BUTKY AJIOKCAH-IHAYKOBAHOT O
EKCHEPUMEHTAJIBHOI'O HYKPOBOI'O JIABETY
OunenoBuu Oubra
BykoBUHCHKHIT ep)kaBHUN MEeIMYHUI yHIBepcUTeT, UepHiBui, YKpaina
Zukow Walery
Nicolaus Copernicus University, Torun, Poland

Pe3iome. 3 MerTolo 3’sicyBaHHS OCOOJIMBOCTEHl OCMOTHYHOIO KOHIIEHTPYBAaHHS Cedi B JUHAMIlli PO3BUTKY aJOKCaH-1HIYyKOBAaHOTO EKCIEPHMEH
TanbHOro IykpoBoro aiabery (ELL/I), mpoBeaeni AoCHikeHHs Ha 54 CTaTEBO3PUIMX HETIHIHHUX caMIpix Oumx uiypiB, y skux EIJ] MomemoBaiu HUIIXOM
OJHOPA30BOT0 BHYTPILIHBOOUEPEBUHHOrO BBeneHHs 10-M TBaprHam po3unHy anokcany (Alloxan monohydrate, «Acros Organicsy», benbris) 8 1031 160 m
I/KI' MacH Tija micis nomepequsoi 12 -roauHHOI menpuBamii Dki npu 30epeskeHoMy xoctymi mo Boau. Yepes 10, 25 ta 45 ni6 micns yBemeHHs xia
OeToreHHOi pedyoBHHH 24-M alOKCaH-Aia0eTHYHUM IIypaM, a TakoK 30-TH KOHTPONBHHM (IHTAKTHHM) TBapuHaM, OPOBOAMIHHABAHTAKECHHS
BOJIOTIHHOIO BOIOIO B 00°eMi 5% Macu Tina, cedy 30Mpaid ympoOOBK 2 TOIMH, 3OIMCHIOBAJIM €BTAHA3il0 HUIAXOM JAeKarmiTauii mij JerkuMm edipHuM
3HEOONEHHAM. Y Ipobax KpoBi BH3HAYAIM DIBEHb ITIIOKO3M Ta KpEaTHHiHY, y Ipodax cedi, Icas OLIHKH BOJHOIO IHIYKOBAHOTO 2-TOAMHHOTO Iiype
3y (8 mi/100 r macu Tina 3a 2 roQWHH), BU3HAYAIH KOHICHTPAIIIO KPeaTHHiHYy, PO3PaXxOBYBAH KIIPEHC €HIOreHHOTO KPEATHHIHY, KIIPEHC OCMOTHYHO
BUTBHOI BOJIH, @ TAKOX BiAHOCHOI (TyOyrsipHOT) peaGcopOiii Boay, BU3HAYAIM BMICT [IFOKO3H, CEYOBHHH, il €KCKPELio, B T.4. y mepepaxyHky Ha 100 mxi
KIIyOOUYKOBOTO (piJIbTPaTy, 8 TAKOXK OCMOJISIPHICTB Ceyi.

Pe3ynbTaTé [OCTIKEHHS JO3BOJSAIOTH KOHCTATYBATH, LIO MO Mipi MOAOBXKEHHS TEPMIiHIB EKCIEPUMEHTAILHOTO IyKPOBOTO miabeTy marore
HETHYHA 3HAYYLICTh rinmepdiabTparii, M0 BU3HAYAE MIBUIKICTh PYXy PIAMHU B3IOBXK KAHANbBLYI if IHTCHCHBHICTh ii BCMOKTYBaHHs, cilalluae IOAO MpO
[eciB OCMOTHYHOIrO KOHLCHTPYBAaHHs CEdi, MOCTYIAYKCh IHIIMM (hakTopaMm, SIK-OT OCMOJSIPHICT MO3KOBOI PEYOBHHH HHPOK, a TAKOXK HASBHICTH y il
HHI IUCTAIBHOTO CErMEeHTa 1 30MpabHUX TPYOOK PEUOBHUH, peaOcopOilis KOTPHX 34aTHA 3MIHIOBATH 1X KOHICHTPAIIiI0 Y 30MpaabHUX TPYOKax Mo Mipi mpocy
BaHHA cedi. 32 IyKpOBOro [ia0erTy, OKpiM TIIIIOKO3H, A0 TaKHX PEYOBHH HAJCKHTh cedoBHHA. COpoOM aHamizy HHPKOBOI EKCKpELil CEeYOBHHH BUSIB
WIH Te, WO 3MiHM ii ce40BOi KOHIIEHTpaLlii, 0€3yMOBHO, CIIBBIHOCATHCS 3 JIMHAMIKOIO 3MiH OCMOJIIPHOCTI cedi. Bijblie TOoro, MOXXHa IPUIYCTUTH, IO
MOPYLICHHS TPAHCIIOPTY CEYOBUHHU Y Iia0eTHYHIH HUPLI BUHUKAIOTH PaHillle, HiX 3JaTHICTh O eKCKpPeLii OCMOTHYHO aKTHBHHUX PEYOBHH B wminmomy. Crijb
HE IOCIIHKCHHs MPOLECIB HUPKOBOTO TPAHCIOPTY CEYOBHHHM T4 OCMOJLIPHOCTI cedi MOXKE CIYryBaTH PaHHIM BepH(IKaTopoM TyOyIOIHTEpCTHIIHHHX
MOMIKO/DKEHb. THM HEe MEHII Juisl 30UIbIICHHS] HaIMHOCTI TPaKTyBaHHSI OCOOIMBOCTEH OCMOTHYHOrO KOHLICHTPYBAHHS Cedi 3a IIyKPOBOTO [iabery BBax
aeMO HeOOXiTHUM BHBYCHHS XapaKTepy HUPKOBOTO TPAHCIIOPTY EIEKTPOIITIB (HATPIIO, KaJii0, KAIIbLII0 Ta aMOHIIO).

Kawu4oBi cjioBa: ekcriepuMeHTaIbHIHA IyKPOBHIA 1ia0eT, aJIOKCaH, OCMOJISIPHICTh CEYi, CECUOBHHA, OCMOTHYHE K
OHIICHTPYBaHHS Ceui.

BCTYII

VY cyuacHili He(poNOriyHill Ta €HIOKPHHOJIOTIYHIM JiTepaTypi NPHIIISEThCS OaraTo yBard NaTOreHe3y, KIIHIYHUM IIPOSBAM Ta JIKYBaHHIO
niabeTH4HOI XBOPOOM HHUPOK — YCKIaJHEHHS I[yKpoBOro aiabery, mo Oe3mocepeqHbO BH3HAYa€ IPOTHO3 Ta TPHUBATICTH XXUTTSA XBOpUX. Y Oimbmrocti
JOCII[DKEHb OCHOBHA yBara 30Cepe/DKeHa Ha TJIOMEPY/SIPHHX —YIIKOXKACHHSX 1 PO3BHUTKY ITATOTCHETHYHOrO0 MeXaHi3My rimepdinprpamii Ta
BHYTPIIIHBOKITyOO4KOBOI rineprensii. BogHovac, qaHi ocTaHHIX pOKiB BKa3yIOTh Ha POJIb KAHAIIBLIEBUX MTOLIKOKEHb Y PO3BUTKY JiabeTnyHol Hedponarii [1].
ODyHKIIOHAIBHO- TeMOJMHAMIYHI HACHiIKU TaKHUX IOIMIKOKEHb IOTPeOYIOTh BUBUEHHS 1 JeTali3allil, OCKIIbKH HEeCIPOMOXKHICTh KaHAJBIEBOTO arapary
HHPOK e(heKTHBHO TOMEOCTa3yBaTH BHYTPILIHE CEPEAOBHUIIE OPraHi3My, 3a0e3Meuyioun afeKBaTHe BUBEACHH BOH, i0HIB T OCMOTHYHO AKTUBHUX PEYOBHH,
0e3yMOBHO, MaTHME He JIMIIE OpraHocienudivHi, a i CHCTEMHI HACIIAKHA.

Biarak, MeT0oI0 Hamioro AOCJHiIKeHHsI Oyino 3’sicyBaTH OCOOJMBOCTI OCMOTHYHOrO KOHIEHTPYBAHHS cedi B IMHAMIL PO3BHTKY aJOKCaH-
iHIYKOBAHOTO €KCIEPUMEHTAIBLHOTO IyKpoBoro miadery (ELLJT).

MATEPIAJIA I METOAU JOCJIKEHHSA

JocmimkenHs: npoBefeHi Ha 54 CcTaTeBO3PIMHX HEMiHIMHMX camisx Oimux wmypiB, macoro 0,18-0,20 Kr, SKMX yTpUMYBaJIH 3a iJEHTHYHUX
CTaHJApPTHUX YMOB BiBapito. BB rimepriikemii pi3HOT TPUBAIOCTI Ha IIPOLECH OCMOTHYHOIO KOHIIGHTPYBAHHS CeUi BUBYAIH 32 YMOB €KCIIEPUMEHTAIEHOTO
mykposoro aiabery (ELL/L), KoTpHil MOJEIIOBANIM IUIIXOM OJHOPAa30BOr0 BHYTPIIIHBOOYEPEBHHHOIO BBeAeHHs 10-M TBapuHaM po3unHy anokcany (Alloxan
monohydrate, «Acros Organicsy, Bexnbris) B 1031 160 Mr/kr macu Tina micis monepeaHboi 12-roauHHoI AenpuBanii ki Ipu 30epekeHOMY AOCTYII 10 BOIH.
UYepes 10, 25 Ta 45 ni6 micns yBemeHHS AiaOeTOreHHOI pedOBHHH 24-M aJloKCaH-miabeTHYHUM Inypam (1o 8 TBapHH y KOXHIH miarpymi), a takoxk 30-ta
KOHTPOJILHUM (1HTaKTHHM) TBapHHaM (1o 10 y KO>kHilf Ha KOXKHIH cTazii eKCIepuMeHTY), IPOBOAWIN HaBaHTaXXEHHS BOJOTIHHOIO BOIOIO B 00’eMi 5% macu
Tina, cedy 30HpaIu yIpOIOBXK 2 TOANH, 3AIHCHIOBAIN €BTAHA3II0 IIULSIXOM JeKamiTanil mi JerkuM ehipHuM 3HEOOTCHHIM.

V¥ npobax KpoBi BH3HAaYaId PiBEHb INIIOKO3M 3 JOIOMOToI0 HopraTuBHOro rirokomerpa One Touch Ultra (LifeScan, CIIIA) Ta BpaxoByBaiu B
MOJANBIIIOMY JIMIIE MOKA3HHKM ILIypiB 3i CTifiKOIO rimepriikemiero, mo csrana mouany 7,0 Mmoip/n. Y mpobax cedyi BHU3HAYANM BMICT [JIFOKO3U
KOJIOPUMETPUYHUM CH3UMAaTHYHUM METOJIOM 3a JIOIOMOTOK0 CTaHAAPTHOro AiarHocTuuHoro Habopy peakruiB Liquick Cor-GLUCOSE (TTonbiua).

Topanpumii anami3 npo6 cedi Ta MIa3MH KPOBi JO3BONMIM OLIHHUTH IisUTBHICTh CYAHHHO-KIIyOOYKOBOTO amapaTy HUPOK KiipeHc-meronom [2, 3].
TTicyist OLIHKY BOJHOTO iHIYKOBAHOTo 2-rouHHOro Aiypesy (B mi/100 r macu Tina 3a 2 roAMHHM) BU3HAYaIM KOHLCHTPAIIiI0 KPEaTHHIHY B cedl (B peakiii 3
MKPUHOBOK KHCJIOTOI 3a MeToaukor Poiina) Ta B M1a3Mi  kpoBi (3rimHo Meroamknm Mepson A.K.) [3], po3p@@ByBamn KIIpPEeHC E€HIOTEHHOTO
KkpeatuHiny [2, 3], KIpeHC 0cMOTHYHO BiIbHOI BOJIH, a TAKOX BiHOCHOT (TyOyspHOi) peabcopbuii Bomu [4].

PiBeHb ceyoBHMHHM y mpoOax cedi BH3HAYaId (JOTOMETPUYHHM METOJOM 3a JOIOMOIOK0 CTaHIAPTHUX JiarHOCTHYHUX HabopiB peakTuBiB Liquick
Cor-UREA (Ilonbmia) 3 peectpauito pe3ynbrariB Ha mpu AoBxuHi XxBuai 340 HM. Iloka3sHHK eKCKpelii CEeYOBHHH CIIBBITHOCHIM 3 ONMHHLCIO IIFOYOTO
Hedpony (abcomotHi ii BenmmumHH mepepaxoByBamu Ha 100 Mrn wimyboukoBoro ¢imbrpary (K®)) [4]. OcMOMSIpHICTS cedi BH3HAYAM 33 JOHOMOIOO
ocmomerpa Osmomat 030 (GONOTEC GmbH, Himeuunna) 3a cTaHZapTHOIO METOIUKOIO.

CraructnyHa 00poOKa OTpMMAHHX J[@aHHMX 3/iMCHIOBAIach i3 BH3HAYEHHSM CEPeJHBbOI BEIMYMHH, CTAHAAPTHUX BiAXWIeHb. s OLiHKH
BIPOTiJHOCTI PI3HHII MDK AOCHI/UKyBAaHUMH TPYIIaMH 3aCTOCOBYBAJIM HEMApaMEeTPUUYHUI paHroBuil kputepiii Manua-YitHi (st BHOIPOK 3 PO3MOILTIOM
BEJIMYHH, BiIMIHHHM BiJl HOPMAJIbHOT0) Ta MapHuii t-kpuTepiit CT’foqeHTa (Ui MOPIBHAHHSA KUTbKICHHX IOKa3HHUKIB 3 HOPMAJIBHUM PO3Moiaom) [5].

JlocmipKeH s IPOBOANITHCS 13 oTpuMaHHsaM nonokeHb Jupexktisu €CEC Ne609 (1986) ta Hakasy MO3 Ykpainu
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Ne690 Bix 23.09.2009 p. «IIpo 3axoxu MO0 NOAAIBIIOrO yIOCKOHAJICHHS OpPraHi3aliifHIX HOPM pOOOTH 3 BUKOPHCTAHHSIM EKCIEPUMEHTAIBHUX TBAPHHY.

PE3VJILTATH i OFTOBOPEHHS

SIk 3a3Havanocs Hamu paime [6], 3pocTaHHS KIIpeHCy EHIOTeHHOTO KpeaTHHIHy 10 Mipi momosxkeHHS TepMiHiB ELUJI cynmpoBomiyBanocs
HapOCTaHHSIM TilepOoCMOILIPHOCTI cedi (puc.l) Ta CTiHKOI0 TEeHAEHIEI0 O 3MEHIICHHS PiBHS MIIOKO3Ypiil (pUc.2) AUCIIPONOPLIHHO IOKa3HUKAM IIIiKeMil y
BIMOBIHI TepMiHH EKCIIEPUMEHTY (pHC.3).

ocmons/n

0,283
M KOHTpPONbL, N=10 w ELLO, N=8
0,25 |
0,2
ES
0,165
0,15 3 |
0,1 0,089 i B
0,077 | 0,082
| 0,069
0,05 -
11-penHwnia ELLA 26-aerHwia ELLA A6-nerHnia ELLA,

Puc. 1. OcmoasipHicTh cedi LIypiB B IMHAMIlli PO3BUTKY aJI0KCAH-IHAYKOBAHOI0 eKCIIePUMEHTAIBLHOIO AiadeTy

* _ BiporigHicTh pO30iKHOCTI IOKA3HUKIB BiTHOCHO KOHTPOII0 P<0,05; OLIHKY MiTPyIOBHX BiIMiHHOCTel 31iCHIOBATH

3a JIOMOMOT'OK0 MapHOTo Kputepito CThIO/IEHTA.

Tak, Ha 11-if IeHb EKCIIEPUMEHTY EKCKpELlis IIFOKO3M 3 CEYe0 iCTOTHO 3pOCTaia, MOBIpHO, HE JIMIle 4Yepe3 ii HaIIOpOroBH BMICT y KpOBi, a i depes
JOCTOBipHEe OoOMexeHHs1 1i peabcopOuii, 1m0 Moxke OyTH MOB’si3aHe 3 (YHKIIOHAIBHOK HECIPOMOXKHICTIO MPOKCHMAJIbHHX KAHAJBIIB [0 aJeKBATHOrO
BCMOKTYBAHHS [IFOKO3H uepe3 e()eKT MepeBaHTAKEHHS CHCTEMH ii OinKiB-TpaHcmoprepis [6, 7).

MMOoNe/ M KoHTponb, Nn=10 ELLO, n=8

9 - -

8

a,26

1,14

1 ) | ]
0,14 0,11 0,09 [
(o]

11-pewnnwia ELLAO, 26-penuwnia ELLA A6-pgeHHMia ELLA,

Puc. 2. KoHueHTpauis ri110ko3u B cevi IypiB y IHHAMIli pO3BUTKY aJIOKCAH-IHIYKOBAHOI'0 eKCIIEPMMEHTAJIBLHOIO AiadeTy

*— BIpOriAHICTH PO301KHOCTI MOKA3HHUKIB BIAHOCHO KOHTPOIO p<0,05; OLIHKY MIKIPYHOBHX BiqMiHHOCTEH 3/1ii{CHIOBAIIH 32 JOMOMOTOI0 HEIAPaMETPUIHOTO KPUTEPII0
Mamna-VYirtHi.

[NepeOyBaHHs 3HAYHOT KITBKOCTI OCMOTHYHO aKTHBHOI IIFOKO3H Y MPOCBITI MPOKCHMAIbHUX KaHAIBIIIB 3aTHE MePeIKoIKaTH obmiraTHiii peabcopbuii Boau
y HUCXigHOMy Bimaimi mermi ['emne — BimHocHa peabGcopOuis Boau 3a 11-mennoro ELL I HemocToBipHO 3poctae juie Ha 1,2% (puc.4).

mMmmons/n B KoHTpoab, Nn=10 w1 ELLO, n=8 ] -

11,5 11,10
10,5
9,93

9,5 L

8,06

5,0

— |
a5 L S

11-nenuwia ELLA, 26-aeHHmia ELLA A46-neHHKmia ELLO,

Puc. 3. KoHueHTpanisi 1Jil0ko3u B KPOBi YpiB y IMHAMIlli PO3BUTKY aJI0KCAH-IHAYKOBAHOI'0 eKCIIePUMEHTAILHOIO J1iadeTy

* — BIpOTiHICTh PO301XKHOCTI MOKA3HUKIB BIIHOCHO KOHTPOIi0 P<0,05; OLiHKY MIXXIPYIIOBUX BiAMIHHOCTEH 3iCHIOBAIIN 32 JOIIOMOTOI0
HemapaMeTpUYHOro Kpurepiro Mana- ViTHi.
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OrKe, OCMOJISIPHA KOHLCHTPALIIS PiIMHH IPOKCHMAJIbHUX KaHANIBLIB [IEPEBHILYE OCMOJISIPHICTb IHTEPCTHIIII0 30BHIIIHBOI MO3KOBOI PEYOBUHH HUPKH,
CTPUMYIOYH PYX BOAM 332 OCMOTHYHHMM TPaIi€HTOM 1 3amo0irarodd MepBHHHOMY KOHICHTPYBAaHHIO Ce4i MOBOPOTHO-MHOKHJIBHOIO CHCTEMOIO HHUPOK [8].
BpiBHOBa)KEHHSI OCMOJISIPHOI KOHIICHTpAIlii IHTEPCTHIIF0 MO3KOBOTO LIapy HHPOK, KOTPA, SIK BiIOMO, 3pOCTa€ y HAMPSAMKY BiJ KipKOBOI 30HH IO COCOYKA
HHPOK [9], fiMOBipHO, TaKOX He BiOYBa€ThCs, IO MOTEHIIIIOE TiNepOCMiro KpoBi Ha paHHIX eranax po3BuTky ELIJI. OcranHs, B cBOO yepry, npoBokye AJII-
3aIIEKHY PEAKI[I0 THCTATBHUX Bi;l;‘%ms HedpoHy.

| M KoOHTpOoab, N=10 w ELLA, n=8 |
100

£
98,22 >
3 - ~97,51

o9

o8

97

26

S5

924

93,08 S

o3
92

|
|
|
|
!
I 24,16
|
o1 |
|

11-peduwmia ELLA 26-neHHmia ELLAO A6-aeHHWA ELLAO,

Puc. 4. BinnocHa pea6cop0uist Boau y IypiB 3 a10KcaH-iHAYKOBAHHM eKCIepHMeHTAILHHM JiadeToM pi3Hoi TpuBaiocTi

* _ BiporigHicTh Po36iNHOCTI MOKA3HKMKIB BiAHOCHO KOHTPOIO P<0,05; OLIHKY MiXIpyIIOBHX BiIMiHHOCTEI! 3ilicHIOBAIM

3a JIOTIOMOTOF0 HeTapaMeTpUYHOTo Kputepito Mana-ViTHi.

i 3a|2 roA. | s KoHTponb, n=10 i ELLA, n=8
2 3,81
3,7 :
3,56
3’ 5 - * — — 4 = 4 -
3,31
3,3
;0 R 4 5 L L
2,92

2,9
HE
2.5

11-paenuwnia ELLA 26-gexnni ELLAO 46-nennHunia ELLA

Puc. 5. KimipeHc ocMOTHYHO BiTbHOT BOJIM Yy IIypiB 3 aJIOKCaH-iHIyKOBAHUM €KCTIEPUMEHTAIBHIM J[iabeTOM Pi3HOI TpUBANoCTi

* _ piporizHicTs po36iKHOCTI TOKA3HUKIB BiIHOCHO KOHTpOMO p<0,05; OIiHKY MiKrpyTOBHX BiIMiHHOCTEH 31iifCHIOBATH

3a JOMIOMOTr'0I0 HeMmapaMeTpUYHOro Kputepito Mana-YiTHi.

OcMoTHYHHI [iype3 B yMOBax CeKpelil Ba3ONpecHHy MOBHHEH O CYMPOBOIKYBATHCS iHTEHCHU(DIKALI€I0 3BOPOTHHOrO BCMOKTYBAHHS OCMOTHYHO

BibHOT Boay [10], onHaK, K MPOJEMOHCTPYBAIIH Hallli JIOCHIKEHHS, KIipeHC OCMOTHYHO BiibHOI Boau 3a 11-nennoro EIIJI nocroBipHo 3pocTae Ha 13,4%
(puc.5).
[Nam’siTarous Ipo Te, IO HAII JOCIIIHKEHHS TPOBOANINCH 32 YMOB iHIYKOBAHOTO BOAHOIO Jiype3y, SIKOMY BIACTHBE 3HIDKEHHs peabcopOriii ocMOTHYHO
BUIBHOT BoM y 30mMpanbHuX TpyOkax [10], He cmix 3amumaryu Ge3 yBaru Toi (axT, IO OCTAHHS 3al€KUTh HE JIMIIE BiJl PETyIbOBAHOI Ba30NPECHHOM
IPOHUKJINBOCTI KaHAIBIEBOI CTIHKM JUIS BOAW, a Ie W Bix Hm3kM ¢akTopiB. Cepen HMX — IIBHIKICTh PYXy PIIMHM B3/OBX KaHAJIBIS 1 BiANOBinHA
IHTEHCHBHICTD 1i BCMOKTYBAaHHS, OCMOJISIPHICTh MO3KOBOI PEYOBHHU HHPOK, KOTPA BH3HAYAE BEIUYHHY OCMOTHYHOTO IPAJi€HTa MK IHTEPCTHIIIEM MO3KOBOL
PEUOBHHM HUPOK Ta MPOCBITOM 30MpallbHAX TPYOOK, a TAKOXK HAasABHICTh Y PifMHI IUCTAIBHOTO CETMEHTa i 30MpabHNX TPYOOK pedoBHH, peabcopOris KOTpHX
371aTHA 3MIHIOBaTH 1X KOHIIEHTpAIlif0 y 30MpanbHuX TpyOKax 1o Mipi mpocyBanHs cedi [10].

AHaNI3yI0ud MOXIHMBICTh BIUIMBY HaBEACHHX (DAKTOPIB HA MPOIECH OCMOTHYHOIO KOHIIEHTPYBAHHS Cedi 32 yMOB €KCIIEPHMEHTANIbHOI alOKCaH-
iHIyKOBAHOI TinepriikeMii, ciJ po3nodatH 3i 3HaueHHs TinepdimbTparii y renesi posnaznis ocmoperymsmii 3a LI/l Sk mokaszamm Hamn jgocmiukeHHS [6],
iHTeHcH(iKalisi CeYOBUALTCHHs B AnHaMini po3BuTKy EIJ[ CympoBOMKYETHCS 3pOCTAHHAM OCMOJLIPHOCTI Ce4i MOPS 31 3pOCTaHHSM KIIPEHCY OCMOTHYHO
BinbHOT Boau. Ta sikuio 3a 11- gennoro EL/L came rinepdinprpaiiito MOXKHA BB2KATH BiAIOBITAIBHOIO 32 0OMEXEHY IHTEHCHBHICTh BCMOKTYBAHHSI TJIFOKO3H
IiJ] 9ac pyXy KaHAJbISIMH, TO MOCTYIIOBE 3MEHIIEHHS BMIiCTY ITIOKO3H B Cedi IIypiB 1o Mipi nporpecyBants EIJ], He3paxaroun Ha 0OMeXeHHs 11 BITHOCHOI
peabcopouii [6], HAITOBXyE HAa AYMKY PO BU3HAYATIBbHY POJIb iHIIHX (HAKTOPIB OCMOTHYHOTO KOHLICHTPYBAHHS Cedi, SIK-OT TYOyI0iHTePCTULIIHH] TOPYLICHHS
4yepe3 Mepepo3noAilT iHIIUX OCMOTHYHO AKTHBHHX PEYOBHH MK yabTpadinbTpaToM Ta IHTEPCTHIIEM MO3KOBOI PEYOBHHH HHPOK. OCKIMBKU BiZOMO, IO
HalaKTUBHIIINMH OCMOJIIMH NeTHi I'eHiie € HaTpiif Ta ceqoBHHA, a 30MpasbHOT TPYOKH — JIHIIe cedyoBHHA [9], MM ITpoaHai3yBaly 3MiHN BUJIIEHHS OCTaHHBOI
iabeTHYIHOI0 HUPKOIO.

CevoBa KoHueHTpanis cedoBunH 3a 11-mernoro ELJ] mocrosipro 3menmyBamacst (y 1,8 pasa) mopiBHSAHO 3 MOKa3HMKOM iHTaKTHHMX TBapHH,
npuaoMy ii eKckperis BusBmnacs y 1,6 pasa MeHIIOro, B T.4. CTaHAapTH30BaHa 3a 00’emom K® —y 2,1 pasa — 3a BiANOBiIHI MOKa3HUKN KOHTPOIIO (pHC.6).
Taki pe3ynpTaTd, 3 OQHOrO OOKY, JO3BOILSIFOTH KOHCTATYBAaTH 30€peKeHy peabCcopOIii0 CeYOBHHH Y MPOKCHMAILHOMY 3BUBHCTOMY KaHAIBLI, 3 1HIIOTO — HE
Y3TODKYIOTBCSI 3 MPHUITYLICHHSM IIOJ0 YYacTi CEYOBHHH y (OpPMYyBaHHI rpagi€HTa KOHLEHTpAL[i B iHTEPCTHLII HUPOK, OCKUIBKH peabcopOris Boau 3i
30upansHUX TpyOouok 3a 11-nennoro ELJ 3HmKyeThCs, a ii KimipeHc — 10cToBipHO 3pocTae. TakuM YMHOM y MiZACYMKY — Tinepriaparanii BHaCcHif0K iHIyKmil
BOJIHOTO Jiype3y 0OMexye eHaoreHny npoaykiiio AJ[l" Ta 3acBiadye nmepeBakaHHsi BOOHOTO Aiype3y HaJ OCMOTHYHKUM Ha 1 1-if IeHb eKCIIepUMEHTY .
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Puc. 6. BunineHHs ce40BHHY 3 ceuelo y mypiB 3 1 1-1eHHHM aloKcaH-IHIyKOBaHHM €KCIICPHMEHTAIBHUM J[iabeToM

* _ BiporigHicTh pO3GIKHOCTI I0KA3HUKIB BiTHOCHO KOHTpOIIO P<0,05; OUIHKY MIKIPYTOBHX BiIMiHHOCTEH 3xiiicHIOBATH

3a JOMIOMOT0I0 HeMmapaMeTPpUYHOro Kputepito MaHa-YiTHi.

AHaN3yl0ud OCOONHUBOCTI OCMOTHYHOTO KOHLICHTPYBaHHSI cedi 3a 26-7IeHHOro anokcaH-ingykoBanoro EIJ], wmamu BusiBiaeHi memio iHmi
3akoHOMIpHOCTI. Ha Ti1i MakcumanbHOro piBHS rinepdinbTpaiii 3a BCi TOCITIHKEHI TEPMIHH eKCIIEPUMEHTY, TIilepIiiKeMisi CYIpOBOKYBAINUCS JOCTOBIPHUM
O0OMEKXEeHHSIM BiHOCHOI peabcopOmii INIFOKO3W IPOKCHMAIbHUMH KaHAJIBLSIMHU i, BIANOBiIHO, 3HAYHOIO IIIIOKO3Ypi€I0, XO04a i MEHII iHIICHCHBHOIO Y
nopiBusiHHi 3 11-gernum ELJT. 3Beprae Ha cebe (hakT iCTOTHOro MmiABHILEHHS BiIHOCHOI peabcopOiii Boau 3a 26-1eHHOI aTOKCaH-1HAYKOBaHOI rimepriikemii,
1[0 CTBOPIOE TIEPEAYMOBH ISl MPHITYIICHHS TIPO MiJABUILECHHS OCMOTUYHOI KOHIEHTPALIl IHTEPCTULIII0 MO3KOBOI PEYOBUHH HUPOK. [Ipy 1IbOMy KOHIIEHTpaLLis
ceyoBHHH y cedi TBapuH 3 EIJ] 26-neHHOi TpuBanocTi BHSBHIA TEHIEHLIIO O 3pocTaHHs i Ha 21,0% mepeBHIyBana BiJIOBIZHUN NOKA3HUK y TPy
inTaxTHUX TBapuH (puc.7). Ii exckpenis 3pocTana Ha 37,4%, ofHAK, MepepaxoBaHa Ha OJIMHHINO 00°eMy K® BoHa BusBIIacs y 3,2 pa3a MEHIIOK 3a TIOKA3HUK
IHTAKTHUX TBAapWH, BKa3ylO4d Ha BIPOTiJHE MOPYLICHHS peaOcopOLii CeYOBHHH y MPOKCHMAIbHOMY 3BHBHCTOMY KaHambll. Bigrak, came ekckpeTopHa
(paxuis ce4oBHHH, HMOBIPHO, BU3HAYAE 3POCTAHHS OCMOJIIPHOCTI cedi IIypiB i€l eKCIIepHMEHTAIBHOI TPy OLIBIIOI0 MipO0, HK BMICT IJIIOKO3HU B HIil.
MosKHa MPHUITYCTUTH, 110 HOPYIICHHS TPAHCIOPTY CEYOBHHH y AiaOeTHYHIN HHPLI BHHUKAIOTH PaHille, HiXX 30aTHICTh 0 eKCKpPEIlii OCMOTHYHO aKTHBHHX
pedoBuH B winomy. BogHowac, HaBUINMH PiBEHb KIIPEHCY OCMOTHYHO BinbHOI Boau y mrypiB 3 26-menHuM EIJ] cBimuuth mpo OOMEKEHHS BILTHBY
Ba30MPECHHY Ha IPOHUKJIMBICTh MENYJISIPHUX BB 30MpaIbHUX TPYOOK, BITHOCHO HEBEJIMKI KOHIIEHTpAIlii CEYOBUHH y IHTEPCTHIIT BHYTPIIIHBOI MO3KOBOL
PEYOBHHH, T2, MOJKIIHBO, ICTOTHI TyOYIOIHTEPCTHIIHHI TOPYIICHHSL.
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Puc. 7. BugisieHHs! CEYOBUHH 3 ceyero y IYPiB 3 26-1eHHHM aJIOKCAH-IHAYKOBAHUM eKCIIepUMEHTAILHUM JiadeTom

* _ BiporigHicTh po3GIKHOCTI I0KA3HUKIB BiTHOCHO KOHTpOIIO P<0,05; OUiHKY MIKIPYTOBHX BiIMiHHOCTEH 3aificHIOBATH

3a JOIIOMOT'0I0 HellapaMeTpUYHOro Kputepiro MaHa-YiTHi.

3a3HaveHi TeHJeHNii 30epiramucs i Ha 46-i eHb IiCI BBEIEHHS JiaOeToreHHOi pedoBHHU. HesBaxarouw Ha HaiBUIMII piBeHb TilikeMil 3a yci
TEPMiHHN eKCIEPHMEHTY, KOHIEHTpAIlisl TJII0KO3M y cedi Oyiia HalHIKYOK Y TOPIiBHSAHHI 3 MokasHuMKoM |1-nerHoro ta 26-mnennoro EINJI, xoua BimHOCHa
peabcopOList TIIFOKO3M JOCTOBIPHO 3MeHIIyBanacs. JlOCTOBipHE 3pocTaHHs BiHOCHOI TyOymsipHOi peabcop6buii Boau (Ha 4,4%) 3acBimuye MHiABUILCHHS
OCMOJISIPHOI KOHIIEHTpALlii MO3KOBOI pEYOBHHH HUPOK 1 CTBOPEHHS OCMOTHYHOTO I'paJiicHTa I PyXy BOIY IO IEPUTYOYISIPHOTO IPOCTOPY.

Cnig BigMIiTUTH iHTeHCH(IKALIIO BHALICHHS CEUYOBHHH Yy TBapuH 3 46-ICHHHM AlOKCAHOBHM iabeToM: cedoBa KOHLICHTPAILsS CEYOBHHH
30inpnryBanacst Ha 61,0% BifgHOCHO 11 piBHS y IHTaKTHUX LIypiB, a i1 exckperis — Ha 75,7% (puc.8). IIpote, cTangapTH3amis eKCKpeTOpHOI Gpakiii ce4oBHHA
3a 06’emoM K® BusiBuiIa nocToBipHe i 3MeHIeHHs Ha 38,4%. 3pocTaHHs eKCKpeTOpHOI (pakiiii ce4oBHHM Ha T Tinepdinbrparii 3anobirae 1 peadbcopOuii 3i
30HpaIbHOI IPOTOKHU 0 IHTEPCTHILIO 1, HIMOBIPHO, TOTYYAETHCS IO JOCUTH BHCOKOTO KJIIPEHCY OCMOTHYHO BiIbHOI BoAu. Ta He3Bakalouu Ha 1ie, Ha 46-1eHb
eKCIIEPHMEHTY BCTAHOBJIICHO MaKCHMAJIbHHI PIBEHb OCMOJSPHOCTI cedi, [0 MOXKE BKa3yBaTH HAa 3MCHIICHHS YyTIMBOCTI 30MpaibHUX TPyOOK 10 Aii
Ba30MPECHHY Ta CIYTyBaTH O3HAKAMH YLIKODKCHHSI HUPOK, CEPHO3HUX MOPYLIECHb TYyOyI0iHTEPCTULIHHOTO KOMITAPTMEHTY [6].
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Puc. 8. BunijieHHsI ce40BUHH 3 cevel0 y INYPiB 3 46-1eHHNM AJIOKCAH-IHIYKOBAHUM eKCIIePHMEHTAIBLHUM JiabeToM

* _ BiporifHicTh pO3GIKHOCTI I0KA3HUKIB BiTHOCHO KOHTpOIIO P<0,05; OUIHKY MIXKIPYTOBHX BiIMiHHOCTEH 3xiiicHIOBATH

3a JOMIOMOT0I0 HeMapaMeTpHYHOro Kputepito MaHa-YiTHi.

Omxe, piBeHb TITiKeMil, HIBUIKICTH peabCcopOLii ITI0KO3U 3YMOBIIOIOTH CaMy MOMJIMBICTh BHHHKHEHHS OCMOTHYHOIO Aiype3y, IMPOTe HACTYIHA
peaxiisi JUCTAIBHOTO CerMeHTa He()poHY Ha IIi 3MiHM 3aJIeKHTh BiJ CTyIeHs TyOymomarii Ta TyOyJOiHTEpCTHIIHHNX MOpPYIISHb Ha Tii Jia0eTHYHO! HUPKH.
IMopymenHs ocMoperyssinii Ha T 1iabeTHdHO1 peHonarii moTpedye YiTKOro po3Me)KyBaHHS IOHSTH HOPYIISHHS OCMOTHYHOTO KOHIICHTPYBAHHS cedi HUPKOIO
Ta PO3BUTKY KIITHHHOI PE3UCTEHTHOCTI IO Ba3OMPECHHY, MPO SIKY MOBIIOMIAIOTH nesiki aBropu [11]. Otpumani Hamu [aHi BKa3ylOTh Ha MO3UTHBHY
KOPEJISIII0 MK IIBUAKICTIO CEYOBHIUICHHS Ta peabcopOliero OCMOTHYHO BinbHOI Boau [6]. Ilo Mipi 30iIbIICHHS TEPMIHIB EKCIIEPUMEHTY BIUTHB
rinepdinpTparii Ha HpoIecH OcMOperyilii ciadmae, sK 3MiHIOETbCsS H ocMospHICTh cedi y aumHamini EI/[. Bunukae npumymeHss, mo xedext
OCMOTHYHOTO KOHIIEHTPYBAHHS IIOB’sI3aHUIl HE CTUIbKU 3 PEaKIi€l0 KIITHH Ha Ba3OIPECHH, CKUTbKHU 3 YTPYIHEHHsIM peaiizamil ioro epexTy B HUpII yepe3
CTPYKTpYHi 3MiHH, 30KpeMa, TyOyJIOiHTepCTHIIIfHOro KOMIapTMeHTy. BBaxarors, mo 3a LIJI came rimepriikeMis BigmoBifaibHa 3a TillepocMiro, KOTpa
PETYITIOECEKPELIiI0 Ba30IPECHHY Ta IHTCHCHBIHCTh peabCcopOrii OCMOTHYHO BUIBHOI BOJM, MPOLECH OCMOTHYHOTO KOHLIGHTPYBaHHS cedi. Pa3oMm 3 THM,
XPOHIYHA XBOP0Oa HUPOK MOXKE CYIIPOBOKYBATHCS TIIEPOCMII0 Yepe3 HAKOMMUYCHHS B [UIa3Mi KPOBi CEYOBHHH, LIO TAKOXK IHAYKYE PEAKIII0 OCMOPELEHTOPIB
Ta CHCTEMH oOcMoperyismii. binpmre Toro, BimoMo, IO OCMOPELENTOpHi KJIITHHHU, IO pEryarooTh BHBiIbHeHHS AJIIT y KpoBoOIUMH, OiNI 9yTiawMBi 1O
KOHIIEHTpalii CeYOBHHM, HDK Iimoko3u [11]. MoxmuBuil KOHQUIIKT CHCTEM OCMOpEryisnii BUHUKAae dYepe3 HEOOXiOHICTh pearyBaTH OJHOYAcHO Ha
OCMOJIIPHICTB KpOBi Ta ii 06’ eM. [Iommyk «KoMIpomicy» Mik CHCTEMaMH OCMOPETYJIALIl, BipOTiAHO, He 0OMEKYEThCS JHIIe PeabcopOLie0 OCMOTHYHO BUTBHOL
BOJIM 32 YMOB TillepBoJIeMii UM TPaHCTYOYISIPHOTO Iepepo3noaity piauHy. [loBHONIHHA iHTEepHpeTalis 0cOOIMBOCTEH OCMOPETyJIALIl Ta 3aTHOCTI HUPOK JI0
KOHILICHTPYBaHHS cedi 3a Aia0eTWYHOI peHomnaTii, Ha Hamly IyMKY, NOTpeOye OLIHKH TPAHCLEMIOISIPHOIO TPAHCIIOPTY KaTiOHIB, 30KpeMa, HATpilo, Kallilo,
KaIIbIIiI0 Ta AMOHII0, BU3HAYCHHS 1X POJIi Y MpoLiecax 0CMO- Ta BOIFOMOPETYIISLIL.

BucnoBok. OtprMaHi JaHi CBig4aThb PO BENBMM CKIAIHUH TeHe3 IOpYIIeHb MEXaHi3MiB OCMOTHYHOIO KOHIIGHTPYBaHHS cedi Ha T
eKCIEPHMEHTAILHOTO AJIOKCAH-1HyKOBaHOIO IlyKpoBOro aiabery. baraTo ckiiaoBHX LbOroO NpoLECy MOTPeOYIOTh MOJAJIBIIOrO BUBUYCHHS. IHTepmperariis
JIAHUX YCKIIAJHIOETHCS CIIOTyYeHHM TinepdiibTpanii 3a yMOB BOZHOTO iHIYKOBAHOTO Aiype3y 3 €IeMEHTaMH OCMOTHYHOTO Jiype3y, BIACTHBOTO I[yKPOBOMY
niabeTy Ta IOB’S3aHOrO 3 TINEPITIKEeMI€l0 Ta IIIOKo3ypicio. PazoMm 3 TuM, aHami3 OTpUMAaHMX JAaHHX JO3BOJISE KOHCTATYBaTH, IO IO Mipi IOJOBXKEHHS
TEPMiHIB EKCIIEPHMEHTAIBHOTO IIyKPOBOIO AiabeTy MaToreHeTHYHa 3HAYYIIICTh rinepdinpTparii, 10 BH3HAYAE MBUAKICTh PYXy PIAMHU B3IOBX KaHAIBLS i
IHTEHCHBHICTD ii BCMOKTYBaHHS, CIa0ILIa€ MIONO MPOLECIB OCMOTHYHOrO KOHIEHTPYBAHHs Cedi, MOCTYMAIOYHCh IHIIMM (PAaKTOpaM, SIK-OT OCMOJIAPHICTH
MO3KOBOI PEYOBHHU HHUPOK, a TAKOXK HASBHICTH y PiIVHI AUCTaJBHOTO CETMEHTa i 30MpaJIbHUX TPYOOK pedoBHH, peabcopOlis KOTPUX 37aTHA 3MIHIOBAaTH iX
KOHIIEHTPALI0 y 30MpajbHUX TPyOKax MO Mipi mpOCyBaHHs cedi. 3a LyKPOBOrO AiabeTy, OKpiM TIIFOKO3H, O TAKUX PEYOBHH HAIEKHTHh cedoBuHa. Crpobu
aHai3y HUPKOBOI €KCKPEIil CeYOBHHH BHABKIH T€, L0 3MiHH 1i CE4OBOI KOHIEHTPALii, 6€3yMOBHO, CIiBBiJHOCITHCS 3 JUHAMIKOIO 3MiH OCMOJISIPHOCTI cedi.
binpie Toro, Mo>xHa IPHITYCTHTH, IO IOPYIIEHHS TPAHCIIOPTY CEYOBHHY y AiaOeTHUHIH HUPLi BHHUKAIOTH paHillle, HXK 3[aTHICTb IO eKCKpeLii 0CMOTHYHO
aKTUBHUX DPEYOBHH B wimomy. CrhiibHE AOCHIHKEHHsS MPOLECIB HUPKOBOrO TPAHCIOPTY CEYOBHHH Ta OCMOJSIPHOCTI Cedi MOXE CIyryBaTH PaHHIM
Bepu(DiKaTOpoM TyOYIOIHTEPCTHIIHUX MOMIKO/DKEHb. TUM He MeHHmI /s 30iIbLICHHS HAAIHOCTI TPAKTYBaHHA  OCOOJHBOCTEH OCMOTHYHOIO
KOHIIEHTPYBaHHSI cedi 3a I[yKpOBOT'o Jia0eTy BBa)kacMO HEOOXiTHMM BHBYCHHS XapaKTepy HHPKOBOTO TPAHCIOPTY ENEKTPOJITIB (HATpilo, KaJIio, KaIbIiio Ta
aMOHII0).
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