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1. Introduction
Necroptosis is initiated by numerous pro-inflammatory 

stimuli that require the activation of receptor-interacting 
serine/threonine-protein kinase (RIPK) 1, RIPK3, and 
mixed lineage kinase domain-like pseudokinase (MLKL) 
necrosome complex [1-3]. Among the components of this 
complex, RIPK1 has been considered an important tar-
get for the management of several diseases [1-3]. During 
necroptotic signaling, RIPK1 is activated by stimulation of 
specialized cell receptors such as toll-like receptor (TLR) 
3/4, tumor necrosis factor (TNF) receptor (TNFR) 1 and 
Fas receptor [4]. Following the phosphorylation of RIPK1, 
the necrosome complex is formed between RIPK1, RIPK3, 
and MLKL (4) Further activation of MLKL by RIPK3 re-
sults in the release of high-mobility-group-box (HMGB1) 
and interleukin (IL)-1 family of cytokines thereby promot-
ing inflammation [1,4]. 

Studies have also shown that TLRs recognize  lipo-

polysaccharide (LPS) and activate down-stream inflam-
matory pathways (i.e., the nuclear factor [NF]-κB and 
pathway) with or without the mediation of myeloid dif-
ferentiation factor (MyD) 88 [5]. RIPK1 has been reported 
to be required for the MyD88-independent pathway activ-
ity [6]. As demonstrated by Kaiser et al. [7], TLRs, with 
the adapter protein MyD88, also stimulate activation of 
RIPK1/RIPK3 indirectly by inducing TNF that initiates 
necroptosis via TNFR1. However, TLR3 and TLR4 ac-
tivate RIPK3 directly through toll-IL-1 receptor domain-
containing adapter-inducing interferon-β (TRIF). In recent 
years, RIPK1-mediated necroptosis, initiated by TLR4 
ligands (e.g., LPS) has been implicated in several degene-
rative neuroinflammatory states [1,2,4]. 

Nucleotide-binding oligomerization domain, leucine-
rich repeat and pyrin domain containing (NLRP) 3, adapter 
protein apoptosis-associated speck-like protein containing 
a caspase recruitment domain (ASC), and caspase-1 are 
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components of the canonical NLRP3 inflammasome that 
responds to pro-inflammatory stimuli, bacterial toxins, 
urea, β-amyloid, and adenosine triphosphate [8]. NLRP3 
inflammasome activity is also regulated by the RIPK1-
mediated necroptotic pathway [9]. In preclinical studies, 
inhibition of NLRP3 has been proven to exert significant 
therapeutic effects on in central nervous system (CNS) 
disorders including diverse inflammatory pain conditions 
in addition to neurodegenerative diseases [8,10].

Bacterial endotoxins such as lipid A are detected by 
the caspase-11 inflammasome in rodents [11,12]. Follow-
ing activation by mainly Gram-negative bacteria, oligo-
merization of caspase-11 leads to cleaving gasdermin D 
(GSDMD) into peptides (i.e., p30-GSDMD, GSDMD-N; 
the catalytic N-terminal domain of GSDMD) which are 
responsible for pore-formation [13]. Pore formation medi-
ated by GSDMD which results in pyroptosis increased for-
mation of mainly HMGB1 and IL-1β leads to inflamma-
tion [14]. In addition, a number of studies highlighted that 
the NLRP3 inflammasome activation by MLKL and cas-
pase-11/GSDMD pathway results in pyroptosis [10,15]. 

Findings from numerous studies suggest that inhibition 
of RIPK1/RIPK3/MLKL necrosome, TLR4/MyD88/NF-
κB pathway, or NLRP3/ASC/pro-caspase-1 inflamma-
some has protective effects in vivo models of inflammatory 
painful conditions such as neuropathic pain [16]. Previous 
studies showed that hyperalgesia caused by LPS is also 
associated with enhanced activity of TLR4/MyD88/trans-
forming growth factor-activated kinase (TAK) 1/NF-κB/
TNFR-associated factor (TRAF) 6/inhibitor of κB (IκB) 
kinase (IKK)/IκB-α/NF-κB and NLRC4/ASC/pro-cas-
pase-1 and caspase-11 inflammasomes, and NLRP3/ASC/
pro-caspase-1 pathways, as well as increased production 
of IL-1β in the CNS during endotoxemia [17-22]. Accord-
ing to the results of our recent study, we obtained evidence 
that not only a reduction in the markers of pyroptosis me-
diated by caspase-11, necroptosis mediated by RIPK1, and 
semaphorin (SEMA) 3A but also enhanced expression of 
myelin proteolipid protein (PLP) in the mice CNS, may 
involve in the protective effect of necrosulfonamide, a GS-
DMD and MLKL inhibitor, against hyperalgesia caused 
by LPS [21]. However, to our knowledge, the effects and 
the underlying mechanisms of selective pharmacological 
inhibition of RIPK1-driven necroptosis have not been 
investigated in inflammatory pain induced by LPS. There-
fore, this study aimed to investigate whether necrostatin 
(Nec)-1s, a selective RIPK1 inhibitor [23], ameliorates 
hyperalgesia induced by LPS mediated by RIPK1, TLR4, 
NLRP3, and caspase-11 signaling pathways, in an inflam-
matory pain model in mice. 

2. Materials and Methods
2.1. Chemicals

Lipopolysaccharide (Escherichia coli LPS; O111:B4; 
L4130), DMSO (A1584), and Nec-1s (17802) were from 
Sigma-Aldrich Co. (St. Louis, MO, USA), Applichem 
GmbH (Darmstadt, Germany), and Cell Signaling Tech-
nology (Massachusetts, MA, USA), respectively. Primary 
antibodies used include TLR4 (sc-293072), MyD88 (sc-
74532), NF-κB p65 (sc-8008); phosphorylated NF-κB p65 
(p-NF-κB p65) (sc-33020), HMGB1 (sc-56698), NLRP3 
(sc-134306), ASC (sc-22514-R), caspase-1 p20 (sc-
398715), IL-1β (sc-52012), caspase-11 p20 (sc-374615), 
p30-GSDMD (sc-393656), SEMA3A (sc-74554), and 

β-tubulin (sc-5274) from Santa Cruz Biotechnology (San-
ta Cruz, CA, USA); myelin PLP (bs-11093R-HRP) from 
Bioss Antibodies Inc. (Woburn, MA, USA); TRIF (PA5-
106871), RIPK3 (PA5-19956), phosphorylated RIPK3 
(p-RIPK3) (PA5-105701); MLKL (PA5-102810), and 
phosphorylated MLKL (p-MLKL) (PA5-105678) from 
Thermo Fisher Scientific (Waltham, MA USA), RIPK1 
(ARG55746) and phosphorylated RIPK1 (p-RIPK1) 
(ARG66476) from Arigo Biolaboratories (Hsinchu City, 
Taiwan). Rainbow marker (RPN 800E), goat anti-rabbit 
IgG-horseradish peroxidase (RPN4301), sheep anti-mouse 
(RPN4201), and ECL Prime Western Blotting Detection 
Reagent (RPN2232) were purchased from Amersham Life 
Sciences (Cleveland, OH, USA).

2.2. Animals
Male mice (BALB/c; weighing 20-30 g) (n=80) were 

used in this study. The animals provided by the Mersin 
University Research Center of Experimental Animals 
were fed on standard chow and housed under a 12-hour 
light/dark cycle. The study and all experimental protocols 
involving animals were approved by the Mersin Univer-
sity Experimental Animals Local Ethics Committee (Ap-
proval date: June 29, 2021; Protocol number: 2021/30). 
The experiments were performed following the National 
Institutes of Health Guide for the Care and Use of Labora-
tory Animals.

2.3. Inflammatory pain model
The pain model was induced by a single intraperitoneal 

(i.p.) injection of LPS and pain behavior given through no-
ciceptors was examined by the hot plate test as described 
previously [18-25]. Results of in vivo studies performed 
in mice suggest that Nec-1s, when administered at doses 
of 0.3, 1.65, 2, 4, or 10 mg/kg (i.p.) or 0.6, 4, or 6 mg/
kg (intravenous), may have beneficial effects on various 
conditions associated with inflammation and necroptosis, 
such as TNF-induced systemic inflammatory response 
syndrome and mortality, age-related neuroinflammation, 
D-galactosamine (DGal)-, DGal/LPS-, or DGal/TNF-in-
duced hepatic inflammation, and collagen-induced arthritis 
[26-29]. On the other hand, according to our best knowl-
edge, there is no information in the literature regarding the 
dose at which Nec-1s can prevent LPS-induced inflam-
matory hyperalgesia when administered to mice. Based 
on information found in the literature, the dose-response 
relationship studies were performed using four doses of 
Nec-1s in the (1) saline- (control group), (2) 10 mg/kg 
LPS- (inflammatory hyperalgesia group), (3) saline- plus 
dimethyl sulfoxide (DMSO)-, (4) saline plus 0.01 mg/kg 
Nec-1s-, (5) LPS plus 0.001 mg/kg Nec-1s-, (6) LPS plus 
0.01 mg/kg Nec-1s-, (7) LPS plus 0.1 mg/kg Nec-1s-, and 
(8) LPS plus 1 mg/kg Nec-1s-injected mice groups [23]. 
DMSO or Nec-1s was injected into the mice at 10 ml/kg 
(i.p.) with saline or LPS. LPS and Nec-1s were prepared in 
saline and DMSO (10%; 0.11 mg/ml final concentration in 
saline), respectively. The animals were placed individual-
ly on a pre-heated plate (Commat Ltd., Ankara, Türkiye; 
AHP 9601) at 55 ± 0.2C. The hot plate latency of pain 
within 1 minute was recorded after the animals showed the 
first sign of licking the paw 6 hours following the injection 
of these agents. After the test was completed, the animals 
were euthanized and the brain and spinal cord tissues were 
removed for immunoblotting studies.
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induced by LPS were evaluated by determining expres-
sion of unphosphorylated and/or phosphorylated RIPK1, 
RIPK3, MLKL, and HMGB1 in the tissues. Nec-1s pre-
vented the increased expression of phosphorylated RIPK1, 
RIPK3, and MLKL in addition to HMGB1 in the brain 
(Figure 2A-D) and spinal cord (Figure 2E-H) tissues of 
LPS-injected animals (P<0.05). 

3.3. Effect of Nec-1s on the TLR4/MyD88/TRIF/NF-κB 
pathway activity

The effects of Nec-1s on alterations caused by LPS ad-
ministration in TLR4/MyD88/TRIF/NF-B pathway were 
evaluated by determining expression of unphosphorylated 
and/or phosphorylated TLR4, MyD88, TRIF, and NF-κB 
p65 in the tissues. Nec-1s prevented the increased expres-
sion of TLR4, MyD88, TRIF, NF-κB p65, and p-NF-κB 
p65 in the brain (Figure 3A-D) and spinal cord (Figure 
3E-H) tissues of LPS-treated animals (P<0.05). 

3.4. Effect of Nec-1s on the activity of NLRP3/ASC/
pro-caspase-1- and caspase-11/GSDMD-mediated 
pathways

To further investigate whether Nec-1s affects the altera-
tions induced by LPS in the components of NLRP3/ASC/
pro-caspase-1 inflammasome and caspase-11/GSDMD 
expression, protein levels of NLRP3, ASC, caspase-1 p20, 
IL-1β, caspase-11 p20, and p30-GSDMD were evaluated 
in the tissues. Nec-1s prevented the increased expression of 
NLRP3, ASC, caspase-1 p20, IL-1β, caspase-11 p20, and 

2.4. Immunoblotting studies
In immunoblotting studies, the tissue homogenate su-

pernatants prepared from brain and spinal cord tissues (30 
µg of total protein) were loaded with sodium dodecyl sul-
fate-polyacrylamide gel (10%) together with a molecular 
weight marker and subjected to electrophoresis [17-22]. 
Afterward, the membranes were incubated with primary 
antibodies. As secondary antibodies, goat anti-rabbit IgG-
horseradish peroxidase or sheep anti-mouse were used 
in the experiments. The membranes were incubated with 
western blotting detection reagent and immunoreactive 
bands were visualized using a gel imaging system. To de-
termine the relative densities of immunoreactive bands, 
Image J densitometry analysis software was used. The 
intensities of immunoreactive bands for specific proteins 
were calculated as a ratio to that of β-tubulin.

2.5. Statistical analysis
The data were given as mean ± standard error of the 

mean (SEM). To determine statistical differences from the 
saline- or LPS-injected groups, Student's t-test was used. 
A P value < 0.05 was considered to be statistically signi-
ficant.

3. Results
3.1. Effect of Nec-1s on the hyperalgesia caused by LPS

In order to investigate whether RIPK1-driven necrop-
tosis contributes to LPS-induced hyperalgesia, mice were 
treated with a selective RIPK1 inhibitor, Nec-1s. LPS ad-
ministration caused a reduction in the hot plate latency of 
pain compared with saline-injected group values (Figure 
1) (P<0.05). The LPS-induced reduction in the hot plate 
latency of pain was ameliorated by Nec-1s at a dose of 
0.01 mg/kg (P<0.05). The other doses of Nec-1s did not 
significantly affect the decrease in latency observed in the 
LPS-injected mice (P>0.05). No mortality was observed 
throughout the experiments. Hereby, tissues of mice treat-
ed with 0.01 mg/kg dose of Nec-1s were used for further 
experiments.

3.2. Effect of Nec-1s on the RIPK1/RIPK3/MLKL 
necrosome activity

The effects of Nec-1s on alterations caused by LPS ad-
ministration in RIPK1/RIPK3/MLKL necrosome activity 

Fig. 1. Nec-1s treatment ameliorated LPS-induced hyperalgesia. 
Data represent mean ± SEM (n=6-10). *P<0.05 against saline-injected 
group; #P<0.05 against LPS-injected group.

Fig. 2. Nec-1s treatment reversed the enhanced activity of RIPK1/
RIPK3/MLKL necrosome induced by  LPS in the (A), (B), (C), 
and (D) brain and (E), (F), (G), and (H) spinal cord of mice. Data 
represent mean ± SEM (n=4). *P<0.05 against saline-injected group; 
#P<0.05 against LPS-injected group.

Fig. 3. Nec-1s treatment reversed the increased activity of the 
TLR4/MyD88/TRIF/NF-κB signaling pathway induced by LPS 
in the (A), (B), (C), and (D) brain and (E), (F), (G) and (H) spinal 
cord of mice. Data represent mean ± SEM (n=4). *P<0.05 against 
saline-injected group; #P<0.05 against LPS-injected group.
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p30-GSDMD in the brain (Figure 4A-F) and spinal cord 
(Figure 4G-L) tissues of LPS-injected animals (P<0.05).

3.5. Effect of Nec-1s on the SEMA3A expression
To determine whether Nec-1s affects the LPS-induced 

alterations in the SEMA3A expression, protein levels of 
SEMA3A were evaluated in the tissues. Nec-1s prevented 
the increased expression of SEMA3A in the brain (Figure 
5A) and spinal cord (Figure 5B) tissues of LPS-injected 
animals (P<0.05).

3.6. Effect of Nec-1s treatment on the myelin PLP ex-
pression 

To further whether Nec-1s affects the LPS-induced 
alterations in the myelin PLP expression, protein levels 
of myelin PLP were evaluated in the tissues. Nec-1s pre-
vented the reduction in myelin PLP expression in the brain 
(Figure 6A) and spinal cord (Figure 6B) tissues of LPS-
treated animals (P<0.05).

4. Discussion
The results of this study demonstrate that selective 

RIPK1 inhibitor, Nec-1s, ameliorates LPS-induced hype-
ralgesia by inhibiting enhanced expression/activity of 
RIPK1, RIPK3, MLKL, TLR4, MyD88, TRIF, NF-κB 
p65, HMGB1, NLRP3, ASC, caspase-1 p20, IL-1β, cas-
pase-11 p20, p30- gasdermin D, and SEMA 3A expression 
in addition to diminished expression of myelin PLP. The 
findings of this study provide evidence that Nec-1s ame-
liorates inflammatory hyperalgesia induced by LPS both 
suppressing RIPK1/RIPK3/MLKL, TLR4/MyD88/TRIF/
NF-κB, NLRP3/ASC/pro-caspase-1, and caspase-11/GS-

DMD pathways and preventing demyelination as well as 
promoting remyelination in the mice CNS (Figure 7).

In response to thermal stimuli, LPS is reported to en-
hance sensation of pain at spinal and supraspinal levels in 
rodent models of pain [30]. Increasing evidence demons-
trates that RIPK1/RIPK3/MLKL-, TLR4/MyD88/TRIF/
NF-κB-, NLRP3/ASC/pro-caspase-1-, and caspase-11/
GSDMD-mediated necroptotic, inflammatory, and pyrop-
totic pathways play a critical role in the pathophysiology 
of models of CNS diseases caused by LPS together with 
neuroinflammatory and neurodegenerative alterations [1-
4,8,30]. In addition, studies are reporting that selective 
RIPK1 inhibitors such as Nec-1s can prevent necroptosis-
mediated neuroinflammation by entering the CNS when 
administered systemically [28]. Nevertheless, the effects 
of selective RIPK1 inhibition on the changes in the sig-
naling pathways triggered by LPS during inflammatory 
hyperalgesia in the CNS have not been investigated. Our 
findings demonstrate that systemically Nec-1s administ-
ration into mice ameliorates hyperalgesia induced by 
LPS. Therefore, the results are also consistent with the 
findings of aforementioned in vivo studies showing that 
Nec-1s can prevent inflammatory hyperalgesia induced 
by LPS and perceived at the supraspinal level. Furthermo-
re, increased phosphorylation of RIPK1, RIPK3, MLKL, 
and NF-κB p65 proteins were reversed by Nec-1s in ad-Fig. 4. Nec-1s treatment reversed the LPS-induced increase in the 

expression of the components of NLRP3/ASC/pro-caspase-1- and 
caspase-11/GSDMD-mediated pathways induced by LPS in the 
(A), (B), (C), (D), (E) and (F) brain and (G), (H), (I), (J), (K), and 
(L) spinal cord of mice. Data represent mean ± SEM (n=4). *P<0.05 
against saline-injected group; #P<0.05 against LPS-injected group.

Fig. 5. Nec-1s treatment reversed the LPS-induced decrease in 
the expression of SEMA3A induced by LPS in the (A) brain and 
(B) spinal cord of mice. Data represent mean ± SEM (n=4). *P<0.05 
against saline-injected group; #P<0.05 against LPS-injected group.

Fig. 6. Nec-1s treatment reversed the LPS-induced decrease in the 
expression of myelin PLP in the (A) brain and (B) spinal cord 
of mice. Data represent mean ± SEM (n=4). *P<0.05 against saline-
injected group; #P<0.05 against LPS-injected group.

Fig. 7. Diagram showing the effect of RIPK1 inhibitor, Nec-1s, 
on LPS-induced alterations in the RIPK1/RIPK3/MLKL-, TLR4/
MyD88/TRIF/NF-κB-, NLRP3/ASC/pro-caspase-1-, and caspase-11/
GSDMD-mediated necroptotic and pyroptotic pathways in the CNS 
of mice during inflammatory hyperalgesia. ( ↑ ) Increased by LPS; ( 
↓ ) decreased by LPS.
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dition to TLR4, MyD88, TRIF, NLRP3, ASC, caspase-1 
p20, caspase-11 p20, and GSDMD protein expression in 
the CNS of LPS-treated mice. As indicators of the acti-
vity of RIPK1/RIPK3/MLKL, TLR4/MyD88/TRIF/NF-
κB, NLRP3/ASC/pro-caspase-1, and caspase-11/GSDMD 
signaling pathways, increased expression of IL-1β and 
HMGB1 induced by LPS was also reversed by Nec-1s in 
these tissues. Thus, the results of this study provide novel 
findings suggesting that Nec-1s ameliorates hyperalgesia 
via the reduced formation and release of pro-inflammatory 
mediators (e.g., IL-1β and HMGB1) by necroptotic and 
pyroptotic cells through suppression of the RIPK1/RIPK3/
MLKL, TLR4/MyD88/TRIF/NF-κB, NLRP3/ASC/pro-
caspase-1, and caspase-11/GSDMD signaling pathways 
[17-22]. It is also possible that binding to MLKL directly 
to prevent oligomerization of MLKL, as well as, indirectly 
or directly reducing the RIPK1-driven necrosome activity 
in the mice CNS treated with LPS participates in the pro-
tecting effect of Nec-1s. Moreover, Nec-1s may directly 
suppress the increased expression and/or activity of prote-
ins involved in the TLR4/MyD88/TRIF/NF-κB, NLRP3/
ASC/pro-caspase-1-, and/or caspase-11/GSDMD signa-
ling pathways. Considering the interactions between these 
signaling pathways have been demonstrated in numerous 
studies, the proposed mechanisms do not seem surprising 
[15]. On the other hand, detailed studies are necessary to 
verify these conjectures.

SEMA3A, an endogenous remyelination inhibitor, 
is reported to have enhanced levels in the brain of LPS-
injected mice [31]. A reduction of myelin proteins (e.g., 
PLP) associated with neuroinflammatory alterations in the 
CNS in response to LPS administration in rats has also 
been reported [32]. Nevertheless, the effect of Nec-1s on 
the LPS-induced alterations in the SEMA3A and myelin 
PLP expression is currently unknown. In agreement with 
the findings of previous studies [32], we also demonstrated 
that treatment of mice LPS results in increased SEMA3A 
protein expression as well as reduced myelin PLP expres-
sion in the mice CNS. Furthermore, Nec-1s reversed the 
alterations in not only the expression of SEMA3A but also 
myelin PLP induced by LPS. Thus, the findings suggest 
that Nec-1s reduces demyelination and facilitates remy-
elination caused by inflammatory hyperalgesia.

An important point to emphasize is that Nec-1s, which 
is a more specific RIPK1 inhibitor and has a superior sa-
fety profile compared to other necrostatin derivatives such 
as Nec-1, also have less in vivo and in vitro toxicity [23]. 
Nevertheless, according to our best knowledge, there are 
no studies in the literature investigating the side and/or 
toxic effects of Nec-1s treatment, especially in the LPS-
induced inflammatory hyperalgesia model in mice. On the 
other hand, in a recent study, we observed that following 
LPS (10 mg/kg; i.p.) injection into mice, the mortality rates 
were 10%, 50%, and 60% at the 24th, 36th, and 48th hours, 
respectively [33]. When endotoxemic mice were treated 
with Nec-1s (0.01 mg/kg; i.p.), mortality rates were 60%, 
90%, and 100% at the 18th, 30th, and 42nd hours, respec-
tively. Mice injected with saline, DMSO (10%; 10 ml/kg), 
or Nec-1s survived during the experiments. The results of 
the study also indicated that moderate to serious injury re-
garding histopathological changes related to hemorrhage, 
interstitial edema, vascular congestion, inflammatory cell 
infiltration, and necrosis in the heart and kidney tissues 
also occurred 6 hours after injection of LPS into mice. The 

scores regarding histopathological changes determined 
in the tissues of rats administered DMSO or Nec-1s with 
saline or LPS were higher than the control group values, 
indicating a mild degree of injury. Nec-1s attenuated these 
LPS-induced histopathological changes only in the kidney 
tissue. Furthermore, in another study performed in a rodent 
model of septic shock, we observed a fall in blood pressure 
and a rise in heart rate associated with increased systemic 
and arterial RIPK1/RIPK3/MLKL necrosome activity in 
addition to histopathological changes in the heart, kidney, 
brain, and lung tissues isolated 4 hours after LPS (10 mg/
kg; i.p.) administration to rats [34]. In this study, Nec-1s 
(1 mg/kg; i.p.) not only prevented hypotension, tachy-
cardia, and systemic and arterial RIPK1/RIPK3/MLKL 
necrosome activity but also reduced the elevated scores 
regarding histopathological changes only in the kidney tis-
sue isolated from rats in the LPS-treated group. Systemic 
administration of DMSO (1%; 4 ml/kg) or Nec-1s to heal-
thy rats also resulted in histopathological changes similar 
to LPS-induced heart, kidney, brain, and lung injury. In 
the present study, we did not observe mortality or changes 
in animal welfare during the in vivo experiments perfor-
med with LPS, DMSO, or Nec-1s. Therefore, we suggest 
that the treatment of healthy and endotoxemic mice with 
Nec-1s, especially at its effective dose that prevents LPS-
induced inflammatory hyperalgesia, has no negative side 
effects. It is also essential to emphasize that the therapeu-
tic application of Nec-1s requires extreme caution because 
itself and/or its solvent also cause tissue damage. On the 
other hand, to make Nec-1s suitable for clinical use, stu-
dies need to be carried out to develop an appropriate phar-
maceutical formulation using a solvent that will not cause 
organ damage.

5. Conclusion
The novel observation that selective RIPK1 inhibi-

tor, Nec-1s, not only ameliorates hyperalgesia but also 
decreases the activity of RIPK1/RIPK3/MLKL, TLR4/
MyD88/TRIF/NF-κB, NLRP3/ASC/pro-caspase-1, and 
caspase-11/GSDMD pathways triggered by LPS in the 
mice CNS. The results of the current study suggest that 
the use of systemically applicable selective RIPK1 inhi-
bitors such as Nec-1s could be a promising approach for 
the treatment of inflammatory pain-related diseases. Our 
data also suggest that inhibition of additional nonspeci-
fic targets other than RIPK1-dependent necroptosis in the 
CNS also contributes to the preventive effect of Nec-1s 
on the inflammatory hyperalgesia induced by LPS. The-
refore, effects of Nec-1s on the nonspecific targets and/or 
pathways should be investigated further. While RIPK1 in-
hibition can prevent LPS-induced hyperalgesia, exploring 
the long-term effects of Nec-1s treatment on inflammatory 
pain and demyelination in the CNS would also provide 
important information regarding its sustained therapeutic 
benefits. Moreover, further detailed in vitro, in vivo, and ex 
vivo studies regarding the possible side and toxic effects 
of Nec-1s in vital organs such as the brain, heart, kidney, 
lung, and liver will provide scientific support for the cli-
nical use of selective RIPK1 inhibitors in the treatment of 
inflammatory pain. In addition, since the number of pre-
clinical and clinical studies on the treatment approaches 
using RIPK1 inhibitors like Nec-1s, especially for the 
treatment of necroinflammatory diseases, has been increa-
sing in recent years, it can be suggested that the translatio-
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nal potential of these inhibitors in clinical settings for the 
management of inflammatory pain-related diseases.
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