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Short Abstract: The DetoxiTide is a natural nanopeptide extracted by animal organs that, registered as a food 

supplement, are widely used in vivo to control and cure several pathological conditions in patients. Its 

application leads toward several direction has been associated in patient treatments to standard drugs or medic 

attenuating toxicity after chemiotherapy cycles and in physiopathology affecting several organs. 

Abstract 

We have used the DetoxiTide, an active natural compound enriched for natural micropeptides and essential 

amino acids that has been extensively used in vivo as a potent antioxidant. We extracted the content of package 

tablets, solubilized in Dimethyl Sulfoxide (DMSO) for treating in vitro cultured cell, namely THP-1, a human 

cell line derived from a monocytic leukemia whose phenotype can be reverted into macrophages by adding 
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PMA, a chemical inducer of cellular differentiation. As widely described, the differentiated THP-1 macrophages 

treated with the bacterial lipopolysaccharide (LPS) can activate the primary steps of inflammation increasing the 

expression of the IL-6 and TNF pro-inflammatory cytokines. In this report we demonstrate that co-incubating 

the THP-1 cells with the LPS and detoxiTide, a marked decrease in IL-6 release measured by ELISA assays was 

observed. Moreover, in order to test a non-immunogenic cell background, we used the Hacat, a keratinocyte cell 

line that grows in vitro as an adherent mono layer in order to induce a pro-oxidant background by challenging 

the cell cultures with hydrogen peroxide (H2O2). As a matter of fact, several reports document that the 

promotion of prooxidative state levels activates signal transduction mechanisms that are specific to the 

inflammatory process. Therefore, applying such in vitro cell model, we have demonstrated that detoxiTide 

treatments on keratinocytes also attenuated the inflammation profile by decreasing the expression of the IL-6 

proinflammatory cytokine, induced by LPS. Furthermore, on the keratinocytes hyper oxidized by H2O2 not only 

the amount of IL-6 decreased after co-incubation with the detoxiTide, but at the same time it was observed a 

marked increase on the synthesis of the Nrf-2 nuclear factor which has been shown to be a crucial key element 

that allows the detoxification of cells under prooxidative stress. In particular, being a nuclear trans-acting factor, 

the increase of the Nrf-2 protein was detected by using western blot assays on extracts isolated from H2O2 

treated or untreated cells. These data give a demonstration that the detoxiTide acts in vitro as a beneficial factor 

that induce anti-inflammatory mechanisms in human and potentiates the antioxidant signal transduction 

pathways involved in the cell detoxification process. 
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Introduction 

Nanopeptides identified a heterogeneous group of biological molecules spanning few amino acids in the 

backbone structure. Conventionally polypeptides are assumed to contain up to 100 amino acid residues whereas 

oligonucleotides only contain up to 10 [1-5]. Since the last 50 years extensive work has been carried out on the 

biological characterization of many different peptides whose ability to modulate the most prominent biological 

function in the human body has represented the basis for the complex homeostatic control of the human and 

animal physiology. In particular enough scientific emphasis has been linked to the isolation and characterization 

of nano and micropeptides with few (2 up to 5) amino acid residues in their structure [3-5]. Initially these micro 

molecules were isolated and chemically characterized from animal organs acting in a specific way on the 

physiology and functionality of the same organs and with the property to modulate important biological 

functions due to their antibacterial, antimicrobial, anti-inflammatory, anti-tumoral antioxidant and 

immunoregulatory characteristics [6-8]. Such properties were first reported by Khavinson giving a directed 

demonstration of the capacity of Nanopeptides to control gene expression. Further experimental studies 

confirmed in the last years the extensive biological activity of Nanopeptides with short residues (2-4 AA) in 

immunomodulatory, anticarcinogenic and geroprotective functions and in most of biological activity of human 

physiology. Several studies have investigated the molecular and biochemical mechanisms that control these 

functions. In particular many reports confirm that principally the micropeptides modulate gene expression by 

binding to DNA and to regulatory regions of target genes [6-22]. In particular peptides as ED, AGED, DEAL 

KEG can bind to histone protein unfolding the chromatin structure and increasing the transcription activity of 

target genes. The expression of such genes can be activated by direct or indirect binding of specific 



Nanopeptides. In a recent study the AEDG and the KE peptides were found to control the expression of 98 and 

36 transcripts, respectively. It was revealed that the AEDG and AEDP tetra peptides activate the differentiation 

of pluripotent cells towards epidermis, mesenchymal, and nervous tissue. Peptides KE, AED, KED, AEDG, and 

AAAAEKAAAAEKAAAAEK are activators of neuronal differentiation. The AEDL peptide stimulates the lung 

cells’ differentiation, while the KEDW peptide stimulates the maturation of various types of human pancreatic 

cells. Beside all these different functions some interests have risen from the observation that most of the 

micropeptides control the modulation of inflammation, proliferation and antioxidant status of the cells. We and 

others [23] have recently demonstrated that du, tri e tetraptide can decrease the expression of pro-inflammatory 

cytokines by co incubating in vitro differentiated macrophages with the bacterial Lipopolysaccharide (LPS) and 

Nanopeptides derived from different animal organs or chemically synthesized. A direct effect on proliferation of 

monocytes was also seen in vitro by measuring the rate of cell division and the amount of exosome release that 

represents a mark of induced mitogenic activity in eukaryotic cells [23]. Considering the fact that a latent 

inflammatory status exists in organisms that move toward an irreversible state of cellular aging, some 

Nanopeptides may counteract this effect. It has been shown that senescence mechanisms that slow down the 

doubling capacity of mesenchymal stem cells in vitro can be attenuated by treating MSCc isolated by dental 

ligament with tetra and dipeptide [24-27]. This property of peptides is of the utmost importance as it indicates 

the significant role of the peptide regulation of gene expression in such biologically important processes as cell 

differentiation, functional activity, senescence, apoptosis, immunogenesis, and neurogenesis [28-31]. 

Furthermore, some reports also indicate that Nanopeptides may have distinct antioxidant properties by binding 

to free radicals or to antioxidant enzymes suggesting a detoxification mechanism in animal cell models that 

seems to be quite conserved through evolution. However, there is no scientific evidence of the molecular and 

biochemistry pathways that can mediate these phenomena neither a direct control of transcription on target 

genes. The detoxiTide is a recent product licensed as a food integrator which contains a composite mix of amino 

acids and a natural tripeptide derived from animal organs whose sequence and chemistry properties has been 

blinded for industrial secret as it is not covered by any patent. According to a wide documentation on the 

physiological properties of similar tripeptides, we have studied the effect in vitro of the detoxiTide in term of 

anti-inflammatory and antioxidant properties. As a primary consideration, we have to report that the 

administration of the compound in vivo to persons affected by degenerative disorders that compromise 

important physiological functions, confers a beneficial effect on patients suffering from drug-induced 

hepatotoxicity, as experienced in several administrations to patients with various pathologies (Jose Alberto 

Casonato, Paolo Bordin, personal communication and unpublished data). According to these observations, using 

two different established cell lines, one derived from a human monocytic leukemia (THP-1) and the other 

derived from normal immortalized skin cells (HACAT) both co incubated in vitro with the detoxiTide and the 

pro-inflammatory inducer Lipopolysaccharide (LPS), we demonstrated that the micro peptide exerts an anti-

inflammatory effect that was manifested by the decrease in the pro-inflammatory cytokine (IL-6). Furthermore, 

on the HACAT cells, when we induced toxicity by challenging the cells with increasing concentration of 

hydrogen peroxide (H2O2), the nfr2 transcription factor that is activated and increased during the physiological 

pat5hway of detoxification is enhanced upon treatment with the detoxiTide as documented by western blot 

assay. As illustrated in published reports by us and others, mixture of free amino acids is not able to induce ant 

inflammatory pathways neither involved in regulation of gene expression. Therefore, we can suggest that the 



detoxiTide bearing the DetoxiTide tripeptide has properties of an anti-inflammatory and detoxification agent 

whose actions on human cells and human physiology could be better investigated for putative administration on 

well-defined therapeutic protocols. 

   

Materials and Methods 

Cell Culture 

Human leukemia monocytic cell line (THP-1) was purchased from ATCC. Cells were grown under 5% CO2 

incubator at 37 °C degrees in RPMI 1640 (Sigma–Aldrich; Merck Millipore, Darmstadt, Germany) 

supplemented with 10% FBS, 2 mM L-glutamine and 1% Pen–Strep (Thermo Fisher Scientific, Inc., Waltham, 

MA, USA). Series of experiments were performed when the cells reached approximately 80% confluence. THP-

1 cells (~2 × 105/mL) were incubated with 100 ng/mL PMA (Sigma–Aldrich, Saint Louis, MO, USA) for 3 days 

at 37 °C, in order to induce monocyte–macrophage differentiation. The PMA-containing media was removed, 

and cells were incubated for a further four days in conventional medium, before treating THP-1-derived 

macrophages with 100 ng/ml of detoxiTide alone solved in Dimethyl sulfoxide (stocked at 1 mg/ml) alone or 

supplemented by 100 ng/ml Lipopolysaccharide (LPS). LPS derived from E. coli was purchased from Sigma– 

Aldrich, Saint Louis, MO, USA. THP-1-derived macrophages were detached incubating into Trypsin-EDTA 1X 

(Euro Clone) for 10 min at 37 °C. Macrophages were counted using 0.4% of Trypan–blue solution (Sigma–

Aldrich, Saint Louis, MO, USA) in a Burker chamber and tested for viability. 

Cell Viability 

The cell viability was measured with 3-(4,5-dimethylthiazol-2-yl)-2,5-dipenyl tetrazolium bromide (MTT) 

(Sigma–Aldrich, Saint Louis, MO, USA) assay according to standard procedures for adherent cells. Absorbance 

(optical density) was measured at 530 nm using a micro-plate reader (Infinite F50, Tecan, Männedorf, 

Switzerland). The experiment was performed in triplicate. 

Cell extracts and western blot 

Protein Extraction and Western Blot Total proteins were extracted from monocytes and macrophages in 50 mM 

Tris-HCl pH 7.8, 1% Triton X100, 0.1% SDS, 250 mM NaCl, 5 mM EDTA lysis buffer in the presence of the 

mini protease inhibitor cocktail at 150 µL/ml (Roche Diagnostics, Mannheim, Germany) as described [32]. Cell 

lysates were separated on 12% or 15% SDS-PAGE depending on molecular weight of target proteins and 

transferred to a polyvinylidene difluoride membrane (Bio-Rad, Hercules, CA, USA). Membranes were 

incubated overnight at 4 °C with specific primary Abs (diluted 1/100, Santa Cruz Biotechnology, Dallas, TX, 

USA). Antibodies directed against the Nfr2 factor were purchased from Cell Signaling Technologies (Danvers, 

MA, USA). Membranes were incubated overnight at 4 ◦C on a shaker with specific primary antibodies to Nfr2 

factor, and β-actin as a control. Specific secondary goat anti-rabbit IgG-HRP conjugated antibodies (1:2000, 

Santa Cruz) (dilution according to Cell Signaling Technology specific protocol) were used for detection in all 

experiments, incubating membranes for one hour at RT with gentle shaking. Immunocomplexes were visualized 

using the ECL detection system (Amersham Pharmacia Biotech, Little Chalfont, UK). Western Blot 

densitometry band quantification was by ImageJ software (Rasband, 1997–2014). 

ELISA assay 

ELISA assay samples for detecting the IL-6 release were prepared from liquid media. A validated kit assay for 

IL-6 detection was purchased from Thermo Fisher (Thermo Fisher Scientific, USA). Briefly a standard curve 



was prepared with recombinant IL-6 protein starting from 40 ng/ml up to 8 scalar dilutions preparation (40 

ng/ml, 20 ng/ml, 10 ng/ml, 5 ng/ml, 1.5 ng/ml, 1.25 ng/ml, 0,635 ng/ml, 0,312 ng/ml). Standards and samples 

were added to an IL-6 antibody pre-coated 96 wells plate in order to allow the IL-6 to adhere to the bottom of 

plates. Incubation was at RT for 60 minutes. Reading was at 480 nm using a conventional automated ELISA 

reader. 

 

Results 

Modulation of IL-6 pro-inflammatory cytokine by detoxiTide in THP-1 cells 

In order to activate pro-inflammatory signaling on the THP-1 macrophages, we used the Lipopolysaccharide as 

an inducer factor. LPS derives from bacterial membranes and is able to interact in vivo and in vitro with the Cd 

II complex receptors that induces the transcription activation of pro-inflammatory genes in particular IL-6 and 

TNF-alfa. The release of the IL-6 was detected from the supernatants of treated cells using an ELISA assay 

where antibodies raised against the IL-6 were used and the increase in IL-6 expression was evident in a time 

course (Figure 1). Interestingly enough when macrophages were co-incubated with LPS plus 10 ng/ml of 

DetoxiTide a marked decrease on the IL-6 expression was found and such relevant condition was verified 

repeating the experiment at least three times. The exact quantification in the diminished expression of the 

cytokine was normalized against the densitometry analysis of the expression of beta-actin as a control Table 1. 

 

 

Figure 1: 48 hrs treatment of THP-1 with detoxi: evaluation of IL-6. A. Numbers are as indicated in Fig.1B. 

ELISA assay was performed as indicated. $ and 6 shows the decrease in IL-6 release after co-incubation with 

100 ng/nl and 50 ng/ml of detoxiTide. Numbers show fold of induction and are the mean of three experiments. 

The 50 ng/ml detoxiTide concentration shows a better anti-inflammatory activity. The 3 and 5 detoxi treatment 

do not gice any substantial modulation of IL-6 release comparable to the control. 

 

Table 1: The TedoxiTide tablet composition. The tripeptide NJ sequence is covered as an industrial secret. Not 

displayed. Exact amount of the other components are indicated. Tablet contents were dissolved in 100% 

Dymethylsulfoxide (DMSO). All the controls were adding the DMSO to cell cultures. Viability was always 

assayed using MTT. 



Ingredients  

*Tripeptide complex NJ 100 mg 

Vitamin C 80 mg 

Vitamin B6 

Tiamin 

L-leucin, L-isoleucin 

L-valin 

DL-methionin 

Chlorella vulgaris 

1,4 mg 

1,4 mg 

60 mg 

40 mg 

50 mg 

50 mg 

 

Modulation of IL-6 pro-inflammatory cytokine by detoxiTide in HACAT keratinocytes 

Furthermore, we used another cell line that has no immunogenic function but derived from immortalized 

keratinocytes excised by normal skin biopsies. The immortalized cell line, namely HACAT, has been 

extensively used for testing pro-oxidative pathways that can be easily activated using UV light exposure or 

hydrogen peroxide (H2O2). The induction of pro-oxidation usually is parallel by an increase of the pro-

inflammatory status of the cells. As a matter of fact, keratinocytes treated with H2O2 can display an increase of 

IL-6 or TNF-alfa expression since the oxidization of membrane phospholipids promote the release of 

cytoplasmic phospholipase A2 (cPLA2) with accumulation of Arachidonic acid that ultimately activates the 

inflammatory pathways of prostaglandin and the consequent induction of target pro inflammatory genes. Also, 

in our sets of experiments the H2O2 was able to activate inflammatory pathways with an increase on IL-6 release 

in the supernatants of treated keratinocytes (Figure 2). Moreover, the co-incubation of the detoxiTide decrease 

the release of IL-6 giving a strong support that the detoxiTide interferes with the activation of the pro-

inflammatory steady state in the cells and that at least a complex network of cellular transducers is player in this 

experimental phenomenon. 

 

 



Figure 2: 24 hrs treatment of Hacat with H2O2 +/- detoxiTIDE: IL-6 induction. A. Data from ELISA 

experiment was depicted as fold of induction. 2,3 and 4 are reuslts after treating HACAT cells with increasing 

concentrations of H2O2. 5,6 and 7 were co-incubation of the 500 um H2O2 with 50 ng/ml of detoxiTide. 

 

Induction of Nrf-2 expression on HACAT cell extract after detoxiTide treatments 

Finally, we focused our attention in investigating the primary elements that could be activated in the co-

treatment of keratinocytes with detoxiTide. In particular we tried to understand if the canonical trans-acting 

factor that acts at nuclear level after extensive exposure of cells to pro-oxidants could be involved and could be 

modulated upon the detoxiTide exposure. We treated cells with the hydrogen peroxidase and first we tested the 

capacity of H2O2 to induce the nuclear expression of Nrf-2 using cellular total extracts that were fractionated in 

an electrophoresis system for a western immunoblot assay. As expected, the Nfr2 was activated upon H2O2 

exposure. This s usually due to an activation of an anti-oxidant process that involve many different 

intermediates of redox reactions including the balancing of the NADP+/NADPH redox molecules. As shown in 

the Figure 3 the coincubation of the H2O2 with the detoxiTide gave evidence to an increase in the expression of 

the Nrf-2 factor. Such observation may lead to the hypothesis that a direct link is associated to the entire 

network of cytoplasmic signaling involved in the regulation of detoxification inside eukaryotic cells. 

 

 

Figure 3: WESTERN BLOT ANALYSIS USING Nrf-2 ANTIBODY ON HACAT CELLULAR EXTRACTS 

AFTER OXIDATIVE CHALLENGE WITH H2O2. A. Extracts from HACAT cells treated with H2O2 or a 

combination of H2O2 + DETX were used for western blot assay as described in materials and methods. 

 

Discussion 

In this study, we have investigated the anti-inflammatory activity of the detoxiTide®, a compound containing a 

natural tripeptide using terminal differentiated macrophages derived from THP-1 cell line, a human monocytic 

leukemia cell line. Using THP-1 cells as an immune cellular model, both mechanisms of inflammatory induction 

and modulation of the inflammatory response were evaluated related to the detoxiTide influence. Since it has 

been shown that such nano peptides may act as anti-senescence factors able to prolong the life span of 

mesenchymal stem cells in culture, macrophages were treated with a standard dose of detoxiTide tripeptide to 

investigate some cellular functions. Initially we extracted the detoxiTide compound from packaged tablets 

dissolved in Dimethyl Sulfoxide (DMSO). Macrophages were plated and treated with bacterial 

Lipopolysaccharide (LPS) to induce pro-inflammatory cytokines. Therefore, we found an increase in IL-6 

expression as expected being a marker of the early phase of inflammation. Surprisingly enough, the co-



incubation with 50 ng/ml of detoxiTide decreased the amount of IL-6 detectable by an ELISA assay, suggesting 

a direct role of detoxiTide in modulating the process of inflammation. The more plausible hypothesis is that the 

tripeptide may influence gene transcription since it has been widely documented that most micropeptides can 

pass the cytoplasmic nuclear barrier with no energy requirement. Alternatively, the interaction of peptides may 

even act at receptor level and thus influencing the signaling cascade inside the cells. These observations suggest 

that, under cell duplication conditions, peptides influence the duplication rate without causing dysfunction in the 

cell cycle phases. To better understand if this anti-inflammatory activity is also present in non-immunogenic 

cell, we used an immortalized cell line derives from normal keratinocytes (HACAT). Normal immortalized 

keratinocytes have been used in vitro to test prooxidative stress and consequent immunity response based on 

hypothesis that epidermis may act as an immunological barrier against infective agents, preserving the 

biological activity of natural pro-oxidant particles that impact the human body from the environment. Moreover, 

since the modulation of anti-oxidant activity involve nuclear factors that activate genes involved in enzymatic 

pathways controlling the oxidoreductive level of different molecular substrates, we investigated the role of the 

Nrf-2 trans-acting nuclear protein. The nuclear factor erythroid 2 related a factor (Nrf-2) is a transcription 

polypeptide that is encoded by the NFE2L2 gene. It is a basic leucine zipper protein that regulates the 

expression of antioxidant complexes that protect against oxidative damage triggered by injury and 

inflammation. So, we performed western blot assays to specifically study the role of Nrf-2, steady state level 

and mechanisms of activation. We found as shown on Figure 3 that the incubation of HACAT cells with 50 

ng/ml of the detoxiTide increase the steady state level of the protein when we run total cellular extracts from 

treated cells immunoblotted to a specific anti-Nrf-2 antibody. This discovery underlines the role of the 

antioxidant activity of detoxiTide acting at molecular level in a pathway mostly involved in cellular 

detoxification. In addition, this enforces the concept that the detoxiTide could be used in therapeutic protocols in 

patients following cycles of intense chemotherapy treatments and in all cases where the hepatic activity is 

compromised. 

 

Conclusions 

In this study we found that Nfr-2, a transacting factor that regulates the transcription of genes involved in the 

detoxification processes, can be modulated upon the detoxiTide treatment of HACAT cells. This is a quite 

interesting observation. As a matter of fact, as already discussed challenging cells with substances as H2O2 leads 

to marked oxidation of the cellular proteins. This determines an increase in all the processes that bring to a pro 

inflammatory response, mostly the transcription activation of IL-6 and TNF-alfa. However, very little is known 

about the capacity of a detoxifying agent to determine an up regulation of the Nrf-2 that is an involved in a 

multitask process that combines all the biochemical and molecular mechanisms of detoxification. It is plausible 

that other molecular mechanisms could be investigated since we theoretically know but not completely 

understand that the micro peptide can pass through the nuclear barrier and directly bind the regulatory regions of 

target genes. We do want also to emphasize that many clinicians that administer the detoxiTide to their patients 

principally for hepatic detoxification exert beneficial effects and experience the healing from most of the hepatic 

dysfunctions (Jose Casonato, personal communication). More additional experiments assaying the transcription 

regulation of these genes need further scientific evaluation. 

 



Patents 

No patent was released to the DetoxiTide because formulation was from natural products. The NJ tripeptide 

formula is covered by industrial secrecy.  

 

Author Contributions 

The following statements should be used “Conceptualization, S:M: and E.T..; methodology, E.J.E.; software, 

R.P.; validation, R.M., G.U.; formal analysis, S.M.; investigation, S.M.; resources, O.D.; data curation, R.P; 

writing—original draft preparation, E.T and S.M.; writing—review and editing, S.M.; visualization, E.T..; 

supervision, S.M. and O.D.; project administration, S.M.; funding acquisition, G.U. All authors have read and 

agreed to the published version of the manuscript.”. Authorship must be limited to those who have contributed 

substantially to the work reported. 

 

Funding 

This research was funded by Ex 60% Fondi Ateneo Università di Chieti, and from Immunoplus srl. 

 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

 

References 

1. Apostolopoulos V, Bojarska J, Chai TT, Elnagdy S, Kaczmarek K, Matsoukas J, et al. A Global Review 

on Short Peptides. Molecules. 2021;26(2):430. 

2. IUPAC-IUB Joint Commission on Biochemical Nomenclature (JCBN). Nomenclature and Symbolism 

for Amino Acids and Peptides. Eur J Biochem. 1984;138(1):9-37. 

3. Nelson, D.; Cox, M. Lehninger Principles of Biochemistry, 4th ed.; Freeman and Company: New York, 

NY, USA, 2005;1216. 

4. Hoffknecht BC, Worm DJ, Bobersky S, Prochnow P, Bandow JE, Metzler-Nolte N. Influence of the 

Multivalency of Ultrashort Arg-Trp-Based Antimicrobial Peptides (AMP) on Their Antibacterial 

Activity. ChemMedChem. 2015;10(9):1564-9. 

5. Ni M, Tresset G, Iliescu C, Hauser CAE. Ultrashort Peptide Theranostic Nanoparticles by Microfluidic-

Assisted Rapid Solvent Exchange. IEEE Trans Nanobioscience. 2020;19(4):627-32. 

6. Abuine R, Rathnayake AU, Byun HG. Biological activity of peptides purified from fish skin 

hydrolysates. Fish Aquat Sci. 2019;22:10.  

7. Ciociola T, Giovati L, Conti S, Magliani W, Santinoli C, Polonelli L. Natural and synthetic peptides 

with antifungal activity. Future Med Chem. 2016;8(12):1413-33. 

8. Khavinson VK. Peptide medicines: Past, present, future. Klin Med. 2020;98:65-177. 

9. Lee ACL, Harris JL, Khanna KK, Hong JH. A Comprehensive Review on Current Advances in Peptide 

Drug Development and Design. Int J Mol Sci. 2019;20(10):2383. 

10. Morozov VG, Khavinson VK. Natural and synthetic thymic peptides as therapeutics for immune 

dysfunction. Int J Immunopharmacol. 1997;19(9-10):501-5. 

https://pubmed.ncbi.nlm.nih.gov/33467522/
https://pubmed.ncbi.nlm.nih.gov/33467522/
https://pubmed.ncbi.nlm.nih.gov/6692818/
https://pubmed.ncbi.nlm.nih.gov/6692818/
https://www.sigmaaldrich.com/IN/en/product/sigma/z703915?utm_source=google&utm_medium=cpc&utm_campaign=15000381597&utm_content=127878831839&gclid=CjwKCAiArfauBhApEiwAeoB7qPu-j9dizd3TOuXpwKonf_2csxPHSDjCeVnoFUJYAGI3RXShQQWJyhoCTwUQAvD_BwE
https://www.sigmaaldrich.com/IN/en/product/sigma/z703915?utm_source=google&utm_medium=cpc&utm_campaign=15000381597&utm_content=127878831839&gclid=CjwKCAiArfauBhApEiwAeoB7qPu-j9dizd3TOuXpwKonf_2csxPHSDjCeVnoFUJYAGI3RXShQQWJyhoCTwUQAvD_BwE
https://pubmed.ncbi.nlm.nih.gov/26149664/
https://pubmed.ncbi.nlm.nih.gov/26149664/
https://pubmed.ncbi.nlm.nih.gov/26149664/
https://pubmed.ncbi.nlm.nih.gov/32746332/
https://pubmed.ncbi.nlm.nih.gov/32746332/
https://fas.biomedcentral.com/articles/10.1186/s41240-019-0125-4
https://fas.biomedcentral.com/articles/10.1186/s41240-019-0125-4
https://pubmed.ncbi.nlm.nih.gov/27502155/
https://pubmed.ncbi.nlm.nih.gov/27502155/
https://www.sciencedirect.com/science/article/pii/S1359644614003997
https://pubmed.ncbi.nlm.nih.gov/31091705/
https://pubmed.ncbi.nlm.nih.gov/31091705/
https://pubmed.ncbi.nlm.nih.gov/9637345/
https://pubmed.ncbi.nlm.nih.gov/9637345/


11. Morozov VG, Khavinson VK. The new class of biological regulators of multicellular systems: 

Cytomedins. Biol Bull Rev. 1983;96:339-52. 

12. Morozov VG, Khavinson VK. Role of cellular mediators (cytomedins) in regulation genetic activity. 

Izv Akad Nauk SSSR Biol. 1985;4:581-7.  

13. Khavinson VK, Malinin VV, Chalisova NI, Grigor’ev EI. Tissue-specific action of peptides in tissue 

culture of rats of various ages. Adv Gerontol. 2002:9:95-100. 

14. Anisimov VN, Khavinson VK. Peptide bioregulation of aging: Results and prospects. Biogerontology. 

2010;11(2):139-49. 

15. Fedoreyeva LI, Smirnova TA, Kolomijtseva GY, Khavinson VK, Vanyushin BF. Interaction of short 

peptides with FITC-labeled wheat histones and their complexes with deoxyribooligonucleotides. 

Biochemistry (Mosc). 2013;78(2):166-75. 

16. Fedoreyeva LI, Dilovarova TA, Ashapkin VV, Martirosyan YT, Khavinson VK, Kharchenko PN, et al. 

Short Exogenous Peptides Regulate Expression of CLE, KNOX1, and GRF Family Genes in Nicotiana 

tabacum. Biochemistry (Mosc). 2017;82(4):521-8. 

17. Caputi S, Trubiani O, Sinjari B, Trofimova S, Diomede F, Linkova N, et al. Effect of short peptides on 

neuronal differentiation of stem cells. Int J Immunopathol Pharmacol. 2019:33:2058738419828613. 

18. Ashapkin V, Khavinson V, Shilovsky G, Linkova N, Vanuyshin B. Gene expression in human 

mesenchymal stem cell aging cultures: Modulation by short peptides. Mol Biol Rep. 2020;47(6):4323-

9. 

19. Ivko OM, Linkova NS, Ilina AR, Sharova AA, Ryzhak GA. AEDG peptide regulates human circadian 

rhythms genes expression during pineal gland accelerated aging. Adv Gerontol. 2020;33(3):429-35. 

20. Khavinson V, Diomede F, Mironova E, Linkova N, Trofimova S, Trubiani O, et al. AEDG Peptide 

(Epitalon) Stimulates Gene Expression and Protein Synthesis during Neurogenesis: Possible Epigenetic 

Mechanism. Molecules. 2020;25(3):609. 

21. Sinjari B, Diomede F, Khavinson V, Mironova E, Linkova N, Trofimova S, et al. Short peptides protect 

oral stem cells from ageing. Stem Cell Rev Rep. 2020;16(1):159-66. 

22. Khavinson VK, Linkova NS, Umnov RS. Peptide KED: Molecular-Genetic Aspects of Neurogenesis 

Regulation in Alzheimer’s Disease. Bull Exp Biol Med. 2021;171(2):190-3. 

23. Avolio F, Martinotti S, Khavinson VK, Esposito JE, Giambuzzi G, Marino A, et al. Peptides Regulating 

Proliferative Activity and Inflammatory Pathways in the Monocyte/Macrophage THP-1 Cell Line. Int J 

Mol Sci. 2022;23(7):3607. 

24. Khavinson VK, Malinin VV. Gerontological Aspects of Genome Peptide Regulation; Karger AG: 

Basel, Switzerland, 2005;24:1-104. 

25. Vanyushin BF, Khavinson VK. Epigenetics—A Different Way of Looking at Genetics; Walter D, Bohm 

P. Eds.; Springer: Cham, Switzerland, 2016; Chapter 5: 69. 

26. Gianfranceschi GL, Amici D, Guglielmi L. Evidence for the presence in calf thymus of a peptidic 

factor controlling DNA transcription in vitro. Biochim Biophys Acta. 1975;414(1):9-19. 

27. Guglielmi L, Gianfranceschi GL, Venanzi F, Polzonetti A, Amici D. Specific thymic peptides-DNA 

interaction. Correlation with the possible stereochemical kinking scheme of DNA. Mol Biol Rep. 

1979;4(4):195-201. 

https://pubmed.ncbi.nlm.nih.gov/12096446/
https://pubmed.ncbi.nlm.nih.gov/12096446/
https://pubmed.ncbi.nlm.nih.gov/19830585/#:~:text=It%20was%20shown%20that%20long,radiation%20carcinogens%20tumorigenesis%20in%20rodents.
https://pubmed.ncbi.nlm.nih.gov/19830585/#:~:text=It%20was%20shown%20that%20long,radiation%20carcinogens%20tumorigenesis%20in%20rodents.
https://pubmed.ncbi.nlm.nih.gov/23581987/
https://pubmed.ncbi.nlm.nih.gov/23581987/
https://pubmed.ncbi.nlm.nih.gov/23581987/
https://pubmed.ncbi.nlm.nih.gov/28371610/
https://pubmed.ncbi.nlm.nih.gov/28371610/
https://pubmed.ncbi.nlm.nih.gov/28371610/
https://pubmed.ncbi.nlm.nih.gov/30791821/
https://pubmed.ncbi.nlm.nih.gov/30791821/
https://pubmed.ncbi.nlm.nih.gov/32399807/
https://pubmed.ncbi.nlm.nih.gov/32399807/
https://pubmed.ncbi.nlm.nih.gov/32399807/
https://pubmed.ncbi.nlm.nih.gov/33280326/#:~:text=The%20geroprotective%20effect%20of%20the,of%20human%20circadian%20genes%20expression.
https://pubmed.ncbi.nlm.nih.gov/33280326/#:~:text=The%20geroprotective%20effect%20of%20the,of%20human%20circadian%20genes%20expression.
https://pubmed.ncbi.nlm.nih.gov/32019204/
https://pubmed.ncbi.nlm.nih.gov/32019204/
https://pubmed.ncbi.nlm.nih.gov/32019204/
https://pubmed.ncbi.nlm.nih.gov/31677028/#:~:text=Short%20peptides%20had%20geroprotective%20properties,functions%20over%20long%2Dterm%20expansion.
https://pubmed.ncbi.nlm.nih.gov/31677028/#:~:text=Short%20peptides%20had%20geroprotective%20properties,functions%20over%20long%2Dterm%20expansion.
https://pubmed.ncbi.nlm.nih.gov/34173097/
https://pubmed.ncbi.nlm.nih.gov/34173097/
https://pubmed.ncbi.nlm.nih.gov/35408963/
https://pubmed.ncbi.nlm.nih.gov/35408963/
https://pubmed.ncbi.nlm.nih.gov/35408963/
https://karger.com/books/book/2505/Gerontological-Aspects-of-Genome-Peptide
https://karger.com/books/book/2505/Gerontological-Aspects-of-Genome-Peptide
https://www.amazon.in/Epigenetics-Different-Looking-Genetics-Health/dp/3319800876
https://www.amazon.in/Epigenetics-Different-Looking-Genetics-Health/dp/3319800876
https://pubmed.ncbi.nlm.nih.gov/1191703/
https://pubmed.ncbi.nlm.nih.gov/1191703/
https://pubmed.ncbi.nlm.nih.gov/35742/
https://pubmed.ncbi.nlm.nih.gov/35742/
https://pubmed.ncbi.nlm.nih.gov/35742/


28. Vakhitova YV. Sadovnikov, S.V.; Borisevich, S.S.; Ostrovskaya, R.U.; Gudasheva, T.A.; Seredenin, 

S.B. Molecular Mechanism Underlying the Action of Substituted Pro-Gly Dipeptide Noopept. Acta 

Naturae. 2016;8(1):82-89. 

29. Cheung RC, Ng TB, Wong JH. Marine Peptides: Bioactivities and Applications. Mar Drugs. 

2015;13(7):4006-43. 

30. Pavlicevic M, Maestri E, Marmiroli M. Marine Bioactive Peptides—An Overview of Generation, 

Structure and Application with a Focus on Food Sources. Mar Drugs. 2020;18(8):424. 

31. Maestri E, Pavlicevic M, Montorsi M, Marmiroli N. Meta-Analysis for Correlating Structure of 

Bioactive Peptides in Foods of Animal Origin with Regard to Effect and Stability. Compr Rev Food Sci 

Food Saf. 2019;18(1):3-30. 

32. Towbin, H. Origins of protein blotting Biji T. Kurien, R. Hal Scofield (eds.) Methods in Molecular 

Biology, Protein Blotting and Detection, vol. 536 Humana Press, a part of Springer Science & Business 

Media, LLC, 2009. 

 

Citation of this Article 

Toniato E, Esposito JE, Pulcini R, Martinotti R, Ucci G, Duknauske O and Martinotti S. DetoxiTide®, a Natural 

Nanopeptide with Systemic Beneficial Effects in vivo Exerts Signal Transduction Profiles of Anti-Inflammatory 

and Anti-Toxicity Properties in vitro. Mega J Case Rep. 2024;7(3):2001-2011. 

 

Copyright 

©2024 Martinotti S. This is an open-access article distributed under the terms of the Creative Commons 

Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the 

original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance 

with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with 

these terms. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837574/#:~:text=As%20shown%20in%20our%20study,%2D1%20DNA%2Dbinding%20activity.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837574/#:~:text=As%20shown%20in%20our%20study,%2D1%20DNA%2Dbinding%20activity.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837574/#:~:text=As%20shown%20in%20our%20study,%2D1%20DNA%2Dbinding%20activity.
https://pubmed.ncbi.nlm.nih.gov/26132844/#:~:text=Their%20antimicrobial%2C%20antiviral%2C%20antitumor%2C,pharmaceutical%20industry%2C%20which%20attempts%20to
https://pubmed.ncbi.nlm.nih.gov/26132844/#:~:text=Their%20antimicrobial%2C%20antiviral%2C%20antitumor%2C,pharmaceutical%20industry%2C%20which%20attempts%20to
https://pubmed.ncbi.nlm.nih.gov/32823602/
https://pubmed.ncbi.nlm.nih.gov/32823602/
https://pubmed.ncbi.nlm.nih.gov/33337011/
https://pubmed.ncbi.nlm.nih.gov/33337011/
https://pubmed.ncbi.nlm.nih.gov/33337011/
https://link.springer.com/protocol/10.1007/978-1-59745-542-8_30
https://link.springer.com/protocol/10.1007/978-1-59745-542-8_30
https://link.springer.com/protocol/10.1007/978-1-59745-542-8_30
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

