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Abstract: The saponins from Chenopodium quinoa were used as the material for 90-day oral exposure to healthy adult Sprague Dawley
rats to evaluate the effects of the saponins on rats’ kidneys in combination of gut microbiome with urine metabolomics studies. Rats (n = 48, half
male and female) were divided into the high-dose (500 mg/kg saponin) treatment group, medium-dose (50 mg/kg saponin) treatment group,
low-dose (5 mg/kg saponin) treatment group and blank control group. After oral gavage, the intestinal fluids were collected from the rats for
examining the effects of saponins on intestinal flora by 16S rDNA, and analyzing rats’ urine metabolomics by UPLC-MS. Partial inflammatory
changes were observed in the kidney slices of male and female rats in both the medium- and high-dose groups. The results of metabolomics
showed that there was insignificant difference between the medium- and low-dose groups. 101 kinds of differential metabolites were found in
the urine of female rats while 29 kinds of differential metabolites were found in the urine of male rats after administration of the high dose of
quinoa saponins, with metabolic processes such as vitamin B6 metabolism, ammonia cycle and tryptophan metabolism being affected. The gut
microbiome analysis revealed the significant differences in the diversity of gut microbiome between the treatment group and the control. In
summary, quinoa saponins at a low dose had insignificant toxicity, but exhibited potential non-contact nephrotoxicity at medium-high doses.
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Fig.1 HE staining sections of male and female rat kidneys (200x, scale: 50 pm)
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Fig.3 OPLS-DA figure of urine metabolites of male and female rats
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Fig.4 The urine metabolite volcano map of male and female
rats in the high-dose group compared with the blank control
group
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Table 1 Metabolite differences in female rats

ebdh »TX  #HHHTFTE RUmin log(FC) P{A VIP{A
Trigonelline C;H,NO, 137.04751 15.52 9.64 0.04 1.06
Lactamide C;H;NO, 89.04807 14.19 9.55 0.01 1.30
Betaine CsH;;NO, 117.07894 15.96 8.85 0.04 1.01
Proline CsHyNO, 115.06340 14.93 8.11 0.00 1.08
Kynurenic acid C10H/NO; 189.04233 4.82 7.89 0.00 1.03
N,N-Bis(2-hydroxyethyl)formamide CsH;NO; 133.07391 14.94 7.78 0.00 1.07
6-Aminocaproic acid C¢H3NO, 131.09455 16.20 7.73 0.00 1.13
Isoleucine CeHi3NO, 131.09448 9.55 7.70 0.01 1.05
2-Aminobutyric acid C4HyNO, 103.06365 15.62 7.17 0.01 1.01
2-morpholinoacetic acid CeH | |NO3 145.07361 15.66 7.13 0.00 1.01
P-DMEA C,H;NOL  169.05023 16.22 7.03 0.00 1.15
4-Piol CgH;pN,O,  168.08960 14.90 6.48 0.03 1.18
L-(+)-Citrulline CeHisN;O;  175.09566 16.96 5.04 0.00 1.12
1-(4-Aminobutyl)urea CsHy3N;0 131.10588 14.50 4.89 0.03 1.04
d-Valerolactam CsHogNO 99.06867 15.66 4.72 0.00 1.01
L-Serine C;H;/NO; 105.04276 14.81 4.70 0.05 1.04
N-Acetylomithine CHiN,O;  174.10038 16.46 433 0.03 1.05
Pyridoxine CgH;NO; 169.07373 12.60 4.01 0.00 1.26
2-Pyrrolidone CH,NO 85.05280 13.13 -427  0.04 1.06
(2-Hexyl-3-phenyl-2-oxiranyl)methanol CsHp0, 234.16158 2.39 -428  0.00 1.00
Ganciclovir CoH3NsO4  255.09637 15.13 -434  0.00 1.02
(betaR)-beta-Hydroxy-L-tyrosine CoH;1NO, 197.06863 2.40 -444  0.02 1.02
N-furfurylformamide C¢H/NO, 125.04758 13.11 -4.81 0.02 1.07
Xanthurenic acid C0H,NO;4 205.03738 3.06 -5.05  0.02 1.07
(2R,3R)-2,3-Indolinediol CsHyNO, 151.06328 3.02 -546 001 1.00
Formyl-5-hydroxykynurenamine CioH12N,O;  208.08458 2.39 -5.51 0.02 1.00
NP-000465 C7H406 314.07860 2.32 -559 001 1.01
sphinganine C3H30NO, 301.29768 2.58 -5.79 0.00 1.07
(+/-)-nicotine CioH14N, 162.11555 13.31 -5.82  0.01 1.06
2-amino-2,3,7-trideoxy-D-lyxo-hept-6-ulosonic acid ~ C;H;3NOs 191.07916 13.15 -6.03 0.02 1.07
N,N-Dimethylaniline CgH N 121.08919 2.44 -6.11 0.00 1.01
Glycitein C16H1205 284.06787 2.31 -6.14  0.01 1.00
hydroxygenkwanin C16H1206 300.06293 2.34 -627  0.01 1.04
1-(4-Aminobutyl)urea CsHy3N;0 131.10579 13.44 -6.57  0.03 1.07
L-Histidine CsHoN;0, 155.06932 13.45 -6.65  0.04 1.06
2-morpholinoacetic acid CeH | |NO3 145.07361 15.08 -6.76 0.02 1.08
LNK CigH31NsOs  188.11589 13.10 -742  0.01 1.12
ACPC C,H,NO, 101.04802 13.22 =755  0.00 1.12
muramic acid CoH,;NO;, 251.10066 13.18 -7.60  0.00 1.09
(S)-(+)-allantoin C4HgN,4O5 158.04382 3.38 -8.59  0.02 1.16
2-Aminobutyric acid C;HyNO, 103.06365 14.61 -8.59  0.00 1.14
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Table 2 Metabolite differences in male rats
N 2FX ¥HA#sFE RT/min log(FC) P44 VIP/L
Kynurenic acid CoH;NO; 189.04242 5.09 3.68 0.00  1.09
trans-4-Hydroxy-L-proline CsHoNO; 131.05827 15.27 5.00 0.00 098
Allysine CeHNO; 145.07366 15.55 7.41 0.01 1.19
L-Histidine CsHoN30, 155.06938 13.60 3.00 0.02 1.06
8-Azabicyclo[3.2.1]octane-1,2,3-triol C;H5NO; 159.08935 14.64 347  0.03 1.11
DL-Citrulline CeH3N;05 175.09529 14.70 -438 000 098
trans-4-Hydroxy-L-proline CsHgNO; 131.05827 15.09 -1.21 000 120
N-Acetyl-L-glutamic acid C;H;1NOs 189.06352 16.84 -1.24  0.01 1.17
6-Hydroxyniacin CgHsNO; 139.02689 4.58 -1.04 0.01 1.02
2,4-Quinolinediol CoH;NO, 161.04752 243 -332 002 114
Betaine CsH 1NO, 117.07911 15.51 -1.36 0.02 1.25
Aminosalicylic Acid C;H;NO; 153.04249 2.06 -1.76  0.02  0.82
N-Acetylvaline C7H3NO; 159.08955 14.43 -1.86 002 120
Niacin CeHsNO, 123.03208 14.79 -1.55 002 125
Norspermidine-2,3-dihydroxybenzoate C3Hy1N30; 267.15822 12.20 -3.20 0.02 1.12
6-Aminocaproic acid C¢H3NO, 131.09465 15.77 -1.53 0.03 1.33
L-Theanine C;H4;N,0;5 174.10037 4.49 -1.44  0.03 1.07
DL-Tryptophan CHppN,O,  204.08986 10.14 211 0.03 1.12
2-Aminobutyric acid C4HoNO, 103.06356 15.19 -1.70 0.03 1.31
Genistein Cy5H;¢Os 270.05252 2.00 -2.49 0.04 1.15
g-Glutamylcysteine CsHiN,OsS  250.06139 202  -135 004 104
AminoDHQ C;H;;NOs 189.06366 14.81 573 004 1.04
Acetyl-N-formyl-5-methoxykynurenamine  C;3H;sN,O,  264.11060 2.81 -2.37 0.04 1.26
PYRIDOXAMINE CsH|,N20, 168.09009 14.16 -1.34 0.05 0.93
1,2,3,4-Tetrahydro-4,6,7-isoquinolinetriol CoH{1NO; 181.07380 2.13 -1.16 0.05 1.20
6-Aminocaproic acid C¢H3NO, 131.09455 6.26 -1.04 0.05 1.07
223 EFKitKiftanid T AT i S e EE (pyridoxine) 7K°F, HTT4EA 2
mamm Y _ B6 1R, 21l A R TR SRR SRR 1
;;;Ziggﬁ s ([& 6o Hrh IR SO B e ZA )
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L Amn (Kynurenic acid) 7K. 1 il b (2 IR E N
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