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Abstract – Objective: In our previous studies on the anti-aging effects of ursolic acid (UA) on
various tissues including skeletal muscle, heart, hypothalamus and pancreas, the protective and
anti-aging roles of UA on renal tissue remained elusive. In this study, we aim to address this issue.
Materials and Methods: In this research we used 20 aged male mice C57/BL6. After optimizing
the conditions for treatment, UA was dissolved in corn oil and administrated with 200 mg/kg doses
twice a day for 7 days in the form of intra-peritoneal injection. The animals were anaesthetized and
perfused in order to analyze the tissues through Immunofluorescence (IF) and histochemical tests.
Results: The findings showed that UA significantly increased SIRT1 (~4 folds), p<0.001. Furthermore, UA enhanced SIRT6 up-regulation (~5 folds), p<0.001. With regard to the prominent role
of α-Klotho in the control of CKD progression, our findings obviously showed that UA enhanced
α-Klotho expression (~3.51 folds), p<0.001.
Conclusions: By enhancing SIRT1 expression, it seems that UA may be a new therapeutic agent
to increase resistance to many causal factors in the development of renal diseases, including diabetic nephropathy. It led to a decrease in glomerular cell apoptosis, inflammation, sodium reabsorption, blood pressure, and interstitial fibrosis, and an increase in autophagy and renal lipid
metabolism. Also, enhancing of SIRT6 in the kidney of aged mice using UA promotes metabolism
regulation, DNA repair and longevity. Finally, through up-regulation of α-Klotho, UA prohibits the
kidney vulnerability, renal fibrosis and induces kidney regeneration.
KEYWORDS: Ursolic Acid, SIRT1, SIRT6, α-Klotho.
LIST OF ABBREVIATIONS: Ursolic acid (UA), SIRT1 and SIRT6 (sirtuin, silent mating type information
regulation 2 homolog )1 and 6, Chronic kidney disease (CKD), Renin-Angiotensin-Aldosterone System
(RAAS), calorie restriction (CR), Phosphate buffer saline (PBS), Insulin like growth factor 1 (IGF-1),
Transient receptor potential cation channel subfamily V member 5 (TRPV5), lipopolysaccharide (LPS).

Aging is an undeniable process resulting from
gradual changes over time. Cell growth and cell
division, as well as the precision of macromolecules in the cell, reduces with aging, resulting
in impaired physiological function of various or-

gans that leads to death1. As previous research
has shown, aging increases the risk of developing diseases such as cancer, diabetes, cardiovascular disorders, neurological and renal diseases2.
According to previous studies, the main role of
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kidneys is to maintain hemostasis, i.e. they control the fluid level, balance of electrolytes and
other factors to keep the internal environment
of body stable. Some of the main functions of
kidney include antioxidation, recovery of dietary
nutrients, pH regulation, regulation of blood osmolality, regulation of blood pressure and secretion of active compounds such as calcitriol,
renin, and erythropoietin3. Based on our studies,
UA is a lipophilic compound that has medicinal
properties and can be found abundantly in apple peels as well as in plants such as rosemary,
oregano, etc.4,5. UA has been identified as an
anti-diabetic6, anti-cancer, anti-inflammatory7,
anti-HIV8, anti-bacterial9, liver protective10 and
anti-oxidant agent11.
It has been shown that UA prevents skeletal
muscle breakdown and increases its volume and
strength in laboratory animals12,13. In addition,
it could be considered as a suitable candidate to
treat liver malignancy10. Moreover, UA significantly reduced serum index enzymes (creatine
kinase, lactate dehydrogenase) caused by heart
attack, indicating its therapeutic effect in reducing complications after a heart attack14. Finally,
UA lowers blood glucose, plasma fats, albumin
excretion, urea, etc. in diabetic mice, making it
a good treatment to reduce kidney damage and
protect the kidneys15. Numerous changes occur
during the aging process that affect kidneys’ nutrient uptake, absorption, digestion, and metabolism. One of the main functions of the kidneys
is to expel waste products from the blood. When
they are damaged, the blood cleaning and excretion of body waste is not done properly, a condition called chronic kidney failure. This could
lead to anemia, high blood pressure, and bone
problems2. Indeed, kidney aging is a multifactorial process in which sex, race, genetic background and several mediators, including chronic
inflammation, oxidative stress, Renin-Angiotensin-Aldosterone System (RAAS), the inability
to repair the kidneys and cardiovascular diseases play an important role16. Biomarkers such
as SIRT1, SIRT6, and α-Klotho can play a role
in delaying aging. As recent studies indicate,
SIRT1 plays an important role in inflammation
and fibrosis, inhibition of renal cell apoptosis,
and regulation of lipid metabolism, stress resistance, blood pressure, sodium balance, differentiation and aging17,18. In addition, SIRT6 has a
main role in regulating metabolism, DNA repair
and longevity. SIRT6 knockouting in mice shows
a significant phenotype of premature aging similar to kidneys aging19. It was also reported that
the levels of SIRT1 and SIRT6 increased in the
brain and kidneys of rats fed with a calorie re2

striction (CR) diet, while only the level of SIRT6
increased in the heart19. Finally, α-Klotho, a gene
that suppresses aging and increases longevity,
was discovered in 199720. Alpha-Klotho deficiency contributes to reduced life expectancy,
infertility, atherosclerosis, skin atrophy, osteoporosis, hypogonadism, premature thymus vulnerability, misplaced calcification, bone mineral
dysfunction, pulmonary emphysema, and hearing impairment, while α-Klotho gene expression prolongs longevity21. In contrast, excessive
expression of α-Klotho reverses the aging process22. Studies conducted on UA have shown that
it increases the level of anti-aging biomarkers of
SIRT1, SIRT6 and α-Klotho10,12. Moreover, the
kidneys are one of the organs that are most susceptible to severe structural and functional damage during old age compared to other organs23.
In this study, we evaluated the effect of UA on
the expression of these biomarkers in kidney tissue of C57BL/6 mice with Immunofluorescence
microscope, which is a strong and practical
method generally used by researchers to show
that UA increases SIRT1, SIRT6 and α-Klotho in
the kidney and thus improves its function both in
in vitro and in vivo conditions.
MATERIALS AND METHODS
Materials
2.1. UA was purchased from Sigma-Aldrich (St.
Louis, MO, USA, U6753) with high purity (90%).
Antibodies specific for SIRT1 were provided by
(Cambridge, United Kingdom, Biotech, Life Sciences, Ab110304), SIRT6 (Sigma-Aldrich, St.
Louis, MO, USA, S4322) and α-Klotho (Cambridge, United Kingdom, Biotech, Life Sciences,
MAB1819). Goat anti-rabbit FITC (Ab6717), donkey anti-rabbit (SC-2095), Goat anti-mouse FITC
(Ab97022) and Goat anti-mouse (ab6787) were
purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA) and Abcam (Cambridge, United Kingdom). Paraformaldehyde, Triton X-100,
DAPI, Tris-HCl, and NaCl were purchased from
Sigma-Aldrich Company (St. Louis, MO, USA)
and all other chemicals were purchased from
Merck Company (Kenilworth, NJ, USA).
Animal study
In this research, we used 20 inbred aged C5BL/6
male mice (20 months old) prepared from Pasteur
Institute of Iran. Within 3 weeks of onset treatment, the mice were housed in colony cages with
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12 h light/12 h dark cycles to adopt the new condition and kept on standard chow (Harlan Teklad
formula 7013). UA was dissolved in corn oil (20
mg/ml) and administrated in 200 mg/kg doses
through intra-peritoneal injection (i.p)13. The mice
were classified into 3 groups, one group received
UA, another received placebo (corn oil) and the
control group received distilled water. UA was
administrated twice a day for 7 days13. Finally,
for Immunofluorescence (IF) and histochemical
tests, all animals were weighted and anaesthetized by an i.p injection of ketamine/xylazine and
then fixed with 4% paraformaldehyde and 2.5%
glutaraldehyde.
Animal Ethical statement
To evaluate UA effects on some proteins which
modified in kidneys of aged mice, we tried to
follow from standard regulation which applied
for animals. Hence, all animal procedures were
approved by the Institutional Animal Care and
Committee of the Endocrinology and Metabolism
Research Center, Tehran University of Medical
Sciences (Tehran, Iran) with ethical code IR.
TUMS.REC.1396.282.
Tissue preparing
for immunofluorescence test
After anaesthetizing and perfusing of mice, the
kidneys were properly isolated and immersed in
4% paraformaldehyde and 2.5% glutaraldehyde
overnight in order to fix them24. Then, the samples
were impregnated with 30% sucrose and stored
in 4°C for IF tests. Serial cross-sections (8 mm
thicknesses) were made using a cryostat microtome at -25°C, mounted onto the glass slides, and
then stained for cytoplasm and nucleus detection.
In this experiment, slides were blocked in room
temperature for 10 min prior to staining. Next, the
cytoplasm staining was performed by Hematoxylin for 5 min, washed with PBS and water, and
the nuclei staining was done by Eosin for 5 min,
washed with PBS and water, dehydrated by descending alcohol, mounted onto glass slides and
then visualized using a bright-field microscope
(Nikon, Tokyo, Japan, TE2000-S) and captured
by camera (TCH-1.4CICE).
Immunofluorescence microscopy
To identify the mentioned anti-aging proteins in
the hypothalamus tissue, cryosection slides were

first dehydrated in Room Temperature (RT) for 10
min. Then, the slides were embedded in PBS for
10 min (rehydration) and exposed to 0.1 normal
HCl for 20 min. Afterwards, it was replaced by
Borate Buffer for 5 min. Next, they were washed
by PBS (2-5 min). To evaluate nucleus antigen,
tissue was made permeable by Triton X-100 (3%
in PBS) for 30 min and then washed by PBS (2 -5
min). In the next step, the semi-prepared tissues
were blocked by goat-serum (500 ml goat-serum
in 4.5 cc PBS) for 45 min in RT. The first antibodies were added based on optimized protocol in
4°C overnight. Likewise, SIRT1 (1–1000 diluted
in blocking buffer), SIRT6 (2–4 mg/ml diluted in
blocking buffer), α-Klotho (8-25 mg/ml diluted in
blocking buffer). Then, the slides were washed in
PBS (2-5 min). Afterwards, the secondary antibodies were included for 2 h in 37°C: FITC-conjugated goat anti-mouse IgG1 (1–500 diluted in
blocking buffer) and FITC-conjugated goat anti-rabbit IgG1 (1–1000 diluted in blocking buffer).
Next, the slides were washed in PBS (2-5 min). In
the last step, to identify tissue nucleus, 50 ml of
DAPI (40, 6-diamidino-2-phenylindole) diluted in
PBS was used on each slide for 2 min in dark, and
then removed from tissue surface and washed by
PBS (2-5 min)25. Finally, the slides were embedded in PBS, visualized by bright-field microscope
(Nikon, Tokyo, Japan, TE2000-S), captured by
camera (TCH-1.4CICE) and the images were analyzed with the LSM 510 image browser software.
Statistical analysis
The results of this study were analyzed by oneway ANOVA. Each experiment was done at least
three times, and the data were presented as the
mean ± SEM, where applicable.
RESULTS
Ursolic acid increases SIRT1
in the kidney of aged mice
Based on our previous studies on the rejuvenating effects of UA on hypothalamus, liver and
skeletal muscle in the mice10,12,26, we further
confirmed this phenomenon in the kidneys of
aged mice. Therefore, we decided to use a new
strategy to check the expression of SIRT1 protein level. As shown in Figure 1, SIRT1 protein
significantly increased in the mice receiving UA
(94.22 ± 10.35) compared to mice receiving corn
oil (69.26 ± 3.5) and distilled water (24.22 ± 3.6)
(p<0.001) (Figure 1).
3

Fig. 1. UA increases SIRT1 protein level in aged mice’s kidney. Expression of nuclear SIRT1 on the kidney tissue. The mice
(C57BL/620 aged-month, n = 20) were treated with 200 mg/kg of UA which was dissolved in corn oil (20 mg/ml). UA was administrated twice a day for 7 days through i.p injection, and the tissue was cryosectioned (8 mm) and stained with FITC-antiSIRT1 monoclonal antibody. A, UA + Corn Oil treated mice (UA); B, The control mice which received vehicle alone (Corn Oil,
CO, USA); C, The control mice which only received distilled water. p value was determined by one away ANOVA test. Data
are presented as mean ±SEM (*p<0.05, **p<0.01, ***p<0.001). Scale bar 50 mm. DAPI staining shows entire cell populations.
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Ursolic acid up-regulates SIRT6
in the kidneys of aged mice
As relevant studies indicate the key role of kidneys
and functional changes that occur as a result of
kidney aging, we examined the UA effect on the
SIRT6 protein level in old mice. Our findings illustrated that UA significantly increased SIRT6 overexpression (84 ± 11.91) in comparison to mice that
only received corn oil as placebo (8.3 ± 0.53) and
distilled water (17.63 ± 0.17) (p<0.001) (Figure 2).
α-Klotho protein was up-regulated
in the kidneys of aged mice which
received UA
As shown by previous studies, a gradual decrease in
the level of secretory α-Klotho protein in the urine
occurs during CKD progression in patients27. In our
recent study on the anti-aging effects of UA28, UA
was administrated to evaluate the level of α-Klotho
protein in the kidney of aged mice. The findings
showed that UA significantly increased α-Klotho
level (22.65 ± 1.43), in comparison with cases which
only received corn oil (9.88 ± 0.84) and distilled water (6.37 ± 0.08) (p<0.001) (Figure 3).
DISCUSSION
Aging reduces the function of biological systems in
all body organs. In fact, whether aging is a disease
or not is still an important physiological and scientific issue. Kidney aging is a complex and multifactorial process that causes chronic kidney disease
in older people during their lifetime16. As known,
reduced calorie intake delays age-related changes
in the kidneys. These changes include glomerulosclerosis, ischemic injuries, vessel wall thickening,
and intracranial tissue hardening. There have been
observations of the effect of low-calorie diets on
delaying kidney aging29. Hence, appropriate diets and various pharmacological approaches have
been tested to delay the aging process or reduce its
function in the elderly16.
Despite studies on different functions of UA28,30,
we studied its effect on the biological biomarkers
such as α-Klotho, SIRT1 and SIRT6 in the renal tissue of old mice. The results of all experiments on
renal tissue showed that the level of α-Klotho protein
in UA-treated mice increased significantly (Figure
3). It is worth mentioning that α-Klotho plays a pivotal role in the regulation of aging and the improvement of age-related diseases in mammals. Thus,
high expression of α-Klotho will increase life expectancy about 20 to 30%. One interesting point is that

α-Klotho expression is present in a limited number
of bonds, but deficiency in α-Klotho gene expression
leads to several pseudo-aging phenotypes in almost
all systemic organs in mice22. According to α-Klotho
functions in the kidney, it acts as a hormone that enters the bloodstream in the following three ways: (a)
RNA intermittent monitoring, (b) Proteolytic divisions and (c) Sodium-potassium ATPase transfer31,32.
Besides, α-Klotho acts as a regulator of fibroblast
growth factor, so that when too much phosphate is
produced, factor-23 fibroblast growth factor (FGF23) begins to be secreted from the bone and work
in the kidneys, leading to the excretion of phosphate
from the urine33. There is a direct relationship between α-Klotho, fibroblast growth factor and age34.
It regulates signals (IGF1) and insulin35. However,
it could resist oxidative stress at the cellular and organic levels in mammals36. It also acts as a glucuronidase and activates TRPV5 ion channels37,38. Moreover, it protects endothelial dysfunction and controls
nitric oxide production31,39. In fact, α-Klotho affects
the intracellular signaling pathways as follows31:
1. p53/p21: the expression of genes p53 and p21,
which causes cell death, increases with age.
Therefore, α-Klotho prevents cell death by
regulating p53/p21 signal pathway.
2. it affects Wnt signal pathways.
α-Klotho deficiency increases the vulnerability of the kidney to acute insults, weakens kidney
regeneration an induces renal fibrosis. In addition
to direct renal effects, α-Klotho deficiency also
causes and intensifies disturbed mineral metabolism, secondary hyperparathyroidism, vascular
calcification, cardiac hypertrophy and fibrosis.
Recent studies suggested that nuclear α-Klotho
and cytoplasm α-Klotho are also bioactive molecules to protect cells from senescence and apoptosis40,41. Although, SIRT6 has been implicated as
a potential regulator of longevity and has important roles in cytoprotective functions, its molecular targets, biological functions and possible roles
in renoprotection are largely unknown. When
discussing mitochondrial biogenesis and kidney
diseases, it should be noted that mitochondrial
biogenesis and its associated processes improve
metabolic pathways such as fatty acid oxidation
and increase antioxidant defense mechanisms
that mitigate injury from aging, tissue hypoxia
and glucose or fatty acid overload, all of which
contribute to the pathogenesis of acute and chronic kidney disease42. Moreover, the results have
shown that UA increases SIRT1 in kidney tissue.
As shown, SIRT1 plays an important role in inflammation, apoptosis of renal and fibrous cells,
and has protective effects on organs in oxidative
stress, including kidney; it also controls lipids,
autophagy, blood pressure and sodium balance17.
5

Fig. 2. SIRT6 protein was overexpressed in UA-treated mice. Nuclear SIRT6 expression was detected in aged mice’s kidney.
The mice (C57BL/6, 20 aged-month, n = 20) which received, (A) UA + Corn Oil (200 mg/kg), UA, (B) Corn Oil (CO) and
(C) distilled water (C). The tissue was processed by cryostat microtome (8 mm) and stained with FITC-anti- SIRT6 monoclonal antibody. p value was determined by one away ANOVA test. Data are presented as mean ± SEM (*p< 0.05, **p<0.01,
***p<0.001). Scale bar 50 mm. DAPI staining shows entire cell.

Studies indicate that the removal of SIRT1 in
mice causes severe kidney changes, including diabetes, acute kidney damage and LPS caused by
kidney inflammation. In addition, loss of SIRT1
in epithelial cells of renal tubules exacerbates the
6

damage caused by renal fibrosis18,43. It was recently reported that a novel type of communication
between two different kidney compartments mediated by SIRT1 prevents the above-mentioned
disorders44-46.
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Fig. 3. UA enhances anti-aging α-Klotho level in aged mice’s kidney. The mice were treated with, (A) UA + Corn Oil (UA) (ip)
containing 200 mg/kg UA twice a day for 7 days, (B) Corn Oil (CO) and (C) distilled water (C). The cryosection of kidney tissue
was prepared (8 mm) and stained with FITC-anti- α-Klotho monoclonal antibody. p value was determined by one away ANOVA
test. Data are presented as mean ± SEM (*p<0.05, **p<0.01, ***p<0.001). Scale bar 50 mm. DAPI staining shows entire cell

CONCLUSIONS
The kidney has a key role in governing of aging.
In order to validate the findings of our previous
study on rejuvenation effects of UA in the hepat-

ic, skeletal muscle and hypothalamus, our results
in this study support the anti-aging effect of UA
through enhancing metabolic sensor proteins level (SIRT6 and SIRT1). The activation of SIRT1
in the kidney may be a new therapeutic target to
7

increase resistance to many causal factors in the
development of renal diseases, including diabetic
nephropathy. Also, SIRT6 is of great importance
in regulating metabolism, DNA repair and longevity. As mentioned earlier, α-Klotho is originally known as an aging suppressor gene. In fact,
α-Klotho plays an important role in intracellular
signaling pathways such as p53/p21 and Wnt 31. In
this study, we found that UA increased α-Klotho
in mice under UA treatment; therefore, it seems
that UA delays aging or ameliorates it through elevation of anti-aging biomarkers in kidney. Taken
together, further studies are required to evaluate
the contribution of UA to age-sensitive traits, in
addition to its effect on hypothalamus, kidney
and skeletal muscle as prominent organs in controlling of aging.
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