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Tranilast treats cold-related hypertension by reducing 
the expression of NLRP3 inflammasome
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Abstract

Objective: Cold exposure is associated with increased prevalence of 
hypertension and the related severe cardiovascular events. Aberrant 
activation of the nucleotide-binding oligomerization domain-like 
receptor protein 3 (NLRP3) inflammasome plays an important role in 
the development of hypertension. Tranilast (TR), an inhibitor of NLRP3, 
provides a useful pharmacological probe for exploring the role of NLRP3 
in pathogenesis associated with inflammation and its potential application 
as a therapeutic agent. This study was designed to examine the effects 
of TR on NLRP3 and hypertension in rats exposed to cold environment 
to simulate the frigid-zone conditions. Methods and results: Sprague 
Dawley (SD) rats were exposed to moderate cold temperature (4±1°C), 
and then were randomized to receive TR or vehicle for 3 weeks, while the 
control group was raised under rat room temperature (RT, 23±1°C). We 
found that cold exposure substantially increased blood pressure, NLRP3 
inflammasome level, and fibrosis in aorta, which were reversed by TR. 
Conclusion: TR has an anti-hypertensive property in cold environment, 
and this beneficial action is likely conferred by its inhibitory effects on 
inflammation and fibrosis. These findings suggest TR as a potential drug 
for the treatment of cold-induced hypertension.
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1 Introduction

Mounting evidence has confirmed that cold exposure can cause 
various cardiovascular diseases, including hypertension[1]. 
Clinical data showed that systolic blood pressure in wintertime 
increases by around 10 mmHg relative to the levels in the other 
seasons. However, the mechanism of cold-induced hypertension 
is not fully understood.

Vascular inflammation is considered a major initiating factor 
for vascular remodeling in several vascular diseases including 
hypertension. Nucleotide-binding oligomerization domain-
like receptor protein 3 (NLRP3) inflammasome is a protein 
complex formed by a member of the NOD-like receptor (NLR) 
family NLRP3, the adaptor protein apoptosis-associated speck-
like protein containing CARD (ASC) and caspase-1, which 
is critical for provoking early inflammatory responses[2-3]. 
NLRP3 inflammasome has been implicated in the development 
of various cardiovascular diseases including atherosclerosis, 
myocardial f ibrosis, vascular endothel ial  inf lammation, 
hypertension and other pathological changes[4]. Of note, a latest 

research revealed that NLRP3 inflammasome was involved 
in the pathogenesis of hypertension, including inflammasome 
activation, vascular remodeling and phenotype switching in 
spontaneously hypertensive rats, and inhibition of NLRP3 
effectively reversed the these detrimental alterations[5]. 
However, drugs targeting NLRP3 inflammasome for the 
treatment of hypertension are not yet available in clinic. Thus, 
there is an urgent need for developing and validating the 
potential applications of NLRP3 inflammasome inhibitors with a 
high safety profile in the preclinical setting.

Tranilast (N-[3’,4’-dimethoxycinnamoyl]-anthranilic acid, TR), a 
small-molecule compound initially developed as an antiallergic 
drug, has been frequently employed for the clinical treatment of 
a variety of inflammatory diseases with an appreciable safety 
profile and tolerance[6]. TR was recently reported to be a 
specific inhibitor of NLRP3 inflammasome and is believed to 
elicit beneficial effects on cardiovascular diseases, especially 
on those associated with abnormal cell proliferation, fibrosis 
and inflammation[7-8]. The activation of NLRP3 inflammasome 
induces  the  re lease  o f  downs t ream IL -1β  and  IL -18 
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inflammatory factors, eventually leading to vascular endothelial 
dysfunction[9-10]. Vascular endothelial dysfunction is considered 
an initiating step towards cardiovascular events, such as 
hypertension and atherosclerosis. In vivo studies showed 
that TR has significant preventive and therapeutic effects on 
NLRP3 inflammation-related diseases in mouse models[2, 
11]. Whilst TR is known to possess anti-inflammatory property 
and the associated pathological process, whether it has a 
therapeutic effect on cold weather-related hypertension remains 
unknown. These findings suggest that the activation of NLRP3 
inflammasome plays an important role in the development of 
hypertension, and NLRP3 inflammasome inhibitors might be new 
anti-hypertensive drugs. Here we sought to test this hypothesis 
in a rat model of cold exposure-induced hypertension using TR 
as a test agent.

2 Methods

2.1 Experimental design and animals

Thirty adult Sprague Dawley (SD) rats (weighing 180-200 g 
and aged 6-8 weeks) were purchased from Vital River (Beijing, 
China). The rats were individually housed under 12:12hour light-
dark cycles with food and water available ad libitum. After one 
week of adaptive feeding, they were randomly divided into three 
experimental groups: normal control (n = 10), TR + cold (n = 10), 
and vehicle + cold (n = 10) groups. Rats in the normal group 
were maintained at room temperature (RT, 25±1°C) for 3 weeks. 
The two cold exposure groups were exposed to moderate cold 
environment (4±1°C) to induce hypertension in a temperature 
controlled and ventilated chamber. They were subsequently 
randomized to receive either TR (orally administered at 50 mg/
kg/d; purchased from CPU-Pharma, Nanjing, China) or vehicle 
right at the beginning of cold exposure and maintained in the cold 
condition for three weeks.

2.2 Blood pressure measurements

Blood pressure (BP) was measured twice at 0 and 3 weeks, 
respectively, using tail-cuff plethysmography (IITC Life Science 
MRBP Blood Pressure System IITC Life Science Inc., CA). 
Parameters were set according to the instructions; after the 
animals had been adapted to the animal sphygmomanometer 
for 1 hour, BP was measured rapidly for consecutive 10 times, 
and the average value from the 10 measurements was used for 
data analysis. After 3 weeks, rats were killed by decapitation 
under deep anesthesia. Blood samples were collected from 
the abdominal aorta, and the thoracic aorta was sampled 
for subsequent analysis. The experimental procedure was 
performed in accordance with the Guide for the Care and Use 
of Laboratory Animals and was approved by the Institutional 

Animal Care and Use Committee at the Harbin Medical 
University.

2.3 Assessments of NLRP3, ASC, and Casp1-p20 by 
western analysis

Western b lo t  procedure was per formed as descr ibed 
previously[12]. Briefly, thoracic aorta tissues were homogenized in 
the Radio Immunoprecipitation Assay (RIPA) lysis buffer. Protein 
samples were size separated on 10-12% sodium dodecyl sulfate 
polyacrylamide and then transferred to polyvinylidene difluoride 
membranes. The membranes were blocked with 10% nonfat milk 
for 1 hour and incubated at 4°C overnight with primary antibodies 
against NLRP3 (NLRP3, 1:500; Abcam, Cambridge, United 
Kingdom, ab167161), ASC (Tjp1, 1:500; Proteintech Group, 
Inc, Chicago, IL, 21773-1-AP), Casp1-p20 (1:500; Cell signaling 
technology, #9570), or GAPDH (1:1000; Kangcheng, Shanghai, 
China). After washing, the membranes were incubated with a 
secondary antibody for 1 hour. The protein bands were processed 
by enhanced chemiluminescence reagents and analyzed using 
Quantity One software (Bio-Rad, Hercules, CA).

2.4 Hematoxylin and eosin staining

The aortas were imbedded in paraffin and cut into 5-mm 
sections. Then, the paraffin embedded tissues were stained with 
hematoxylin and eosin (HE) to observe the transverse section 
of thoracic aorta. Light microscopy was used to measure lumen 
radius and lumen thickness at a 20× magnification.

2.5 Masson trichrome staining

The relative collagen content and interstitial fibrotic areas in aorta 
were evaluated by Masson trichrome staining and calculated 
with an image analysis software (Image-pro plus 6.0; Meida 
Cybernetics LP).

2.6 Statistical analysis

Unpaired Student t-test was applied for two group comparisons. 
The statistical analysis was conducted with the GraphPad Prism 
8.0 Software, and data are expressed as mean±SEM with P < 0.05 
being considered statistically significant.

3 Results

3.1 Cold exposure increases blood pressure in rats

Accumulating evidence indicates that lower ambient temperature 
promotes cardiovascular diseases[13-14]. There was no 
significant difference in basal BP between the RT group and 
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the cold group (P > 0.05). The systolic blood pressure (SBP) 
of rats in the RT group and cold group were 112±8 mmHg and 
113±9 mmHg, respectively, and diastolic BP (DBP) were 88±6 
mmHg and 84±8mmHg, respectively. However, after three-weeks 
exposure to low temperature, BP was significantly elevated 
compared with RT rats. The SBP and DBP of the rats in the RT 
group were 115±10 mmHg and 83±9 mmHg, respectively, and 
those in the cold group were 151±9 mmHg and 94±10 mmHg, 
respectively. These differences were all statistically significant (P 
< 0.05) (Fig. 1A and 1B).

3.2 Cold exposure increases blood pressure in rats by 
activating the NLRP3 inflammasome

Previous studies have documented that cold exposure can 
increase the levels of a variety of inflammatory factors[15-16], 
and hypertension is a disease characterized by low-grade chronic 
inflammation[17]. To verify whether cold exposure can cause 
inflammation of the aortic endothelium and increase BP in cold-
exposed rats, we first tested the expression levels of NLRP3 
inflammasome in aorta. NLRP3 is an important part of innate 
immunity[18], it has been confirmed that NLRP3 inflammasome 
is closely related to hypertension. Compared with the RT 
group, NLRP3 and Casp1-p20 protein levels in the aorta were 
significantly increased in the cold exposure group (P = 0.031 3 
and P = 0.012 6, respectively). However, no significant difference 
was observed in the expression of ASC protein between the two 
groups (Fig. 2A and .2B).

3.3 TR decreases blood pressure in cold exposed rats

We then continued to investigate the effect of TR on BP in cold 

exposed rats. There was no significant difference in the basal BP 
between the cold exposure group and cold+TR group (P > 0.05) 
right before TR administration (at zero time point). After three 
weeks of cold exposure (4±1°C), however, both SBP and DBP 
were remarkably dropped by TR (P > 0.05) (Fig. 3A and 3B).

3.4 TR reduces cold exposure-induced formation of 
NLRP3 inflammasome

Having confirmed the anti-hypertensive property of TR in cold-
exposed rats, we turned to detect the inflammations in aortic using 
Western blot analysis. We found considerable downregulation of 
NLRP3 and Casp1-p20 protein levels in the cold+TR rats relative 
to non-TR-treated counterparts exposed to cold environment 
(P = 0.002 2 and P = 0.011 9, respectively). TR also diminished 
the protein level of ASC, but the effect did not reach statistical 
significance (Fig. 4A and 4B). These results suggest that TR 
abrogated the cold exposure-stimulated increases in BP likely by 
suppressing aortic inflammation.

3.5 TR could improve aortic fibrosis in cold exposed rats

The results of HE staining and Masson staining in the aorta 
from cold-exposed rats showed apparent uneven distribution 
of collagen fibers, partial proliferation of vascular smooth 
muscles, disarrangement of endothelial cells, and distortion and 
disorderliness of the elastic layer of tunica media. Compared 
with the cold exposure group without TR treatment, the above-
mentioned pathological phenotypes were markedly improved by 
TR with reduced collagen fibers in aortic wall (P = 0.016 6) and 
proliferation and uneven arrangement of vascular smooth muscle 
cells (Fig. 5A and 5B).

Figure 1. Cold exposure increases blood pressure in rats. (A and B) SDP and DBP change among the groups. P < 0.0001, P = 0.0258 vs. RT group, n = 10 per group. RT, room 

temperature. 
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Figure 2. Cold exposure increases blood pressure in rats by activating the NLRP3 inflammasome.  (A and B) Western blotting for NLRP3, ASC and Casp1-p20 proteins in 

aorta isolated from rats in the RT and cold groups. P = 0.031 3, P = 0.012 6 vs. RT group, n = 10 per group. RT, room temperature. (C and D) ELISA for the plasma levels of IL-1β 

and IL-18 in the RT and cold groups. P = 0.023 8, P = 0.019 4 vs. RT group, n = 10 per group. 

Figure 3. Tranilast decreases blood pressure in cold exposed rats. (A and B) Comparisons of SDP and DBP values between cold exposed rats with and without tranilast 

treatment. P < 0.000 1 vs. cold group, n = 10 per group. TR, tranilast.
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Figure 4. Tranilast reduces the expression of NLRP3 inflammasome induced by cold exposure.  (A and B) Western blot results for NLRP3, ASC and Casp1-p20 proteins of 

aorta in the cold and cold + TR groups. P = 0.002 2, P = 0.002 2 vs. cold group, n = 10 per group. TR, tranilast.

Figure 5. Tranilast alleviates aortic fibrosis in cold exposed rats. (A) Hematoxylin and eosin (H&E) staining (200× magnification; scale bar: 50 μm. (B) Masson’s trichrome 

staining (200× magnification; scale bar: 50 μm). (C) Collagen volume fraction (CVF) per field in the atria of rats from each group. TR, tranilast.
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myocardial damage and fibrosis[27]. Consistently, our pathological 
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exposure, which was mitigated by TR. Of note, the NLRP3 
inflammasome-induced hypertension in the cold environment is 
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NLRP3 inflammasome inhibition in alleviating hypertension[22,28].  
Therefore, TR holds the potential to become a new drug for 
the treatment of hypertension after more rigorous research and 
development, which is worthy of further pre-clinical investigations 
and clinical trials.

TR was originally used as an anti-allergic drug with confirmed 
excellence of safety, tolerability and efficacy[29-30]. It has also been 
approved for the treatment of many other diseases.Experiments 
in animal models have confirmed the effectiveness of TR in the 
treatment of cardiovascular disease[31-32], but no clinical trials 
have been reported on this agent for its efficacy in cardiovascular 
diseases and safety profile in humans. 

Clinical research on the correlation between NLRP3 inflammasome 
and hypertensive patients indicate that the expression level of 
NLRP3 inflammasome and its downstream inflammatory factors 
can be used to predict the severity of hypertension[33]. Several 
studies proved that the NLRP3 inflammasome could be a potential 
therapeutic target for early stage of hypertension[34]. 

Ethical approval

All procedures performed in the animal studies were in accordance 
with the institutional guidelines for the care and use of animals.

Conflicts of interest

Yue Li is an Editorial Board Member of the journal. The article 
was subject to the journal's standard procedures, with peer review 
handled independently of this editor and his research groups.



101

FRIGID ZONE MEDICINE

[8] Takahashi A, Taniguchi T, Ishikawa Y, et al. Tranilast inhibits vascular 
smooth muscle cell growth and intimal hyperplasia by induction of 
p21(waf1/cip1/sdi1) and p53. Circ Res, 1999; 84(5): 543-550.
[9] Riteau N, Baron L, Villeret B, et al. ATP release and purinergic 
signaling: a common pathway for particle-mediated inflammasome 
activation. Cell Death Dis, 2012; 3(10): e403.
[10] Lamkanfi M, Dixit V M. Mechanisms and functions of inflammasomes. 
Cell, 2014; 157(5): 1013-1022.
[11] Jo E K, Kim J K, Shin D M, et al. Molecular mechanisms regulating 
NLRP3 inflammasome activation. Cell Mol Immunol, 2016; 13(2): 148-
159.
[12] Wang X, Zhao S, Su M, et al. Geraniol improves endothelial function 
by inhibiting NOX-2 derived oxidative stress in high fat diet fed mice. 
Biochem Biophys Res Commun, 2016; 474(1): 182-187.
[13] Chen R, Yin P, Wang L, et al. Association between ambient 
temperature and mortality risk and burden: time series study in 272 main 
Chinese cities. BMJ, 2018; 363: k4306.
[14] Moghadamnia M T, Ardalan A, Mesdaghinia A, et al. Ambient 
temperature and cardiovascular mortality: a systematic review and meta-
analysis. Peer J, 201; 5: e3574.
[15] Crosswhite P, Sun Z. Ribonucleic acid interference knockdown of 
interleukin 6 attenuates cold-induced hypertension. Hypertension, 2010; 
55(6): 1484-1491.
[16] Sugama S, Takenouchi T, Fujita M, et al. Cold stress induced 
morphological microglial activation and increased IL-1β expression in 
astroglial cells in rat brain. J neuroimmunol, 2011; 233(1-2): 29-36.
[17] Oktay A A, Akturk H K, Jahangir E. Diabetes mellitus and 
hypertension: a dual threat. Curr Opin Cardiol, 2016; 31(4): 402-409.
[18] Yu J W, Lee M S. Mitochondria and the NLRP3 inflammasome: 
physiological and pathological relevance. Arch Pharm Res, 2016; 39(11): 
1503-1518.
[19] Zhang S, Zhang Y, Ahsan M Z, et al. Atorvastatin attenuates cold-
induced hypertension by preventing gut barrier injury. J Cardiovasc 
Pharmacol, 2019; 74(2): 143-151.
[20] Flaa A, Eide I K, Kjeldsen S E, et al. Sympathoadrenal stress 
reactivity is a predictor of future blood pressure: an 18-year follow-up 
study. Hypertension, 2008; 52(2): 336-341.

[21] Sun Z. Cardiovascular responses to cold exposure. Front Biosci (Elite 
Ed), 2010; 2: 495-503.
[22] Pasqua T, Pagliaro P, Rocca C, et al. Role of NLRP-3 Inflammasome 
in Hypertension: A Potential Therapeutic Target. Curr Pharm Biotechnol, 
2018; 19(9): 708-714.
[23] Schroder K, Tschopp J. The inflammasomes. Cell, 2010; 140(6): 
821-832.
[24] Tschopp J. Mitochondria: Sovereign of inflammation? Eur J Immunol, 
2011; 41(5): 1196-1202.
[25] Solak Y, Afsar B, Vaziri N D, et al. Hypertension as an autoimmune 
and inflammatory disease. Hypertens Res, 2016; 39(8): 567-573.
[26] Liu D, Zeng X, Li X, et al. Role of NLRP3 inflammasome in the 
pathogenesis of cardiovascular diseases. Basic Res Cardiol, 2017; 
113(1): 5.
[27] Zhu Q, Li X X, Wang W, et al. Mesenchymal stem cell transplantation 
inhibited high salt-induced activation of the NLRP3 inflammasome in the 
renal medulla in Dahl S rats. Am J Physiol Renal Physiol, 2016; 310(7): 
621-627.
[28] Krishnan S M, Ling Y H, Huuskes B M, et al. Pharmacological 
inhibition of the NLRP3 inflammasome reduces blood pressure, renal 
damage, and dysfunction in salt-sensitive hypertension. Cardiovasc Res, 
2019; 115(4): 776-787.
[29] Zahid A, Li B, Kombe A J K, et al. Pharmacological Inhibitors of the 
NLRP3 Inflammasome. Front Immunol, 2019; 10: 2538.
[30] Darakhshan S, Pour A B. Tranilast: a review of its therapeutic 
applications. Pharmacol Res, 2015; 91: 15-28.
[31] Chen S, Wang Y, Pan Y, et al. Novel Role for Tranilast in Regulating 
NLRP3 Ubiquitination, Vascular Inflammation, and Atherosclerosis. J Am 
Heart Assoc, 2020; 9(12): e015513.
[32] Zhan C, Bai N, Zheng M, et al. Tranilast prevents doxorubicin-
induced myocardial hypertrophy and angiotensin II synthesis in rats. Life 
Sci, 2021; 267: 118984.
[33] Pauletto P, Rattazzi M. Inflammation and hypertension: the search 
for a link. Nephrol Dial Transplant, 2006; 21(4): 850-853.
[34] De Miguel C, Rudemiller N P, Abais J M, et al. Inflammation and 
hypertension: new understandings and potential therapeutic targets. Curr 
Hypertens Rep, 2015; 17(1): 507.




