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Abstract. Drugs and toxic compounds-induced liver and kidney injuries are mostly responsible for hepatic and
renal dysfunction. Many treatments have recently been proposed for these injuries, like chemicals and traditional
medicines. Thus, looking for new classes of natural and safe compounds is a global demand. The genus Salvia
from the Lamiaceae family are well-studied and vastly used in traditional medicine. The plant contains a variety of
secondary metabolites, like terpenoids, which have shown many pharmacological activities. Based on the various
reported pharmacological effectiveness of Salvia officinalis L. (sage, 1), the protective effects of some extracts and
essential oil of this plant by the number of polar and nonpolar organic as well as aqueous solvents on the liver and
kidney injury in acetaminophen-induced mice investigated in this research. The results showed that chloroformic
and carbon tetrachloride extracts of Salvia officinalis had the best effects for protecting against kidney injury,
while for liver, chloroformic, ethanolic, and hydroethanolic extracts also had such effects. It can be concluded that
extraction of Salvia officinalis with polar and nonpolar organic and aqueous solvents could separate various bioactive
components which appropriately and remarkably improve some serum markers following acetaminophen-induced
liver and kidney damage in mice.
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3awWwmTHOE AEUCTBUE HEKOTOPbIX OMOAKTUBHDbIX KOMMNOHEHTOB
U3 SKCTPAKTOB U 3PUPHOro macaa wandes AeKapCTBeHHOro
npyv OCTPOM NOPAXK€HUU NMEYEHU U NMOYEK Y MbILLEH,
BbI3BaHHOM aueTaMmUHOpEHOM

C.A. CobxaHAH*™, A. Axmaau**, M. PoraHu***,
M. XaccaHno**, L. Xamyumn**

*UcramMcKui yHUBepCUTET A3aa, puaman B I. TerepaHe, TerepaH, MpaH
**lchaMCKui yHuBepcuTeT A3aa, pramnan B . Kapaaxe, Kapaax, UpaH
** %] |eHTP HENPOPUINOAOrMUECKMX UCCAEAOBaHMI, YHuBepcuteT LLaxea, TerepaH, UpaH

AHHoTaumsA. [1oBpeXAEHUS NeYeHn U NOYEK, BbI3BaHHbIE AeKaPCTBEHHbIMM fpenapaTtamm 1 TOKCUYHbIMM BELLECTBAMM,
SABASIKOTCS] OCHOBHOM MPUYMHOM MEYEHOYHOM M NOYEYHOM AUCOYHKLMK. B nocrepaHee BPEMS MPEANOXKEHO MHOXECTBO
€rnocob0oB AEYEHHS TAKOr0 POAA MOPAXEHUI — KaK C MOMOLLIbKO XUMUYECKMX MPEenapaToB, Tak v rnpu MOMOLLM METOAOB
TPAAULMOHHOM MEAMLMHBI. B CBSA3M C 3TUM MOMCK HOBbIX KAGCCOB MPUPOAHBIX U 6€30MacHbIX COEAMHEHMI ANST A@HHbIX
LieAert SIBASIETCSI HACTOSITEAbHOM NMOTPEBHOCTLI0. Poa Salvia cemericTBa SICHOTKOBbIX (Lamiaceae) XopoLo n3y4yeH
W LUMPOKO UCIMOAL3YETCA B TPAAMLIMOHHOW MEAMLMHE. PacTeHne COAEPXXNUT MHOXECTBO BTOPUUYHBLIX METabOAMTOB,
TaKMX Kak TeprieHoUAbl, KOToOpble 0bAaAaroT pa3Hoobpa3HOM GapMaKOAOrMYECKOM akTUBHOCTbH. Ha ocHoBaHMU
MHOIOYNCAEHHbIX A@HHbIX O papMakorornyeckon apdekTmBHocTH Salvia officinalis L. (Lwarpes AekapCTBEHHOrO, 1)
B A@HHOM MCCAEAOBaHUMU U3YHEHO 3aLLUMTHOE AEHCTBME HEKOTOPbIX SKCTPAKTOB U 3PUPHOIro MacAa 3TOro pacTeHus
Mpy ropaxeHnm NeYEHU 1 NOYEK y MbILLEN, MOABEPTLLUMXCS BO3AEHCTBUIO aueTaMuHOpeHa. Pe3yabTaTbl MoKasam,
4TO HauAYYLLEE 3aLLMTHOE AEHCTBHE MPU MOPAXEHUM NMOYEK OKa3bIBatOT XAOPOPOPMEHHbLIN M YETLIPEXXAOPUCTOYIAE-
POAHbIN 3KCTPAKTbI LLIAADES AEKaPCTBEHHOIO, MPW MOPaXeHMM NevyeHn 3pPeKTUBHbBI XAOPOPOPMEHHbIHN, CITMPTOBOM
1 BOAHO-CMMPTOBOM SKCTPAKThI LaAes AeKapCTBEHHOro. MOXHO CAeAaTb BbIBOA, YTO SKCTPaKUMS Luarpess Aekap-
CTBEHHOIO MOASIPHBIMU U HEMOASIPHbLIMM OPraHU4YeCKUMU M BOAHBIMM PACTBOPUTEASIMM MO3BOASIET BbIAEAWNTb PA3AMYHbIE
OMOAKTNBHbIE KOMMOHEHTbI, KOTOPbIE 3HAYMTEABHO YAYULLIAIOT HEKOTOPbIE ChIBOPOTOUYHbLIE MapPKEPbI MOBPEXAEHUS
MeYeHU 1 rnoYeK, BbIBBaAHHOI0 aLeTaMUHODEHOM y MbILLEM.

KaroueBble cA0OBa: NMoOBPEXAEHUS MEYEHU M MOYEK, alueTaMUHOPEH, TpaAuLMOHHas MeauLmnHa, Salvia officinalis
(Lwangen), MOASIPHbIE U HEMOASIPHbBIE 3KCTPAKTbI

®uHaHcupoBaHHue: PaboTa SIBASIETCS MCCAEAOBATENbCKMM MPOEKTOM ¢pranasa McrnamMckoro yHuBepcutera A3aa B
r. Kapaaxe.

BaaroaapHocTH: ABTOPbI BbipaxaroT braropapHocTb -Hy MoaxTabe Yarium, BHELITaTHOMY NpernoAaBaTeArd aHIAM-
CKOro si3blKka Kak BTOPOro si3blka / @aHIAMICKOIro Kak MHOCTPaHHOro, 3a PEAAKTUPOBAHME NePBOHa4YaAbHOIro BapmaHTa
AAHHOV CTaTbM.

AAs uutnpoBaHua: CobxaHsiH C.A., Axmaam A., PoraHu M., XaccaHao M., Xamywu L. 3awmutHoe AeMcTBrE HEKOTOPbIX
6MOAKTUBHbIX KOMMNOHEHTOB U3 3KCTPAKTOB M 3PUPHOro MacAa Lardess AeKApPCTBEHHOro MPW OCTPOM MOPaXEHUN
nevYeHn 1 NoYeK y Mblllen, BbI3BaHHOM aLeTaMuHopeHoM // U3BecTus By30B. MpUKAAAHAA XUMUSA U BUOTEXHOAOTUS.
2025.T.15.N 4. C. 476-486. DOI: 10.21285/achb.1002. EDN: UTMCYY.

INTRODUCTION

As vital metabolic organs, the liver and kidneys are
vulnerable to oxidative stress, which seriously impacts
overall health. In recent years, studies have illustrated
that oxidative stress can cause liver damage and kidney
fibrosis. Thus, it is crucial to look for safe and natural
antioxidants to protect the normal function of tissues
and organs like the liver and kidneys [1-3].

In general, toxic compounds cause damage to the liver
and kidneys as the target organs. These organs actively

https://vuzbiochemi.elpub.ru/jour

detoxify and handle endogenous and exogenous chem-
icals [4, 5].

Today, there is much interest in traditional medicines
and herbal-based treatments all over the world. Thus,
numerous experimental and clinical studies are being
practiced on medicinal plants and there is a requirement
for updating and integrating the findings [6].

Salvia officinalis (Lamiaceae family, sage, I) is known as
a medicinal and aromatic plant for its richness of natural
active substances [7]. Because of its antioxidant [8] and
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anti-inflammatory [9] properties, sage extracts exhibit lots
of beneficial health effects like phytoestrogenic [10], neu-
roprotective [11], anti-microbial [12], and anticancer [13]
activities. More importantly, the plant has been vastly
used in the treatment of most gastrointestinal diseases
such as diarrhea and dyspepsia [14].

In recent years, lots of studies have been practiced
to document the traditional usages of S. officinalis and
to find novel biological effects of the plant. This research
has revealed a range of pharmacological activities such
as anti-nociceptive, antimutagenic, anti-dementia, hypo-
glycemic, and hypolipidemic effects [6].

This plant is an inexhaustible reservoir of chemical
compounds like terpenes, alkaloids, carbohydrates, and
phenolic compounds [15].

It has protective effects against liver and kidney injuries
caused by high-fat diets, which have been common among
most people in recent years. Therefore, it seems that using
medicinal plants with lipid-lowering effects to improve liver
and kidney function is highly requested [16].

In this work, according to the mentioned pharmacological
activities of this plant, the therapeutic effects of different
polarities’ extracts and essential oil of S. officinalis with
organic and aqueous solvents studied on liver and kidney
damages caused by acetaminophen and the results were
compared to the control and other groups in mice.

MATERIAL AND METHODS

Ethanol, carbon tetrachloride, chloroform as well as
other chemicals were obtained from Merck (Darmstadt,
Germany) as well as Sigma-Aldrich chemical companies
(USA).

Gas chromatographic analysis was conducted on
an Agilent 7890N chromatograph paired with a mass-
spectrometer 5975C, MODE El. A capillary column, HP-5MS
(30 m x 0.25 mm i.d.; the film thickness 0.25 ym) was
applied. Its column operating conditions were as follows:
60 °C for 2 min and then 7 °C/min to 280 °C. The carrier
gas was helium at the rate of 3 ml/min. Samples (1 ul)
of diluted essential oils were manually injected.

The parts of extracts were identified through their
retention time, retention indices which are relevant to C4-Css
n-alkanes computer matching with the Wiley / National
Institute of Standards and Technology library, and also by
comparing their mass spectra with the genuine samples

or with available data in the literature. The proportion of
composition of the identified compounds was evaluated
from the gas chromatography peak area with no correction
factor and calculated relatively.

Leaves of S. officinalis are obtained from the local market
in Tehran and authenticated in the herbarium laboratory
of the agriculture department of our university (Voucher
Numbers: 5997). This part of the sage was protected from
sunlight. Then air-dried in the shade, powdered well, then
extracted by maceration with the mentioned solvents
with various polarities (70% ethanol-water, 96% ethanol-
water, chloroform, carbon tetrachloride and aqueous)
separately for 72 hours (100 g of the powdered plant
macerated in 500 ml solvent). The mixtures were filtered
and concentrated to the yield extracts applied for gas
chromatography - mass spectrometry (GC - MS) analysis
and protective effects investigation on acetaminophen-
induced liver and kidney damages in mice.

Male NMRI mice (n = 56) weighing 19 to 24 g (Pasteur’s
Institute in Tehran, Iran) were kept in an air-conditioned
animal houseroom at 22+2 °C and provided with a standard
diet and tap water. The procedures were in compliance
with National Institutes of Health guidelines for the care
and use of research animals.

Mice were divided into controls, acetaminophen,
acetaminophen + chloroform, acetaminophen + carbon
tetrachloride, acetaminophen + hydroalcoholic 70%,
acetaminophen + hydroalcoholic 96% as well as
acetaminophen + essential oil groups. These extracts
(200 mg/kg) are dissolved in the cold physiologic saline and
fed daily by gavage to mice one week before acetaminophen
injection (300 mg/kg, i.p.) for liver and kidney toxicity.

Liver and kidney homogenates were prepared based
on a published report [17].

The homogenate protein content was determined
according to a published reportt. Then, liver & kidney serum
markers including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), glutathione (GSH), catalase (CAT),
malondialdehyde (MDA), blood urea nitrogen (BUN), and
creatinine were analyzed by standardized procedures using
commercial kits (Pars Azmoon Company, Tehran, Iran,
and Kia Zist, Hamedan, Iran), following the instrument
manufacturer’s protocol.

All the data were illustrated as means +SEM. Statistical
analysis was conducted with the aid of Graph Pad Prism

Quantitative analysis of some phytochemicals in hydroethanolic 96%, hydroethanolic 70%, chloroform, carbon tetrachloride
extracts, and essential oil of Salvia officinalis identified by gas chromatography - mass spectrometry, %

CoctaBbl BOAHO-CNUPTOBOIO 96%-ro 1 70%-ro, XAOPOGOPMEHHOTO, YETLIPEXXAOPUCTOYTAEPOAHOIO IKCTPAKTOB U 3GUPHOIo MacAa
wandes AeKapCTBEHHOI0, MAEHTUOULMPOBAHHbIE METOAOM ra30BOM XxpomaTorpadpuu — Macc-CnekTpoMeTpum, %

Chemical family Hydroethanolic 96% | Hydroethanolic 70% | Chloroform | Carbon tetrachloride Essential oil
Monoterpenes 26.71 20.85 42.93 4073 66.78

& sesquiterpens

Alcohols 14.54 - 14.11 20.67 5.94
Alkaloids 4.45 - 3.54 3.34 -
Vitamins 9.78 - 5.81 7.40 -
Phenols - 4.32 - - -
Imidazoles - 9.37 - - -
Others 44.52 65.46 33.61 27.86 27.28

1Becker J.M., Caldwell G.A., Zachgo E.A. Biotechnology: a laboratory course. San Diego: Academic Press, 1996. 283 p.
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Software version 8.0 and one-way analysis of variance
(ANQOVA), followed by a coupled Tukey post-hoc statistical
test. The Kolmogorov-Smirnov test was used for verification
of normal distribution. A statistical p-value under 0.05
was considered significant.

RESULTS AND DISCUSSION

The desired titled extracts and essential oil were made
from the maceration of Salvia officinalis L (sage, 1) in the
stated organic and aqueous solvents. GC-MS results for
each extract and essential oil were summarized in Table.

As it was shown, in S. officinalis extracts, monoterpenes
and sesquiterpens, alcohols, alkaloids, vitamins and
phenols with many pharmacological activities [18-25]
were more abundant compared with other compounds
extracted by solvents.

Mortality (death rate), morbidity (known as any
abnormal condition or behavior), irritability (a condition
of aggressiveness or raised response to handling), and
other relevant abnormal states were witnessed in the
experimental animals. However, the motor coordination
index (measured by Rota-rod apparatus, Harvard, UK)
did not indicate any significant differences among the
treated animals.

Figure 1 shows the results of serum BUN in different
groups. As it can be seen, in the acetaminophen group,
a clear and significant increase in BUN was obtained
compared with the control group (p < 0.001). A similar
significant rise in BUN was obtained in acetaminophen
groups treated with 96% ethanol, carbon tetrachloride,
chloroform extracts, and essential oil compared with the
control group. On the other hand, a significant decrease in
BUN was obtained in the acetaminophen groups treated
with 70% ethanol (p < 0.01), 96% ethanol (p < 0.01),
and chloroform (p < 0.05) extracts compared with the
acetaminophen group. Also, the reduction of BUN in the two
acetaminophen groups treated with carbon tetrachloride
extract, or essential oil was not significant compared with
the acetaminophen group.

Figure 2 shows the results of serum creatinine levels
in various groups. As can be seen, in the acetaminophen
group, a statistically significant increase in serum creatinine
was obtained compared with the control group (p < 0.01).
A similar significant rise in creatinine was obtained in the
acetaminophen group treated with carbon tetrachloride
extract compared with the control group (p < 0.05). On
the other hand, a significant decrease in creatinine was
obtained in the acetaminophen groups treated with 70%
ethanol (p < 0.01), 96% ethanol (p < 0.05), and chloroform
(b < 0.05) extracts compared with the acetaminophen
group. Additionally, in the two acetaminophen groups treated
with carbon tetrachloride extract and essential oil, the
decrease in serum creatinine level was not significant
compared with the acetaminophen group.

Figure 3 shows the results related to the tissue level
of MDA as an index of lipid peroxidation in kidney tissue
in different groups. As can be seen, in the acetamin-
ophen group, a strong and significant increase in MDA was
observed compared with the control group (p < 0.001). A
similar significant rise in MDA was obtained in acetamin-
ophen groups treated with essential oil or extracts to a
lesser extent. Also, there was a significant fall in MDA
in the acetaminophen groups treated with 70% ethanol
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Fig. 1. Serum blood urea nitrogen level in various groups:
* - p<0.05, ** - p<0.01, *** - p<0.001

(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 1. YpoBeHb a30Ta MOUYEBUHbI CbIBOPOTKM KPOBU

B pa3AnuHbIX rpynnax: * - p < 0,05, ** - p < 0,01,

%% - p < 0,001 (N0 CpaBHEHWIO C KOHTPOABHOM FPYNMoMN);
# - p < 0,05, ## - p < 0,01 (N0 cpaBHEHMIO C rPyNNoMu,
npvHUMaBLLIEN aueTaMUHOdEH)
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Fig. 2. Serum creatinine level in various groups:

* - p<0.05, ** - p<0.01, *** - p<0.001
(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 2. YpoBeHb KpeaTuHUHa CbIBOPOTKU KPOBU B Pa3AUUHbIX
rpynnax: * - p < 0,05, ** - p < 0,01, *** - p < 0,001

(Mo cpaBHEHUIO C KOHTPOALHOW rpynnow); # - p < 0,05,

## - p < 0,01 (N0 cpaBHEHWMIO C FPyMNoOM, NPUHUMAaBLLEN
auetTaMnHopeH)
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Fig. 3. Renal malondialdehyde levels in various groups:

* - p<0.05, ** - p<0.01, *** - p<0.001
(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 3. YpoBeHb ManOHOBOIO AMAAbAETMAA B NOYKaX

B pa3AMUHbIX rpynnax: * - p < 0,05, ** - p < 0,01,

**% - p < 0,001 (N0 cpaBHEHWNIO C KOHTPOABHOM FPYNMON);
# - p <0,05, ## - p < 0,01 (MO cpaBHEHUIO C TPynNnoMu,
NPUHUMaBLLEN aLueTaMUHODEH)
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Fig. 4. Renal glutathione levels in different groups:

* - p<0.05, ** - p<0.01, *** - p<0.001
(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 4. YpoBeHb ryTaTMOHa B NOYKaX B Pa3AMYHbIX
rpynnax: * - p < 0,05, ** - p< 0,01, *** - p < 0,001
(Mo cpaBHEHUIO C KOHTPOAbHOM rpynnon); # - p < 0,05,
## - p < 0,01 (N0 cpaBHEHUIO C TPYNMOM, NPUHUMABLLIEN
auetTaMnHobEH)

(p <0.01), 96% ethanol (p < 0.01), chloroform (p < 0.05),
and essential oil (p < 0.05) extracts compared with the
acetaminophen group.

Figure 4 shows the results of GSH in various groups.
By measuring the renal level of GSH in different groups,
it was found that this parameter shows a significant fall
in the acetaminophen group compared with the control
group (p < 0.01). A similar significant decrease of GSH
was obtained in two acetaminophen groups treated with
carbon tetrachloride (p < 0.05) and chloroform (p < 0.01)
extracts compared with the control group. Such a significant
reduction was not obtained in other treated acetaminophen
groups. Also, a significant fall in the renal level of GSH
was observed only in the acetaminophen group treated
with 70% ethanol extract (p < 0.05).

Figure 5 shows the results related to the kidney level
of CAT enzyme in different groups. By measuring the
level of CAT enzyme activity in the kidney, it was found
that in the acetaminophen group, there was a significant
decrease in this parameter compared with the control group
(p < 0.01). This significant decrease in CAT enzyme activity
was obtained in two acetaminophen groups treated with
carbon tetrachloride extract, or essential oil compared
to the control group (p < 0.01). Such a significant fall in
CAT enzyme activity was not observed in other groups
compared with the control. Also, a significant increase
in the renal activity of CAT enzyme was observed in the
acetaminophen groups treated with 70% ethanol (p < 0.05),
96% ethanol (p < 0.05), and chloroform (p < 0.05) extracts
compared with the acetaminophen group. Such a statistically
significant rise was not observed in the activity of CAT
enzyme in other treated groups.
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Fig. 5. Renal catalase enzyme activity in various groups:
*-p<0.05, ** - p<0.01, *** - p<0.001

(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 5. AKTMBHOCTb NOYEYHOM KaTaAalbl B Pa3AUMYHbIX
rpynnax: * - p < 0,05, ** - p< 0,01, *** - p < 0,001
(no cpaBHEHWIO C KOHTPOAbHOW rpynnow); # - p < 0,05,
## - p < 0,01 (N0 cpaBHEHMIO C rPynnow, NpUHUMaBLLIEN
aLeTaMUHODEH)
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Figure 6 shows the results of ALT enzyme activity in serum
in different groups. As can be seen, in the acetaminophen
group, there was a strong and significant rise (p < 0.001)
compared with the control group. The same increase was
obtained to a lesser extent in the acetaminophen groups
treated with 70% ethanol, 96% ethanol, carbon tetrachloride,
chloroform extracts, and essential oil compared with the
control group. Also, in the three acetaminophen groups
treated with 70% ethanol (p < 0.01), 96% ethanol (p < 0.05),
and chloroform (p < 0.05) extracts, a significant fall in ALT
activity was obtained compared with the acetaminophen
group. Although the same reduction was present in the groups
treated with carbon tetrachloride extract and essential oil,
this reduction was not statistically significant compared
with the acetaminophen group.
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Fig. 6. Serum alanine aminotransferase activity in various
groups: * - p < 0.05, ** - p< 0.0, *** - p < 0.001
(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 6. AKTMBHOCTb CbIBOPOTOYHOW aAaHUHAMWHOTPAHC-
depasbl B pa3AmMyuHbIX rpynnax: * - p < 0,05,

** - p<0,01, *** - p < 0,001 (N0 cpaBHEHUIO

C KOHTPOAbHOW rpynnow); # - p < 0,05, ## - p < 0,01

(MO CpaBHEHWMIO C rPynmnow, NPUHUMaBLLEN aueTaMUHOdEH)

Figure 7 shows the results of AST activity in serum in
different groups. As it can be seen, in the acetaminophen
group, a significant increase in the activity of the enzyme
was obtained compared with the control group (p < 0.001).
The same significant rise was obtained to a lesser extent
in the acetaminophen groups treated with 70% ethanol,
96% ethanol, carbon tetrachloride, chloroform extracts,
and essential oil compared with the control group. On
the other hand, in the acetaminophen groups treated
with 70% ethanol (p < 0.01), 96% ethanol (p < 0.01),
carbon tetrachloride (p < 0.05), and chloroform (p < 0.01)
extracts, there was a significant fall in the activity of this
enzyme compared with the acetaminophen group. Also,
in the acetaminophen group treated with essential oil,
although a fall in enzyme activity was observed compared
with the acetaminophen group, this decrease was not
statistically significant.
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Fig. 7. Serum aspartate aminotransferase activity in various
groups: * - p < 0.05, ** - p< 0.0, *** - p <0.001
(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 7. AKTMBHOCTb CbIBOPOTOYHOM
acnaptatamuHoTpaHcdepasbl B pa3AMUHbIX rpynnax:
*-p<0,05, ** - p<0,01, *** - p< 0,001

(Mo cpaBHEHUIO C KOHTPOABHOM rpynnon); # - p < 0,05,
## - p < 0,01 (N0 cpaBHEHMIO C rPyNNoM, NPUHUMaBLUEN
auetTaMnHodeH)
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Fig. 8. Liver malondialdehyde levels in various groups:
*-p<0.05, ** - p<0.01, *** - p<0.001
(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 8. YpoBeHb MaAOHOBOIO AMAAbAETMAA B NEYEHU

B pas3AMyuHbIX rpynnax: * - p < 0,05, ** - p < 0,01,

*%% - p < 0,001 (N0 cpaBHEHUIO C KOHTPOABLHOM rPYMNMON);
# - p<0,05, ## - p < 0,01 (No cpaBHEHUIO C rPYNMNoMu,
NPUHUMaBLLEN aLeTaMUHODEH)
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Figure 8 shows the level of MDA in liver tissue as an
index of lipid peroxidation and oxidative stress in different
groups. As it is shown in the acetaminophen group, there
is a strong and significant rise in MDA compared with
the control group (p < 0.001). This significant increase
was observed in the acetaminophen groups treated
with 70% ethanol, 96% ethanol, carbon tetrachloride,
chloroform, and essential oil extracts compared with the
control group. Also, in the acetaminophen groups treated
with 70% ethanol (p < 0.01), 96% ethanol (p < 0.01), and
chloroform (p < 0.01) extracts, a statistically significant
fall in MDA was obtained compared with the acetamin-
ophen group. In addition, the reduction of MDA in two
acetaminophen groups treated with carbon tetrachloride
extract (p < 0.05) as well as essential oil (p < 0.05) was
not significant.
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Fig. 9. Liver glutathione levels in various groups:

* - p<0.05 ** - p<0.01, *** - p<0.001
(compared with the control group); # - p < 0.05,

## - p < 0.01 (compared with the acetaminophen group)

Puc. 9. YpoBeHb rayTaTMoHa B NEYEHU B Pa3AUYHbIX
rpynnax: * - p < 0,05, ** - p< 0,01, *** - p < 0,001
(MO cpaBHEHUIO C KOHTPOAbHOM rpynnon); # - p < 0,05,
## - p < 0,01 (N0 cpaBHEHUIO C TPYNMOM, NPUHUMABLLEN
auetTaMnHobEH)

Figure 9 shows the results of the amount of GSH in liver
tissue homogenate in different groups. As can be seen, in
the acetaminophen group, a strong and significant fall of
this parameter was obtained compared with the control
group (p < 0.001). Also, such a significant decrease was
observed in acetaminophen groups treated with 96% ethanol
(p < 0.01), carbon tetrachloride (p < 0.01), chloroform
(p < 0.01) extracts, and essential oil (p < 0.01) as compared
with the control group. On the other hand, a significant
increase in the liver level of GSH was obtained only in the
acetaminophen group treated with 70% ethanol extract
compared with the acetaminophen group (p < 0.05), and
such a significant rise was not obtained in other treated
acetaminophen groups.

Figure 10 shows the results of CAT enzyme activity in
liver tissue homogenate in different groups. As can be seen,

in the acetaminophen group, a significant decrease in the
activity of the enzyme was obtained compared with the
control group (p < 0.01). The same significant decrease in
CAT enzyme activity was observed in acetaminophen groups
treated with carbon tetrachloride (p < 0.01), chloroform
(p < 0.05) extracts, and essential oil (p < 0.01) compared
with the control group. On the other hand, a significant
increase in CAT enzyme activity was obtained only in the
two acetaminophen groups treated with 70% (p < 0.05)
and 96% ethanol extracts (p < 0.05) compared with
the acetaminophen group, and this increase in enzyme
activity in other treated acetaminophen groups was not
statistically significant.
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Fig. 10. Catalase enzyme activity in liver tissue homogenate
in various groups: * - p < 0.05, ** - p < 0.01,

*** - p < 0.001 (compared with the control group);

# - p <0.05, ## - p < 0.01 (compared with the
acetaminophen group)

Puc. 10. AKTUBHOCTb Katanasbl B NeYeHU B Pa3AUYHbIX
rpynnax: * - p < 0,05, ** - p < 0,01, *** - p < 0,001
(MO cpaBHEHUIO C KOHTPOABHOM rpynnon); # - p < 0,05,
## - p < 0,01 (N0 cpaBHEHMIO C rPyNNoM, NPUHUMaBLUEN
auetTaMnHopeH)

Kidney is the most vital part of the body which
malfunctions and leads to serious illness and even
death. Two main and important functions of the kidney
include the elimination of toxins and waste materials, as
well as the control of water levels, mineral and chemical
substances in the body, and electrolytes such as sodium
and potassium [26].

The level of kidney function is determined by measuring
blood urea and creatinine because these two substances
are naturally excreted from the kidneys. Therefore, an
increase in blood urea and creatinine indicates a decrease
in kidney function, which can be very harmful. In acute
kidney injury, early diagnosis is essential for successful
treatment [27].

Old biomarkers for diagnosing kidney damage are non-
specific and can be detected only after at least 24 hours
after the onset of kidney damage. Therefore, the need for
new biomarkers that are non-invasive, quick and easy,
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and have high sensitivity and diagnostic specificity is very
much felt [28].

According to the outcomes of GC-MS data (see Table),
different extracts and essential oil of sage are rich in
monoterpene compounds, which have been mentioned in
several articles for their antioxidant and oxidative stress-
reducing properties [29]. By comparing the results for
different extracts, it was found that carbon tetrachloride
and chloroform solvents showed better performance in
extracting monoterpene compounds compared with 70
and 96% of ethanol solvents. Also, sage essential oil has
the highest extraction rate of these compounds compared
with other solvents.

Also, the results of pharmacology tests showed that
carbon tetrachloride and chloroform extracts performed
better than hydroalcoholic extract and essential oil for the
treatment of kidney damage caused by acetaminophen
in laboratory mice.

The liver is also known as another important organ
due to its vital role in the body. The use of medicinal
plants in the treatment of liver diseases is of particular
importance [30]. Liver damage caused by drugs is one
of the main causes of death in the world and is a serious
concern. Acetaminophen is known as a widely used drug
that is safe in therapeutic doses, but in high doses, it
causes disruption of mitochondrial function and causes
liver necrosis [1].

The toxic metabolite N-acetyl-P-benzoquinine imine,
which is created through cytochrome P450, reduces GSH
reserves in the liver, and the secondary toxic metabolite
binds to protein and causes liver necrosis and can lead to
oxidative stress and mitochondrial damage. To evaluate liver
damage, blood tests and measurement of liver biomarkers
are the priority for identifying and monitoring liver damage.
ALT and AST enzyme activities are analyzed as indicators

of liver cell damage and ALP enzyme activity is analyzed
to evaluate cholestatic damage [31, 32]. Therefore, in the
current study, important biomarkers in the evaluation of
liver damage were analyzed.

In the present study, liver enzymes in the blood of
laboratory mice increased after receiving a toxic dose of
acetaminophen. Also, the level of MDA, which is an index
of lipid peroxidation and indicates oxidative stress in the
body, increased with acetaminophen poisoning in the
blood. The amount of CAT enzyme is also one of the first
and most important antioxidant enzymes that plays a role
in the direct reduction of active oxygen metabolites and
indicates liver disease. An increase in nitrogen and reactive
oxygen species is caused by excessive consumption of
acetaminophen and causes oxidative activity and, as a
result, cell necrosis in the liver tissue [33].

With the administration of sage leaves extracts, liver
markers have decreased. The results of pharmacology
tests illustrated that extracts of 70% ethanol, 96% ethanol,
chloroform, and essential oil had the greatest protective
effects in the model of acute liver damage induced by
acetaminophen in laboratory mice because it is rich in
biological compounds which have therapeutic activities
in liver diseases.

CONCLUSIONS

Since the solvent plays an important role in the extraction
and separation of active medicinal substances in plants, in
this research, the extraction procedure was performed by
different solvents in terms of polarity. It can be concluded
that chloroformic and carbon tetrachloride extracts of
S. officinalis had the best effects for protecting against
kidney injury, while for liver injury, chloroformic, ethanolic,
and hydroethanolic extracts had the best. Although the
underlying mechanism remains unclear.
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