
ABSTRACT
Background: Aging processes are defined as those that increase the susceptibility of individuals, as they grow older, to the 
factors that eventually lead to death. It is a complex multi-factorial process where several factors may interact simultaneously 
and may operate at many levels of functional organization.. Accumulating evidence has suggested that active ingredients that 
possess antioxidative and anti-inflammatory proprties could decrease the incidence and development of aging-related diseases 
and promote longevity. Carvedilol is a non-selective third generation β-blocker/α1-blocker with antioxidant and inflammatory 
activity to evaluate its  antiaging effect and to investigate if it is better to given carvedilol with aging induction or after aging 
induction is established.
Aim: To evaluate the effect of carvedilol on organ index, inflammatory mediators, oxidative stress parameters and skin markers 
in d-galactose-induced aging mice.
Method: Male (swiss albino mice) weighing 20 to 30 g and aged 3 to 6 months was randomly divided into six groups ‎, each 
consisting of 10 animals (60 mice in total). Group I was given normal saline orally only for six weeks, group II was given 
d-galactose 500 mg/kg orally only for six weeks, group III was given d-galactose 500 mg/kg orally and vitamin C 100 mg/kg 
orally concomitantly for six weeks, group IV given d-galactose 500 mg/kg orally only for six weeks, then directly next day 
after ending of aging induction, vitamin c 100 mg/kg started for another six weeks, group V given d-galactose 500 mg/kg orally 
and carvedilol 10 mg/kg orally concomitantly for six weeks, group VI given d-galactose 500 mg/kg orally only for six weeks, 
then directly next day after ending of aging induction, carvedilol 10 mg/kg started for another six weeks. After that, animals 
were weighed, euthanized, and dissected, the heart was removed and the organ index was calculated. Also the heart tissue is 
divided in to two parts, one homogenated to measure interleukin-Iβ, tumor necrosis factor-alpha, glutathione peroxidase and 
malondialdehyde, while the other piece for histopathological analysis to determine the presence of hypertrophy. Skin tissue 
was taken and homogenated for ELISA assay (measurement of collagen I and III levels ).
Results:  Results showed a significant decrease in heart organ index in animals that received carvedilol orally administered 
compared to aged group, with a substantial decrease in inflammatory mediators, malondialdehyde level and a marked increase 
in glutathione peroxidase level, collagen I and collagen III levels. Furthermore, carvedilol reverses the myocardial hypertrophy 
induced by D-galactose.
Conclusion: The present study suggests that carvedilol has a positive antiaging benefit in reducing oxidative stress, decreasing 
inflammatory and skin aging markers and improving hypertrophic cardiac cells. Regarding the timing of drug administration, 
although carvedilol shows a benficial continuing impact when given with and after the initiation of aging. It’s better to give 
at starting of the aging process to control the aging series as soon as possible.
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INTRODUCTION
Aging is commonly defined as the accumulation of diverse 
deleterious changes occurring in cells and tissues with 
advancing age that are responsible for the increased risk of 
disease and death. The observation that most of the animals 
living in a natural environment rarely become senescent 
(because dying earlier for predation, disease, starvation, or 
drought) suggests that aging is a phenomenon unique to the 
human species.1

Different mechanisms contribute to the aging process. The 
main cause is due to the accumulation of random unrepaired 
molecular damage over time. This eventually leads to cellular 
defects, which gives rise to tissue dysfunction and aging.2 
These mechanisms include genomic instability,3 Telomere 
attrition,4 cellular senescence,5 stem cell exhaustion.5,6 altered 
intercellular communication.7 These mechanisms work in 
a multi-layered model together to eventually result in the 
developing aging process.8

The foci of biological theories include explanations of 
deleterious effects leading to decreasing function of the 
organism, gradually occurring age-related changes that are 
progressive over time, and intrinsic changes that can affect 
all members of a species because of chronologic age.9 Among 
the most important discussed theories of the inflammation-
aging theory which is first described by  Franceschi et al.,10 
which suggests there was a direct relation between age and 
macrophage activation (MACROPH-AGING).11 Oxidative 
stress or free radical theory, suggested by Harman predicts that 
reactive oxygen species (ROS) are produced as an inevitable 
byproduct of metabolic activity. If these are not completely 
neutralized, oxidized lipids are potent ROS, autocatalyzing 
this process.12 Unrepaired damage accumulates and results in 
the typical aging phenotype.13,14 Alterations in the structure 
and function of arteries accompany aging and contribute to 
increased risks of developing CVD. Vascular modifications 
occurring with aging identify 2 main features: generalized 
endothelial dysfunction and central arterial stiffness.15

Carvedilol is s a third-generation, non-selective, compe-
titive antagonist for the beta-adrenoreceptor (blocks both 
β1 and β2) with16 peripheral vasodilatory properties due to 
ɑ1-adrenoreceptor antagonism.17 Carvedilol is used to treat 
hypertension heart failure, improve cardiac function after 
myocardial infarction, and reduce infarct size following 
myocardial ischemia and reperfusion injury.18 Carvedilol has 
antioxidant, anti-inflammatory, anti-apoptotic, antiproliferative 
and cardiac remodeling attenuation effects. The antioxidant 
activity of carvedilol is due to its chemical structure that 
contains tricyclic moiety and its ability to directly scavenges 
oxygen free radicals.19,20 It has also been reported that 
treatment with beta-blockers was negatively correlated with 
circulating levels of inflammatory cytokines such as tumor 
necrosis factor. Tumor necrosis factor-alpha (TNF-ɑ) and 
interleukin-6 (IL-6) in patients with CHF, indicating that 
inhibiting sympathetic nervous system activation might be 
associated with suppression of inflammatory reactions.21 

The aim of this study to evaluate the antiaging activity of 
carvedilol on several parameters related to the ageing process 
in experimentally induced aging mice

MATERIALS AND METHODS
Male (swiss albino mice) weighing 20 to 30 g aged 3 to 6 
months was randomly divided into six groups each consisting 
of 10 animals (60 mice in total). The animals were identified by 
marking at different parts of the body. The mice were obtained 
from the National Center for Drug Control and Research, 
housed in polypropylene cages under a temperature-controlled 
environment (22 ± 2°C), with an inverted light-dark cycle 
(12/12 hours) and acclimated for two weeks before the study 
(Animal Facility of the Al-Nahrain University – Biotechnology 
research center, Baghdad, Iraq). 

The animals were maintained on a standard pellet diet 
and free access to water ad libitum supplied by Al-Nahrain 
University – Biotechnology Research Center. 

For animal allocation: Group I acted as (Control) given 
(normal saline) orally via gastric gavage once daily for six 
weeks (without D-galactose). Group II acted as an aging 
Induction model) by giving 500 mg/kg of D-galactose orally 
by gastric gavage once daily for six weeks.22 Group III 
(Vitamin C started with induction of aging), given 500 mg/kg 
of D-galactose orally by gastric gavage once daily and 
concomitantly given Vitamin C 100 mg/kg orally by gastric 
gavage once daily for six weeks duration.22,23 Group IV 
(Vitamin C started directly after the ending of aging induction), 
given 500 mg/kg of D-galactose orally by gastric gavage once 
daily for six weeks22 and next day after aging induction was 
achieved, vitamin C 100 mg/kg was given orally by gastric 
gavage once daily and continued for another six weeks.23 
Group V (Carvedilol started with induction of aging) given 
500 mg/kg of D-galactose orally by gastric gavage once daily 
and concomitantly given carvedilol 10 mg/kg orally by gastric 
gavage once daily for six weeks.22,24 Group VI (Dapagliflozin 
started directly after ending of aging induction) given  
500 mg/kg of D-galactose orally by gastric gavage once 
daily for six weeks22 next day after aging induction achieved. 
Carvedilol 10 mg/kg was given orally by gastric gavage once 
daily for another six weeks.24 D-galactose was supplied as 
powder preparation by Sigma Aldrich®, USA, (CAS no. 
59-23-4). Carvedilol was supplied as powder preparation by 
Hangzhou Hyper Chemicals Limited®, China, (72956-09-3). 
Vitamin C was supplied as powder preparation by Hangzhou 
Hyper Chemicals Limited®, China, (CAS no.86404-04-8). 
Induction and Assessment of Aging in Mice
Galactose in a dose of (500 mg/ kg) was given orally by gastric 
gavage once daily for 6 weeks to 70 male mice to induce aging.
Assessment of aging of mice was carried out and its involved: 
ruffled fur and a more rounded general appearance, and they 
may seem less alert, less active, appearance of wrinkle skin 
and less responsive or more tentative in their movements than 
do young mice.25
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Outcome Measures
Weight measurement for all mice was done at baseline and 
before euthanasia. Groups (I,II,III,V) mice were euthanized at 
the end of their substance administration period for 6 weeks. 
Groups (IV,VI) mice were euthanized at the end of their 
substance administration period for 12 weeks. The process 
of euthanasia for all mice was total anesthesia followed by 
exsanguination (cardiac puncture), a procedure suitable for 
tissue harvest and conservation.26,27 After the end of each 
group experimental period, dissection has been done for the 
euthanized mice, and the heart was removed and weighted to 
determine the organ index based on the following equation 
described by Chen et al.28

Also, a piece of 1-mm of the dorsal skin area has been 
harvested. Heart tissue was divided into 2 pieces one piece was 
used for histopathological analysis, first washed with “PBS, pH 
7.4” then processed by the traditional processing procedure by 
the paraffin-embedded method.29 The other piece of heart tissue 
together with the skin tissue were isolated and rinsed with cold 
phosphate buffer saline “PBS, pH 7.4”, then the tissue was dried 
with filter paper and used for ELISA analysis by (ELISA reader, 
Diagnostic Automation/Cortez Diagnostics®, California, 
USA) and weighed by sensitive balance. For ELISA each 
50 mg of tissue was put in an Eppendorf tube (Eppendorf®, 
Hamburg, Germany) containing 0.45 mL of chilled PBS and 
then minced into small pieces. The tube containing the tissue 
was then put in an ice-containing beaker to keep it cold and 
then homogenized by the homogenizer machine (Electrical 
tissue homogenizer, Staruar®, England). The homogenate 
was centrifuged for 20 minutes at 4°C and 2000 rpm in a cold 
centrifuge (Thermos scientific ®, USA). The supernatant was 
isolated using a micropipette (Bioevopeak®, China), and stored 
at -20°C until the day of analysis.30

Biochemical Analysis
The resultant stored supernatant of the sampled mice 
homogenated heart and skin tissues was then thawed and sent 
for biochemical analysis by double-sandwich ELISA technique 
for TNF-ɑ by the kit (Mouse TNF-Α ELISA KIT, product 
ID SL0547Mo, Sunlong biotech®, China), Interleukin-1Beta 
(IL-1β) by the kit (Mouse Interleukin1beta, IL-1beta ELISA Kit, 
product ID SL0316Mo, Sunlong biotech®, China), Glutathione 
peroxidase (GSH-Px) by the kit (Mouse GSH-Px ELISA Kit, 
product ID SL0241Mo, Sunlong biotech®, China), MDA by the 
kit (Mouse MDA ELISA Kit, product ID SL0370Mo, Sunlong 
biotech®, China), Collagen I (Col-I) by the kit (Mouse Col-Ⅰ 
ELISA Kit, product ID SL0141Mo, Sunlong biotech®, China) 
and Col-III by the kit (Mouse COL-III ELISA Kit, product ID: 
SL0942Mo, Sunlong biotech®, China).
Light Microscopy
Applied by counting the number of hypertrophic cells in 1-mm 
area of tissue per 5 high power field (hpf) magnified by 400X. 

(modified from., Cree. et al. on WHO classification of tumor).31 
A light microscope (Olympus BX51 Microscope, Olympus 
Corporation®, Japan) was used to take five zones of a slide 
corner and the center, randomly at 40X magnification power32 

hypertrophic cells characterized by the presence of nuclei 
which are an increase in size, irregular, and hyperchromatic 
(Basso et al., 2021)
Ethical Approval
The study was approved by the ethical committee of Al-Nahrain 
University/College of Medicine (Approval no. :20210914, on 
9th of December 2021). 
Statistical Analysis
In the current study, GraphPad Prism version 10.0.1 used for 
the statistical analysis. The descriptive statistics were reported 
as mean ± standard deviation (SD). The analysis of variance 
(one-way ANOVA) test was applied to verify the significance 
of the difference between the studied groups, then followed by 
the post hoc Tukey test. The differences between the groups 
were considered significant statistically when the P-value was 
less than 0.05 (p < 0.05).

RESULTS
Regarding effect on Inflammatory mediators, tumor necrosis 
factor-alpha (TNF-α) and interleukin 1 beta(IL-1 𝛽,). They 
showed similar patterns of changes, in summary, the means 
of inflammatory mediations were highly significantly elevated 
in the induction group (GII) compared to a control group 
(GI) (p <0.001). There was no significant difference among 
groups GIII, GIV, and GV. Meanwhile, all these groups were 
significantly lower than GII, and significantly higher than 
G1. Furthermore, GVI was statistically significantly higher 
compared to the all other groups except GII (it was lower), as 
illustrated by Table 1.

Regarding the effect on GSH-px, the means of these 
markers was highly significantly reduced in the induction 
group (GII) compared to the control group (G1) (p < 0.001). 
There was no significant difference among groups GIII, GIV, 
and GV. Meanwhile, all these groups were significantly higher 
than GII and significantly lower than GI. Furthermore, GVI 
was statistically significantly lower than all other groups except 
GII (which was higher), as illustrated by Table 2.

Furthermore, MDA, it was highly significantly increased 
in the induction group (GII) compared to the control group 
(GI) (p < 0.001). There was no significant difference among 
groups GIII, GIV, and GV. Meanwhile, all these groups were 
significantly lower than GII and significantly higher than GI. 
Of notice, no significant differences among groups GV, and 
GVI, while GVI was significantly higher than GIII, and GIV, 
as illustrated by Table 2.

Regarding collagen I and collagen III levels, the means of 
skin markers were highly significantly reduced in the induction 
group (GII) compared to the control group (GI) (p < 0.001). 
There was no significant difference between GIII, and GIV. Of 
note, GV and GVI were significantly different from the other 
groups, as illustrated by Table 3.
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Table 1: Evaluation of inflammatory mediators according to study 
groups

Groups TNF-α
Mean ± SD

IL-1beta
Mean ± SD

GI: Normal control 27.70 ± 1.57 a 16.08 ± 3.17a

GII: Induction 299.60 ± 92.96 b 68.40 ± 6.20b

GIII: vitamin C 100 mg/kg with 
induction

87.92 ± 20.69 c 28.28 ± 5.58c

GIV: vitamin C 100 mg/kg after 
end of induction 

87.66 ± 8.64 c 29.42 ± 4.42c

GV: carvedilol10 mg/kg with 
induction 

129.32 ± 17.69 c 31.77 ± 5.75c

GVI: carvedilol 10 mg/kg after 
end of induction 

217.26 ± 42.40d 50.54 ± 3.79d

p-value <0.001***# <0.001***#

Column with similar letter indicate no significant difference (p ≥ 0.05), 
while different litters indicate significant difference (p < 0.05)
# One Way ANOVA (Post hoc Tukey test) 
*** indicate highly significant difference 
SD: standard deviation

Table 2: Evaluation of study agents on oxidative stress markers

Groups GSH-Px
Mean ± SD

MDA
Mean ± SD

GI: Normal control 5.10 ± 0.53a 22.92 ± 7.72a

GII: Induction 0.29 ± 0.15b 217.15 ± 55.25b

GIII: vitamin C 100mg/kg 
with induction 4.03 ± 0.43c 57.36 ± 11.71c

GIV: vitamin C 100mg/kg 
after end of induction 3.86 ± 0.54c 56.60 ± 7.94c

GV: carvedilol10 mg/kg with 
induction 3.52 ± 0.49c 65.87 ± 8.13cd

GVI: carvedilol 10 mg/kg 
after end of induction 2.28 ± 0.61d 91.14 ± 23.95d

p-value <0.001***# <0.001***#

Column with similar letter indicate no significant difference (p ≥ 0.05), 
while different litters indicate significant difference (p ≥ 0.05)
# One Way ANOVA (Post hoc Tukey test) 
*** indicate highly significant difference 
SD: standard deviation

Table 3: Evaluation of study agents on skin markers 
(COL-I and COL-III)

Groups COL-1
Mean ± SD

COL-III
Mean ± SD

GI: Normal control 3,095.34 ± 295.70a 2,895.34 ± 295.70a

GII: Induction 837.47 ± 244.55b 637.47 ± 244.55b

GIII: vitamin C 100mg/
kg with induction 2,584.10 ± 216.80c 2,384.10 ± 216.80c

GIV: vitamin C 100mg/
kg after end of induction 2,527.16 ± 323.56c 2,127.16 ± 323.56c

GV: carvedilol10 mg/kg 
with induction 1,752.80 ± 173.75d 1,552.80 ± 173.75d

GVI: carvedilol 10 mg/kg 
after end of induction 1,256.44 ± 151.89e 1,056.44 ± 151.89e

p-value <0.001***# <0.001***#

Columns with similar letter indicate no significant difference (p ≥ 0.05), 
while different litters indicate a significant difference (p ≥ 0.05)
# One Way ANOVA (Post hoc Tukey test) 
*** indicates highly significant difference 
SD: standard deviation

Regarding Hypertrophic Changes in Myocardial Tissue 
Histopathological Quantification of cardiomyocyte hypertrophy 
showed that the heart hypertrophic cell count was highly 
significantly increased in the induction group (GII) compared 
to the control group (GI) (p <0.001). There was no significant 
difference GIII, GIV, GV and GVI. Additionally, all these 
groups were significantly different compared to GI, and 
GII, as illustrated by Table 4, while Figures 1 and 2 showed 
hypertrophic myocardial cells in comparison to normal 
myocardial cells in heart sections.

DISCUSSION
In the present study, D-galactose produces cardiac hypertrophy, 
but when the mice received carvedilol, this effect was 
attenuated, resulting in a lower heart index compared to 
group II. Carvedilol reduces the heart weight in mice treated 

for 16-week high fructose diet, indicating a reduction in 
cardiac hypertrophy.33 Similar findings of reduction of hear 
weight for carvedilol treatment.34,35 This could be attributed 
to its beta blocker and its antiproliferative effects since 
previous fundamental research showed that cardiac-specific 
overexpression of β1-receptors in mice caused cardiomyocyte 
hypertrophy,36,37 selective β1-receptor blockers might show 
better regression on LVH like carvedilol.38

One of the most significant alterations that occurs with 
age is a deregulation of the immune response that results 
in a chronic systemic inflammatory state.39 In the present 
study various inflammatory markers obtained from heart 
homogenate content was evaluated in different studied groups, 
as a result TNF-α, IL-1β was significantly improved in mice 
that received carvedilol (given both with and after induction 
phase)  in comparison to the induction group. It was also 
noted that this improvement was more pronounced in mice 
given carvedilol with induction. In a comparable research, 
Raimundo Fernandes de Araujo et al. found that carvedilol 
dramatically reduced levels of the proinflammatory cytokines 
IL-1β and TNF-α.40 Flori R. Sari et al. found that inflammation-
mediated cardiotoxicity in daunorubicin-induced mice was 
greatly reduced by carvedilol therapy, as measured by cardiac 
production of TNF-ɑ.41 Both of these studies agree with the 
present findings.

Mechanistically, carvedilol’s anti-inflammatory effect 
is linked to decreased levels of tumor necrosis factor alpha 
and interleukin 1 beta and increased levels of interleukin 10 
(IL-10), a powerful anti-inflammatory molecule that has been 
demonstrated to prevent the activation of nuclear factor kappa 
B. The expression of adhesion molecules and chemokines is 
likewise suppressed by IL-10, and the generation of reactive 
oxygen intermediates is decreased in macrophages.42

In the present study various oxidative stress markers 
obtained from heart homogenate content was evaluated 
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in different studied groups, as a result, GSH-Px, level was 
elevated while MDA level was decreased in mice receiving 
carvedilol both with or after the induction phase in comparison 
with the induction group. This change was more pronounced 
in the group receiving carvedilol with induction. Regarding 
carvedilol it had been shown that treatment with carvedilol 
reduced the levels of MDA and increased the activity of 
GSH-Px in mice model.43 More recent study showed that 
carvedilol treatment decreased MDA level.44 Another study 
also showed increased levels of GSH and reduced levels of 
MDA in mice treated with carvedilol.45 These results came 
in accordance with our findings. Carvedilol keeps tissues 

under oxidative stress from losing their natural reserves of the 
antioxidants GSH and α-tocopherol (vitamin E).46

In the present study carvedilol with and after induction 
showed significantly higher skin levels of COL-1, and COL-3 
compared to the induction group. Also, these changes were 
more pronounced in mice given carvedilol with galactose 
induction no single study examined the effect of carvedilol on 
skin aging in both animals and humans. 

Carvedilol have mixed effect on beta-adrenergic system, 
it has more affinity towards β2 than β1 receptor.47,48 Beta 2 
adrenergic receptors are the dominant type of beta receptors in 
the skin.49 In their study, Berg et al. showed that the addition 
of beta-adrenergic agonist caused an increase in cAMP and 
coupled with reduction in the levels of collagen later upon 
the administration of beta-adrenergic antagonist, this led to 
a reduction in cAMP coupled with increase collagen levels.50 
This reduction of collagen related to effect of cAMP on collagen 
degradation, in which increase cAMP led to increase its 
degradation and consequently reduction in collagen levels,51 
since in the current study the administration of carvedilol 
with/after induction increased collagen levels better than that 
for induction group, in the same time it was even better for 
carvedilol with induction compared to after induction. That 
means carvedilol increases collagen in skin tissue possibly via 
inhibiting cAMP pathway, a common mechanism for carvedilol 
and other beta-blockers effect.52

Most components of the cardiovascular system undergo 
some degree of change with aging.53,54 The result of the 
current study showed that the heart hypertrophic cells count 
was highly significantly increased in the induction group 
compared to the control group and other treated groups, there 
was no significant difference among carvedilol (with and after 
induction). Additionally, all these groups were significantly 
different compared to induction and normal groups. The results 
of present study consist with previous studies that carvedilol 
repressed cardiac hypertrophy induced by aortic banding.55, 56 
Also in accordance with a study showed that carvedilol 
improves myocardial function and attenuates abnormal 
cardiac hypertrophy caused by daunorubicin.57 Another study 
revealed that carvedilol reduced total cellular oxidative stress 
and myocyte apoptosis and cell hypertrophy in CHF was in 
agreement with current study.58

In addition to antioxidant anti-inflammatory effect of 
carvedilol, it has unique effect regarding to heart protection, 
since it has beta adrenoceptor and alpha adrenoceptor (AR-1) 
blocking properties.59,60 AR-1 stimulated hypertrophy via 
activation of the Ras, mitogen/extracellular signal-regulated 
kinase (MEK) 1/2, and extracellular signal-regulated kinase 
(ERK) 1/2 signaling pathway.61 Beta-adrenoceptors, play a key 
role in the rapid regulation of myocardial function. Meanwhile, 
chronic catecholamine stimulation of adrenoceptors involved 
in the adverse myocardial remodeling, including cardiac 
hypertrophy. A series of key signaling pathways involved 
in this process which are especially classical pathway Gs/
AC/cAMP/PKA signaling cascades and MAPK signaling 
cascades.62-64

Table 4: Evaluation of study agents on heart hypertrophy cells count

Groups Heart hypertrophic cell 
count. Mean ± SD

GI: Normal control 21.70 ± 2.54a

GII: Induction 90.30 ± 6.73b

GIII: vitamin C 100 mg/kg with induction 51.60 ± 7.35c

GIV: vitamin C 100 mg/kg after end of 
induction 56.10 ± 5.67c

GV: carvedilol 10 mg/kg with induction 52.30 ± 7.33c

GVI: carvedilol 10 mg/kg after end of 
induction 58.10 ± 7.22c

p-value <0.001#***

Column with similar letter indicate no significant difference (p ≥ 0.05), 
while different litters indicate significant difference (p ≥ 0.05)
# One Way ANOVA (Post hoc Tukey test) 
*** indicate highly significant difference 
SD: standard deviation

Figure 1: Longitudinal -sections of hematoxylin- and eosin-stained under 
light microscopy of the normal cardiac tissue in mice received normal 
saline only, showing normal cardiac cells and normal nuclei [Black arrow] 

(Olympus BX51 microscope, X40).

Figure 2: Longitudinal -sections of hematoxylin- and eosin-stained 
under light microscopy showed hypertrophied cardiomyocytes with 
bizarre, irregular, and hyperchromatic nuclei [Black arrow] (Olympus 

BX51microscpose, X40).
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CONCLUSION
Carvedilol has a positive effect on several aging parameters 
in mice as shown by this study. It decreases the hypertrophy 
in cardiomyocytes, improves skin vitality, decreases the 
burden of inflammatory mediators and improve the impact of 
anti-oxidants both when administered in concomitance with 
or after the aging induction. But more effective when given 
with induction.

REFERENCES
1.	 Kochman K. New elements in modern biological theories of 

aging. Medical Research Journal. 2015;3(3):89-99.
2.	 Kirkwood TB. Understanding the odd science of aging. Cell. 

2005;120(4):437-47.
3.	 Tiwari V, Wilson DM. DNA damage and associated DNA repair 

defects in disease and premature aging. The American Journal 
of Human Genetics. 2019;105(2):237-57.

4.	 Shay JW. Role of Telomeres and Telomerase in Aging and 
CancerTelomeres and Telomerase in Aging and Cancer. Cancer 
discovery. 2016;6(6):584-93.

5.	 Acosta JC, Banito A, Wuestefeld T, Georgilis A, Janich P, 
Morton JP, et al. A complex secretory program orchestrated by 
the inflammasome controls paracrine senescence. Nature cell 
biology. 2013;15(8):978-90.

6.	 Biteau B, Karpac J, Supoyo S, DeGennaro M, Lehmann R, Jasper 
H. Lifespan extension by preserving proliferative homeostasis in 
Drosophila. PLoS genetics. 2010;6(10):e1001159.

7.	 Osorio FG, Bárcena C, Soria-Valles C, Ramsay AJ, de Carlos 
F, Cobo J, et al. Nuclear lamina defects cause ATM-dependent 
NF-κB activation and link accelerated aging to a systemic 
inflammatory response. Genes & development. 2012;26(20):2311-
24.

8.	 López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. 
The hallmarks of aging. Cell. 2013;153(6):1194-217.

9.	 Bengtson VL, Settersten Jr R. Handbook of theories of aging: 
Springer Publishing Company; 2016.

10.	 Franceschi C, Bonafè M, Valensin S, Olivieri F. De luca, M., 
Ottaviani, E., & De benedictis, G.(2000). Inflamm‐aging An 
evolutionary perspective on immunosenescence Annals of the 
New York Academy of Sciences.908:244-54.

11.	 Mohammed SS, Kadhim HM, Al-Sudani IM, Musatafa WW. 
Anti-Inflammatory Effects of Topically Applied Azilsartan in a 
Mouse Model of Imiquimod-Induced Psoriasis. Int J Drug Deliv 
Technol. 2022;12:1249-55.

12.	 Abbas SN, Raghif ARA, Shihab EM, Shareef SM, Albu-
Ahmed MM. Effect of Bosentan in Experimentally Induced 
Hyperlipidemic Mice. Journal of Population Therapeutics and 
Clinical Pharmacology. 2023;30(9):231-8.

13.	 Harman D. Aging: The theory based on free radical and radiation 
chemistry with application to cancer and atherosclerosis. Rad 
Lab Calender Univ Calif-Berkeley. 1956;3(3).

14.	 Shihab EM, Al-Abbassi MG, Shukri ITA. Role of estrogen in 
the oxidation process in postmenopausal osteoporosis. 2009.

15.	 Delp MD, Behnke BJ, Spier SA, Wu G, Muller‐Delp JM. 
Ageing diminishes endothelium‐dependent vasodilatation and 
tetrahydrobiopterin content in rat skeletal muscle arterioles. The 
Journal of physiology. 2008;586(4):1161-8.

16.	 Manna MJ, Abu-Raghif A, Abbood MS. Effect of captopril 
on inflammatory biomarkers, oxidative stress parameters and 
histological outcome in experimental induced colitis. Journal of 

Pharmaceutical Sciences and Research. 2017;9(9):1629.
17.	 Prajapati H, Sharma R, Patel D. Carvedilol: a review of its use in 

the management of heart failure. Drugs & Therapy Perspectives. 
2017;33:147-52.

18.	 Torres YC, Katholi RE. Novel treatment approaches in 
hypertensive type 2 diabetic patients. World Journal of Diabetes. 
2014;5(4):536.

19.	 Chen-Scarabelli C, Saravolatz L, Murad Y, Shieh W-S, Qureshi 
W, Di Rezze J, et al. A critical review of the use of carvedilol 
in ischemic heart disease. American Journal of Cardiovascular 
Drugs. 2012;12:391-401.

20.	 Elijovich F. Fair reallocation of health care dollars should 
resuscitate the dead Texas horse. The American journal of 
medicine. 2005;118(2):201.

21.	 Toyoda S, Haruyama A, Inami S, Arikawa T, Saito F, Watanabe 
R, et al. Effects of carvedilol vs bisoprolol on inflammation and 
oxidative stress in patients with chronic heart failure. Journal of 
cardiology. 2020;75(2):140-7.

22.	 Fatemi I, Khaluoi A, Kaeidi A, Shamsizadeh A, Heydari 
S, Allahtavakoli MA. Protective effect of metformin on 
D-galactose-induced aging model in mice. Iranian journal of 
basic medical sciences. 2018;21(1):19-25.

23.	 Li J-J, Mo L, Song J-L. Improvement Effect of Ficus vasculosa 
Ethanol Extract on D-galactose-Induced Mice Aging. Natural 
Product Communications. 2019;14.

24.	 Zhan DY, Morimoto S, Du CK, Wang YY, Lu QW, Tanaka A, 
et al. Therapeutic effect of {beta}-adrenoceptor blockers using 
a mouse model of dilated cardiomyopathy with a troponin 
mutation. Cardiovascular research. 2009;84(1):64-71.

25.	 Toth LA. Identifying and Implementing Endpoints for Geriatric 
Mice. Comparative medicine. 2018;68(6):439-51.

26.	 Underwood W, Anthony R. AVMA guidelines for the 
euthanasia of animals: 2020 edition. Retrieved on March. 
2020;2013(30):2020-1.

27.	 Pierozan P, Jernerén F, Ransome Y, Karlsson O. The Choice of 
Euthanasia Method Affects Metabolic Serum Biomarkers. Basic 
Clin Pharmacol Toxicol. 2017;121(2):113-8.

28.	 Chen Z, Shi K, Kuang W, Huang L. Exploration of the optimal 
strategy for dietary calcium intervention against the toxicity of 
liver and kidney induced by cadmium in mice: An in vivo diet 
intervention study. PloS one. 2021;16(5):e0250885.

29.	 Sadeghipour A, Babaheidarian P. Making Formalin-Fixed, 
Paraffin Embedded Blocks. Methods in molecular biology 
(Clifton, NJ). 2019;1897:253-68.

30.	 Saja Majeed S, Sarmed Hashim K. Gentiopicroside ameliorates 
lipopolysaccharide-induced acute kidney injury by inhibiting 
TLR4/NF-κB signaling in mice model. Journal of Pharmaceutical 
Negative Results. 2022;13(4):135-45.

31.	 Cree IA, Tan PH, Travis WD, Wesseling P, Yagi Y, White VA, 
et al. Counting mitoses: SI (ze) matters! Modern Pathology. 
2021;34(9):1651-7.

32.	 Feldman AT, Wolfe D. Tissue processing and hematoxylin 
and eosin staining. Histopathology: methods and protocols. 
2014:31-43.

33.	 Ibrahim WS, Ibrahim IAAE-H, Mahmoud MF, Mahmoud 
AAA. Carvedilol Diminishes Cardiac Remodeling Induced by 
High-Fructose/High-Fat Diet in Mice via Enhancing Cardiac 
β-Arrestin2 Signaling. Journal of Cardiovascular Pharmacology 
and Therapeutics. 2020;25(4):354-63.

34.	 Hampton C, Rosa R, Szeto D, Forrest G, Campbell B, Kennan 
R, et al. Effects of carvedilol on structural and functional 



Impact of Carvedilol on Organ Index, Inflammatory Mediators and Skin Markers in D-Galactose-Induced Aging Mice

IJDDT, Volume 13 Issue 3, July - September 2023 Page 1023

outcomes and plasma biomarkers in the mouse transverse 
aortic constriction heart failure model. SAGE open medicine. 
2017;5:2050312117700057.

35.	 Watanabe K, Ohta Y, Nakazawa M, Higuchi H, Hasegawa G, 
Naito M, et al. Low dose carvedilol inhibits progression of heart 
failure in rats with dilated cardiomyopathy. British journal of 
pharmacology. 2000;130(7):1489-95.

36.	 Bisognano JD, Weinberger HD, Bohlmeyer TJ, Pende A, 
Raynolds MV, Sastravaha A, et al. Myocardial-directed 
overexpression of the human beta(1)-adrenergic receptor in 
transgenic mice. Journal of molecular and cellular cardiology. 
2000;32(5):817-30.

37.	 Engelhardt S, Hein L, Wiesmann F, Lohse MJ. Progressive 
hypertrophy and heart failure in beta1-adrenergic receptor 
transgenic mice. Proceedings of the National Academy of 
Sciences of the United States of America. 1999;96(12):7059-64.

38.	 Xing F, Chen J, Zhao B, Jiang J, Tang A, Chen Y. Real 
role of β-blockers in regression of left ventricular mass in 
hypertension patients: Bayesian network meta-analysis. 
Medicine. 2017;96(10):e6290.

39.	 Chung HY, Kim DH, Lee EK, Chung KW, Chung S, Lee B, et 
al. Redefining Chronic Inflammation in Aging and Age-Related 
Diseases: Proposal of the Senoinflammation Concept. Aging and 
disease. 2019;10(2):367-82.

40.	 de Araújo Júnior RF, Souza TO, de Medeiros CA, de Souza LB, 
Freitas Mde L, de Lucena HF, et al. Carvedilol decrease IL-1β 
and TNF-α, inhibits MMP-2, MMP-9, COX-2, and RANKL 
expression, and up-regulates OPG in a rat model of periodontitis. 
PloS one. 2013;8(7):e66391.

41.	 Sari FR, Arozal W, Watanabe K, Harima M, Veeravedu PT, 
Thandavarayan RA, et al. Carvedilol Attenuates Inflammatory-
Mediated Cardiotoxicity in Daunorubicin-Induced Rats. 
Pharmaceuticals. 2011;4(3):551-66.

42.	 Arab HH, El-Sawalhi MM. Carvedilol alleviates adjuvant-
induced arthritis and subcutaneous air pouch edema: modulation 
of oxidative stress and inflammatory mediators. Toxicology and 
applied pharmacology. 2013;268(2):241-8.

43.	 Li YC, Ge LS, Yang PL, Tang JF, Lin JF, Chen P, et al. Carvedilol 
treatment ameliorates acute coxsackievirus B3-induced 
myocarditis associated with oxidative stress reduction. European 
journal of pharmacology. 2010;640(1-3):112-6.

44.	 Ayashi S, Assareh AR, Jalali MT, Olapour S, Yaghooti H. 
Role of antioxidant property of carvedilol in mild to moderate 
hypertensive patients: A prospective open-label study. Indian 
journal of pharmacology. 2016;48(4):372-6.

45.	 Araújo Júnior RF, Garcia VB, Leitão RF, Brito GA, Miguel 
Ede C, Guedes PM, et al. Carvedilol Improves Inflammatory 
Response, Oxidative Stress and Fibrosis in the Alcohol-Induced 
Liver Injury in Rats by Regulating Kuppfer Cells and Hepatic 
Stellate Cells. PLoS One. 2016;11(2):e0148868.

46.	 Feuerstein GZ, Ruffolo RR, Jr. Carvedilol, a novel multiple 
action antihypertensive agent with antioxidant activity and the 
potential for myocardial and vascular protection. Eur Heart J. 
1995;16 Suppl F:38-42.

47.	 Molenaar P, Christ T, Ravens U, Kaumann A. Carvedilol 
blocks beta2- more than beta1-adrenoceptors in human heart. 
Cardiovascular research. 2006;69(1):128-39.

48.	 Molenaar P, Christ T, Berk E, Engel A, Gillette KT, Galindo-
Tovar A, et al. Carvedilol induces greater control of β2- than β 
1-adrenoceptor-mediated inotropic and lusitropic effects by PDE3, 

while PDE4 has no effect in human failing myocardium. Naunyn-
Schmiedeberg’s archives of pharmacology. 2014;387(7):629-40.

49.	 Morell A, Milara J, Gozalbes L, Gavaldà A, Tarrasón G, 
Godessart N, et al. β2-adrenoreceptors control human skin 
microvascular reactivity. European journal of dermatology : 
EJD. 2021;31(3):326-34.

50.	 Berg RA, Moss J, Baum BJ, Crystal RG. Regulation of collagen 
production by the beta-adrenergic system. The Journal of clinical 
investigation. 1981;67(5):1457-62.

51.	 Andrabi KI, Kaul N, Mudassar S, Dilawari JB, Ganguly NK. 
Intracellular cAMP determines the extent of degradation and not 
the synthesis of collagen by rat hepatocytes. Mol Cell Biochem. 
1992;109(1):89-94.

52.	 Benkel T, Zimmermann M, Zeiner J, Bravo S, Merten N, Lim 
VJY, et al. How Carvedilol activates β(2)-adrenoceptors. Nature 
communications. 2022;13(1):7109.

53.	 Pugh KG, Wei JY. Clinical implications of physiological changes 
in the aging heart. Drugs & aging. 2001;18(4):263-76.

54.	 Chaudhary KR, El-Sikhry H, Seubert JM. Mitochondria and the 
aging heart. Journal of geriatric cardiology : JGC. 2011;8(3):159-
67.

55.	 Shyu KG, Liou JY, Wang BW, Fang WJ, Chang H. Carvedilol 
prevents cardiac hypertrophy and overexpression of hypoxia-
inducible factor-1alpha and vascular endothelial growth factor 
in pressure-overloaded rat heart. Journal of biomedical science. 
2005;12(2):409-20.

56.	 Massart P-E, Donckier J, Kyselovic J, Godfraind T, Heyndrickx 
GR, Wibo M. Carvedilol and Lacidipine Prevent Cardiac 
Hypertrophy and Endothelin-1 Gene Overexpression After Aortic 
Banding. Hypertension. 1999;34(6):1197-201.

57.	 Arozal W, Sari FR, Watanabe K, Arumugam S, Veeraveedu PT, 
Ma M, et al. Carvedilol-afforded protection against daunorubicin-
induced cardiomyopathic rats in vivo: effects on cardiac fibrosis 
and hypertrophy. International Scholarly Research Notices. 
2011;2011.

58.	 Kawai K, Qin F, Shite J, Mao W, Fukuoka S, Liang CS. Importance 
of antioxidant and anti-apoptotic effects of beta-receptor blockers 
in heart failure therapy. American journal of physiology Heart 
and circulatory physiology. 2004;287(3):H1003-12.

59.	 Carreira RS, Monteiro P, Gon Alves LM, Providência 
LA. Carvedilol: just another Beta-blocker or a powerful 
cardioprotector? Cardiovascular & hematological disorders drug 
targets. 2006;6(4):257-66.

60.	 Dulin B, Abraham WT. Pharmacology of carvedilol. The 
American journal of cardiology. 2004;93(9a):3b-6b.

61.	 Xiao L, Pimentel DR, Wang J, Singh K, Colucci WS, Sawyer 
DB. Role of reactive oxygen species and NAD(P)H oxidase 
in alpha(1)-adrenoceptor signaling in adult rat cardiac 
myocytes. American journal of physiology Cell physiology. 
2002;282(4):C926-34.

62.	 Fu Y, Xiao H, Zhang Y. Beta-adrenoceptor signaling pathways 
mediate cardiac pathological remodeling. Frontiers in bioscience 
(Elite edition). 2012;4(5):1625-37.

63.	 Khalilimeybodi A, Daneshmehr A, Sharif-Kashani B. 
Investigating β-adrenergic-induced cardiac hypertrophy through 
computational approach: classical and non-classical pathways. 
The Journal of Physiological Sciences. 2018;68(4):503-20.

64.	 Vidal M, Wieland T, Lohse MJ, Lorenz K. β-Adrenergic receptor 
stimulation causes cardiac hypertrophy via a Gβγ/Erk-dependent 
pathway. Cardiovascular research. 2012;96(2):255-64.


