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The objectives of the research were to study the peculiarities of the intrarenal mechanisms of calcium and phosphates home-
ostasis regulation under the condition of experimental diabetes. The experiments were carried out on 54 white non-linear
mature male rats — 24 animals with 11-, 26- and 46-day long alloxan-induced experimental diabetes mellitus and 30 in-
tact animals of the control. Creatinine, sodium, calcium and phosphates in the urine were determined. Electrolytes excre-
tion, calcium-phosphorus, calcium- and phosphorus-creatinine, sodium-calcium and sodium-phosphorus ratios in urine
were calculated. The study’s results demonstrated the increase of sodium-dependent excretion of calcium and phosphates,
mainly hyperfusional in nature, on the 11" day of the experiment provided by the distal tubules with underlying function-
al overstrain of the tubulo-tubular feedback. The predominance of sodium-dependent distal counter-transport of calcium
was preserved on the 26" day of the experiment, while phosphate reabsorption was related mainly to the proximal tubules.
Reabsorptive defect of phosphates in the proximal and distal tubules was a probable reason for the increase of their urine
content and maximal strain of phosphate homeostasis mechanisms on the 46™ day of the experiment, preserved concerning
calcium. These results evidence the preserved compensatory and functional autoregulatory renal mechanisms for calcium
and phosphate exchange.
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Introduction

Diabetes mellitus (DM) is characterized by the de-
velopment of acute and chronic complications that
differ in the rate of progression and severity and usu-
ally negatively affect the patient’s quality of life and
lead to early disability and death. Recently, pathologi-
cal changes in the bone tissue are increasingly includ-
ed in the group of chronic complications of DM [1-4].
Convincing data indicate a tendency to decrease bone

mass and change the bone tissue microarchitecture,
observed in the case of DM [5-7]. Despite the achieve-
ments in researching the mechanisms and manifesta-
tions of pathological changes in the bone tissue caused
by DM, there is no consensus on the character, fre-
quency and causes of skeletal changes in conditions of
controlled hyperglycemia [5, 8].

At the same time, the state of human mineral me-
tabolism and bone remodeling is largely determined by
the activity of the kidneys as the main efferent link to
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the regulation of water-salt metabolism [9]. Without
diminishing the value of such important links of the
physiological regulation of the mineral composition
of the bodily biological fluids as the condition of the
musculoskeletal system metabolism and the processes
of mineral substances reabsorption in the gastrointes-
tinal tract, it should be admitted that the state of renal
failure significantly stipulates the negative dynamics
of an entire series of parameters of water-salt metabo-
lism, including demineralization of the bone tissue [10].
As a target organ and the site of degradation of most
calcitropic factors, the kidneys significantly affect cal-
cium homeostasis and vitamin D metabolism, and re-
nal disorders are undoubtedly considered a risk factor
for the development of secondary osteoporosis [11-14].

Since diabetic nephropathy is one of the leading caus-
es of renal failure among the numerous chronic compli-
cations that constantly develop against the background
of DM, regardless of its type and duration, it is reasona-
ble to clarify the role of renal dysfunction in the develop-
ment of mineral metabolism disorders in the case of DM.

The objectives of the research were to study the
peculiarities of the intrarenal mechanisms of calcium
and phosphate homeostasis regulation and their con-
nection with the disorders of kidney functional state
under the condition of experimental diabetes.

Material and methods

The experiments were carried out on 54 white
non-linear mature male rats, weighted 0.18-0.20 kg,
kept under identical standard vivarium conditions.
Experimental diabetes mellitus (EDM) was induced in
24animalsbyasingleintraperitoneal administration of
a diabetogenic dose of alloxan (Alloxan monohydrate,
“Acros Organics”, Belgium) - 160 mg/kg of body weight
- after the preceding 12-hour deprivation of food with
preserved access to water ad libitum. 10, 25 and 45 days
after alloxan administration, the diabetic rats (8 ani-
mals in every subgroup) and 30 control (intact) animals
(10 at each stage of the experiment) were loaded with
water in the volume of 5% of the body weight. Urine
was collected for 2 hours; euthanasia was performed by
decapitation under light ether anesthesia.

The level of glucose in the blood samples was de-
termined by a One Touch Ultra glucometer (LifeScan,
USA), and only the data of rats with persistent hyperg-
lycemia exceeding 7.0 mmol/L were considered.

After assessment of water-induced 2-hour diure-
sis (in m1/100 g of body weight for 2 hours), urine cre-
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atinine concentration (in a reaction with picric acid
according to Folin's method) and plasma creatinine
concentration (according to A.K.Merzon's method)
were determined [15], GFR was calculated based on
endogenous creatinine clearance [15]. The concentra-
tion of sodium in urine samples was detected by flame
photometry method, the calcium urine content - by
the intensity of coloration in the presence of o-cresol-
phthalein complexone, and the level of phosphates in
urine - by photometry of the phosphoromolybdate
complex. The calculation of electrolyte excretion was
carried out, correlated with the unit of functioning
nephron [its absolute values were calculated per 100 pl
of glomerular filtrate (GF)] [15, 16], as well as the calcu-
lation of calcium-phosphorus, calcium- and phospho-
rus-creatinine ratios to assess the degree of calciuria
and phosphaturia, sodium-calcium and sodium-phos-
phorus ratios in urine - to evaluate sodium-dependent
mechanisms of tubular transport of cations.

The data obtained were statistically processed,
with the mean value and standard errors determined.
The non-parametric Mann-Whitney rank test, provid-
ed by the software Statistica for Windows, Version 8.0,
was used to assess the probability of difference between
the studied groups [17].

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
0f 09/23/2009 “On measures to improve further organ-
izational norms for work with the use of experimental
animals”.

Results and discussion

Assessment of intrarenal calcium and phosphates
transport in rats with alloxan-induced diabetes showed
that urinary calcium and phosphorus concentration, as
well as the urinary calcium-phosphorus ratio, did not
undergo significant changes at the initial stage of dia-
betic renopathy development in comparison with the
corresponding indices of intact rats, demonstrating a
tendency to decrease - by 8.7 and 6.5% as to urinary cal-
cium and phosphorus concentration and by 6.9% as to
the ratio of their urinary concentrations, correspond-
ingly (Table 1).

However, the excretion of calcium and phospho-
rus increased unreliably - by 7.3% and 10.7%, respec-
tively. Consistently, an assumption arises of a possible
association between the increase of renal excretion of
cations and both the increase of their filtration charge
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Table 1: Characteristics of tubular transport of calcium and phosphates in rats with 11-day aloxane-induced exper-

imental diabetes (X+Sx).

Indices

Calcium concentration in urine, mmol/L

Excretion of calcium, pmol per 2 hours

Standardized excretion of calcium, pmol/100 ml of GF

Phosphates concentration in urine, mmol/L

Excretion of phosphates, pmol per 2 hours

Standardized excretion of phosphates, pmol/100 ml of GF

Calcium-phosphorus ratio in urine, un.

Calcium-creatinine ratio in urine, un.

Phosphorus-creatinine ratio in urine, un.

Sodium concentration in urine, mmol/L

The sodium-calcium ratio in urine, un.

Sodium-phosphorus ratio in urine, un.

Groups, number of animals

Control, n=10 11-day EDM, n=8

1.15+0.11
1.26+0.03 s
3.99+0.49
3.72+0.24 6
1.05+0.04 0.84+0.14
p>0.1
4.64+0.48 4.34+0.48
p>0.6
13.48+1.44 14.92+1.76
p>0.5
3.86+0.40 3.09+0.50
p>0.2
0.304+0.038 0.283+0.037
p>0.8
0.77+0.12
1.34+0.05 e
2.82+0.34
4.93+0.50 e
3.94+0.16
0.72+0.05 ey
3.62+0.32
0.57+0.04 o
0.991+0.111
0.171+0.024 - 0.001

Note: Intergroup differences were assessed using the non-parametric Mann-Whitney test; p — the probability of
discrepancy of indices relative to the control group; n - number of animals.

and the decrease of their reabsorption in the tubules.
Excessive filtration load of calcium and phosphorus
can also be assumed, considering the signs of hyperdy-
namic excretory activity of the kidneys we have estab-
lished earlier in the specified period of EDM [18]. The
significant reduction of calcium-creatinine and phos-
phorus-creatinine urinary ratio in animals with 11-day
EDM vs. controls - by 74.0% and 74.8%, respectively
- was accompanied by reliably high urine creatinine
of rats in this group (by 69.2% higher than the corre-
sponding index in rats of the control group) and does
not exclude the possibility of calcium and phosphates
hyperfiltration on 11* day of EDM.

When analyzing the tubular transport of calcium
and phosphate, it is important to consider the specif-
ic characteristics of their renal reabsorption. Thus,
calcium is reabsorbed all along the nephron, but the
contribution of certain segments of the nephron to pre-

© 2024 The Authors

serving the cation’s level in the body differs [19-21]. The
main areas of calcium reabsorption are the proximal
convoluted and straight tubules (reabsorbed 60-70% of
filtered calcium), the thick ascending part of the Hen-
le’s loop (additional absorption of 20% of filtered calci-
um) and distal tubules (5-10% of calcium reabsorption).
The final correction of calcium excretion is achieved in
the collecting tubules, where calcium transport can be
both reabsorptive and excretory in type [22]. Thus, only
0.5-1.5% of calcium is excreted in the urine under nor-
mal conditions [21, 23, 24].

While the process of calcium ultrafiltration in the
glomerulus is passive (the glomerulus does not belong
to the area of calcium homeostasis regulation), the
transtubular transport of calcium and its reabsorption
varies significantly in certain segments of the tubu-
lar apparatus of the kidneys [21, 24-26]. Calcium reab-
sorption in the proximal sinuous and straight tubules
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occurs primarily through the energy-passive transport
by the paracrine type, which is isoosmotic - calcium,
sodium and water are reabsorbed simultaneously, and
the driving force of reabsorption is initially (in the
more proximal segment) concentration gradient, and
then electrochemical one [21, 26, 27]. Approximately 1/5
of calcium is reabsorbed transepithelially [28].
Calcium transport in Henle’s loop’s thin descend-
ing and ascending segments is practically absent due to
the low cell permeability for it. Meanwhile, in the thick
part of Henle’s loop, the reabsorption of filtered calci-
um occurs in both the medullar and cortical parts, al-
though with different intensities. In the medullar part
of the thick ascending segment of the Henle’s loop, in
general, basal calcium absorption occurs as its passive
transport through the intercellular spaces, and in the
cortical part, its active transport takes place [20, 27].
Calcium reabsorption in the distal convoluted tubules
is driven entirely by active transcellular transport,
which begins with calcium entry to the tubular cell
through calcium channels in the apical cellular mem-
brane by potent concentration gradient and ends with
the removal of calcium from the tubular cell through
the basolateral membrane due to the cooperative func-
tion of Ca2+-ATPase and Na+/Ca2+ countertransporter,
which moves three sodium ions to cells in exchange for
one calcium ion from cells to the interstitium [29-31].
Therefore, the direction and volume of sodium and
calcium reabsorption in this nephron segment are in-
versely related [24, 30-32]. Considering the above, a
significant (6.4 times vs. the control value) elevation
of the sodium-calcium urinary ratio in rats with 11-day
EDM due to a 5.5-fold increase in urinary sodium con-
centration vs. the control indicates that it is the distal
sodium-dependent tubular reabsorption of calcium en-
sures its effective homeostasis. Calcium reabsorption
in the proximal renal tubules occurs simultaneously
with sodium reabsorption [21, 24, 26, 27, 30], and the
latter remains unchanged when standardized per unit
of the functioning nephron in 11-day EDM, as we have
established earlier [33]. Furthermore, due to the over-
loading of the distal segments of the nephron by ultra-
filtrate with a high sodium content and the functional
weakening of the tubulo-tubular balance, the distal
reabsorption of sodium, standardized by GF, is reliably
reduced in EDM of this duration [33], and therefore the
distal calcium reabsorption in this part of the nephron
rises. The latter is confirmed by the reduction (by
20.0% vs. controls) of calcium excretion standardized
by GF, indicating the effective cation reabsorption by
every single nephron. Moreover, a significant decline
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of sodium content in the renal cortex of rats with 11-
day EDM, as we have established previously [34], allows
us to assume that it is the work of the Na+/Ca2+ coun-
ter transporter of the distal tubule of the kidneys that
provides the preservation of the renal mechanisms of
calcium homeostasis.

Meantime, 80% of the filtered phosphorus is reab-
sorbed in the proximal tubules, 10% - in the distal tu-
bules, and only 10% is excreted with the urine [35, 36].
Reabsorption of phosphates has saturation mode until
the capacity of the transport system is exhausted, char-
acterizing its maximal reabsorption. The excess of fil-
tered phosphates exceeding this value is excreted with
the urine [35, 37, 38]. The entry of phosphates to the
proximal tubule cell is carried out through the media-
tion of apical sodium-dependent (Na/P) cotransporters
of types I and II, which are mostly identical in struc-
ture. The main function of reabsorbing phosphate be-
longs to Na/P type II [38-41]. Type II Na/P cotransport-
er is capable of transporting both mono- and bivalent
phosphates (HPO4—/3Na+, HPO4—/2Na+) through the
apical membrane of proximal tubular cells [39, 40, 42].
In contrast to Na/P cotransporter type II, type I Na/P
cotransporter carries out energy-dependent transport
only at high extracellular phosphate levels [39-42].

The above-mentioned features of tubular reabsorp-
tion of phosphates along with a reliable augmentation
of the phosphorus-creatinine urinary ratio of rats with
11-day EDM is indicative of an increase in the filtration
charge of phosphates as the reason for the intensifica-
tion of their excretion with urine. Accompanied by the
intensification of natriuresis and reduction of sodium
reabsorption, typical for this stage of alloxan-induced
EDM (33, 43], a 5.8-fold elevation of the sodium-phos-
phorus urinary ratio can be considered as a filtration
exceeding of the reabsorptive potential of the proximal
tubules. At the same time, the absence of an increase in
the urinary phosphorus concentration is indicative of
sufficiently effective renal mechanisms of phosphate
preservation using, probably, distal tubules, confirmed
by a decline of their excretion, scaled to the unit of the
functioning nephron (by 20.0% as compared to the cor-
responding index of the control group).

On the 26% day after administration of the diabeto-
genic substance, the calciuric response of the kidneys
of rats reached statistically reliable values (the calcium
content in the urine of animals of this group exceeded
that of intact animals by 12.0%, and its excretion - by
24.6%) and was accompanied by a significant intensi-
fication of phosphates excretion - the urine concentra-
tion of phosphorus of animals with 26-day EDM exceeded

© 2024 The Authors



the control level by 88.0%, phosphates excretion - by
2.1 times) (Table 2). Furthermore, the greater intensity
of phosphate excretion has led to a decline of the calci-
um-phosphorus urine ratio of animals in this group by
70.6% as compared to the control level. In addition, on
the background of an increase of urine creatinine by
81.9% [18], the calcium-creatinine urinary ratio of ani-
mals in this group reduced by 60.2%, and the phospho-
rus-creatinine urinary ratio practically did not change
(only by 4.2% differed from control). Analyzing the
sodium-dependent mechanisms of disturbance of the
tubular calcium and phosphates transport, it should be
taken into consideration that at this duration of allox-
an-induced EDM we have established a tendency to the
reduction of sodium urinary content (by 9.5%) accom-
panied by an increase of the total reabsorption potential
of the proximal tubules [33]. It resulted in the 2.2-fold
decline of the sodium-phosphorus urinary ratio in an-
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imals with a 26-day EDM, evidencing the predominant
contribution of proximal reabsorption to the retention
of phosphatesin the animal’s body. Phosphate excretion
standardized by GF, 2.1-times decreased as compared
to the control index, was also evidence of effective re-
absorption of phosphates by single nephrons, proving
their structural integrity at this stage of the experi-
ment. Therefore, the increase in phosphate filtration
charge leads to the overloading of tubular transport
systems by them at the level of the proximal tubule. The
elevation of the phosphates content in the final urine is
probably associated with their exceeding the proximal
tubule reabsorptive capacity and the lack of their distal
reabsorption accompanied by a significant decline of
the distal sodium reabsorption standardized by GF [33].

Moreover, a 25.0% reduction of the sodium-calcium
urinary ratio and a 3.4-fold decrease in standardized cal-
cium excretion indicates the efficacy of the reabsorptive

Table 2: Characteristics of tubular transport of calcium and phosphates in rats with 26-day aloxane-induced exper-

imental diabetes (X+Sx).

Indices

Calcium concentration in urine, mmol/L

Excretion of calcium, pmol per 2 hours

Standardized excretion of calcium, pmol/100 ml of GF

Phosphates concentration in urine, mmol/L

Excretion of phosphates, pmol per 2 hours

Standardized excretion of phosphates, umol/100 ml of GF

Calcium-phosphorus ratio in urine, un.

Calcium-creatinine ratio in urine, un.

Phosphorus-creatinine ratio in urine, un.

Urine concentration of sodium, mmol/L

The sodium-calcium ratio in urine, un.

Sodium-phosphorus ratio in urine, un.

Groups, number of animals

Control, n=10 26-day EDM, n=8

1.25+0.03 l-ggé%gs
4.27+0.20 5-;33%121
1.02+0.03 0;%%86?2
4.90+0.40 91;2<10t.g.5317
16.84+1.54 3‘;33%036?9
3.99:0.34 1-3213%%7
0.273+0.025 0.13‘83%{)14
1.33+0.04 0;%8624
5.22+0.42 5';ii()?é47
0.74+0.03 0.67+0.07
p>0.5
0.60+0.03 0.48+0.05
p>0.1
0.165+0.021 027:%1.86(;10

Note: Intergroup differences were assessed using the non-parametric Mann-Whitney test; p — the probability of
discrepancy of indices relative to the control group; n - number of animals.
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potential of the renal tubularapparatus, mainlyin the dis-
tal part, in maintaining calcium homeostasis in rats with
26-day long alloxan diabetes despite the augmentation of
the calcium filtration charge. Suggestions concerning a
key role of sodium-dependent distal counter-transport of
calcium in ensuring calcium reabsorption are consistent
with our previous findings of lowered sodium content in
the renal cortex in animals of this group [44].

The trends established on the 26 day of alloxan-in-
duced EDM persisted hereinafter. On the 46" day of the
experiment, calcium and phosphorus ions were de-
tected in the urine of alloxan-diabetic rats in amounts
significantly exceeding the control values, in particu-
lar, by 1.2 and 2.1 times, respectively, with an almost
two-fold decrease of the calcium-phosphorus urinary
ratio in animals of this group (Table 3).

Moreover, the excretory fractions of these ions in-
creased significantly as well: calcium excretion exceed-

ed the corresponding index in the group of intact ani-
mals by 27.2%, and phosphate excretion - by 2.3 times.
Their standardization to a unit of the functioning
nephron demonstrated opposite changes: standardized
calcium excretion lessened by 2.3 times vs. control val-
ue, phosphorus - by 22.4%. Thus, despite the augmen-
tation of the filtration charge of cations, the reabsorp-
tive capacity of the tubular apparatus of the kidneys
effectively preserving them in the body on the 46 day
of the experiment. However, the urinary calcium-cre-
atinine ratio of animals in this group was reduced by
57.7%, and the urinary phosphorus-creatinine ratio
tended to increase by 11.2%. Considering the previous-
ly found elevation of urinary creatinine concentration
by 81.9% and pronounced renal hyperfiltration at this
stage of alloxan-induced EDM (18], it can be suggested
that the renal mechanisms of phosphate homeostasis
are overstrained. The decline of the sodium-phosphorus

Table 3: Characteristics of tubular transport of calcium and phosphates in rats with 46-day aloxane-induced ex-

perimental diabetes (X+Sx).

Indices

Calcium concentration in urine, mmol/L

Excretion of calcium, pmol per 2 hours

Standardized excretion of calcium, pmol/100 ml of GF

Phosphates concentration in urine, mmol/L

Excretion of phosphates, pmol per 2 hours

Standardized excretion of phosphates, pmol/100 ml of GF

Calcium-phosphorus ratio in urine, un.

Calcium-creatinine ratio in urine, un.

Phosphorus-creatinine ratio in urine, un.

Urine concentration of sodium, mmol/L

The sodium-calcium ratio in urine, un.

Sodium-phosphorus ratio in urine, un.

Groups, number of animals

Control, n=10 46-day EDM, n=8

1.27+0.04 l-gfzsg%gs
4.19+0.34 5?33%;0
1.01:0.05 Obi%t.gb?
5.08+0.44 1(;38.1(?(.)(156
16.68+1.77 3;'33?036}0
4.06+0.41 3.15£0.37
p>0.1
0.272+0.029 0-;12&%.00104
1.23+0.06 Oﬁ)ﬁ)i.gb%
4.91+0.49 5-;33?.336
0.56+0.06 1-;33%}6
0.45+0.06 0-;78%110
0.121+0.019 0.110:0.016
p>0.7

Note: Intergroup differences were assessed using the non-parametric Mann-Whitney test; p — the probability of
discrepancy of indices relative to the control group; n - number of animals.
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urinary ratio (by 10.0%) is probably related to the over-
saturation of the ultrafiltrate with phosphatessince the
urinary concentration and excretion of sodium ions in
animals of this group, as we have detected earlier [33,
43], significantly raised. Given the reliable reduction of
the intensity of standardized by GF proximal and distal
sodium reabsorption in rats with 46-day EDM [33, 43],
we can suggest the defect of maximal reabsorption of
phosphates in the proximal and distal tubules of the
kidneys as a probable reason for the increase in their
content in the final urine.

Atthe same time, a reliable rise of the sodium-calci-
um urinary ratio by 41.6% certifies the preserved renal
mechanisms of calcium homeostasis during 46-day-
long alloxan-induced hyperglycemia. However, it is an
alarming fact that along with the development of tub-
ulointerstitial disorders we have found earlier for this
duration of EDM [45], and inevitable structural chang-
esin the tubular apparatus of the kidneys and interstit-
ium, the depletion of the reabsorptive capacity of the
tubular apparatus of the kidneys, reflected both on the
proximal and on distal tubules, will cause a redistribu-
tion of the content of cations between the vascular, tu-
bular and interstitial compartments of the kidneys. An
increase in the entry of calcium into the tubular cells
and a reduction of the activity of the basolateral Na/Ca
exchanger can lead to the elevation of the intracellular
concentration of free calcium. The latter, due to the
activation of phospholipases, proteases, hydrolases
and disturbance of cytoskeleton functions, will pro-
mote the damage and even death of cells [21, 27, 46, 47],
thereby exacerbating the manifestations of tubuloint-
erstitial syndrome. This emphasizes the importance of
changes in the tubular transport of calcium and phos-
phates in the progression of tubulointerstitial disor-
ders against the background of diabetic renopathy, and
the character of disorders of the intrarenal circulation
of cations allows the identification of a possible mech-
anism and level of structural or functional reorganiza-
tion of the kidneys.

Undoubtedly, calcium-phosphorus homeostasis is
regulated by a complex mechanism that, in addition
to the renal compartment, includes intestinal absorp-
tion and bone circulation of cations, and the stability
of each component of this mechanism is ensured by
well-coordinated hormonal regulation [1, 48, 49]. How-
ever, in our opinion, in diabetes mellitus, it is the renal
regulation of mineral metabolism and the peculiarities
of transtubular transport of cations that determine the
course of the pathological processin the kidneys, itsin-
tensity and the rate of renal failure progression.

© 2024 The Authors
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Conclusions

The development of calcium-phosphorus home-
ostasis disturbances in the dynamics of experimental
diabetes is a consequence of an imbalance of calcitropic
factors and of kidney dysfunction in response to meta-
bolic processes induced by hyperglycemia. Transtubu-
lar transport of calcium and phosphates in the case of
alloxan-induced experimental diabetes mellitusis char-
acterized by changes in the intensity of tubule-specific
reabsorption of cations, including sodium-dependent
ones, and depends on the duration of the experiment.
The increase of sodium-dependent excretion of calcium
and phosphates is mainly hyperfusional in nature on
the 11** day after the administration of a diabetogenic
substance and, due to the filtration overload of the prox-
imal tubules, is provided by the distal parts of the tubu-
lar apparatus of the kidneys against the background of
the functional overstrain of the tubulo-tubular feed-
back. A similar tendency regarding the predominance
of sodium-dependent distal counter-transport of calci-
um is preserved on the 26 day of the experiment, while
phosphates reabsorption relates mainly to the proximal
tubules in case of this duration of the experiment. Re-
absorptive defect of phosphates in the proximal and
distal tubules of the kidneys is a probable reason for the
increase of their content in the final urine and for the
maximal strain of the mechanisms of phosphate ho-
meostasis in the case of 46-day alloxan-induced hyper-
glycemia accompanied by their preservation concern-
ing calcium. Furthermore, the identified peculiarities
of intrarenal cation transport evidence the preserved
compensatory and functional autoregulatory renal
mechanisms for calcium and phosphate exchange and,
at the same time, enables the identification of a possible
mechanism and level of structural or functional reor-
ganization of the kidneys in diabetes, the prognostica-
tion of the intensity and augmentation rates for tubu-
lointerstitial disorders in case of diabetic renopathy.
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