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Valproate is known to disturb the kidney function, and high doses or prolonged intake may cause serum ion imbalance, kidney tubular
acidosis, proteinuria, hyperuricosuria, polyuria, polydipsia, and dehydration. The aim of this 7z vivo study was to see whether naringin would
counter the adverse effects of high-dose valproate in C57B1/6 mice and to which extent. As expected, valproate (150 mg/kg bw a day for
10 days) caused serum hyperkalaemia, more in male than female mice. Naringin reversed (25 mg/kg bw a day for 10 days) the hyperkalaemia
and activated antioxidative defence mechanisms (mainly catalase and glutathione), again more efﬁaentl; in females. In males naringin

combined with valproate was not as effective and even showed some prooxidative effects.
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Sodium valproate and valproic acid (valproate further in the
text) have long been indicated for the treatment of epilepsy and
more recent prophylactic indications include bipolar disorder and
migraine. Generally, adverse effects are rare and usually involve
dermatological signs, pancytopaenia, an increase in blood ammonia
ot liver and pancreatic enzymes, or teratogenic effects (1, 2). Some
epileptic patients receiving valproate over long time develop
subclinical tubular injury with a number of symptoms, such as
metabolic acidosis, aminoaciduria, decreased 25-OH vitamin D,
and the Fanconi syndrome (1-3).

To address this problem, a number of researches have studied
different supplements in combination with valproate to relieve
valproate-associated adverse effects. Some supplementation
experiments, such as the one with carnitine to compensate for the
mitochondrial deficit, encountered challenges regarding the dose
necessary to achieve protective effects (4). Research on animal
models provided encouraging results for S-methyl methionine,
L-cysteine, and quercetin (5-7), and recent reports of naringin
(4',5,7-trihydroxyflavanone-7-rhamnoglucoside) as an agent
protecting against hepatotoxicity in rats (8) or steatosis and
dyslipidaemia in mice (9) show promise. Naringin belongs to the
flavanone class of flavonoids, mainly present in citrus fruits. It has
many beneficial biological functions, including anti-inflammatory
and antioxidant, and regulates autophagy, apoptosis, and cell
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proliferation and differentiation (10). Several recent studies in rats
have also evidenced naringin-associated nephroprotective effects
(11-13).

The aim of our study was to continue our previous research (9)
and to look deeper into the protective mechanisms of naringin in
the kidney by comparing serum biomarkers of kidney function and
tissue oxidative stress markers between mice treated with valproate,
naringin, their combination, and controls.

MATERIALS AND METHODS

Experimental animals and husbandry

The study included 48 inbred C57BL/6 mice: 24 male (weighing
30£1.5 g), used in our previous study (9), and 24 female (weighing
25%1.5 g), added for the purpose of this research. The animals were
obtained from the University of Zagreb Faculty of Science,
Department of Animal Physiology, Zagreb, Croatia. They were kept
under a conventional regime with 12:12 hours of light per day and
had free access to standard laboratory diet (4 RF21, Mucedola,
Settimo Milanese, Italy) and tap water in line with international
standards on laboratory animal care (14). The experiments were
approved by the Bioethics Committee of the Zagreb University
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Faculty of Science and Ministry of Agticulture Republic of Croatia
Board on bioethics in laboratory animals (approval No: 251-58-
10617-17-7).

Treatment groups and doses

The animals were randomly divided in four groups of six animals
per group and per sex: control (C) receiving saline, valproate group
(V) receiving 150 mg of valproate per kg of body weight (bw) a day,
naringin group (N) receiving 25 mg/kg bw of naringin a day, and
valproate plus naringin (V+N) group receiving combined treatment
with the above doses of valproate and naringin. The doses were
established in our previous study on liver (9) and correspond to a
three-fold prescribed therapeutic dose of valproate (to simulate
accidental overdose that could cause pathophysiological effects) and
to the highest possible intake dose of naringin in concentrated food
supplement preparations. Valproate was given in the form of a
commercial mix of sodium valproate and valproic acid (Depakine®,
Sanofi, Carbon Blanc, France), and naringin was obtained from
Sigma-Aldrich (St. Louis, MO, USA). Each compound was
administered daily as a single oral dose of water solution by gavage
in a volume of 0.2 mL per animal, between 8—10 a.m. to minimise
circadian and metabolic differences. The animals were sacrificed
after having received 10 daily doses of either compound.

Serum and kidney tissue preparation and measurements

On day 11, 24 h after having received the last dose, the mice
were anaesthetised with isoflurane (3 % in O, flow 0.8-1.5 L/ min)
and received 100 mg/kg ketamine and 10 mg/kg xylazine.

After the cardiac puncture to obtain the blood, the animals were
sacrificed by cervical dislocation. Followed centrifugation at 1,500xg
for 15 min to obtain serum, which was aliquoted and stored at -80 °C
until potassium, sodium, and total calcium were measured using
corresponding VetScan™ commetcial kits for the VetScan™ analyser
(Abaxis, Inc., Union City, CA 94587) according to manufacturer’s
instructions.

Kidney tissue samples were first homogenised with 50 mmol/L
phosphate-buffered saline (PBS, pH=7.4) in an ultrasonic
homogeniser SONOPLUS Bandelin HD2070, Bandelin Electronic
GmbH & Co KG, Germany) with an MS73 probe (Bandelin,
Electronic GmbH & Co KG Germany) to obtain a 10 % tissue
mass homogenate. The next step was sonification over three
10-second intervals, with the samples kept on ice. The last phase
was centrifugation (at 20,000Xg and 4 °C for 15 min), and storing
at -80 °C until thawing (+6 °C) and repeated centrifugation
(20,000xg, 4 °C, 15 min) to obtain supernatants for analysis (15).
Kidney protein concentrations were measured to express the levels
of redox parameters per mg/protein using the Lowry method with
bovine serum albumin as the standard solution as described
elsewhere (9, 15, 16).

Kidney lipid peroxidation was assessed through malondialdehyde
(MDA) levels determined as described elsewhere (9, 15). After
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incubating 200 pL. of the sample with the reagent mixture that
contained 200 uL. of sodium dodecyl sulphate (8.1 %), 1.5 mL of
acetic acid (20 %, pH 3.5), and 1.5 mL of thiobarbituric acid (TBA,
0.81 %) at 95 °C for 60 min, the reaction was stopped by ice cooling,
and the coloured MDA-TBA complex was measured at 532 nm and
600 nm on Libro S22 spectrophotometer (Biochrom Ltd.,
Cambridge, UK). MDA concentration was calculated from the molar
absorption coefficient of the MDA-TBA complex (1.56X10°
mol/L. cm) and then divided by the protein tissue concentration.

To determine kidney superoxide dismutase (SOD) activity, we
followed a procedure described in more detail eatlier (9, 15, 17) by
adding 25 pL of the sample to 1.45 mL of a reaction mixture
containing cytochrome C (0.05 mmol/L) and xanthine (1 mmol/L)
mixed with 5-5’-dithiobis [2-nitrobenzoic acid] (DTNB) in a 10:1
(v/v) ratio. The reaction was started by pipetting 20 L of xanthine
oxidase solution (0.4 U/mL) to the reaction mixture. This reaction
forms coloured cytochrome C product, whose absorbance was
measured at 550 nm with a Libro S22 spectrophotometer (Biochrom
Ltd.) for 3 min. When tissue homogenate is added, the rate of
reaction (superoxide anion generation) over 30 min is partly inhibited
by SOD in the tissue sample, and one SOD unit corresponds to
50 % inhibition of on the calibration curve. The obtained SOD
units were then divided by protein concentration.

The determination of catalase activity (CAT) in kidney
homogenates relied on the H,O, degradation rate as described
elsewhere (9, 15, 19). The reaction was initiated by adding 100 pL
of sample to 900 uL. of the reaction mixture containing 33 mmol/L
H,0, in 50 mmol/L phosphate buffer (pH 7.0). The absorbance at
240 nm (Libro S22 spectrophotometer Biochrom ILtd. Cambridge,
UK) was recorded for 3 min, and CAT activity calculated from mean
absorbance change per minute and molar absorption coefficient for
H,0, (43.6 mol/T. cm). The results are expressed as U/mg protein
9,15, 19).

Reduced glutathione (GSH) concentrations wetre determined
following the Ellman’s method as described elsewhere (9, 15, 20).
Briefly, 20 uL of sample was incubated with 40 uL of 35 mmol/L
HCL for 10 min. At the same time, we prepared the enzyme working
solution by adding 20 pL of glutathione reductase (0.2 U/mL) to
9.98 mL NADPH (0.8 mmol/L). The reaction mixture was prepated
in a 96-well plate by pipetting 40 uL. of 10 mmol/L DTNB,
pretreated sample, and100 ul. of enzyme working solution. The
absorbance at 412 nm was monitored for 5 min (ELISA plate reader,
BIORAD Laboratoties, Hercules CA, USA) to obtain the mean
change per minute. GSH concentration was calculated using the
calibration curve, and the results are reported as nmol/L per mg
of proteins.

Statistical analysis

The results are given as medians and ranges. They were
compared between the groups using the Kruskal-Wallis and Tukey’s
test in GraphPad Prism 17 (GraphPad Software, San Diego, CA,
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USA). The difference was significant if the p-value was less than
0.05.

RESULTS

Serum sodium and calcium did not change significantly in any
of the treatment groups, but valproate significantly increased
potassium (p<0.05) in male mice (Table 1). Combined treatment
restored potassium levels to near control.

In the kidney tissue, MDA concentrations significantly (p<<0.05)
increased in all groups compared to control (Figure 1A). However,
separate analysis by sex (Figure 1B) shows that female mice were
more susceptible to valproate alone than males, whereas naringin
countered its effects and lowered MDA to near control levels. In
male mice, however, combined valproate plus naringin treatment
caused even higher lipid peroxidation than valproate alone (Figure
1B).

CAT activity, in turn, significantly rose only in the valproate
alone group in mice of both sexes, and combined treatment lowered
it to control levels (Figure 2).

SOD activity significantly (p<0.05) increased in female mice
treated with valproate alone, while combined treatment reduced it
to near control levels. No changes were observed in male mice,
regardless of treatment.

In contrast, all groups showed significantly (p<<0.05) lower GSH
levels compared to control, regardless of sex (Figure 4).

Table 1 Serum sodium, potassium, and calcium levels in mice by groups
and sex (medians and ranges)

o Sex Sodium Potassium Calcium
(mmol/L) (mmol/L) (mmol/L)
C Both 153 (145-161) 4.8 (4.3-4.9) 1.75 (1.65-1.90)
4 152 (140-160) 6.3 (4.6-8.5)" 1.82 (1.80-1.92)
N 148 (147-165) 5.5 (53-5.9) 1.81 (1.70-1.90)
V4N 154 (141-161) 5.1 (4.2-5.8)  1.80 (1.60-1.90)
C Male 155 (153-161) 4.8 (4.3-4.9) 1.84 (1.80-1.90)
Female 153 (145-159) 4.8 (4.4-4.8) 1.75 (1.65-1.82)
4 Male 151 (140-158) 7.2 (5.6-8.5)" 1.82 (1.80-1.91)
Female 152 (149-160) 5.0 (4.6-7.0)* 1.83 (1.80-1.92)
N Male 158 (147-165) 5.6 (5.3-5.9) 1.81 (1.75-1.90)
Female 145 (142-152) 5.4 (5.3-5.6) 1.82 (1.70-1.89)
V+N Male 157 (152-161) 5.1 (4.5-5.3)  1.80 (1.62-1.90)
Female 150 (141-159) 5.2 (4.2-5.8) 1.81 (1.60-1.90)

C—control group; N —group receiving naringin (25 mg/kg); V —group receiving
valproate (150 mg/kg), V+N — group receiving valproate (150 mg/kg) +
naringin (25 mg/kg); *significant difference (p<0.05) from control (C);

# significant difference from males
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DISCUSSION

The valproate-induced significant increase in serum urea and
creatinine in our previous study (9) points to eatly disturbances in
kidney function after prolonged valproate overdose. In this study
we wanted to see if this was owed to an ion imbalance in blood and
changes in kidney tissue antioxidative defences. Sodium and calcium
levels remained unchanged, and potassium levels only changed
slightly in males. Males were more sensitive to valproate kidney
damage than female mice.

Judging by high levels of lipid peroxidation (MDA), especially
in males, as well as higher CAT and lower glutathione and SOD (in
females), it seems that the oxidative imbalance occurred within the
cytoplasm of kidney cells. The literature shows that valproate
metabolises into valproyl-CoA, 4-ene-valproate, 2,4 diene valproate,
and other intermediates (20-22), which can weaken mitochondrial
B-oxidation and inhibit CYP450 enzymes (6). This, in turn, causes
the accumulation of reactive oxygen species (8) and triggers
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Figure 2 Kidney tissue catalase activity in mice by groups (A) and by sex and
groups (B). C — control group; N — group receiving naringin (25 mg/kg); V
— group receiving valptroate (150 mg/kg), V+N — group receiving valproate
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antioxidant defence mechanisms (CAT, SOD, GSH), which was also
observed in our experiment.

The mechanisms of valproate-associated tubular damage are still
a matter of investigation. Our findings point to a possible damage
of mitochondria, resulting in low levels of adenosine triphosphate
(ATP), especially in the proximal tubules, since ATP-ase is a sodium-
potassium protein pump (Na*/K* ATP-ase) and one of the most
important mechanisms of potassium-sodium transport through the
cell membrane. This is in line with reports of several mechanisms
underlying valproate mitochondrial toxicity (20, 23-206). Valproate
can directly impede B-oxidation of fatty acids by inhibiting the
participating enzymes and reducing coenzyme A and carnitine depots.
Consequently, ATP levels drop and so does Na*/ K" ATP-ase activity,
which mediates the reabsorption of electrolytes in the proximal tubule.
An additional complication is the accumulation of reactive oxygen
species. We therefore believe that accumulation of potassium in the
blood, noted in male mice may be owed to ATP depletion and
impaired transport of the protein pump.
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In addition, valproate increases fatty acid accumulation in its
own right by interfering with genes involved in fatty acid transport
and synthesis. For example, it lowers the expression of the
peroxisome proliferator-activated receptor o (PPARe) in male mice,
and PPAR« is the main transcription factor for oxidising enzymes
that drive fatty acid oxidation in cells (9, 27). It also inhibits
mitochondrial oxygen consumption and damages mitochondrial
membrane (5).

Naringin showed limited protective effects in the kidney, but
was not as effective when co-administered with valproate as we
expected. The protective effects were more prominent in female
mice. Serum potassium levels were reversed to near control levels
(Table 1). Similar results in literature are scatce, save for Oyagbemi
et al. (28), who have reported protective effects in naringin co-
administration with the hypertension inducer L-NG-nitro arginine
methyl ester (L-NAME). As for the observed increase in superoxide
dismutase (SOD) activity in our study, other authors (1012, 27-31)
report similar behaviour of SOD activity and significant
nephroprotective effects. Elsawy et al. (13) also report lower GSH
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Figure 3 Kidney tissue superoxide dismutase activity levels in mice by
groups (A) and by sex and groups (B). C — control group; N — group
receiving naringin (25 mg/kg); V — group receiving valproate (150 mg/kg),
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Figure 4 Kidney tissue glutathione levels in mice by groups (A) and by sex and
groups (B). C — control group; N — group receiving naringin (25 mg/kg); V
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(suggesting the activation of antioxidant defences) as in our work,
and lower MDA, inflammatory cytokines (such as IL-6 and TNF-a),
serum urea, and creatinine after naringin co-administration with
methotrexate. Amini etal. (32) report a similar increase in antioxidant
activity and lower oxidative activity in kidney reperfusion injury after
administration of naringin.

However, in this study the combination of naringin and
valproate showed weaker effects in male than female mice. In fact,
in males we even see stronger expression of lipid peroxidation in
the kidney (MDA is very high compared to all other groups and 2.5
times higher than control). It seems that, at least in this experiment,
these two substances potentiate prooxidative action in male kidney
tissue, quite likely due to sex difference in biotransformation enzyme
levels. Besides, Galati et al. (33) report that naringin or naringenin
may act as prooxidants at certain doses, which may also apply to
ours. All this calls for further investigation that should focus on sex
differences in biotransformation mediated by the P450 enzymes
and on the interaction between naringin and valproate metabolites
that could affect kidney function.

Jutri¢ Dy et al. Combined effects of valproate and naringin on kidney antioxidative markers and serum parameters of kidney function in C57BL6 mice

Ath Hig Rada Toksikol 2023;74:218-223

Acknowledgements

This work was funded through the collaborative project
BIOCIDI (grant No. 106-F15-00032) of the Croatian Ministry of
Health and Zagreb University Faculty of Science, Zagreb, Croatia.

REFERENCES

1. Anguissola G, Leu D, Simonetti GD, Simonetti BG, Lava SAG, Milani
GP, Bianchetti MG, Scoglio M. Kidney tubular injury induced by valproic
acid: systematic literature review. Pediatr Nephrol 2023;38:1725-31. doi:
10.1007/500467-022-05869-8

2. Karatzas A, Paridis D, Kozyrakis D, Tzortzis V, Samarinas M, Dailiana Z,
Karachalios T. Fanconi syndrome in the adulthood. The role of eatly
diagnosis and treatment. | Musculoskelet Neuronal Interact 2017;17:303—
6. PMCID: PMC5749037

3. Heidari R, Jafari F, Khodaei F, ShiraziYeganeh B, Niknahad H. Mechanism
of valproic acid induced Fanconi syndrome involves mitochondrial
dysfunction and oxidative stress in rat kidney. Nephrology 2018; 23:351—
61. doi: 10.1111/nep.13012

4. Ono H. Sodium valproate-induced Fanconi syndrome in two severely
disabled patients receiving carnitine supplementation. Clin Exp Nephrol
2019;23:148-9. doi: 10.1007/s10157-018-1581-3

5. Gezginci-Oktayoglu S, Turkyilmaz IB, Ercin M, Yanardag R, Bolkent S.
Vitamin U has a protective effect on valproic acid-induced renal damage
due to its anti-oxidant, anti-inflammatory, and anti-fibrotic properties.
Protoplasma 2016;253:127-35. doi: 10.1007/s00709-015-0796-3

6. El-Shenawy NS, Hamza RZ. Nephrotoxicity of sodium valproate and
protective role of L-cysteine in rats at biochemical and histological levels.
J Basic Clin Physiol Pharmacol 2016;27:497-504. doi: 10.1515/
jbepp-2015-0106

7. Chaudhary S, Ganjoo P, Raiusddin S, Parvez S. Nephroprotective activities
of quercetin with potential relevance to oxidative stress induced by valproic
acid. Protoplasma 2015;252:209-17. doi: 10.1007/s00709-014-0670-8

8. Koroglu OF Gunata M, Vardi N, Yildiz A, Ates B, Colak C, Tanriverdi
LH, Parlakpinar H. Protective effects of naringin on valproic acid-induced
hepatotoxicity in rats. Tissue Cell 2021;72:101526. doi: 10.1016/j.
tice.2021.101526

9. Jutri¢ D, Diki¢ D, Boros A, Odeh D, Drozdek SD, Gracan R, Dragicevi¢
P, Ceni¢ 1, Jurcevi¢ IL. Effects of naringin and valproate interaction on
liver steatosis and dyslipidaemia parameters in male C57BL6 mice. Ath
Hig Rada Toksikol 2022;73:71-82. doi: 10.2478/aiht-2022-73-3608

10.  Stabrauskiene ], Kopustinskiene DM, Lazauskas R, Bernatoniene J.
Naringin and natingenin: their mechanisms of action and the potential
anticancer activities. Biomedicines 2022;10:1686. doi: 10.3390/
biomedicines10071686

11, Amini N, Maleki M, Badavi M. Nephroprotective activity of naringin
against chemical-induced toxicity and renal ischemia/reperfusion injury:
A review. Avicenna ] Phytomed 2022;12:357-70. doi: 10.22038/
AJP2022.19620

12. WangR, Wu G, Dai T, Lang Y, Chi Z, Yang S, Dong D. Naringin attenuates
renal interstitial fibrosis by regulating the TGF-3/Smad signaling pathway
and inflammation. Exp Ther Med 2021;21:66. doi: 10.3892/etm.2020.9498

13.  Elsawy H, Alzahrani AM, Alfwuaires M, Abdel-Moneim AM, Khalil M.
Nephroprotective effect of naringin in methotrexate induced renal toxicity
in male rats. Biomed Pharmacother 2021;143:112180. doi: 10.1016/j.
biopha.2021.112180



Jutri¢ D; et al. Combined effects of valproate and naringin on kidney antioxidative markers and serum parameters of kidney function in C57BL6 mice 2 2 3
Arh Hig Rada Toksikol 2023;74:218-223

14. Committee for the Update of the Guide for the Care and Use of 26.  Knights KM, Rowland A, Miners JO. Renal drug metabolism in humans:

Laboratory Animals. Guide for the care and use of laboratory animals. the potential for drug-endobiotic interactions involving cytochrome P450
8" ed. Washington (DC): National Academies Press; 2011. (CYP) and UDP-glucuronosyltransferase (UGT). Br | Clin Pharmacol
15. Landeka Jurcevié¢ I, Dora M, Guberovi¢ I, Petras M, Rimac S, Brncié, 2013;76:587—602. doi: 10.1111/bep.12086
Diki¢ D. Polyphenols from wine lees as a novel functional bioactive ~ 27. Ding S, Qiu H, Huang ], Chen R, Zhang J, Huang B, Zou X, Cheng O,
compound in the protection against oxidative stress and hyperlipidaemia. Jiang Q. Activation of 20-HETE/PPARs involved in reno-therapeutic
Food Technol Biotechnol 2017;55:109-16. doi: 10.17113/th.55.01.17.4894 effect of naringenin on diabetic nephropathy. Chem Biol Interact
16.  Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein measurement 2019;307:116-24. doi: 10.1016/j.cbi.2019.05.004
with the Folin phenol reagent. ] Biol Chem 1951;193:265-75. doi: 10.1016/ 28.  Oyagbemi AA, Omobowale TO, Adejumobi OA, Owolabi AM, Ogunpolu
S0021-9258(19)52451-6 BS, Falayi OO, Hassan FO, Ogunmiluyi 10, Asenuga ER, Ola-Davies
17. Flohé L, Otting F. Superoxide dismutase assays. Meth Enzymol OE, Soetan KO, Saba AB, Adedapo AA, Nkadimeng SM, McGaw 1],
1984;105:93-104. doi: 10.1016/s0076-6879(84)05013-8 Oguntibeju OO, Yakubu MA. Antihypertensive power of Naringenin is
18.  Aebi H. Catalase in vitro. Meth Enzymol 1984;105:121-6. doi: 10.1016/ mediated via attenuation of mineralocorticoid receptor (MCR)/
s0076-6879(84)05016-3 angiotensin converting enzyme (ACE)/kidney injury molecule (Kim-1)
19.  Eyer P, Worek I, Kiderlen D, Sinko G, Stuglin A, Simeon-Rudolf V, Reiner signaling pathway. Eur ] Pharmacol 2020;880:173142. doi: 10.1016/j.
E. Molar absorption coefficients for the reduced Ellman reagent: ¢jphar.2020.173142
reassessment. Anal Biochem 2003;312:224-7. doi: 10.1016/s0003-  29. Amudha K, Pari L. Beneficial role of naringin, a flavanoid on nickel
2697(02)00506-7 induced nephrotoxicity in rats. Chem Biol Interact 2011;193:57-64. doi:
20.  PirahanchiY, Jessu R, Aeddula NR. Physiology, sodium potassium pump. 10.1016/j.¢bi.2011.05.003
Treasure Island (FL). StatPearls Publishing; 2022. 30. Caglayan C, Temel Y, Kandemir FM, Yildirim S, Kucukler S. Naringin
21.  White KE, Gesek FA, Nesbitt T, Drezner MK, Friedman PA. Molecular protects against cyclophosphamide-induced hepatotoxicity and
dissection of Ca** efflux in immortalized proximal tubule cells. ] Gen nephrotoxicity through modulation of oxidative stress, inflammation,
Physiol 1997;109:217-28. doi: 10.1085/jgp.109.2.217 apoptosis, autophagy, and DNA damage. Environ Sci Pollut Res Int
22. Curry JN, Yu ASL. Paracellular calcium transport in the proximal tubule 2018;25:20968-84. doi: 10.1007/s11356-018-2242-5
and the formation of kidney stones. Am ] Physiol Renal Physiol ~ 31. Singh D, Chander V, Chopra K. Protective effect of naringin, a
2019;316:966-9. doi: 10.1152/ajprenal.00519.2018 bioflavonoid on glycerol-induced acute renal failure in rat kidney.
23. Gumz ML, Lynch IJ, Greenlee MM, Cain BD, Wingo CS. The renal H+- "Toxicology 2004;201:143-51. doi: 10.1016/j.tox.2004.04.018
K+-ATPases: physiology, regulation, and structure. Am J Physiol Renal 32, Amini N, Sarkaki A, Dianat M, Mard SA, Ahangarpour A, Badavi M. The
Physiol 2010;298:12-21. doi: 10.1152/ajprenal.90723.2008 renoprotective effects of natingin and trimetazidine on renal ischemia/
24.  Diki¢ D, Jutri¢ D, Dominko K. The dual nature of the antiepileptic drug reperfusion injury in rats through inhibition of apoptosis and
valproic acid, with possible beneficial effects in Alzheimer’s disease. downregulation of micoRNA-10a. Biomed Pharmacother
SEEMED] 2017;1:74-89. doi: 10.26332/scemed).v1i1.26 2019;112:108568. doi: 10.1016/j.biopha.2019.01.029
25. Monostory K, Nagy A, Toth K, Badi T, Kiss A, Déri M, Csukly G. 33. Galati G, Chan T, Wu B, O’Brien PJ. Glutathione-dependent generation
Relevance of CYP2C9 function in valproate therapy. Curr Neuropharmacol of reactive oxygen species by the peroxidase-catalyzed redoxcycling of
2019;17:99-106. doi: 10.2174/1570159X15666171109143654 flavonoids. Chem Res Toxicol 1999;12:521-525. doi: 10.1021/tx980271b

ZdruZeni ulinci valproata i naringina na antioksidacijske i serumske pokazatelje bubreZne funkcije u miSeva soja C57BL6

Valproat je jedan od najcesée primjenjivanih antiepileptika, a poznato je da prouzrocuje poremecenu funkciju proksimalnih bubreznih
tubula. Fizioloski poremecaji i nefrotoksicni ucinci u nekih bolesnika nakon visokih doza ili produljenog uzimanja valproata ukljucuju
disbalans iona u serumu, bubreznu tubularnu acidozu, proteinuriju, hiperurikozuriju, poliuriju, polidipsiju, dehidraciju i druge poremecaje.
U okviru ovog eksperimentalnog rada primijenili smo visoke doze valproata i zdruzeni tretman valproata i naringina u C57Bl/6 miseva.
Naringin je poznati antioksidans i protuupalna flavonoidna molekula iz citrusnog voéa. Cilj rada bio je utvrditi mogu li bioloska svojstva
naringina umanjiti stetne uc¢inke na bubrege nakon tretmana valproatom. Valproat je iz vivo prouzrocio serumsku hiperkalijemiju, izraZeniju
u muzjaka nego u zenki miseva. Hiperkalijemija prouzrocena valproatom bila je ublazena naringinom, a antioksidacijski obrambeni
mehanizmi (uglavnom katalaza i smanjena glutationacija) bili su aktivirani, vise u zenki. U muZjaka, zajednicki tretman valproatom i
naringinom nije bio tako ucinkovit, a rezultati upucuju na moguce prooksidacijsko djelovanje u bubreznom tkivu kada se obje tvari
primjenjuju zajedno.

KILJUCNE RIJECI: hiperkalijemija; kalcij, kalij; katalaza; malondialdehid; oksidacijski stres; superoksid dismutaza



