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Original Article
Effect of Glycyrrhiza glabra Extract on Telomerase 
Enzyme and Biochemical Parameters in Elderly Rats

Background: Aging with the gradual loss of organ functions leads to extensive complications. 
As the world’s elderly population is increasing. 

Objectives: We aimed to investigate the effect of Glycyrrhiza glabra (GLY) on biochemical 
factors, telomerase content, and antioxidant levels in aged tissues.

Methods: Thirty aged rats were divided into 3 groups: AG or aging group (control), AG-low 
GLY (150 mg/kg), and AG-high GLY (300 mg/kg). GLY extract gavage was carried out for 
2 weeks. Eventually, the heart, liver, hippocampus, and right kidney tissues were removed 
to evaluate their antioxidant levels. The serum samples were used to measure the level of 
aminotransferase (AST), alanine aminotransferase (ALT), urea, creatinine, and telomerase 
enzyme activity. 

Results: The results indicated that administering high dose GLY extract reduced oxidative 
stress notably in the tissues and blood serum. There was a remarkable decline in the urea, 
creatinine levels, and ALT in the aged group receiving a high dose of GLY, but the change in 
AST was insignificant. Receiving GLY extract in low and high doses elevated the telomerase 
enzyme activity remarkably.

Conclusion: The current study supports that administering GLY extract (300 mg/kg) can 
effectively ameliorate aging-related disturbances. 
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Introduction

ging is a complex biological process that 
gradually reduces normal physiological 
functions in living organisms. Aging can 
lead to various diseases such as cancers, 
Alzheimer, Parkinson, heart diseases, and 
arteriosclerosis, and it is known as a risk 

factor in mortality [1, 2]. According to the Denham-
Harman theory, the production and accumulation of 
free radicals in old age damages macromolecules. These 
damages are crucial in physiological function impair-
ments during aging [3]. Based on the evidence, more re-
active oxygen species (ROS) are produced by damaged 
mitochondria. The production and accumulation of ROS 
cause oxidative stress and accelerate aging [4]. In addi-
tion, a reduction in antioxidant status and an elevation in 
lipid peroxidation are obvious in the aging process; as 
reported in previous studies, aging suppresses the activ-
ity of catalase (CAT), superoxide dismutase, and gluta-
thione peroxidase. However, it increases the malondial-
dehyde (MDA) concentration [5]. The integrity of DNA 
is protected by telomeres in the cell cycle. Over time, 
telomere length declines until the telomere becomes too 
short for cell division, leading to cell senescence, so telo-
mere length is considered a landmark for biological ag-
ing [6]. Besides, oxidative stress reduces telomere length 
in aging, and antioxidants can affect the rate of telomere 
shortening [7]. Aging is identified as a significant factor 
in increasing the level of aminotransferase (AST), ala-
nine aminotransferase (ALT), urea, and creatinine [8]. 
The antioxidants prevent the deleterious effects of ROS 
by eliminating free radicals. Antioxidant administration 
maintains a balance between oxidant and pro-oxidant 
and declines the aging process [2].

Nowadays, the utilization of herbal medicine has in-
creased. Herbal medicine is administered to prevent 
various diseases all over the world. The origin of Glyc-
yrrhiza glabra (GLY) is Eurasia, northern Africa, and 
western Asia. GLY is famous for its anticancer, anti-in-
flammatory, antidiabetic, antidepressant, and antioxidant 
properties [9]. It inhibits lipid peroxidation and is also 
considered an antioxidant due to its polyphenolic com-
ponents [10]. 

Accordingly, we investigated the effects of GLY extract 
on biochemical parameters and oxidative stress in differ-
ent tissues of aged rats.

Materials and Methods

Preparation of GLY extract

A specialist collected plant specimens and the her-
barium verified it and assigned identification codes. The 
plants were dried in the shade and ground into powder. 
Then, 100 g of plant powder was mixed with 0.5 L of 
50% alcohol in an Erlenmeyer flask and incubated on 
a shaker for 48 hours. The residue was filtered through 
filter paper, and the solvent was removed. The required 
doses were prepared in physiological serum and stored 
under sterile conditions [11].

Treatment of animals

Standard conditions were provided to maintain all 
mice, including a 12:12 h light: dark cycle, 50% relative 
humidity, and a 22-24 °C temperature, with free access to 
drinking water and food. Relevant protocols for the care 
and use of laboratory animals were followed according 
to the National Institute of Health guidelines, which the 
Ethics Committee of Mashhad University of Medical 
Sciences approved.

Thirty rats, aged 20 months, were randomly divided 
into three groups as follows:

1. Aging (AG) group: Elderly rats without intervention 
and considered as control.

2. AG- low GLY (GLY) group: Elderly rats received 
a daily oral dose of 150 mg/kg of body weight of GLY 
extract for 2 weeks using the gavage method.

3. AG- high GLY group: Elderly rats received a daily 
oral dose of 300 mg/kg of body weight of GLY extract 
for 2 weeks using the gavage method [11].

Upon completion of the treatment period, the rats were 
anesthetized using 10 mg/kg xylazine and 75 mg/kg ket-
amine, and their heart, liver, hippocampus, and right kid-
ney tissues were extracted to evaluate oxidative stress. 
Additionally, the serum was separated to measure urea, 
creatinine, liver enzymes, telomerase enzyme, and levels 
of oxidants and antioxidants.

Biochemical evaluation

Tissue homogenization was carried out using a buffer 
solution. The concentration of MDA, thiol groups, and 
CAT enzyme activity in homogenized tissues and serum 
were measured. Serum separation was performed by cen-
trifuging blood samples at 5000 rpm for 15 minutes. AST, 
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ALT, urea, creatinine, and the levels of oxidative and anti-
oxidant parameters were utilized for evaluation [12]. 

MDA assessment

This study employed the TBRS (thiobarbituric acid 
reactive substances) method to quantify MDA. The in-
teraction between MDA and TBRS forms a red complex 
with a peak optical density at 532 nm. A spectrophotom-
eter was employed to measure the absorption at a wave-
length of 535 nm. The formula of MDA was used as fol-
lows (Equation 1) [13]:

1. C(M)=Absorbance/1.56×105

CAT activity assessment

The Aebi method was employed to measure CAT activ-
ity. In this method, hydrogen peroxide is decomposed at 
240 nm. The procedure commenced by adding 30 mM 
H2O2 to an adequate homogenized tissue in a 50 mM 
sodium phosphate buffer. Furthermore, the absorption at 
240 nm was assessed after a 3-minute interval, and the 
specific activity was determined in units per milligram of 
protein per minute at the culmination of the process [14].

Thiol concentration assessment

The reagent DTNB [5,5’-dithiobis-(2-nitrobenzoic 
acid)] is acknowledged as a pivotal factor for evaluat-
ing thiol groups. In this study, following adding 1 mL of 
Tris-EDTA buffer to 50 μL of serum. The absorption at 
a wavelength of 412 nm was measured against the Tris-
EDTA buffer alone (A1). Subsequently, by introducing 
20 μL of the DTNB reagent into the solution, the sam-
ple’s absorption was re-evaluated after a 10-minute in-
terval (A2). The absorption of the empty DTNB reagent 
was considered (B). Ultimately, the following formula 
was used (Equation 2) [15]:

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

Urea and creatinine level assessment

This study assessed kidney function using colorimetric 
diagnostic kits’ protocols to evaluate urea and creatinine 
levels (Pars Azmon Co., Iran) [16].

Liver enzymes assessment

The hepatic enzymes were assessed following the in-
structions in the respective kits (Pars Azmon Co., Iran) 
[17].

Telomerase enzyme assessment

Serum blood samples underwent evaluation following 
the kit’s protocol to determine telomerase enzyme activ-
ity (Elabscience) [18]. 

In this procedure, 100 µL of serum was introduced 
into the plates, and the samples were subsequently incu-
bated, and then the antibody was added. Next, the sam-
ples were incubated for an additional hour. After three 
washes, HRP (Horseradish peroxidase) conjugate was 
introduced, and the plates were incubated at 37 °C for 30 
minutes. After the final wash, 90 µL of substrate solution 
was added. After incubation, 50 µL of stop solution was 
introduced, and the absorbance was recorded at a wave-
length of 450 nm.

Statistical analysis

The GraphPad Prism software, version 16 was em-
ployed for data analysis. The one-way analysis of vari-
ance (ANOVA) and Tukey test were used. The P<0.05 
was regarded as noticeable in different measurements.

Results

Biochemical assessment

MDA concentration

According to the results, MDA concentration in the 
AG-high GLY group decreased notably in comparison 
with the AG group in the kidney, heart (P<0.05), and liv-
er tissues (P<0.01). In liver tissue, the level of MDA in 
the AG-high GLY group was remarkably lower than that 
in the AG-low GLY group (P<0.05). There was no sig-
nificant difference in the MDA level in the hippocampus 
tissue and blood serum between various groups. (Figure 
1A-E).

CAT activity

Remarkably higher CAT activity in the AG-high GLY 
group was seen compared to the AG group (P<0.05). In 
blood serum, the CAT activity in the AG-low GLY and 
AG-high GLY groups elevated significantly compared to 
the AG group (P<0.01, P<0.001, respectively). Besides, 
the CAT level in the AG-high GLY group was notably 
higher than the AG-low GLY group in blood serum 
(P<0.05). The change in CAT activity between different 
groups in the liver, kidney, and hippocampus tissues was 
not significant (Figure 2A-E).
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Thiol concentration 

The results of thiol concentration in heart tissue showed 
a significant enhancement in the AG-low GLY and AG-
high GLY groups compared with the AG (P<0.05). The 
level of thiol groups in the AG-high GLY group was 
higher than the AG group in the hippocampus (P<0.05) 
and liver tissues (P<0.01). The thiol level in the AG 

with high administration of GLY increased significantly 
compared to the AG group in blood serum (P<0.001). 
Moreover, in blood serum, the thiol concentration was 
increased in the AG-high GLY group compared to the 
AG-low GLY (P<0.05). No significant change in the thi-
ol concentration between groups was observed in kidney 
tissue (Figure 3A-E).

Figure 1. The concentration of MDA in A) Heart, B) Kidney, C) Liver, D) Hippocampus tissues, and E) Blood serum
Abbreviations: AG: Aging group; GLY: Glycyrrhiza glabra; MDA: Malondialdehyde.
**P<0.01, *P<0.05 compared with AG group, #P<0.05 compared with the AG-low GLY group. 
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Urea and creatinine level

The results of kidney function evaluation demonstrated 
that the level of urea in the AG-high GLY group reduced 
remarkably compared with the AG group (P<0.01). 
Also, the AG-high GLY group has a significant decre-
ment as compared to the AG-low GLY group (P<0.05) 
(Figure 4A). The level of creatinine in the AG-high 
GLY group considerably declined compared to the AG 
(P<0.05) (Figure 4B).

ALT and ASL level

Based on the liver enzyme measurement, the level of 
ALT in the AG-high GLY group decreased significantly 
compared to the AG group (P<0.01) (Figure 5A). The 
change in ASL was not notable between different groups 
(Figure 5B).

Telomerase enzyme activity

Comparison of the telomeres enzyme activity in vari-
ous groups showed notably higher activity in the group 

Figure 2. The activity of CAT in the A) Heart, B) Kidney, C) Liver, D) Hippocampus tissues, and E) Blood serum 
Abbreviations: AG: Aging group; GLY: Glycyrrhiza glabra; CAT: Catalase.
***P<0.001, **P<0.01 and *P<0.05 compared with the AG group, #P<0.05 compared with the AG-low GLY group. 
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in the AG-high GLY and AG-low GLY groups compared 
with the AG group (P<0.001, P<0.01, respectively) (Fig-
ure 6).

Discussion

The results indicate that administering a high dose of 
GLY extract reduces oxidative stress, notably in the tis-
sues and blood serum. A remarkable decline in the urea, 
creatinine level, and ALT was observed in the aged 

group receiving a high dose of GLY, but the change in 
AST was insignificant. Receiving GLY extract in low 
and high doses elevated the telomerase enzyme activity 
remarkably.

The global aging population is steadily increasing, 
leading to a rise in age-related health issues. The state-
ment underscores the critical role of anti-aging strategies 
in alleviating disease burdens and preserving population 
productivity [19]. Aging is characterized by the gradual 

Figure 3. The thiol concentration in A) Heart, B) Kidney, C) Liver, D) Hippocampus tissues, and E) Blood serum
AG: Aging group; GLY: Glycyrrhiza glabra.
***P<0.001, **P<0.01, *P<0.05 compared with the AG group, #P<0.05 compared with the AG-low GLY group. 
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deterioration of organ functions, often linked to ROS 
accumulation. Numerous antioxidants counteract ROS, 
thus preventing cellular and tissue damage [20]. GLY, 
renowned for its antioxidant properties, is significant in 

combating oxidative stress damage and inhibiting lipid 
peroxidation [21].

As people age, the efficacy of their endogenous antiox-
idant systems diminishes, making them more vulnerable 
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Figure 4. The levels of A) Urea, B) Creatinine
AG: Aging group; GLY: Glycyrrhiza glabra.
**P<0.01, *P<0.05 compared with the AG group, #P<0.05 compared with the AG-low GLY group. 

Figure 5. The level of A) ALT, B) AST
Abbreviations: AG: Aged rats; GLY: Glycyrrhiza glabra; ALT: Alanine aminotransferase; AST: Aminotransferase.
**P<0.01 compared with the AG group.
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to oxidative stress. Organs with limited replication rates 
and high oxygen consumption, such as the heart and 
brain, are primarily targeted by oxidative stress [22]. The 
MDA is a marker of ROS-induced tissue damage [23]. 
Antioxidants within the body neutralize ROS and shield 
against harm caused by free radicals. For example, CAT 
decomposes two molecules of H₂O₂ (hydrogen peroxide) 
into one molecule of oxygen (O₂) and two molecules of 
water (H₂O) in a two-step reaction. Simultaneously, thiol 
groups (-SH) mitigate oxidative stress by binding excess 
oxygen with hydrogen, effectively deactivating ROS 
[24-26].

A previous study reports a significant reduction in CAT 
activity within the elderly group, while the MDA con-
centration markedly increases in this demographic [27]. 
According to our findings, the elderly group receiving a 
high dose of GLY exhibits a substantial decrease in MDA 
concentration within the liver, kidney, and heart tissues 
compared to the control group. Nevertheless, no signifi-
cant alterations in MDA concentration are observed in 
the hippocampus and serum across different groups. In 
heart tissue, CAT activity significantly increases in the 
high-dose GLY recipient group compared to the elderly 
group. CAT activity exhibited a significant increase in 
serum within both GLY recipient groups compared to 
the AG group. However, no notable changes in CAT ac-
tivity were noted in the liver, kidney, and hippocampus 
tissues.

The concentrations of thiol groups (-SH) showed a sig-
nificant increase in the AG-high GLY group compared 
to the AG group in the liver, hippocampus, and serum. 
Notably, thiol concentration witnessed a substantial in-
crease in the AG-high GLY group and the AG-low GLY 
group compared to the AG group in heart tissue. Aslam 
et al. study corroborates our findings, underscoring that 
GLY administration, in a dose-dependent manner, reduc-
es MDA concentration and augments CAT activity, thus 
functioning as an antioxidant [28].

Tissue damage associated with aging is evident in the 
kidneys. Glomerulosclerosis, a decrease in glomerular 
filtration rate, and the loss of nephron functional reserves 
during aging alter the structure and overall function of 
the kidneys. Consequently, elderly patients are more vul-
nerable to acute kidney injury [29]. Elevated serum urea 
and creatinine levels have been reported to contribute to 
kidney dysfunction in old age [30]. In the present study, 
administering high doses of GLY significantly reduces 
serum urea and creatinine levels in aged rats. A previous 
study corroborates the current research by demonstrat-
ing that dose-dependent GLY prescription effectively 
reduces renal damage, urea, and creatinine levels [31].

The aging process gradually alters the liver structure 
and affects the physiological function of cells. The serum 
levels of AST and ALT increase during aging [32, 33].

Figure 6. The telomerase enzyme activity
AG: Aging group; GLY: Glycyrrhiza glabra.
***P<0.001, **P<0.01 compared to the AG group.

  
Figure 5. The Level of A) ALT,  B) AST 
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In this study, it is reported that in elderly rats receiv-
ing high doses of GLY, the ALT levels significantly de-
creased. No significant changes were observed in the 
ASL levels. Our findings align relatively with the study 
by Chauhan et al., indicating that dose-dependent GLY 
administration reduces AST and ALT levels and affects 
liver damage [34].

The terminal regions of chromosomes are recognized 
as telomeres. Cell senescence can harm telomeres. Geno-
toxic stress, reduced telomerase enzyme activity, disrup-
tions in shelter in proteins, or changes in telomere-relat-
ed RNA expression at the cellular level are detrimental 
to telomeres [35]. According to the study by Yao et al., 
telomerase enzyme activity in the testes of aged rats has 
significantly decreased compared to other groups [36]. 
The current study shows a significant increase in telom-
erase enzyme activity in 20-month-old rats receiving 
high and low doses of GLY.

Our results in this study suggest that GLY effectively 
improves aging-related outcomes in various tissues. De-
spite examining the effects in male rats, the results may 
vary in females and may be sex-dependent. Additionally, 
changes in the duration of administration can impact the 
results significantly. Furthermore, the molecular mecha-
nisms of GLY action in tissues still need to be fully un-
derstood. Therefore, further studies in this area are rec-
ommended.

Conclusion

 According to the current study, aging causes oxidative 
stress in diverse tissues and adversely influences liver 
and kidney function. Additionally, the telomerase ac-
tivity can change during aging. Administration of GLY 
extract in a high dose (300 mg/kg) for 2 weeks can ame-
liorate the aging complications.
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