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Evaluation of Cardiovascular Effects of

1
2 Carvacrol in a D-(+)-Galactose-Induced Aging
3 Model
:

ABSTRACT |

Aim: To evaluate the cardiovascular effect of carvacrol treatment in a D(+)galactose accelerated aging model,
investigating effects on vascular reactivity, oxidative stress, and systolic blood pressure (SBP).

Methodology: Eight-week-old male Wistar rats (Rattus norvegicus) were used for oral treatment for eight weeks. Organ
baths were used for vascular reactivity studies (FEN, ACh, and NPS), fluorescence microscopy to detect reactive oxygen
species (ROS, using DHE probe), and Tail-Cuff for systolic blood pressure (SBP) measurements. Non-linear regression
was used to create the concentration-response curves. Emax denotes the tissue's maximum response.

Results: The aged rats showed a significant increase in fluorescence intensity by the DHE probe compared to the CTL
group (CTL=100 % 3.6%, n=5 and Dgal=167.7 + 7.9%, n=5, respectively). However, the levels of ROS in the carvacrol-
treated groups were significantly attenuated in the Dgal+C50 (138.8 + 4.5%, n=5) and Dgal+C100 (130.0 £ 5.5%, n=5)
groups. The animals of the Dgal group presented hypertension through the significant increase in SBP compared to the
CTL group (CTL=135.9 + 3.9 mmHg, n=6, Dgal=170.9 = 2.0 mmHg, n=9, respectively). The increased SBP of Dgal rats
could be reversed by treatment with carvacrol (Dgal+C50=137.9 £ 2.7 mmHg, n=5, and Dgal+C100=124.6 + 8.2 mmHg,
n=>5, respectively. On the other hand, carvacrol was unable to restore the ACh-induced vasorelaxation effect found in CTL
(Emax=100.0 + 3.9%), Dgal (Emax=84.9 *+ 4.4%), Dgal+C50 (Emax=84.9 *+ 4.4%) and Dgal+C100 (Emax=82.1 + 6.2 %).
Conclusion: Carvacrol shows protective antioxidant effects capable of reducing SBP in aged animals, being an important
tool in promoting healthy aging.

Keywords: carvacrol, aging, d-galactose-induced aging model, oxidative stress, antioxidant, systolic blood pressure,

1. INTRODUCTION

The aging process, characterized by the gradual decline of cellular, molecular, and tissue functions, is regarded as the
leading risk factor for the development of age-related diseases, such as cardiovascular diseases (CVDs), which are the
leading cause of morbidity and mortality worldwide [1, 2]. Data indicate that by 2050, approximately a quarter of the
world's population will comprise the elderly. However, despite the population's increased life expectancy, individuals do
not necessarily experience an improvement in their quality of life [3, 4].

Cardiovascular aging is a dynamic process caused by several mechanisms, including progressive function and structure
change, resulting in compromised cardiovascular homeostasis [5]. These changes are associated with increased
synthesis and release of Reactive Oxygen Species (ROS) [4]. Briefly, with oxidative stress, vessels and the heart become
stiffer, and endothelial dysfunction as one ages, a factor that predisposes to the onset of CVDs [6]. Due to the high
prevalence of CVDs in aging, understanding the causes and associated mechanisms is important [7, 8].

It has been shown in the literature that rats given D-(+)-galactose for eight weeks to induce aging developed oxidative
stress, vascular remodeling, changes in cardiac anatomy, and senescent cell accumulation, similar to naturally aged rats.
Thus, this accelerated aging model is a reliable experimental aging model at the cardiovascular system level and can be
widely used [9, 10, 11]. The exploration of biomarkers and the search for new therapeutic targets, especially those with
antioxidant activity that can act to slow or reverse the aging process, has aroused much interest [12]. Natural products
have been a constant inspiration for medication research and development. Carvacrol, a natural compound of the
monoterpene class, is the constituent of the essential oil produced by numerous aromatic plants and spices, such as
black cumin (Nigella sativa L.), marjoram (Origanum majorana L.), oregano (Origanum vulgare L.) and thyme (Thymus
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vulgaris L.) [13,14]. Aside from its antioxidant properties, carvacrol also has antimicrobial, bactericidal, antifungal,
anticancer, and immunomodulatory properties [15].

This study aimed to evaluate the effect of carvacrol on cardiovascular changes in aging, investigating its impact on blood
pressure, vascular reactivity, and oxidative stress in rats with accelerated aging induced by D-(+)-galactose.

2. MATERIAL AND METHODS

2.1 Animals

Eight- and nine-week-old male Wistar rats (Rattus novergicus) from the Animal Production Unit (UPA) of the Institute for
Research in Drugs and Medicines (IPeFarM) of the Federal University of Paraiba (UFPB) were used. The animals were
kept under appropriate environmental conditions, temperature (22 + 1°C), a 12-hour light-dark cycle (6-18 hours), with free
access to water and food (Nuvilab CR-1, Quimtial).

2.2 Chemical substances

The following substances were used: acetylcholine hydrochloride (ACh), L(-)phenylephrine hydrochloride (Phe),
cremofor®, D-(+)-galactose, dihydroethidium (DHE), sodium nitroprusside (SNP). All were obtained from Sigma-Aldrich
Brasil Ltda (S&o Paulo-SP, Brazil). The substances were solubilized in water, kept at 0 to 4 °C, and only removed at each
experiment. In addition, Carvacrol (5-isopropyl-2-methyl phenol) was purchased from Sigma-Aldrich Brasil Ltda and
solubilized in a mixture of cremofor® and physiological saline (NaCl 0.9%).

2.3 Study design

The animals were randomly assigned to four experimental groups: the control group (CTL), which received saline vehicle
solution (NaCl 0.9%) intraperitoneally (i.p.), and the D-(+)-galactose group (Dgal), which received D-(+)-galactose 250
mg/Kg i. p. and the D-(+)-galactose + carvacrol 50 mg/Kg (Dgal+C50) and D-(+)-galactose + carvacrol 100 mg/Kg
(Dgal+C100) groups, which received D-(+)-galactose 250 mg/Kg i.p. and carvacrol 50 mg/Kg or 100 mg/Kg intragastrically
(i.0.), respectively. All groups underwent eight weeks of treatment with daily administration. The CTL and Dgal groups
were given a saline solution that had been solubilized in the same proportion as carvacrol in cremofor®. At the end of the
treatments, the physical characteristics of the animals in each group were examined.

2.4 Systolic blood pressure monitoring

The SBP of the rats was measured weekly using the tail-cuff method, as previously described [16] (Panlab, Harvard
Apparatus, Spain). To measure the blood pressure, the rats were kept in a heated acrylic container (28-30°C) for 10
minutes prior to the measurement to make the caudal artery pulsation more readily detectable. At least three successive
measurements were recorded in the data acquisition system (LabChart® software, version 7.1; ADInstruments, Colorado
Springs, CO) to obtain the mean SBP.

2.5 Vascular reactivity

The animals were anesthetized with ketamine (75mg/kg) and xylazine (10 mg/kg) and sacrificed by exsanguination.
After euthanasia, the superior mesenteric artery was immediately removed and maintained cold (4°C) in a Tyrode's
solution containing the following composition (mM): NaCl 138.16, KCI 4.0, MgCI2 1.05, NaH2PO4 0.42, CaCl2 2,
NaHCO3 10.0; Glucose 5.6 [17]. The rings were then suspended vertically in isolated organ baths (Panlab Multi-Chamber
Organ Baths, ADInstruments, Australia) by two stainless steel metallic rods and immediately submerged in 10 mL of 37°C
Tyrode's solution with a carbogenic mixture (95% O2 and 5% COZ2), maintained at pH 7.4, and under a stabilizing tension
of 0.75 g, for 60 minutes. Voltage changes were measured using isometric transducers (MLT020, ADInstruments,
Australia) and recorded in a PowerLab® data acquisition system (ML870/P, LabChart version 7.0, ADInstruments,
Australia).

The contractility of the mesenteric rings was tested in the presence of an increasing and cumulative addition of Phe (1
nM- 30 nM). Furthermore, the mesenteric ring relaxing responses of the treated groups were evaluated by increasing,
and cumulative addition of ACh (0,1 nM—30 M) and SNP (1 pM—30 M) in Phe (1 M) induced contractions.
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2.6 Evaluation of superoxide anion production

Reactive oxygen species (ROS) generation in the rat superior mesenteric artery was detected with the fluorescent dye
DHE, as previously described [18]. The rat mesenteric arteries were isolated, embedded into the Tissue Tek Compound
(OCT) embedding medium, and frozen in liquid nitrogen. Subsequently, sections of rat arteries (10 pm) were incubated
with 5 yM DHE at 37 °C for 30 minutes in a humid chamber and protected from light. The fluorescence intensity emitted
by DHE was used to measure the superoxide anion production in the different groups. The digital images were captured
using a fluorescence microscope (NIKON Eclipse Ti-E, NIKON, Japan) for further analysis.

2.7 Statistical analysis

The data are presented as the mean + standard error of the mean (SEM). Non-linear regression was used to create the
concentration-response curves. Emax denotes the tissue's maximum response. For statistical analysis, one-way ANOVA
was used, followed by the Bonferroni post-hoc test. The differences between the means were considered significant when
P < 0.05. The data were analyzed and plotted in the statistical software GraphPad Prism 7.0®. The maximum relaxation
corresponded to the maximum effect (Emax) for the highest concentration used.

3. RESULTS AND DISCUSSION

The main finding of this study reveals that treatment for eight weeks with the monoterpene carvacrol was able to prevent
vascular oxidative stress and attenuate the increase in systolic blood pressure involved in the D-(+)-galactose-induced
model.

D-(+)-Galactose-induced accelerated aging mimics natural aging and has been widely used in antiaging pharmacological
studies [19]. Natural products have gained prominence in the search for pharmacological agents for antiaging activity,
especially those with antioxidant activity [20, 21]. In this context, due to the recent prominence of carvacrol as an
antioxidant of natural origin, the present study sought to evaluate its action on components of the cardiovascular system
of aging rats.

The animals studied looked different at the end of each treatment. For example, the rats in the CTL, Dgal+C50, and
Dgal+C100 groups had smooth, healthy-looking, and shiny hair with uniform colors, whereas the animals in the Dgal
group had curly, coarse, and opaque hair with darker regions and severe hair loss.

In the aging process, the heart and blood vessels show a gradual imbalance of homeostasis and important changes in
functional responses and morphology, leading to tissue adaptations [22]. To evaluate the effect of carvacrol on alterations
in the vascular response induced by D-(+)-galactose, concentration-response curves were constructed for contracting and
relaxing agents.

Figure 1 depicts the vascular reactivity results. Increasing and cumulative addition of Phenylephrine (Phe, 10° - 3x10™ M)
promoted concentration-dependent contraction in arteries of all four experimental groups. Increasing and cumulative
addition of Phe promoted concentration-dependent contraction in arteries of all four experimental groups. The Dgal group
(91.2 £ 9.03%, n=9) showed no significant increase in contractile response by Phe when compared to the CTL group
(100.5 £ 12.2%, n=11), suggesting that the D-(+)-galactose-induced accelerated aging model does not develop
hypercontractility of the rat mesenteric artery, corroborating with Guevara-Balcazar et al. (2017) [23], who identified similar
results. On the other hand, in animals treated with carvacrol at a dose of 50 mg/kg, a significant increase in the contractile
response to Phe was observed (Dgal+C50, 120.4 + 10.4 %, n=9). However, the contractile response to Phe in the
Dgal+C100 group (82.8 £ 10.11%, n = 7) was not different from that of both CTL and Dgal groups. Thus, the highest
contractile response observed in the Dgal+C50 group appears to be an isolated dose-specific effect. Further studies are
needed to investigate the underlying mechanisms implicated in the contractile effect induced by Phe in rats treated with
carvacrol at a dose of 50 mg/kg.

In terms of vascular structure and functionality, the endothelium is a highly active monolayer that modulates vascular tone,
thromboresistance, cell adhesion, and smooth muscle cell proliferation, among other functions, as well as the production
of various vasoprotective molecules, such as NO. The endothelium has an important role in vascular function by acting
directly in the balance of oxygen supply to tissues, remodeling vascular structures, and regulating the tone and diameter
of the vessel [24, 25]. Thus, in the present study, we evaluated the NO-mediated relaxant response by the action of ACh
at the vascular endothelium level.

In the vascular reactivity studies, when evaluating the relaxant response, it was found that the Dgal group significantly
decreased the percentage of ACh-induced relaxation when compared to the CTL group. Furthermore, the vasorelaxant
effect induced by acetylcholine (ACh, 10 - 3x10™ M) in the rings precontracted with Phe (Figure 1B) was attenuated in
the Dgal group (84.9 + 4.4%, n=8) compared to control animals CTL (100.0 + 3.9%, n=5). Therefore, it is suggested that
the group submitted to the aging model induced by D-(+)-galactose presented endothelial dysfunction. This may occur
due to increased superoxide anion generation and, as a result, decreased NO bioavailability, compromising ACh-
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dependent vasodilation in the vessel [26, 27]. Our results corroborate those obtained by Dai et al. (2018) [28] that show
an impairment of ACh-induced relaxation in aortas of rats aged by D-(+)-galactose (at a dose of 150 mg/kg), thus showing
endothelial dysfunction. The carvacrol-treated groups showed similar effects to the Dgal animal group, being Dgal+C50
(84.9 £ 4.4%) and Dgal+C100 (82.1 + 6.2 %, n=7), indicating that carvacrol treatment could not reverse the endothelial
dysfunction promoted by D-galactose in rats.

In addition to evaluating endothelium-dependent relaxation, it is important to investigate whether there is any impairment
in pathways directly involved in vessel relaxation. Therefore, we used the inorganic compound SNP, an NO donor in
biological systems, through enzymatic and non-enzymatic mechanisms [29].

Cumulative SNP curves (10'12 - 3x10° M) in rings precontracted with Phe had no difference between the different groups
(Figure 1C): CTL (100.0 % 4.5%, n=6), Dgal (107.7 + 3.8%, n=5), Dgal+C50 (92.2 + 4.7%, n=5) and Dgal+C100 (113.2 +
8.7, n=5), suggesting that the accelerated aging model is not associated with changes in the nitric oxide pathway in
vascular smooth muscle. These findings back up the findings of Rezende et al. (2021) [30], who investigated the effect of
SNP on rat corpora cavernosa strips after treatment with carvacrol at 50 and 100 mg/kg and showed the same responses.
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170 Figure 1 - Study of vascular reactivity in mesenteric artery of aged rats. A) Concentration-response curves for Phe
171 (10'9 - 3x10™ M). Groups: CTL (control, n = 11), Dgal (D-(+)-galactose 250 mg/kg, n = 9), Dgal+C50 (D-(+)-galactose 250
172 mg/Kg + carvacrol 50 mg/Kq, n = 9); Dgal+C100 (D-(+)-galactose + carvacrol 100 mg/Kg, n = 7). B) Concentration-
173 response curves for ACh (10° 0.3x10™ M), in rings precontracted with FEN. Groups: CTL (n = 5), Dgal (n = 8), Dgal+C50
174 (n = 6); Dgal+C100 (n= 7). C) Concentration-response curves for SPN (10'12 - 3x10° M) in rings precontracted with Phe.
175  Groups: CTL (n = 6), Dgal (n = 5), Dgal+C50 (n = 5); Dgal+C100 (n= 5). Results are expressed as mean * s.e.m. Data
176  were analyzed using one way ANOVA statistical test, followed by Bonferroni post-test. #P< 0.05 vs Dgal.
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Several theories have been created to explain the aging process and the factors involved. However, the common point in
all theories is the role of reactive oxygen species and the oxidative stress phenomenon in promoting aging-associated
diseases. Furthermore, several studies have shown that oxidative stress contributes to endothelial dysfunction in these
diseases [26]. Therefore, oxidative stress levels were evaluated using the DHE probe in isolated mesenteric arteries of
aged rats after 8 weeks of carvacrol treatment. The aged rats showed (Figure 2A and 2B) significant increase in
fluorescence intensity by the DHE probe compared to the CTL group (CTL=100 + 3.618%, n=5 and Dgal=167.7 + 7.9%,
n=5, respectively), suggesting an increase in the levels of reactive oxygen species (ROS) in the superior mesenteric
artery of these animals. A similar result was found in the studies by Dehghani et al. (2018) [31], XU et al. (2019) [12], WU
et al. (2017) [32], and Chang et al. (2017) [19], which used the D-galactose accelerated aging model, and it promoted an
increase in fluorescence intensity by DHE by increasing ROS generation and oxidative stress in cardiovascular tissues of
animals, in addition to decreasing the antioxidant capacity of the body. However, the levels of ROS in the carvacrol-
treated groups were significantly attenuated in the Dgal+C50 (138.8 + 4.5%, n=5) and Dgal+C100 (130.0 £ 5.5%, n=5)
groups (Figure 2A and 2B). The results demonstrate that carvacrol treatment exerted a protective effect against oxidative
stress at the mesenteric artery level.
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Figure 2 - Images (A) and statistical graph (B) of fluorescence intensity emitted by DHE probe in histological
sections of aged rat mesenteric artery from different experimental groups treated with D-galactose and carvacrol
for eight weeks (Objective 10x). Groups: CTL (control), Dgal (D-(+)-galactose 250 mg/kg), Dgal+C50 (D-(+)-galactose
250 mg/Kg + carvacrol 50 mg/Kg); Dgal+C100 (D-(+)-galactose + carvacrol 100 mg/Kg); 5n per group. Data are
expressed as mean values of percent fluorescence intensity relative to control = p.e.m. Data were analyzed using one
way ANOVA statistical test followed by Bonferroni post-test. *P<0.05 vs CTL, # P<0.05 vs Dgal.
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Evidence shows that oxidative stress may be an important factor in hypertension's pathophysiology. In addition, the
disease becomes more prevalent with advancing age, with more than 60% of people over 60 presenting this pathology
[33]. Thus, we evaluated the systolic blood pressure values in the four groups of animals studied.

Tail cuff is a common and non-invasive method to measure systolic blood pressure in conscious restrained rats. This
method allows repeated SBP measurements to evidence the effect of a chronic drug administration with time and in
comparison, with vehicle treated animals. The systolic blood pressure values in rats subjected to the D(+)Galactose-
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225 Dgal (170.9 £ 2.0 mmHg, n=9), Dgal+C50 (137.9 £ 2.7 mmHg, n=5) and Dgal+C100 (124.6 + 8.2 mmHg, n=5) (Figure 3).
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Figure 3 - Systolic blood pressure (SBP, in mmHg) measurement of the different experimental groups, during
treatment for eight weeks. Groups: CTL (control, n = 6), Dgal (D-(+)-galactose 250 mg/kg, n = 9), Dgal+C50 (D-(+)-
galactose 250 mg/Kg + carvacrol 50 mg/Kg, n = 5); Dgal+C100 (D-(+)-galactose + carvacrol 100 mg/Kg, n = 5). Results
are expressed as mean + p.e.m. Data were analyzed using one way ANOVA statistical test followed by Bonferroni post-
test. *P<0.05 vs CTL; # P<0.05 vs Dgal.

Surprisingly, the animals in the Dgal group presented hypertension through the significant increase in SBP compared to
the CTL group. These findings were similar to those of Dai et al. (2018) [28] and Dehghani et al. (2018) [31], who found
that chronic exposure to accelerated aging induced by D-(+)-galactose resulted in increased blood pressure in rats via as-
yet-unknown mechanisms, but with a massive presence of reactive oxygen species. Thus, due to its ability to mimic the
senescent characteristics of natural aging, D-galactose-induced aging is potentially an ideal model for antiaging
therapeutic intervention studies. Therefore, the decrease in SBP observed in this accelerated aging model in response to
carvacrol treatment could be associated with its antioxidant properties. Interestingly, a recent study by Dias et al., (2022)
also showed that thirty days of treatment with carvacrol induced an antihypertensive effect in SHR [34]. Additional studies
are needed, however, to investigate additional hypotensive mechanisms in the Dgal model induced by chronic
monoterpene treatment. One of the main limitations of the present study is that the Dgal-induced model poorly relates the
actual physiological and biochemical changes. Furthermore, the present study did not measure inflammatory mediators
nor the expression of aging-associated proteins, including p53-p21, PI3K/Akt, and AMPK/ULKZ1, which regulate cellular
senescence.

4. CONCLUSION

Taken together, the results of the present study indicate that treatment with carvacrol significantly decreases the
generation of ROS at the mesenteric artery level, in addition to the reduction in systolic blood pressure levels of aged rats
by D-(+)-galactose administration. However, surprisingly, vascular reactivity was not altered after treatment with the
monoterpene. Thus, future studies need to be conducted to investigate the mechanism of action by which carvacrol acts
to promote such improvements in the cardiovascular system with an aging phenotype. Furthermore, this is a study that
reveals the beneficial properties of carvacrol for the cardiovascular system of the elderly, opening an important window for
the use of the monoterpene as an adjuvant in delaying cardiovascular aging since, currently, there are few therapeutic
options useful for mitigating the effects caused by aging, especially on the cardiovascular system.

ETHICAL APPROVAL

All experimental protocols were performed according to the guidelines established by the National Council for the Control
of Animal Experimentation - CONCEA submitted and previously approved by the Ethics Committee on Animal Use
(Comisséo de Etica no Uso de Animais - CEUA) of UFPB, n° 3183120919.



267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325

ACKNOWLEDGEMENTS

The authors wish to sincerely thank José Crispim Duarte and Roberta Nunes Parentoni for technical assistance. This
work was supported by the Coordenacédo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), Conselho Nacional
de Desenvolvement Cientifico e Tecnolégico (CNPq) and Instituto Paraibano de Envelhecimento (IPE/UFPB). The
authors declare that the study sponsors had no involvement in the study design, collection, analysis and interpretation of
data; in the writing of the manuscript.

COMPETING INTERESTS

The authors declare no conflicts of interest.

AUTHORS’ CONTRIBUTIONS

Sabine Helena Dantas, designed the study, conducted the research, analyzed the results, and drafted the manuscript.
Arthur José Pontes de Almeida, Tays Amanda Felisberto Gongalves, Mathania Silva de Almeida Rezende, conducted the
research and analyzed the results. Antonia Leda Silva analyzed the results and helped to draft and review the manuscript.
Islania G. A. Aradjo and Robson C. Veras designed the study and helped to draft the manuscript. Isac A. de Medeiros
took primary responsibility for the paper, conceived and coordinated the study, and helped to draft the manuscript. All
authors read and approved the final manuscript.

REFERENCES

1. Aramillo IP, Schauble S, Esser D, Groth M, Frahm C, Priebe S, et al. Transcriptomic alterations during ageing reflect
the shift from cancer to degenerative diseases in the elderly. Nature communications. 2018; 9(1): 1-11.

2. Penndorf D, Witte OW, Kretz A. DNA plasticity and damage in amyotrophic lateral sclerosis. Neural regeneration
research. 2018; 13(2), 173-180.

3. Azman KF, Zakaria R. D-Galactose-induced accelerated aging model: an overview. Biogerontology. 2019; 20(6), 763-
782.

4. Xu K, Guo Y, Li Z, Wang Z. Aging biomarkers and novel targets for anti-aging interventions. Reviews on Biomarker
Studies in Aging and Anti-Aging Research. 2019b; 1178, 39-56.

5. Gude NA, Broughton KM, Firouzi F, Sussman MA. Cardiac ageing: extrinsic and intrinsic factors in cellular renewal and
senescence. Nature Reviews Cardiology. 2018; 15(9), 523-542.

6. Laina A, Stellos K, Stamatelopoulos K. Vascular ageing: underlying mechanisms and clinical implications. Experimental
Gerontology. 2018; 109, 16-30.

7. Obas V, Vasan RS. The aging heart. Clinical Science, 2018; 132(13), 1367-1382.

8. Ren J, Zhang Y. Targeting autophagy in aging and aging-related cardiovascular diseases. Trends in pharmacological
sciences. 2018; 39(12), 1064-1076.

9. Chen WK, Tsai YL, Shibu MA, Shen CY, Chang-Lee SN, Chen RJ, et al. Exercise training augments Sirt1-sig- naling
and attenuates cardiac inflammation in D-galactose induced-aging rats. Aging. 2018; 10(12), 4166-4174.

10. Bo-Htay C, Palee S, Apaijai N, Chattipakorn SC, Chattipakorn N. Effects of D-galactose-induced ageing on the heart
and its potential interventions. Journal of Cellular and Molecular Medicine,2018; 22(3), 1392-1410.



326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385

11. Lee J, Kim YS, Kim E, Kim Y, Kim Y. Curcumin and hesperetin attenuate D-galactose-induced brain senescence in
vitro and in vivo. Nutrition Research and Practice. 2020 Oct 1;14(5):438-52.

12. Xu D, Yang J, Yu W, Wei J. Anthocyanins from black chokeberry delayed ageing-related degenerative changes in the
heart. Indian J Pharm Educ. 2019a; 53(1), 112-116.

13. Fachini-Queiroz FC, Kummer R, Estevdo-Silva CF, Carvalho MDB, Cunha JM, Grespan R, et al. Effects of thymol and
carvacrol, constituents of Thymus vulgaris L. essential oil, on the inflammatory response. Evidence-Based
Complementary and Alternative Medicine. 2012; 2012, 657026.

14. Riaz S, Shah FA. Pharmacological Investigation of Carvacrol Against D-Galactose-Induced Cognitive Memory
Impairment. Molecular Medicine Communications. 2022 Jun 30;2(01):09-20.

15. Silva ER, Carvalho FO, Teixeira LGB, Santos NGL, Felipe FA, Santana HSR, et al. Pharmacological effects of
carvacrol in in Vitro studies: a review. Current pharmaceutical design. 2018; 24(29), 3454-3465.

16. Fritz M, Rinaldi G. Influence of nitric oxide-mediated vasodilation on the blood pressure measured with the tail-cuff
method in the rat. Journal of Biomedical Science. 2007 Jun 26;14(6), 757—765.

17. Assis KS, Arauljo IGA, de Azevedo FLAA, Maciel PMP, Machado Calzerra NT, da Silva TAF, Assis VL, de
Vasconcelos AP, Santos CAG, Meireles BRLA, Cordeiro AMTM, Aradjo DAM, Ribeiro TP, Medeiros IA. Potassium
Channel Activation Is Involved in the Cardiovascular Effects Induced by Freeze Dried Syzygium jambolanum (Lam.) DC
Fruit Juice. Biomed Res Int. 2018 Oct 8;2018:4827461.

18. Zhang B, Zhang CG, Zhou QB, Chen W, Wu ZY. Estrogen improves the hyperdynamic circulation and hyporeactivity
of mesenteric arteries by alleviating oxidative stress in partial portal vein ligated rats. World J Gastroenterol. 2013 Oct
28;19(40):6863-8

19. Chang YM, Chang HH, Lin HJ, Tsai CC, Tsai CT, Chang HN, et al. Inhibition of cardiac hypertrophy effects in D-
galactose-induced senescent hearts by alpinate oxyphyllae fructus treatment. Evid Based Complement Alternat Med,
2017; 2017, 2624384.

20. Ding AJ, Zheng SQ, Huang XB, Xing TK, Wu GS, Sun HY, et al. Current Perspective in the Discovery of Anti-aging
Agents from Natural Products. Natural Products and Bioprospecting. 2017; 7(5), 335-404.

21. Catana C, Atanasov AG, Berindan-Neagoe |. Natural products with anti-aging potential: affected targets and molecular
mechanisms. Biotechnology Advances, 2018; 36(6) 1649 — 1656.

22. Humphrey JD, Milewicz DM. Aging, Smooth Muscle Vitality, and Aortic Integrity. Circulation Research. 2017; 120(12),
1849-1851.

23. Guevara-Balcazar G, Ramirez-Sanchez |, Mera-Jimenez E, Rubio-Gayosso I, Aguilar-Najera ME, Castillo-Hernandez
MC. Participation of COX-1 and COX-2 in the contractile effect of phenylephrine in prepubescent and old rats. Korean
Journal of Physiology and Pharmacology. 2017; 21(4), 407-413.

24. Favero G, Paganelli C, Buffoli B, Rodella LF, Rezzani R. Endothelium and its alterations in cardiovascular diseases:
Life style intervention. BioMed research international. 2014; 2014, 801896.

25. Senoner T, Dichtl W. Oxidative stress in cardiovascular diseases: still a terapeutic target?. Nutrients. 2019; 11(9),
2090.

26. De A, Ghosh C. Basics of aging theories and disease related aging- an overview. PharmaTutor. 2017; 5(2), 16-23.

27. Rizzoni D, Rizzoni M, Nardin M, Chiarini G, Agabiti-Rosei C, Aggiusti C, et al. Vascular aging and disease of the small
vessels. High Blood Pressure & Cardiovascular Prevention. 2019; 26(3), 183-189.

28. Dai J, Liu R, Zhao J, Zhang A. Sulfur dioxide improves endothelial dysfunction by downregulating the angiotensin
[I/AT1R pathway in D-galactose-induced aging rats. Journal of the Renin-Angiotensin-Aldosterone System. 2018; 19(2),
1470320318778898.



386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408

29. Silva FH, Claudino MA, Calmasini FB, Alexandre EC, Franco-Penteado C, Burnett AL, et al. Sympathetic
Hyperactivity, Increased Tyrosine Hydroxylase and Exaggerated Corpus Cavernosum Relaxations Associated with
Oxidative Stress Plays a Major Role in the Penis Dysfunction in Townes Sickle Cell Mouse. Plos one. 2016; 11(12),
€0166291-e0166291.

30. Rezende MSA, Almeida AJPO, Goncalves TAF, Azevedo FLAA, Dantas SH, Silva SL, et al. D-(+)-Galactose-induced
aging: A novel experimental model of erectile dysfunction. PLoS One. 2021; 16(4), e0249487.

31. Dehghani, A, Hafizibarjin Z, Najjari R, Kaseb F, Safari F. Resveratrol and 1, 25-dihydroxyvitamin D co-administration
protects the heart against D-galactose-induced aging in rats: evaluation of serum and cardiac levels of klotho. Aging
clinical and experimental research. 2019; 31(9), 1195-1205.

32. Wu W, Hou CL, Um XP, Sun C, Zhu YC, Wang MJ,et al. H2S donor NaHS changes the production of endogenous
H2S and NO in D-galactose-induced accelerated ageing. Oxidative Med Cell Longev. 2017; 2017, 5707830.

33. Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burnier M, et al, ESC Scientific Document Group. 2018
ESC/ESH Guidelines for the management of arterial hypertension. European Heart Journal. 2018; 39(33), 3021-3104.

34. Dias CJ, Costa HA, Alves Dias-Filho CA, Ferreira AC, Rodrigues B, Irigoyen MC, Romé&o Borges AC, de Andadre
Martins V, Branco Vidal FC, Ribeiro RM, Filho NS, Mostarda CT. Carvacrol reduces blood pressure, arterial
responsiveness and increases expression of MAS receptors in spontaneously hypertensive rats. Eur J Pharmacol. 2022;
917:174717.



