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1 INTRODUCTION 
 
During the CLH process of silver, ECHA received a copy of the following newly performed 
studies: 
 

• Silver acetate, Silver nitrate, Micron-sized Silver and Nanoparticulate Silver: A 
comparative toxicokinetic study in rats by single and repeat administration (Melvin et al., 
2021) 

• Silver Nitrate, Micron-sized Silver and Nanoparticulate Silver: A Comparative 
Toxicokinetic Study in Rats by Repeat administration (Charlton et al., 2021) 
 

To assure an efficient and transparent assessment of the new information provided by the data 
submitter and giving parties concerned an opportunity to comment, it is the responsibility of the 
data submitter to elaborate non-confidential detailed study summaries and explain the relevance 
of the provided information for the classification at issue. To facilitate the task of the data 
submitter, ECHA has compiled a format for Additional information report.  
 
Every study should be presented individually. The relevance of each study for the classification at 
issue should be clearly presented. A non-confidential detailed study summary and the results of 
the study should be reported transparently and objectively as in the original data source without 
any interpretations by the data submitter. A detailed study summary includes test type (e.g. test 
guideline followed and deviations from the guideline, the GLP and quality assurance status of the 
study, identity of the test substance (including degree of purity), information about the test 
subjects, route of administration, mode of exposure and numerical results). If read-across to 
structurally or mechanistically similar substances is used a justification for using data from a 
different substance should be provided and, if known, calculations to convert dose/concentration 
levels from the test substance to the substance for which CLH is proposed should be presented.  
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2 TOXICOKINETIC STUDIES 
 

The EPMF in-vivo comparative TK study (according to OECD TG 417) is a high quality 
GLP investigation and the first which permits a direct comparison of soluble silver 
compounds, nanosilver and silver powder (tested as a sub-micron sized powder-form) – in 
terms of relative oral uptake and tissue distribution of silver. The study consists of two 
study reports and the findings obtained for the different forms of silver across the two 
study segments can be compared as both segments were performed according to an 
exactly equivalent experimental design, under the same conditions and at the same 
contract laboratories (for both the in-life and bioanalytics phases). Comparison of AUC 
profiles obtained after repeated oral dosing confirm that oral intake of silver powder 
results in markedly lower systemic exposure than seen for soluble silver compounds and 
nanosilver. When looking at differentials in silver in tissue concentrations following 
repeated dosing, for the majority of tissues, exposure to soluble silver compounds leads to 
tissue Ag levels which are 2 to 3 orders of magnitude higher than those evident for the 
silver powder. The tissues for which the difference is less than 2 to 3 orders of magnitude, 
are minor sites of distribution.  The study shows that the testis and brain are minor sites of 
distribution. In contrast, the ovary has been shown to be an important site of distribution. 
However, ancillary investigations strongly suggest silver is present in the ovary as 
chemically stable silver sulphide/selenide complexes with very low local bioavailability. 
The study findings strongly suggest that the direct read-across of mammalian toxicity 
datasets for soluble silver compounds (like silver acetate) and nanosilver to silver powder 
is not supported (from a scientifically valid toxicokinetic perspective).  
 
 

Study references:  
 

1. Melvin P et al. (2021) Silver Acetate, Silver Nitrate, Micron-sized Silver and 
Nanoparticulate Silver: A Comparative Toxicokinetic Study in Rats by Single and 
Repeat Administration. Labcorp Study Number: CC71MP. 

 

2. Charlton A et al. (2021) Silver Nitrate, Micron-sized Silver and Nanoparticulate 
Silver: A Comparative Toxicokinetic Study in Rats by Repeat Administration. 
Labcorp Study Number: 8469368. 

 
3 RELEVANCE OF STUDIES 

 
Studies are relevant for the classification of Ag metal for systemic and repeated dose 
toxicity because they measured the difference in release and distribution of ionic silver 
[Ag+] (toxicophore) between silver micron-sized powder (AgMP), nanosilver (AgNP), 
silver nitrate (AgNO3) and silver acetate (AgAc). In particular, considerably lower 
systemic and tissue-level exposure were evident for AgMP versus either ionic (AgAc and 
AgNO3) or nanosilver (AgNP) references. These in-vivo comparative toxicokinetic studies 
thus do not support a direct read-across but rather a weight of evidence approach of recent 
studies performed with AgAc (i.e., the 90-day study and the Extended One-Generation 
Reproductive Toxicity Study (EOGRTS) and its preliminary study) to silver (massive and 
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powder), with the latter displaying  a quantitatively very different toxicokinetic character 
and a much lower release rate of Ag+ than silver acetate or silver nitrate.  
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4 Detailed study summary and results of Melvin et al., 2021 study 
 

Silver Acetate, Silver Nitrate, Micron-sized Silver and Nanoparticulate Silver: A Comparative 
Toxicokinetic Study in Rats by Single and Repeat Administration. Labcorp Study Number: 

CC71MP 
 
 

Information substance identity 
 

Test item: Micron-sized Silver 
Test item identify: Referenced as AgMP throughout the study report 
Alternative names: AgMP; Bulk Silver; Bulk Ag; Micron-sized silver particulate; Silver 
powder and silver flake 
CAS number 7440-22-4 
Intended use: Chemical feed stock 
Appearance Silver/grey powder 
Composition: Uncoated silver particulate (crystalline Ag powder of highly uniform 
spheroidal shape) 
Particulate size ~ 0.4 µm 
Particulate size range: PSD: d90; 0.53 µm / d50; 0.35 µm / d10; 0.24 µm 
Density (tapped): 3.5 kg/dm3 
Storage condition: Room temperature: protected from light 
Expiry date: 29 June 2021 
Purity: > 99% 
 
Test item: Nanoparticulate Silver 
Test item identity: Referenced as AgNP throughout the study report 
Alternative names: AgNP, nanoAg, nanosilver 
CAS number: 7440-22-4 
Intended use: Chemical feed stock 
Appearance: Dark orange liquid 
Composition: Surfactant stabilized aqueous dispersion of nanoparticles containing 4% 
(w/w) polyoxyethylene glycerol (25) trioleate and 4% (w/w) polyoxyethylene (20) 
sorbitan mono-laurate together with 7.5% (w/w) ammonium nitrate 
Particle size: 15 nm (mean) 
Particulate size range: PSD: d99 20 nm 
Silver concentration 10.0 ± 0.50% wt by assay (nominal 100mg/mL) 
pH (dispersion) 7.0 – 9.0 
Density 1.1 kg/dm3 
Storage condition: room temperature protected from light 
Expiry date: July 2022 
Purity: Specification is for an elemental silver concentration of 10.0 ± 0.50% wt (100 
mg/mL).  
 
 
Test item: Silver Acetate 



-8-  
  

Test item identity: Referenced as AgAc throughout the study report. AgAc: AG(I) 
Acetate  
CAS number: 563-63-3 
Intended use: Chemical feed stock 
Appearance: Colourless to pale-white crystalline powder 
Solubility Aqueous (room temperature): 10.2  mg/mL 
Storage Conditions: Room temperature; protected from direct light 
Expiry date: 22 October 2021 
Purity: ≥ 99.5% 

 
Test item: Silver Nitrate 
Test item identity: Referenced as AgNO3 throughout the study report. AgNO3; Silver (I) 
Nitrate 
CAS number: 7761-88-8 
Intended use Chemical feed stock 
Appearance: White crystalline powder 
Solubility Aqueous (room temperature): 2560 mg/mL 
Storage conditions: room temperature: protected from light 
Expiry date: September 2023 
Purity: 99.97 %  
pH: 4.6 as 10% solution 

 
 
Study summary 

 
The study is an in-vivo oral route investigation using adult CD Sprague Dawley rats. The 
design conformed to OECD TG 417 and EU guidelines and was conducted in compliance 
to Good Laboratory Practice (GLP). 
This study was designed as a comparative toxicokinetic assessment of the test items Silver 
Acetate (AgAc), Silver Nitrate (AgNO3), Micron-sized Silver (AgMP) and 
Nanoparticulate Silver (AgNP). This included assessment of bioavailability following 
single oral doses relative to single intravenous doses and systemic exposure following 
single and repeat oral doses. A subsidiary aim of this study was to verify that the Test 
Items were well tolerated in the selected toxicity species, using the chosen administration 
route and dosage, and to inform the dosage selection for future pivotal toxicity studies.  
Groups of 4 male and 4 female CD Sprague Dawley rats were administered the test items, 
either as a single intravenous dose, a single oral dose or repeated daily oral doses for 4 
weeks.  

 
 
The study design was as follows: 
 
Single Intravenous (bolus) and Oral Doses: 
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4 week Repeat oral (gavage) Dose 

 
 

Blood samples were taken up to 48 hours post-dose following single intravenous and up 
to 96 hours post-dose following single oral doses. Blood samples were taken at pre-dose 
and 6 hours post-dose on Day 15 and up to 96 hours post-dose on Day 28 of daily repeat 
oral doses. 

 
Selected tissues (bone marrow, brain, gastro-intestinal tract, liver, spleen, ovaries, testis 
and uterus) were collected at the end of the 4-week repeated dose phases.  
Concentrations of silver in whole blood and tissues was measured by a validated ICP-MS 
method.  
During the study, toxicokinetics, clinical condition, detailed physical examinations, body 
weight, organ weight, and macropathology investigations were undertaken.  
The dose formulation analysis for the intravenous formulations of AgMP and AgNP in 
Phase 1.1 was unacceptable, not meeting pre-determined acceptance criteria. 
Modifications to the dose preparation were made and the phase repeated as Phase 1.1.A.  
Several premature deaths occurred during the study. In all cases, the findings were 
associated with either blood sampling trauma, or dose administration trauma, and as such 
were considered not to be associated with treatment. Since samples from 3 other animals 
were available for each group on the affected occasions, there is no impact on the TK 
evaluation.  
Sample contamination events were identified in the silver in tissue analysis segment 
which affected the integrity of liver and GI tract samples in Phases 3.2, Phases 4.1 and 4.2 
(all other tissues in these phases were determined to be unaffected by the contamination 
issue). For overall study robustness reasons, the decision was made that all repeated oral 
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dose toxicokinetic evaluations (including silver in tissue determinations) would be re-
conducted in a separate study (Labcorp study 8469368 or Charlton et al. 2021). The tissue 
data from these Phases 3.2, 4.1 and 4.2 are reported for completeness in the study report 
CC71MP or Melvin et al. 2021 but not further evaluated nor discussed. 

 
Results: 
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As mentioned in Annex 3 of this document: “Given that absolute bioavailability (F-
values) had only been reported in the literature for a few silver compounds and 
nanosilver substances, a conventional single dose bioavailability assessment was 
attempted for all the test items – refer to Report Number CC71MP.  As mentioned in 
that report (Section 8), anomalous results were obtained in the case of the silver 
powder (AgMP) relating to the blood concentration profiles which were evident 
following intravenous bolus administration.  The derived F-value was clearly 
incompatible with the observed AUC data via the oral route after a single dose.  
Furthermore, separately performed mass-balance calculations indicated that very 
rapid clearance of AgMP had occurred from the blood compartment.  
An explanation for the artefactually elevated F-value results for AgMP has not yet 
been fully elucidated.  However, it is established in the scientific literature that certain 
micron-size particulates can be very rapidly sequestered by the reticuloendothelial 
system when administered via the i.v. route.  We cannot exclude the possibility that the 
F-value derived for the suspension particulate AgNP test item may also have been 
subject to some artefactual distortion.  
In alignment with the direction taken by the CRO investigator, comparative TK 
assessment of the various Ag test items should instead be based on their respective p.o. 
dose-normalised AUC group mean values (as an indicator of relative systemic 
exposure) – refer to the report summary sections.  Further insights can also be 
obtained by comparison of AUC profiles obtained after repeated oral dosing.”  

 
 
Conclusion:  
 

The data suggest that following administration of AgAc over a 28-day period, the test item 
was tolerated over the range 5 – 175 mg/kg/day, however, this is based on bodyweight, 
clinical and macropathogical observation; no other toxicological endpoints were evaluated.  
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Generally systemic exposure to silver in females tended to be slightly higher than that in 
males, and this trend was reflected in the tissue concentrations after repeated doses of AgAc.  

 
Systemic exposure, as assessed by mean Cmax and AUC0-24 values, increased with dose level 
after single oral doses of AgMP at dose levels of 36 and 1000 mg/kg; AgNP at dose levels of 
3.6 and 360 mg/kg; AgAc at dose levels of 5 and 175 mg/kg; and AgNO3 at dose levels of 5 
and 125 mg/kg. These increases in systemic exposure were less than dose proportional and 
this was particularly notable for AgMP. The increase in systemic exposure to silver after 
repeated oral doses of AgAc over the dose range 5 - 125 mg/kg/day was less than 
proportional.  
After repeated oral doses of AgAc, there was evidence of accumulation in the systemic 
exposure and comparison of pre-dose and 6-hour post-dose concentrations on Days 15 and 28 
indicate steady state had been reached by Day 15.  

 
After repeated oral doses of AgAc measurable concentrations of silver were found in all 
tissues examined. Tissue concentrations increased with dose, but these increases were not 
proportional. In the bone marrow, liver, spleen and uterus these increases were greater than 
proportional, however, in the brain, GIT, testis and ovaries these increases were less than 
proportional.  

 
The findings in this study have demonstrated that after single oral doses of the test items, the 
systemic exposure to silver can be ranked in the following order AgAc/AgNO3 >> AgNP >>> 
AgMP. 
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5 DETAILED STUDY SUMMARY AND RESULTS OF CHARLTON ET AL., 

2021 STUDY 
 

Silver Nitrate, Micron-sized Silver and Nanoparticulate Silver: A Comparative Toxicokinetic 
Study in Rats by Repeat Administration. Labcorp Study Number: 8469368 

 
 
Information substance identity 
 

Test item: Micron-sized Silver 
Test item identify: Reference das AgMP throughout the study report 
Alternative names: AgMP; Bulk Silver; Bulk Ag; Micron-sized silver particulate; Silver 
powder and silver flake 
CAS number 7440-22-4 
Intended use: Chemical feed stock 
Appearance Silver/grey powder 
Composition: Uncoated silver particulate (crystalline Ag powder of highly uniform 
spheroidal shape) 
Particulate size ~ 0.4 µm 
Particulate size range: PSD: d90; 0.57 µm / d50; 0.36 µm / d10; 0.25 µm 
Density (tapped): 3.8 kg/dm3 
Storage condition: Room temperature: protected from light 
Expiry date: 29 March 2022 
Purity: > 99% 
 
 
Test item: Nanoparticulate Silver 
Test item identity: Referenced as AgNP throughout the study report 
Alternative names: AgNP, nanoAg, nanosilver 
CAS number: 7440-22-4 
Intended use: Chemical feed stock 
Appearance: Dark orange liquid 
Molecular mass: 107.87 g/mol 
Composition: Surfactant stabilized aqueous dispersion of nanoparticles containing 4% 
(w/w) polyoxyethylene glycerol (25) trioleate and 4% (w/w) polyoxyethylene (20) 
sorbitan mono-laurate together with 7.5% (w/w) ammonium nitrate 
Particle size: 15 nm (mean) 
Particulate size range: PSD: d99 20 nm 
Silver concentration 10.0 ± 0.50% wt by assay (nominal 100 mg/mL) 
pH (dispersion) 7.0 – 9.0 
Density 1.1 kg/dm3 
Storage condition: room temperature protected from light 
Expiry date: February 2024 
Purity: Specification is for an elemental silver concentration of 10.0 ± 0.50% wt (100 
mg/mL).  
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Test item: Silver Nitrate 
Test item identity: Referenced as AgNO3 throughout the study report. AgNO3; Silver (I) 
Nitrate 
CAS number: 7761-88-8 
Intended use Chemical feed stock 
Appearance: White crystalline powder 
Molecular mass: 169.87 g/mol (or which 107.87 g/mol Ag) 
Solubility Aqueous (room temperature): 2560 mg/mL 
Storage conditions: room temperature: protected from light 
Expiry date: September 2023 
Purity: 99.97 %  
pH: 4.6 as 10% solution 

 
Study summary and results 
 

Information concerning the toxicokinetics of the test items Silver Nitrate (AgNO3), Micron-
Sized Silver Powder (AgMP) and Silver Nanoparticles (AgNP), in the Sprague Dawley rat 
was required to support toxicology studies in animals. A subsidiary aim of this study was to 
verify that the test item was well tolerated in the selected toxicity species, using the chosen 
administration route and dosage, and to inform the dosage selection for future pivotal toxicity 
studies. 
 
The study design was as follows: 

 
 

Blood samples were taken at pre-dose and 6 hours post-dose on Day 15 and up to 96 
hours post-dose on Day 28 of daily repeat oral doses. 
Selected tissues (bone marrow, brain, gastro-intestinal tract, liver, spleen, ovaries, testis 
and uterus) were collected at the end of the 4-week repeated dose phases. 
At termination, analysis of serum for total copper concentration was undertaken in the 
case of the test items AgMP and AgNO3. 
Concentrations of silver in whole blood and tissues was measured by a validated ICP-MS 
method. During the study, toxicokinetics, clinical condition, detailed physical 
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examinations, body weight, organ weight, and macropathology investigations were 
undertaken. 

 
 
Results 
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Conclusion: 
 

The data suggest that following administration of AgMP (range 36 to 1000 mg/kg/day), 
AgNP (range 3.6 to 360 mg/kg/day) and AgNO3 (range 5 to 125 mg/kg/day) over a 28-
day period, the test items were well tolerated (based on clinical and macro-pathological 
observations, together with body weight).  

 
Systemic exposure, as assessed by silver mean Cmax and AUC0-t values, increased with 
the increase in AgMP dose level from 36 to 1000 mg/kg/day, the increase in AgNP dose 
level from 3.6 to 36 mg/kg/day and the increase in AgNO3 dose level from 5 to 125 
mg/kg/day. 
These increases in mean Cmax and AUC0-t were less than dose proportional and this was 
particularly notable for AgMP.  

 
Concentrations of silver in tissues generally increased with dose, however, there was no 
consistent relationship, and the dose response was not a simple monotonic characteristic. 

 
Systemic exposure and concentrations of silver in tissues were slightly higher in females 
than in males.  

 
After repeated oral doses, measurable concentrations of silver were found in all tissues, 
except for the liver in males after low doses of AgMP and AgNP and in the uterus in 
females at the low dose of AgMP. The highest concentrations following doses of AgMP 
and AgNP were found in the gastro-intestinal tract, accounting for 40-70 % of the total 
amount of silver. Highest concentrations following oral doses of AgNO3 were generally 
found in the spleen and bone marrow. Lowest concentrations were generally found in the 
brain and testis.  
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The findings in this study have demonstrated that after repeated oral doses of the test 
items the systemic exposure to silver can be ranked in the following order AgNO3 > 
AgNP > AgMP. 

 
There was no treatment-related effect on the concentrations of copper in serum following 
repeated oral doses of AgMP, however, after repeated oral doses of AgNO3, the serum 
concentrations of copper decreased with increasing dose. 
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6 ANNEXES 
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Annex 1: Deviation from study plan of study Melvin P et al. (2021) 
 

The following deviations from study plan occurred:  
The intravenous trial formulation of AgNP was prepared at 0.05 mg/mL instead of 0.5 
mg/mL. As storage temperature was revised from ambient to refrigerated due to 
refinement of preparation these samples became redundant and were not analysed.  
Sampling during formulation trials: The trial oral formulations of AgNP, were sampled on 
Day 16 instead of Day 15.  
Blood sampling, Phase 1.2, Group 5F, animals 218, 12-hour time point; the sample was 
taken at 00:13 hours and was found the following day at 15:15 hours on the roller. This 
sample should have been snap frozen and transferred to -20°C storage.  
Higher than expected achieved concentration results were obtained during formulation 
analysis of the AgMP intravenous formulation in Phase 1.1. The verification weights 
suggest 1.1 mL was consistently taken for these formulation samples rather than 1 mL. 
Note this phase was replaced with Phase 1.1A.  
During dose formulation sampling for AgAc vehicle (control group) on Day 1, the 
technician did not add the required volume of acid to bring the sample to the required total 
volume and reference pH range.  
Phase 4.1, Groups 26-29 the dose formulation was stored at the incorrect temperature 
(stored ambient instead 4°C). Since this phase will be repeated, the validity of this study is 
not impacted.  
Phase 3.2, blood sampling of animal 275 at the 3-hour timepoint on Day 28 (Phase 3.2) 
was sampled 3 minutes late at 183 minutes post dose.  

 
The following deviations from SOP occurred and are not expected to have affected the 
integrity or outcome of the study:  
Phase 2.2; Animals 253 and 254 at the 3-hour timepoint were bled outside the SOP limits, 
2 minute deviation.  

 
Phase 3.1, repeat oral dose of AgAc, on Day 11 dose accounting was outside of SOP 
limits. Groups 19 and 22 were – 1.1% under the limit and Group 20 was 13.1% over the 
limit.  
On 29 November 2020, the humidity rose to 72%, outside limit of 70%, for a transient 
period.  

 
On the 30 November 2020, the temperature of the cold store used for storing dose 
formulations (Phases 3.1 and 4.1) in the animal unit rose outside the SOP limits of 2 - 
8°C, riding to 16°C for less than 1 hour.   

 
Humidity dropped to 37% from 18:00 hours on 29 December 202 until 10:00 hours 30 December. 
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Annex 2 
 
Deviation from study plan of study Charlton et al. (2021) 
 

The following deviations from study plan occurred: 
On Day 18 the 3-4-hour observations were not performed for Phase 3 animals. At the 6-
hour and end of day observation the animals were recorded within normal limits. 

 
The missed observation at 3-4 hours after dosing on Day 18 for Phase 3 animals had no 
impact on the study since observations at 1-2 hours and 6 hours after dosing confirmed 
animals were within normal limits. There was no evidence to suggest that the animals 
were not within normal limits at the missed time point. 

 
Formulation sample results received for AgMP for Group 2-4 from Week 4 were lower 
than expected (-60% versus expected nominal concentration). It was observed that the 
samples received by the Principal Investigator for analysis for these groups were cloudy 
in appearance and not clear solutions as expected. It was deemed that the samples taken 
were incorrectly stabilized with dilute rather than concentrated nitric acid. Since dosing 
was already underway using the Week 4 preparation, re-sampling was only possible to be 
performed on five remaining aliquots intended for use on 05-09 August 2021. Aliquots 
were combined and resuspended prior to additional sampling. A second set of samples 
were taken (properly stabilized) and sent for analysis as the Week 4 formulations. 

 
The associated analytical results received were low for all three groups (refer to Section 
5.1). Group 2 and 3 results were -8.15% and -7.83% respectively versus nominal 
concentration; these being within acceptance limits. The Group 4 result was determined as 
-19.1% below the nominal concentration. This value lies outside the normally applied 
acceptance criterion of 100±15% recovery with ≤ 10% RSD for suspension formulations. 
It is considered that this analytical outcome was most likely due to the resampling 
procedure and associated limitations in only sampling a portion of the total formulation 
which was originally prepared. Given these circumstances and the relatively small 
deviation from the acceptance criterion, it is not considered that the sampling deviation 
event had a detrimental impact on overall study integrity. 

 
A blood sample was not achieved for Animal 11M, Group 3 on Day 28 at the 72 hour 
timepoint and for Animal 32M, Group 9 on Day 28 at the 96 hour time-point. There is no 
impact on toxicokinetic evaluation due to these deviations since sufficient data points 
from at least 2 other animals were available for each of the affected groups. 

 
During centrifugation, the GIT tissue sample was lost for Animal 111F, Group 3, during 
the digestion process. There is no impact on tissue evaluation since sufficient data from 3 
other animals were available for the affected group. 

 
Terminal blood collections for copper determination in serum of animals from Phases 1 
and 3 were taken via the sublingual vein as an alternative suitable site, the use of 
isoflurane was not specified in the Study Plan as the anesthetic that was to be used. This 
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had no impact on the samples since the principal route of collection would have used 
isoflurane. 

 
Unscheduled animal death 

Animal number 34 was found dead after being dosed on Day 11. The necropsy report 
confirmed the animal had a perforated oesophagus. This finding is considered consistent 
with dose administration trauma and not associated with treatment with the test substance. 

 
The following deviations from SOP occurred and are not expected to have affected the 
integrity or outcome of the study: 

On Day 8 the Group 13 expected weight was 49.6 g and the actual weight used was 49.0 
g, therefore the total % was -1.2% = 0.2% under the 1% limit. 
 
On Day 9 the Group 11 expected weight was 50.0 g and the actual weight used was 48.0 
g, therefore the total % was -4.0% = 3.0% under the 1% limit. 
 
On Day 11 the Group 12 expected weight was 48.4 g and the actual weight used was 47.6 
g, therefore the total % was -1.6% = 0.6% under the 1% limit. 
 
On Day 13 the Group 7 expected weight was 48.2 g and the actual weight used was 47.7 
g, therefore the total % was -1.0% = 0.0% under the 1% limit. 
 
On Day 14 the Group 12 expected weight was 48.4 g and the actual weight used was 47.6 
g, therefore the total % was -1.7% = 0.7% under the 1% limit. 
 
On Day 15 the Group 12 expected weight was 52.2 g and the actual weight used was 51.5 
g, therefore the total % was -1.3% = 0.3% under the 1% limit. 
 
On Day 15 the Group 13 expected weight was 51.6 g and the actual weight used was 50.8 
g, therefore the total % was -1.6% = 0.6% under the 1% limit. 
 
On Day 15 the Group 14 expected weight was 50.2 g and the actual amount used was 57.5 
g therefore the total % used was 14.5%= 4.5% over the 10% limit. 
 
On Day 18 the Group 6 expected weight was 51.8 g and the actual weight used was 50.6 
g, therefore the total % was -2.3% = 1.3% under the 1% limit. 
 
On Day 18 the Group 7 expected weight was 51.8 g and the actual weight used was 51.0 
g, therefore the total % was -1.5% = 0.5% under the 1% limit. 
 
On Day 18 the Group 8 expected weight was 51.4 g and the actual weight used was 50.4 
g, therefore the total % was -1.9% = 0.9% under the 1% limit. 
 
On Day 18 the Group 12 expected weight was 52.2 g and the actual weight used was 51.6 
g, therefore the total % was -1.1% = 0.1% under the 1% limit. 
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On Day 19 the Group 2 expected weight was 53.8 g and the actual weight used was 53.1 
g, therefore the total % was -1.3% = 0.3% under the 1% limit. 
 
On Day 19 the Group 11 expected weight was 53.4 g and the actual weight used was 52.8 
g, therefore the total % was -1.1% = 0.1% under the 1% limit. 
 
On Day 20 the Group 11 expected weight was 53.4 g and the actual weight used was 52.8 
g, therefore the total % was -1.1% = 0.1% under the 1% limit. 
 
On Day 20 the Group 12 expected weight was 52.2 g and the actual weight used was 51.6 
g, therefore the total % was -1.1% = 0.1% under the 1% limit. 
 
On Day 21 the Group 2 expected weight was 53.8 g and the actual weight used was 52.8 
g, therefore total % was -1.9% = 0.9% under the 1% limit. 
 
On Day 21 the Group 3 expected weight was 52.8 g and the actual weight used was 52.0 
g, therefore the total % was -1.5% = 0.5% under the 1% limit. 
 
On Day 21 the Group 8 expected weight was 51.4 g and the actual weight used was 50.8 
g, therefore the total % was -1.2% = 0.2% under the 1% limit. 
 
On Day 22 the Group 12 expected weight was 52.2 g and the actual weight used was 51.6 
g, therefore the total % was -1.1% = 0.1% under the 1% limit. 
 
On Day 23 the Group 1 expected weight was 55.6 g and the actual weight used was 54.8 
g, therefore the total % was -0.8% = 1.4% under the 1% limit. 
 
On Day 24 the Group 3 expected weight was 55.0 g and the actual weight used was 54.3 
g, therefore total % was -1.3% = 0.3% under the 1% limit. 
 
On Day 24 the Group 12 expected weight was 54.2 g and the actual weight used was 53.5 
g, therefore the total % was -1.3% = 0.3% under the 1% limit. 
 
On Day 25 the Group 6 expected weight was 52.2 g and the actual weight used was 54.1 
g, therefore the total % was -1.9% = 0.9% under the 1% limit. 
 
On Day 26 the Group 1 expected weight was 55.6 g and the actual weight used was 54.9 
g, therefore the total % was -0.7% = 1.3% under the 1% limit. 
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Annex 3 
 
INFORMATION TRANSMITTAL – 15/12/2021 
Comparative toxicokinetics (TK investigations of different forms of 
silver (Ag): Final report transfers 
 

 Executive summary  
  
The EPMF comparative TK study is a high quality GLP investigation and the first which permits a 
direct comparison of soluble silver compounds, nanosilver and silver powder (tested as a sub-micron 
sized powder-form) – in terms of relative oral uptake and tissue distribution of silver.  
• The study consists of two study reports and the findings obtained for the different forms of silver 

across the two study segments can be compared.  
• Comparison of AUC profiles obtained after repeated oral dosing confirm that oral intake of silver 

powder results in markedly lower systemic exposure than seen for soluble silver 
compounds and nanosilver.   

• When looking at differentials in silver in tissue concentrations following repeated dosing, for the 
majority of tissues, exposure to soluble silver compounds leads to tissue Ag levels which 
are 2 to 3 orders of magnitude greater than those evident for the silver powder. The tissues 
for which the difference is less than 2 to 3 orders of magnitude, are minor sites of distribution.  

• The study shows that the testis and brain are minor sites of distribution. In contrast, the ovary 
has been shown to be an important site of distribution. However, ancillary investigations strongly 
suggest silver is present in the ovary as chemically stable silver sulphide/selenide complexes with 
very low local bioavailability.  

• The study findings strongly suggest that the direct read-across of mammalian toxicity 
datasets for soluble silver compounds (like silver acetate) and nanosilver to silver powder 
is not supported (from a scientifically valid toxicokinetic perspective).  

  

 
1. Reporting of TK study findings  

As previously notified by EPMF to ECHA, a technical failure during the conduct of the Ag in tissue 
analysis necessitated a repeat of one part of the programme relating to the micron-sized silver 
powder (AgMP), nanosilver (AgNP) and silver nitrate test items1.  As a result, the findings for single 
dose investigations on all test items together with the repeat dose phase outcomes for silver acetate 
are covered in Report Number CC71MP; with all other repeat dose phase findings being addressed in 
Report Number 8469368.  An official statement released by the originating contract laboratory2 
confirms that both parts of the overall programme were performed to an exactly equivalent design 
and under matched experimental conditions.  Hence, we believe it is scientifically justifiable to 
compare findings obtained for the different forms of silver across the two study segments.  
  

2. Investigation of absolute bioavailability (F-value)  
Given that absolute bioavailability (F-values) had only been reported in the literature for a few silver 
compounds and nanosilver substances, a conventional single dose bioavailability assessment was 
attempted for all the test items – refer to Report Number CC71MP.  As mentioned in that report 
(Section 8), anomalous results were obtained in the case of the silver powder (AgMP) relating to the 
blood concentration profiles which were evident following intravenous bolus administration.  The 

 
1 An analytical cross-contamination event called into question the integrity of data for two of the investigated tissues (GI tract 
and liver) relating to the AgMP, AgNP and AgNO3 test items.  All other tissues obtained were not affected by this technical 
issue.  However, to assure the absolute integrity of the overall TK program, a decision was made to repeat all repeat 
dose phase work (i.e., Ag in tissue and Ag in blood) for these test items.  This necessitated separate reporting.  
2 Annex 3_Dec2021_ECHA Letter_EPMF_TK Study Final, letter from Labcorp dated 14 Dec 2021, signed by Mark Terry.  
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derived F-value was clearly incompatible with the observed AUC data via the oral route after a single 
dose.  Furthermore, separately performed mass-balance calculations indicated that very rapid 
clearance of AgMP had occurred from the blood compartment.  
An explanation for the artefactually elevated F-value results for AgMP has not yet been fully 
elucidated.  However, it is established in the scientific literature that certain micron-size particulates 
can be very rapidly sequestered by the reticuloendothelial system when administered via the i.v. 
route.  We cannot exclude the possibility that the F-value derived for the suspension particulate AgNP 
test item may also have been subject to some artefactual distortion.  
In alignment with the direction taken by the CRO investigator, comparative TK assessment of the 
various Ag test items should instead be based on their respective p.o. dose-normalised AUC group 
mean values (as an indicator of relative systemic exposure) – refer to the report summary sections.  
Further insights can also be obtained by comparison of AUC profiles obtained after repeated oral 
dosing.  

  
3. Updated toxicokinetics comparisons for the various Ag forms  

 
(a) Achieved systemic exposure (Ag in blood) followed repeated dosing  

 
Based on the reported datasets we have updated the previously forwarded plots of AUC0-t for all the 
respective Ag test items (Figure 1), clearly showing the TK difference between AgMP and the other 
test items.  We would respectfully remind you that the AgMP reference selected for investigation had 
a median particle size of ca. 0.3 μm (identified as the smallest representative silver powder form put 
on the market by EPMF members). We consider this particle size represents a worst-case type of 
silver powder in terms of expected bioavailability.  
 
 

 
 
Figure 1.   Achieved 
systemic exposure 
for soluble silver 
compounds (silver 
nitrate (AgNO3) 
and silver acetate 
(AgAc)), nanosilver 
(AgNP) and silver 
powder (AgMP).  
Results depicted are for 
female animals (very 
similar findings were 
obtained for males). 
 

 

 

 

 

 

(b) Differentials in Ag in tissue concentrations following repeated dosing  
 

When predicting the potential for toxicity for forms of Ag with variable bioavailability, it is 
reasonable to also consider differentials in key tissue/target organ exposure levels. As an 
example, and adopting the most conservative approach, such a comparison may be based on 
the attained tissue Ag concentrations arising from the highest administered/tolerated dose of Ag 
in respect of a soluble silver compound versus that for a Ag powder form.  In the case of the 
latter, this represents the tissue exposure attained at a Limit Dose of 1000 mg Ag/kg bw/d 
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administered via the oral route for a period of 4 weeks3.  We have performed such a data 
analysis in Table 1 (using AgAc as principle ionic reference).  It may be seen that for the majority 
of tissues, exposure to the soluble silver compound leads to tissue Ag levels which are 2 to 3 
orders of magnitude greater than those evident for the silver powder. In confirmation of the 
markedly different TK characteristics of soluble silver compounds, similar differentials are 
apparent when comparing Ag in tissue levels attained at the maximally administered doses of 
silver nitrate versus AgMP.  

  
Table 1. Differentials in achieved tissue concentrations of Ag.  Comparison of a soluble Ag compound (silver 
acetate;  AgAc) with silver powder (AgMP)  

  
(c) Remarks on tissue distribution profile (male and female reproductive tissues and CNS)  

 
The Summary sections of the reports include data tables of tissue Ag concentrations determined 
after treatment with the respective test items.  When data from all dose levels are considered in 
terms of absolute tissue Ag levels, it is evident that the testis and brain are minor sites of 
distribution (especially in the case of ionic Ag references).  There is also evidence of plateauing 
of Ag concentrations in these tissues as the dose level increases.  This would be expected if 
blood-testis and blood-brain barriers operate to limit uptake of Ag+.  Similar saturation kinetics, as 
well as the identification of these tissues as only minor sites of distribution, have been shown in 
several previous TK studies in rodent models (using both oral and parenteral routes of 
administration)4 (Lansdown 2007, Loeschner et al. 2011, Lankveld et al. 2010, Kim et al. 2008, 
Pang et al. 2016, Juling et al. 2016).  
Given the significant vascular compartment associated with the brain, it should not be assumed 
that all the detected Ag in that organ resides within the parenchyma.  Indeed, previously 
published studies (typically based on autometallography as a technique, e.g. Rungby and 
Danscher 1983a & 1983b), as well as recent ancillary work by EPMF, demonstrates that much of 
the identifiable Ag depots are associated with the CNS endothelial sub-compartment (given that 
Ag binds to endothelial cell membranes) or are deposited in basal lamina of the choroid plexus. 
  
In contrast, it is acknowledged that the ovary has been shown to be an important site of 
distribution5; -- in terms of relative rank order of tissue distribution for all the test items, and due 
to the notable absolute Ag concentrations observed for both soluble Ag substances and AgNP.  
We believe the basis for this finding is that the ovary is known to contain relatively high levels of 
sulphur and selenium (undergoing more rapid turnover than in some other tissues) (Boja et al. 
2005, Ceko et al. 2016, Thomson et al. 1975). Such an intra-organ environment favours 
sequestration of systemically available Ag+, via its conversion into Ag sulphur/selenide 

 
3 The submitted TK reports confirm that steady state kinetics is evident following oral dosing for approximately 2 
weeks, i.e., in keeping with other literature reports relating to ionic Ag substances and also AgNP.  
4 Due to the uptake saturation effect, certain other TK investigations based only on administration of low doses of Ag have 
erroneously concluded that the CNS and/or testis are significant sites of distribution.  
5 Based on the published literature, the EPMF program is the first systematic investigation to examine Ag toxicokinetics for the 
ovary.  
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complexes.  However, as with all other situations of argyria, it is important to bear in mind that the 
Ag sulphur/selenide complexes possess ultralow solubility (Ksp values of ~10-50 to 10-65) and are 
chemically stable with very low local bioavailability when formed in tissues.  They have been 
identified as key chemical species in tissue argyria, a phenomenon commonly recognised as a 
key mammalian detoxification mechanism for the Ag ion (Lansdown 2010, Aaseth et al. 1981, 
Berry and Galle 1982).  
EPMF have performed ancillary investigations on ovarian tissue obtained from rats treated with 
silver acetate in order to obtain information on the speciation of the Ag depots.  The work6, which 
was based on Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy (SEM-
EDX) characterisation directed by autometallography (AMG) localisation, has confirmed that the 
ovarian Ag depots are co-located with sulphur and selenium in the form of 250-500 nm sized 
structures in the tissue (example micrographs provided in Figure 2).  This type of co-location 
pattern is strongly indicative of the existence of Ag sulphide/selenide complexes.  Further support 
for this conclusion arises from tissue selenium determinations.  These show that treatment with 
ionic silver elevates total ovarian Se levels markedly above control values7 -- presumably due to 
the trapping of Se in the immobile complexes.  In relation to the detected ovarian Ag levels, it is 
appropriate not only to consider quantitative distributional toxicokinetics of Ag but also the 
speciation context.  

 
Figure 2.   Representative micrographs of an ovarian tissue section from an animal which received 
repeated p.o. doses of AgAc6.  
From L to R: Optical microscopy (H&E staining); Ag-AMG image; SEM-EDX images with element cartography.  

 
 

 
6 Lison, D. and Ryelandt, L. (2021) Scanning electron microscopy (SEM)-energy dispersive X-ray (EDX) studies of 
ovarian tissue obtained from rats treated with a form of ionic silver (silver acetate).  LTAP, University of Louvain.  
7 Silver Acetate: Preliminary reproductive performance study in the Sprague Dawley Rat by dietary administration 
(8436495): Bioanalysis Phase Report – Copper and Selenium in tissue.  Arcinova Draft report, 2021.  
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