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The effect of derivatives of sulfur-containing amino acids
(ademetionine, taurine and glutathione) on survival of animals
with acute kidney injury of various genesis

Aim. To study the nephroprotective effect of sulfur-containing amino acids (ademetionine, taurine and glutathione)
on different models of acute kidney injury (AKI) by the integral index of the survival rate of animals.

Materials and methods. The experiments were performed on 105 non-linear mature white laboratory rats and
35 mice. The drugs studied — ademetionine (Geptral, Abbott SpA, Italy) in the dose of 20 mg/kg, glutathione (TAD 600,
Biomedica Foscama, Italy) in the dose of 30 mg/kg and taurine (Sigma-Aldrich, USA) in the dose of dose 100 mg/kg —
were injected intraperitoneally 3-7 days before AKI modeling. Rhabdomyolysis-induced AKI was modeled by the intra-
muscular injection of 50 % glycerol solution in the dose of 10 ml/kg, toxic AKI — by the injection of gentamicin solution
in the dose of 80 mg/kg and the subcutaneous injection of ethylene glycol in the dose of 10 ml/kg. Simulation of renal
ischemia was performed under general anesthesia (ethaminal sodium, 40 mg/kg) by clamping of both renal pedicles
for a period of 60 min, followed by reperfusion for 24 h.

Results and discusion. The experimental results show a significant improvement in the survival of animals
under the effect of the drugs of derivatives of sulfur-containing amino acids studied in conditions of various models of
AKI. Ademetionine, taurine and glutathione reduced the lethality of animals on models of rhabdomyolytic, gentamicin,
ischemia-reperfusion AKI. In conditions of ethylene glycol intoxication the highest nephroprotective activity by the sur-
vival criterion was shown by glutathione (57.1 % survival at 48 h after administration of ethylene glycol against 100 %
of mortality in the control group (p < 0.05).

Conclusions. All derivatives of sulfur-containing amino acids studied (ademetionine, taurine and glutathione)
exhibit the nephroprotective activity by the criterion of survival of animals on various models of AKI. Glutathione demonstrates
the best survival of animals with acute kidney injury of various genesis, while ademetionine has the lowest survival.
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Bnnue npenapatiB noxiagHUX CipKOBMiCHUX aMiHOKUCIOT (afaeMeTiOHiHy, TaypuHy Ta
rnyTaTioHy) Ha BUXKMBaHICTb TBapWUH NPU rOCTPOMY NOLUKOAXKEHHi HUPOK Pi3HOro reHesy

Meta po60Tu — fOCNiANTN HEPPONPOTEKTOPHY aKTUMBHICTb MOXIOHWX CiPKOBMICHUX aMiHOKUCIOT (aAeMETIOHiHY,
TaypuHy Ta rNyTaTioHy) Ha Pi3HWX MOAENsAX rocTPoro NOWKoAXeHHst HUpokK (I'TIH) 3a iHTerpanbHUM NOKa3HWKOM BU-
XMBaHOCTI TBapuH.

Marepianu Ta metogu. JocnigxeHHa npoBoamnuck Ha 105 HeniHiHuX 3pinux 6inux nabopatopHux wypax i 35
muwax. JocnigpkysaHi npenapatn: agemeTioHiH — («[enTtpany», Abbott SpA, ITanis) B 4osi 20 mr/kr, npenapar rnyTaTioHy
(«TAL 600», Biomedica Foscama, Itanis) B gosi 30 mr/kr i TaypuH («Sigma-Aldrich», CLUA) B gosi 100 mr/kr BBOANAM
BHYTPILLUHBOOYEPEBUHHO 3a 3-7 OHIB 4O MOAENOBAHHS rOCTPOro NOLUKOMKEHHS HUPOK. Pabaomionis-iHgykosane MMH
MoZentoBany BHYTPILLHLOM 330B0t0 iH ekuieto 50 % posunHy rnitepony B 4osi 10 mn/kr, TokcuyHo-iHgykosaHe MH
— LUNAXOM OOHOPAa30BOi BHYTPILLHLOM A30BOI iH’EKLT PO34nHY reHTamiunHy cynbdaty B osi 80 mr/kr abo ogHopaso-
BOrO NiALUKIPHOrO BBEAEHHS MULLAM eTUNEHrnikonto Ao3ot 10 MA/Kr. [LemiyHe NOLIKOMKEHHSI HUPOK MogentoBanu nia
3aranbHoO aHecTesieto (eTamiHan-Hatpito, 40 Mr/kr), HaknaBLUW 3aTUCKadi Ha 06uABI HUPKOBI HiXXKM Ha nepiog 60 xB 3
noganbLUoto penepdysieto BNpoaoBx 24 roavH.

PesynbraTyi Ta ix o6roBopeHHs. 3a pedynsrataMu cepivi eKCneprMeHTIiB 3 BUSHAYEHHS BNAVBY AOCHIAKYBaHUX
npenaparis NoxiAHWX CIPKOBMICHUX aMiHOKUCIOT Ha nepebir pi3HMX MOAENen rocTporo NOLIKOAXEHHS HUPOK Pi3HOro
reHesy BCTAHOBMEHO 3HA4YHe MOKPAaLLEHHS BWXMBAHOCTI TBapuvH. [penapatn agemMeTioHiHy, TaypuHy Ta rnyTaTioHy
3MeHLLYyBanu neTanbHIiCTb TBapUH HA MOAENSAX pabaoMioNiTUYHOIO, FeHTaMILMHOBOTO, iLLeMiYHO-penepady3iiHOro rocTpo-
O MOLLKO[PKEHHSA HNUPOK, a NPW iIHTOKCKKALIT eTUNEHrNIKoNeM 3a KpUTepieM BMKMBAHOCTI HanbinbLue NOAOBXEHHS TpU-
BanocTi XUTTA Ta BiANOBIAHY HEPONPOTEKTOPHY aKTUBHICTb BUABMB rmyTaTioH (57,1 % BWXMBaHOCTI TBapyH Yepes
48 rog nicna BBegeHHsA etunexrnikonto npotn 100 % netansHocTi B koHTponi, p < 0,05).

BucHoBku. Bci gocnigxeHi npenapaty NoXigHMX CipKOBMICHUX aMiHOKUCNOT (aQeMETIOHIH, TaypuH Ta rryTaTioH)
BUSIBNSAOTb HE(PPONPOTEKTOPHY aKTUBHICTb 3a KPUTEPIEM BMXKMBAHOCTI TBapuH Ha pisHux mogensax [MH. Hankpaiy
edekTmBHiCcTb Npu MIH pi3Horo reHesy AeMOHCTpye npenapar riyTaTioHy, a HaMeHLLY — npenapaTt ageMeTiOHIHY.

Knro4oei cnoea: HethponpoTeKLisi; rocTpe NOLUKOMKEHHSI HUPOK; BUXKMBAHICTb; aAeMEeTIOHIH; TaypuH; rryTaTioH
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BnusiHue npenapaTtoB NPOU3BOAHbLIX CepocoAepXalnx aMMHOKUCOT
(amemeTMOHUMHA, TaypuHa U rMyTaTUOHA) Ha BbKMBAEMOCTb XXMBOTHbLIX MPU OCTPOM
NOBpEXAEHUM NoYeK Pa3fIMYHOro reHesa

Uenb paboTtbl — nccrnegoBaHne HehpoOnpPOTEKTOPHOM akTUBHOCTM NpenapaToB NPOM3BOAHbIX CEPOCOAEPXKaLLMNX
aMVHOKMCNOT (aAeMeTUOHUHA, TayprHa U FyTaThoHa) No MHTErpanbHOMY NoKa3aTernto BbPKMBAEMOCTU XMBOTHbIX Ha
pasHbIX MOAEeNsX OCTPOro nospexaeHus novek (OrMT).

MaTepuansi u metoabl. Viccnegosanus npoBogunuck Ha 105 HeENUHENHbIX 3penbix 6enbix nabopaTopHbIX Kpbl-
cax u 35 mblwax. Nccnenyemble npenapartbl: aaeMeTuoHuH — («lentpany, Abbott SpA, Wtanusa) B gose 20 mr/kr, npe-
napart rmytatnoHa («TAQ 600», Biomedica Foscama, Wtanusa) B gose 30 mr/kr, n TaypuH («Sigma-Aldrichy, CLUA) B
nose 100 mr/kr BBOAWIM BHYTPUOPIOLINHHO 3a 3-7 aHew Oo mogenuvposanus O, Pabgommnonus-nHayumMpoBaHHoe
Ol mopenupoBany BHYTPUMbILLEYHOW HBbeKUmnern 50 % pacteopa rmuuepuHa B gose 10 mn/kr, Tokenyeckoe Ol —
nyTeM MHBbEKLMM pacTBOpa reHTamuumHa cynbdarta B Ao3e 80 MI/Kr 1 NOAKOXHOro BBEAEHUSI MblLLaM STUMEHITUKONS
B fo3e 10 mn/kr. wemmyeckoe noBpexaeHne novek Mogenvposanu nog obLuen aHecTeanel (aTaMMHanoM HaTpus,
40 Mr/kr) nyTem HanoXeHWs 3aXMMOB Ha 0be nodeyHble HOXKM Ha nepuod 60 MUH € nocnepytoLen penepdysvei B
TeueHne 24 yacos.

Pe3ynkTaThl M ux o6cyxaeHue. o pesynsratam cepun 3KCNepMMEHTOB MO ONpeaeneHunto BIMSIHUS uccneaye-
MbIX NpenapaToB NPOU3BOAHbLIX CEPOCOAEPKALLUMX aMUHOKUCIOT Ha TedeHue Ol pa3nuyHoro reHesa yCTaHOBIEHO
3HAYUTENBbHOE YryYllEeHNE BbKMBAEMOCTU XKMBOTHbIX. [1penapatbl ageMeTUoHNHA, TaypyHa 1 ryTaTMoHa yMeHbLUa-
N NEeTanbHOCTb XUBOTHBIX HA MOAENsAX pabaoMUONUTUYECKOTO, FTEHTaMULMHOBOTO, ULLEMUYECKU-pENepdy3VOHHOTO
Ol a Npy MHTOKCMKALMWN STUIEHITIMKONIEM MO KPUTEPUIO BbPKMBAEMOCTU HabonbLUuee yBenMYeHne npoaormKuTesb-
HOCTM XXWU3HWU N COOTBETCTBYHOLLYIO HEPOMPOTEKTOPHYH aKTUBHOCTb NPOsiBUI ryTaToH (57,1 % BbbKMBaeMocTu
XMBOTHbIX Yepes 48 4 nocrne BeegeHus atuneHrnmkons npyu 100 % netansHoOCTU B rpynne KoHTpons, p < 0,05).

BbiBoabl. Bce nccnegosaHHble npenapaTthl NPON3BOAHBLIX CEPOCOAEpXaLLMX aMUHOKUCNOT (a4eMETUOHUH, Tay-
PWH W rNyTaTUOH) NPOSIBMSIOT HE(PPONPOTEKTOPHYIO aKTUBHOCTbL MO KPUTEPUIO BBIKMBAEMOCTY XMBOTHBLIX MPU pasnuny-
HbIx mogensix OIMM. HambonbLuyio addekTmBHoCcTb npy O pa3nuyHoro reHe3a 4EMOHCTPUPYET Npenapar rmnyTaTu-
OHa, a HauMeHbLLYIO — NpenapaT afeMeTUOHUHa.

Knroveenle cnoea: HehponpoTeEKLMS; OCTPOE NOBPEXAEHME NOYEK; BbPKMBAEMOCTb; aA€METUOHWH; TaypyH;

rmyTaTtnmoH

Acute kidney injury (AKI) is a concept that replaced
the well-known term “acute kidney failure”, but did not
change the dynamics of progression of this pathology.
The incidence of AKI varies from 1 to 31 %, and the
mortality rate reaches from 19 to 83 % [1, 2]. Toxic kid-
ney injury (toxic nephropathy) is usually the result of an
accidental domestic food, biological, or industrial pro-
fessional poisoning. In recent years chemicals that are
used in everyday life and industry are of particular im-
portance, therefore, the frequency of toxic nephropathy
increases. Despite the widespread introduction of renal
replacement therapy, mortality in severe forms of AKI
is not characterized by a tendency to decrease [3]. In all
cases development of AKI involves some common me-
chanisms: disturbances of renal (especially cortical) cir-
culation, reduction of glomerular filtration, reduction of
reabsorption with total diffusion of the glomerular filtra-
te through the wall of damaged tubules, compression of
the tubules with swollen interstitium, disturbances of the
oxidative-reduction processes, in particular activation of
free radical oxidation processes against the background
of the antioxidant system dysfunction [4].

One of the common types of toxic AKI is ethylene
glycol poisoning. Ethylene glycol is a nephrotoxin that
quickly causes fatal kidney injury, and its damaging ef-
fect on kidneys is due to the toxic effects of its meta-
bolites (oxalic acid). In this case, oxalates of calcium
monohydrate are crystallized in the tubular lumen, cau-
sing destruction of membrane phospholipids and deve-

lopment of acidosis [5-9]. The model of ethylene gly-
col intoxication is one of the methods of screening re-
search, in which the integral criterion of the nephropro-
tective effect is survival of animals, which allows reli-
able verification of the protective effect of nephropro-
tective compounds.

In order to verify the nephroprotective effect of the de-
rivatives of sulfur-containing amino acids studied (ade-
metionine, taurine and glutathione) the integral index of
animal survival on different models of AKI have been
selected. The potential nephroprotective activity of the
drugs selected is due to the biological presence of their ac-
tive components in the form of sulfur-containing amino
acids in the body and their biochemical interconversions.
Ademethionine is an active metabolite of methionine,
has the antioxidant, membranoprotective, cytoprotective,
anti-inflammatory and analgesic activity [10, 11]. Tau-
rine as a sulfur-containing amino acid acts as an osmo-
regulator of cells, a membranoprotector, a detoxifier, an
antioxidant, it provides resynthesis of ATP, exhibits the
anti-inflammatory action [12, 13]. Glutathione is an endo-
genous tripeptid, an antioxidant, a detoxicant, a memb-
ranoprotector, is involved in maintenance of the thiol/
disulphide homeostasis in tissues, and participates in the
protein and hydrocarbon metabolism [14, 15].

The aim of the study was to compare the nephro-
protective effect of sulfur-containing amino acids (ade-
metionine, taurine and glutathione) on different models
of AKI by the integral index of the survival rate of animals.
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Materials and methods

The series of experiments were performed on 105 non-
linear mature white laboratory rats weighing 130-180 g
and 35 mice of both sexes kept in the vivarium at a cons-
tant temperature and humidity, with free access to wa-
ter and food. The rats of each series were divided into
5 groups (n = 7): group I — model pathology, group II —
animals treated with taurine (Sigma-Aldrich, USA) in the
dose of 100 mg/kg, group III — animals treated with ade-
metionine (“Geptral”, Abbott SpA, Italy) in the dose of
20 mg/kg, group IV — animals treated with glutathione
(TAD 600, Biomedica Foscama, Italy) in the dose of
30 mg/kg, group V — animals treated with the reference
drug. As a reference drug in rhabdomyolytic AKI lipo-
flavone (Biolik, Ukraine) in the dose of 8 mg/kg was
chosen; in gentamicin-induced AKI it was canephron
(Bionorica CE, Germany) in the dose of 27 mg/kg; in
ischemic-reperfusion and toxic ethylene glycol AKI it
was mexidol (Pharmasoft, RF) in the dose of 100 mg/kg.
All drugs studied (except for canephron, which was used
intragastrally) were administered intraperitoneally 3-7 days
prior to AKI simulation. The choice of reference drugs
in different models of AKI is determined by the eviden-
ce base of their nephroprotective potential [16-18].

Rhabdomyolytic AKI in rats was induced by intra-
muscular administration of 50 % glycerol solution in the
dose of 8 ml/kg in the muscles of the hind legs. In 40 min
after administration of glycerol the animals were given the
drugs under study. Gentamicin nephropathy was repro-
duced by intramuscular administration of 4 % gentami-
cin sulfate solution (Galychpharm, Ukraine) in the dose
of 80 mg/kg once a day for 6 days; the drugs studied
were administered 40 min after the gentamicin injection.
Ischemic-reperfusion AKI was modeled by clamping
of both kidney pedicles for 60 min after the middle laparo-
tomy under general anesthesia (ethaminal sodium, 40 mg/kg)
followed by reperfusion for 24 h. Toxic ethylene glycol

AKI was caused by a single subcutaneous injection of
ethylene glycol in the dose of 10 ml/kg [19]. The statis-
tical evaluation of the effect was carried out using the
Fisher’s angle transformation criterion. The critical level
of significance was accepted at p < 0.05. The studies
were conducted in accordance with the provisions of the
“European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes[20].

Results and discussion

The research results of the animal survival in different
models of AKI with administration of derivatives of sul-
fur-containing amino acids and the reference drugs are
given in Table. In the group of animals with ethylene
glycol AKI the highest mortality was observed: survival
of mice was 14.3 % in 12 h, and in 24 h it was 0 %.
The weakest protective effect in conditions of ethylene
glycol AKI was shown by ademetionine: the survival
rate in 12 h was 28.6 % (p > 0.05), in 2 days all the
animals died.

When taurine was used, an improvement in animal
survival compared to the model pathology group was
observed only during the first day — 42.8 %; however,
on day 5 all animals died. Glutathione showed the hig-
hest efficacy in ethylene glycol AKI: under its effect a
significant increase in the survival rate was seen throug-
hout the observation period, which exceeded the pro-
tective effect of the reference drug mexidol.

In rhabdomyolytic kidney injury the mortality of ani-
mals was 28.6 %. The use of the drugs studied showed a
tendency to decrease the mortality rate; moreover, there
was 100 % survival of the animals in taurine and glu-
tathione groups, it corresponded to the effect of the refe-
rence drug lipoflavone; when using ademetionine the
survival rate was 85.7 % of animals (p > 0.05).

The predictable high mortality rate was observed
among animals with gentamicin nephropathy reaching

Table
The effect of derivatives of sulfur-containing amino acids (ademetionine, taurine and glutathione)
on survival of animals with acute kidney injury of various genesis
Model AKI + . AKI + . AKI + AKI +
Garnczum;;lzf pathology | Ademetionine ?{((I)(—;—;a;/rllg;e Glutathione A(}flog mg)/(;%c))l Lipoflavone | Canephron
(AKI) (20 mg/kg) (30 mg/kq) (296 mg/kg) (27 mg/kg)
Ethylene glycol AKI (%, n =7)
12h 14.3 28.6 57.1% 71.4% 57.1* u/s u/s
24 h 0 14.3 42.8* 71.4% 42.8* u/s u/s
48 h 0 0 14.3 57.1% 14.3 u/s u/s
3 day 0 0 14.3 42.8* 14.3 u/s u/s
5 day 0 0 0 28.6* 0 u/s u/s
Rhabdomyolytic AKI (%, n = 7)
24h | 714 | 85.7 | 100« | 100* | u/s | 100% | u/s
Gentamicin nephropathy (%, n =7)
7day | 571 | 714 | 857¢ | 857¢ | u/s | u/s | 714
Ischemia-reperfusion AKI (%, n = 7)
24h | 714 | 714 | 857+ | 100t | 100* | u/s | us

Notes: Statistical significance compared to the model pathology group - * (p < 0.05), AKI — acute kidney injury, u/s —unstudied.
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42.9 %, while the use of drugs reduced the percentage
of dead animals with gentamicin nephropathy. The re-
sults of the experiment confirm that the effectiveness
of ademetionine and the reference drug canephron was
lower than the effect of taurine and glutathione, which
provided the 85.7% survival of the experimental ani-
mals.

A decrease in the survival of rats to 71.4 % occurred
in ischemic-reperfusion AKI. Among the drugs studied
only glutathione and mexidol completely prevented the
death of animals although the use of taurine and ademe-
tionine also showed a tendency to reduce the mortality
of rats since the survival rate after their administration
was 87.5 % and 71.4 %, respectively.

Therefore, the reduction in mortality of the experi-
mental animals under conditions of AKI of different
genesis proves the nephroprotective activity of deriva-
tives of sulfur-containing amino acids, which according
to this criterion can be placed in the following order
from the maximum to the minimal effect: glutathione —
taurine — ademetionine.

Thus, according to the results of the study all the
simulated forms of AKI were accompanied by the death
of a part of the animals, moreover, the expected highest

mortality rate in animals was observed in ethylene gly-
col intoxication. The best protective effect was obser-
ved when taking glutathione, as evidenced by 57.1 %
survival of mice in 2 days of ethylene glycol AKI de-
velopment, 100 % survival of rats in rhabdomyolytic
and ischemia-reperfusion AKI, and 85.7 % of the ani-
mal survival in gentamicin nephropathy. Under the ef-
fect of taurine there was a tendency towards improved
survival of rats in all AKI models and prolonged life
expectancy in ethylene glycol intoxication. The use of
ademetionine was the least effective as demonstrated by
the highest mortality of mice during the first 12 h after
the simulation of ethylene glycol AKI (71.4%) and the
lowest survival rate in other models of AKI.

CONCLUSIONS

1. All derivatives of sulfur-containing amino acids
studied (ademetionine, taurine and glutathione) exhibit
the nephroprotective activity by the criterion of survival
of animals on various models of AKI.

2. Glutathione demonstrates the best survival of ani-
mals with acute kidney injury of various genesis, while
ademetionine has the lowest survival.
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