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'HNMR-based study on characteristic metabolites in urine of mice following 90d of flurochloridone
exposure XUE Li-ming?, JIN Yu-e', ZHANG Su-hui?, ZHOU Zhi-jun?, LU Da-sheng’, WANG Guo-
quan®(1.Division of Chemical Toxicity and Safety Assessment, Shanghai Municipal Center for
Disease Control and Prevention, Shanghai 200336, China; 2.School of Public Health, Fudan
University, Shanghai 200032, China)

Abstract:

[Background] Flurochloridone (FLC), a kind of selective preemergence herbicides, is mainly used
to control a variety of broad-leaved and gramineous weeds, commonly applied in sunflower,
potato, carrot, wheat, and corn.

[Objective] This study aims to describe the urinary metabolites in rats after 90d of FLC exposure,
identify characteristic metabolites, and explore the toxicological mechanism of FLC.

[Methods] Forty-eight Wistar rats were randomly divided into four groups by weight: 31.25,
125.0, and 500.0 mg-kg™ FLC exposure groups and a solvent control group, with 12 rats in
each group, half male and half female. Urine samples were collected after 90 d of intragastric
administration. After 600 MHz *H nuclear magnetic resonance (*HNMR) spectroscopy, one-
dimensional hydrogen spectrum was obtained, and the spectral region was integrated into
regions with chemical shifts 6 over an interval of 0.04. Principal component analysis and partial
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least squares discriminant analysis (PLS-DA) were applied to determine the characteristic metabolites of FLC.

[Results] The PLS-DA cross validation analysis results showed that the male rat model was reasonable (P<0.05), with obvious classification
of scattered points among the three dose groups and the solvent control group, while the female rat model was unreasonable (P>0.05),
with obscure classification results. The PLS-DA intragroup analysis results showed that there was a significant difference between male
and female rats in the solvent control group (P<0.05), but not in the three exposure groups (P>0.05). The PLS-DA model between single
FLC exposure group and the solvent control group was reasonable (P <0.001), with accuracy >0.6 and area under curve of Receiver
Operating Characteristic >0.75, providing a clear classification between groups. Thirty-five metabolites were identified by urinary
nuclear magnetic resonance, and the significantly changed metabolites after FLC exposure were proline, creatine/creatinine, inositol,
trimethylamine oxide, taurine, mannitol, and phenylalanine; 15 characteristic metabolites were obtained between the male rats in the
high-dose FLC group and the solvent control group, including increased acetate and uric, and decreased phenylalanine, lactic acid, taurine,
3-hydroxybutyric acid, proline, trimethylamine oxide, dimethylamine, methylamine, creatine, creatinine, inositol, glucose, mannitol, and
citrate. However, only citrate, creatine, creatinine, and phenylalanine were significantly decreased in the female rats after FLC exposure.

[Conclusion] Male rats are more sensitive to FLC as the changes of metabolites are more obvious, showing a dose-response relationship.
With the increase of FLC exposure dose, the differences of metabolites are reduced between male and female rats in the same group. The
15 characteristic metabolites in male rats exposed to high dose of FLC are mainly involved in carbohydrate metabolism and amino acid
metabolism, indicating hepatotoxicity and nephrotoxicity.

Keywords: flurochloridone; *H nuclear magnetic resonance; metabolomics; characteristic metabolite; glucose metabolism
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[Note] 1.Isoleucine; 2.Leucine; 3Valine; 4.Isobutyrate; 5.3-Hydroxy butyrate;

6.Threonine; 7.Lactate; 8.Alanine; 9.Acetate; 10.Methionine;
11.Proline; 12.Succinate; 13.Pyruvate; 14.Acetoacetate; 15.Glutamine;
16.Dimethylamine (DMA); 17.Methylamine; 18.2-Oxoglutate;
19.Citrate; 20.Trimethylamine; 21.Trimethylamine N-oxide (TMAO);
22.Creatine; 23.Creatinine; 24.Mannitol; 25.Glycine; 26.Glucose;
27 Taurine; 28. B-Glucose; 29.Urea; 30.Lotion Uric acid; 31.Histidine;
32.Phenylalanine; 33.Tryptophan; 34.Cytidine; 35.Formate. TSP:
Sodium trimethylsilylpropionate, calibration of internal standard
(6=0.0).
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FRi& *HNMR 355

Figure 1 Urine "HNMR profiling of solvent control group (upper)

and high-dose FLC group (lower)
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[7F]1A:PCAELSE ; B : TREDE ; C: PLS-DABKSRE ; D : PLS-DAZTE ; £ : B4 PLS-DABURE ; F : M PLS-DABLRE, S | AEXTIRA ;
L:EFIZEA ; M FFIEAH ; H: SFIEA, X BERXTEANFEMS ; v EEPyTERD AT,
[Note] A: Score plot of PCA; B: Residual plot; C: Score plot of PLS-DA; D: Loading plot of PLS-DA; E: Score plot of female rats; F: Score plot of male rats. S:

Solvent control; L: Low dose; M: Medium dose; H: High dose. X: Chemical shift; Y: Classification.
2 5. . KT8 FLC RFZAMBIRNTIRER PCAF PLS-DA S
Figure 2 PCA and PLS-DA analysis among high, middle, and low dose FLC groups and solvent control group
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=1 MRS PCAFIPLS-DA Z4it HihiEEI S
Table 1 Multivariate analysis model parameters of PCA and PLS-DA on designed four groups
FZitE TR e T ER
1RE PEERDE X E’\JW?EE %MIJ@E?J p AUC
Model Component No. RX Q TBIESTER BFIE e ==
Solvent control  Low dose Medium dose High dose
F D9 (PCA)
Ffr M4B4¥ & (All four groups) 4 0.897 0.757
fRENZF% - #1547 (PLS-DA)
FRBEIU4EHE S (Al four groups) 4 0.824 0.368 0.001 0.98 0.93 0.94 0.96
POLE M (Female rats) 3 0.809 0.278 0.063 0.94 0.80 0.87 0.95
PO 1EM (Male rats) 2 0.571 0.271 0.010 0.97 0.78 0.94 0.81
SRR 51K5IE (Solvent control vs low dose) 2 0.626 0.801 <0.001 0.97 0.79
SATEITER 5551 & (Solvent control vs medium dose) 2 0.811 0.704 <0.001 0.98 0.93
AEITEB 5= 72 (Solvent control vs high dose) 2 0.867 0.627 <0.001 0.96 0.77

Bl 2B A% E R ES, SIENERRE MV
MEESHHN, RENESHMEEEGE RfE
IR TF -4 aTRENITEEZBINELZ £, TE-45
APEREZ IMIEIIEITRR BB, ALWREAINE
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fRZE. PLSDADMIF REABHREETR (B20), &
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ESE—IE, XA B, 5 ERFALLRES,
HARERN BFIE. PFIENAEXTRA, BT
D, R RARE SRR K. KIBETLIRR, SHE
A ZIMERBETRA. KFIE. FHENS
FIEMD . HiEE (B 20) EETEWIHAITTER
2E, BEPLORMIT, SR, 2 6795.8075.92
RIFRERIE TR R K, 6=3.44 FIFFEER, 6=2.56 71 65=2.68
E’JH%E EREHYBIRAB AT

4 BIENERASEBAFRRAESHIFR
241 WM PLS-DARRELBTHING 3 NEMSD, RXA
0.809, Q*/70.278, CV-ANOVA 3 %7 P{E /7 0.063, £EF
FEEFRITFEN. HAROCHAENRK 1, AES
BR£H0.94, KT EREFLH0.80, RFIEFELH 0.87
=2 EH 0.95, W PAAIREN A ENT BRAN =7
SHS KA. B2 R BEAIAENRAS S
SRFALLBIERR, UEkAR, SHSANARFIZE.
FRIE. AR, EfE48,

242 I#M% PLS-DARBIETHING 2 DNEMSD, RX A
0.571, Q5 0.271, CV-ANOVA 34 P{E 5 0.010, %
BEBESHITFE N MAROCHLENER L, BAEITER
200.97, IRFIEHRFH0.78, FFERFTH094HH
FIEZE4H0.81, WAARREXT AR RAM P FIE
AR, B 2F R BRI AENRASEEA

BAENE, UEikARE, SAD RN AAEITER. K
=. PHE. IEFE48,
2.5 REXRA SR EFRELH PLS-DA SR
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BiiikE 2 N EM S, RXH Q39 >0.60 CV-ANOVA 73
M35 P<0.001, FRAGIHELFT I S IR, ROCHILL AUCTE
ETRARENBASSLSHIKT0.75, B2 KR
B2, &1

RIS ERA S R LB AHRVA A IR K R BY PLS-
DAREIEIN G 2 N ER S, RX3Y>0.5, ABEXTER
AMFPFERSAHAN Q@IIKTF 0.6, FMBEIIKRE,
s RFIEREH751790.331F10.428, FNEES
—f%. ABEEXTFBLERY CV-ANOVA D718 P<0.05, EF
BRITFEN, PISDARERGIE, ANSFIEREAH
B AUCEFMETF 0.75, R EFRBBH (R 2).

R2 ZATFEMF PLS-DAREISH
Table 2 PLS-DA model parameters between male and female rats
in four groups

PEE XEE T SR E LIRS TR
|y mem oAn MU Auc
£ B
Group Component RZ)T pe [idEs pridi
No. Female Male

S EYTER
AR 0862 0739 0033  0.90 0.85
Solvent control

| 24
ipllc 2 0532 0428 0515 093 0.85
Low dose

1| 24
EFﬁJi,H 0.581 0.628 0.178 0.96 0.80
Medium dose
=B
Bl EA 2 0597 0331 0833  0.70 0.74
High dose
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[Note] The score plots of A high dose FLC group, B medium dose group, and C low dose group versus the solvent control group, respectively; D. Contribution
plot of major variables in the high dose FLC group. S: Solvent control; L: Low dose; M: Medium dose; H: High dose.
3 FRFIERSAHSAEITRALLIAY PLS-DA

Figure 3 PLS-DA analysis between control and different FLC exposure groups

®3 REMEERSAFNSE

Table 3 Identification and levels of characteristic metabolites in designed four groups

A 5B RS 1010
) BT L . st /ERER
1&1%4@ #ﬁﬁ% Peak /ﬁ;@iﬂ“:{ @uJE ‘TT‘MJE = control and high dose groups
Metabolites Solvent control High dose Medium dose Low dose - - — =
&  shape T4 43 TAURXTER afE
Male Female Solvent control High dose
FE2 (Lactate) 1.36 d 2424190 87.6+102.3"\, — — * 1.18 0.81
ZE% (Acetate) 1.96 s 3294172 3474382 4024452 — * 0.60 1.67
EEE (Proline) 2.08 s 512+326" 379414170 — — * 0.43 1.14
3-FZETEL (3-Pydroxybutyrate)  2.32 s 243+216 1784118 — — * 0.18 0.80
ITIEEREE (Citrate) 256  dd 5414349 107+88.9°°],  267+200""], 5184337 * * 0.58 1.98
268 dd 428245 83.9+73.2"""|, 89.0¢53.2°,  346+302 o * 0.51 1.44
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%R3
BIRSEHE 1k
.. B 1B - - - t test be,t_vjvelefsolje:t e/ HEAEEE ) )
R oy TBIENTER afE g BFIE | and high d Female/male ratio
; FAfE  Peak " - control and high dose groups
Metabolites Solvent control  High dose Medium dose Low dose — - — =
&  shape priq I TBIEITER &g
Male Female Solvent control High dose

ZEAB% (Dimethylamine) 2.72 s 368+242 116.5¢74.2°" ) - - * 0.51 1.15

3.04 o
ANES / BILEF (Creatine/creatinine) a6e s 380+303" 58.5+127 " — — *x * 0.45 0.41
Py p——
ﬁﬁeﬂj f:ﬂne oxide (TMAO) 3.28 s 1002#530™  365+193""( 935444}  1603+643" oxk 0.37 0.65
4FHEER (Taurine) 3.32 t  1421+1062° 508+309° 10014856 1461+1753" * 0.34 0.68

3.44 t  1838+1236" 459+243™(  974+676" 1720+1153" ok 0.28 0.68
a- EE4E (a-Glucose) 348 m 3844318 153+97.0°), - — * 0.54 0.75
EE¥E (Glucose) 336'2 m 502+244 156+130""0 — — . 0.59 0.70

_ 3.8 o

HEE (Mannitol) 3gg M 2055:1 261" 22344875 3497+1966 1 3139+1650" 1 0.45 0.83
BNES (Creatine) 3.92 s 515+310" 6794260 - - * * 0.44 0.90
BIEZ (Inositol) 4.08 t  1075+574" 7774303 1628+794 1569+888 * 0.46 0.77
FRES (Uric acid) 5.8 s 262431.3 52041701  515+854""  8724578" "4 * 0.35 3.80
FAEH (Phenylalanine) 736 m 2544158 40.3+75.4""y = = - % 0.34 0.14

[E] BAESREIBALLEL, * 1 P<0.05 ; ** : P<0.01 ; *** : P<0.001o AREMEFBEMELLIR, # 1 P<0.05 ; ## . P<0.01 ; ### . P<0.001, — : &%

TARSEEACEY ; MBS L R,

[Note] Compared with the solvent control group, *: P<0.05; **: P<0.01; ***: P<0.001. Compared between male rats and female rats in the same group, #:
P<0.05; ##: P<0.01; ###: P<0.001. —: Non-characteristic metabolites; 1 : Increased; | : Decreased.
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MR AT KBS FLCREFE AR BT
BEMEAER, HEAESAPS-DAREESE, ERFEG
RESNNE-SURMXER, FHROCHL 7D FKLAM,
BEFEmINAREMITNEES, RRRTESHRIEE
BEX, WEKBEMRAHBEER, NTMSEREY
RE. FICEBEN S, BRAEFENH, FEE
FEFEMLA, WEAXRHNRRCHEYDBEERH
REFHE, efIERsElERRCHERTE
E, REAFLICAZSSHNREYERBRTABRMRE
Fo mAE2REE, ARRRMAREM M SEEF
BIEL IR, Efth 13 MBI LGSR S, RIAR
S8R T XEREMEESEDERAEREE T I
M, Ak, #EMEARCERSE, BIEREYTLKE
K, WRSEHR, K. PHIERSHSAEXRA
89 PLS-DA CBIYIE R, RIREE BAINTE A IEXT RN
FEHANMUER L, M ERSHNEVERE
mEF FLC RS HRINER,

BERNHEENARAHERER, ifTRRE 2
BRI AT | MR = FRERTEIF (TCA cycle) BIHR[E] =
Y, ZEREh. FLER. AR 5 = REREIF S 4HRE 6L
ERNHMNBEAREEX 2RPNIEE, B4Y
WEFRBEEGINERM, 2B ARRIRI LA
1%, BERAER p | R IR X (B =4, ITIRRRZE

MZBESERIBRRN AN, 54N EEEW
o FLERZIANNEEEAR R MBI REY), SHFRA
NS ERFRTEHEIEESERERZ K, Rl
PR SRR AR R R AL (AN VBB R ] N2, TRER
REABRRIBNERE TERXRELR. MERESR
Fdi2H, BRI RA RSB R ERRETE,
i, REERHINANR = KREFY RSB RAIF O
A, AR EENE HEE. IR, R
BAEFRE, RTRAVVARBRE, = REREFMIEEME
REAI TR, MUAHBETIR, B EERHERE, WA
ASEHRNEE ST ERSTIREREEX. M
BRXAESY TR, WA SBARREME
REENBRERR, TENEREEBENEERR.

FRERZIZRAMBNA Y], IRERIESETEREMT
BT/ NETHREMRES, IMHIPRERRIE RIS, (ERERHE
MIEI0. AET. AER RS S5 IRRAE, RIS ZM
REMRIER. AETZARTEAERAHY, £
EHBBRAROBTE, EEBRTAagERIEE,
RERD MENEKIEE, FRENERUL, 2IRKE
REMVEEET. MERIREATASELEY, 24
FEBVREB R ANMES, BERT O BB RF
PR, SNAEFEAREREN, BILRAR B
Lk ATP 2 5B R . FLIC S BRI ANER. ANET
BAE PR, WBANAA R ZESE. BRI BAE,
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BT E R 2RV FRAVET B, 15 BRRNET/ABREE
N TR, ATRER T BINREfEIR SN, FHERES
BEANEERD, TS, FERSETEERMK
SIEREAER, RIEATREXEENER, HKFNE
ENTBBRTATIRINEENNE, ERFTEIEEES
ARBRFAIRE T, BEMERSHPRINPEST
o RBRFENHL=ZFIE (TMAO), B—FBER, &
HHENTEY, BET SR, REREHIANZ
EILZMEY, AN =ZFHRESV=ZFEREFR
FSRER THMANZHERMPE, AICESSHEL
= AR Z R AEIIRR B, AIaES e Bt

FIHARA R FLCR B 0d MM AR AR RHE
EiRe, KEBREAIILM, FIcARESIE—ENFS
SN, AAREAMEES T ERSASAETRA
HEHEREME 151, BIEXRERR. ILER. F-FEFk.
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