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Abstract

Introduction. Traumatic events are currently considered to be one of the topical
issues. The progression of renal failure plays an important role in the pathogenesis of
traumatic disease. It is essential to evaluate the ability of renal tubular epithelium to the urine
osmotic concentration in order to indicate the direct renal tubular damage. A sodium-free
water clearance (S-CH20) is a sensitive indicator reflecting the kidneys ability to concentrate
the urine. It is established that the renal functional state, the resistance of the kidneys to the
development of various disorders depends on the estrogen concentration. The key mechanism
of the indirect effect of estrogens on the kidneys is via their direct antioxidant action.
However, the role of estrogens in the pathogenesis of oxidative and functional impairments of
the kidneys in the presence of cranioskeletal trauma is insufficiently studied. There is no data
available on the efficacy of hormone replacement therapy under those circumstances.

The objective of research: to determine the pro-oxidant-antioxidant balance and renal

concentrating capacity following the cranioskeletal trauma model in rats with bilateral
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ovariectomy in the period of late manifestations of the traumatic disease and evaluate the
efficacy of hormone replacement therapy.

Material and methods: The experimental studies were conducted on 64 white non-
linear female rats weighing 200-220g. The experimental model of hypoestrogenism was
performed through the surgical removal of gonads. The rats were subjected to the
cranioskeletal model one month after removal of the gonads. Hormone replacement therapy
(HRT) was used as a corrective treatment in the separate subgroup of gonadectomized rats
subjected to the cranioskeletal trauma. The control groups consisted of intact animals and rats
1 month after removal of the gonads that were not injured. The renal functional state was
determined via a water loading test in the control groups of animals and after 1 and 2 months
of postrraumatic period. The sodium concentration, as well as the S-CH20O value was
measured in serum and urine. The content of thiobarbituric acid reactive substances (TBARS)
and catalase activity were determined in renal cortex and medulla. The prooxidant/antioxidant
ratio (ProAntidex) was calculated based on the above data.

The results and discussion. The conducted studies indicated the considerable
decrease in ProAntidex value in renal cortex and medulla in the group of gonadectomized rats
compared to the animals without gonadectomy after 1 month of the posttraumatic period,
confirming the protective antioxidant role of estrogens in adequate renal function. The
cranioskeletal trauma model led to the declined parameter value in renal cortex and medulla
in both experimental groups after 1 month of the posttraumatic period. The
prooxidant/antioxidant ratio was significantly decreased in the first month following the
trauma in the gonadectomized rats as compared to the rats without the gonadectomy, and
remained at the same level up to the 2" month of the posttraumatic period. The identified
abnormal value of ProAntidex in the posttraumatic period clearly affected the dynamics of S-
CH20. This parameter was reported as decreased in both experimental groups compared to
the control. However, the parameter was substantially decreased 1 and 2 months after trauma
under conditions of the gonadectomy.

The administration of hexestrol and progesterone to the gonadectomized rats with
trauma model resulted in the considerable increase in value of ProAntidex in renal cortex and
medulla starting from the 1% day of the posttraumatic period compared to the animals without
corrective medication. Moreover, it was accompanied by a statistically significant increase in
S-CH20 rate, indicating the enhancement in the functional capacity of the renal tubules.

Conclusions. The value of ProAntidex decreases in renal cortex and medulla in the

group of gonadectomized female rats after 1 month of the posttraumatic period, and is
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significantly lower compared to the animals without removal of the gonads. The
cranioskeletal trauma model leads to the substantially declined prooxidant/antioxidant ratio
value in renal cortex and medulla, which is reported as considerably greater in the group of
gonadectomized animals after 1 month of the posttraumatic period, showing no tendency to
enhance after 2 months of the experiment. The administration of hormone replacement
therapy to the gonadectomized rats is accompanied by the increase in ProAntidex value and
S-CH20 rate compared to the animals without corrective medication.

Key words: gonadectomy; cranioskeletal trauma; kidney; prooxidant/antioxidant

ratio; sodium-free water clearance.

Introduction. Traumatic events are currently considered to be one of the topical
issues. Its structure is predominated by the increased incidence of combined injuries and
greater frequency of cranioskeletal injuries, which are followed by the development of
traumatic disease and high mortality rate [1, 2].

The development of renal failure plays a major role in the pathogenesis of traumatic
disease. As described by some authors [3, 4], the early period of experimental cranioskeletal
trauma is characterized by a reduced diuresis, decreased glomerular filtration rate with the
abnormally high levels of nitrogen-containing compounds in the background of reduced
sodium and water reabsorption as well as significantly increased protein excretion.

Prerenal failure, which, is accompanied by a reduced diuresis and decreased
glomerular filtration, occurs as a result of impaired renal perfusion under conditions of the
severe trauma. It is essential to evaluate the ability of renal tubular epithelium to the urine
osmotic concentration in order to indicate the direct renal tubular damage [5]. A sodium-free
water clearance (S-CH20), defined as the amount of final urine volume filtered by nephrons,
is a sensitive indicator reflecting the kidneys ability to concentrate the urine. The
measurement of S-CH20 is suggested as a criterion for the early detection of acute renal
impairment and the differentiation of renal and non-renal causes of renal dysfunction
development [6].

It is established that the renal functional state, the resistance of the kidneys to the
development of various disorders depends on the estrogen concentration [7]. The key
mechanism of the indirect effect of estrogens on the kidneys is via their direct antioxidant
action, which reduces the severity of free radical processes in the kidney as well as the degree
of damage to renal tubular epithelial cells. [8]. However, the role of estrogens in the

pathogenesis of oxidative and functional impairments of the kidneys in the presence of
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cranioskeletal trauma is insufficiently studied. There is no data available on the efficacy of
hormone replacement therapy under those circumstances.

The objective of research: to determine the pro-oxidant-antioxidant balance and renal
concentrating capacity following the cranioskeletal trauma model in rats with bilateral
ovariectomy in the period of late manifestations of the traumatic disease and evaluate the
efficacy of hormone replacement therapy.

Material and methods: The experimental studies were conducted on 64 white non-
linear female rats weighing 200-220g. The experimental model of hypoestrogenism was
performed through the surgical removal of gonads [9]. The rats were subjected to the
cranioskeletal model through a sequential measured strike to the skull with subsequent
receiving of moderately severe closed craniocerebral injury and measured blow to the femur
resulted in a closed femoral fracture one month after removal of the gonads [10]. The above-
mentioned traumas were modeled in healthy rats in the comparison group. Hormone
replacement therapy (HRT) was used as a corrective treatment via the intraperitoneal
injections of hexestrol («SynestroL», LLC «Biopharma», Ukraine) at a dose of 0,1 mg-kg*
and progesterone («Progesterone», JSC «Farmak». Ukraine) at a dose of 5 mg per animal in
the separate subgroup of gonadectomized rats subjected to the cranioskeletal trauma [11]. The
drugs were diluted in oil for daily administration within the experimental period after
cranioskeletal trauma.

The control groups consisted of intact animals and rats 1 month after removal of the
gonads that were not injured

The renal functional state was determined via a water loading test in the control groups
of animals and after 1 and 2 months of postrraumatic period [12]. A tap water heated to 30 °C
in the volume 5% of body weight was administered intragastrically via a metal gastric tube.
The urine samples were collected within two hours and the diuresis was measured. After urine
collection, the rats were removed from the experiment by means of complete exsanguination
from the heart. The sodium concentration in the urine and serum samples was determined
using biochemical analyzer “Humalyzer-2000” and the value of S-CH20 was subsequently
measured based on the above data [12]. Furthermore, the content of thiobarbituric acid
reactive substances (TBARSs) [14] and catalase activity [13] were determined in renal cortex
and medulla of the experimental animals and the prooxidant/antioxidant index (ProAntidex)
[15] was calculated by the ratio of the values.

The international standards for the humane treatment of animals were followed in

compliance with the regulations of «The European Convention for the protection of vertebrate
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animals used for experimental and other scientific purposes» (European Convention, 1986) in
experimental work with laboratory rats. All surgical procedures and trauma models were
performed under thiopental sodium anesthesia (40 mg-kg™?). The test animals were euthanized
through complete exsanguination from the heart.

All obtained data were processed to the statistical analysis by the nonparametric The
Mann-Whitney U test using STATISTICA 10.0 software («StatSoft Inc.», USA).

The results and discussion. Table 1 illustrates that the value of ProAntidex in the
control group without gonadectomy was nearly the same in both renal cortex and renal
medulla (p>0,05).

Table 1 — The value of ProAntidex in renal cortex and medulla (CU) in the dynamics
of cranioskeletal trauma model in rats with bilateral ovariectomy (Me (LQ; UQ)) — median
(lower and upper quartiles)

Experimental Control Observation period
conditions - ontro
Kidney layers group 1 month 2 months
Renal cortex 1,02 0,41" 0,90
(0,87; 1,22) (0,40; 0,42) (0,80; 1,05)
Preserved (n=6) (n=6) (n=9)
gonads Renal medulla 1,00 0,25 0,75"
(0,94; 1,08) (0,20; 0,27) (0,68; 0,81)
(n=6) (n=6) (n=9)
Renal cortex 0,66 0,24" 0,23"
(0,65; 0,82) (0,21; 0,26) (0,13; 0,28)
(n=6) (n=7) (n=6)
Gonadectomy g o medulla 0,54° 0,147 0,16
(0,53; 0,56) (0,14; 0,16) (0,11; 0,18)
(n=6) (n=7) (n=6)
p1 <0,05 <0,05 <0,05
p2 <0,05 <0,05 <0,05
Notes:

1. © — the differences concerning the control group are statistically sighnificant
(p<0,05);

2. * —the differences in value of parameter between the renal and cortex medulla in the
groups of animals with preserved gonads and gonadectomy are statistically sighnificant
(p<0,05);

3. " — the differences in the value of parameter between the 1% and 2" month of the
experiment are statistically sighnificant (p<0,05);

4. p1 — the probability of differences in the value of parameter in renal cortex between
the groups of animals with preserved gonads and gonadectomy.;

5. p2 — the probability of differences in the value of parameter in renal medulla
between the groups of animals with preserved gonads and gonadectomy.
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The parameter was substantially decreased in renal medulla under conditions of the
surgical removal of gonads (by 18,2 %. p<0,05). A combined craniocerebral and femur
trauma resulted in the reduced ProAntidex after 1 month among all experimental groups: in
renal cortex of rats without gonadectomy by 59,8 % (p<0,05), in renal medulla of rats with
preserved gonads by 75,0 % (p<0,05), in renal cortex of rats with gonadectomy by 63,6 %
(p<0,05) and in renal medulla of rats with the surgical removal of gonads by 74,1 % (p<0,05).
The value of studied parameter in renal medulla was substantially lower than the
corresponding value in renal cortex in rats without gonadectomy after 1 month of the
posttraumatic period (by 39,0 %, p<0,05).

The ProAntidex appeared increased after 2 months of the posttraumatic period
compared to the previous observation period in both renal cortex and medulla of the animals
without gonadectomy (by 2,20 times, p<0,05 and by 2,00 times, respectively, p<0,05). It
should be emphasized that the parameter almost reached the level of the control group in renal
cortex (p>0,05), but remained considerably decreased in renal medulla compared to the
control (by 25,0 %, p<0,05).

The results of ProAntidex comparison in the experimental group of rats with
gonadectomy indicated that the value in both kidney layers continued to be at the level of the
previous observation period (p>0,05). The parameter remained considerably lower in renal
medulla than in renal cortex at all observation periods (by 41,7%, p<0,05 and 74,4 %, p<0,05
respectively, p1<0,05).

The intergroup comparison of the parameter demonstrated a statistically significantly
lower value of ProAntidex in renal cortex in the group of animals with removed gonads than
in rats with preserved gonads within the posttraumatic period (by 41,4 and 74,4 %,
respectively, p1<0,05). Moreover, the parameter also appeared considerably decreased in renal
medulla in the group of animals with gonadectomy (by 44,0 and 78,7 %, respectively,
p2<0,05).

The S-CH20 determination evidenced a nearly the same parameter value in the intact
animals and gonadectomized rats of the control group (Table 2) (p>0,05). The studied
parameter was found to be lower in the group of animals without gonadectomy compared to
the control group 1 month after the cranioskeletal trauma (by 23,1 %, p<0,05). The parameter
appeared increased by 21,6% (p<0,05) after 2 months of the posttraumatic period compared to
the previous observation period, but was substantially decreased in contrast to control level

not reaching the level of this group (p<0,05).
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Table 2 — The dynamics of sodium-free water clearance (ml-2hr?-100-g?) in the
course of cranioskeletal trauma model in rats with bilateral ovariectomy (Me (LQ; UQ)) —
median (lower and upper quartiles)

Experimental Observation period
conditions
Control group 1 month 2 months P
Preserved 416 3,20 389"
ds 4,06; 4,16 3,09; 3,55 3,68; 3,89 <0,05
gona (n=6) (n=6) (n=6)
3,97 2,447 2,39
Gonadectomy 3,90; 4,05 2,27; 2,61 2,26; 2,51 >0,05
(n=6) (n=6) (n=6)
Notes:
1. © — the differences concerning the control group are statistically sighnificant
(p<0,05);

2. # — the differences in value of parameter between the groups of animals with
preserved gonads and gonadectomy are statistically sighnificant (p<0,05 (p<0,05);

3. p — the probability of differences in the value of parameter between the 1% and 2"
month of the post-operative period.

The results obtained from the analysis on the S-CH2O value in the group of
gonadectomized rats indicated that the parameter decreased compared to the control after 1
month and 2 months of the posttraumatic period by 38,5% (p<0,05) and 39,8% (p<0,05),
respectively. As can be seen, the differences between the results of the 1% and 2" months of
the posttraumatic period were not significant in this experimental group (p>0,05). The
intergroup comparison of the S-CH20O within the posttraumatic period evidenced that after
either 1 month or 2 months the gonadectomy resulted in statistically significantly decreased
value of the parameter compared to the group without gonadectomy (by 23,8 and 38,6 %,
respectively p<0,05).

The administration of hormone replacement therapy (Table 3) contributed to the
statistically significant increase in ProAntidex value in renal cortex of the gonadoectomized
rats compared to the animals without corrective medication (by 2,39 times, p.<0,05), but the
parameter was substantially decreased in contrast to both the control level (by 46,1 %,
p<0,05) and the animals with preserved gonads (by 38,9 %, p1<0,05).

Furthermore, the hormone replacement therapy led to the increase in the value of
ProAntidex in renal medulla of the rats subjected to the removal of the gonads compared to
the animals without corrective medication (by 2,75 times, p2<0,05), but the parameter was

substantially decreased in contrast to both the control level (by 56,0 %, p<0,05) and the

283



animals with preserved gonads (by 41,3 %, p1<0,05).

Table 3 — The effect of combined hormone replacement therapy on the value of
ProAntidex of renal cortex and medulla (CU) and the sodium-free water clearance (ml-2hr
1.100-g1) 2 months after combined cranioskeletal trauma model in rats with bilateral

ovariectomy ((Me (LQ; UQ)) — median (lower and upper quartiles)

Parameter Control 2 month after trauma
Prgers%l:\eéd Without corrective medication Gonadectomy
gonads Preserved Gonadectomy + replacement
(n=6) gonads (n=6) therapy
(n=6) (n=6)
1,02 0,90 0,23 0,55
ProAntidex of 0,87; 1,22 0,80; 1,05 0,13; 0,28 0,51; 0,64
renal cortex p1<0,05 p1<0,05
p2<0,05
. 1,00 0,75 0,16 0,44"
fgﬁg%‘;’;{j‘"‘: 0,94:1,08 | 0,68:0,81 0,11: 0,18 0,38: 0,46
p1<0,05 p1<0,05
4,16 3,89 2,37 3,03
Sodium-free water 4,06; 4,16 3,68; 3,89 2,26; 2,51 2,96; 3,14
clearance p1<0,05 p1<0,05
p2<0,05
Notes:
1. © — the differences concerning the control group are statistically sighnificant
(p<0,05);

2. p1 — the probability of differences in the value of parameter concerning the group
without corrective medication with preserved gonads after 2 months of the posttraumatic
period;

3. p2 — the probability of differences in the value of parameter concerning the group
without corrective medication with gonadectomy after 2 months of the posttraumatic period.

The results obtained from the analysis on the S-CH20 value under conditions of the
administration of HRT in the group of gonadectomized rats indicated that the parameter
increased compared to the animals without corrective medication by 27,8 % (p2<0,05), but
was substantially decreased not reaching the level of both the control group and animals with
preserved gonads (by 27,2 %, p<0,05 and by 24,5 %, p:1<0,05, respectively).

The obtained results evidenced that after 1 month of the posttraumatic period the
gonadectomy is followed by a marked decrease in the value of ProAntidex in renal cortex and
medulla compared to the animals with preserved gonads. The acquired data indicates the

dominance of the pro-oxidant mechanisms in the group of gonadectomized rats and confirms
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the protective antioxidant role of estrogens in adequate renal function, as reported in a number
of publications [16].

The cranioskeletal trauma model led to a decrease in the studied parameter after 1
month of the posttraumatic period in renal cortex and medulla of both experimental groups.
The value of ProAntidex considerably increased after 2 months of the posttraumatic period in
animals without gonadectomy, reaching the level of control group in renal cortex. The
prooxidant/antioxidant ratio was significantly decreased in the first month following the
trauma in the gonadectomized rats as compared to the rats without the gonadectomy, and
remained at the same level up to the 2" month of the posttraumatic period. Consequently, the
pathogenic factors of cranioskeletal trauma exert a pronounced prooxidant effect on the
kidney, even after 1 month of the posttraumatic period, but the hypoestrogenism leads to more
marked abnormalities, which do not subside up to 2 months of the posttraumatic period. It can
be substantiated that in conditions of estrogen deficiency the failure of physiological
antioxidant defense mechanism in kidney occurs rapidly and is not compensated up to 2
months of the experiment, which, once more, proved the fundamental role of estrogens in
antioxidant defense mechanism in kidney in the presence of traumatic disease.

The intensification of prooxidant mechanisms in the kidney initially affects the renal
tubules under trauma conditions [17]. Therefore, the identified abnormal value of ProAntidex
in the posttraumatic period clearly affected the dynamics of S-CH2O. Our findings revealed
the decrease of the studied parameter in both experimental groups compared to the control.
However, the ProAntidex value was considerably decreased under conditions of gonadectome
after 1 and 2 months following the trauma.

The acquired data suggest that the cranioskeletal trauma conduces to the development
of renal cause of an impaired renal function, which appeared long-lasting without the
tendency to the enhancement in gonadectomized rats , while in rats without surgical removal
of the gonads the renal concentrating capacity considerably increases reaching the control
level 2 month after posttraumatic period.

The obtained results, additionally, evidences a strong nephroprotective role of
estrogens in the presence of cranioskeletal trauma prompting us to study the efficacy of
combined hormone replacement therapy. The administration of hexestrol and progesterone to
the gonadectomized rats subjected to trauma model resulted in the considerable increase in
value of ProAntidex in renal cortex and medulla starting from the 1% day of the posttraumatic

period compared to the animals without corrective medication. Moreover, it was accompanied
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by a statistically significant increase in S-CH2O rate, indicating the enhancement in the
functional capacity of the renal tubules.

Consequently, estrogens play a fundamental role in the ensuring adequate antioxidant-
prooxidant balance in renal cortex and medulla as well as in the regulation of renal
concentrating capacity, which indicates the normal renal tubular transport function. In can be
substantiated that a short-course of combined hormone replacement therapy will increase the
body's resistance to the pathogenic factors of traumatic disease and reduce the risk of the
development of multiple organ dysfunction syndrome in female trauma-patients in the
postmenopausal period, which substantiate the pertinence of further in-depth preclinical
study.

Conclusions.

1. The value of ProAntidex significantly decreases in renal cortex and medulla in the
group of gonadectomized female rats compared to the animals without gonadectomy after 1
month of the posttraumatic period.

2. The cranioskeletal trauma model leads to the substantially declined
prooxidant/antioxidant ratio value in renal cortex and medulla, which is reported as
considerably greater in the group of gonadectomized animals after 1 month of the
posttraumatic period, showing no tendency to enhance after 2 months of the experiment.

3. The administration of hormone replacement therapy to the gonadectomized rats is
accompanied by the increase in ProAntidex value and S-CH20O rate compared to the animals
without corrective medication. Notwithstanding that the studied parameters do not reach the
level of both the control group and animals with preserved gonads, the obtained results
indicate the prospects of combined hormone replacement therapy in the correction of
pathogenic manifestations of traumatic disease in hypoestrogenic state.

Perspectives of further research. The prospect of being able to increase the number
of studies on the functional status of internal organs under the conditions of trauma in the
background of hypoestrogenism and the administration of hormone replacement therapy
serves as a rational incentive for future research.
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