
PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2025  Vol. 15  No. 4
ИЗВЕСТИЯ ВУЗОВ. ПРИКЛАДНАЯ ХИМИЯ И БИОТЕХНОЛОГИЯ  2025  Том 15  N 4

1https://vuzbiochemi.elpub.ru/jour 

© Sobhanian S.A., Ahmadi A., Roghani M., Hassanlo P., Khamoush Sh., 2025

PHYSICOCHEMICAL BIOLOGY
Original article
EDN: UTMCYY
DOI: 10.21285/achb.1002

Protective activities of some bioactive components  
from Salvia officinalis extracts and essential oil  

in acetaminophen-induced model 
of acute liver and kidney injury in mice 

Seyed Ali Sobhanian* , Abbas Ahmadi**, Mehrdad Roghani***,  
Parinaz Hassanlo**, Shima Khamoushi**

*Department of Medicinal Chemistry, TeMS.C., Islamic Azad University, Tehran, Iran
**Department of Chemistry, Ka.C., Islamic Azad University, Karaj, Iran
***Neurophysiology Research Center, Shahed University, Tehran, Iran

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, I), 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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Защитное действие некоторых биоактивных компонентов 
из экстрактов и эфирного масла шалфея лекарственного 

при остром поражении печени и почек у мышей,  
вызванном ацетаминофеном

С.А. Собханян* , А. Ахмади**, М. Рогани***,  
П. Хассанло**, Ш. Хамуши**
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Аннотация. Повреждения печени и почек, вызванные лекарственными препаратами и токсичными веществами, 
являются основной причиной печеночной и почечной дисфункции. В последнее время предложено множество 
способов лечения такого рода поражений – как с помощью химических препаратов, так и при помощи методов 
традиционной медицины. В связи с этим поиск новых классов природных и безопасных соединений для данных 
целей является настоятельной потребностью. Род Salvia семейства яснотковых (Lamiaceae) хорошо изучен 
и широко используется в традиционной медицине. Растение содержит множество вторичных метаболитов, 
таких как терпеноиды, которые обладают разнообразной фармакологической активностью. На основании 
многочисленных данных о фармакологической эффективности Salvia officinalis L. (шалфея лекарственного, I) 
в данном исследовании изучено защитное действие некоторых экстрактов и эфирного масла этого растения 
при поражении печени и почек у мышей, подвергшихся воздействию ацетаминофена. Результаты показали, 
что наилучшее защитное действие при поражении почек оказывают хлороформенный и четыреххлористоугле-
родный экстракты шалфея лекарственного, при поражении печени эффективны хлороформенный, спиртовой 
и водно-спиртовой экстракты шалфея лекарственного. Можно сделать вывод, что экстракция шалфея лекар-
ственного полярными и неполярными органическими и водными растворителями позволяет выделить различные 
биоактивные компоненты, которые значительно улучшают некоторые сывороточные маркеры повреждения 
печени и почек, вызванного ацетаминофеном у мышей.

Ключевые слова: повреждения печени и почек, ацетаминофен, традиционная медицина, Salvia officinalis 
(шалфей), полярные и неполярные экстракты
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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 

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 EI. A capillary column, HP-5MS 
(30 m × 0.25 mm i.d.; the film thickness 0.25 µm) 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 µl)  
of diluted essential oils were manually injected. 

The parts of extracts were identified through their 
retention time, retention indices which are relevant to C6-C35 
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 report1. 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, %

Составы водно-спиртового 96%-го и 70%-го, хлороформенного, четыреххлористоуглеродного экстрактов и эфирного масла 
шалфея лекарственного, идентифицированные методом газовой хроматографии – масс-спектрометрии, %

Chemical family Hydroethanolic 96% Hydroethanolic 70% Chloroform Carbon tetrachloride Essential oil
Monoterpenes  
& sesquiterpens 26.71 20.85 42.93 40.73 66.78

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 
(ANOVA), 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, I) 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 
(p < 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)
Рис. 1. Уровень азота мочевины сыворотки крови  
в различных группах: * – p < 0,05, ** – p < 0,01,  
*** – p < 0,001 (по сравнению с контрольной группой); 
# – p < 0,05, ## – p < 0,01 (по сравнению с группой, 
принимавшей ацетаминофен)
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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)
Рис. 2. Уровень креатинина сыворотки крови в различных 
группах: * – p < 0,05, ** – p < 0,01, *** – p < 0,001  
(по сравнению с контрольной группой); # – p < 0,05, 
## – p < 0,01 (по сравнению с группой, принимавшей 
ацетаминофен)
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(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)

Рис. 5. Активность почечной каталазы в различных 
группах: * – p < 0,05, ** – p < 0,01, *** – p < 0,001  
(по сравнению с контрольной группой); # – p < 0,05, 
## – p < 0,01 (по сравнению с группой, принимавшей 
ацетаминофен)
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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)
Рис. 3. Уровень малонового диальдегида в почках  
в различных группах: * – p < 0,05, ** – p < 0,01,  
*** – p < 0,001 (по сравнению с контрольной группой); 
# – p < 0,05, ## – p < 0,01 (по сравнению с группой, 
принимавшей ацетаминофен)
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(compared with the control group); # – p < 0.05,  
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Рис. 4. Уровень глутатиона в почках в различных 
группах: * – p < 0,05, ** – p < 0,01, *** – p < 0,001 
(по сравнению с контрольной группой); # – p < 0,05, 
## – p < 0,01 (по сравнению с группой, принимавшей 
ацетаминофен)
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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 < 0.01, *** – p < 0.001 
(compared with the control group); # – p < 0.05,  
## – p < 0.01 (compared with the acetaminophen group)

Рис. 6. Активность сывороточной аланинаминотранс-
феразы в различных группах: * – p < 0,05,  
** – p < 0,01, *** – p < 0,001 (по сравнению  
с контрольной группой); # – p < 0,05, ## – p < 0,01  
(по сравнению с группой, принимавшей ацетаминофен)

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

Рис. 7. Активность сывороточной 
аспартатаминотрансферазы в различных группах:  
* – p < 0,05, ** – p < 0,01, *** – p < 0,001  
(по сравнению с контрольной группой); # – p < 0,05, 
## – p < 0,01 (по сравнению с группой, принимавшей 
ацетаминофен)
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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)

Рис. 8. Уровень малонового диальдегида в печени  
в различных группах: * – p < 0,05, ** – p < 0,01,  
*** – p < 0,001 (по сравнению с контрольной группой); 
# – p < 0,05, ## – p < 0,01 (по сравнению с группой, 
принимавшей ацетаминофен)
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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)

Рис. 9. Уровень глутатиона в печени в различных 
группах: * – p < 0,05, ** – p < 0,01, *** – p < 0,001 
(по сравнению с контрольной группой); # – p < 0,05, 
## – p < 0,01 (по сравнению с группой, принимавшей 
ацетаминофен)

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)

Рис. 10. Активность каталазы в печени в различных 
группах: * – p < 0,05, ** – p < 0,01, *** – p < 0,001 
(по сравнению с контрольной группой); # – p < 0,05, 
## – p < 0,01 (по сравнению с группой, принимавшей 
ацетаминофен)

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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