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Trauma and cardiovascular myocarditis patients, who are exposed to bacterial infections are at risk to be exposed to so-called 
mortal “LUCOST” (LPS-Unfolded Protein Response (UPR)-Cytokine Overexpression-Signal Transduction). The essential components 
of LUCOST system are consist of 4 main key players. The aim of this study is to evaluate induction of inflammatory processes and as-
sess the pharmacological inhibitory of tissue cytokines changes, in an innovative prepared model system, in vivo.

Methods: The LPS was extracted from patients’ burned wounds after Pseudomonas aeruginosa isolation (hLPS), with informed con-
sent. The male c57/BL6 mice divided into 6 groups: 1. Two controls, one received nothing another sterile pyrogen-free normal 
saline, 3. hLPS (3 mg/kg/intraperitoneal), 4. hLPS+ Dantrolene sodium (Dan)-calcium channel inhibitor (CCI1) (40 mg/kg), 5. 2-ami-
nomethyl phenyl borinate (2APB)-CCI2 (1 mg/kg) and 6. hLPS+CCI1/CCI2. Subsequently, mice livers were extracted for evaluating 
cytokines release after 2, 8 and 24 hrs, LPS inductions.
Results: Compared to the controls, the TNF-α and IL-1β levels in hLPS group significantly increased after 8 and 24 h injection (P < 
0.05). Treatment with CCIs separately and/or in combination decrease these levels (P < 0.05). Compared to all attempts to inhibit 
calcium overload, hLPS combined with CCI1/ CCI2 showed a remarkable decrease in TNF-α and IL-1β levels after 2, 8 and 24 h (P < 
0.05).

Our results showed that compared to controls and CCIs separately, using an appropriate combination of both CCIs had better ef-
fectiveness to inhibit (pro-)inflammatory processes i.e. the TNF-α and IL-1β release. We expect in the near future such CCIs mixtures 
being developed as a specific drug to prevent the LUCOST in different heart patients, suffering from infections timely.

Introduction
Despite recent evidence-based results, which show that damaged tissue calcium overload and cytokine release i.e. TNF-α and IL-1ß are 

recognized as the most important factors to increase myocardial dysfunction and heart failure, though there are limited pharmacologic 
drugs development done to prevent their mortal effects [1-4]. On the other hand, still scant studies focused on more details about possible 
inhibiting pathways via combination of calcium channels inhibitors to manage infected patients, who are suffering from proinflammatory 
responses and (un-)known side effects resulting to random shut down of organs, however (hypothetical Figure 1). 
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Figure 1: Hypothetical model system LUCOST. Infection with microorganisms (Gram-negative bacteria) and their endotoxins might 
increase mortality and morbidity rate via LUCOST (LPS-UPR-Calcium Overload Signal Transduction) System.

After traumatic (car) accidents and cardiovascular diseases, different heart patients, who are exposed to bacterial infections are at 
risk to being exposed to so-called mortal “LUCOST” (LPS-UPR-Cytokine Overexpression Signal Transduction). (hypothetical Figure 2) 
The essential components of the LUCOST pathways are consist of 4 main key players 1. Initiating stimuli i.e. LPS, LOS endotoxin release 
from micro-organisms [5-7] 2. Propagating factors and cytokines release i.e. NOX, ROS products, TNF-α, and IL-1ß, [1,3,4,7,9] 3. The UPR 
activation system [1,9-12] and 4. Terminating factors i.e. calcium overload and disorders, [2,23-26] hyperactivities of cells [17,24,25], and 
random organs’ shut down [1,4,25-31].

Figure 2: Study hypothesis the LUCOST. There are different inflammatory and antioxidant mechanism available against exposure to lipopoly-
saccharide (LPS). Ca+2 released by Inositol three phosphate receptor (IP3R) increases mitochondrial activity during endoplasmic reticulum 
(ER) stress, in order to revert energy imbalance. When it fails, the cell will die as a result of mitochondrial apoptotic cascade. Ca+2 released 
from ryanodine receptors on the endoplasmic reticulum could increase Ca+2 overload pool via IP-3 receptors and lead to extra inflamma-
tory response, which might induce heart cell death toward random other organs shut down i.e. heart, brain, lung, kidney. Different molecular 
pathways of adaptive and terminal UPR system could shift and present Heart failure. LUCOST hypothesis propose applying combination of 
different Ca+2 Channel inhibitors like Dantrolene Sodium (Dan) and 2-aminomethyl phenyl borinate (2-APB) to prevent terminal UPR activa-
tion and (pro)-inflammatory cytokine release in different organs. LY-96: Lymphocyte antigen 96; TLR-4: Toll-like receptor 4; CD-14: Cluster 
of differentiation 14 marker mad by macrophages and innate immune system; IRAK ¼: N-[1-[2-(4-Morpholinyl)ethyl]-1H-benzimidazol-
2-yl]-3-nitrobenzamide; Myd 88: Myeloid differentiation primary response 88; TRAF-6: Tumor necrosis factor receptor (TNFR)-associated 
factor 6; NOX: (NO and NO2) ROS: Reactive oxygen species, NF-kB: nuclear factor kappa-light-chain-enhancer of activated B cells, IRE-1: 
Inositol-requiring enzyme 1; PERK: Protein kinase RNA-like endoplasmic reticulum kinase; ATF-6: Activating Transcription Factor 6; IL-1β: 

Interleukin 1 beta; VEGF: Vacsular endothelial growth factor-A; UPR: Unfolded protein response; iNOS: Inducible nitrogen oxide synthase.



Combination of Calcium Channels Inhibitors Prevents LPS – Induced (pro-) Inflammatory Release of the TNF-α and IL-1β, In Vivo

Citation: Badlou BA., et al. “Combination of Calcium Channels Inhibitors Prevents LPS – Induced (pro-) Inflammatory Release of the TNF-α 
and IL-1β, In Vivo”. EC Cardiology 7.3 (2020): 01-09.

One of the most common bacterium that causes infection and inflammatory response is P. aeruginosa, which plays a clear role as a 
pathogen in a certain fatal infection [5]. Primary infections caused by P. aeruginosa have been observed in the respiratory tract, bladder, 
ears, and ulcers from the burns, wounds, and surgical sites as well. This bacterium is one of the main nosocomial infectious microorgan-
isms, which can increase risk of mortality and morbidity rates out- and/or in-Hospitals, eventually.

Different data revealed that bacterial LPS acts as a stimulator of immune system [4-10] and TNFα, which in certain hepatic and heart 
patients could increase risk of heart failure [1,4].

Given the severity of the side effects of this potent proinflammatory endotoxin on myocardial performance and viability, it is important 
to characterize the signaling cascades, which is associated as proinflammatory agonists toward cytokine production in certain infected 
tissue [1-4]. How the LPS’s induction mechanism affects liver tissue and hepatocytes, myocardial tissue and cardiomyocytes, resulting in 
random shut down of organs in vivo, is not elucidated completely [1-8].

In the other hand, LPS is the major outer surface membrane components present in almost all Gram-negative bacteria and acts as an 
extremely strong stimulators of innate or natural immunity, which increases risk of calcium metabolism disorders, septic shock in heart 
patients toward increased risk of death [1-6,26,27]. In certain patients, after tissue damages and burned-tissue-injuries [1,2], different 
infection and inflammations, are the main fundamental concerns to treat and/or prevent fatal consequences. Chronic infections increased 
after LPS concentrations in the systemic blood can prime (pro-)inflammatory responses, and sepsis-related processes (SRPs) [1,6,26-28].

Different Basic researches revealed that might LPS consist of a poly- or oligosaccharide regions, which are anchored in the outer bacte-
rial membrane [7,8]. When LPS released i.e. because of the antibiotics cure and/or attacked –leaking and dying bacteria [6] could induce 
the migration of Neutrophils from the spleen to the location of T-lymphocytes [8]. The liver is another organ, which also plays a prominent 
antitoxic role in the production of LPS (anti-) inflammatory responses. Increasing the concentration of liver enzymes is considered as a 
marker in the acute phase of the inflammation process. Ongoing infections and inflammation might occur in systemic blood circulation 
after infected tissues damaged harshly, which can be observed in the patients with burns [9], and accidental trauma.

Previous studies have shown that the Calcium ions (Ca+2) intracellular overload could initiate cell death during exposure with LPS [9-
24]. There are different inter- and intracellular systems, which are functioning as an homeostatic response mechanism to prevent Ca+2 
overload for example, the unfolded protein response (UPR), in eukaryotic cells. Ca+2 overload might be fatal via the route of the UPR during 
exposure to the LPS. The UPR-Inositol Requiring Enzyme-1(IRE-1) sensor and its main locomotor product (X-Box binding protein-1 or 
XBP-1 transcription factor) may react with certain microbial LPS in direct or indirect pathways via the routes of Fatal (Terminal)-UPR or 
Survival (Adaptive)-UPR (hypothetical Figure 2) [9-12,23].

The aim of this study is to evaluate induction of inflammatory processes and assess the Ca+2 channel Inhibitors (CCIs) administration 
effects at tissue cytokine changes after LPS injection, in a novel preparation of human-animal inflammation model system, in vivo. We as-
sumed that the LPS (side-)effects at systemic blood and the LUCOST system could be managed, in vivo. 

Here we show that both CCIs could prevent pro-inflammatory role of LPS and cytokine release. This model system could be used as an 
in-vivo model system for the different kinds of research, investigating for a certain anti-inflammatory drugs development, as well.

Materials and Methods
This study was divided in two main research A) isolation of human-tissue-derived bacterial LPS (hLPS) as described [25,26] and 

B) investigate inflammation and tissue cytokine levels. Our study was carried out in 5 steps: 1) Clinical sampling of patients with burn 
wounds; 2) Biochemical identification of bacteria P. aeruginosa isolated from patients ‘damaged burn wound; 3) Extraction of hLPS from 
isolated bacteria and compare it with Chemical standard LPS available in the market; 4) constructing novel in-vivo animal modeling and 
study purified hLPS versus chemical standard control LPS from Sigma-Aldrich, Germany, without and with the CCIs i.e. Dantrolene sodium 
(Sigma-Aldrich, Germany)(CCI1) and control groups, 5) Animal tissue released cytokine assay.
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Clinical sampling of patients with burn wounds
The test was fully described to the patients and informed consent was obtained for the donation of their sample. Patients with more 

than 40% burn wound and probability of infection with P. aeruginosa infection characteristics was selected. Samples from patients were 
from the Surgery Department of Velayat Hospital Rasht, Rasht, Iran collected by sterile swab and transferred to the Stewart culture 
medium (Merck, Germany). Swabs then inoculated to the BHI medium (Merck, Germany), cultured on Cetrimide (Merck, Germany), and 
blood agar (Millipore, Germany), separately in aseptic condition and finally incubated at 42°C for 48 hours.

Biochemical identification of bacteria isolated from patients 
Grown colonies in the Cetrimide and blood agar with specific pigmentation were prepared on the slide for Gram staining kit (Parsian 

Teb, Tehran, Iran). Additional biochemical and complementary experiments were carried out to determine bacterial identities such as 
Citrate, Oxidase, Indole, Urea and the Triple sugar iron agar (TSI) (Millipore, Germany).

LPS extraction from patient’s bacterial isolation kit 
After bacterial strain was confirmed, subsequently the extraction of endotoxin from patients specific isolated P. aeruginosa bacteria 

was carried out by using specific LPS intron purification kit based on the manufacturer’s instructions. Pure P. aeruginosa sub-cultured and 
undergo endotoxin extraction. The extracted endotoxin was visualized via 12% Polyacrylamide Gel Electrophoresis (PAGE), stained with 
silver nitrate. The HPLC conformational analysis utilized for isolated hLPS validation with using commercial P. aeruginosa LPS (SIGMA-
Cat.no: L8643) as standard control. Purified LPS kept at 4°C till the next use.

Modeling and biologic assays
Six to eight weeks old 25 grams male c57/BL6 mice have selected for the study. All animals exposed to 12-12 light-dark circles equally 

and had unrestricted access to water and food during the experiment. Groups include: 1) Control 1 (received nothing), 2) Control2 (sham) 
that received sterile pyrogen-free normal saline, 3) hLPS group (3 mg/kg/intraperitoneal (IP)), 4) hLPS+Dantrolene Sodium (Dan = CCI1) 
(40 mg/kg), 5) 2 -APB (1 mg/kg) (2-APB = CCI2) and 6) hLPS+Dan+2APB (CCI1+CCI2), respectively. 

Cytokine assay 
Changes in the level of animal liver cytokine profiles measured and monitored at 2, 8, and 24 hours post injections of LPS for IL-1β and 

TNF-α by using specific enzyme-linked Immunosorbent assay (ELISA) kits ( Zell bio GmbH, Germany) for IL-1β and IBL international kits 
(USA) for TNF-α evaluation (Figure 4A and B).

Statistical analysis
The results of the study were analyzed using the IBM SPSS software version 16 in three different time intervals (2, 8 and 24 hours). 

One-way analysis variance (ANOVA) and Tukey test were used for comparison between TNF-α and IL-1β levels in different groups. For all 
tests statistically significance was considered when P< 0.05. All data have expressed as mean ± standard deviation (n = 36).

Results
We isolated hLPS and compared it with standard control LPS to approve correctness the purification process; subsequently studied the 

hLPS effects on the LUCOST systems (Figure 2). Moreover, we measured hLPS effects at the TNF-α and IL1-ß expression without and with 
the CCIs (Figure 3). In one hand, we reproduced and confirmed the most results of the previous studies have done in vivo, but our novel 
finding was that the hLPS induction mechanism of the tissue TNF-α release could be prevented by using an appropriate combination of 
the CCIs (Figure 3), which could be used for pharmacologic goals. 

Quality control and quality assurance of LPS 
The isolated bacteria from human burned wounds were confirmed as P. aeruginosa sort, based on culture and biochemical identifica-

tion observations, and positive oxidase test. Besides, we confirmed our isolated bacterial hLPS from human wound has comparable quali-
ty with chemical LPS (Sigma, Germany) assessed by using HPLC analysis and checked it out by 12% PAGE silver staining (data not shown).
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Figure 3: Cytokines release after IP-hLPS induction. A) Tumor necrosis factor alpha (TNFα) and B) Interleukin 1 beta (IL-1ß).  
hLPS: The extracted LPS from patients’ burned wounds after P. aeruginosa isolation and culture,  

Dan: Dantrolene sodium; 2-APB: 2-aminomethyl phenyl borinate.

We used mice as an animal modeling to treat them with purified hLPS, standard chemical LPS, biosimilar hLPS, without and with the 
CCIs for 2,8, and 24 hrs. As a control group for different subjects undergoing (pro)inflammatory stimuli we injected sterile normal saline 
(negative controls). 
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hLPS induced TNF-α levels increased 
We measured cytokines release of the TNF-α and IL-1β at 2, 8 and 24 hrs after IP-injection of hLPS to the animals. We observed that 

compared with both negative and positive controls, after hLPS injections both cytokines levels showed significant increased after 2, 8 and 
24 hrs (P < 0.05). 

After receiving inhibitors separately i.e. CCI1, CCI2 and/or in combination CCI1/2, compared to controls and those mice receiving the 
hLPS alone, at all test hours, the TNF-α and IL-1β levels were significantly decreased, in isolated tissues (P < 0.05). Meaning that our ap-
proaches were effective enough to inhibit hLPS induced LUCOST side effects (Figure 3).

It is noteworthy that release of the TNF-α and IL-1β after hLPS to the animals were not the same and TNF-α levels were remarkably 
higher that IL-1β, however. Meaning that might the TNF-α signaling either are more sensitive than IL-1β, and/or IL-1β amount is less in 
liver tissue. Compared to controls combined solution of calcium channels inhibitors, showed additive effects against both TNF-α and IL-1β 
expression, after 2, 8, 24 hrs, respectively (Figure 4). Moreover, we observed that the percentage of inhibition effect was higher at tissue 
TNF-α than the IL-1β.

Discussion and Conclusion
In this study we used an in-vivo described model system and used a novel approach to investigate LPS effects at the LUCOST and the 

cytokines release in vivo. Subsequently, we observed that human LPS can affect pro-inflammatory cytokine release, correlated with lethal 
effects of the LUCOST, and myocardial tissue damages, as broadly described [1-26].

In our previous study we investigated calcium ions influx and effluxes during calcium paradox in the rodent’s heart and how calcium 
overload could affect UPR system, the SRPs, and myocardial disorders [2,3]. Gaspers LD 2006 has postulated that the second messenger 
IP3 elicits Ca2+ signals that control many important processes in hepatocytes, including mitochondrial metabolism [33-35], glycogen deg-
radation [34] and gene expression [35]. The essential components of this signaling pathway are the formation of IP3 at plasma membrane, 
binding of IP3to IP3Rs and release of Ca2+ from the intracellular to releasing a series of periodic [Ca2+] spikes activating LUCOST system 
toward tissue damage, myocardial dysfunctions [1,24,33-37].

In the other hand, there has not been released any report about pharmacologic and anti-inflammatory effects of the CCIs against en-
dotoxic shock caused by P. aeruginosa’s LPS [26], and how in-vivo such LUCOST system could be managed in certain infected patient with 
cardiovascular diseases. Recall, the P. aeruginosa, considered as an important opportunistic pathogen in nosocomial infections of burned 
wounds [25,26], and traumatic patients. 

The use of the CCIs in our study potentially could affect the gene expression of adaptive UPR sensors (like XBp-1). When adaptive UPR 
is affected, this event leads to a beneficial effect on decreasing the amount of the inflammatory mediators, which might have determining 
roles in dealing with different lethal signal transductions, and subsequently, resulting in an increase/decrease in lethal side effects. 

Recent studies shown that the correlation of the UPR- XBP-1 splicing transcription factor could be vital in heart angiogenesis during 
cardiac hypertrophy in vivo. (40) Both pro/inflammatory cytokines TNF-α and IL-1β are the most important products of XBP-1 splicing 
transcription factor, and (fatal) UPR activation during Ca2+ overload (Figure 2). 

We used CCIs to prevent Ca2+ toxic efflux through the cell, affect UPR- XBP-1 splicing, dawn-regulate the expression and release of pro/
inflammatory cytokines like TNF-α and IL-1β by attenuating the endoplasmic reticulum (ER) stress. We approved an appropriate combi-
nation of the CCIs could inhibit significantly calcium overload. Moreover, we introduced here a new mixture of CCIs to decrease the fatal 
levels of TNF-α and IL-1β, pharmacologically.
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Taken together our results highlight more about possible management of the LUCOST system in vivo, and unravel other aspects of 
the signal transductions correlated to (un-)known processes toward random shut down of damaged tissues and organs, which might by 
specific. In the near future we hope that such drugs could be produced to prevent mortal LUCOST in the cardiovascular patients suffering 
from endotoxemia.

Acknowledgement
It is a project with private investment of authors and followed previous accepted project with the financial support of vice chancellor 

of Research and Technology, Guilan University of Medical Sciences by Research Code: 96023010 and Ethics Code: IR.GUMS.REC.1396.81.

Bibliography
1. Hall G., et al. “Inhibitor- B kinase- regulates LPS-induced TNF- production in cardiac myocytes through modulation of NF- B p65 sub-

unit phosphorylation”. American Journal of Physiology-Heart and Circulatory Physiology 289 (2005): H2103-H2111.

2. Jansen M., et al. “Cytosolic Ca2+ concentration during Ca2+ depletion of isolated rat hearts”. Molecular and Cellular Biochemistry 203 
(2000): 169-175. 

3. Badlou BA and Hedayati ChM. “Highlights About Recent Sepsis Related Studies”. CPQ Medicine 8.4 (2020): 01-03.

4. Ceccarelli S., et al. “LPS-induced TNF-α factor mediates pro-inflammatory and pro-fibrogenic pattern in non-alcoholic fatty liver dis-
ease”. Oncotarget 6.39 (2015): 41434-41452.

5. McCormick JK., et al. “Toxic shock syndrome and bacterial superantigens: an update”. Annual Review of Micrrociology 55 (2001): 77-
104.

6. Rahme LG., et al. “Use of model plant hosts to identify Pseudomonas aeruginosa virulence factors”. Proceedings of the National Acad-
emy of Sciences of the United States of America 94.24 (1997): 13245-13250.

7. Pedersen SS. “Lung infection with alginate-producing, mucoid Pseudomonas aeruginosa in cystic fibrosis”. APMIS 28 (1992): 1-79. 

8. Janssens S., et al. “Emerging functions of the unfolded protein response in immunity”. Nature Immunology 15.10 (2014): 910-919.

9. Niu M., et al. “Autophagy, Endoplasmic Reticulum Stress and the Unfolded Protein Response in Intracerebral Hemorrhage”. Transla-
tional Neuroscience 8 (2017): 37-48.

10. Hetz C., et al. “The unfolded protein response: integrating stress signals through the stress sensor IRE1alpha”. Physiological reviews 
91.4 (2012): 1219-1243.

11. Pillich H., et al. “Diverse roles of endoplasmic reticulum stress sensors in bacterial infection”. Molecular and Cellular Pediatrics 3.1 
(2016): 9.

12. Zhang K and Kaufman RJ. “From endoplasmic-reticulum stress to the inflammatory response”. Nature 454 (2008): 455-462.

13. Alexander C and Rietschel ET. “Bacterial lipopolysaccharides and innate immunity”. Journal of Endotoxin Research 7.3 (2001): 167-
202.

14. Raoust E., et al. “Pseudomonas aeruginosa LPS or flagellin are sufficient to activate TLR-dependent signaling in murine alveolar mac-
rophages and airway epithelial cells”. PloS one 4.10 (2009): e7259.

https://www.ncbi.nlm.nih.gov/pubmed/15980040
https://www.ncbi.nlm.nih.gov/pubmed/15980040
https://www.ncbi.nlm.nih.gov/pubmed/10724346
https://www.ncbi.nlm.nih.gov/pubmed/10724346
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=5163&path%5b%5d=17266
http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5b%5d=5163&path%5b%5d=17266
https://www.ncbi.nlm.nih.gov/pubmed/11544350
https://www.ncbi.nlm.nih.gov/pubmed/11544350
https://www.ncbi.nlm.nih.gov/pubmed/9371831
https://www.ncbi.nlm.nih.gov/pubmed/9371831
https://www.ncbi.nlm.nih.gov/pubmed/1449848
https://www.ncbi.nlm.nih.gov/pubmed/25232821
https://www.ncbi.nlm.nih.gov/pubmed/28729917
https://www.ncbi.nlm.nih.gov/pubmed/28729917
https://www.ncbi.nlm.nih.gov/pubmed/22013210
https://www.ncbi.nlm.nih.gov/pubmed/22013210
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4755955/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4755955/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2727659/
https://journals.sagepub.com/doi/pdf/10.1177/09680519010070030101
https://journals.sagepub.com/doi/pdf/10.1177/09680519010070030101
https://www.ncbi.nlm.nih.gov/pubmed/19806220
https://www.ncbi.nlm.nih.gov/pubmed/19806220


Combination of Calcium Channels Inhibitors Prevents LPS – Induced (pro-) Inflammatory Release of the TNF-α and IL-1β, In Vivo

Citation: Badlou BA., et al. “Combination of Calcium Channels Inhibitors Prevents LPS – Induced (pro-) Inflammatory Release of the TNF-α 
and IL-1β, In Vivo”. EC Cardiology 7.3 (2020): 01-09.

15. Munford RS and Varley AW. “Shield as signal: lipopolysaccharides and the evolution of immunity to gram-negative bacteria”. PLoS 
Pathogens 2.6 (2006): e67.

16. Morrison DC and Ulevitch RJ. “The effects of bacterial endotoxins on host mediation systems. A review”. American Journal of Pathology 
93.2 (1978): 526-618.

17. Grootjans J., et al. “The unfolded protein response in immunity and inflammation”. Nature review on Immunology 16.8 (2016): 469-
484.

18. Santafe MM., et al. “Multiple types of calcium channels mediate transmitter release during functional recovery of botulinum toxin 
type A-poisoned mouse motor nerve terminals”. Neuroscience 95.1 (2000): 227-234.

19. Shinde V., et al. “Unfolded protein response-induced dysregulation of calcium homeostasis promotes retinal degeneration in rat mod-
els of autosomal dominant retinitis pigmentosa”. Cell Death Disease 7.2 (2016): e2085.

20. Atlas D. “Functional and physical coupling of voltage-sensitive calcium channels with exocytotic proteins: ramifications for the secre-
tion mechanism”. Journal of Neuroscience 77.4 (2001): 972-985.

21. Berridge MJ. “Calcium signalling remodelling and disease”. Biochemical Society Transactions 40.2 (2012): 297-309.

22. Kandasamy K., et al. “Lipopolysaccharide induces endoplasmic store Ca2+-dependent inflammatory responses in lung microvessels”. 
PloS One 2013 8 (5): e63465-e.

23. Bahar E., et al. “ER Stress-Mediated Signaling: Action Potential and Ca (2+) as Key Players”. International Journal of Molecular Sciences 
17.9 (2016): 1558.

24. Mikoshiba K. “Role of IP3 receptor signaling in cell functions and diseases”. 57 (2015): 217-227.

25. Pruitt J., et al. “Burn Wound Infections: Current Status”. World Journal of Surgery 22.2 (1998): 135-145.

26. Hakemi Vala M., et al. “Detection of Ambler class A, B and D ß-lactamases among Pseudomonas aeruginosa and Acinetobacter bau-
mannii clinical isolates from burn patients”. 27.1 (2014): 8-13. 

27. Duan K., et al. “Modulation of Pseudomonas aeruginosa gene expression by host microflora through interspecies communication”. 
Mol Mic 50.5 (2003): 1477-1491.

28. Pirnay JP., et al. “Pseudomonas aeruginosa displays an epidemic population structure”. Env mic 4 (2002): 898-911.

29. Rudd KE., et al. “The global burden of sepsis: barriers and potential solutions”. Critical Care 22.1 (2018): 232.

30. Van Amersfoort ES., et al. “Receptors, mediators, and mechanisms involved in bacterial sepsis and septic shock”. Clinical Microbiology 
Reviews 16.3 (2003): 379-414.

31. Maldonado RF., et al. “Lipopolysaccharide modification in Gram-negative bacteria during chronic infection”. FEMS Microbiology Re-
views 40.4 (2016): 480-493.

32. Pier GB. “Pseudomonas aeruginosa lipopolysaccharide: a major virulence factor, initiator of inflammation and target for effective im-
munity”. International Journal of Medical Microbiology 297.5 (2007): 277-295.

https://www.ncbi.nlm.nih.gov/pubmed/16846256
https://www.ncbi.nlm.nih.gov/pubmed/16846256
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2018378/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2018378/
https://www.ncbi.nlm.nih.gov/pubmed/27346803
https://www.ncbi.nlm.nih.gov/pubmed/27346803
https://www.ncbi.nlm.nih.gov/pubmed/10619479
https://www.ncbi.nlm.nih.gov/pubmed/10619479
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4670931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4670931/
https://www.ncbi.nlm.nih.gov/pubmed/11359862
https://www.ncbi.nlm.nih.gov/pubmed/11359862
https://www.ncbi.nlm.nih.gov/pubmed/22435804
https://www.ncbi.nlm.nih.gov/pubmed/23675486
https://www.ncbi.nlm.nih.gov/pubmed/23675486
https://www.ncbi.nlm.nih.gov/pubmed/27649160
https://www.ncbi.nlm.nih.gov/pubmed/27649160
https://www.ncbi.nlm.nih.gov/pubmed/25497594
https://www.ncbi.nlm.nih.gov/pubmed/9451928
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4150481/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4150481/
https://www.ncbi.nlm.nih.gov/pubmed/14651632
https://www.ncbi.nlm.nih.gov/pubmed/14651632
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0007740
https://www.ncbi.nlm.nih.gov/pubmed/30243300
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC164216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC164216/
https://www.ncbi.nlm.nih.gov/pubmed/27075488
https://www.ncbi.nlm.nih.gov/pubmed/27075488
https://www.ncbi.nlm.nih.gov/pubmed/17466590
https://www.ncbi.nlm.nih.gov/pubmed/17466590


Combination of Calcium Channels Inhibitors Prevents LPS – Induced (pro-) Inflammatory Release of the TNF-α and IL-1β, In Vivo

Citation: Badlou BA., et al. “Combination of Calcium Channels Inhibitors Prevents LPS – Induced (pro-) Inflammatory Release of the TNF-α 
and IL-1β, In Vivo”. EC Cardiology 7.3 (2020): 01-09.

Volume 7 Issue 3 March  2020
©All rights reserved by Badlou BA., et al.

33. Zughaier SM., et al. “Differential Induction of the Toll-Like Receptor 4-MyD88-Dependent and -Independent Signaling Pathways by 
Endotoxins”. Inf and Imm 73.5 (2007): 2940-2950.

34. Pugin J., et al. “Activation of endothelial cells by endotoxin: direct versus indirect pathways and the role of CD14”. Progress in Clinical 
and Biological Research 392 (1995): 369-373.

35. Chalmers F., et al. “Inhibition of IRE1α-mediated XBP1 mRNA cleavage by XBP1 reveals a novel regulatory process during the un-
folded protein response”. Welcome Open Research 2 (2017): 36.

36. Wang Z., et al. “Lipopolysaccharide preconditioning increased the level of regulatory B cells in the spleen after acute ischaemia/
reperfusion in mice”. Brain Research 1701 (2018): 46-57.

37. Hajnoczky, G., et al. “Decoding of cytosolic calcium oscillations in the mitochondria”. Cell 82 (1995): 415-424.

38. Assimacopoulos-Jeannet FD., et al. “Studies on alpha-adrenergic activation of hepatic glucose output. Studies on role of calcium in 
alpha-adrenergic activation of phosphorylase”. Journal of Biological Chemistry 252 (1997): 2662-2669.

39. Dolmetsch RE., et al. “Calcium oscillations increase the efficiency and specificity of gene expression”. Nature 392 (1998): 933-936.

40. Quanlu Duan., et al. “Deregulation of XBP1 expression contributes to myocardial vascular endothelial growth factor-A expression and 
angiogenesis during cardiac hypertrophy in vivo”. Aging Cell 15 (2016): 625-633.

https://www.ncbi.nlm.nih.gov/pubmed/8524944
https://www.ncbi.nlm.nih.gov/pubmed/8524944
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5645705/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5645705/
https://www.ncbi.nlm.nih.gov/pubmed/29803621
https://www.ncbi.nlm.nih.gov/pubmed/29803621
https://www.ncbi.nlm.nih.gov/pubmed/7634331
https://www.ncbi.nlm.nih.gov/pubmed/323250
https://www.ncbi.nlm.nih.gov/pubmed/323250
https://www.nature.com/articles/31960
https://www.ncbi.nlm.nih.gov/pubmed/27133203
https://www.ncbi.nlm.nih.gov/pubmed/27133203

	_GoBack
	_GoBack

