Gut microbiome and plasma metabolome changes in rats after oral gavage of nanoparticles - sensitive indicators of possible adverse health effects 
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Supplementary Information
Changes in the composition of intestinal microbes in male Wistar rats after a 25-day gavage with the vehicle 
The differences in the microbiota composition of untreated rats at day 0 compared to vehicle treated controls at day 25 were further analyzed at the taxonomic level of phyla and classes (Fig. S3). In the untreated control (UC), Bacteroidota and Firmicutes were detected as the two predominant phyla, which account for nearly 91% of the total microbiome with an average ratio of approx. 1:1 Firmicutes:Bacteroidota. The third largest phylum identified was the Verrucomicrobia contributing a fraction of 6.2% to the total quantity, followed by Proteobacteria (1.9%). All other identified phyla were below 1% among which Actinobacteriota (0.2%) and Patescibacteria (0.2%) were the most prominent (Fig. S3a, Table S5). 
After the 25-day gavage of the vehicle PBS + BSA (VC), we observed distinct alterations in the gut microbial communities (Fig. S3). The level of Bacteroidota decreased from 47.7 % to 23.5% accompanied by an increase of Firmicutes from 43.1% to 57.5%, which led to a shift in the ratio of Firmicutes:Bacteroidetes towards 2.5:1. Most strikingly, the level of Proteobacteria increased from 1.9% towards 16.8% in the vehicle-treated animals. In contrast, the relative abundance of Verrucomicrobiota decreased from 6.2% towards 1.3% (Fig. S3a, for further details see Table S5).
At the level of classes, the described changes were dominated by a decrease of Bacteroidia from 47.7% in UC towards 23.5% in VC and an increase of the class Bacilli from 6.4% to 22.6%. Moreover, a fundamental enrichment of the class Gammaproteobacteria (from 0.2% in UC to 16.7% in VC) seems to be responsible for the observed change of phylum Proteobacteria. (Fig. S3b, for further details see Table S6).
As for the vehicle control, we observed a similar differentiation of microbiota also between each of the NP-treated groups and the UC group (Fig. S2a). Since for all rats of each study group, the cage conditions and daily intake of food and water were similar, the sexual maturation during the 25-day gavage or the treatment with vehicle can be the possible cause for the observed differentiation of the microbial profiles from UC. Recently, Han et al. studied the impact of 4-epi-oxytetracycline in normal saline on the gut microbiota in a 28-day oral study using Wistar rats. Comparable to the data presented here, they found a Firmicutes:Bacteroidota ratio of 2.2:1 (55% Firmicutes, 25% Bacteroidota) in control male rats after 28 days. Different from our study, they collected the feces once every four days. They also reported progressive changes in the gut microbiota from day 0 to day 28 in their control group.[1] With regard to these results, the differences we found between the untreated controls (collected at day 0 of the study) and the vehicle-treated controls (collected at day 25 of the study) were most probably determined by animal aging and development rather than by effects of the treatment. At the same time, also the inter-animal variations within treatment groups were enhanced during this 25-day aging period (Fig. S2a). Similar aging effects, i.e. an increase in the Firmicutes:Bacteroidetes ratio from birth to adulthood has been previously reported also for the human gut microbiota.[2] In order to avoid an inclusion of these possible aging effects in our analysis, only those data obtained for the vehicle-treated animals after day 25 were used as relevant controls for the nanoparticle-treated animals throughout the study.


Supplementary Tables
Table S1: Body weight 
	
	Male animals

	Day
	VC
	SiO2 
	Ag 

	0
	164
	167
	169

	7
	204
	211
	207

	14
	239
	248
	249

	21
	265
	275
	277

	28
	286
	295
	296



SiO2, Ag nanoparticles and vehicle control (VC) were applied daily for 28 days; body weight (g), expressed as mean of test group (N = 5), data shown for SiO2 NP had already been published by Buesen et al. 2014 (denominated “SiO2 naked” in that publication).[3]

Table S2: Hematology: Red blood cell and coagulation parameters 
	
	VC
	SiO2 
	Ag 
	Historical control range a

	RBC; tera/L
	7.94
	8.27
	8.40*
	7.59-8.60

	HGB; mmol/L
	8.9
	8.8
	9.0
	8.6-9.5

	HCT; L/L
	0.432
	0.425
	0.440
	0.384-0.432

	MCV; fL
	54.5
	51.4
	52.4
	48.1-53.3

	MCH; fmol
	1.12
	1.07
	1.07
	1.06-1.19

	MCHC; mmol/L
	20.58
	20.81
	20.41*
	20.43-23.73

	RET; %
	2.2
	2.1
	1.7*
	1.4-3.1

	PLT; giga/L
	836
	792
	911
	791-1,025

	HQT; sec
	37.1
	33.9
	34.9
	33.3-39.6



Data were determined on day 29 and expressed as mean of test group (N = 5), data shown for SiO2 nanoparticles had already been published by Buesen et al. 2014. (denominated “SiO2 naked” in that publication)[3] RBC red blood cells, HGB hemoglobin, HCT hematocrit, MCV mean corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration, RET reticulocytes, PLT platelets, HQT prothrombin time (Heptatoquick® test), Units giga/L = 109/liter; tera/L = 1012/liter; fL = fentoliter; mmol/L = millimole/liter; fmol = femtomole; L/L = liter/liter; sec = seconds Significance, as compared to the control group: * p ≤ 0.5; ** p ≤ 0.1 a Historical control range (N = 37), unpublished in-house data


Table S3: Hematology: White blood cell parameters 
	
	VC
	SiO2 
	Ag 
	Historical control range a

	WBC; giga/L
	6.30
	5.86
	5.86
	4.38-7.90

	LUC; giga/L
	0.04
	0.05
	0.03
	0.01-0.05

	LUC; %
	0.6
	1.0
	0.5
	0.3-0.8

	Neut.; %
	12.8
	16.6
	15.5
	9.4-16.6

	Lymph.; %
	83.0
	78.7
	79.6
	79.1-87.0

	Mono.; %
	1.7
	2.4
	2.3
	0.9-2.5

	Eos.; %
	1.5
	1.0*
	1.7
	1.1-2.8

	Baso.; %
	0.4
	0.3
	0.4
	0.0-0.9



Data were determined on day 29 and expressed as mean of test group (N=5), data shown for SiO2 had already been published by Buesen et al. 2014 (denominated “SiO2 naked” in that publication).[3] WBC white blood cells, LUC large unstained cells, Neut. polymorphonuclear neutrophils, Lymph. lymphocytes, Mono. monocytes, Eos. eosinophils, Baso. Basophils, Units: giga/L = 109/liter, Significance, as compared to the control group: * p ≤ 0.5, a Historical control range (N = 37), unpublished in-house data












Table S4: Clinical chemistry in blood samples
	
	VC
	SiO2 
	Ag 
	Historical control range a

	ALT; µkat/L
	0.80
	0.76
	0.77
	0.53-0.89

	AST; µkat/L
	1.99
	2.10
	1.86
	1.46-2.42

	AP; µkat/L
	2.35
	1.99
	2.68
	1.50-2.80

	gGT; nkat/L
	0
	0
	0
	0-13

	TP; g/L
	60.20
	62.34
	61.02
	59.09-65.07

	Alb; g/L
	37.53
	38.20
	38.00
	35.28-38.41

	Glob; g/L
	22.67
	24.13
	23.02
	22.15-28.70

	Na; mmol/L
	141.8
	140.5
	141.4
	139.1-146.0

	K; mmol/L
	4.45
	4.52
	4.58
	4.29-4.91

	Cl; mmol/L
	101.7
	100.4
	101.6
	99.2-104.0

	INP; mmol/L
	2.15
	2.01
	2.24
	1.88-2.39

	Ca; mmol/L
	2.53
	2.53
	2.57
	2.42-2.70

	Urea; mmol/L
	5.77
	6.23
	6.36
	4.69-7.67

	Crea; µmol/L
	45.1
	47.5
	46.3
	43.9-52.5

	TBIL; µmol/L
	1.40
	1.38
	1.29
	1.46-2.63

	Hapt.; ng/mL
	234.02
	413.56*
	287.83
	265.2-1,074.0

	2m; ng/mL
	11.08
	14.29
	12.72
	8.92-33.77



Enzymes, substrates, electrolytes, acute phase proteins were determined on day 29, expressed as mean of test group (N=5), data shown for SiO2 nanoparticles had already been published by Buesen et al. 2014 (denominated “SiO2 naked” in that publication).[3] a: unpublished in-house data, Significance, as compared to the control group: p ≤ 0.5 is indicated with *, ALT = alanine aminotransferase; AST = aspartate aminotransferase; AP = alkaline phosphatase; gGT = gamma glutamyl transferase; TP = total protein; Alb. = albumin; Glob. = globulins; Na = sodium; K = potassium; Cl = chloride; Hapt. = haptoglobin; 2m = 2-macroglobin. Units: µkat/L = microkatal per liter; nkat/L = nanokatal per liter; ng/mL = nanogram per milliliter; g/L = gram per liter; mmol/L = millimole per liter



Table S5: Relative abundance of bacterial phyla (≥ 0.1% in at least one group) in the feces of male Wistar rats
[image: ]
UC: untreated control animals at day 0, VC: 25 days vehicle-treated animals.
Mean values expressed as % of the total gut microbiota. Values are shown for phyla with relative abundance ≥ 0.1% in at least one group.

Table S6: Relative abundance of bacterial classes (≥ 0.1% in at least one group) in the feces of male Wistar rats
[image: ]
UC: untreated control animals at day 0, VC: 25 days vehicle-treated animals.
Mean values expressed as % of the total gut microbiota. Values are shown for classes with relative abundance ≥ 0.1% in at least one group.







Table S7: Relative abundance of bacterial phyla (≥ 0.1% in at least one group) in the feces of male Wistar rats
VC
mean
mean
p-value
mean 
p-value
Actinobacteriota
0.34%
0.42%
0.232
0.16%
0.059
Bacteroidota
23.46%
30.35%
0.087
25.23%
0.377
Firmicutes
57.45%
60.80%
0.174
69.56%
0.008 *
Patescibacteria
0.16%
0.12%
0.232
0.01%
0.005 *
Proteobacteria
16.83%
7.82%
0.125
1.32%
0.038 *
Verrucomicrobiota
1.26%
0.04%
0.174
2.38%
0.087
Phylum
Ag
SiO2






[bookmark: _Hlk70354687]VC: vehicle-treated controls, Ag: Ag NP-treated animals, SiO2: SiO2 NP-treated animals. Mean values expressed as % of the total gut microbiota, N = 5 for each treatment group, asterisks mark significant changes, p-values were obtained by using the Mann-Whitney-U-test.

Table S8: Relative abundance of bacterial classes (≥ 0.1%) in the feces of male Wistar rats
VC
mean
mean
p-value
mean 
p-value
Actinobacteriota: Actinobacteria
0.09%
0.11%
0.301
0.06%
0.125
Actinobacteriota: Coriobacteriia
0.25%
0.32%
0.302
0.10%
0.024 *
Bacteroidota: Bacteroidia
23.46%
30.35%
0.087
25.23%
0.377
Firmicutes: Bacilli
22.58%
18.02%
0.174
17.02%
0.174
Firmicutes: Clostridia
34.87%
42.77%
0.125
52.54%
0.038 *
Patescibacteria: Saccharimonadia
0.16%
0.12%
0.232
0.01%
0.005 *
Proteobacteria: Alphaproteobacteria
0.09%
0.16%
0.377
0.10%
0.377
Proteobacteria: Gammaproteobacteria
16.74%
7.66%
0.125
1.23%
0.059
Verrucomicrobiota: Verrucomicrobiae
1.26%
0.04%
0.174
2.38%
0.087
Class
Ag
SiO2








VC: vehicle-treated controls, Ag: Ag NP-treated animals, SiO2: SiO2 NP-treated animals. Mean values expressed as % of the total gut microbiota, N = 5 for each treatment group, asterisks mark significant changes, p-values were obtained by using the Mann-Whitney-U-test.







Table S9: Relative abundance of bacterial order (≥ 0.1% in at least one group) in the feces of male Wistar rats
VC
mean
mean
p-value
mean 
p-value
Coriobacteriia: Coriobacteriales
0.25%
0.32%
0.301
0.10%
0.024*
Bacteroidia: Bacteroidales
23.03%
29.90%
0.059
25.06%
0.301
Bacilli: Bacillales
0.21%
0.56%
0.377
0.27%
0.458
Bacilli: Erysipelotrichales
1.45%
2.95%
0.008*
0.69%
0.024*
Bacilli: Lactobacillales
19.48%
12.77%
0.087
15.31%
0.232
Bacilli: RF39
0.31%
1.05%
0.301
0.68%
0.087
Bacilli: Staphylococcales
1.12%
0.65%
0.458
0.02%
0.014*
Clostridia: Christensenellales
1.00%
0.25%
0.087
1.50%
0.301
Clostridia: Clostridia_UCG-014
6.72%
10.71%
0.087
3.94%
0.059
Clostridia: Clostridia_vadinBB60
_group
0.31%
0.54%
0.059
0.47%
0.232
Clostridia: Clostridiales
0.51%
0.85%
0.174
0.08%
0.232
Clostridia: Lachnospirales
10.07%
8.80%
0.301
18.53%
0.038*
Clostridia: Monoglobales
0.13%
0.08%
0.301
0.20%
0.174
Clostridia: Oscillospirales
13.20%
18.88%
0.005*
26.64%
0.038*
Clostridia: Peptococcales
0.02%
0.03%
0.125
0.16%
0.005*
Clostridia: Peptostreptococcales
-Tissierellales
2.75%
2.36%
0.232
0.89%
0.005*
Saccharimonadia: Saccharimonadales
0.16%
0.12%
0.232
0.01%
0.005*
Alphaproteobacteria: Rhodospirillales
0.08%
0.16%
0.301
0.08%
0.301
Gammaproteobacteria: Enterobacterales
16.71%
7.62%
0.125
1.17%
0.059
Verrucomicrobiae: Verrucomicrobiales
1.26%
0.04%
0.174
2.38%
0.087
Order
Ag
SiO2
















[bookmark: _Hlk70350189]VC: vehicle-treated controls, Ag: Ag NP-treated animals, SiO2: SiO2 NP-treated animals. 
Mean values expressed as % of the total gut microbiota, N = 5 for each treatment group, asterisks mark significant changes, p-values were obtained by using the Mann-Whitney-U-test.














Table S10: Relative abundance of bacterial family (≥ 0.1 % in at least one group) in the feces of male Wistar rats
VC
mean
mean
p-value
mean 
p-value
Coriobacteriales: Eggerthellaceae
0.23%
0.24%
0.458
0.09%
0.024*
Bacteroidales: Bacteroidaceae
4.60%
6.85%
0.087
6.58%
0.059
Bacteroidales: Muribaculaceae
14.63%
15.63%
0.301
12.45%
0.174
Bacteroidales: Prevotellaceae
1.94%
5.62%
0.024*
4.52%
0.014*
Bacteroidales: Tannerellaceae
1.87%
1.80%
0.301
1.50%
0.232
Bacillales: Bacillaceae
0.13%
0.13%
0.623
0.16%
0.699
Bacillales: Planococcaceae
0.07%
0.44%
0.699
0.11%
0.301
Erysipelotrichales: Erysipelatoclostridiaceae
0.09%
0.86%
0.008*
0.37%
0.014*
Erysipelotrichales: Erysipelotrichaceae
1.36%
2.09%
0.087
0.32%
0.008*
Lactobacillales: Enterococcaceae
2.09%
2.19%
0.059
0.40%
0.038*
Lactobacillales: Lactobacillaceae
17.35%
10.55%
0.125
14.87%
0.301
RF39: RF39
0.31%
1.05%
0.301
0.68%
0.087
Staphylococcales: Staphylococcaceae
1.12%
0.65%
0.458
0.02%
0.014*
Christensenellales: Christensenellaceae
1.00%
0.25%
0.087
1.50%
0.301
Clostridia_UCG-014: Clostridia_UCG-014
6.72%
10.71%
0.087
3.94%
0.059
Clostridia_vadinBB60_group: 
Clostridia_vadinBB60_group
0.31%
0.54%
0.059
0.47%
0.232
Clostridiales: Clostridiaceae
0.51%
0.85%
0.174
0.08%
0.232
Lachnospirales: Lachnospiraceae
10.06%
8.77%
0.301
18.47%
0.038*
Monoglobales: Monoglobaceae
0.13%
0.08%
0.301
0.20%
0.174
Oscillospirales: Butyricicoccaceae
0.08%
0.07%
0.301
0.23%
0.005*
Oscillospirales: Oscillospiraceae
5.80%
7.89%
0.125
11.17%
0.038*
Oscillospirales: Ruminococcaceae
6.36%
9.04%
0.038*
13.38%
0.008*
Oscillospirales: UCG-010
0.45%
0.59%
0.377
0.51%
0.301
Oscillospirales: [Eubacterium]_
coprostanoligenes_group
0.43%
1.18%
0.174
1.31%
0.008*
Peptococcales: Peptococcaceae
0.02%
0.03%
0.125
0.16%
0.005*
Peptostreptococcales
-Tissierellales: Anaerovoracaceae
0.87%
0.78%
0.301
0.43%
0.232
Peptostreptococcales
-Tissierellales: Peptostreptococcaceae
1.88%
1.57%
0.301
0.46%
0.024*
Saccharimonadales: Saccharimonadaceae
0.16%
0.12%
0.232
0.01%
0.005*
Enterobacterales: Enterobacteriaceae
0.73%
1.45%
0.087
0.02%
0.059
Enterobacterales: Morganellaceae
15.10%
4.68%
0.087
1.12%
0.059
Verrucomicrobiales: Akkermansiaceae
1.26%
0.04%
0.174
2.38%
0.087
Family
Ag
SiO2






































VC: vehicle-treated controls, Ag: Ag NP-treated animals, SiO2: SiO2 NP-treated animals. Asterisks mark significant changes, p-values were obtained by using the Mann-Whitney-U-test, N = 5 for each treatment group.



Table S11: Relative abundance of bacterial genera (≥ 1% in at least one group) in the gut microbiota of male Wistar rats
VC
mean
mean
p-value
mean 
p-value
Bacteroidaceae: 
Bacteroides
4.60%
6.85%
0.087
6.58%
0.059
Muribaculaceae: 
Muribaculaceae
14.31%
15.13%
0.377
11.80%
0.087
Erysipelotrichaceae: 
Turicibacter
1.11%
1.84%
0.087
0.15%
0.008*
Enterococcaceae: 
Enterococcus
2.09%
2.19%
0.059
0.40%
0.038*
Lactobacillaceae: 
Lactobacillus
17.35%
10.54%
0.125
14.86%
0.301
RF39: RF
39
0.31%
1.05%
0.301
0.68%
0.087
Staphylococcaceae: 
Staphylococcus
1.12%
0.65%
0.458
0.02%
0.014*
Christensenellaceae: 
Christensenellaceae
0.98%
0.22%
0.059
1.47%
0.301
Clostridia_UCG-014: 
Clostridia_UCG
-
014
6.72%
10.71%
0.087
3.94%
0.059
Lachnospiraceae: 
Lachnospiraceae
_NK4A136_group
2.06%
0.87%
0.458
2.84%
0.232
Oscillospiraceae: 
NK4A214_group
1.22%
1.46%
0.301
1.42%
0.232
Oscillospiraceae: 
UCG-005
0.67%
1.85%
0.038*
1.10%
0.087
Ruminococcaceae: 
Incertae_Sedis
1.40%
1.73%
0.458
0.77%
0.059
Ruminococcaceae: 
Ruminococcus
0.66%
0.57%
0.377
1.32%
0.087
Ruminococcaceae: 
[Eubacterium]_siraeum_group
0.26%
0.23%
0.125
2.42%
0.008*
[Eubacterium]_coprostanoligenes_group: 
[Eubacterium]_
coprostanoligenes_group
0.43%
1.18%
0.174
1.31%
0.008*
Peptostreptococcaceae: 
Romboutsia
1.86%
1.55%
0.301
0.46%
0.024*
Morganellaceae:
 Morganella
1.53%
1.29%
0.301
0.20%
0.059
Morganellaceae: 
Proteus
13.55%
3.39%
0.087
0.92%
0.059
Akkermansiaceae: 
Akkermansia
1.26%
0.04%
0.174
2.38%
0.087
Genus
Ag
SiO2

[bookmark: _Hlk69332258]


























VC: vehicle-treated controls, Ag: Ag NP-treated animals, SiO2: SiO2 NP-treated animals. Mean values expressed as % of the total gut microbiota, N = 5 for each treatment group, asterisks mark significant changes, p-values were obtained by using the Mann-Whitney-U-test.










Table S12: Individual sample and median values for the relative abundance of selected most abundant bacterial genera (≥ 1% in at least one group) in the gut microbiota of male Wistar rats
[image: ]
VC: vehicle-treated controls, Ag50: Ag NP-treated animals, SiO2: SiO2 NP-treated animals.
Median values expressed as % of the total gut microbiota, N = 5 for each treatment group. Sample numbers 1 to 5 refer to the individual animals of each test group, respectively. These data are displayed as scatter plots in Fig. 2 of the Results and Discussion section.



Table S13:  Overall comparison of plasma metabolite changes in male Wistar rats after 28 days of treatment with Ag NP or SiO2 NP and changes observed after treatments with different antibiotics.
[image: ]
[image: ]


[image: ]
Oral treatment with SiO2 nanoparticles (SiO2 naked), or Ag nanoparticles (Ag50 EO) or different antibiotics as indicated. Statistically significant changes (Welch test; p < 0.2) are coloured in red, representing increase or yellow, representing decrease, N = 5. In parts, the data shown for the different antibiotics were already published [4, 5, 6, 7]. 





Table S14: Physicochemical characterization of the test substances (adapted from: Hellack et al., 2012; Wohlleben et al., 2013 [8, 9]).
	Property 
	Method
	Units
	SiO2 
	Ag

	Form of delivery
	
	weight%
	Suspension (40%)
	Suspension (25%)

	Intended surface functionalisation
	Educts in synthesis
	Qualitative
	None
	EO

	Particle morphology
	LM / SEM
	Qualitative
	uniform, globular
	irregular, globular

	Crystallinity
	XRD
	Qualitative
	amorphous
	cubic, face-centered

	Primary particle size (number mean)
	TEM
	nm
	15
	7

	Primary particle size distribution
	TEM
	nm
	5 – 50
	2 – 85

	Particle size (H2O) 
	DLS D50 (H2O)
	nm
	40
	40 

	Particle size (mass) / dispersability (H2O) 
	AUC D50 (H2O) / AAN
	nm / qualitative
	19 / 1
	34 / 1

	Particle size (mass) / dispersability in DMEM/FCS
	AUC
(D50 / AAN)
	nm / qualitative
	420 / 28
	38 / 1

	Particle size (mass) / dispersability in PBS+BSA (pH value: 7.4)
	AUC (NP diameter / non-adsorbed albumin)
	nm / %
	15 / non-ads. albumin: 42%
	not determined

	Surface composition
	XPS / 
supported by SIMS
	Atom-% / 
qualitative
	Si: 29; O: 66; C: 4 
(C-C, C-H, C-O, C=O); Na: 1 
	C: 63; O: 23.5; Ag: 13.5 / impurities: organic CxHyO2

	Iso-electric point
	Electrophoretic mobility titration
	pH
	<1
	2.5

	Zeta-potential at pH 7.4 
	Zetasizer 
	mV
	-39 
	-20

	Surface reactivity *
	ESR / CPH spin trap
	Relative to D2O
	4 /  p-f s: 0.88
	not available

	Formation of OH radicals [10] *
	ESR / DMPO spin trap
	Relative to D2O
	11 /  p-f s: 6.3
	not available


*: Surface reactivity and formation of reactive oxygen species [10] were determined relative to the ‘reference material’ deuterium oxide (D2O; 2H2O). Assuming a 30% variability of the methodology, only measurements >1.3 are considered relevant. Of note, this value should only serve as a guiding principle, and not as an absolute value.
AAN: average agglomeration number; derived from the ratio of the volume-based median particle size to the average equivalent spherical volume derived from the BET gas adsorption.
ROS: reactive oxygen species, p-f s: particle-free supernatant.
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Table S15: Altered plasma metabolite pathways in Ag NP or SiO2 NP-treated rats and their functional relationship with the gut microbiota.
	Metabolite
	Trend SiO2 
	Trend Ag 
	Related Pathways
	Source
	Microbially mediated conversions
	Impact of the gut microbiome

	
	
	
	
	
	
	

	Phenylalanine (Phe)
	~
	↓*
	Phenylalanine & Tyrosine metabolism
	dietary and microbial (e.g. Morganella, Bacillus, Echerichia,[11])
	Phenylacetic acid, P-cresol, Phenylethylamine (PEA), e.g. by Morganella morganii [11]
	Triggering of host physiological responses, Fine-tuning of host physiology via Production of Phe, agonist for G-protein coupled receptors, and PEA,  a dopamine receptor antagonist [11]

	Proline (Pro)
	~
	↑*
	Arginine and Proline metabolism
	dietary from L-glutamate, microbial from 1-Pyrroline-5 carboxylic acid (P5C)[12]
	Metabolization of Hyp, a derivative of Pro (e.g. Clostridium)[12]
	Hyp metabolism may affect Pro availability of the host and may impact host stress and apoptosis [12, 13]

	Tryptophan (Trp)
	~
	↑*
	Serotonine pathway, Kynurenine pathway, Indole pathway
	from dietary proteins
	Production of Indole derivatives (e.g. IAA, IAld, IA) by various genera, e.g. Akkermansia, Lactobacillus, Peptostreptococus, Eubacterium, Bifidobacterium [14, 15, 16]
	Host gut metabolic interaction, maintenance of Trp homeostasis (altered Trp homeostasis associated with neurologic and psychologic disorders and chronic inflammation [17]

	Indole-3-acetic acid*
	↓*
	↓*
	Indole pathway
	100% microbiota-derived from dietary Tryptophan via Indole-3 acetamide by various genera, e.g. Akkermansia, Lactobacillus, Peptostreptococus, Eubacterium, Bifidobacterium
	Reduction to Indole-3 aldehyde (IAld), ligand of the arylhydrocarbon receptor (AHR) [14, 18]
	Driving mucosal immune responses, maintenance of intestinal homeostasis, epithelial surveillance, intraepithelial lymphocyte maintenance [14, 18, 19]

	trans-4-Hydroxyproline (Hyp)
	↓**
	~
	Hyp metabolism
	Hydroxylation of Proline (posttranlational modification)
	Metabolization of Hyp to P5C and Proline, chemical reversion of Proline hydroxylation (e.g. Clostridium [12]
	Hyp metabolism may affect Pro availability of the host and may impact host stress and apoptosis [12, 13]

	Hexoses-2
	↑*
	↑*
	Carbohydrate metabolism
	dietary from plant fibers, microbial from pentoses via pentose phosphate pathway (Prevotella copri) [20]
	Fermentation to Lactate, Succinate or SCFAs (Acetate, Propionate, Butyrate), Hydrogen and Carbondioxide [21]
	Provisioning of energy and carbon source to the host [20]

	dihomo-γ-Linolenic acid (C20:cis[8,11,14]3) (DGLA)
	~
	↑*
	γ-Linoleic acid metabolism
	Elongation product of dietary γ-Linoleic acid mediated by host and gut microbiota
	Elongation of γ-Linoleic acid to dihomo-γ-Linoleic acid [22]
	Co-Production of DGLA, precursor of arachidonic acid (inflammatory) and bioactive eicosanoids (anti-inflammatory) [23], Interaction with host lipid homeostasis [22]

	Phosphatidylcholine No 02 (PC)
	↓*
	↓'
	Phosphatidylcholine-Choline metabolic pathway
	dietary
	Breakdown of PC to trimethyl-amine (TMA), which is oxidized by hepatic flavin-containing mono-oxygenases to TMAO [24]
	Gut microbiota metabolism of PC promotes cardiovascular disease via TMAO, a cardiovascular risk factor [24, 25]

	Sphingomyelin (d18:2,C18:0) (SM)
	↓'
	↓*
	Sphingolipid Metabolic pathway
	dietary or synthesis via ER-produced Ceramide and transfer of phosphocholine from PC [26], microbial, e.g. Bacteroides [27]
	SM from Bacteroides form membrane functional units for signaling [27]
	SM has protective properties against gut dysbiosis and inflammation [28], positive impact on bacterial survival under stress [27]

	Malate
	↓*
	~
	Energy metabolism
	dietary, from Fumarate (TCA cycle), Oxalacetate (Malate-Aspartate shuttle) 
	Synthesis of Propionate (e.g. Bacteroidetes) or Succinate (e.g. Prevotella and Ruminococcus) via Succinate pathway [21, 29]
	Energy supply, Impact on lipogenesis and carcinogenesis [30]

	3,4-Dihydroxyphenylglycol (DOPEG)
	~
	↓**
	Catecholamine metabolism
	Deamination of norepinephrine and epinephrine produces a reactive aldehyde that is reduced to form DHPG [31]
	Production of norepinephrine (e.g. Proteus vulgaris) [32]
	Modulation of neurotransmission, communication along the gut-brain axis [32]

	4-Hydroxy-3-methoxyphenylglycol (HMPG)
	↓'
	↓*
	Catecholamine metabolism
	Intermediate aldehyde of norepinephrine metabolism is reduced to HMPG [33]
	Production of norepinephrine (e.g. Proteus vulgaris) [32]
	Modulation of neurotransmission, communication along the gut-brain axis [32]

	Epinephrine
	↓*
	~
	Catecholamine metabolism
	produced from norepinephrine via Phenylethanolamine N-Methyltransferase
	Production of norepinephrine (e.g. Proteus vulgaris) [32]
	Modulation of neurotransmission, communication along the gut-brain axis [32]

	Metanephrine
	↓*
	~
	Catecholamine metabolism
	produced from Epinephrine via catechol-o-methyltransferase
	Production of norepinephrine (e.g. Proteus vulgaris) [32]
	Modulation of neurotransmission, communication along the gut-brain axis [32]

	Allantoin
	~
	↑*
	Purine Catabolism
	degradation product of uric acid
	unknown
	unknown

	Pseudouridine
	↑*
	~
	Posttranscriptional Modification (Pseudourinylation)
	Isomerization of uridines, widely distributed in naturally occuring RNAs [34]
	unknown
	unknown

	Pantothenic acid
	↓*
	~
	Biosynthesis of Pantothenic acid pathway 
	dietary, microbial de novo synthesis from 2-Dihydro-pantoate and ß-Alanine (100% of the phylum Bacterioidetes, 95% of the phylum Proteobacteria) [35]
	host-gut microbiota Co-production of Coenzyme A, intestinal conversion of Coenzyme A to pantothenic acid  (Proteobacteria, Bacterioidetes) [35, 36]
	impact on cell metabolism, growth, cell differentiation [36]

	Threonic acid
	↓*
	~
	Carbohydrate metabolism
	dietary, microbial, degradation product of ascorbic acid [37]
	host-gut microbiota co-production of threonic acid [37]
	maintenance of gut barrier integrity, contribution to energy metabolism,  Protection from intestinal inflammation [38]

	
	
	
	
	
	
	

	↑: upregulated, ↓: downregulated, ~: not significantly altered;  ': p < 0.2, *: p < 0.05, **: p < 0.01, N=5
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Fig. S1 Alpha diversity of the gut microbiota in male Wistar rats before (untreated) and after exposure to vehicle, Ag NP (Ag50) or SiO2NP (SiO2), shown as Shannon-Wiener index (a) or Inverse Simpson index (b). UC: untreated control, VC: vehicle control, Ag50: Ag NP-treated rats, SiO2: SiO2 NP-treated rats. Values are means ± SD, N = 5 for treatment groups. Alpha diversity was calculated ASV-based and evaluated by Student‘s t-test No significant differences were noted between nanoparticle-treated rats and the vehicle controls (p < 0.05). 
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Fig. S2 Beta-diversity of gut microbiota visualized as PCoA plots. Beta-diversity illustrated for samples of untreated male Wistar rats (at day 0) compared to the same animals after 25 days of gavage treatment with vehicle, Ag NP or SiO2 NP (a), or samples from male Wistar rats after 25 days of gavage treatment only to compare treatments with vehicle, Ag NP and SiO2 NP (b). VC: vehicle control, Ag50: Ag NP, SiO2: SiO2 NP. Bray-Curtis distance values were calculated using ASV data of the indicated samples, collected at day 0 and/or at day 25 after treatment.
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Fig. S3 Relative abundance of bacterial phyla (a) and classes (b) in the gut microbiota (≥ 1%) of male Wistar rats before (untreated) and after a 25-day gavage of PBS + BSA (vehicle). UC: Untreated control, mean values of the gut microbiota composition in feces collected at day 0 before the beginning of the experiment, VC: Vehicle control, mean values of the gut microbiota composition from feces of five animals after gavage with the vehicle PBS + BSA, collected at day 25.
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Fig. S4 Scatter plots obtained for selected most abundant genera after exposure to either Ag or SiO2 NP (median relative abundance was ≥ 1% in at least one group). VC: vehicle control; Ag50: Ag NP; SiO2: SiO2 NP, N = 5, p-values were obtained by using the Mann-Whitney-U-test.
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Fig. S5 Rarefaction curves of all animals used for the analyses (samples of untreated rats at day 0; vehicle controls, Ag NP and SiO2NP-treated samples at day 25, respectively). Different colors display the different individual samples. The box plots represent the distribution of the observed ASVs for each sample at each even sampling depth.
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Class UC VC

Actinobacteriota: Coriobacteriia 0.11% 0.25%

Bacteroidota: Bacteroidia 47.67% 23.46%

Firmicutes: Bacilli 6.41% 22.58%

Firmicutes: Clostridia 36.65% 34.87%

Patescibacteria: Saccharimonadia 0.18% 0.16%

Proteobacteria: Alphaproteobacteria 1.76% 0.09%

Proteobacteria: Gammaproteobacteria 0.13% 16.74%

Verrucomicrobiota: Verrucomicrobiae 6.20% 1.26%
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Akkermansia              VC             Ag50

             SiO

2

Proteus              VC             Ag50

             SiO

2

Sample 1 0.01% 0.01% 3.60% Sample 1 21.13% 3.02% 0.02%

Sample 2 0.01% 0.02% 4.23% Sample 2 13.78% 4.68% 3.16%

Sample 3 2.87% 0.00% 1.47% Sample 3 6.77% 0.26% 1.36%

Sample 4 0.61% 0.10% 1.11% Sample 4 0.00% 0.06% 0.00%

Sample5 2.77% 0.05% 1.48% Sample5 26.08% 8.94% 0.06%

Median 0.61% 0.02% 1.48% Median 13.78% 3.02% 0.06%

Bacteroides              VC             Ag50

             SiO

2

Romboutsia              VC             Ag50

             SiO

2

Sample 1 3.22% 4.82% 7.95% Sample 1 3.55% 1.92% 0.45%

Sample 2 3.99% 3.52% 6.12% Sample 2 1.87% 1.20% 0.35%

Sample 3 9.24% 10.56% 7.09% Sample 3 0.41% 3.37% 0.53%

Sample 4 4.36% 8.54% 4.57% Sample 4 2.00% 0.50% 0.27%

Sample5 2.18% 6.80% 7.14% Sample5 1.46% 0.74% 0.72%

Median 3.99% 6.80% 7.09% Median 1.87% 1.20% 0.45%

Enterococcus              VC             Ag50

             SiO

2

Ruminococcus              VC             Ag50

             SiO

2

Sample 1 6.81% 1.86% 0.24% Sample 1 0.35% 0.34% 0.92%

Sample 2 1.69% 3.40% 0.91% Sample 2 0.38% 1.52% 2.51%

Sample 3 0.88% 1.94% 0.64% Sample 3 1.23% 0.47% 0.86%

Sample 4 0.31% 1.94% 0.01% Sample 4 1.26% 0.35% 1.31%

Sample5 0.78% 1.80% 0.18% Sample5 0.06% 0.15% 1.01%

Median 0.88% 1.94% 0.24% Median 0.38% 0.35% 1.01%

Lactobacillus              VC             Ag50

             SiO

2

Turicibacter              VC             Ag50

             SiO

2

Sample 1 7.19% 7.58% 1.45% Sample 1 2.47% 2.51% 0.14%

Sample 2 19.80% 3.58% 20.85% Sample 2 0.88% 1.88% 0.07%

Sample 3 13.12% 16.34% 42.89% Sample 3 0.27% 2.94% 0.15%

Sample 4 18.72% 23.56% 1.02% Sample 4 0.89% 0.47% 0.07%

Sample5 27.91% 1.62% 8.10% Sample5 1.03% 1.42% 0.33%

Median 18.72% 7.58% 8.10% Median 0.89% 1.88% 0.14%

Morganella              VC             Ag50

             SiO

2

UCG-005              VC             Ag50

             SiO

2

Sample 1 2.81% 0.33% 0.06% Sample 1 0.55% 2.73% 0.94%

Sample 2 1.34% 0.17% 0.66% Sample 2 0.68% 2.22% 0.66%

Sample 3 1.82% 1.23% 0.25% Sample 3 1.78% 0.42% 0.55%

Sample 4 0.00% 1.51% 0.00% Sample 4 0.17% 0.84% 0.88%

Sample5 1.69% 3.20% 0.05% Sample5 0.21% 3.06% 2.49%

Median 1.69% 1.23% 0.06% Median 0.55% 2.22% 0.88%
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Metabolite Method SiO

2

 naked Ag50 EO Clindamycin Doxycyclin Gentamicin  Levofloxacin  Lincomycin Moxifloxacin Neomycin  Tetracyclin

Glycerol-3-phosphate, polar fraction LC polar 0.99 0.85 0.84 1.26 0.93 0.99 0.99 0.95 1.57 0.69

Methionine LC polar 0.96 0.92 0.87 1.06 1.01 0.85 1.03 0.92 1.08 0.91

Threonine LC polar 1.00 1.10 0.89 1.14 0.86 0.92 0.92 0.88 1.05 1.30

Tryptophan LC polar 1.01 1.22 1.15 1.03 1.03 0.99 0.92 1.02 1.02 1.04

Proline LC polar 0.92 1.20 0.75 1.22 0.93 0.99 1.22 0.95 1.06 0.97

Arginine LC polar 0.79 1.02 0.99 1.16 0.95 0.89 0.97 0.91 0.96 0.89

Calcitriol LC lipid NA NA NA 0.93 1.55 0.77 NA 1.42 0.90 1.24

Coenzyme Q10 LC lipid 0.94 0.97 0.99 2.30 0.57 1.73 1.01 2.28 1.29 1.38

Citrulline LC polar 1.01 1.14 0.84 0.89 0.97 0.92 1.16 0.85 0.87 0.91

Glutamate LC polar 0.70 1.07 1.29 1.11 1.13 0.85 0.98 1.14 1.10 1.40

Phenylalanine LC polar 1.01 0.96 0.88 1.26 0.81 0.84 0.86 0.97 1.16 0.92

Tyrosine LC polar 0.82 0.81 0.89 1.19 0.98 0.89 1.01 1.14 0.90 0.99

Valine LC polar 1.07 1.23 1.06 1.30 0.70 1.01 0.77 1.10 1.27 0.80

Glucose-6-phosphate LC polar 0.79 0.81 1.34 1.12 1.03 0.84 1.12 1.15 1.31 0.70

alpha-Tocopherol LC lipid 1.06 1.12 1.23 1.48 1.19 1.47 0.88 1.24 1.09 1.03

Pantothenic acid LC polar 0.68 0.79 0.98 1.49 0.95 0.67 0.81 0.73 1.34 1.28

Taurine LC polar 1.01 1.06 1.10 1.67 NA 1.14 1.06 1.11 1.54 NA

Biotin LC polar 0.73 0.75 0.28 0.73 0.93 0.56 0.24 1.15 1.27 0.82

Pyruvate LC polar 0.81 0.91 1.24 0.92 0.38 0.63 1.11 0.75 0.94 0.75

Citrate LC polar 1.01 1.01 0.95 0.93 1.03 1.02 0.79 1.09 0.90 1.08

Malate LC polar 0.64 0.87 1.43 1.53 0.75 0.87 0.80 1.09 0.68 1.81

Fructose-6-phosphate LC polar 0.88 0.72 0.98 1.20 1.08 1.01 1.03 1.01 1.24 0.95

Salicylic acid LC polar 0.64 1.01 NA 0.95 0.85 1.19 1.39 0.95 0.78 1.22

Coenzyme Q9 LC lipid 0.79 0.92 1.06 1.76 0.69 1.47 1.08 2.56 1.11 1.30

18-Hydroxy-11-deoxycorticosterone LC lipid 1.16 1.31 0.93 0.66 1.13 0.27 0.93 1.26 0.72 1.09

18-Hydroxy-11-deoxycorticosterone LC lipid 1.17 1.45 0.96 0.64 0.78 0.26 1.20 1.28 0.76 0.85

Cholic acid LC polar 0.43 0.96 0.00 0.12 0.09 3.35 0.01 74.98 0.41 0.06

3-Hydroxybutyrate LC polar 0.96 1.13 0.85 0.87 1.33 1.19 0.91 1.37 1.10 1.29

Hexoses LC polar 1.07 0.89 1.01 1.29 0.88 1.10 0.95 0.93 0.89 0.87

Glucuronic acid LC polar 1.08 1.04 0.80 1.04 1.07 0.92 0.91 1.17 1.22 1.23

Uric acid LC polar 0.94 1.13 0.91 0.97 1.00 0.69 1.03 1.35 1.16 0.78

Thyroxine (T4) LC polar 0.95 1.23 0.54 0.83 1.29 0.98 1.21 0.94 0.88 0.83

4-Hydroxyphenylpyruvate LC polar 0.86 0.88 0.96 0.58 0.50 0.92 1.04 0.59 0.55 0.77

Creatinine LC polar 0.96 0.99 0.81 0.98 1.12 0.81 1.00 1.01 1.03 0.96

myo-Inositol-2-phosphate LC polar 0.91 1.16 1.16 0.82 NA 0.96 1.13 1.34 1.03 NA

Creatine LC polar 1.19 0.83 1.28 0.95 NA 1.37 1.19 0.73 1.06 NA

3,3',5-Triiodothyronine (T3) LC polar 1.48 3.16 2.13 0.74 NA 1.71 0.67 0.44 2.94 NA

Kynurenic acid LC polar 1.01 1.06 0.51 1.23 NA 0.82 1.37 NA 0.97 NA

Phosphocreatine LC polar 0.89 0.88 1.67 NA NA NA 1.39 NA NA NA

Taurocholic acid LC polar 1.19 1.07 0.85 NA NA NA 4.63 NA NA NA

Glycochenodeoxycholic acid LC polar 0.52 0.75 0.01 NA NA NA 0.04 NA NA NA

Glycerol, lipid fraction GC lipid 0.93 1.09 0.76 1.26 0.88 1.21 1.23 1.54 0.83 0.84

Palmitic acid (C16:0) GC lipid 0.96 1.11 0.95 1.35 0.88 1.23 1.02 1.66 0.95 0.88

Linoleic acid (C18:cis[9,12]2) GC lipid 0.93 1.06 0.85 1.30 0.97 1.18 1.11 1.51 0.97 0.96

Linolenic acid (C18:cis[9,12,15]3) GC lipid 0.86 1.06 0.59 0.91 0.81 1.24 1.13 1.04 0.86 0.90

Oleic acid (C18:cis[9]1) GC lipid 1.00 1.06 0.90 0.94 0.92 1.11 1.18 1.50 0.92 1.01

Stearic acid (C18:0) GC lipid 1.03 1.00 1.20 1.32 0.88 1.18 0.93 1.31 1.14 1.11

Octadecanol GC lipid 1.00 0.95 1.08 1.00 1.00 0.98 1.03 1.03 0.98 1.01

Arachidonic acid (C20:cis[5,8,11,14]4) GC lipid 0.99 1.13 1.09 1.27 0.85 1.23 0.84 1.50 1.07 1.01

Docosahexaenoic acid (C22:cis[4,7,10,13,16,19]6) GC lipid 0.95 1.18 1.10 1.49 0.83 1.23 0.87 1.44 1.25 1.03

alpha-Tocopherol GC lipid 1.13 1.32 1.54 1.71 0.86 1.97 0.90 2.01 1.24 0.87

Cholesterol, total GC lipid 1.04 1.22 1.46 1.30 0.90 1.35 0.83 1.66 1.19 1.19

beta-Sitosterol, total GC lipid 1.19 1.30 0.83 1.05 0.80 1.18 1.09 1.24 0.78 0.30

Glycerol phosphate, lipid fraction GC lipid 0.83 1.00 1.11 1.18 0.81 1.27 0.89 1.92 1.17 0.98

Galactose, lipid fraction GC lipid 1.04 1.06 1.46 1.18 0.89 1.30 0.61 1.79 1.15 1.06

Lignoceric acid (C24:0) GC lipid 0.89 0.99 1.57 1.20 0.98 1.39 0.78 1.57 1.28 1.12

Campesterol, total GC lipid 1.04 1.29 0.89 1.27 0.84 1.34 1.09 1.27 0.67 0.37

Hexadecanol GC lipid 0.99 0.83 0.96 1.13 1.12 1.13 0.99 1.06 1.22 1.10

Heneicosanoic acid (C21:0) GC lipid 0.84 1.03 1.13 1.23 1.08 1.07 NA 1.15 1.01 1.23

Dodecanol GC lipid 0.89 1.01 1.69 1.15 0.77 1.15 NA 1.34 1.10 0.94

Heptadecanoic acid (C17:0) GC lipid 0.93 0.90 0.64 1.22 0.90 1.11 0.82 1.07 0.92 1.10

Eicosanoic acid (C20:0) GC lipid 0.93 1.20 1.33 1.22 0.80 1.42 0.74 1.18 0.99 1.34

Tricosanoic acid (C23:0) GC lipid 1.12 1.10 0.77 1.46 0.90 1.49 0.87 1.56 1.07 1.31

Ethanolamine GC lipid 1.04 0.99 1.03 0.98 0.95 0.96 0.96 1.09 1.04 1.04

Phosphate, lipid fraction GC lipid 1.05 1.03 1.23 1.24 0.80 1.09 0.90 1.33 1.12 0.83

Myristic acid (C14:0) GC lipid 0.85 0.93 NA 0.81 0.79 1.11 0.96 1.40 0.89 0.72

myo-Inositol-2-phosphate, lipid fraction  GC lipid 0.84 0.95 1.23 1.66 0.73 1.60 0.96 2.37 1.58 1.08

Behenic acid (C22:0) GC lipid 1.08 1.08 1.45 1.46 0.82 1.45 0.76 1.87 1.15 1.14

4-Hydroxysphinganine (t18:0, Phytosphingosine) GC lipid 1.19 1.03 1.50 1.71 1.03 1.72 0.46 2.28 1.35 1.81

Nervonic acid (C24:cis[15]1) GC lipid 0.88 0.84 1.94 1.24 0.83 1.21 0.99 2.23 1.61 1.02

Urea GC lipid 0.96 1.01 0.95 0.93 0.98 0.82 0.78 0.90 0.94 1.03

Unknown lipid (28000445) GC lipid 1.29 1.04 0.96 0.94 0.95 0.95 1.02 1.14 1.02 1.04

Isopalmitic acid (C16:0) GC lipid 0.74 0.95 1.26 1.10 0.98 1.00 1.12 1.14 0.77 0.87

Palmitoleic acid (C16:cis[9]1) GC lipid 0.91 1.39 1.03 1.03 0.72 1.49 1.46 2.09 1.02 0.83

Unknown lipid (28000473) GC lipid 0.87 0.96 1.43 1.46 0.89 1.83 0.96 1.99 1.04 0.61

14-Methylhexadecanoic acid GC lipid 0.94 0.95 NA 0.99 0.94 0.89 1.08 1.06 1.02 1.12

gamma-Linolenic acid (C18:cis[6,9,12]3) GC lipid 1.17 1.72 0.96 1.51 0.83 1.59 1.56 1.59 1.02 1.57

16-Methylheptadecanoic acid GC lipid 0.91 1.10 1.04 1.07 0.94 1.04 2.06 0.93 0.79 0.58

17-Methyloctadecanoic acid GC lipid 0.94 1.00 0.68 0.98 0.99 1.00 0.93 0.93 1.02 0.66

dihomo-gamma-Linolenic acid (C20:cis[8,11,14]3) GC lipid 1.25 1.52 1.07 1.15 0.79 0.95 0.96 1.91 0.88 1.41

Eicosaenoic acid (C20:1) No 02 GC lipid 1.07 1.48 2.30 0.78 1.49 0.68 1.14 0.87 0.59 1.75

3-O-Methylsphingosine (d18:1) GC lipid 0.72 0.96 1.87 1.56 0.94 1.85 0.72 2.49 1.53 1.19

threo-Sphingosine (d18:1) GC lipid 0.84 1.04 1.58 1.48 0.89 1.67 NA 2.42 1.44 1.33

Docosapentaenoic acid (C22:cis[7,10,13,16,19]5) GC lipid 0.94 1.26 1.04 1.12 0.71 1.14 0.99 1.55 1.05 1.05

5-O-Methylsphingosine (d18:1) GC lipid 0.73 0.99 1.75 1.56 0.88 1.68 0.37 2.56 1.67 1.08

erythro-Sphingosine (d18:1) GC lipid 0.84 1.01 1.64 1.44 0.88 1.59 0.21 2.24 1.41 1.12

Unknown lipid (28000498) GC lipid NA 1.25 0.92 1.02 0.98 1.07 1.22 1.03 1.10 1.10

Cholesterol, total GC lipid 0.90 1.05 1.44 1.70 0.96 1.58 0.87 1.53 1.29 1.25

Cholesterol, total GC lipid 0.99 1.18 1.36 1.53 0.91 1.48 0.81 1.46 1.26 1.15

Elaidic acid (C18:trans[9]1) GC lipid 0.98 1.16 NA 0.77 0.98 0.94 0.94 0.98 0.84 0.90

myo-Inositol, lipid fraction GC lipid 1.04 1.09 1.33 1.19 0.93 1.24 0.85 1.40 1.21 1.12

Pyruvate GC polar 0.88 0.95 0.99 0.74 0.35 0.58 1.12 0.63 0.85 1.03

Alanine GC polar 0.99 1.02 1.06 1.66 0.81 0.83 0.80 0.98 0.99 1.06

Glycine GC polar 1.07 1.18 0.96 1.01 0.93 0.92 0.95 0.86 1.15 1.00

Threonine GC polar 0.99 1.05 0.90 1.07 0.81 0.88 0.87 0.89 0.99 1.28

Malate GC polar 0.71 0.99 1.14 1.68 0.86 0.78 0.93 0.97 0.73 1.97

Methionine GC polar 0.94 0.94 0.93 1.12 0.86 0.95 0.97 0.95 1.08 0.93

5-Oxoproline GC polar 0.93 1.08 0.93 0.88 0.95 0.80 0.94 0.77 1.12 0.72

Cysteine GC polar 1.10 1.24 0.79 1.21 0.81 0.92 1.25 1.04 0.84 1.70
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Citrate GC polar 0.94 1.05 1.03 0.99 1.12 0.98 1.02 1.25 0.92 1.48

Lysine GC polar 0.93 0.97 1.19 1.25 0.90 0.86 1.05 1.11 1.00 0.96

myo-Inositol GC polar 1.04 1.12 1.59 1.29 0.89 1.19 1.09 1.52 1.09 1.13

Sucrose GC polar 0.94 1.19 0.97 0.52 1.24 0.79 1.20 0.65 1.11 0.92

Mannose GC polar 1.06 1.02 0.85 0.89 0.91 0.88 0.98 1.11 1.04 0.78

Glucose GC polar 1.13 1.16 0.80 1.04 0.85 1.22 0.94 0.94 0.94 0.84

Glycerol, polar fraction GC polar 1.05 0.87 0.90 0.80 0.92 0.67 1.10 0.88 0.89 0.75

Spermidine GC polar 1.45 1.22 0.85 0.76 1.11 0.80 0.95 0.71 0.80 0.87

Glutamine GC polar 0.95 0.89 1.04 0.83 0.97 0.75 0.82 0.67 1.12 0.62

Ornithine GC polar 0.91 1.01 1.24 1.03 0.92 0.84 0.97 1.16 1.13 0.97

Phosphate (inorganic and from organic phosphates)GC polar 0.95 1.06 1.20 0.93 0.98 0.77 0.94 1.27 1.40 0.80

Serine GC polar 0.94 1.01 1.23 1.22 0.92 0.94 1.01 1.06 1.05 1.26

Glycerol-3-phosphate, polar fraction GC polar 0.95 0.94 1.11 1.28 1.01 1.08 0.92 1.34 1.24 1.45

Valine GC polar 0.99 0.98 0.97 1.22 0.73 0.87 0.84 0.96 1.22 0.82

Aspartate GC polar 0.79 0.93 0.94 2.00 1.10 0.74 NA 0.82 1.30 1.03

Phenylalanine GC polar 0.92 0.87 0.97 1.08 0.86 0.84 0.82 0.95 1.19 0.89

Isoleucine GC polar 0.99 0.98 0.91 1.33 0.76 0.91 0.85 0.87 1.24 0.91

Leucine GC polar 0.97 0.99 0.98 1.33 0.74 0.91 0.84 0.96 1.27 0.83

Asparagine GC polar NA NA NA NA NA NA NA NA NA NA

Proline GC polar 1.01 1.09 0.96 1.25 0.91 0.94 1.02 0.96 0.92 1.07

Urea GC polar 1.29 1.04 NA 0.82 1.07 0.83 NA 0.70 1.10 0.94

Threonic acid GC polar 0.79 1.07 1.01 0.82 1.21 0.84 0.77 1.27 1.06 0.72

Lactate GC polar 0.89 0.82 0.91 1.11 0.85 0.41 0.98 0.84 0.69 1.23

Glutamate GC polar 0.80 1.04 1.35 1.23 1.13 0.77 0.94 1.00 1.05 1.49

Glycolate GC polar 0.81 0.84 0.96 0.93 0.91 1.24 0.90 0.97 1.02 0.98

Unknown polar (38000140) GC polar 0.95 0.99 NA 0.98 1.02 0.96 NA 0.98 1.00 0.96

Asparagine GC polar 0.94 1.01 0.89 1.18 0.87 0.82 0.83 0.88 1.03 0.97

Ascorbic acid GC polar 1.13 1.12 0.86 1.00 0.97 1.21 1.16 1.11 0.87 0.90

Tyrosine GC polar 0.84 0.80 0.90 1.10 0.89 0.91 1.04 1.03 0.86 0.92

Unknown polar (38000389) GC polar 0.92 0.91 1.39 0.85 1.34 0.85 2.47 1.06 0.76 0.71

3-Hydroxybutyrate GC polar 0.99 1.09 1.07 0.86 1.19 1.19 0.88 1.29 1.06 1.49

Deoxyribonucleic acids, total GC polar 1.00 0.97 0.87 1.07 0.97 1.32 0.89 0.87 0.96 0.52

Unknown polar (38000433) GC polar 0.99 0.87 0.98 1.12 1.00 0.90 0.89 0.88 0.95 1.14

trans-4-Hydroxyproline GC polar 0.85 1.05 0.90 1.14 0.97 0.85 0.93 0.94 0.94 0.90

Cytosine GC polar 1.12 1.04 0.79 0.84 0.99 0.94 0.91 0.75 1.00 0.49

Creatinine GC polar 1.39 0.95 1.16 1.00 1.04 1.49 1.48 0.54 0.92 1.56

Unknown polar (38000449) GC polar 0.78 0.63 1.76 0.87 1.60 0.93 1.92 1.15 0.72 0.66

Arginine GC polar 0.84 1.03 1.03 0.99 0.89 0.89 1.04 0.98 0.93 0.95

1,5-Anhydrosorbitol GC polar 0.95 1.06 0.20 0.72 1.04 0.92 0.48 1.39 0.84 0.97

Histidine GC polar 0.98 0.95 1.07 1.15 0.89 0.89 0.88 1.08 1.13 1.00

Glucose GC polar 1.08 1.06 0.84 1.00 0.91 1.04 0.99 0.94 0.94 0.89

Glucose GC polar 1.22 1.75 0.71 0.95 0.83 1.17 2.27 1.63 0.45 1.12

Uracil GC polar 0.91 0.95 1.01 1.00 0.92 0.87 1.14 0.81 0.94 0.80

Allantoin GC polar 1.06 1.04 0.88 1.04 0.98 1.09 0.92 1.10 0.93 1.25

Xylitol GC polar 0.80 1.22 0.79 1.97 0.95 1.42 0.78 0.94 1.04 1.86

Taurine GC polar 1.01 1.01 0.93 1.66 0.98 1.21 1.09 1.24 1.59 1.17

3-Hydroxyindole GC polar 0.85 0.80 0.37 0.35 0.91 0.91 0.02 1.92 0.91 0.81

Glucuronic acid GC polar 1.01 1.07 1.14 1.19 1.03 1.03 0.92 1.29 1.17 1.07

Indole-3-acetic acid GC polar 0.78 0.57 6.08 0.64 0.86 0.90 1.06 0.63 0.66 0.86

Pseudouridine GC polar 1.17 1.03 0.97 1.05 1.03 0.97 1.08 1.35 0.98 1.26

Uric acid GC polar 0.81 0.83 1.48 0.94 1.13 0.72 1.34 0.50 1.23 0.63

scyllo-Inositol GC polar 1.14 1.11 1.20 1.48 0.88 0.92 1.12 1.08 0.88 1.67

Erythronic acid GC polar 1.15 1.16 0.99 1.04 1.19 1.13 0.94 1.11 0.96 1.67

Allantoin GC polar 1.07 1.16 0.93 0.98 0.95 1.08 0.96 1.06 0.88 1.12

3-Hydroxyisobutyrate GC polar 0.96 0.97 1.02 NA NA NA 0.86 NA NA NA

Allantoin GC polar 1.08 0.97 0.92 1.01 1.00 1.11 0.97 1.02 0.97 1.06

Cystine GC polar 1.15 0.94 1.12 1.18 0.85 1.16 0.73 1.46 0.84 1.73

3-Phosphoglycerate (3-PGA) GC polar 1.12 1.24 1.22 1.33 2.38 1.17 1.19 0.60 0.79 0.60

2-Hydroxybutyrate GC polar 0.92 1.14 1.60 0.92 1.25 1.16 1.39 0.84 1.12 1.28

Ketoleucine GC polar 0.89 0.91 1.17 0.59 0.76 0.50 0.74 0.50 1.22 0.53

Mannosamine GC polar 0.79 0.73 NA 0.72 0.84 0.96 1.09 0.73 0.89 0.84

Glucosamine GC polar 1.03 0.98 0.91 0.79 0.69 1.03 NA 0.71 0.66 1.07

Indole-3-lactic acid LC polar 1.06 1.13 1.21 1.23 0.93 1.17 0.90 1.03 1.08 1.05

Hexoses LC polar 1.37 1.33 0.94 1.24 1.26 1.06 0.85 1.09 1.06 0.81

Hexoses LC polar 0.98 1.00 0.91 0.93 0.92 1.03 1.01 0.99 0.98 0.87

Hexoses LC polar 1.00 0.98 0.92 1.20 1.04 1.09 0.98 0.99 0.91 0.88

Creatinine LC polar 0.68 0.74 0.94 0.70 0.99 1.29 1.08 1.33 1.02 1.17

Unknown polar (58000010) LC polar 2.00 1.26 0.62 1.19 0.82 0.91 0.94 0.90 1.32 0.75

Isoleucine LC polar 0.94 1.02 0.92 1.22 0.76 0.80 0.90 1.07 1.15 0.84

Unknown polar (58000014) LC polar NA NA NA 1.21 0.59 1.04 NA 0.78 1.47 0.93

Phenylalanine LC polar 0.66 0.69 0.87 0.78 0.85 0.85 0.82 1.07 1.21 0.88

Unknown polar (58000016) LC polar NA NA NA NA 1.08 NA NA 0.58 0.54 0.40

Unknown polar (58000017) LC polar NA NA NA 1.35 0.55 0.86 NA 0.91 1.45 1.23

Hippuric acid LC polar 1.21 1.26 0.14 0.10 0.17 0.12 2.73 0.43 0.20 0.16

Ketoleucine LC polar 0.76 0.92 1.17 0.81 0.81 0.66 1.16 0.60 0.98 0.62

Tryptophan LC polar NA NA 1.13 0.98 1.02 1.12 0.79 1.06 1.22 1.22

Indole-3-propionic acid LC polar NA NA NA NA 0.42 NA NA 1.13 0.30 0.22

3-Indoxylsulfate LC polar 0.44 0.66 0.38 0.25 0.96 0.90 0.27 1.04 0.72 0.51

Succinate LC polar 0.97 1.02 1.08 1.13 1.12 1.12 1.01 1.08 1.04 1.03

Unknown polar (58000132) LC polar 0.72 0.79 0.96 0.97 1.18 0.79 0.91 0.94 1.01 1.00

Unknown polar (58000141) LC polar 0.87 0.81 0.97 1.15 0.94 0.90 0.90 1.08 1.00 1.00

Unknown polar (58000142) LC polar 0.99 1.13 1.09 1.00 1.05 0.94 0.98 0.97 0.94 1.01

Unknown polar (58000143) LC polar 1.22 0.87 0.95 1.03 0.96 0.89 0.86 1.17 0.73 0.98

Unknown polar (58000148) LC polar 1.02 1.44 1.08 1.08 0.96 0.93 1.23 0.79 0.94 1.20

Unknown polar (58000149) LC polar 0.83 1.03 NA 1.04 1.01 0.96 0.98 1.07 1.12 1.10

Tryptophan LC polar 0.83 1.29 1.31 1.00 1.06 1.36 1.49 1.24 1.11 1.02

Unknown polar (58000158) LC polar NA NA NA 1.23 0.95 1.20 1.12 1.29 0.95 1.21

Unknown polar (58000162) LC polar 1.11 1.13 1.27 0.77 0.90 1.10 1.05 0.78 1.04 1.04

Unknown polar (58000166) LC polar 0.72 0.86 1.04 1.17 1.22 0.79 1.07 0.98 0.75 1.04

Unknown polar (58000167) LC polar 0.90 0.97 NA 1.26 0.84 1.19 0.84 0.85 0.85 0.76

Lysophosphatidylcholine (C18:2) LC lipid 0.97 0.97 0.88 0.90 0.97 0.96 0.98 1.00 0.97 0.89

Lysophosphatidylethanolamine (C22:5) LC lipid 0.89 1.00 0.99 1.16 0.84 0.99 0.97 0.94 1.00 0.85

Lysophosphatidylcholine (C16:0) LC lipid 1.08 0.95 0.97 1.20 1.05 1.02 1.15 1.07 1.15 0.94

Lysophosphatidylcholine (C16:0) LC lipid 1.00 1.01 1.01 0.98 0.99 0.99 0.98 1.00 0.99 0.97

Lysophosphatidylcholine (C18:1) LC lipid 1.06 1.05 1.00 0.87 0.93 1.12 1.01 1.12 0.88 0.93

Lysophosphatidylcholine (C18:0) LC lipid 1.02 0.92 0.95 1.00 1.00 1.01 1.00 1.08 1.03 1.00

Sphingomyelin (d18:2,C16:0) LC lipid 0.98 0.85 1.19 1.23 1.11 1.26 1.05 1.56 1.27 1.05

Sphingomyelin (d18:1,C16:0) LC lipid 1.05 0.84 1.18 1.17 0.87 1.28 0.94 1.21 1.15 0.79

Sphingomyelin (d18:2,C18:0) LC lipid 0.86 0.73 1.48 1.15 0.79 1.27 1.01 2.61 1.15 1.16

Phosphatidylcholine (C16:1,C18:2) LC lipid 0.78 0.91 1.11 1.12 0.89 1.32 0.98 1.22 1.07 0.77
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Phosphatidylcholine (C16:0,C22:6) LC lipid 0.97 0.98 1.02 1.01 1.04 1.05 1.00 1.17 1.02 1.03

Phosphatidylcholine No 02 LC lipid 0.86 0.91 0.96 1.10 0.86 1.14 1.04 1.00 0.71 0.72

Phosphatidylcholine (C16:0,C18:2) LC lipid 1.01 1.00 1.00 0.99 1.01 1.00 1.00 1.16 1.04 0.90

Phosphatidylcholine (C18:1,C18:2) LC lipid 0.92 0.98 1.00 1.07 0.84 1.12 1.02 1.07 0.96 0.77

Ethanolamine plasmalogen (C39:5) LC lipid 0.95 1.01 0.79 1.03 0.86 1.06 1.01 1.10 1.00 1.13

Phosphatidylcholine (C16:0,C16:0) LC lipid 0.95 0.97 1.12 1.00 1.03 1.07 0.99 1.19 0.99 0.95

Choline plasmalogen (C36:2) (putative) LC lipid 0.83 0.82 0.71 1.31 1.04 1.00 0.88 0.96 0.97 1.38

Choline plasmalogen (C18-vinyl,C20:4) LC lipid 1.06 1.09 1.20 1.15 0.98 1.21 0.93 0.99 1.12 1.03

Phosphatidylcholine (C18:0,C20:4) LC lipid 1.00 1.01 1.01 0.98 0.98 1.00 0.95 0.97 0.99 0.98

PC No 04 (putative) LC lipid 0.85 0.94 0.73 0.89 0.91 0.98 0.86 0.87 0.91 0.76

Sphingomyelin (d18:1,C24:1) LC lipid 0.98 0.99 1.12 NA 1.05 0.92 1.46 1.21 1.21 0.98

Sphingomyelin (d18:1,C23:0) LC lipid 0.94 0.95 0.97 1.08 0.91 1.11 0.79 1.24 1.09 1.21

alpha-Tocopherol LC lipid 1.03 1.14 1.84 1.16 1.29 1.17 0.68 1.07 1.05 0.88

Unknown lipid (68000024) LC lipid 1.12 1.05 2.39 1.00 1.27 0.96 1.09 0.67 1.11 1.32

Ceramide (d18:1,C24:1) LC lipid 0.87 0.96 1.22 1.12 0.79 1.09 0.93 1.45 1.16 0.96

DAG (C18:1,C18:2) LC lipid 0.78 1.03 0.67 1.11 0.74 1.04 0.90 0.97 1.02 1.14

Ceramide (d18:1,C24:0) LC lipid 0.79 1.13 1.34 1.15 0.87 1.30 0.89 1.36 1.28 1.07

TAG (C16:1,C16,1) and TAG (C14:0,C18:2) (putative) LC lipid 0.61 0.76 0.79 1.76 0.63 1.48 1.27 1.01 0.80 0.78

TAG (C18:2,C18:2) LC lipid 0.98 1.01 1.00 1.22 1.24 1.20 0.99 1.20 0.84 0.72

TAG (C16:0,C18:2) LC lipid 1.05 1.10 1.02 1.10 0.83 1.04 1.04 1.06 0.91 0.84

TAG (C18:1,C18:2) LC lipid 0.91 0.94 0.89 1.00 0.87 1.18 1.01 0.93 0.82 0.85

Unknown lipid (68000033) LC lipid 1.03 0.90 1.05 0.94 1.05 1.03 0.92 1.00 0.99 1.44

Unknown lipid (68000034) LC lipid NA NA 0.97 0.91 1.01 0.69 0.97 0.97 1.04 1.02

Cholesterylester, total LC lipid 1.05 1.07 0.98 0.98 0.86 1.02 1.00 1.12 1.00 1.00

Lysophosphatidylcholine (C17:0) LC lipid 0.92 0.91 0.73 1.17 1.03 1.04 0.86 1.15 1.10 1.15

Lysophosphatidylcholine (C18:0) LC lipid 1.00 1.03 1.02 1.03 0.99 0.99 0.97 0.97 1.00 0.99

Lyso PE (C22:0) (putative) LC lipid 0.95 0.91 0.68 1.20 1.16 1.31 0.85 1.24 1.12 0.96

Lysophosphatidylcholine (C20:4) LC lipid 1.02 0.97 0.81 0.99 0.54 1.05 0.91 0.63 0.79 0.78

Lysophosphatidylcholine (C20:4) LC lipid 0.97 1.00 1.02 0.97 0.98 0.98 1.05 1.01 1.01 0.82

TAG (C16:0,C16:1) LC lipid 0.73 1.21 1.11 1.03 0.78 0.85 1.26 1.67 0.84 1.08

Lysophosphatidylcholine (C20:4) LC lipid 0.99 0.95 1.01 0.78 0.90 0.83 0.97 0.90 0.92 0.72

TAG (C18:2,C18:3) LC lipid 0.79 0.77 0.63 1.21 0.75 1.27 1.45 1.31 0.90 0.95

TAG (C18:2,C18:2) LC lipid 0.88 0.89 0.84 1.12 1.02 1.27 1.04 1.07 0.81 0.92

Cholesterylester C20:4 LC lipid 0.94 0.85 1.44 0.97 1.23 0.91 0.62 0.87 1.22 1.10

Sphingomyelin (d18:1,C16:0) LC lipid 1.01 0.99 1.01 1.02 0.99 1.12 1.05 1.25 1.10 0.81

Ethanolamine plasmalogen (C39:4) LC lipid 1.03 1.00 0.98 1.02 0.98 1.19 0.91 1.27 1.28 1.01

Phosphatidylcholine (C16:0,C20:5) LC lipid 0.78 0.94 1.05 1.28 0.99 1.11 1.06 1.13 1.14 1.09

Phosphatidylcholine (C16:0,C20:4) LC lipid 1.00 1.00 1.00 1.00 0.99 1.00 1.03 1.00 0.98 0.78

Phosphatidylcholine (C18:0,C18:2) LC lipid 0.97 0.99 0.97 1.06 0.95 1.03 1.04 1.16 0.99 1.05

Phosphatidylcholine (C18:0,C18:1) LC lipid 0.95 0.91 1.15 1.10 1.07 1.19 0.99 1.17 1.21 1.25

Unknown lipid (68000052) LC lipid 0.98 0.98 0.98 0.99 0.96 1.03 0.99 0.96 0.99 0.91

Phosphatidylcholine (C18:0,C20:3) LC lipid 0.99 0.94 1.01 0.98 0.94 1.06 1.04 0.92 1.00 0.98

Sphingomyelin (d18:1,C24:0) LC lipid 0.92 0.97 1.02 1.09 0.81 1.18 1.00 1.11 1.22 0.90

Phosphatidylcholine (C18:0,C22:6) LC lipid 1.00 0.93 0.88 0.99 1.04 1.01 1.00 0.87 1.12 1.17

TAG (C52:5 (H) or C50:2 (Na)) (putative) LC lipid 0.78 0.83 0.78 0.86 0.79 1.04 1.16 1.12 0.75 0.71

TAG (C16:0,C18:1,C18:3) LC lipid 0.86 1.06 1.14 1.30 1.00 0.97 1.03 1.22 0.87 0.83

TAG (C18:1,C18:2,C18:3) LC lipid 0.89 0.87 NA 0.62 0.83 1.05 1.03 1.14 0.79 0.70

TAG (putative) LC lipid 0.89 0.99 0.79 1.27 0.59 1.14 1.03 0.90 0.90 0.86

Unknown lipid (68000060) LC lipid 0.98 0.98 1.00 1.06 1.16 1.17 0.99 1.49 1.39 1.03

Homovanillic acid (HVA) LC catecholamine 1.08 0.93 1.82 0.79 1.14 0.83 1.02 0.95 0.64 1.11

3,4-Dihydroxyphenylacetic acid (DOPAC) LC catecholamine 0.79 0.92 1.77 0.94 1.28 1.13 NA 0.95 1.14 1.07

3,4-Dihydroxyphenylglycol (DOPEG) LC catecholamine 0.94 0.81 0.81 1.30 0.91 0.82 1.13 0.85 1.17 1.06

Serotonin (5-HT) LC catecholamine 1.26 0.60 2.83 1.46 0.90 2.00 2.32 0.10 2.38 0.09

Normetanephrine LC catecholamine 1.01 0.92 1.06 1.39 0.62 0.73 1.18 0.80 0.88 0.71

Metanephrine LC catecholamine 0.50 0.82 1.37 0.58 1.01 0.53 1.56 0.58 0.80 0.83

Dopamine LC catecholamine 1.09 0.84 0.93 2.44 1.08 1.13 1.24 1.33 1.12 1.73

Noradrenaline (Norepinephrine) LC catecholamine 0.60 0.91 1.02 1.11 0.89 0.89 1.18 0.73 1.09 0.98

Adrenaline (Epinephrine) LC catecholamine 0.27 1.29 0.18 0.35 1.77 0.65 1.70 0.33 0.61 0.76

3,4-Dihydroxyphenylalanine (DOPA) LC catecholamine 0.87 0.94 0.78 1.12 0.82 1.02 0.97 0.98 1.20 0.96

3-Methoxytyrosine LC catecholamine 0.87 0.87 0.81 1.61 0.89 1.39 1.04 2.58 0.81 1.62

3,4-Dihydroxymandelic acid LC catecholamine NA NA NA 1.24 NA NA NA NA NA NA

4-Hydroxy-3-methoxyphenylglycol (HMPG) LC catecholamine 0.87 0.83 1.16 0.93 0.94 0.69 1.26 0.94 0.59 1.04

Histamine LC catecholamine 0.74 0.85 0.92 1.30 0.70 1.19 0.76 0.51 2.86 0.54

Androstenedione LC steroid 0.94 0.48 0.56 0.29 0.61 0.69 1.22 0.97 1.51 0.58

Testosterone LC steroid 1.43 0.65 0.42 0.18 0.84 0.34 1.02 1.01 4.51 0.34

Progesterone LC steroid 0.52 1.38 0.82 1.09 0.93 0.32 0.72 0.92 0.33 1.80

21-Hydroxyprogesterone (11-Deoxycorticosterone) LC steroid 0.40 0.64 1.01 0.55 1.05 0.27 0.75 0.47 0.29 0.55

18-Hydroxy-11-deoxycorticosterone LC steroid 0.75 1.33 0.78 0.78 0.92 0.24 0.83 0.85 0.54 0.83

Corticosterone LC steroid 1.08 1.33 0.78 0.79 0.84 0.62 0.94 0.82 0.52 0.99

Cortisol LC steroid NA NA 0.45 0.17 0.50 1.02 1.88 2.21 2.60 0.92

17-alpha-Estradiol LC Steroids and Estrogens lipid NA NA 1.19 NA NA NA 0.59 NA NA NA

17-Hydroxypregnenolone LC Steroids and Estrogens lipid NA NA 0.78 NA NA NA 0.62 NA NA NA

Pregnenolone LC Steroids and Estrogens lipid NA NA 0.81 NA NA NA NA NA NA NA
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Actinobacteriota 0.19% 0.34%
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Patescibacteria 0.18% 0.16%

Proteobacteria 1.89% 16.83%
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