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Abstract

Background: Plant derived saponins or other glycosides are widely used for their anti-inflammatory,
antioxidant, and anti-viral properties in therapeutic medicine. In this study, we focus on understanding the
function of the less known steroidal saponin from the roots of Liriope muscariL.H.Bailey — saponin C
(also known as DT-13) in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages in comparison to
the well-known saponin ginsenoside Rk1 and dexamethasone.

Results: We proved that DT-13 reduces LPS-induced inflammation by inhibiting nitric oxide (NO)
production, interleukin-6 (IL-6) release, cycloxygenase-2 (COX-2) and tumour necrosis factor-alpha (TNF-
a) gene expression, and nuclear factor kappa-B (NFkB) translocation into the nucleus. It also inhibits the
inflammasome component NOD-like receptor family pyrin domain containing protein 3 (NLRP3)
regulating the inflammasome activation. This was supported by the inhibition of interleukin 1 beta (IL-1B)
and caspase-1 levels.

Conclusion: This study demonstrates the anti-inflammatory effect of saponins on LPS-stimulated
macrophages. For the first time, an in vitro study shows the attenuating effect of DT-13 on NLRP3-
inflammasome formation. In comparison to the existing anti-inflammatory drug, dexamethasone, and the
triterpenoid saponin from ginseng plant, Rk1, DT-13 more efficiently inhibits inflammation in the applied
cell culture model. Therefore, DT-13 may serve as a lead compound for the development of new more
effective anti-inflammatory drugs with minimized side effects.

Background

Inflammation is a consequence of a series of events occurring in the body as a defence mechanism
against impaired cells, pathogens, and other unfavourable external stimuli. Generally, the body has
various physiological barriers that form the innate immune system leading to activation of immune cells
like, macrophages and further activating the adaptive immune cells like antibodies and T-cells, up against
the stimuli. But in case of its ineffectiveness, the inflammation persists and leads to even more
detrimental chronic inflammation that underlies various diseases for example, Alzheimer’s disease,
Cancer, Cardiovascular disease, and Type 2 diabetes.[1-4]

Inflammation occurs through various pathways, but one transcription factor is the most common in all
pathways, namely, nuclear factor kappa B (p65 or NFkB). Various external factors like tumour necrosis
factor-a (TNF-a) or lipopolysaccharide (LPS) lead to the activation of the NFkB pathway. In the LPS-
induced inflammatory pathway, LPS binds to toll-like receptor 4 (TLR4) and results in the dimerization of
the receptor [5]. This in turn, leads to the activation and phosphorylation of NFkB. The activated NFkB
translocates into the nucleus and initiates the expression of various pro-inflammatory genes, e.g.,
cyclooxygenase 2 (COX-2), TNF-q, interleukin 6 (IL-6), inducible nitric oxide (iNOS) [6]. This marks the
initiation and activation of parallel pathways that in concert cause inflammation. There are already drugs
on the market, which have an inhibitory effect on cytokines like COX-2, interleukin 1- beta (IL-1B8) or NFkB
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but the side effects of strong individual inhibition of these molecules are apparently abundant,
highlighting the need to develop pan-inhibitors that act broadly but do not completely inhibit required
individual pathways [7].

Saponins are glycosides occurring as amphiphilic secondary metabolites in plants and are present in
almost all the parts including bark, roots, and fruits protecting them from metabolic stress and damage
by herbivores [8]. The class of saponins is well studied and known for exceptional anti-inflammatory [9—
11], antioxidant, and adjuvant properties [12, 13]. Some members have already been used in ancient
medicinal practices like Ashwagandha [14], Curcumin [15], Panax Ginseng [16], among others. Therefore,
it is important to have a comparative study with different pathways and key mediators of specific
inflammatory diseases to ensure an effective drug molecule design. Structurally, saponins are made of
both a hydrophobic aglycone part and a hydrophilic glycosidic part, which upon acid hydrolysis liberates
sapogenins [17, 18], the otherwise widely studied component of saponins. The sapogenin component can
be categorised into two different types, namely, steroid or triterpenoid. It has been observed in various
studies that the number of sugar residues and modifications of sugar residues within the same type of
saponins affect the functional properties of the whole molecule [19, 20]. It is therefore important to
explore the structurally different saponins, to have a better understanding of the functioning and efficacy
of the molecule.

Ginsenosides, a well-known group of saponins, are known to inhibit the inflammasome pathway and
thereby, chronic inflammatory progression to cell death [21, 22]. Inflammasome formation and pyroptosis
(cell death) are part of the inflammatory response [23] and are thereby interlined with the pathways
involved in inflammation. Inflammasomes are categorised into four different types based on the active
component, but NLRP3 inflammasome is the one extensively studied in relation to inflammatory disease.
NLRP3 inflammasome formation is regulated at two steps, namely priming and activation. The priming
step is induced by various pathogen associated molecular patterns (PAMPSs) like LPS recognised by
pattern recognising receptors (PRRs) such as toll-like receptor, or by cytokines like TNF-a [24], via
activation of NFKB gene and in turn regulating the NLRP3 and IL-1B gene expression [25]. The second
activation step can occur due to mitochondrial reactive oxygen species (ROS), adenosine triphosphates
(ATP), LPS or PAMPs and external irritants released by impaired cells that activate caspase-1 and form
activated inflammasomes. Mutations in the NLRP3 gene has been found in many auto-inflammatory
diseases [26, 27], emphasising the need for and importance of generating NLRP3-targeted drug therapies.

Very few literature studies have shown that DT-13 exhibits anti-inflammatory properties and function via
inhibiting NFkB [9, 28]. DT-13 is also observed to have anti-cancer [29, 30], anti-tumour [31, 32], and anti-
thrombosis [33] properties in different disease models. In this study, we want to explore the effective
mechanism of DT-13 against LPS-stimulated inflammation-derived inflammasomes. Our aim is to have a
comparative analysis of two structurally different saponins, DT-13 and Rk1 (steroidal and triterpenoid
backbone respectively), and the commercially available synthetic drug dexamethasone with regard to
anti-inflammatory efficiency and mode of action. The in vitro analysis in LPS-stimulated macrophages is
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suitable to provide a general inflammation model system to compare drug candidates and aid in an
effective drug molecule design.

Results

DT-13 inhibits NO release in a dose dependent manner

The LPS-stimulated macrophages express inducible nitric oxide synthase (iNOS), which in turn generates
nitric oxide (NO). The validity of this in vitro inflammation model system is checked by determining the
iNOS levels with increasing concentration of LPS (Supplemental Figure S1). We also assessed the
cytotoxicity of all investigated anti-inflammatory compounds and found no or solely minimal effects on
the metabolic activity of LPS-stimulated RAW264.7 cells in the presence of Rk1, DT-13 or dexamethasone
in the tested concentration range (Supplemental Figure. S2).

To check the effect of saponins on NO release, macrophages were pre-treated with either DT-13 or Rk1 (5,
10, 20 uM) for 1 h and stimulated with LPS (10 ng/mL) for a total of 19 h (Fig.1). In both, Rk1 and DT-13
treated cells, NO production was significantly reduced compared to the cells treated only with LPS
(considered as 100%). Moreover, saponins alone did not show any increased NO release at the maximal
concentration of 20 pM indicating that saponins do not have influence on NO production or activation of
macrophages.

Inhibitory effect of DT-13 on pro-inflammatory cytokines in comparison to Rk1 and dexamethasone.

The LPS-activated macrophages mediate the inflammatory signals by the expression and release of pro-
inflammatory cytokines, e.g., TNF-q, IL-6, COX-2. The inhibition of cyclooxygenases has been specifically
exploited in screening for efficient non-steroidal anti-inflammatory drugs like acetylsalicylic acid,
ibuprofen, dexamethasone, and others. In our experiments, both DT-13 and Rk1 inhibited LPS-induced IL-6
cytokine release from the cells in a dose dependent manner. Considering the 20-uM-concentration as
most effective (and non-toxic), we observed significant inhibition of TNF-q, IL-6, and COX-2 expression in
LPS-stimulated RAW264.7 cells when pre-treated with Rk1, DT-13, or dexamethasone (Fig.2). We saw that
DT-13 has an inhibitory efficiency of 90% for IL-6 and 85% for TNF-a compared to the acclaimed anti-
inflammatory drug dexamethasone with 24% and 15% for IL-6 and TNF-q, respectively, and ginseng
saponin Rk1 with 78% for IL-6 (Table 1). This indicates enhanced anti-inflammatory properties of DT-13 in
contrast to previously studied molecules.

Table 1: Comparative analysis of inhibition efficiency of compounds with respect to LPS

Page 4/18



Markers Inhibition Efficiency (%)

DT-13 Rk1 Dexamethasone

NO 69.2 68.8 -

IL-6 89.95 77.73 23.72
TNF-a 85.3 ns 14.7
COX-2 99.5 94.5 97.5

p- NFkB 31.8 19.2 26.3
NLRP3 73.5 ns 62.3
IL-1B 92.0 83.9 98.5

NFkB phosphorylation and translocation is inhibited by DT-13 pre-treatment

For the activation of gene expression, NFkB is phosphorylated (p-NFkB) and translocates to the nucleus
where it serves as a transcription factor. To visualise the translocation process, we applied the
immunofluorescence technique in RAW264.7 macrophages stimulated with LPS (200 ng). Within 30 min
of LPS stimulation, NFkB appears as a ring like structure in the nucleus (green signal in Supplemental
Figure. S3). For cells pre-treated with DT-13 for 1 h and then induced with LPS, NFkB localisation to
nucleus is inhibited as implicated by the absence of the green ring-like structure inside the nucleolar
region (Fig.3 (A)). This was also quantified considering the nuclear region marked by 4,6, - diamidino-2-
phenylinodole (DAPI) nuclear staining (Fig.3 (B)). We also observed that in untreated macrophages, as
expected, phosphorylated NFkB (as shown in green colour in Fig.4 (A) is less and mostly visible in the
cytoplasmic region whereas in LPS stimulated cells, the green signal of phosphorylated NFkB was
comparatively high in the nuclear region (observed as a blue-green signal in merged LPS only image). In
cells pre-treated with either dexamethasone, DT-13 or Rk1, NFkB phosphorylation was reduced in contrast
to cells treated with LPS alone and the cells appeared more like the untreated cells.

DT-13 pre-treatment inhibits LPS-induced inflammasomes

As mentioned earlier, with inefficient translocation and activation of NFkB, various gene expressions are
affected. NLRP3-inflammasome related genes are among those. NLRP3- inflammasome activates
caspase-1 and IL-13, and eventually leads to formation of MAC complex and pyroptosis. We observed
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that LPS induces an increase in NLRP3 gene expression and the pre-treatment with DT-13 reduces this
expression significantly (Fig.5 (A)). A similar inhibitory trend was observed for IL-1B gene expression
(Fig.5 (B)). This effect was stronger than for Rk1, which is already known to inhibit the inflammasome
pathway. Dexamethasone is also known to inhibit NLRP3 inflammasome activation [34]. In comparison
to DT-13, we observed similar inhibition for NLRP3 gene expression and slightly more pronounced
attenuation of IL-1B gene expression for dexamethasone. The confirmatory test for the inflammasome
inhibition was done by analysing the activity of the NLRP3-inflammasome triggered caspase-1 release.
We observed a significant reduction in caspase-1 activity in cells pre-treated with DT-13 and Rk1 (Fig.5
(C)). We also performed an ELISA based assay to understand the role of the two saponins in activating
the complement system because it is known that complement activation in addition to inflammasomes
leads to the formation of the pore complex called as membrane attack complex consisting of C5b-9
proteins. The amount of C5b-9 protein measured in the assay corresponds to the complement activation
and thereby the terminal pore complex formation. In the assay, the serum containing the positive
activator of the complement system was taken as 100% activation. We observed that in sera incubated
with the saponins, the activation of the pathway was inhibited in a dose dependent manner for both DT-
13 and Rk1 (Fig. 5(D)).

Discussion

On the one hand, non-steroidal anti-inflammatory drugs (NSAIDs), or COX-2 inhibitors, are widely used in
various disease treatments but accompanied by several side effects. On the other hand, saponins, used in
ancient medicinal practices are well-studied molecules in various disease pathophysiologies [27] and are
commercially available as diet supplements for example Ginseng. Most of the research regarding the
functional mechanism of plant saponins is usually done with high concentrations of crude plant extracts
containing various isoforms of the saponins; hence, lacking clear evidence of the functional significance
of the individual active compounds [35, 36]. Triterpenoid saponins are most widely studied and known to
have diverse beneficiary effect on our body whereas steroidal saponins have recently gained attention in
the research field of immunomodulatory effects [10, 37]. Passo et al. summarised 45 articles published
on steroidal saponins and emphasized the necessity of more detailed pre-clinical research on single
molecular structures [10]. Therefore, we looked at the functional role of DT-13 in comparison to the
already known anti-inflammatory compounds Rk1 ginsenoside and dexamethasone to enhance the
existing knowledge about the less known steroidal saponin.

In the present study, we used non-toxic concentrations of compounds and pre-treated LPS-activated
macrophages to evaluate the release of NO from the cells first. The release of NO by activated
macrophages is known to play an important role in innate immunity by regulating the cell signalling [38].
Otherwise, overproduction of NO is associated with chronic inflammation and tissue damage [39].
Therefore, it is the first and important pro-inflammatory mediator to be analysed while screening for anti-
inflammatory drugs since 1985 [40, 41]. Our results confirmed the previous findings that saponin pre-
treatment of LPS-stimulated cells lead to inhibition of NO release in a dose dependent manner (Fig. 1).

However, we observed an increase in NO production at the initial concentration of 5 uM of DT-13 and Rk
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in LPS-stimulated cells that might be due to the ineffectiveness of the saponins below a certain threshold
concentration and an additional increase in stress in presence of LPS.

Once the macrophages are activated by the LPS stimulation, all the pro-inflammatory cytokines are
expressed and released out of the cells as a response to the induced inflammation. NFkB plays the key
role in mediating the cross talk between those signalling pathways [42, 43]. Upon activation and
phosphorylation, NFkB translocates into the nucleus and mediates the transcription of pro-inflammatory
genes, e.g., TNF-q, IL-6, COX-2, IL-1B. According to our results, NFKB translocation was inhibited by pre-
treatment with DT-13 proved to be more efficient in inhibiting some pro-inflammatory cytokines (IL-6, TNF-
a) in comparison to Rk1 and dexamethasone. Additionally, we found that DT-13 has very similar (99.5%)
inhibitory effect on COX-2 levels compared to dexamethasone (97.5%) at the same concentration. This is
an intriguing result as COX-2 is the main target for dexamethasone. It can be noted that we tested only
RAW macrophages as a simple inflammation model system but saponins’ effect can be cell- or tissue-
specific. For example, Rk1 is reported to have contrasting apoptotic effects on tumour cells, which is in
line with its anti-tumour functional role [37, 38]. Therefore, further studies on other cell/tissue models are
required.

It is known that non-steroidal anti-inflammatory drugs reduce inflammasome formation and thereby
exhibit their anti-inflammatory function [44]. Rk1 and dexamethasone are also implicated in inhibiting
inflammasome formation [34]. Therefore, we also checked the role of DT-13 in inflammasome activation,
and we observed that DT-13 significantly inhibits NLRP3-inflammasome formation. According to our
results, NLRP3 and IL-1 gene expression were significantly decreased in presence of DT-13,
dexamethasone and Rk1. This implies that NFkB, acting as a transcription factor upon activation and
subsequent translocation into the nucleus, forms the link between inflammation and inflammasome
cross talk pathways, via regulating the NLRP3 and IL-1 gene expression. Additionally, caspase-1
activation along with NLRP3 forms the activated inflammasome complex that is involved in the release
of IL-1B and pyroptosis via formation of pore complex also called MAC complex. According to our results,
DT-13 significantly inhibits the activated caspase-1 release in LPS-stimulated cells indicating the
inhibition of inflammasome formation or activation. Supporting DT-13 role in inflammasome formation,
with the help of ELISA-based complement assay, it was observed that DT-13 inhibits the protein C5b-9
activation that plays a role in the formation of pore complexes in the cells in response to inflammasome
activation and thereby inhibiting the cell death.

Conclusion

This study enumerates the comparable data of two structurally different saponins and their inhibition
efficiency in an inflammatory in vitro model with respect to the already marketed anti-inflammatory drug
dexamethasone as summarized in Table 1.

We observed that DT-13 significantly reduces the expression of NLRP3, IL-13 gene, caspase-1, and MAC
complex formation in addition to NFkB and pro-inflammatory cytokines TNF-a and IL-6. This study
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therefore elucidated the role of DT-13 as an inflammasome inhibitor via inhibition of NFkB-mediated
inflammatory pathway.

This is, indeed, significant regarding the efficient mechanism of how DT-13 overcomes the LPS-induced
inflammation leading to inflammasome formation and cell death by pyroptosis.

This is the first study to report the effect of DT-13 on NLRP3-inflammasome inhibition in RAW264.7
macrophages and the fact that the saponins, DT-13 and Rk1, are functionally active at otherwise non-
toxic concentrations. All the observations signify that DT-13 is involved in multiple pathways and acting
as a pan-inhibitor rather than a specific target in the cell. The study can be valuable for determining the
dosage use for future in vivo and pre-clinical studies

Methods
Chemicals

Ginsenoside Rk1 (Merck, Darmstadt, Germany), Liriope muscari L.H.Bailey saponin C (Biosynth-
Carbosynth, Staad, Switzerland),dexamethasone (Fisher Scientific, Waltham, US), dimethyl sulfoxide
(DMSO0)( Sigma, St. Louis, US), lipopolysaccharide from Escherichia coli0111:B4 (Sigma, St. Louis, US)
Gibco's Dulbecco's modified eagle medium (DMEM), 0.25% trypsin-EDTA, Fetal calf serum (FCS) (Thermo
Fisher Scientific, Schwerte, Germany), penicillin-streptomycin (Merck, Darmstadt, Germany).

Cell Culture

RAW264.7 mouse macrophages obtained from ATCC (Manassas, VA, USA) are grown at 37°C in DMEM
medium with 10% FCS and 1% penicillin-streptomycin. For treatments, cells are grown overnight at a
density of 10° cells in complete growth medium in a 6-well plate. Cells are pre-treated for 1 h with
saponins at specified concentrations followed by stimulation with LPS (10 ng/ml) for a total of 19 h. The
cell pellets are used for protein and RNA isolation and the supernatants are used for ELISA and NO assay.

Mtt Assay

RAW264.7 macrophages were seeded in a 96-well plate at a density of 10° cells per well in complete
growth medium and kept overnight at 37°C, 5% CO2. Various concentration of the saponins were added
to check the cytotoxicity caused by the saponins alone and in the presence of LPS over a period of 24 h.
Post incubation, 50 pL of 5 mg/mL methylthiazol diphenytetrazolium bromide (MTT) (thiazolyl blue
tetrazolium bromide (Sigma, St. louis, US) was added in each well and was incubated for 4 h at 37°C. The
solution was removed later as the purple-coloured crystals of formazan were seen and dissolved in 50 pL
formazan solubiliser solution per well followed by absorbance measured at 560 nm using a
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spectrophotometer — Spectramax 340 Pc (SJ, California, US). Percent survivability is calculated by
comparing the sample type with untreated and LPS alone.

No Assay

Cell supernatant is used from the experimental setup mentioned earlier for the analysis post incubation.
Modified Greiss Reagent was used to analyse the nitric oxide concentration. 10 g of Greiss reagent
modified (Sigma, St. louis, US) is dissolved in 250 mL of deionised water and 50 pL was added to the
samples. After addition of Greiss reagent, the samples were incubated in dark for 15 min and then
absorbance is measured at 540 nm using the spectrophotometer. Sodium nitrite was used as a standard
reference.

Elisa

The macrophages were treated with the compounds and LPS as described earlier. The release of cytokine
IL-6 was determined as per manufacturer's protocol using ELISA Max kits (Biolegend, San Diego,
California, US)

Rna Isolation And Qpcr

RNA was isolated using RNA isolation kit (Macherey-Nagel, Diiren, Germany) followed by reverse
transcription using MMLYV reverse transcriptase (Promega, Mannheim, Germany), into cDNA. Real-time
PCR was performed to analyse the expression of iNOS, COX-2, TNF-a, NLRP3, IL-18 and GAPDH (For
primer sequences refer to Supplemental Table 1) using the GoTaq gPCR master mix (Promega,
Mannheim, Germany) and a thermal cycler Stratagene, Mx3000P (Agilent technologies, SC, US).

Immunofluorescence

RAW264.7 macrophages are seeded on a coverslip in a 6-well plate at a density of 10° cells per well and
kept at 37°C for overnight. Cells are pre-treated with saponins for 1 h followed by LPS (200 ng/ml) for 30
min. Primary antibody (1:500) incubated overnight at 4°C. Goat anti-rabbit FITC labelled secondary
antibody (1:2000) is added for 1.5 h at room temperature followed by the nucleus staining with DAPI for
10 min in dark. The coverslips are mounted on the glass cover slides using Shandon Immu-Mount
(Thermo Scientific, Schwerte, Germany) and observed under fluorescence microscope Zeiss Axio
Observer.Z1(Carl Zeiss, Jena, Germany).

Caspase-1 Glo Inflammasome Assay
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Macrophages are seeded in a 6-well plate at a density of 6x10° in complete media and pre-treated with
saponins followed by LPS stimulation. Assay is performed using the cell supernatants after 19 h of
incubation and following the manufacturer's protocol from the Caspase-Glo® 1 Inflammasome Assay
(Promega, Mannheim, Germany).

Complement assay

Complement System Alternative Pathway was measured using Wieslab® Complement system (Weislab,
Malmo, Sweden), an ELISA-based assay wherein the pre-coated strips with specific activator are provided.
This pathway was used to understand how saponins affect the activation of the complement system
Saponins are diluted in the serum provided with the kit in described concentration and incubated for 1 h
at 37°C onto the coated microtiter strips. The activation of the pathway is measured by the detection of
C5b-9, which is formed during MAC formation, with an alkaline phosphatase labelled antibody. The assay
is analysed according to the kit's protocol.

Statistical Test

Statistical analysis was done using GraphPad Prism 9. Wilcoxon test was used to analyse the ELISA and
NO assay. Non-parametric Student t-test with Welch'’s correction was used for others. Samples were
compared to the LPS-alone samples after normalisation with the unstimulated control.

ANOVA one way analysis was done within the samples and was found to be significant for all
experiments. The number of replicates and graphical representation is mentioned separately in figure
legends.

Abbreviations

ATP: Adenosine triphosphate

COX-2: Cyclooxygenases-2

DAPI: 4,6-diamidino-2-phenylinodole

ELISA: Enzyme linked immunosorbent assay
IKB: Ikappa B, NFkB inhibitor

IL-1B: Interleukin beta 1

IL-6: Interleukin -6

iNOS: Inducible nitric oxide

LPS: Lipopolysaccharide
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MAC: Membrane Attack Complex

MTT: Methylthiazol diphenytetrazolium bromide

NFkB: Nuclear factor kappa B

NLRP3: Nod, -LRR and Pyrin domain containing protein 3
NO: Nitric oxide

NSAIDs: Non-steroidal anti-inflammatory drugs

PAMPs: Pathogen associated molecular patterns

ROS: Reactive oxygen species

TLR4: Toll-like receptor 4

TNF-a: Tumour necrosis factor alpha
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Figure 1

NO release in LPS-stimulated RAW264.7 macrophages is reduced after pre-treatment with Rk1 and DT-13.
The NO concentration was determined by Greiss reagent assay in cell culture supernatants treated with
different concentrations of Rk1 or DT-13 in comparison to LPS alone. The concentrations were
normalised with a relative concentration of 0% NO for unstimulated cells and 100% for cells treated with
LPS alone. Data is represented as mean +SD of three independent experiments, all of them conducted in
triplicates *p<0.05, **p<0.01, ***p0.001, ‘'ns’ statistically not significant with respect to LPS alone.
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DT-13 effectively inhibits pro-inflammatory cytokines in LPS-stimulated macrophages. (A) Dose
dependent release of IL-6 cytokine after pre-treatment with Rk1 and DT-13 as measured by ELISA and
expressed in percentage (normalised with unstimulated cells as 0% and LPS-treated cells as 100%). (B)
Comparative analysis of IL-6 cytokine release after pre-treatment with dexamethasone, DT-13, Rk1 (both
20 uM), relative mRNA expression of (C) COX-2, (D) TNFa. Data is represented as mean +SD of three
independent experiments *p<0.05, **p<0.01, ***p0.001, ‘ns’ statistically not significant with respect to LPS
alone.
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Figure 3

DT-13 pre-treatment inhibits phosphorylation of NFKB in LPS-stimulated RAW 264.7 cells. Representative
images of (A) phosphorylated NFkB in DT-13 pre-treated cells, as observed by fluorescent microscopy, (B)
Image analysis using ImageJ software of expression of p-NFkB in comparison to cells treated with LPS
alone (LPS alone is taken as 100% and untreated cells were normalized to 0%). Blue colour represents
DAPI for nucleus staining and green colour shows FITC-labelled antibody directed against NFkB protein
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Figure 4

Pre-treatment of Rk1, DT-13 and dexamethasone inhibits NFkB translocation into the nucleus
Representative fluorescent images of (A) NFKB expression in the nucleus after treatment with LPS with or
without pre-treatments, and (B) the quantitation of the nuclear localisation of the NFkB using ImageJ
software, (LPS alone is taken as 100% and untreated cells were normalized to 0%). Blue colour represents
DAPI for nucleus staining and green colour shows FITC-labelled antibody against NFkB protein.
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Figure 5

LPS induced NLRP3-inflammasomes inhibited by DT-13 pre-treatment. mRNA expression analysis of (A)
NLRP3, (B) IL-1B, and (C) caspase-1 activity in response to pre-treatments with DT-13 or Rk1, respectively,
(D) Complement Alternate Pathway (AP) assay for the detection of MAC complex specific protein C5b-9
in the presence of Rk1 and DT-13. Data is represented as mean +SD of three independent experiments
(*p<0.05, **p<0.01, ***p<0.001, ‘ns’ statistically not significant with respect LPS alone)
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