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Chapter

Medical Implications of the
Relationships among Protein
Denaturation, Necrosis and
Inflammation: An Intriguing Story

Bruno Silvestrini and Mauro Silvestrini

Abstract

This story deals with the role of protein denaturation in inflammation. The start-
ing point was the description of the necrotizing action of inflammatory proteins,
followed by the discovery of the antidenaturant action of NSAIDs (nonsteroidal anti-
inflammatory drugs). Hence, the idea is that the antidenaturant action accounted
for the action of NSAIDs. This hypothesis was dropped following the discovery of
the antiprostaglandin action of NSAIDs, which shifted the focus to the arachidonic
acid cascade. It was revived by assuming that protein denaturation is a process in its
own, suitable for separate medical treatment. This approach led to bendazac and
bindarit, the first selective antidenaturant drugs. This experience shows that protein
denaturation has two main pathological sequelae. The first concerns the so-called
primary (innate) inflammation. The second sequela concerns the so-called second-
ary (acquired) inflammation. Natural antidenaturant agents represent a promising
alternative to the synthetics bendazac and bindarit. Within this framework, tendinitis
finds a separate but significant place.

Keywords: inflammation, protein denaturation, bendazac, bindarit, fatty acids,
tendons

1. Introduction

To start with, inflammation is part of homeostasis, the fundamental process of life
of preserving the milieu intérieur by reacting to changes with opposing measures [1-3].
More specifically, inflammation is “the vital response to injury”, which may be related
to exposure to infection, toxins, damaged cells, waste, and chemical and physical agents
[4, 5]. The function of inflammation is to repair the damage that does not result from
the inflammation itself, but from overactivation or deviation of the underlying physi-
ological process. Consider the five cardinal signs of inflammation described by Celsius
and Galen over 2000 years ago: heat (calor), pain (dolor), redness (rubor), swelling
(tumor), and impairment (functio laesa). Without pain, for example, a person would
be exposed to disease without realizing it. Similarly, impairment (functio laesa) implies
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the setting aside of a function to allow recovery. A fracture would not be repaired with-
out temporary immobilization of the broken bone. The overlap of physiological and
pathological elements is the key point of the medical treatment of inflammation. Based
on these introductory remarks, there are two inflammatory processes. The innate one
is based on the hyperactivation of genetically innate physiological processes. Acquired
inflammation is different in that it involves the immune system.

2. Pathophysiological considerations

It consists of an immune reaction adapted to each aggressive agent so as to neutral-
ize it without damaging the surrounding tissues. This measure takes into account
the genetic characteristics that distinguish each living being, as well as the chemical
structure and macromolecules that the organism must take up. Acquired inflamma-
tion combines the collateral damage of innate and acquired processes. For example,
deaths from SARS-CoV-2 and variants are caused not only by the virus, which
penetrates and kills cells but also by the excessive immune-inflammatory reaction
that impairs respiration and blood clotting.

With this in mind, the current story begins about 60 years ago with the description
of the irritating and necrotizing effects on the skin of protein complexes related to
both acquired and innate inflammation [6-9]. It should be noted that a similar necro-
tizing effect is produced by urea, a metabolite of the aforementioned complexes [10].
Subsequently, NSAIDs were found to exert an antidenaturant action at concentrations
that roughly correspond to their anti-inflammatory effects [11, 12]. The resulting
hypothesis was that “most strongly anti-inflammatory drugs might owe at least part
of their effects on some biochemical processes to their physicochemical property
of interacting with proteins.” The quoted portion is from the original article [12].
Simply put, the hypothesis was that the antidenaturant effect of NSAIDs underlies
their mechanism of action. Hence, the protein denaturation assay was proposed as a
simple screening test for antirheumatic and antiphlogistic drugs [13, 14]. The protein-
centered hypothesis had some inconsistencies. For example, the antidenaturant effect
occurs at relatively higher concentrations than at anti-inflammatory concentrations
[15]. In addition, antidenaturant drugs may not have anti-inflammatory effects [16].

Inconsistencies aside, the above hypothesis was abandoned following the discov-
ery of the antiprostaglandin action of aspirin-like drugs, which shifted the focus to
the arachidonic acid cascade [17]. Prostaglandins are lipid autacoids derived from
arachidonic acid that have widespread physiological roles in the body, including
homeostatic functions involved in the inflammatory process [18]. The arachidonic
acid cascade fits like a glove with the concept that inflammation involves the hyperac-
tivation of a physiological process. For example, NSAIDs reduce mucosal hypersecre-
tion in the common cold, along with a reduction in the physiological secretion that
protects the gastric mucosa [19]. In fact, it has been reported that half of the patients
treated with NSAIDs have gastric erosions and 10-30% have gastric ulcers [20].
Therefore, the problem of overlap between physiological and pathological aspects of
inflammation has remained unresolved.

Incidentally, steroidal anti-inflammatory drugs are different. Rather than show-
ing antidenaturant and antiprostaglandin effects, they inhibit the functions of
leukocytes, which participate in both innate and acquired inflammation [21]. Their
mechanism of action is reminiscent of the stress “attack” reaction to dangerous and
life-threatening events [22, 23]. This reaction consists of a threefold adrenal discharge
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involving sympathetic catecholamines, glucocorticosteroids, and mineralcorticostse-
roids [24, 25]. Leukocyte functions [including the immune response] are temporar-
ily set aside, as they are useless in acute emergencies. In essence, adrenal discharge
activates the somatic and mental processes needed to cope with emergencies. During
World War II, the Nazis administered an adrenal cortex extract to fighter pilots that
mimicked the corresponding biological process. Steroidal anti-inflammatory drugs
belong to the above stress discharge, including hydrocortisone (cortisol), which

has been found to explain the remission of jaundice-induced rheumatoid arthritis
[26, 27]. We will return to this phenomenon shortly.

Returning to the protein-centered inflammation hypothesis, it has been revived in
different terms. The idea was that protein denaturation was a process in its own right,
suitable for separate medical treatment [28, 29]. Similarly, paracetamol is an anti-
inflammatory drug that shows selective antinociceptive and antifebrile effects. Based
on this idea, the aforementioned protein denaturation assay [13, 14] was used to select
drugs, with the exception that they had to be free of the antiphlogistic and related
side effects that others sought.

3. Pharmacotherapeutic implications

Bendazac, also known as bendazolic acid, is the first selective antidenaturant
drug that has undergone thorough preclinical evaluation and medical use. The drug
teaches something about the theoretical and practical value of this approach. First,
the antidenaturant action of bendazac is against several agents, including extreme
pH, heat, UV, and sunlight [10, 30-34]. It follows that bendazac is not a free radical
scavenger. Rather, it binds to reactive protein sites, thus providing a protective barrier
against free radicals. This binding does not result in a significant change in protein
architecture and function. This suggests that the antidenaturant action depends
on Van der Waals forces, which differ from covalent and ionic forces. Rather, they
depend on the fluctuating polarizations of neighboring particles as a consequence of
quantum dynamics.

Considering the pharmacological profile of bendazac, its most striking feature is its
antinecrotic action [10]. Therefore, clinical studies have focused on dystrophic condi-
tions [35]. More specifically, bendazac has been tested and shown to be active against
inflammatory and allergic dermatoses: contact dermatitis, occupational dermatitis,
seborrheic dermatitis, diaper and childhood dermatitis, constitutional eczema,
erythema and localized itching, urticaria, drug allergies, and insect bites [36-42].

Thus, the preclinical and clinical experience gathered with bendazac supported
the idea that protein denaturation is a process in its own right, suitable for targeted
medical treatment. It is noteworthy that bendazac has been shown to be active against
cataracts, which consist of physical opacification of the lens [43-46]. This suggests
that a protein-denaturing agent could affect other medical conditions, such as kidney
and gallstones, which are triggered by a protein-denaturing core.

Bindarit is another selective antidenaturant drug [47]. It shares a pharmacological
profile with bendazac, but its study focused on adjuvant-induced arthritis in rats.

It consists of the injection of Freund’s adjuvant (a fine suspension of dead tubercle
bacilli in liquid kerosene) into the plantar pad of rats. The adjuvant produces a
primary inflammatory lesion at the injection site, followed, after about 10-15 days,
by secondary lesions in areas of the body distant from the injection site [48-51]. The
secondary lesions are accompanied by humoral changes consisting of denatured
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GLIMBAL-like (globulin-like migrating proteins) proteins, which have been detected
in patients with rheumatoid arthritis [52]. Returning to bindarit, it selectively inhib-
its secondary lesions and related humoral changes, whereas hydrocortisone- and
aspirin-like drugs inhibit both primary and secondary lesions [47]. Subsequently,
bindarit was found to prolong survival and reduce renal damage in murine autoim-
mune disease [53, 54]. At this point, available information suggests that: (A) protein
denaturation triggers the secondary immune-inflammatory process by exposing
antigens common to both denatured and native proteins; and (B) an antidenaturing
drug may show a protective action against autoimmune conditions in the absence of
immunosuppressive effects. The resulting medical opportunities are exciting, but
nevertheless, after 20 years bindarit still remains a matter of preclinical research and
working hypotheses. Why?

The answer deserves a separate comment. It goes back to 1961, the year of tha-
lidomide when images of phocomelic infants went around the world. This tragedy
sent a warning signal about the risks of the hitherto uncontrolled use of synthetic
drugs. Since then, they have been subject to strict toxicological controls, which have
increased safety but burdened and delayed medical use. At the same time, there has
been a resurgence of interest in drugs of natural origin, such as hormones, vitamins,
and vaccines. They are not necessarily safer than synthetic ones, but they have a his-
tory of how to use them safely.

“It is important for us to identify natures powerful, if accidental, antidotes,” said
Philip Hench on the occasion of receiving the Nobel Prize for the discovery of hydro-
cortisone. A small but exciting opportunity in the field of natural antidotes came with
the experimental reevaluation of jaundice, the natural phenomenon that had paved
the way for the treatment of rheumatoid arthritis with hydrocortisone a quarter
century earlier [26, 27]. In a nutshell, it was discovered that jaundice involves an
inhibition of protein denaturation, which, based on the above data and ideas, could
participate in the remission of rheumatoid arthritis [55]. This phenomenon was partly
attributable to the antidenaturant bilirubin and bile salts, but the effective doses and
concentrations were hardly compatible with medical use. Hence, the search for more
convenient compounds. Among the natural substances examined so far [56-60],
candidates for medical use include fatty acids belonging to the composition of cell
membranes [61]. Like bile salts and bendazac, they also prevent hemolysis of erythro-
cytes [62-64]. Hopefully, they will not have the same fate as bindarit.

In this story focusing on protein denaturation, tendinitis occupies a marginal but
significant position. The tendon consists mainly of collagen (80%), the most abundant,
ubiquitous, and versatile protein in mammals [65]. The type I collagen in the tendon
gives it the strength and elasticity needed to connect muscle to bone, transmitting the
mechanical forces of muscle contraction to the skeletal system. Its denaturation results
in aloss of its elastoplastic function, which is irreversible. Experience with collagen
deficiency disease suggests that tendinitis could also be addressed with dietary measures
that promote collagen regeneration [66]. This is the message of the biological evidence,
which is different but sometimes as strong as the experimental evidence.

4, Conclusions

This long and intriguing story ends up under the banner of biology. In modern
science, it has been pushed aside by molecular biology, which focuses on single details
that are difficult to trace back to their overall meaning. It is a kind of intellectual,
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rather than visual, myopia. Like the cells in which they are produced, proteins have a
biological cycle: they are born, mature, age (denature) and disintegrate, giving rise to
waste. Slags are normally recycled to synthesize new proteins that replace aged ones
or are excreted. The problem of slag mainly affects so-called perennial cells, including
lens cells and neurons that last a long time without renewing themselves and their
proteins [67, 68]. This is the case with cataracts, which are caused by scoriae that blur
vision. Bendazac shows that an antidenaturing agent could influence this condition
by reducing the extent of protein denaturation [30]. Slag is also involved in brain
proteinopathy, which is related to beta-amyloid denaturation resulting in the forma-
tion of aggregates and toxic metabolites [69, 70]. The use of high doses of aspirin, an
antidenaturant, has been reported to reduce the prevalence of Alzheimer’s dementia
[71]. Unfortunately, NSAIDs are burdened with unavoidable side effects. Bendazac
and bindarit are potentially a step forward because of their selective antidenaturant
action. This article presents some additional natural compounds, which belong to the
composition and apparently to the physiological modulation of the protein life cycle.

Author details
Bruno Silvestrini®* and Mauro Silvestrini’
1 The Noopolis Foundation, Rome, Italy

2 Department of Experimental and Clinical Medicine, Polytechnic University of
Marche, Ancona, Italy

*Address all correspondence to: brunosilvestrini25@gmail.com

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.
5



Tendons - Trauma, Inﬂammation, Degeneration, and Treatment

References

[1] Guyton AC. Medical Physiology.
Philadelphia: Saunders; 1986

[2] Bernard C. Lectures on the
Phenomena of Life Common to Animals
and Plants. Springfield, Ill: Charles C
Thomas Pub Ltd; 1974

[3] Cannon WB. Share on the body
physiologic and the body politicy.
Science. 1941;93(2401):1-10.

DOI: 10.1126/science.93.240

[4] Robbins, Cotran. Pathologic Basis of
Disease. 9th ed. Philadelphia, Saunders;
2015

[5] Lawyer's Guide to Forensic Medicine.
Bernard Knight. Taylor & Francis Ed.;
2003

[6] Ishizaka K, Campbell DH.
Biological activity of soluble antigen-
antibody complexes. I. Skin reactive
properties. Proceedings of the
Society for Experimental Biology
and Medicine. 1958;97(3):635-638.
DOI: 10.3181/00379727-97-23829

[7] Ishizaka K, Ishizaka T, Campbell DH.
The biological activity of soluble antigen-
antibody complexes. II. Physical
properties of soluble complexes having
skin-irritating activity. Journal of
Experimental Medicine. 1959;109(2):
127-143. DOI: 10.1084/jem.109.2.127

[8] Opie EL. On the relation of necrosis
and inflammation to denaturation of
proteins. The Journal of Experimental
Medicine. 1962;115(3):597-608.

DOI: 10.1084/jem.115.3.597

[9] Opie EL. The relation of inflammation
to the molecular structure of carbon
compounds soluble in the fluids of the
body. The Journal of Experimental

6

Medicine. 1965;121(4):487-501.
DOI: 10.1084/jem.121.4.487

[10] Silvestrini B, Cioli V, Burberi S.
Pharmacological properties of bendazac
(AF 983) with particular reference to

its topical action on some experimental

inflammatory processes. Arzneimittel-
Forschung. 1969;19(1):30-36

[11] Mizushima Y. Inhibition of protein
denaturation by antirheumatic

or antiphlogistic agents. Archives
Internationales de Pharmacodynamie et
de Therapie. 1964;149:1.0

[12] Mizushima Y. Effect of nonsteroidal
anti-inflammatory drugs on proteins.

In: Silvestrini B, Tura S, Spector WG,
editors. Inflammation. Aetiopatogenetic,
Clinical and Therapeutic Problems.
Excerpta Medica Foundation; 1968

[13] Mizushima Y. Simple screening test for
antirheumatic drugs. Lancet. 1965;1:169

[14] Mizushima Y. Screening test for
antirheumatic drugs. Lancet. 1966;288:443

[15] Whitehouse MW. Some biochemical
and pharmacological properties of
antinflammatory drugs. Progress in Drug
Research. 1965;8:321

[16] Del Basso OP, e Silvestrini B.
Effetti di alcune sostanze sulla risposta
turbidimetrica al calore dell’albumina e

del siero e plasma di ratto. Giornale di
Biochimica. 1966;15(3):198-212

[17] Vane J. Inhibition of prostaglandin
synthesis as a mechanism of action

for aspirin-like drugs. Nature New
Biology. 1971;231:232-235. DOI: 10.1038/
newbio231232a0

[18] Ricciotti E, FitzGerald GA.
Prostaglandins and inflammation.



Medical Implications of the Relationships among Protein Denaturation, Necrosis...

DOI: http://dx.doi.org/10.5772/intechopen.108018

Arteriosclerosis, Thrombosis, and
Vascular Biology. 2011;31(5):986-1000.
DOI: 10.1161/ATVBAHA .110.207449

[19] Hawkey CJ. Non-steroidal anti-
inflammatory drug gastropathy:
causes and treatment. Scandinavian
Journal of Gastroenterology.
Supplement. 1996;220:124-127.
DOI: 10.3109/00365529609094763

[20] Laine L. Nonsteroidal anti-
inflammatory drug gastropathy.
Gastrointestinal Endoscopy Clinics of
North America. 1996;6(3):489-504

[21] Chrousos GP. The hypothalamic-
pituitary-adrenal axis and immune-
mediated inflammation. The New
England Journal of Medicine.
1995;332(20):1351-1362. DOI: 10.1056/
NEJM199505183322008

[22] Cannon WB. Bodily Changes in
Pain, Hunger, Fear, and Rage. New
York: Appleton-Century-Crofts; 1915.
p. 211

[23] Silvestrini B. Drug Sickness.
LAMBERT Academic Publishing; 2014.
p. 52. See also Malati di droga. Lyra libri,
Como (2011). P57

[24] Segerstrom SC, Miller GE.
Psychological stress and the human
immune system: A meta-analytic study
of 30 years of inquiry. Psychological
Bulletin. 2004;130(4):601-630.

DOI: 10.1037/0033-2909.130.4.601

[25] Padgett DA, Glaser R. How stress
influences the immune response. Trends
in Immunology. 2003;24(8):444-448.
DOI: 10.1016/51471-4906(03) 00173-x

[26] Hench PS. Effect of spontaneous
jaundice on rheumatoid (atrophic)
arthritis attempts to reproduce the
phenomenon. The British Medical
Journal. 1938;2(4050):394-398

7

Available from: http://wwwjstor.org/
stable/20300483

[27] Hench PS, Kendall EC, et al. The
effect of a hormone of the adrenal cortex
(17-hydroxy-11-dehydrocorticosterone,
compound E) and of pituitary
adrenocorticotropic hormone on
rheumatoid arthritis. Proceedings

of the Staff Meetings. Mayo Clinic.
1949;24(8):181-197

[28] Silvestrini B. Primary and secondary
inflammation. Panminerva Medica.
1969;11:587-593

[29] Silvestrini B. Working hypothesis
exploited in the pharmacologic research
of some anti-inflammatory agents.

In: Silvestrini B, Tura S, Spector WG,
editors. Inflammation. Aetiopatogenetic,
Clinical and Therapeutic Problems.
Excerpta Medica Foundation; 1968

[30] Silvestrini B, Catanese B,

Lisciani R. A biochemical basis of the
anti-inflammatory activity of Bendazac
(AF 983). In: Bertelli A, Houck JC,
editors. Inflammation Biochemistry and
Drug Interaction. Amsterdam: Excerpta
Med. Foundation; 1969. pp. 283-288

[31] Silvestrini B, Catanese B,

Lisciani R, Alessandroni A. Studies on
the mechanism of action of bendazac
(AF 983). Arzneimittel Forschung.
1970;20:250-253

[32] Lisciani R, Scorza Barcellona P,
Silvestrini B. Topical activity of Bendazac
on experimental burns. Japan Journal of
Pharmacology. 1971;21:69-73

[33] Silvestrini B, Catanese B, Lisciani R.
Pharmacology of Bendazac. In: New
Trends in Skin Therapeutics. Non-Steroid
Anti-Inflammatory Local Treatment.
Eds.: Fuga GC, De Gregorio M,

Milbradt R. Roma: Leonardo Ediz. Sci.;
1975. pp. 1-9



Tendons - Trauma, Inﬂammation, Degeneration, and Treatment

[34] Scorza Barcellona P, Campana A,
Caranti S, D'Onofrio E, Silvestrini B.
Pre-treatment with bendazac attenuates
retinal damage induced by intense

light in rats. Pharmaceutical Research.
1991;24(1):105-112

[35] Zar E, De Gregorio M. Clinical
evaluation of a new topical anti-
inflammatory agent: Bendazolic acid
(bendazac). Archivio di Chirurgia Toracica
e Cardiovascolare. 1962;5(4):217-218

[36] Giacometti C, Dani F. Bendazolic
acid in the therapy of some
dermatoses. Clinical studies. G Italic

Dermatology Minerva Dermatology.
1971;46(5):236-241

[37] Fuga GC, Proto A. Clinical
considerations on a controlled trial of
bendazolic acid in some dermatoses.
G Italic Dermatology Minerva
Dermatology. 1970;45(5):340-345

[38] Lamanna P, Grieco B, Molé R.
Preliminary clinical experiences with
the topical use of bendazolic acid or
bendazac in occupational dermatitis.

Minerva Medica. 1979;61(24):1201-1208

[39] Fulghesu G, Carta G. Use of
a preparation with a bendazolic
acid or Bendazac base in

occupational dermatitis. Policlinico
Medica;78(4):170-181

[40] Molinari R. Clinical observations

on the local anti-inflammatory action

of a new drug (bendazolic acid) in skin
diseases in childhood. Clinical Pediatrics
(Bologna). 1969;51(6):325-337

[41] Caruso F. Therapeutic findings with
bendazolic acid in various dermatites

in childhood. La Clinica Terapeutica.
1969;51(4):363-366

[42] Manfredi G. Use of bendazolic acid
in skin diseases in childhood. Clinical
Pediatrics (Bologna). 1970;52(4):175-181

8

[43] Silvestrini B, Catanese B, Barillari G,
Iorio E, Valeri P. Basic data supporting
the use of the I-lysine salt of bendazac in

cataract. International Journal of Tissue
Reactions. 1983;5(2):217-225

[44] Testa M, Iuliano G, Silvestrini B.
Pilot study of Bendazac for treatment of
cataract. The Lancet 1. 1982:849-850

[45] Balfour JA, Clissold SP, Bendazac
lysine. A review of its pharmacological
properties and therapeutic potential in
the management of cataracts. Drugs.
1990;39(4):575-596. DOI: 10.2165/
00003495-199039040-00007

[46] Hockwin O, Laser H, De Gregorio M,
Carrieri MP. Bendazac lysine in selected
types of human senile cataract. A
long-term double-masked placebo-
controlled clinical trial with multilinear
densitometric image analysis of
Scheimpflug photographs. Ophthalmic
Research. 1989;21(3):141-154.

DOI: 10.1159/000266799

[47] CioliV,CiarnielloMG, GuglielmottiA,
Luparini MR, Durando L, Martinelli B,
et al. A new protein antidenaturant
agent, bindarit, reduces secondary
phase of adjuvant arthritis in rats.

The Journal of Rheumatology.
1992;19(11):1735-1742

[48] Pearson CM. Development of
arthritis, periarthritis and periostitis in
rats given adjuvants. Proceedings of the
Society for Experimental Biology and
Medicine (N.Y.). 1956;91:95-101

[49] Waksman BH, Sharp JT.
Immunologic nature of arthritis induced
in rats by mycobacterial adjuvant.
Federation Proceedings. 1960;19:210

[50] Newbould BB. Chemotherapy
of arthritis induced in rats by

mycobacterial adjuvant. British Journal
of Pharmacology. 1963;21:127-136



Medical Implications of the Relationships among Protein Denaturation, Necrosis...

DOI: http://dx.doi.org/10.5772/intechopen.108018

[51] Newbould BB. Suppression of
adjuvant-induced arthritis in rats

with 2-butoxycarbonylmethylene-
4-oxothiazolidine. British Journal of
Pharmacology and Chemotherapy.
1965;24(3):632-640. DOI: 10.1111/.1476-
5381.1965.tb01619.x

[52] Silvestrini B, Natali PG, Catanese B,
Barillari G, Cordiali-Fei P. Occurrence of
globulin-like migrating blood albumins
or GLIMBAL, in pathological rat and
human sera. Canadian Journal of
Biochemistry. 1980;58:89-92

[53] Guglielmotti A, Aquilini L,
D'Onofrio E, Rosignoli MT, Milanese C,
Pinza M. Bindarit prolongs survival
and reduces renal damage in NZB/W
lupus mice. Clinical and Experimental
Rheumatology. 1998;16(2):149-154

[54] Zoja C, Corna D, Benedetti G,
Morigi M, Donadelli R, Guglielmotti A,
et al. Bindarit retards renal disease

and prolongs survival in murine

lupus autoimmune disease. Kidney
International. 1998;53(3):726-734.
DOI: 10.1046/j.1523-1755.1998.00804.x

[55] Silvestrini B, Buorberi S, Catanese B.
Inflammatory responses in normal and
adrenalectomized rats during obstructive

jaundice. Japan Journal of Pharmacology.
1968;18:421-429

[56] Saso L, Casini ML, Valentini G,
Alcaro S, Silvestrini B. Effect of selected
substances on heat induced aggregation
of albumin examined by HPLC and
polyacrylamide gel electrophoresis.
Pharmacological Research.
1995;31(suppl. 1):214

[57] Saso L, Casini ML, Valentini G,
Mattei E, Panzironi C, Silvestrini B.
Development of an HPLC assay to study
the effect of Endogenous and Exogenous
substances on heat-induced aggregation
of human serum albumin. Clinical

9

Chemistry and Laboratory Medicine.
1998;36(3):155-162

[58] Saso L, Valentini G, Grippa E,
Leone MG, Silvestrini B. Effect of
selected substances on heat-induced
aggregation of albumin, IgG and
lysozyme. Research Communications in
Molecular Pathology and Pharmacology.
1998;102:15-28

[59] Saso L, Valentini G, Casini ML,
Mattei E, Braghiroli L, Mazzanti G, et al.
Inhibition of protein denaturation by
fatty acids, bile salts and other natural
substances: A new hypothesis for the
mechanism of action of fish oil in
rheumatic diseases. Japanese Journal of
Pharmacology. 1999;79:89-99

[60] Saso L, Valentini G, Mattei E,
Panzironi C, Casini ML, Grippa E, et al.
Stabilization of rat serum proteins
following oral administration of fish
oil. Archives of Pharmacal Research.
1999;22(5):485-490

[61] Ibarguren M, Lépez DJ, Escriba PV.
The effect of natural and synthetic

fatty acids on membrane structure,
microdomain organization, cellular
functions and human health. Biochimica
et Biophysica Acta. 2014;1838(6):1518-
1528. DOI: 10.1016/j.bbamem.2013.12.021

[62] Rybczynska M, Csordas A. Chain
length-dependent interaction of free fatty
acids with the erythrocyte membrane.
Life Sciences. 1989;44(9):625-632.

DOI: 10.1016/0024-3205(89)90195-1

[63] Catanese B, Lisciani R, Piccinelli D.
Erythrocyte membrane stabilization
and protein binding of some anti-
inflammatory drugs and of deoxycholic

acid. Biochemical Pharmacology.
1969;18:1707-1710

[64] Ciancarelli-Tozzi MG, Silvestrini B,
Finazzi-Agro A. Photosensitized



Tendons - Trauma, Inﬂammation, Degeneration, and Treatment

haemolysis of human erythrocytes is
reduced by bendazac. Drugs Under
Experimental and Clinical Research.
1989;15(5):219-222

[65] Silvestrini B, Cheng CY, Innocenti M.
In: Mazumder N, Chakrabarty S, editors.
Collagen Involvement in Health, Disease,
and Medicine. London: Collagen
Biomaterials, IntechOpen; 2022.
DOI: 10.5772/intechopen.101978

[66] Silvestrini B, Innocenti M,

Perrotta A, Cheng CY. Physiopathology
and treatment of collagen

carential disease. Minerva Medica.
2021;112:403-404. DOI: 10.23736/
S0026-4806.19.06036-1

[67] Giulio B. Cento anni di cellule

labili, stabili e perenni, di Quaderni
dellAccademia delle scienze di Torino.
Vol. 3. Editore Accademia delle scienze di
Torino; 1996

[68] Silvestrini B, Medicitali A. Una
senescenza sana e longeva. MedicitaliA.
10 maggio; 2022

[69] Walker LC, LeVine H. The cerebral
proteopathies. Molecular Neurobiology.
2000;21(1):83-95

[70] Stefani M, Dobson CM. Protein
aggregation and aggregate toxicity: New
insights into protein folding, misfolding
diseases and biological evolution.
Journal of Molecular Medicine (Berlin,
Germany). 2003;81(11):678-699.
DOI:10.1007/s00109-003-0464-5

[71] Nilsson SE, Johansson B, Takkinen S,
Berg S, Zarit S, McClearn G, et al. Does
aspirin protect against Alzheimer's
dementia? A study in a Swedish
population-based sample aged > or =80
years. European Journal of Clinical
Pharmacology. 2003;59(4):313-319.

DOI: 10.1007/s00228-003-0618-y

10



