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Original Article
Anti-aging Effects of Salvia officinalis Extract via 
Telomerase Modulation and Oxidative Stress Reduction

Background: Aging is a biological process that reduces quality of life and is related to a time-
dependent decline in cellular function. It is a primary risk factor for many disorders. Aging-
related disorders have become a global healthcare challenge.

Objectives: The present study aimed to investigate the impact of Saliva officinalis on 
aged tissues.

Methods: In the current study, 30 aged male rats (twenty-month-old) were divided into three 
groups: Aging, aging-low S. officinalis (100 mg/kg), and aging-high S. officinalis (200 mg/
kg). S. officinalis was gavage for 2 weeks. Finally, all aged animals were sacrificed, and 
the heart, liver, hippocampus, and right kidney tissues were collected for oxidative stress 
assessment. Blood samples were collected to measure the levels of urea, creatinine, liver 
enzymes, oxidants, and antioxidants, and telomerase enzyme activity.

Results: The results showed that S. officinalis administration in high doses significantly 
decreased oxidative stress in aged tissues. Urea and creatinine levels in the aging-high S. 
officinalis group significantly reduced compared to the aging group. An insignificant change 
is observed in aspartate aminotransferase (AST), while the alanine aminotransferase (ALT) 
significantly decreased in the aging-high S. officinalis group. Using S. officinalis in low and 
high doses notably increased telomerase enzyme activity. 

Conclusion: This study suggests that administering S. officinalis, especially at a high dose 
(200 mg/kg), can be useful in reducing aging-related impairment.
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Introduction

ccording to forecasts by the United Nations 
(UN), by 2050, one out of every six people 
will be over 65 years old, and the number 
of 80-year-olds will triple. Moreover, ag-
ing as a risk factor can lead to most chron-
ic illnesses in humans, including cancer, 

neurodegenerative diseases, and cardiovascular diseases 
[1]. Aging is known as a progressive loss of physiologi-
cal integrity, which causes functional impairment and 
raises vulnerability to death. Additionally, aging includes 
complex physiological processes that are not well under-
stood. The most well-known theory in the aging process 
is Denham Harman, which defines the accumulation of 
free radicals produced in mitochondrial metabolism as 
leading to cellular toxicity [2]. Previous studies indi-
cated that in many organisms, oxidative stress damage 
increases with aging [3]. Reactive oxygen species (ROS) 
are composed of various chemical species, including su-
peroxide anion (O2

−), hydroxyl radical, and hydrogen 
peroxide (H2O2). The ROS’s uncontrolled production is 
related to increased damage in nucleic acids, proteins, 
lipids, and carbohydrates; also, it can change the meta-
bolic activities as an effective factor and finally lead to 
different pathogenesis and aging [2, 4]. Also, due to the 
role of mitochondria in apoptosis, mitochondrial oxida-
tive stress plays a significant role in enhancing apoptosis 
during aging [5]. Based on studies, aging not only reduc-
es the activity of catalase (CAT), superoxide dismutase 
(SOD), glutathione peroxidase (GPx), glutathione re-
ductase (GR), and glutathione-S-transferase (GSTs) but 
also increases the level of malondialdehyde (MDA). In 
other words, the lower activity of antioxidant enzymes 
following aging demonstrates impaired antioxidant de-
fense in the aging organism. Furthermore, the intensity 
of peroxidative lipid structure and oxidant and antioxi-
dant balance are disrupted in aging. Moreover, telomere 
shortening is known as an aging biomarker, making cells 
susceptible to certain diseases. Based on the evidence, 
oxidative stress is associated with telomere shortening 
during aging. Antioxidants can be effective in reducing 
the rate of telomere shortening during aging [6]. Aging 
is a crucial factor affecting the increase in aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), 
urea, and creatinine levels. Insufficient antioxidants may 
enhance oxidative damage due to aging. Accordingly, di-
etary supplementation with antioxidants can prevent the 
development of chronic diseases by reducing the adverse 
effects of lipid peroxidation, free radicals, and ROS [7, 
8]. 

Salvia officinalis, an aromatic and medicinal plant, is a 
Labiatae/Lamiaceae family member. Although its origin 
is the Middle East and Mediterranean regions, it is now 
found worldwide. The antioxidant properties of S. offici-
nalis have been previously reported. Also, its therapeu-
tic potential is undeniable [9, 10]. S. officinalis has been 
utilized as an anti-cholinesterase, anti-inflammatory, 
antidiabetic, and anticancer [11]. Also, S. officinalis not 
only increases the activity of antioxidant enzymes but 
also effectively reduces lipid peroxidation products [12]. 

Therefore, the present study was conducted to identify 
the influence of administrating an herbal extract of S. of-
ficinalis on biochemical factors and oxidative stress in-
dices in major organs of 20-month-old rats. 

Materials and Methods

Preparation of S. officinalis extract

To prepare the S. officinalis extract, herbarium col-
lected and approved the fresh S. officinalis. Then it was 
dried and powdered in the shade. A total of 100 g of plant 
powder was poured into an Erlenmeyer flask with half a 
liter of 50% alcohol. Absolute alcohol is used as a sol-
vent. The Erlenmeyer was covered by aluminum foil and 
placed in a shaker incubator for 48 hours. The residue 
was filtered with Whatman filter paper, and the solvent 
was removed by rotary evaporation. The mixture was 
then placed in an oven at 50 °C to convert it to a dried 
extract for solvent removal. The required doses were 
prepared with physiological serum and stored in a sterile 
container in the refrigerator [13]. 

Animal issues 

All rats were kept under standard conditions (12 h dark 
and light cycle, 50% relative humidity, at a temperature 
of 22-24 °C, and free access to drinking water and food). 
In this experimental study, the animal house of Mash-
had University of Medical Sciences provided 30 aged 
male rats (20-month-old). To investigate the effect of S. 
officinalis, 30 aged rats were randomly divided into three 
groups of six rats each as follows:

1-Aging group received normal saline. 

2-Aging-low S. officinalis group: Aged rats received 
100 mg/kg extract of S. officinalis by oral gavage daily 
for 2 weeks. 

A
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3-Aging-high S. officinalis group: Aged rats received a 
200 mg /kg extract of S. officinalis by oral gavage daily 
for 2 weeks [14, 15]. 

In this study, normal saline was used as a solvent. Fi-
nally, all aged rats were anesthetized with xylazine and 
ketamine, and the heart, liver, hippocampus, and right 
kidney tissues were collected for oxidative stress assess-
ment. Also, blood samples were obtained from the car-
diac apex. After separating the blood serum, the amounts 
of urea, creatinine, liver enzymes, telomerase enzyme, 
and oxidants and antioxidants in the serum of aged rats 
were measured.

Biochemical assessment

A phosphate-buffered solution was used to homogenize 
tissues. Then, homogenized tissues and blood serum 
were used to evaluate the MDA concentration, the total 
thiol groups, and CAT activity [16]. The blood samples 
were further centrifuged at 5000 rmp for 15 mins to iso-
late the blood serum. Then, serum was stored at -80 °C 
and used to evaluate liver enzymes, urea, creatinine, and 
the levels of oxidants and antioxidants [17]. 

MDA measurement

This study used the thiobarbituric acid reactive sub-
stances (TBARS) method to measure the MDA level. 
MDA is the terminal product of lipid peroxidation. 
When MDA interacts with thiobarbituric acid, it gener-
ates a red complex with an optical density peak at 532 
nm. A spectrophotometer was used to measure the ab-
sorbance at 535 nm. The MDA level was then estimated 
utilizing the Equation 1 [18]. 

1. C(M)=Absorbance/1.56×105

Thiol concentration measurement

This study utilized a dithiol nitrobenzoic acid (DTNB) 
reagent to evaluate the thiol groups. Its reaction with S. 
officinalis groups of thiol forms a yellow complex of 1, 
3, 5-trinitrobenzene with a peak absorbance at 412 nm. 
Further, 1 mL tromethamine-ethylenediaminetetraacetic 
acid topical (Tris-EDTA) buffer was added to 50 μL of 
serum; absorbance and tissues were then read at 412 
nm against tromethamine-ethylenediaminetetraacetic 
acid topical (Tris-EDTA) buffer alone (A1). Then 20 μL 
DTNB reagent was added to the solution, and the sample 
absorbance was measured again (A2) after 10 minutes. 
The DTNB reagents’ absorbance was considered blank 

(B). The Equation 2 was used to calculate total thiol con-
centration (mM) [19]. 

2. Total thiol concentration (mM)=(A2-A1-
B)×1.07/0.05×13.6

CAT activity measurement

CAT activity was measured utilizing the Aebi׳s meth-
od. This technique decomposes H2O2 at a 240 nm wave-
length. The process was initiated by adding 30 mM 
H2O2 to an adequate size of tissue homogeneity in the 
50 mM sodium phosphate buffer (pH=7). Further, the 
absorbance was measured in 3 minutes at 240 nm.  The 
specific activity was finally obtained in per milligram of 
protein per minute (units/mg protein/min) [20]. 

Liver enzymes evaluation 

Liver enzymes, including ALT and AST, were evalu-
ated per the kit protocol (Pars Azmon, Iran) [21].

Urea and creatinine level evaluation 

Urea and creatinine were measured to evaluate kidney 
function. Colorimetric diagnostic kits were used to mea-
sure the urea and creatinine levels. Measurements were 
performed based on the manufacturer’s recommenda-
tions (Pars Azmon, Iran) [22, 23]. 

Telomerase enzyme measurement

Blood serum was analyzed based on the guidelines of 
the enzyme linked immunosorbent assay (ELISA) kit 
(Elab Science) for the telomerase enzyme activity mea-
surement [24]. A total of 100 μL of serum was first added 
to the plate. The samples were incubated for 90 minutes 
at 37 °C. One-hundred μL of biotinlated detection Ab 
was added to the plate and incubated for one h at 37 °C. 
After 3 times washing, 100 μL of horseradish peroxidase 
(HPR) conjugate was added to the plate and incubated at 
37 °C for 30 minutes. Following washing, 90 μL of sub-
strate solution was added and incubated for 15 minutes 
at 37 °C. Finally, 50 μL of stop solution was added and 
read at 450 nm wavelength.

Statistical analysis

The GraphPad Prism software, version 8.0 was utilized 
for statistical analysis. The one-way analysis of variance 
(ANOVA) and Tukey’s post-hoc test were used to com-
pare significant differences between groups. Statistical 
significant was set at P<0.05.
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Results

Biochemical assessment

MDA concentration 

Based on the MDA concentration measurement in the 
liver, kidney, and heart tissues, the MDA level in the ag-
ing group was considerably higher than the group that 
received 200 mg/kg of the extract (P<0.05). While in the 

hippocampus tissue and blood serum, an insignificant 
difference was found in the MDA concentration between 
the groups (Figure 1). 

CAT activity

Based on the results, CAT activity was higher in the 
group that received 200 mg/kg extract compared to the 
aging group in the kidney, liver (P<0.05), and heart tis-
sues (P<0.001). Insignificant change was found in CAT 

Figure 1. Comparing the MDA concentration in (A) kidney (B) liver (C) heart (D) hippocampus tissues and (E) blood serum 
in groups 
Ns: No significant change.
*P<0.05 as compared with the aging group. 
Note: The data were expressed as Mean±SEM (n=10).

 

 
 
 
 
 

   

 
 

Fig 1. Comparing the Malondialdehyde (MDA) Concentration in (A) Kidney (B) Liver (C) Heart (D) 
Hippocampus Tissues and (E) Blood Serum in Groups  
* P < 0.05 compared with the aging group.  ns shows no significant change.  
The data were expressed as mean ± standard error of the mean (SEM) (n =10). 
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activity in the hippocampus tissue between the groups. 
In the blood serum, CAT activity in the aging group was 
reduced compared to the group was received 100 mg/
kg extract (P<0.05) and 200 mg/kg extract (P<0.001). 

In addition, CAT activity in the group that received 100 
mg/kg extract was lower compared to the group that re-
ceived 200 mg/kg extract in the blood serum (P<0.05) 
(Figure 2).

Figure 2. Comparing the CAT enzyme activity in (A) kidney (B) liver (C) heart (D) hippocampus tissues and (E) blood serum 
in different studied groups 
Ns: No significant change.
***P<0.001 and *P<0.05 as compared with the aging group, #P<0.05 as compared to the aging-low group. 
Note: The data were expressed as Mean±SEM (n=10).

 
 

   

 
 

 

 
 

 
 

 
 

 

Fig 2. Comparing the Catalase (CAT) Enzyme Activity in (A) Kidney (B) Liver (C) Heart (D) Hippocampus 
Tissues and (E) Blood Serum in Different Studied Groups  
*** P < 0.001 and * P < 0.05 as compared with the aging group. # P < 0.05 as compared to the aging-low 
group.  ns shows no significant change.  The data were expressed as mean ± SEM (n =10). 

 

Aging

Aging
- lo

w SF

Aging
- h

igh
 SF

0.0

0.2

0.4

0.6

0.8

Heart tissue

C
at

al
as

e 
(U

/m
g 

pr
ot

ei
n)

✱✱✱

Aging

Aging
- lo

w SF

Aging
- h

igh
 SF

0.0

0.5

1.0

1.5

Liver tissue

C
at

al
as

e 
( U

/m
g 

pr
ot

ei
n) ✱

Aging

Aging- lo
w SF

Aging- h
igh SF

0.0

0.2

0.4

0.6

Kidney tissue

C
at

al
as

e 
( U

/m
g 

pr
ot

ei
n)

✱

Aging

Aging- lo
w SF

Aging- h
igh SF

0

10

20

30

Ca
ta

las
e (

 U
/m

g 
pr

ot
ei

n)

✱

#
✱✱✱

Blood serum

Aging

Aging- lo
w SF

Aging- h
igh SF

0.0

0.2

0.4

0.6

0.8

1.0

Hippocup tissue

Ca
tal

as
e (

 U
/m

g p
ro

tei
n)

ns

(A) (B) (C) 

(D) (E) 

Mohammadi Sh, et al. Effect of Saliva officinalis Extracts on Aged Rats. PBR. 2025; 11(3):189-200.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


194

 September 2025. Volume 11. Number 3

Thiol concentration 

The thiol concentration in the group receiving 200 mg/
kg extract considerably increased compared to the aging 
group in the heart, hippocampus (P<0.05), liver tissues, 
and blood serum (P<0.01). In contrast, an insignificant 
difference was found between groups in the kidney tis-
sues (Figure 3).

Urea and creatinine level

According to the results, a significant decrease was 
found in the level of urea in the group that received 
200 mg/kg extract compared the aging group (P<0.001) 
and the group that received 100 mg/kg extract (P<0.01) 
(Figure 4A). Also, the creatinine level in the group that 
received 200 mg/kg extract was lower compared to the 
aging group (P<0.05) (Figure 4B).

Figure 3. Comparing the thiol concentration in (A) kidney (B) liver (C) heart (D) hippocampus tissues and (E) blood serum in 
different studied groups 
Ns: No significant change.
**P<0.01 and *P<0.05 as compared with the aging group. 
Note: The data were expressed as Mean±SEM (n=10).

 

   
 

 
 

 

 

Fig 3. Comparing the Thiol concentration in (A) Kidney (B) Liver (C) Heart (D) Hippocampus Tissues and 
(E) Blood Serum in Different Studied Groups  
** P < 0.01 and * P < 0.05 as compared with the aging group.  ns shows no significant change. The data were 
expressed as mean ± SEM (n =10). 
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ALT and AST level

The results of liver enzyme measurement showed that 
the ALT level in the group receiving 200 mg/kg extract 
(P<0.01) and 100 mg/kg extract (P<0.05) was notably 

reduced compared to the aging group (Figure 5A). An 
insignificant difference was found in the AST level be-
tween groups (Figure 5B).

Figure 4. Comparison of (A) urea and (B) creatinine serum levels in studied groups 
***P<0.001 and *P<0.05 as compared to the aging group, ##P<0.01 compared to the aging-low group. 
Note: The data were presented as Mean±SEM (n=10).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Fig 5. Comparison of the Serum Level of (A) Alanine Aminotransferase (ALT) 
and (B) Aspartate Aminotransferase (AST) in Different Studied Groups  
 
** P < 0.01 and * P < 0.05 compared to the aging group. ns shows no significant 
change. The data were expressed as mean ± SEM (n =10) 
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Telomerase enzyme activity

The results indicated that the activity of telomerase 
enzyme was considerably higher in the groups that re-
ceived 200 mg/kg and 100 mg/kg extract compared to 
the aging group (P<0.001) (Figure 6). 

Discussion

Aging is an intricate process that increases mortality 
and decreases physiological function [25]. Although the 
aging process is poorly understood, the accumulation of 
free radicals released during mitochondrial metabolism 
during aging leads to cellular toxicity and damage to the 
mitochondrial and nuclear DNA and cellular membrane 
structure. Besides, antioxidants are known as scavengers 
of free radicals, and their anti-aging properties include 
their anti-inflammatory impact and delay or prevention 
of diabetes, cancer, and brain disorders. Antioxidants 
effectively reduce blood pressure and the development 
of atherosclerosis [26]. S. officinalis is a crucial pharma-
ceutical herb for many purposes [27]. Based on previous 
studies, S. officinalis has strong antioxidant activity [28]. 
Accordingly, in this study, we examined the impact of S. 
officinalis as an antioxidant in aged tissues.

The aging process is associated with an imbalance 
between pro-oxidant and antioxidant molecules, which 
increases oxidative stress. Due to the enhancement of 
oxidative stress, intracellular ROS levels increase and 
damage proteins, lipids, and DNA [29]. Antioxidant 
mechanisms play a crucial role in protecting cells from 
ROS. CAT, a hemoprotein, is involved in the detoxifica-
tion of H2O2 [30]. Thiol groups, as sulfhydryl groups-
containing antioxidants, release hydrogen into the envi-
ronment under oxidative stress, which binds to excess 
oxygen and deactivates ROS [31]. Based on previous 
studies, in the aging group, the MDA level significant-
ly increased, while CAT activity significantly reduced 
compared to other groups [30, 32]. In the current re-
search, the MDA level in the aging group that received a 
high dose of S. officinalis significantly decreased in liver, 
kidney, and heart tissues as compared to the aging group. 
The thiol concentration in the aging-high S. officinalis 
group in the liver, heart, hippocampus tissues, and blood 
serum was higher than in the aging group. Also, the CAT 
activity in the aging group receiving a high dose of S. 
officinalis has notably increased compared to the ag-
ing group in liver, heart, and kidney tissues. Regarding 
blood serum, CAT activity in both of the S. officinalis 
groups had a significant enhancement compared to the 
aging group. Our results were confirmed by Kolac et al., 
research reported that S. officinalis is effective against 
oxidative stress, increases the CAT activity and decreas-

Figure 6. Comparison of the telomerase enzyme activity in different studied groups 
***P<0.001 as compared with the aging group. 
Note: The data were expressed as Mean±SEM (n=10).
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es MDA levels in the inflammation group in the kidney, 
liver, and lung tissues [12]. This study found an insig-
nificant difference in CAT activity in hippocampal tissue 
between the different groups. This contradicts Osman’s 
study, which proved that the extract elevated CAT activ-
ity in the brain [33].

Function reduction of multiple organs is evident in ag-
ing. Especially in the liver, aging causes hepatic steatosis 
and progressive inflammation. In natural aging rat mod-
els, deterioration of liver morphology and function has 
been reported. ALT and AST enzymes are vital biomark-
ers of liver function that are involved in the catabolism 
of amino acids and bile production. The increase in these 
enzymes in the serum is due to damage to the hepatocyte 
membrane. According to previous research, an incre-
ment in the level of ALT and AST has been observed in 
the aging group [34, 35]. Based on the present research 
findings, high and low doses of S. officinalis lead to a 
significant reduction in the ALT level in the aging group. 
However, this change was not significant at the AST lev-
el. Our results partially agree with a previous study that 
indicated S. officinalis has decreased the AST and ALT 
dose-dependently [36].

The impairment of kidney function is associated with 
aging. Aging can cause tubular atrophy, interstitial fi-
brosis, and glomerulosclerosis. Besides, the high serum 
urea and creatinine levels are demonstrated as remark-
able kidney dysfunction during aging [37]. In the current 
study, using S. officinalis in high doses has significantly 
decreased the serum urea and creatinine level in aging. In 
addition, the urea level in the aging-high SF group was 
lower compared to that in the aging-low group. These 
results were also in accordance with the previous reports 
which showed that S. officinalis effectively reduces the 
level of urea and creatinine in a dose-dependent manner 
[35]. Telomerase enzyme compensates for telomere ero-
sion. Tissue aging and age-related diseases are associ-
ated with telomere shortening and subsequent cell senes-
cence. Tsoukalas’s study demonstrated that telomerase 
activity and telomerase reverse transcriptase expression 
were significantly reduced in 21-month-old rats as com-
pared to 6-month-old ones in the brain cortex and cere-
bellum. It has been suggested that the telomerase reverse 
transcriptase expression is age-dependent [38]. Accord-
ing to the present study, administrating S. officinalis in 
high and low doses has increased the telomerase activity 
in 20-month-old rats. 

Our results showed that S. officinalis administration 
has beneficial effects on tissue aging impairment. Al-
though we emphasized these effects in aged male rats, 

these may be temporary and suppressed, and they can 
differ in females. Therefore, further studies with chang-
ing the duration of administration and comparing males 
and females are suggested.

S. officinalis contains compounds that prevent oxida-
tive damage to cells. This helps slow down the aging 
process. S. officinalis’s anti-inflammatory compounds 
can reduce chronic inflammation, one factor that ac-
celerates aging. Phytochemicals found in S. officinalis 
include flavonoids, such as apigenin, luteolin, and dime-
thoxyapgenin, which have antioxidant and anti-inflam-
matory properties. Terpenoids, including camphene, 
borneol, and camphor, are known to be anti-inflamma-
tory. Volatile oils include compounds, such as cineole, 
terbinol, and verdane, which have antimicrobial and 
anti-inflammatory properties. 

Conclusion

Based on current results, aging leads to oxidative stress 
in tissues, which disrupts kidney and liver function. Ag-
ing can also change the telomerase enzyme activity. Us-
ing S. officinalis as an antioxidant agent, especially at a 
high dose (200 mg/kg) for 2 weeks, may alter the ad-
verse impacts of aging in tissues.
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