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Capsaicin, the organic compound which attributes the spicy flavor and taste of red peppers and chili peppers, has been

extensively studied for centuries as a potential natural remedy for the treatment of several illnesses. The identification of

novel, effective renoprotective agents for improving the treatment of renal diseases remains a largely unmet need.

Nowadays, promising evidence has been accumulated demonstrating different experimental benefits of capsaicin in some

of the most important and complicated renal diseases, such as acute kidney injury (AKI) and diabetic kidney disease

(DKD). Additionally, capsaicin may also play a protective role against renal fibrosis and pathological arterial calcifications,

two hallmarks of progressive chronic kidney disease (CKD), and could partly antagonize the detrimental effects of

nephrovascular and salt-sensitive hypertension.
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1. Acute Kidney Injury

AKI is a clinical syndrome with many causes and a multifaceted pathophysiology which is defined as an acute (within

hours/days) decrease in kidney function with both structural damage and function loss of the kidneys . AKI complicates

around 23% of the total hospitalizations worldwide, but in the intensive care unit (ICU) setting, the incidence of this

condition can be as high as 78% . Patient mortality due to AKI still remains dramatically high, particularly among

individuals requiring dialysis support . The early identification of this condition is thus crucial to initiating adequate

therapeutic measures in a timely manner, thereby preventing worse patient outcomes, including the severe clinical

complications, or permanent kidney damage. Unfortunately, specific therapy for AKI is lacking in the majority of cases, and

preventive measures could not be as effective as expected, particularly in critically ill subjects.

There is accruing evidence indicating that capsaicin administration may prevent AKI onset in various models of kidney

damage. In particular, in an in vitro model of AKI , capsaicin ameliorated cytotoxicity induced by lipopolysaccharides,

reducing the release of specific interleukins (i.e., IL-1β and IL-18) and reactive oxygen species (ROS). Specifically, such

an effect has been attributed to the activation of the TRPV1 channel and mitochondrial uncoupling protein-2

(TRPV1/UCP2) axis, triggering a protective effect against inflammation, pyroptosis, apoptosis, and mitochondrial

dysfunction.

In another model of contrast-associated AKI (CA-AKI), capsaicin significantly improved tubular damage and renal

dysfunction by reducing cell apoptosis, renal malondialdehyde, and superoxide, also improving mitochondrial function and

structure. Notably, these effects were all mediated by an enhanced activation of the nuclear factor-erythroid 2-related

factor 2 (Nrf2) . In other AKI models, capsaicin was useful in preventing cisplatin- and methotrexate-induced renal

damage in rats, suggesting a protective effect against toxins and lipid peroxidation as well, which represent the causative

mechanisms of renal damage in this setting .

Sparse evidence shows that capsaicin may also ameliorate ischemic AKI, one of the most frequently observed forms of

AKI in the clinical setting. The mechanism behind this beneficial effect would likely involve TRPV1 as well as TRPV4

channels, which drive an enhanced flow of calcium–potassium in endothelial cells causing vasodilation, thereby

ameliorating ischemic renal injury .

By the same token, the activation of TRPV1, TRPV4, TRPC6, and TRPM2 on rodent models of AKI following ischemia–

reperfusion promotes renoprotection through regional vasodilation , an observation which might endorse these surface

proteins as potential therapeutic targets for ischemic AKI. Additionally, both in vitro and in vivo studies have revealed that

N-octanoyl-dopamine, an agonist of TRPV1, exerts a remarkable renoprotective effect that can ameliorate AKI outcomes

.
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In mice with ischemia/reperfusion-induced kidney damage, the stimulation of TRPV1-filled primary sensory nerves by

capsaicin ameliorated AKI, although the inhibition of those channels did not affect their overall outcome . Conversely,

other hypotheses assume that the degeneration of sensory nerves on rodent models in vivo may aggravate such a

condition . TRPV1 receptors are also involved in modulating inflammation and oxidative stress following ischemic kidney

injury, as demonstrated in an experimental model in which rats treated with capsaicin following a salt-induced kidney

ischemia and hypertension displayed a reduction in kidney damage due to the activation of TRPV1 .

Salt intake increases the activity of the renal sympathetic nervous system (SNS) after renal ischemia–reperfusion .

Mice fed with salt and treated with capsaicin show a reduction in SNS activity, an effect which can likely be attributed to

the selective activation of TRPV1 channels .

Beyond attenuating ischemia–reperfusion-induced renal damage, preventive capsaicin administration also reduced the

expression of neutrophil infiltration, renal superoxide production, and renal tumor necrosis factors (TNFs), which are all

acknowledged as key players in the pathogenesis of AKI and its progression towards chronic kidney damage .

Evidence on the putative renoprotective effects of capsaicin in the setting of AKI is, thus, convincing (Table 1). Yet, such

findings remain confined to experimental models and would need to be confirmed in the clinical setting by targeted

interventional trials.

Table 1. Main experimental studies testing the effects of capsaicin in different models of AKI.

Authors Models Results

Han et al. HK-2 cells treated with ATP and LPS
Capsaicin preincubation ameliorated LPS-induced cytotoxicity
through TRPV1/UCP2 axis activation by reducing IL-1β, IL-18, and
ROS release.

Ran et al. Dehydrated C57BL/6J mice treated
with the contrast medium iodixanol

Preventive capsaicin administration reduced contrast-induced AKI
through Nrf2 activation by decreasing superoxide, renal
malondialdehyde, and apoptotic tubular cells and improving
mitochondrial function.

Shimeda et al. Male Sprague–Dawley rats treated
with cisplatin

Dietary capsaicin reduced cisplatin-induced renal damage by
reducing lipid peroxidation.

Aldossary et
al. AKI following methotrexate

intoxication in rats
Capsaicin administration reduced methotrexate-induced renal
damage by anti-inflammatory and antioxidant effects.

Tsagogiorgas
et al. Inbred male Lewis rats treated with

NOD

Treatment with the synthetic analogue of capsaicin NOD had
renoprotective effects against ischemia-induced AKI through
TRPV1 activation by inhibiting TNF-α mediated inflammation and
through production of the vasodilator peptides CGRP and SP.

Yu et al. Male Wistar rats fed with high-salt
diet

Capsaicin injection reduced renal inflammation driven by high-salt
diet, oxidative stress, and fibrosis through activation of TRPV1.

Yu et al. Rats fed with high-salt diet after
ischemia–reperfusion damage

Capsaicin inhibited renal sympathetic nerve activity by activating
TRPV1 receptors, which prevented the appearance of salt
sensitivity following renal ischemia–reperfusion damage.

Ueda et al. 
Uninephrectomized male Sprague–
Dawley rats developing AKI following
renal artery and vein occlusion

Treatment with capsaicin or its analogue resiniferatoxin reduced
ischemia–reperfusion renal damage by reducing neutrophil
infiltration, superoxide production, and TNF-α production and by
increasing IL-10 production.

Legend: AKI: acute kidney injury; ATP: adenosine triphosphate; CGRP: calcitonin gene-related peptide; HK-2: human

kidney 2; IL-1β: interleukin-1 beta; IL-10: interleukin-10; IL-18: interleukin-18; LPS: lipopolysaccharide; NOD: N-octanoyl-

dopamine; Nrf2: nuclear factor erythroid 2-related factor 2; ROS: reactive oxygen species; SP: substance-P; TRPV1:

transient receptor potential vanilloid type 1; UCP2: uncoupling protein 2; TNF-α: tumoral necrosis factor alpha.

2. Diabetic Kidney Disease

Diabetes mellitus is the leading cause of end-stage kidney disease (ESKD) worldwide, accounting for more than a half of

all individuals requiring chronic dialysis treatment . DKD encompasses a wide spectrum of type of renal damage due to

chronic diabetes, spanning from micro-vascular alterations to selective glomerular damage with severe proteinuria and

rapid progression to terminal uremia. The adoption of an optimal lifestyle, blood glucose and weight control, and the use

of renoprotective agents (such as RAS inhibitors, SGLT-2 inhibitors, or mineralocorticoids) remain the mainstay combined

approach to preserve renal function . Yet, in a large percentage of diabetic patients, such measures are ineffective in
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slowing down DKD’s progression towards ESKD. The search for complementary approaches for improving renoprotection

in this particular setting thus remains a timely issue.

Capsaicin has already been extensively studied as a natural method to reduce pain related to diabetic neuropathy , but

its implications regarding DKD are still an object of intense investigation.

In particular, chronic administration of capsaicin on diabetic rats increased diuresis and the urinary excretion of the

epidermal growth factor (EGF) but reduced the urinary levels of N-acetyl-b-D-glycosaminidase (NAG-L), a well-known

biomarker of early kidney damage in DKD .

Altered intracellular calcium levels and mitochondrial dysfunction are two key features of podocyte dysfunction in DKD .

In diabetic mice models, oral capsaicin administration attenuated renal damage in a TRPV1-dependent manner by

improving the intracellular calcium balance, by reducing the transport of calcium to the mitochondria, and by decreasing

mitochondria-associated membrane formation . Iron overload, which is common in diabetes, may trigger or worsen

DKD . In an interesting experiment, chronic capsaicin administration was tested in male Wistar rats with iron overload

(IOL) and diabetes mellitus + IOL . Capsaicin markedly reduced kidney iron deposits by increasing the circulating levels

of hepcidin, an important regulator of iron homeostasis, but had apparently no relevant effects on biomarkers of renal

damage such as albuminuria, cystatin C, and beta-2-microglobulin.

Hence, more evidence is still needed in order to better understand the true implication of capsaicin in DKD. Yet, these

preliminary, interesting findings can also give a concrete hope for a possible therapeutic application of this molecule in this

condition.

3. Chronic Kidney Disease

CKD is the common final route of every chronic nephropathy. In fact, regardless of the different etiologies, all chronic renal

diseases converge on an irreversible histological picture, represented by renal tubulointerstitial fibrosis and renal tubular

atrophy, which disrupts the cellular organization and leads progressively to renal function deterioration . Despite being

irreversible, the velocity of CKD progression over time is variable indeed, depending on the specific nephropathy and the

additional risk factors. As for DKD, lifestyle and pharmacologic efforts to counteract CKD progression may not be fully

effective in a large percentage of patients, which justifies the ample ongoing research on alternative therapeutic

measures.

Experimental evidence indicates that capsaicin can reduce fibrosis accumulation on different organs . In two different

mouse models of renal fibrosis , capsaicin administration reduced fibronectin and collagen depositions in kidneys with

a complex action on intracellular signals pathways, involving the inhibition of the Transforming Growth Factor-β1 small

mother against decapentaplegic 2/3 signaling, which is the main promoter of profibrotic mechanisms. TRPV-1 activation

by capsaicin increased intracellular calcium, upregulating various protein kinases and Silent information regulator 1, which

in turn enhanced the activity of endothelial nitric oxide synthase (eNOS) with following endothelium vasodilation, finally

inhibiting interstitial fibrosis . These findings fit well with those reported by other studies, proving that oral capsaicin may

reduce renal tubular interstitial fibrosis also by targeting the TGF-β1/epithelial–mesenchymal transition (EMT) pathway 

. Besides renal fibrosis, pathological vascular calcification also contributes to disease progression and

cardiovascular complications in CKD, representing a strong predictor of mortality in these patients . Chronic Hypoxic-

Inducible Factor-1 alpha (HIF-1α) accumulation is known to cause osteogenic trans-differentiation, which is one of the first

steps leading to diffuse arterial calcification . In a rat model of CKD, capsaicin could inhibit the osteogenic trans-

differentiation of vessels by acting either on TRPV1 activation and HIF-1α degradation through the upregulation of Sirtuin

6 ; such a double, synergic mechanism to prevent vascular calcification by capsaicin would absolutely deserve

additional target investigations to ascertain whether this natural compound could indeed represent a valid therapeutic

option for ameliorating this serious and still irreversible complication of CKD.

4. Arterial and Renovascular Hypertension

The kidney plays a determinant role in regulating blood pressure homeostasis, and deranged hormonal or vascular kidney

responses have been implicated in the pathogenesis of either essential or secondary forms of arterial hypertension. On

the other hand, hypertension remains one of the major risk factors for the onset and progression of kidney diseases .

As briefly alluded to before, CGRP is a potent vasodilator and is the principal neurotransmitter in capsaicin-sensitive

sensory nerves. Besides its vasodilatory effects, this peptide is involved in the control of arterial pressure by interacting

with the renin–angiotensin–aldosterone (RAS) and the sympathetic nervous system and may modulate the proliferation of

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30][31]

[32]

[33][34]

[35]

[36]



the smooth muscle cells in the medium layer of arterial vessels . As previously said, capsaicin is a potent inductor of

CGRP release . Accordingly, experimental administration of this substance can ameliorate hypertension in rat models,

an effect which is partially mediated by an increased release of the insulin-like growth factor 1 . Sodium excess is

another fundamental player in the pathogenesis of hypertension . Induction of TRPV4 channel activation causes

hypotension in rats fed salt, suggesting that this receptor channel has a protective role against salt-induced hypertension

. According to this hypothesis, the preventive blockade of TRPV4 channels expressed in kidneys leads to a significant

increase in the blood pressure values of salt-sensitive mice . As previously mentioned, capsaicin also exerts a

natriuretic role by activating TRPV1 channels, which promote the expression of epithelial sodium channels in the kidneys.

Thus, long-term administration of capsaicin could be helpful for preventing the development of hypertension secondary to

dietary salt overload .

As is well-acknowledged, renal denervation leads to a remarkable decrease in arterial pressure ; this is, at least in part,

attributable to the disruption of overactive renal nerves expressing TRPV1. In fact, deprivation of those channels in rats in

the presence of capsaicin caused a lack of sympathetic activity stimulation with a following reduction in blood pressure

values and a significant increase in the glomerular filtration rate . On the other hand, high salt intake after sensory

denervation in rats increases blood pressure values, thus indicating that salt overload induces hypertension independently

of sensory nervous activity . Effectively, the blockade of TRPV1 causes an increase of blood pressure values in salt-

resistant rats fed with a high salt diet, while it has no effect on salt-sensitive rats fed with a normal sodium diet; on the

other hand, the stimulation of TPRV1 decreases blood pressure values more in salt-resistant animals fed with a high-salt

diet than in others . These results can prove that TRPV1 is activated during a chronic dietary salt overload, implying

that this channel may play a central role in the pathogenesis of salt-sensitivity hypertension. Salt overload in salt-sensitive

rats impairs the activity of TRPV1 in their kidneys, which suppresses the release of CGRP and substance P in the renal

pelvis . However, this does not happen in salt-resistant mice fed with high salt intake. Hence, bearing in mind that

CGRP and substance P may act as vasodilators, these findings suggest that those two molecules, as well as capsaicin,

which drives their release, could be helpful for preventing renovascular hypertension. The potential benefits of capsaicin in

reno-vascular hypertension have also been highlighted in another experiment focusing on the vasodilatory effects of this

molecule and its capacity of triggering the release of nitric oxide . However, direct renal infusion of capsaicin increases

the contralateral renal sympathetic nerve activity in a dose-dependent manner, which leads to a paradoxical increase in

blood pressure through an excitatory renal reflex mediated by the paraventricular nucleus . Additionally, the

degeneration of TRPV1-filled nerves enhances salt-induced hypertension in rats after renal ischemia–reperfusion injury

through the release of inflammatory mediators . Taken all together, these findings indicate that TRPV1 channels could

represent a promising target for the treatment of salt-sensitive renal hypertension, also suggesting a potential role for

capsaicin as a natural remedy for ameliorating blood pressure control together with the use of common antihypertensive

drugs (Table 2).

Table 2. Main studies testing the benefits of capsaicin administration in different models of reno-vascular hypertension.

Authors Model Results

Harada et
al. 

Spontaneously hypertensive
rats and Wistar Kyoto rats

Capsaicin administration increased CGRP and IGF-1 plasma levels in SHR as
compared to those reported in WKR.

Gao et al. Male Wistar rats fed with
normal sodium diet and high
sodium diet

HS diet induced TRPV4 expression in mesenteric arteries and sensory nerves
with following increase in CGRP and IGF-1 levels. HS diet induced a marked
increase of blood pressure when TRPV4 channel was blocked.

Li et al. C57BL/6 wild-type mice and
TRPV1-/- mice

Dietary capsaicin induced natriuretic effect by inhibiting WNK1/SGK1/aENaC
pathway with consequent reduction of aENaC expression at the renal level.
Dietary capsaicin reduced HS diet-induced hypertension through TRPV1
activation.

Stocker et
al. 

2-kidney-1-clip (2K1C) wild-
type rats and 2K1C TRPV1-/-
rats

TRPV1 channels deprivation in presence of capsaicin caused reduction in
blood pressure and increase in the glomerular filtration rate due to the lack of
sympathetic activity.

Ye et al. Spontaneously hypertensive
rats and Wistar Kyoto rats

Renal infusion of capsaicin increased contralateral renal sympathetic nerve
activation, causing an increase in blood pressure through a renal nerve reflex
mediated by the paraventricular nucleus.

Segawa et
al. 

2K1C rats and sham-operated
rats

Dietary capsaicin reduced nephrovascular hypertension by promoting
phosphorylation of Akt and eNOS, thus enhancing NO release.

Legend: Akt: Ak strain transforming, also known as PKB protein chinase B; CGRP: calcitonin gene-related peptide; eNOS:

endothelial nitric oxide synthase; IGF-1: insulin-like growth factor 1; HS: high sodium; SHR: spontaneously hypertensive
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rats; 2K1C: 2-kidney-1-clip; NO: nitric oxide; TRPV1-/-: transient receptor potential vanilloid type 1 knock-out rats; WKR:

Wistar Kyoto rats.

5. Renal Cancer

The anti-tumoral properties of capsaicin on different types of cancer cells are well-acknowledged, but definite data for

recommending its daily use to synergize traditional anticancer therapy are still missing . By targeting multiple signaling

pathways, oncogenes, and tumor-suppressor genes, this substance may regulate the expression of different genes

involved in cell survival, growth arrest, metastasis, and angiogenesis, as demonstrated in various models of cancer .

On top of that, capsaicin can promote changes in cell morphology and migration, probably by impacting cell-to-cell

interactions, cell migration, and cell morphology; such effects would be likely driven by its interaction with the vanilloid

receptors and the following regulation of calcium flow . In a milestone experiment, capsaicin demonstrated a significant

capacity of inhibiting migration and the invasion of renal cancer cells both in vitro and in vivo, as well as promoting cellular

autophagy by activating the AMPK/mTOR pathway . Such observations gave concrete support to the potential

therapeutical application of this substance as an inhibitor of renal cancer invasion and peripheral metastasis. In addition,

capsaicin promotes the inhibition of the PD-L1/PD-1 checkpoint, limiting the proliferation of human bladder and renal

cancer cells . In another model, capsaicin displayed an undisputable anticancer activity on human renal carcinoma by

inducing apoptosis through the p38 and JNKs/MAPKs pathways, which are implied in the control of cell cycle progression

. Despite this preliminary evidence, however, the true anticancer effect of capsaicin on human renal neoplasias

deserves an appropriate confirmation by focused clinical studies.

References

1. Makris, K.; Spanou, L. Acute Kidney Injury: Definition, Pathophysiology and Clinical Phenotypes. Clin. Biochem. Rev.
2016, 37, 85–98.

2. Negi, S.; Koreeda, D.; Kobayashi, S.; Yano, T.; Tatsuta, K.; Mima, T.; Shigematsu, T.; Ohya, M. Acute kidney injury:
Epidemiology, outcomes, complications, and therapeutic strategies. Semin. Dial. 2018, 31, 519–527.

3. Sohaney, R.; Yin, H.; Shahinian, V.; Saran, R.; Burrows, N.R.; Pavkov, M.E.; Banerjee, T.; Hsu, C.Y.; Powe, N.; Steffick,
D.; et al. In-Hospital and 1-Year Mortality Trends in a National Cohort of US Veterans with Acute Kidney Injury. Clin. J.
Am. Soc. Nephrol. 2022, 17, 184–193.

4. Han, J.; Wu, J.; Liu, H.; Huang, Y.; Ju, W.; Xing, Y.; Zhang, X.; Yang, J. Inhibition of pyroptosis and apoptosis by
capsaicin protects against LPS-induced acute kidney injury through TRPV1/UCP2 axis in vitro. Open Life Sci. 2023, 18,
20220647.

5. Ran, F.; Yang, Y.; Yang, L.; Chen, S.; He, P.; Liu, Q.; Zou, Q.; Wang, D.; Hou, J.; Wang, P. Capsaicin Prevents Contrast-
Associated Acute Kidney Injury through Activation of Nrf2 in Mice. Oxid. Med. Cell. Longev. 2022, 2022, 1763922.

6. Aldossary, S.A.; Chohan, M.S.; Mohaini, M.A.; Tasleem Rasool, S. Capsaicin ameliorate the nephrotoxicity induced by
methotrexate. Pak. J. Pharm. Sci. 2021, 34, 2191–2195.

7. Shimeda, Y.; Hirotani, Y.; Akimoto, Y.; Shindou, K.; Ijiri, Y.; Nishihori, T.; Tanaka, K. Protective effects of capsaicin
against cisplatin-induced nephrotoxicity in rats. Biol. Pharm. Bull. 2005, 28, 1635–1638.

8. Zhang, S.; Liu, H.; Xu, Q.; Huang, F.; Xu, R.; Liu, Q.; Lv, Y. Role of capsaicin sensitive sensory nerves in ischemia
reperfusion-induced acute kidney injury in rats. Biochem. Biophys. Res. Commun. 2018, 506, 176–182.

9. Kassmann, M.; Harteneck, C.; Zhu, Z.; Nurnberg, B.; Tepel, M.; Gollasch, M. Transient receptor potential vanilloid 1
(TRPV1), TRPV4, and the kidney. Acta Physiol. 2013, 207, 546–564.

10. Marko, L.; Mannaa, M.; Haschler, T.N.; Kramer, S.; Gollasch, M. Renoprotection: Focus on TRPV1, TRPV4, TRPC6
and TRPM2. Acta Physiol. 2017, 219, 589–612.

11. Tsagogiorgas, C.; Wedel, J.; Hottenrott, M.; Schneider, M.O.; Binzen, U.; Greffrath, W.; Treede, R.D.; Theisinger, B.;
Theisinger, S.; Waldherr, R.; et al. N-octanoyl-dopamine is an agonist at the capsaicin receptor TRPV1 and mitigates
ischemia-induced acute kidney injury in rat. PLoS ONE 2012, 7, e43525.

12. Chen, L.; Marko, L.; Kassmann, M.; Zhu, Y.; Wu, K.; Gollasch, M. Role of TRPV1 channels in ischemia/reperfusion-
induced acute kidney injury. PLoS ONE 2014, 9, e109842.

13. Yu, S.Q.; Ma, S.; Wang, D.H. Activation of TRPV1 Prevents Salt-Induced Kidney Damage and Hypertension after
Renal Ischemia-Reperfusion Injury in Rats. Kidney Blood Press. Res. 2018, 43, 1285–1296.

[52]

[53]

[54]

[55]

[56]

[57]



14. Pechman, K.R.; De Miguel, C.; Lund, H.; Leonard, E.C.; Basile, D.P.; Mattson, D.L. Recovery from renal ischemia-
reperfusion injury is associated with altered renal hemodynamics, blunted pressure natriuresis, and sodium-sensitive
hypertension. Am. J. Physiol.-Regul. Integr. Comp. Physiol. 2009, 297, R1358–R1363.

15. Yu, S.Q.; Ma, S.; Wang, D.H. TRPV1 Activation Prevents Renal Ischemia-Reperfusion Injury-Induced Increase in Salt
Sensitivity by Suppressing Renal Sympathetic Nerve Activity. Curr. Hypertens. Rev. 2020, 16, 148–155.

16. Ueda, K.; Tsuji, F.; Hirata, T.; Takaoka, M.; Matsumura, Y. Preventive effect of TRPV1 agonists capsaicin and
resiniferatoxin on ischemia/reperfusion-induced renal injury in rats. J. Cardiovasc. Pharmacol. 2008, 51, 513–520.

17. Thomas, M.C.; Brownlee, M.; Susztak, K.; Sharma, K.; Jandeleit-Dahm, K.A.; Zoungas, S.; Rossing, P.; Groop, P.H.;
Cooper, M.E. Diabetic kidney disease. Nat. Rev. Dis. Primers 2015, 1, 15018.

18. Martinez-Castelao, A. Diabetes Mellitus and Diabetic Kidney Disease: The Future Is Already Here. J. Clin. Med. 2023,
12, 2914.

19. Dludla, P.V.; Nkambule, B.B.; Cirilli, I.; Marcheggiani, F.; Mabhida, S.E.; Ziqubu, K.; Ntamo, Y.; Jack, B.; Nyambuya,
T.M.; Hanser, S.; et al. Capsaicin, its clinical significance in patients with painful diabetic neuropathy. Biomed.
Pharmacother. 2022, 153, 113439.

20. Rios-Silva, M.; Santos-Alvarez, R.; Trujillo, X.; Cardenas-Maria, R.Y.; Lopez-Zamudio, M.; Bricio-Barrios, J.A.; Leal, C.;
Saavedra-Molina, A.; Huerta-Trujillo, M.; Espinoza-Mejia, K.; et al. Effects of Chronic Administration of Capsaicin on
Biomarkers of Kidney Injury in Male Wistar Rats with Experimental Diabetes. Molecules 2018, 24, 36.

21. Barutta, F.; Bellini, S.; Gruden, G. Mechanisms of podocyte injury and implications for diabetic nephropathy. Clin. Sci.
2022, 136, 493–520.

22. Wei, X.; Wei, X.; Lu, Z.; Li, L.; Hu, Y.; Sun, F.; Jiang, Y.; Ma, H.; Zheng, H.; Yang, G.; et al. Activation of TRPV1 channel
antagonizes diabetic nephropathy through inhibiting endoplasmic reticulum-mitochondria contact in podocytes.
Metabolism 2020, 105, 154182.

23. Barton, J.C.; Acton, R.T. Diabetes in HFE Hemochromatosis. J. Diabetes Res. 2017, 2017, 9826930.

24. Lopez, M.; Quintero-Macias, L.; Huerta, M.; Rodriguez-Hernandez, A.; Melnikov, V.; Cardenas, Y.; Bricio-Barrios, J.A.;
Sanchez-Pastor, E.; Gamboa-Dominguez, A.; Leal, C.; et al. Capsaicin Decreases Kidney Iron Deposits and Increases
Hepcidin Levels in Diabetic Rats with Iron Overload: A Preliminary Study. Molecules 2022, 27, 7764.

25. Panizo, S.; Martinez-Arias, L.; Alonso-Montes, C.; Cannata, P.; Martin-Carro, B.; Fernandez-Martin, J.L.; Naves-Diaz,
M.; Carrillo-Lopez, N.; Cannata-Andia, J.B. Fibrosis in Chronic Kidney Disease: Pathogenesis and Consequences. Int.
J. Mol. Sci. 2021, 22, 408.

26. Huang, Z.; Sharma, M.; Dave, A.; Yang, Y.; Chen, Z.S.; Radhakrishnan, R. The Antifibrotic and the Anticarcinogenic
Activity of Capsaicin in Hot Chili Pepper in Relation to Oral Submucous Fibrosis. Front. Pharmacol. 2022, 13, 888280.

27. Liu, Z.; Wang, W.; Li, X.; Tang, S.; Meng, D.; Xia, W.; Wang, H.; Wu, Y.; Zhou, X.; Zhang, J. Capsaicin ameliorates
renal fibrosis by inhibiting TGF-beta1-Smad2/3 signaling. Phytomedicine 2022, 100, 154067.

28. McCarty, M.F.; DiNicolantonio, J.J.; O’Keefe, J.H. Capsaicin may have important potential for promoting vascular and
metabolic health. Open Heart 2015, 2, e000262.

29. Wang, Q.; Ma, S.; Li, D.; Zhang, Y.; Tang, B.; Qiu, C.; Yang, Y.; Yang, D. Dietary capsaicin ameliorates pressure
overload-induced cardiac hypertrophy and fibrosis through the transient receptor potential vanilloid type 1. Am. J.
Hypertens. 2014, 27, 1521–1529.

30. Wang, Y.; Wang, D.H. Protective effect of TRPV1 against renal fibrosis via inhibition of TGF-beta/Smad signaling in
DOCA-salt hypertension. Mol. Med. 2011, 17, 1204–1212.

31. Yu, Z.; Qian-Hui, S. A7970 Dietary capsaicin improve high salt-induced renal tubular-interstitial fibrosis by inhibiting
TGF-β1/EMT pathway. J. Hypertens. 2018, 36, e51–e52.

32. Hutcheson, J.D.; Goettsch, C. Cardiovascular Calcification Heterogeneity in Chronic Kidney Disease. Circ. Res. 2023,
132, 993–1012.

33. Gross, M.L.; Meyer, H.P.; Ziebart, H.; Rieger, P.; Wenzel, U.; Amann, K.; Berger, I.; Adamczak, M.; Schirmacher, P.;
Ritz, E. Calcification of coronary intima and media: Immunohistochemistry, backscatter imaging, and x-ray analysis in
renal and nonrenal patients. Clin. J. Am. Soc. Nephrol. 2007, 2, 121–134.

34. Perrotta, I.; Moraca, F.M.; Sciangula, A.; Aquila, S.; Mazzulla, S. HIF-1α and VEGF: Immunohistochemical Profile and
Possible Function in Human Aortic Valve Stenosis. Ultrastruct. Pathol. 2015, 39, 198–206.

35. Luo, D.; Li, W.; Xie, C.; Yin, L.; Su, X.; Chen, J.; Huang, H. Capsaicin Attenuates Arterial Calcification Through
Promoting SIRT6-Mediated Deacetylation and Degradation of Hif1α (Hypoxic-Inducible Factor-1 Alpha). Hypertension
2022, 79, 906–917.



36. Lee, J.Y.; Park, J.T.; Joo, Y.S.; Lee, C.; Yun, H.R.; Yoo, T.H.; Kang, S.W.; Choi, K.H.; Ahn, C.; Oh, K.H.; et al.
Association of Blood Pressure with the Progression of CKD: Findings from KNOW-CKD Study. Am. J. Kidney Dis.
2021, 78, 236–245.

37. Deng, P.Y.; Li, Y.J. Calcitonin gene-related peptide and hypertension. Peptides 2005, 26, 1676–1685.

38. Guo, A.; Vulchanova, L.; Wang, J.; Li, X.; Elde, R. Immunocytochemical localization of the vanilloid receptor 1 (VR1):
Relationship to neuropeptides, the P2X3 purinoceptor and IB4 binding sites. Eur. J. Neurosci. 1999, 11, 946–958.

39. Harada, N.; Okajima, K. Effect of capsaicin on plasma and tissue levels of insulin-like growth factor-I in spontaneously
hypertensive rats. Growth Horm. IGF Res. 2008, 18, 75–81.

40. Staessen, J.A.; Wang, J.; Bianchi, G.; Birkenhager, W.H. Essential hypertension. Lancet 2003, 361, 1629–1641.

41. Gao, F.; Sui, D.; Garavito, R.M.; Worden, R.M.; Wang, D.H. Salt intake augments hypotensive effects of transient
receptor potential vanilloid 4: Functional significance and implication. Hypertension 2009, 53, 228–235.

42. Gao, F.; Wang, D.H. Impairment in function and expression of transient receptor potential vanilloid type 4 in Dahl salt-
sensitive rats: Significance and mechanism. Hypertension 2010, 55, 1018–1025.

43. Li, L.; Wang, F.; Wei, X.; Liang, Y.; Cui, Y.; Gao, F.; Zhong, J.; Pu, Y.; Zhao, Y.; Yan, Z.; et al. Transient receptor
potential vanilloid 1 activation by dietary capsaicin promotes urinary sodium excretion by inhibiting epithelial sodium
channel alpha subunit-mediated sodium reabsorption. Hypertension 2014, 64, 397–404.

44. Coppolino, G.; Pisano, A.; Rivoli, L.; Bolignano, D. Renal denervation for resistant hypertension. Cochrane Database
Syst. Rev. 2017, 2, CD011499.

45. Stocker, S.D.; Sullivan, J.B. Deletion of the Transient Receptor Potential Vanilloid 1 Channel Attenuates
Sympathoexcitation and Hypertension and Improves Glomerular Filtration Rate in 2-Kidney-1-Clip Rats. Hypertension
2023, 80, 1671–1682.

46. Wang, D.H.; Zhao, Y. Increased salt sensitivity induced by impairment of sensory nerves: Is nephropathy the cause? J.
Hypertens. 2003, 21, 403–409.

47. Wang, Y.; Wang, D.H. A novel mechanism contributing to development of Dahl salt-sensitive hypertension: Role of the
transient receptor potential vanilloid type 1. Hypertension 2006, 47, 609–614.

48. Xie, C.; Wang, D.H. Effects of a high-salt diet on TRPV-1-dependent renal nerve activity in Dahl salt-sensitive rats. Am.
J. Nephrol. 2010, 32, 194–200.

49. Segawa, Y.; Hashimoto, H.; Maruyama, S.; Shintani, M.; Ohno, H.; Nakai, Y.; Osera, T.; Kurihara, N. Dietary capsaicin-
mediated attenuation of hypertension in a rat model of renovascular hypertension. Clin. Exp. Hypertens. 2020, 42,
352–359.

50. Ye, C.; Zheng, F.; Wang, J.X.; Wang, X.L.; Chen, Q.; Li, Y.H.; Kang, Y.M.; Zhu, G.Q. Dysregulation of the Excitatory
Renal Reflex in the Sympathetic Activation of Spontaneously Hypertensive Rat. Front. Physiol. 2021, 12, 673950.

51. Yu, S.Q.; Ma, S.; Wang, D.H. Ablation of TRPV1-positive nerves exacerbates salt-induced hypertension and tissue
injury in rats after renal ischemia-reperfusion via infiltration of macrophages. Clin. Exp. Hypertens. 2021, 43, 254–262.

52. Adetunji, T.L.; Olawale, F.; Olisah, C.; Adetunji, A.E.; Aremu, A.O. Capsaicin: A Two-Decade Systematic Review of
Global Research Output and Recent Advances against Human Cancer. Front. Oncol. 2022, 12, 908487.

53. Clark, R.; Lee, S.H. Anticancer Properties of Capsaicin Against Human Cancer. Anticancer Res. 2016, 36, 837–843.

54. Kaiser, M.; Pohl, L.; Ketelhut, S.; Kastl, L.; Gorzelanny, C.; Gotte, M.; Schnekenburger, J.; Goycoolea, F.M.; Kemper, B.
Nanoencapsulated capsaicin changes migration behavior and morphology of madin darby canine kidney cell
monolayers. PLoS ONE 2017, 12, e0187497.

55. Que, T.; Ren, B.; Fan, Y.; Liu, T.; Hou, T.; Dan, W.; Liu, B.; Wei, Y.; Lei, Y.; Zeng, J.; et al. Capsaicin inhibits the
migration, invasion and EMT of renal cancer cells by inducing AMPK/mTOR-mediated autophagy. Chem. Biol. Interact.
2022, 366, 110043.

56. Morelli, M.B.; Marinelli, O.; Aguzzi, C.; Zeppa, L.; Nabissi, M.; Amantini, C.; Tomassoni, D.; Maggi, F.; Santoni, M.;
Santoni, G. Unveiling the Molecular Mechanisms Driving the Capsaicin-Induced Immunomodulatory Effects on PD-L1
Expression in Bladder and Renal Cancer Cell Lines. Cancers 2022, 14, 2644.

57. Liu, T.; Wang, G.; Tao, H.; Yang, Z.; Wang, Y.; Meng, Z.; Cao, R.; Xiao, Y.; Wang, X.; Zhou, J. Capsaicin mediates
caspases activation and induces apoptosis through P38 and JNK MAPK pathways in human renal carcinoma. BMC
Cancer 2016, 16, 790.

Retrieved from https://encyclopedia.pub/entry/history/show/122407




