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1. Silver in Ophthalmology

1.1. History of Silver as an Antibacterial Agent

The first mention of the use of silver in medicine comes from ancient times. Hippocrates probably already used silver

preparations for the treatment of ulcers and to promote wound healing. Soluble silver (I) compounds, such as silver (I)

nitrate, were first used empirically as a blood-purifying agent and date back to 702–705 AD . Later, silver (I) salts were

used as an antimicrobial agent to treat infectious diseases, including syphilis and gonorrhea, brain infections, epilepsy,

mental illness, nicotine addiction and gastroenteritis .

The widest use of silver in medicine took place in the 1880s. In these years, the first silver plate was implanted during

cranioplasty, and the use of eye drops with silver (I) nitrate solution was started to prevent childhood blindness and reduce

gonococcal ophthalmia neonatorum . Mandatory ophthalmic prophylaxis in newborns with drops of silver (I) nitrate, as in

Credé’s method, was accepted in many countries throughout the world until the 1970s, and in some areas it still remains a

routine part of perinatal care today . Over the years, the use of silver (I) preparations in ophthalmology has been

significantly extended to treat corneal ulcers, interstitial keratitis, blepharitis and dacryocystitis .

1.2. Toxicology

The toxicology of silver is not well documented, and much of the available information concerning the release of Ag (I)

from medical devices and other products intended for human use has been ambiguous. The few publications with

experimental results in animal models have also been inconsistent. However, although they are insufficient in predicting

human risk from silver exposure, they do provide relevant information on cytotoxicity, intracellular management of Ag (I)

and excretion routes .

Studies of silver metabolism indicate that soluble silver (I) compounds are more easily absorbed as a result of their ability

to bind to proteins, DNA and RNA. Soluble silver (I) compounds can be quickly absorbed into the bloodstream, deposited

throughout the body and then reduced by light to metallic silver . Acute symptoms of overexposure to silver (I) nitrate are

decreased blood pressure, diarrhea, stomach irritation and decreased respiration. Chronic symptoms from prolonged

intake of low doses of silver (I) salts are fatty degeneration of the liver and kidneys and changes in blood cells . Soluble

silver (I) compounds are also capable of accumulating in small amounts in the brain and in muscles .

The literature reports that long-term inhalation or ingestion of soluble silver (I) compounds or colloidal silver may cause

necrosis of conjunctival epithelial cells, argyria and/or argyrosis . Moreover, irritation, conjunctival scars, corneal

opacity and symblepharon have been noted . In clinical practice, the diagnosis of eye argyrosis may not be easy due to

the rarity of this disease. Differential diagnosis should include other keratopathies (e.g., pre-Descemet dystrophy and X-

linked ichthyosis) as well as other causes of abnormal eye pigmentation, such as malignant melanomas, deposition of

heavy metals (iron and copper) or drugs (ciprofloxacin and amiodarone) .

The recent results of experimental studies did not show significant toxic effects of Ag-NPs and AgNO  in doses up to 1 mg

kg-1 of rat body weight. The distribution of Ag in organs was similar in both studied groups of treated rats. The total Ag

content in organs was significantly lower in rats treated with Ag-NPs, but in this group, it was found to be more toxic in

terms of biochemical and hematological parameters than in rats treated with AgNO  . Ag-NPs probably caused reactive
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oxygen species and oxidative damage, which would confirm oxidative stress as an additional possible mechanism of Ag-

NPs’ toxicity . Other studies have shown lower toxicity of Ag-NPs compared to AgNO , which was attributed to the

coatings that stabilize nanoparticles and thus reduce their toxicity .

2. Application of Silver Compounds in Ophthalmology

Nowadays, silver metal and silver nanoparticles are used as gels or films for medical device coatings and the reduction of

bacterial adhesion to the surfaces of implants . In ophthalmology, the use of nano-silver (nAg) for covering corneal

prosthetic devices (KPros) has been sought to prevent Pseudomonas aeruginosa and Staphylococcus aureus biofilm

formation as a protection against perioperative and early postoperative infections . Intrastromal administration of highly

biocompatible gelatin-capped silver nanoparticles (G-Ag NPs) has been a promising, dual-functional (antimicrobial and

antiangiogenic) nanotherapy for the treatment of Staphylococcus aureus-induced bacterial keratitis in rabbits .

New applications of silver in ocular disease diagnosis and treatment are still being sought. The high usefulness of silver-

amplified immunochromatography for detection of adenoviral conjunctivitis has been demonstrated .

It has also been reported that Ag-NPs are a potential alternative, and may even be better than mitomycin C, as an

adjunctive therapy in glaucoma surgery to reduce fibroblast proliferation and bleb fibrosis after trabeculectomy .

The strong therapeutic effect of biologically synthesized silver nanoparticles against vascular endothelial growth factor

(VEGF) has been proven. Ag-NPs, as inhibitors of tyrosine kinase Src and AKT/PI3K pathways, are able to inhibit further

routes of angiogenesis from proliferative diabetic retinopathy and age-related macular degeneration in rodent eye models

and, therefore, appear to be a promising treatment for many retinal diseases in humans .

The incorporation of Ag-NPs into silicone-hydrogel contact lenses allows for significant inhibition of bacterial growth and

reduction of biofilm formation, with additional reinforcement of some of the mechanical properties .

3. Silver (I) Complex with Metronidazole in Ophthalmology

Research on the use of new silver preparations combined with other active substances in ophthalmology is developing

much more vigorously . Numerous studies showed greater stability of metal ion complexes compared to metal ion salts

and lower toxicity due to the possibility of using lower concentrations of silver ions in complexes .The widest and

best-known use of silver in medicine has been in combination with sulfadiazine (AgSD), where it becomes a topical

antibacterial agent for the treatment of burns  and fungal keratitis . The action of AgSD also demonstrates strong

antibacterial potential against E. coli, Staph. aureus, Klebsiella sp. and Pseudomonas sp. .In terms of biological

performance, studies in vitro, as well as in vivo, on retinal pigment epithelium with endophthalmitis in mouse and rabbit

models confirm the cellular biocompatibility and antibacterial function of silver complex nanomaterials. The addition of

photodynamic therapy with Ag-NPs as well as AuAgCu O-bromfenac sodium nanoparticles allows the antibacterial effect

to be strengthened against Escherichia coli, Staphylococcus aureus and methicillin-resistant S. aureus for synergistic

treatment of post-cataract surgery endophthalmitis .Ag-NPs conjugated with oleic acid or vildagliptin exhibit

antiacanthamoebic activity that can be therapeutically applied against Acanthamoeba castellanii, an opportunistic

pathogen that is associated with blinding eye keratitis and a rare but fatal central nervous system infection .In our

previous paper, we described, for the first time in the literature, the action of a metronidazole complex with well-soluble

silver (I) salts in the form of drops and ointment in the treatment of ocular rosacea . The use of a well-soluble silver (I)

complex with metronidazole (Figure 1) reduced the side effects of silver (I) nitrate used alone and the costs and

complications of standard antibiotic therapy. The use of two clinically proven drugs and combining them into a complex

compound does not only result in additive synergy. As we have shown in our previous work, the action of the complex

compound overcomes bacterial resistance .
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Figure 1. Silver (I) nitrate complex with metronidazole [Ag(MTZ) ]NO .

The antimicrobial effectiveness of silver preparations in ophthalmic diseases has been documented by many researchers.

Complex silver (I) compounds seem to be a promising alternative to standard therapy and are, therefore, also considered

as new generation antibiotics. Most silver (I) preparations are clinically used for topical applications. Few experimental

results indicate the usefulness of intraocular or systemic administration of silver (I) preparations as an alternative or

additional therapy in infectious and angiogenic eye diseases. New forms of silver (I) products will certainly find application

in the treatment of many ophthalmic diseases. One of the most important features of the silver (I) complex is its capacity

to break down bacterial resistance. It is very helpful to maintain the appropriate characteristics of the dosage form, e.g.,

pH and chemical, physical and pharmaceutical stabilities.
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