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Abstract: The present study enumerates the effect of Diphenhydramine (DPH) against periodontitis and its possible
mechanism of action. The experimental periodontitis (EP) was induced in Male Wistar rats via administration of
endotoxins obtained from the E.Coli. The effect of DPH was investigated on the various parameters and biomarkers
of EP. The antioxidant status was found to be greatly enhanced after DPH administration as compared to EP group.
The expression of lysosomal enzymes, such as, cathepsin B, cathepsin D, B-glucuronidase and acid phosphatase
were found to be significantly reduced together with decrease in acute phase protein, C-reactive proteins and fi-
brinogen in DPH treated group. The architecture of gingival tissues of rats was improved in the DPH treated group
as evidenced via histopathological analysis. In western blot analysis, the expression of NLRP3, TNF-a and iNOS was
decreased in a dose-dependent manner with increase in caspase-1 activity in DPH treated group. In conclusion, our
results showed that DPH exerts protective effect against periodontitis via modulating oxidative stress and inflam-

mation.
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Introduction

The oral diseases are considered as a major
burden on developing nation with marginal set-
ting, where these diseases are not taken up
seriously [1]. The increase in awareness for oral
hygiene and care has significant contribution to
reducing the burden of oral disease. Despite
this, across the globe, persons belonging to the
disadvantaged and socially marginalized class
are still affected by the oral iliness [2]. Dental
caries and periodontal diseases (tooth loss)
are the two major ailment of oral cavity, and the
later is seen affecting large population of adults
because of improper hygiene and presence of
systemic infections [3]. Periodontitis (PD) is an
inflammatory condition characterized by the
presence of inflammation and destruction of
periodontal tissues which result in tooth decay.
Various studies documented that the most fre-
quent cause of periodontitis is bacterial infec-
tion. The bacterial infection after the plaque in

teeth causes production of numerous toxins,
enzymes and its metabolites which are respon-
sible for the generation of inflammatory
response. This inflammation damages connec-
tive tissues and alveolar bone necessary for
holding the teeth in its place via releasing proin-
flammatory cytokines such as, prostaglandin
(PG), interleukin-1B (IL-1B), interleukin-6 (IL-6),
interleukin-12 (IL-12), and tumor necrosis
factor-a (TNF-a) [4-6]. The bacterial infection in
acute periodontitis recruits polymorphonuclear
leukocytes (PMN), which act as the primary
mediators of the host response. The activated
PMN produce a large amount of reactive oxygen
species (ROS) which induces lipid peroxidation
and DNA damage to aggravate periodontal tis-
sue erosion. This suggested that periodontal
inflammation might be associated with system-
ic oxidative stress. Thus, novel therapeutics
under development against PD is concentrated
towards limiting the damage caused by oxida-
tive stress and inflammation [7].
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Diphenhydramine (DPH) is pharmacologically
classified as first-generation H1 receptor antag-
onist to treat allergies, common cold and itch-
ing [8, 9]. Studies suggested that diphenhydr-
amine exhibit anticholinergic [10], sedative
[11], antivertigo [12] antiemetic [13], antidyski-
netic [12], and local anesthetic activity [14, 15].
It has been found that, antihistaminics are able
to control the inflammation. However, till now,
no study has reported the effect of antihista-
minic agent against PD. Thus, encouraged by
the above, we intended to investigate the effect
of DPH on the experimentally induced peri-
odontitis in rats.

Materials and methods

Diphenhydramine was obtained from Sigma
Chemical Co., USA. For the animal experimen-
tation, male Wistar rats weighing approximately
250 g were procured from central animal house
of the institute and housed in polypropylene
cages under strict veterinary supervision and
maintained in control rooms with 12 h light/
dark cycle. Animals were fed with standard lab-
oratory diet and water ad libitum.

Preparation of endotoxin

The endotoxin required for animal experimenta-
tion was produced from E.coli organism.
Initially, E.coli was cultured on nutrient agar
and incubated overnight to obtain optimum
colony count and then washed with phosphate
buffered saline (PBS). The liquid collected after
washing was thoroughly mixed with phenol in
separating funnel. After keeping for some time,
the separated water phase was collected and
again extracted with phenol. The whole separa-
tion process was repeated thrice. The resulting
supernatant was precipitated with ethanol and
sodium acetate. The precipitate containing
endotoxin was easily isolated by centrifugation
at 10,000 g for 10 min and dried in air.

Generation of experimental periodontitis (EP)

The EP was induced by administering E.coli
endotoxin as isolated above. The rats received
intragingival injection with either 10 pl of saline
or 1 mg endotoxin dissolved in 1 ml of saline for
every other six days to induce periodontitis.
After induction rats were divided into various
treatment groups. The Group 1 corresponds to
control, while animals belonging to Group 2
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were further divided into five sub-groups. The
first three sub-groups correspond to DPH treat-
ment (2.5, 5 and 10 mg/kg of DPH adminis-
tered once per day over the 6-day protocol via
oral intubation), while the rest two include stan-
dard (Naproxen, 20 mg/kg) and EP control
group. Each group contained 6 animals each.

The animals were sacrificed by cervical decapi-
tation under anaesthesia after the experimen-
tal period, and venous blood was collected. The
histopathological evaluation was performed on
maxillary halves of the bone and teeth of the
right maxillary halves of the animals.

Estimation of biochemical parameters

The effect of DPH was determined on H,0,,
superoxide anion, myeloperoxidase (MPO)
activity and lipid peroxides (LPD). The activity of
cathepsin B, cathepsin D, B-glucuronidase and
acid phosphatase was also determined as per
the standard protocols in various treated
groups. The activity of C-reactive protein (CRP)
in serum was also estimated using the stan-
dard protocol. Assay of fibrinogen was per-
formed using a standard assay kit (Fibriquik
®O0rganon Teknika, USA) according to the man-
ufacturer’s protocol. The level of ascorbic acid,
a-tocopherol, ceruloplasmin and reduced glu-
tathione (GSH), superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx)
and glutathione-transferase (GST) were also
estimated in serum. Moreover, protein concen-
tration in serum was determined using crystal-
line bovine serum albumin as a reference
standard.

Histopathological analysis

The tissues from the maxillary halves were dis-
sected out, fixed in 10% buffered formalin solu-
tion for 24 h, processed and embedded in par-
affin. Thin sections (3 um) were cut and stained
with heamatoxylin and eosin and were anal-
ysed with light microscopy.

Western blot analysis

The gingival tissues were mixed in a buffer that
comprise of 10 mM Tris (pH 7.5), 1.5 mM MgCl,,,
10 mM KCI, and 0.1% Triton X-100. The tissues
were homogenized and the nuclei were isolated
after centrifugation at 7500 rpm. The resulting
supernatant was collected and stored at -80°C
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Figure 1. Effect of DPH on ROS and lipid peroxides in experimentally induced EP. *P<0.01 vs. control, #P<0.05,

“*P<0.01 vs. EP group.

for the analysis. The nuclear protein was
extracted as supernatant at 4°C by resuspend-
ing the nuclei pellet in the buffer, followed by 1
h incubation and microcentrifugation for 15
min. The concentration of protein was estimat-
ed by BCA assay. Thereafter, the total protein
extract (50 pg) was separated on a 15% SDS-
PAGE and probed with primary antibodies
(1:1,000 in 1% BSA/TBS-T) overnight at 4°C.
The membranes were then washed twice for 15
min each in TBS-T and incubated with HRP-
conjugated goat anti-mouse or rabbit antibod-
ies (1:10,000 in 1% BSA/TBS-T).

Statistical analysis

All data are presented as mean + SD of three
independent experiments. Data were statisti-
cally analyzed by one-way analysis of variance
followed by the Newman-Keuls post hoc test
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using statistical software GraphPad Prism 5.0
(California, USA). The P value <0.05 was consid-
ered as statistically significant.

Results
Effect of DPH on the oxidative stress

The effect of DPH was investigated on the oxi-
dative stress markers such as superoxide,
hydroxyl radicals, lipid hydroperoxides, and
reactive non-radical compounds including sin-
glet oxygen, hydrogen peroxide and results
have been shown in Figure 1. It has been found
that, in EP-untreated group, the level of these
oxidative stress markers found to be enhanced
as compared to control. While in DPH treated
group, these enhanced levels were found to be
restored near to normal as compared to EP
group. Thus, it has been suggested that, DPH

Int J Clin Exp Med 2019;12(11):12721-12730
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Figure 2. Effect of DPH on non-enzymatic antioxidants and enzymatic antioxidants in serum in endotoxin induced
experimental periodontitis. *P<0.01 vs. control, #P<0.05, **P<0.01 vs. EP group.
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Figure 3. Effect of DPH on lysosomal enzymes in endotoxin induced experimental periodontitis. *P<0.01 vs. control,

#P<0.05, “"P<0.01 vs. EP group.

might exert protective effect against EP via
mitigating the enhanced oxidative stress after
induction of EP.

The effect of DPH was determined on the non-
enzymatic anti-oxidant system, such as ascor-
bic acid, ceruloplasmin, GSH, a-tocopherol and
antioxidant enzymes such as catalase, GPx,
SOD and GST. The results are presented in
Figure 2. The DPH showed significant modula-
tion of the activity of the above studied antioxi-
dant system, which were found consistent with
effect of DPH on curbing the generation of free
radical.

Effect of DPH on the lysosomal enzymes
The effect of DPH was investigated on lysosom-

al enzymes, such as, cathepsin B, cathepsin D,
B-glucuronidase and acid phosphatase. The
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results are presented in Figure 3. Results
showed that, the level of these enzymes were
found to be elevated in EP group as compared
to control. Whereas, upon administering DPH,
their level were drastically reduced in a dose-
dependent manner as compared to EP.

The concentration of acute phase protein, for
instance, C-reactive proteins and fibrinogen
was found to be elevated in the EP treated
group, while DPH caused significant reduction
of these enhanced enzymes as shown in Figure
4,

Assessment of effect of DPH on histopathology
of gingival tissues

In the histopathological examination, the EP

treated group showed increased cellular per-
meability as evidenced by increase in the con-

Int J Clin Exp Med 2019;12(11):12721-12730
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Figure 4. Effect of DPH on the acute phase proteins in endotoxin induced experimental periodontitis. *P<0.01 vs.
control, #P<0.05, **P<0.01 vs. EP group.

Figure 5. Histopathological examination of DPH on the gingival tissues. (A) Control group (B) EP, (C); DPH (2.5 mg/
kg), (D) DPH (5 mg/kg); (E) DPH (10 mg/kg); (F) Standard.

centration of inflammatory cells, Figure 5. pathological lesion as evidenced in EP group
These observations are more prominent as was restored to near normal and cellular per-
compared to control group, where normal man- meability was reduced in a concentration
ner of gingival tissues was observed. The histo- dependent manner in DPH treated group.
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Effect of DPH on the NLRP3 inflammsome
pathway and other mediators

As shown in Figure 6, the effect of DPH was
investigated on the mediators of NLRP3 path-
way. It has been found that, the level of NLRP3
and other proteins, such as, TNF-a, iNOS was
found to be increased, with decrease in cas-
pase-1 in EP rats. The DPH administration
causes reduction in the level of NLRP3, TNF-a
and iNOS, with increase in caspase-1 level, in a
dose-dependent manner.

Discussion

Periodontitis has been classified as inflamma-
tory disease mainly caused by bacterial infec-
tion and has been associated with numerous
ailments, such as heart diseases, diabetes,
cancer and pregnancy complication [16, 17]. In
periodontitis affected individuals, the bacterial-
antigen host response promotes local recruit-
ment of neutrophils at the gingival site and
releases of proteolytic enzymes which results
in systemic inflammatory response. Moreover,
the critical importance of oxidative stress in
periodontitis could not be overlooked [18-21]. It
is well documented that oxidative stress caused
by the production of excessive amounts of ROS
plays a key role in pathogenesis of periodontitis
conditions [22-25]. Under influence of inflam-
mation, ROS concentration has been greatly
increased due to altered antioxidant mecha-
nism causing cellular damage (proteins, lipids,
and DNA) if not neutralized by anti-oxidant
substances. Various studies showed that,
enhanced level of ROS is the characteristic hall-
mark of depleted anti-oxidant levels in gingival
crevicular fluid and are held accountable for the
chronic local activation of inflammation of peri-
odontal tissues and its destruction [26-28].
Various animal models suggested that higher
levels of lipid peroxidation, hydrogen peroxides,
and oxidative DNA damage are linked with
experimental periodontitis [28-31]. Prompted
by the above, initially, the effect of DPH was
evaluated against the oxidative stress in the
experimentally induced periodontitis. It has
been revealed that, DPH causes restoration of
antioxidant defence system via modulation of
superoxide, hydroxyl radicals, lipid hydroperox-
ides, and reactive non-radical compounds
including singlet oxygen, and hydrogen perox-
ide. The effect of DPH was also investigated to
confirm its activity against the non-enzymatic
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anti-oxidant system, such as ascorbic acid,
ceruloplasmin, GSH, a-tocopherol and antioxi-
dant enzymes such as catalase, GPx, SOD
and GST. According to previous results, it has
been found that DPH causes positive modula-
tion of these markers and restored their level
near to normal. Thus, it could be suggested
that, DPH causes significant improvement of
antioxidant defence mechanism via enhancing
free radical scavenging activity. The oxidative
stress in periodontal disease recruits neutro-
phil which causes gingival tissue destruction
level of lysosomal enzymes in gingival tissues
of the patients [32-34]. In the present study,
DPH causes downregulation of cathepsin B,
cathepsin D, B-glucuronidase and acid phos-
phatise as compared with the disease group
suggesting its beneficial effect against peri-
odontitis. Acute phase proteins are considered
as an important marker for the inflammation,
and can be called as acute phase reaction [35-
38]. The activity of these proteins were greatly
enhanced (>25%) in response of cytokines
during inflammation (IL-1, IL-6, TNF-&). In DPH
treated group, the level of C-reactive proteins
and fibrinogen protein markers was significant-
ly reduced. This result was found in agreement
with previous study where DPH showed sig-
nificant anti-inflammatory effect by reducing
inflammation in myocardial injury after organo-
phosphate poisoning in rats [39]. The beneficial
effect of DPH was further confirmed against
periodontitis via observing the histology of gin-
gival tissue of the treated and EP-group. It was
found that, DPH causes improvement of archi-
tecture of the gingival tissues as compared to
EP group. This result further confirmed the pro-
tective effect of DPH against periodontitis. It
has been confirmed that DPH showed antioxi-
dant activity in microglial cells and might be
helpful in mitigating neurodegenerative diseas-
es originated due to oxidative stress [40].
Inflammosomes are multi-protein signalling
complexes that trigger the activation of inflam-
matory caspases and the maturation of
interleukin-13 [41-43]. The NLRP3 inflamma-
some is found aberrantly activated in many
inflammatory conditions, thus behaving as a
promising target for anti-inflammatory thera-
pies [44]. In the present study, the effect of
DPH was investigated on NLRP3 inflamma-
some by western blot analysis. It has been
found that DPH causes significant decline in
the level of NLRP3, TNF-a and iNOS, with
increase in caspase-1 level, in a dose-depen-
dent manner.

Int J Clin Exp Med 2019;12(11):12721-12730
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Conclusion

In the present study, diphenhydramine showed
beneficial effect against periodontitis via
decreasing oxidative stress and associated
inflammation. However, more studies are need-
ed to investigate the clinical significance of
DPH against periodontitis.

Acknowledgements

The studies received financial support from
Guangdong Science and Technology Depart-
ment Key Laboratory Open Fund (KF201712-
0102). The experiments were approved by the
Animal Care and Use Committee of the Hos-
pital of Stomatology, Sun Yat-sen University,
Guangzhou, China (AEC/HS/13). The study pro-
tocols were approved and performed in accor-
dance with the guidelines of the Institutional
Animal Care and Use Committee of Sun Yat-sen
University.

Disclosure of conflict of interest
None.

Address correspondence to: Haijing Gu, Depart-
ment of Pediatric Dentistry, Guanghua School of
Stomatology, Hospital of Stomatology, Sun Yat-sen
University, Guangzhou 510055, Guangdong, China.
Tel: +86-020-38092484; Fax: +86-020-380924-
84; E-mail: guhj@mail.sysu.edu.cn

References

[1] Petersen PE, Bourgeois D, Ogawa H, Estupi-
nan-Day S and Ndiaye C. The global burden of
oral diseases and risks to oral health. Bull
World Health Organ 2005; 83: 661-669.

[2] Petersen PE and Yamamoto T. Improving the
oral health of older people: the approach of
the WHO global oral health programme. Com-
munity Dent Oral Epidemiol 2005; 33: 81-92.

[3] Sima Cand Glogauer M. Diabetes mellitus and
periodontal diseases. Curr Diab Rep 2013; 13:
445-452.

[4] Hajishengallis G. Periodontitis: from microbial
immune subversion to systemic inflammation.
Nat Rev Immunol 2015; 15: 30-44.

[6] Loos BG. Systemic markers of inflammation in
periodontitis. J Periodontol 2005; 76: 2106-
2115.

[6] Cekici A, Kantarci A, Hasturk H and Van Dyke
TE. Inflammatory and immune pathways in the
pathogenesis of periodontal disease. Peri-
odontol 2000 2014; 64: 57-80.

12729

(7]

(8]

)

[10]

(11]

[12]

[13]

(15]

(19]

[20]

D’Aiuto F, Nibali L, Parkar M, Patel K, Suvan J
and Donos N. Oxidative stress, systemic in-
flammation, and severe periodontitis. J Dent
Res 2010; 89: 1241-1246.

Scharman E, Erdman A, Wax P, Chyka P, Martin
Caravati E, Nelson L, Manoguerra AS, Chris-
tianson G, Olson KR, Woolf AD, Keyes DC,
Booze LL and Troutman WG. Diphenhydramine
and dimenhydrinate poisoning: an evidence-
based consensus guideline for out-of-hospital
management. Clin Toxicol 2006; 44: 205-223.
Miller SM and Cumpston KL. Diphenhydr-
amine. Encycl Toxicol Third Ed 2014: 195-197.
Orzechowski RF, Currie DS and Valancius CA.
Comparative anticholinergic activities of 10
histamine H1 receptor antagonists in two func-
tional models. Eur J Pharmacol 2005; 506:
257-264.

Hofmeister EH and Egger CM. Evaluation of di-
phenhydramine as a sedative for dogs. J Am
Vet Med Assoc 2005; 226: 1092-1094.

Sype JW and Khan IA. Prolonged QT interval
with markedly abnormal ventricular repolariza-
tion in diphenhydramine overdose. Int J Cardiol
2005; 99: 333-335.

Lu CW, Jean WH, Wu CC, Shieh JS and Lin TY.
Antiemetic efficacy of metoclopramide and di-
phenhydramine added to patient-controlled
morphine analgesia: a randomised controlled
trial. Eur J Anaesthesiol 2010; 27: 1052-1057.
Pavlidakey PG, Brodell EE and Helms SE. Di-
phenhydramine as an alternative local anes-
thetic agent. J Clin Aesthet Dermatol 2009; 10:
37-40.

Uckan S, Guler N, Sumer M and Ungor M. Local
anesthetic efficacy for oral surgery: compari-
son of diphenhydramine and prilocaine. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod
1998; 86: 26-30.

Li X, Kolltveit KM, Tronstad L and Olsen I. Sys-
temic diseases caused by oral infection. Clin
Microbiol Rev 2000; 13: 547-558.

Listgarten MA. Pathogenesis of periodontitis. J
Clin Periodontol 1986; 13: 418-425.

Eke PI, Dye BA, Wei L, Thornton-Evans GO and
Genco RJ; CDC Periodontal Disease Surveil-
lance workgroup: James Beck (University of
North Carolina, Chapel Hill, USA), Gordon Dou-
glass (Past President, American Academy of
Periodontology), Roy Page (University of Wash-
in. Prevalence of periodontitis in adults in the
united states: 2009 and 2010. J Dent Res
2012; 91: 914-920.

Page RC and Kornman KS. The pathogenesis
of human periodontitis: an introduction. Peri-
odontol 2000: 1997; 14: 9-11.

Darveau RP. Periodontitis: a polymicrobial dis-
ruption of host homeostasis. Nat Rev Microbiol
2010; 8: 481-490.

Int J Clin Exp Med 2019;12(11):12721-12730



[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

Effect of Diphenhydramine (DPH) against periodontitis

Timmerman MF and van der Weijden GA. Risk
factors for periodontitis. Int J Dent Hyg 2006;
4:2-7.

Fernandez-Sanchez A, Madrigal-Santillan E,
Bautista M, Esquivel-Soto J, Morales-Gonzalez
A, Esquivel-Chirino C, Durante-Montiel |, San-
chez-Rivera G, Valadez-Vega C and Morales-
Gonzalez JA. Inflammation, oxidative stress,
and obesity. Int J Mol Sci 2011; 12: 3117-
3132.

Reuter S, Gupta SC, Chaturvedi MM and Ag-
garwal BB. Oxidative stress, inflammation, and
cancer: how are they linked? Free Radic Biol
Med 2010; 49: 1603-1616.

El Assar M, Angulo J and Rodriguez-Manas L.
Oxidative stress and vascular inflammation in
aging. Free Radic Biol Med 2013; 65: 380-
401.

Meng SJ and Yu LJ. Oxidative stress, molecular
inflammation and sarcopenia. Int J Mol Sci
2010; 11: 1509-1526.

Finkel T and Holbrook NJ. Oxidants, oxidative
stress and the biology of ageing. Nature 2000;
408: 239-247.

Schieber M and Chandel NS. ROS function in
redox signaling and oxidative stress. Curr Biol
2014; 19: R453-R462.

Ray PD, Huang BW and Tsuji Y. Reactive oxygen
species (ROS) homeostasis and redox regula-
tion in cellular signaling. Cell Signal 2012; 24:
981-990.

Blokhina O, Virolainen E and Fagerstedt KV.
Antioxidants, oxidative damage and oxygen de-
privation stress: a review. Ann Bot 2003; 91:
179-194.

Agati G, Azzarello E, Pollastri S and Tattini M.
Flavonoids as antioxidants in plants: location
and functional significance. Plant Sci 2012;
196: 67-76.

Nimse SB and Pal D. Free radicals, natural an-
tioxidants, and their reaction mechanisms.
RSC Adv 2015; 5: 27986-28006.

Govindaraj J, Emmadi P, Deepalakshmi, Raja-
ram V, Prakash G and Puvanakrishnan R. Pro-
tective effect of proanthocyanidins on endo-
toxin induced experimental periodontitis in
rats. Indian J Exp Biol 2010; 48: 133-142.

12730

(33]

(34]

(35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Rifkin BR, Vernillo AT and Golub LM. Blocking
periodontal disease progression by inhibiting
tissue-destructive enzymes: a potential thera-
peutic role for tetracyclines and their chemical-
ly-modified analogs. J Periodontol 2012; 64:
819-827.

Kunimatsu K, Yamamoto K, Ichimaru E, Kato Y
and Kato |. Cathepsins B, H and L activities in
gingival crevicular fluid from chronic adult peri-
odontitis patients and experimental gingivitis
subjects. J Periodontal Res 1990; 25: 69-73.
Gabay C and Kushner I. Acute-phase proteins
and other systemic responses to inflammation.
N Engl J Med 1999; 340: 448-454.

Gabay C. Interleukin-6 and chronic inflamma-
tion. Arthritis Res Ther 2006; 8 Suppl 2: S3.
Gruys E, Toussaint MJ, Niewold TA and Koop-
mans SJ. Acute phase reaction and acute
phase proteins. J Zhejiang Univ Sci B 2005; 6:
1045-1056.

Jain S, Gautam V and Naseem S. Acute-phase
proteins: as diagnostic tool. J Pharm Bioallied
Sci 2011; 3: 118-127.

Yavuz Y, Yurumez Y, Ciftci IH, Sahin O, Saglam
H and Buyukokuroglu M. Effect of diphenhydr-
amine on myocardial injury caused by organo-
phosphate poisoning. Clin Toxicol 2008; 46:
67-70.

Kim J and Song JH. Inhibitory effects of antihis-
tamines, diphenhydramine and chlorphenira-
mine, on proton currents in BV2 microglial
cells. Eur J Pharmacol 2017; 798: 122-128.
Latz E, Xiao TS and Stutz A. Activation and reg-
ulation of the inflammasomes. Nat Rev Immu-
nol 2013; 13: 397-411.

Rathinam VA, Vanaja SK and Fitzgerald KA.
Regulation of inflammasome signaling. Nat Im-
munol 2012; 13: 333-342.

Petrilli V, Papin S and Tschopp J. The inflamma-
some. Curr Biol 2005; 15: R581.

Tschopp J and Schroder K. NLRP3 inflamma-
some activation: the convergence of multiple
signalling pathways on ROS production? Nat
Rev Immunol 2010; 10: 210-215.

Int J Clin Exp Med 2019;12(11):12721-12730



