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Table S1. Composition of gastrointestinal fluids in human gastrointestinal tract model (g/L, T=37oC) 

Saliva (pH=6.8) 
 

Gastric fluid (pH=2.5) 
 

Small intestinal fluid (pH=7.0) 

    
Fasted  Fed  

  
Fasted  Fed  

NaCl 2.0 
 

NaCl 2.0  2.0 
 

NaCl 52.6  52.6  

mucin 3.0 
 

pepsin 0.4 3.2 
 

bile salts  3.0 30.0 

α-amylase 0.5 
 

mucin 3.0 3.0 
 

pancreatin 2.4 14.4 

Notes: 

1. A few insoluble impurities in the prepared gastrointestinal fluids were removed by centrifuge before mixing with 
AgDS for better analysis of AgNPs by UV-Visible spectroscopy.  

2. Volumes of AgDS and gastrointestinal fluids in the digestion. 
Mouth phase:  AgDS (15mL) + saliva (15mL)  
Stomach phase: “bolus” from mouth phase (15mL) + gastric fluid (15mL) 
Small intestine phase: “chyme” from stomach phase (25mL) + small intestinal fluid (5mL)  

3. The used products of mucin, α-amylase, pepsin, pancreatin and bile salts in the simulated GIT are all from pigs, 
because (i) the structures and activities of these gastrointestinal components from pigs are similar with that from 
humans; (ii) these gastrointestinal components from humans are much more expensive and extremely difficult to 
obtain as compared with that from pigs; and (iii) many simulated GIT models used the gastrointestinal components 
from pigs (1-3). The concentrations of the gastrointestinal components and residence times were set according to 
the previous studies, which were similar to the human GIT (1-3). 
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Table S2. Ingredients of the AgDS Product 

Ingredients Concentration (mg/L) Ingredients Concentration (mg/L) 
AgNPs 17.96±0.09a 

 
Ag+ 8.00±0.03a 

Na+ 0.012±0.005a Cl- 0.010±0.005b 
K+ NDa 

 
NO3

- 0.024±0.010b 
Mg2+ NDa 

 
SO4

2- NDb 
Ca2+ NDa 

 
H2PO4

3- NDb 
Fe2+/Fe3+ NDa 

 
TOC 0.58±0.08c 

Al3+ NDa   IC NDc 
Note: The pH of the AgDS is 5.8±0.1 as measured by a pH meter (Accumet XL200, Fisher); aData were detected by 
Inductively Coupled Plasma Mass Spectrometry (ICPMS-2030, Shimadzu), AgNPs and Ag+ were separated by 
centrifugal filter devices (Amicon Ultra-4 3K) as mentioned in the text, and HNO3 digestion was conducted before 
detection; bData were detected by Ion Chromatography (Dionex, Thermo Scientific); cTotal Organic Carbon (TOC) and 
Inorganic Carbon (IC) were detected by Total Organic Carbon Analyzer (TOC-L, Shimadzu); ND: Not Detectable; 
Duplicate were conducted. 
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The limitations of DLS, SP-ICPMS and SAXS in characterization of AgNPs from AgDS in the 

simulated gastrointestinal tract.  

The Dynamic Light Scattering (DLS) is a widely used method to characterize the particle size 

distribution and aggregation of nanoparticles in simple aqueous solution (4). Unfortunately, this 

method can be poorly applied for nanoparticles in the complex medium, due to the reasons that the 

DLS method calculating the average particle size can provide misleading results by a few large 

particles in a mixture and it also cannot differentiate different particles in a mixture (5,6). In this 

study, the hydrodynamic diameter of AgNPs in the AgDS determined by DLS is 32.6±9.4 nm (Figure 

1B), while the hydrodynamic diameters of the colloidal biomolecules in all simulated digestive fluids 

are >200 nm. Thus, the DLS cannot be used to characterize the AgNP aggregation in the simulated 

gastrointestinal tract. The Single-particle ICPMS (SP-ICPMS) is a novel method to characterize the 

particle size distribution, aggregation and dissolution of metal nanoparticles in complex medium (5). 

However, the SP-ICPMS is also not feasible to be applied in this study, because the core size of 

AgNP from AgDS, i.e., 14.0±2.5 nm (TEM, Figure 1A), is lower than the size detection limit of 

SP-ICPMS for AgNPs, i.e., 18-20 nm (5). The Small Angle X-ray Scattering (SAXS) can also be 

used to detect the particle size distribution, aggregation and dissolution of AgNPs in complex 

medium, because the SAXS intensity of metal nanoparticles are much higher than that of 

biomolecules and the SAXS intensity of background solution containing biomolecules could be 

negligible for AgNPs (7-10). However, synchrotron X-ray beamline and high AgNP concentration 

are required for obtaining reliable results (7-10), where the former is available only in the national 

lab equipped with synchrotron radiation facilities and the latter is not feasible in this study. Despite 

the limitations of the SAXS method, we prolonged the measurement time in order to enhance the 
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reliability of SAXS results. SAXS results of original AgDS suspension and the AgDS in saliva were 

obtained through 2-hours measurement and displayed in Figure S1, however, SAXS results of AgDS 

in gastric and small intestinal fluid were not acceptable, due to the continually dissolution of AgNPs 

in the 2-hours measurement and too low concentrations of AgNPs in both gastric and small intestinal 

fluids.  

 

SAXS method and the SAXS results of AgDS and AgDS in Saliva. 

The AgDS samples were filled in quartz capillary tubes and measured on a SAXSLAB Ganesha 

instrument with Cu Kα 0.154 nm line on SAXS or ESAXS mode. The measured intensity was 

corrected by subtracting the intensity of a capillary filled with pure water, and then fitted with 

Lognormal equation using the Igor pro 6.37 software with an Irena program to obtain the particle 

size distribution of AgNPs. 

 

 

 

 

 

 

 

Figure S1. Small Angle X-ray Scattering data and Lognormal-fitted results (dash curves) of original 
AgDS suspension and the AgDS in saliva (A) and the calculated particle size distributions based on 
Lognormal distribution (B). The data fitting and calculation were conducted using the Igor pro 6.37 
software with an Irena program. The mean diameter and standard deviation of AgDS is 15.7±4.4 nm, 
while that of AgDS in saliva is 15.1±3.7 nm. 
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Evidence for no AgNPs-AgCl core-shell structure being formed in the simulated GIT.  

According to the Drude model of the electronic structure of metals (11), the Localized Surface 

Plasmon Resonance (LSPR) peak wavelength increases with the refractive index of the medium. 

λmax = λp (2nm
2+1)0.5 

where λmax is the LSPR peak wavelength, λp is the wavelength corresponding to the plasma 

frequency of the metal and nm is the refractive index of the medium (11). The refractive indexes of 

AgCl (2.07) are much higher than that of the simulated GIT (1.36~1.60) (11-13). Thus, if the 

AgNPs-AgCl core-shell structure was formed in the simulated GIT, its peak wavelength should 

increase accordingly. From the silver speciation results of the AgDS in the simulated GIT (Table 1), 

AgCl was only formed in the stomach phase. However, the peak wavelength of AgDS in the 2-hour 

stomach phase kept constant (Figures 3A and 3B). Therefore, AgNPs-AgCl core-shell structure was 

not formed in the stomach phase and further in the whole simulated GIT. 
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Schematic Method Flow of the Silver Speciation Analysis 

First, Ag+ (AgNO3) with a series of known concentrations (0, 5, 10, 15, 20 and 25 mg/L) were passed 

through the simulated gastrointestinal tract. Mouth phase: Ag+ (15mL) + saliva (15mL); stomach 

phase: “bolus” from mouth phase (15mL) + gastric fluid (15mL); small intestine phase: “chyme” 

from stomach phase (25mL) + small intestinal fluid (5mL). 

Second, the schematic flow of silver speciation analysis for the obtained digesta fluids is displayed 

below. 

 

 

 

 

 

 

 

 

 
Figure S2. Schematic flow of the Silver Speciation Analysis 

Third, the quantitative relationship between the total silver ion concentration in the gastrointestinal 

fluids and the concentrations/distributions of different silver ion species was established. Please see 

Figure 4A.  

 

 

 

4 mL digesta fluids 
from mouth or stomach, 
or small intestine 

Centrifugation 
(4000g, 30min) 

Free Ag+ in the filtrate was 
quantified by ICPMS 

Ag-biomolecule and AgCl blocked 
in the filter were rinsed by water, 
centrifuged, repeated until no Cl- 

4 mL 20 mmol/L Na2S2O3 

Centrifugation 
(4000g, 30min) 

Cl- in the filtrate was 
quantified by IC and Ag+ 
from AgCl was calculated  Ag+ from Ag-biomolecule was 

calculated by mass balance 

Amicon Ultra-4 3K 
centrifugal filter devices 
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Figure S3. TEM images of AgDS (A), AgDS in the mouth phase (B), AgDS in the stomach phase 
(C), and AgDS in the small intestine phase (D). The TEM samples in the simulated GIT (B, C, D) 
were stained by 1% uranyl acetate, in order to see the biomolecular corona. The shadows 
surrounding AgNPs are the biomolecular corona. 
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Effects of biomolecules on the maximum adsorption wavelength (λmax) of AgDS. 

In order to verify the role of biomolecules in the redshift of the λmax of AgDS, the saliva biomolecule 

concentration was diluted to 0.03, 0.06, 0.10, 0.30, 0.60 times of its original concentration, while the 

ionic strength was kept constant (2 g/L). AgDS was mixed respectively with the saliva containing 

different biomolecule concentrations, and the corresponding UV-Vis spectra of AgDS are displayed 

in Figure S4. The redshift of the λmax of AgDS increased as the saliva biomolecule concentration 

increased, demonstrating that the binding of biomolecules on the AgNPs is responsible to the redshift. 

The biomolecular corona around AgNPs can be clearly seen from the TEM images (Figures S3).  

 

 

 

 

 

 

 

 

Figure S4. UV-Vis spectra of AgDS in saliva containing biomolecules with 0.03, 0.06, 0.10, 0.30, 
0.60, and 1.00 times of its original concentration and 2 g/L NaCl. Both background and dilution 
corrections were conducted. The redshift of the λmax of AgDS increased as the biomolecule 
concentration increased (Panel B is magnified from panel A). 

 

 

 

 

0

0.3

0.6

0.9

1.2

300 400 500 600 700 800
Blank 0.03Saliva 0.06Saliva 0.10Saliva
0.30Saliva 0.60Saliva 1.00Saliva

0.6

0.8

1

1.2

1.4

375 400 425 450
Blank 0.03Saliva 0.06Saliva 0.10Saliva
0.30Saliva 0.60Saliva 1.00Saliva

Wavelength (nm) 

A
bs

or
ba

nc
e 

 (A)  (B) 



S10 

 

Effects of ionic strength on the maximum adsorption wavelength (λmax) of AgDS. 

In order to verify the effect of NaCl on the redshift of the λmax of AgDS, the NaCl concentrations 

were set as 0, 0.2, 0.5, 1.0, 1.5, 2.0 g/L, while the saliva biomolecule concentration was kept constant 

(0.10 time of its original concentration). AgDS was mixed respectively with the saliva containing 

different NaCl concentrations, and the corresponding UV-Vis spectra of AgDS are displayed in 

Figure S5. The redshift of the λmax of AgDS decreased as the NaCl concentration increased, 

indicating that the increasing NaCl concentration in solution can reduce the redshift caused by 

biomolecules.  

 

 

 

 

 

 

 

 

Figure S5. UV-Vis spectra of AgDS in saliva containing 0, 0.2, 0.5, 1.0, 1.5, 2.0 g/L NaCl and 
biomolecules with 0.10 time of its original concentration. Both background and dilution corrections 
were conducted. The redshift of the λmax of AgDS reduced as the NaCl concentration increased 
(Panel B is magnified from panel A). 
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Figure S6. Percentages of silver ion species from AgDS in the simulated gastrointestinal tract. 
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