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Glyphosate pesticide induces hepatotoxicity in mice by altering liver

metabolic profiles
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Abstract: Objective To investigate the hepatotoxic effects and mechanisms of glyphosate using metabolomics approaches.
Methods Forty male Kunming mice were randomly divided into control, low—dose (50 mg/kg-d), medium—dose (250 mg/kg-
d), and high—dose (500 mg/kg -d) groups, with glyphosate administered orally for 30 days. The liver organ coefficients,
pathological changes, and liver function parameters were measured. UPLC—-MS was employed to analyze the liver metabolic
profiles, and multivariate statistical methods were utilized to identify differential metabolites, followed by enrichment analysis
based on the KEGG platform. Results Compared to the control group, mice exposed to medium and/or high doses of
glyphosate exhibited varying degrees of edema and inflammation in liver cells, along with significantly elevated serum levels
of ALT, TBILL DBILL and GLU. Glyphosate exposure reduced the levels of nucleotide metabolites such as hypoxanthine,
xanthine, and pyrimidine, as well as cellular membrane components like choline, phosphatidylcholine, and sphingosine. It
also decreased the levels of vitamins such as thiamine and retinal, and amino acid metabolites including Hom vanillic acid
and 4 —aminobutyraldehyde. Conversely, it increased the levels of carbohydrate metabolites such as glucose -6 —phosphate,
fructose —1 —phosphate, and ribose —1 —phosphate. Furthermore, liver function indicators ALT, TBILI, and DBILI were
correlated with the aforementioned metabolites. Conclusion Glyphosate exposure can damage the structure and function of
liver cells in mice by affecting nucleotide metabolism, carbohydrate metabolism, amino acid metabolism, phospholipid
metabolism, and vitamin metabolism.
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Table 1 The effect of glyphosate on liver coefficient and function indicators of mice [(x+s), n=10]

ity NC LG HG Fi8 PAE
LV x 10 0.48 £0.01 0.49 +0.02 0.51£0.03 0.52+0.03 257 0.069
ALT (U/L) 13.00 + 3.07 14.36 +2.75 21.04 +6.91° 243+ 1045 6.67 0.001
AST (U/L) 1497+ 1.8 1485+ 1.2 153.5+5.0 1577+ 167 222 0.102
DBIL(mmol/L) 430£2.33 6.58 +3.84 8.19£3.92 9.99 £4.19" 44 0.01

TBIL (mmol/L) 17.47 +5.43 18.96 +5.77 40.57 + 23.98" 52.94 +30.37" 7.62 <0.001
GLU (mmol /L) 7.54+1.02 7.63+1.02 8.75+ 151 9.34 +1.22° 5.28 0.004
TG(U/L) 1.82+0.41 1.71£0.34 2.15+0.62 223047 2.83 0.052

5 NC 4 4, P<0.05,"P<0.01,

TE: B A B.C.D 4350 NC 4 LG 20 MG 4 HG 4 ; Beafisk,
J B AT ; (7 Sk, R AN
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Figure 1 Pathological damage in mice liver caused by glyphosate

(HE staining, objective magnification 10 x 40)

2.3 RIFBEARSET L WIE 2A B iR, 4
FESLTE OPLS-DA 1573 b 4 F R 4R, 0 B 0 it
FEAY R2Y AR H T 1, 1a B E S A AL AT A B AR
P LA L B I BENLEL R Y Q 2 (/N T IR
BRI Q 2 5 Q 2 MYl H 2R 5 9\l f B BE /N T
)T Bl i e P B R S R, ) Y R o L)
B BRI Q 2 M TR 1A Pk 55 45
TR IRIRFF S REAEE Y B O, B R
fdet: , e LA G, WLIE 2C D,

E B AT R0 o 22 SR 514, Hop
22 M4 KEEG ID {5 4., WKl 3A .3 1., PC
[20:2(11Z,14Z)/15:0], PC[22:2(13Z,16Z)/15:0] 1 LysoPC
(17:0) J&=1E B THI VIP (8 & s my 3 MR =4
(2.58,2.31,2.29), fBF1ixC T Hhiik ) 25 54 C0
Y144, Hoh 12 MRS KEEG ID {58, WA
3B, BRME, 56-DHET FIVK IS I VIP {H i1 3
A=Y (2.40,1.90,1.85), & 3 C #1 D i,
KEGG & 4501 i /m 1F B AU w 4R 17 & ARihE

&, FC PR OIS AR, VE R RURERA QI , MR IR AR / b
S, BERICHANZ BR S CoA WA B fE AL
WA G AR LI . fr B AR 4 4 SRR
WP, SRR I B SRR AR e R REREAL
W AR DU TR AR

2.4 RMEFH KL DCMs HFLEME X R X
22 Sl L 125 A S IR DR bR A TAH DG AT
SERFI MM DBIL /KF- 5 B RS YR B IGES  EIE |
FH S BE 5,6-DHET (4— 2L T 0K 5 PRI A0 2
TS R e 2 PG 5 B8 07 R G, S50 —1— TR (R
B —6- WEIR . M —1- BERR A1 CMP-N- BEIEPR 1R
1E A OC s TBIL 7K F 5 48 0 4 s nE | 5 54 B .
5,6-DHET . 4— 2 3 T F A1 5 PR R AR X 5 3 7 AH 56,
5 L- &R . #ER -6 BEIR . M -1- BRI
CMP-N— 4 35 JR A5 B2 1E A5G 5 ALT 7K 540814 4-
G T AR IR EE ARG, 5 L- 2R . J -1-
BEIRF CMP-N- WEILR TR IEAE G, LA 4,

3 i #

F & B H g Y B nT S BUTF IR #4540 Fn )y
RERRER, FOFE 2 MK b HEZ ZEL | A2 5 200 M 32 T
DR FRUAR A1, 5 0 —B0, AT & PR % GBH
YRRE TR 30, /0N SUFF I 20 B 7K iR 25 A i fe , 7
HG 4 & 30 5 S RE AN RIR I o Rl ARF 9 & 30
55X BRLHAA L4, MG 4R HG 41/ BRI P Zh 48 b
DBIL . TBIL Fl ALT 7K~V 23400, FIFRH B R
TN LS S5 TR .

M T HG 2/ B H s e 3 el B
PR ER AT ity , P, AWF5EX%F NC 5 HG
AT 22 A I 55 43T , AV B il = A6 AT A
BEPEMIPR ) o RS A I AR BA% R I SE R I
A AT TR MR IR A A MR, SRR IR B ISy
S IR P REERS ARG v (] 7, 38 AT A B NS S Ak
fitgVE T AR 2= R IR, ANBIFSY K B H I
FET N 2 50 AR ADR F1 R-1-P &
it (HADREAIR T 2GRS UCE NGRS T IE (1 i, X U



AT £ 2% 2025 4545 52 45 53 Modern Preventive Medicine, 2025, Vol. 52, NO. 5

o
o

A B
_ 2 = = | .
£ = 9 £
S0 enc £ ® NG
g s P me 2 = Co e
= [ ] - .
.
a0
-
.
40 s 4 i «©
t1IP[11%) tH1IP[10.9%]
C Intarcepts: B> Y(cum) = (0, 0.98) , @%{cum) =(0, -0.02) D Intercepts: R*Y(cum) = (0, 0.96) , @Fcum) =(0, -0.09)
fm——tem e ———fp————— W e —— - ———
08
E E
g 3
5 E ¢ e - : -
Eua I 1 » A ¥icum) g B " 4 - . FYicum)
£ ¢ ® Offcum) £ - _ - = O foum)
g g - |
= I’ = _}-- H
(- - — i
I L
.
- ]

0.50 0.75

Caorrelation Coefficient

0.00 028

1.00

25 0rs
Correlation Coefficient

1.00

FE A MIEE T OPLS-DA #5435 18] B S 17175 48 OPLS-DA £33 1815 [ A Rl B o A8 b 22 /% 55— T 2 A9 030 3 1 4154, A A
FRFTRIEAS MY, B MHARER AR, I AR3R NC 4RE S, IE 7B HG R 18] C R iE 8 TR UE AR IR A5 L 18] D 2 5188 T4
SUEHKIRZE A 18] C Al D P Al bR EHG I 10 B DR B ARARAR R2Y B Q 2 (IRAHL, SR (4 [l s 4/ BRI A 2 1 R2Y (AL, Wi (207
AR BRI R Q 2 {H, PIZ LM HFIR R2Y A Q 2 B[4k
B2 R BN BURFAEACHRE 5 0

Figure 2 Effects of glyphosate on metabolite in mice liver
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Figure 3 Effects of glyphosate on DCMs and metabolic pathways
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Figure 4 The correlation between liver injury indicators and DCMs
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