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Abstract

This paper is an overview of the beneficial effects of silver salts in medical
practice. Silver can be found in nature as a pure element, but occurs more
frequently in ores, including argitanite (Ag.S) and silver chloride (AgCl); it is
also found in combination with lead, lead-zinc, copper, gold and copper-nickel
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Introduction

The Chaldeans, since 4000 BC, knew the importance of metallic silver. It
ranks third among the metals used in ancient history, after gold and copper (1).

And the so-called "father of history"”, Herodotus, wrote on this subject
saying that the Persian kings (Cyrus, for example) drank only water that was
preserved in certain silver containers and had the property of keeping it fresh for
years. It is easy to intuit the importance of silver in military conflicts when
drinking water was not easily found (2). In fact, the Phoenicians, Greeks, Romans,
Egyptians used silver to preserve water and food. This happened to including in
the Second World War. It is also known in history that in order to heal wounds, or
to prevent and treat infections, Macedonians were the first to apply silver plates
on them. In this sense, in a pharmacopoeia published in the year 69 BC Rome is
talking about using silver nitrate for medical purposes (1).

Properties
Silver has an atomic weight of 107,870 and an atomic number of 47 (3). It
can be found in nature as a pure element, but occurs more frequently in ores,

including argitanite (Ag2S) and silver chloride (AgCl); it is also found in
combination with lead, lead-zinc, copper, gold and copper-nickel (3). The pure
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silver metallic luster is observed a bright white, is slightly harder than gold, but
malleable and ductile (3). The melting point of silver is 961.93 ° C, boiling point
2212 °© C and a specific gravity of 10.5 (3).

59 silver isotopes are known. Only 2 isotopes (Ag107 and Agl09) are
natural and stable. Silver has three oxidation states Ag [+1], Ag [+2] and Ag [+3]
(pure silver is Ag [0]). Of these, only the Ag state [+1] is stable enough to be used
as an antibiotic, the other cations being very reactive and of short duration (4), (5).
Silver compounds ionize in the presence of water and biological fluids to release
Ag (+1) (4).

Silver does not seem to have any physiological role or nutritional value for
humans (4), (6), but it appears in the body in low concentrations, by inhalation or
ingestion (4), (7), (8), being released into the air and water through natural
weather and human activities, including the manufacture of cement and the
burning of fossil fuels (7). Silver does not appear to be concentrated in aquatic
animals, as is the case with mercury (7). The recommendation of the US
Environmental Protection Agency for daily silver intake limits is 0.005 mg / kg /
day (8).

Permitted levels of silver in drinking water are 0.1 mg / L (7) or 50 parts
per billion (9). For normal individuals these levels include a blood concentration
of less than 2,3 ng / L and a urinary excretion of 2 pg / day (5), (10). This is
largely due to the ingestion of food and drinking water, the daily consumption of
silver from food sources is estimated at 27-88 pg / day (9), (11). Orally ingested
silver is absorbed mostly through the small intestine (9), the GI tract being the
main route of excretion of ingested silver (9).

Non-ionized silver has no biocides action (4). Pure silver is generally
considered non-toxic when used in clinical doses (12), (13). Silver jewelry is also
inert. White and Cutting note that 'the interaction of metallic silver with intact skin
does not cause any detectable increase in blood levels and is not of great
toxicological interest' (5).

In the presence of perspiration, sebum or moisture, silver ions on the intact
skin will accumulate on the surface of the skin, with some penetration of the
surface layers, leading to precipitation in the stratum corneum in the form of silver
sulfide (4). Systemic silver is mostly excreted through the liver and kidneys, but
hair and nail growth also provide a minor route of excretion (4). The absorption
and metabolism of silver were not sufficiently analyzed, except for silver
sulfadiazine and silver nitrate. Silver nitrate has been used as a treatment in
topical burns, and silver sulfadiazine has been a major element in burn care (14),
(15), (16). Up to 10% of silver sulfadiazine may be absorbed during treatment of
partial burns (4), (17) with blood levels measured in blood greater than 300 pg /L
(4), (17), (18), ( 19). The greatest absorption of silver occurs during the phases of
inflammation and cell proliferation of wound healing (6), (20), (21).
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Urinary excretion of silver can increase a thousandfold when silver
compounds are used to treat large open wounds (burns) over long periods of time
(12), (19), without having clinical significance (12). In patients with burns treated
with silver sulfadiazine, silver plasma concentrations can reach a level of 50-310
ug / L, and urine excretion can reach a maximum of 400 pg / day (5). Silver
sulfadiazine labeled with radioactive Ag110 shows that silver tends to accumulate
in the superficial layers of the wound and is completely cleansed within 28 days
(5), (22). Elevated blood and urine levels in combination with increased liver
enzymes have been reported in patients with “silver nanometer" burns or
nanocrystalline burn dressings (5), (23), (24), which have returned to levels
normal after treatment has been discontinued.

There is a direct link between bacterial lethality and the free concentration
of silver ions in the environment. Pure metallic silver is inert and does not react
with human tissue and does not kill microorganisms until it is ionized (6). Silver
ion bound, chelated or precipitated in insoluble complexes with tissue exudate or
secretions is not available for antimicrobial actions. lonic silver is highly reactive
and will combine with halides (especially chloride), inorganic compounds,
organic acids, negatively charged proteins, DNA and RNA (25), (26). Because
many of these compounds can be found in wounds, the silver released into a
wound dilutes rapidly (25). Chlorine ion seems to be a particular problem,
because wound exudate has a high percentage of Cl ions, which bind with Ag + to
form the inactive biological precipitate from silver chloride (AgCI) (12). The
amount of silver required for efficacy in the case of complex wounds is 80-2000
times less than that required in simple aqueous solution (26) (27) (28) (29). Some
experts argue that when excess Cl- is present, it is possible to overcome this
precipitation (and restore antimicrobial action) by delivering a relatively large
amount of silver (12), (28). Clinical experience shows this, and most
commercially available dressings are designed to provide high levels of silver ions
that reason. A study testing the antimicrobial effects of a silver dressing in wound
fluid showed that the silver-containing dressing may provide a barrier against
infection, probably due to the high levels of silver ion delivered (5), (30).

Antimicrobial effects

Dr. Crede, a surgeon, was the first to use colloidal silver to disinfect
wounds in 1891 by applying a foil to them to treat infections (1), (2). The
application of silver salts quickly became a habit in the therapies of burn wounds,
Crusius using silver nitrogen to treat these burns since the 1890s. Vonnaegele
observed that the antibacterial results of silver were primarily due to the silver ion,
and through repeated studies he finally found that silver is an effective
antimicrobial for almost all single-celled organisms (31).
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It is now known that the silver ion is responsible for the antimicrobial
effects of silver by dissociating ions from the surface of the oxidized metal, but
the truth is that the mechanism by which silver destroys bacterial cells has not
been established without a doubt. Four potential mechanisms have been discussed
that have been proposed for the antimicrobial effects of silver (6), (12).

The first postulated mechanism involves the inhibition of life-supporting
enzymes by chemical interaction with the silver ion, capable of blocking the
transport of electrons in bacteria (32). It has been observed that at concentrations
of 15 pg / ml, ionic silver inhibits the oxidation of glucose, glycerol, fumarate,
succinate, d-lactate, I-lactate and other endogenous substances in E. coli (33).
lonic silver inhibits respiratory chain enzymes at the two specific sites: between
cytochrome b and cytochrome d and between the entry site of the substrate in the
respiratory chain and flavoprotein in the regions of NADH coenzyme and
succinate dehydrogenase. At concentrations of up to 2 pg / ml of ionic silver, the
absorption of inorganic phosphate was inhibited and the accumulated phosphate
efflux occurred (33).

The silver ion interacts with thiol groups in the structure of enzymes.
These groups are present in enzymes that contain the amino acid cysteine, and
when ionic silver binds to this group, the enzyme is inactivated, leading to the
death of bacterial cells. However, a cell can circumvent this mechanism by
producing large amounts of reduced glutathione or cysteine in the protoplasm,
which has the potential to prevent thiol-silver binding (34).

The second mechanism by which ionic silver destroys bacterial cells is by
the interaction and rupture of the cell membrane or cell wall. The bacterial cell
membrane contains both cationic and anionic charges on its surface, and in
solution the ionic silver will electrostatically bind to the anionic portions of the
membrane. This can cause the membrane to rupture or efflux. lonic silver is
known to induce the leakage of mannitol, succinate, glutamine and proline from
bacterial cell membranes (33). Moreover, the binding of silver to a membrane can
inhibit the passage of nutrients through the membrane and / or interfere with
gradients of normal concentration between the cell and the environment, leading
to cell death.

A third mechanism involves the interaction of ionic silver with the DNA
of bacterial cells. Eukaryotic cells are not affected by this mechanism (because
DNA is contained in the nucleus), prokaryotic cells such as bacteria do not have a
nucleus and have DNA present in the cytoplasm. lonic silver has been shown to
interact with the basic pairs guanine-cytosine and adenine-thymine. The
interaction of ionic silver with guanine-cytosine involves the N (8) atom binding
guanine to silver, while the interaction with the adenine-thymine pair determines
the dimerization of thymine in the presence of UV light (34). Both interactions
will result in DNA mutation and ultimately the death of a bacterial cell.
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A fourth theory involves the destruction of a bacterial cell by silver free
radicals. These free radicals have a high antimicrobial potency due to the presence
of unpaired electrons in the silver atom. lonic silver can bind to many amino acids
in a bacterial cell, including arginine and glutamic acid. When silver binds to
amino acids, an organometallic complex is formed. If the silver-containing bond
of the complex subsequently breaks, a silver free radical can be generated inside
the cell. Free silver radicals that accumulate in the cell can affect the electron
transport chain, inactivate bacterial DNA and RNA, and damage the cell
membrane and precipitate proteins with cysteine and thiol groups causing cell
death (20).

The healing role of silver salts

At the level of the tissues on which they are applied, the solutions of

inorganic silver salts exert an immediate germicidal effect which continues to
release small amounts of silver ions from the forms of protein silver thus
maintaining a sustained bacteriostatic action.
Silver and its salts are absorbed very slowly and therefore do not give toxic
concentrations to the body. Contact with sodium chloride in the body's secretions
and plasma leads to the formation of silver chloride, an insoluble salt that
precipitates very quickly, blocking the continuation of the action in depth. Silver
nitrate (silver nitrate) works by releasing active silver ions. Concentrated solutions
initially have a bactericidal effect, but lead to the precipitation of superficial
albumin forming a membrane from which silver ions with bacteriostatic action are
gradually released (35). The intensity of its action depends on the concentration
and the time it is left to act. It is also used as a cauterizing agent for the oral
mucosa, in local applications, by punctiform touches in case of canker sores,
umbilical granuloma (in the form of 30% silver nitrate solution) (36).

Colloidal silver is a liquid in which very small particles are suspended in
solution. Inhibits oxygen-carrying enzymes used in the metabolism of bacteria,
viruses and fungi, speeding up wound healing. Colloidal suspensions 1-5% to
10% of organic silver salts are used as mucosal antiseptics, especially in coconut
infections (37).

Silver ions are antimicrobial in very low concentrations. The antimicrobial
efficacy of silver was determined by using the test of the minimum inhibitory
concentration, a method that evaluates the lowest concentration of an
antimicrobial agent that will be able to visibly inhibit the growth of a
microorganism.

The 'oligodynamic effect' (Gr. Oligos = little, dynamis = power) was
shown in 1895 by von Nageli, who carried out the first systematic studies of the
antibacterial effects of metals (38). The term ‘oligodynamic' comes from the
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observation that the lethal effect on bacteria is observed at very low
concentrations of silver and other metals (4). Thiele and Wolf first demonstrated
the oligodynamic phenomenon in 1809 by placing silver on a plate on which
bacteria were inoculated. After an incubation period, regions around the silver
metal were observed, where the bacteria did not proliferate. It has been observed
during these experiments that when the metal surface is rigorously cleaned the
silver loses its antimicrobial efficacy. This led to the general conclusion that high
purity silver (> 99%) was inactive, while oxidized silver surfaces released ionic
silver, responsible for the observed oligodynamic effect (4), (34).

[73]
[74]
[79]
[76]
[77]
[78]
[79]

(80]
(81]

(82]
(83]
(84]
[85]
(86]

(87]

(88]
(89]

[90]

References

Hill W, Pillsbury D. Argyria—The Pharmacology of Silver. Williams & Wilkins. 1939;

Grier N. Silver and its compounds. Block SS, ed Disinfect Steriliz Preserv. 1968;375-398.

Weast RC. Handbook of Chemistry and Physics. 51st ed. Cleveland: The Chemical Rubber Co.,;
1970. 29-30 p.

Lansdown AB. Silver in health care: antimicrobial effects and safety in use. Curr Probl Dermatol.
2006/06/13. 2006;33:17-34.

White R, Cutting K. Exploring the effects of silver in wound management - What is optimal?
Wounds. 2006;18(11):307-14.

Melaiye A, Youngs WJ. Silver and its application as an antimicrobial agent. Vol. 15, Expert Opinion
on Therapeutic Patents. Taylor & Francis; 2005. p. 125-30.

ATSDR - ToxFAQSTM: Silver [Internet]. [cited 2020 Mar 3]. Awvailable from:
https://www.atsdr.cdc.gov/toxfags/tf.asp?id=538&tid=97

EPA Office of Pesticide Programs U. US EPA - Pesticides - Fact Sheet for Silver and compounds.

Wadhera A, Fung M. Systemic argyria associated with ingestion of colloidal silver. Dermatol Online
J. 2005;11(2).

Wan AT, Conyers RAJ, Coombs CJ, Masterton JP. Determination of silver in blood, urine, and
tissues of volunteers and burn patients. Clin Chem. 1991;37(10 1):1683-7.

Hamilton EI, Minski MJ. Abundance of the chemical elements in man’s diet and possible relations
with environmental factors. Sci Total Environ. 1973 Apr 1;1(4):375-94.

Hermans MH. Silver-containing dressings and the need for evidence [Internet]. Vol. 106, American
Journal of Nursing. Lippincott Williams and Wilkins; 2006 [cited 2020 Mar 3]. p. 60-8. Available
from: http:/AMmw.ncbi.nim.nih.gov/pubmed/17133010

US EPA OIRISD. Silver CASRN 7440-22-4 | IRIS | US EPA, ORD.

Moyer CA, Brentano L, Gravens DL, Margraf HW, Monafo WW. Treatment of Large Human Burns
with 0.5% Silver Nitrate Solution. Arch Surg. 1965;90(6):812—67.

Fox CL. Silver Sulfadiazine—A New Topical Therapy for Pseudomonas in Burns: Therapy of
Pseudomonas Infection in Burns. Arch Surg [Internet]. 1968 [cited 2020 Mar 3];96(2):184-8.
Auvailable from:
http://archsurg.jamanetwork.com/article.aspx?doi=10.1001/archsurg.1968.01330200022004

Barillo DJ. Topical antimicrobials in burn wound care: A recent historyi. Vol. 20, Wounds. 2008. p.
192-8.

Coombs CJ, Wan AT, Masterton JP, Conyers RAJ, Pedersen J, Chia YT. Do burn patients have a
silver lining? Burns. 1992;18(3):179-84.

Wang XW, Wang Nz, Zhang OZ, Zapata-Sirvent RL, Davies JWL. Tissue deposition of silver
following topical use of silver sulphadiazine in extensive burns. Burns [Internet]. 1985 Feb [cited
2020 Mar 3];11(3):197-201. Available from: http://ww.ncbi.nlm.nih.gov/pubmed/3986644

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 10, No.1, (2021) 57



Dragos-Florentin HUSANU, Leonard GURGAS, Laurentiu Tony HANGAN, Natalia ROSOIU

[91] Boosalis MG, McCall JT, Ahrenholz DH, Solem LD, McClain CJ. Serum and urinary silver levels in
thermal injury patients. Surgery [Internet]. 1987 Jan 1 [cited 2020 Mar 3];101(1):40-3. Available
from: http:/Avww.ncbi.nlm.nih.gov/pubmed/3798326

[92] LANSDOWN ABG, SAMPSON B, ROWE A. Sequential changes in trace metal, metallothionein
and calmodulin concentrations in healing skin wounds. J Anat [Internet]. 1999 Oct [cited 2020 Mar
3];195(3):375-86. Available from: http://mww.nchi.nlm.nih.gov/pubmed/10580852

[93] Sawhney CP, Sharma RK, Rao KR, Kaushish R. Long-term experience with 1 per cent topical silver
sulphadiazine cream in the management of burn wounds. Burns [Internet]. 1989 Dec [cited 2020
Mar 3];15(6):403-6. Available from: http:/Aww.nchi.nim.nih.gov/pubmed/2516445

[94] Harrison HN. Pharmacology of Sulfadiazine Silver: Its Attachment to Burned Human and Rat Skin
and Studies of Gastrointestinal Absorption and Extension. Arch Surg [Internet]. 1979 Mar [cited
2020 Mar 3];114(3):281-5. Available from: http:/Ammww.ncbi.nlm.nih.gov/pubmed/435032

[95] Chen J, Han C-M, Yu C-H. [Change in sliver metabolism after the application of nanometer silver on
burn wound]. Zhonghua Shao Shang Za Zhi [Internet]. 2004 Jun [cited 2020 Mar 3];20(3):161-3.
Awvailable from: http:/iAww.ncbi.nim.nih.gov/pubmed/15308070

[96] Trop M, Novak M, Rodl S, Hellbom B, Kroell W, Goessler W. Silver-coated dressing acticoat
caused raised liver enzymes and argyria-like symptoms in burn patient. J Trauma - Inj Infect Crit
Care [Internet]. 2006 Mar [cited 2020 Mar 3];60(3):648-52. Available from;
http://mww.ncbi.nlm.nih.gov/pubmed/16531870

[97] Warriner R, Burrell R. Infection and the chronic wound: a focus on silver. Vol. 18 Suppl 1, Advances
in skin & wound care. 2005. p. 2-12.

[98] Mooney EK, Lippitt C, Friedman J. Silver dressings. Plast Reconstr Surg [Internet]. 2006 Feb [cited
2020 Mar 3];117(2):666-9. Available from: http:/Ammw.ncbi.nlm.nih.gov/pubmed/16462356

[99] Ricketts CR, Lowbury EJL, Lawrence JC, Hall M, Wilkins MD. Mechanism of Prophylaxis by
Silver Compounds against Infection of Burns. Br Med J. 1970 May 23;2(5707):444-6.

[100] Burrell RE. A scientific perspective on the use of topical silver preparations. Vol. 49, Ostomy/wound
management. 2003. p. 19-24.

[101] Spacciapoli P, Buxton D, Rothstein D, Friden P. Antimicrobial activity of silver nitrate against
periodontal pathogens. J Periodontal Res. 2001;36(2):108-13.

[102] Bowler PG, Jones SA, Walker M, Parsons D. Microbicidal properties of a silver-containing
hydrofiber dressing against a variety of burn wound pathogens. J Burn Care Rehabil [Internet]. [cited
2020 Mar 3];25(2):192-6. Available from: http:/Aww.ncbi.nlm.nih.gov/pubmed/15091147

[103] Searle A. Colloids as germicides and disinfectants. In: TheUse of Colloids in Health and Disease.
London: Constable &Co; 1920. p. 67-111.

[104] Gravante G, Caruso R, Sorge R, Nicoli F, Gentile P, Cervelli V. Nanocrystalline silver: A systematic
review of randomized trials conducted on burned patients and an evidence-based assessment of
potential advantages over older silver formulations. Ann Plast Surg [Internet]. 2009 Aug [cited 2020
Mar 3];63(2):201-5. Available from: http:/Amww.ncbi.nlm.nih.gov/pubmed/19571738

[105] Slawson RM, Lee H, Trevors JT. Bacterial interactions with silver. Biol Met [Internet]. 1990 [cited
2020 Mar 3];3(3-4):151-4. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2073456

[106] Russell AD, Hugo WB. Antimicrobial Activity and Action of Silver. Prog Med Chem. 1994 Jan
1;31(C):351-70.

[107] Mecanisme de  actiune [Internet].  [cited 2020 Mar 3].  Available  from:
https://studfile.net/preview/5749555/page: 18/

[108] Grigorescu DO, Vaidahazan R, Mateescu M-C, Mihai S, Misarca C, Scarneciu I. O analiza
comaparativ holistica asupra argintului in practica chirurgicala.

[109] Gundermann KO. [The disinfection of the oral mucosa]. Zentralbl Bakteriol Mikrobiol Hyg B
[Internet]. 1989  Apr [cited 2020 Mar  3];187(4-6):382-9.  Available  from:
http:/AMww.ncbi.nlm.nih.gov/pubmed/2500804

[120] Addicks L. Silver in industry. New York: Reinhold Publishing Company; 1940.

58 Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 10, No.1, (2021)



Silver Salts in Dermatological Pathology

[111] Clinical Burn Treatment with Silver Nitrate | Publish your master’s thesis, bachelor’s thesis, essay or
term paper [Internet]. [cited 2020 Mar 3]. Available from: https:/Avww.grin.com/document/437763

[112] [The treatment of burn wounds with silver sulfadiazine]. - PubMed - NCBI [Internet]. [cited 2020
Mar 3]. Available from: https:/Ammww.ncbi.nlm.nih.gov/pubmed/1895712

[113] Popovici I, Danila G, Oita N, Dima F, Vasilescu M, Dorneanu V, et al. [The physicochemical
characterization and therapeutic evaluation of Cicatrol]. Rev Med Chir Soc Med Nat lasi.
1992;96(1-2):57-64.

[114] REGEN-AG 10 MG/G Cream|Fiterman Pharma [Internet]. [cited 2020 Mar 2]. Available from:
https://www.omnia-health.com/product/regen-ag-10-mgg-cream

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 10, No.1, (2021) 59



