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[Abstract] Objective To observe the toxicokinetic parameters, ahsorption characteristics and pathomorphological
damage in different parts of the gastrointestinal tract of rats poisoned with different doses of diquat (DQ). Methods
Ninety-six healthy male Wistar rats were randomly divided into a control group (six rats) and low (115.5 mg/kg), medium
(231.0 mg/kg) and high (346.5 mg/kg) dose DQ poisoning groups (thirty rats in each dose group), and then the poisoning
groups were randomly divided into 5 subgroups according to the time after exposure (15 minutes and 1, 3, 12, 36 hours;
six rats in each subgroup). All rats in the exposure groups were given a single dose of DQ by gavage. Rats in the control
group was given the same amount of saline by gavage. The general condition of the rats was recorded. Blood was collected
from the inner canthus of the eye at 3 time points in each subgroup, and rats were sacrificed after the third blood
collection to obtain gastrointestinal specimens. DQ concentrations in plasma and tissues were determined by ultra-high
performance liquid chromatography and mass spectrometry (UPHLC-MS), and the toxic concentration-time curves were
plotted to calculate the toxicokinetic parameters; the morphological structure of the intestine was observed under light
microscopy, and the villi height and crypt depth were determined and the ratio (V/C) was calculated. Results DQ
was detected in the plasma of the rats in the low, medium and high dose groups 5 minutes after exposure. The time
to maximum plasma concentration (Tmax) was (0.8510.22), (0.75£0.25) and (0.2520.00) hours, respectively. The

trend of plasma DQ concentration over time was similar in the three dose groups, but the plasma DQ concentration
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increased again at 36 hours in the high dose group. In terms of DQ concentration in gastrointestinal tissues, the highest
concentrations of DQ were found in the stomach and small intestine from 15 minutes to 1 hour and in the colon at
3 hours. By 36 hours after poisoning, the concentrations of DQ in all parts of the stomach and intestine in the low and
medium dose groups had decreased to lower levels. Gastrointestinal tissue (except jejunum) DQ concentrations in the
high dose group tended to increase from 12 hours. Higher doses of DQ were still detectable [gastric, duodenal, ileal
and colonic DQ concentrations of 6 400.0 (1 232.5), 4 889.0 (6 070.5), 10 300.0 (3 565.0) and 1 835.0 (202.5) mg/kg
respectively]. Light microscopic observation of morphological and histopathological changes in the intestine shows that
acute damage to the stomach, duodenum and jejunum of rats was observed 15 minutes after each dose of DQ, pathological
lesions were observed in the ileum and colon 1 hour after exposure, the most severe gastrointestinal injury occurred at
12 hours, significant reduction in villi height, significant increase in crypt depth and lowest V/C ratio in all segments
of the small intestine, damage begins to diminish by 36-hour post-intoxication. At the same time, morphological and
histopathological damage to the intestine of rats at all time points increased significantly with increasing doses of the
toxin. Conclusions The absorption of DQ in the digestive tract is rapid, and all segments of the gastrointestinal tract
may absorb DQ. The toxicokinetics of DQ-tainted rats at different times and doses have different characteristics. In terms
of timing, gastrointestinal damage was seen at 15 minutes after DQ, and began to diminish at 36 hours. In terms of dose,
Tmax was advanced with the increase of dose and the peak time was shorter. The damage to the digestive system of DQ is

closely related to the dose and retention time of the poison exposure.
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1.1 SEREh) o SR % - SPF Sl AT fi e I
PE Wistar KFR 96 H, & Jfi i 180 ~ 240 g, I F b5t
iy LA A= B AR A B F] [ 3h i & 48 IES : SCXK
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150 mm), #1335 °C A& 0.3 mL/min. 34
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B ;6.0 ~ 6.1 min, 30% ~ 70% B A ; 6.1 ~ 10.0 min,
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i UM 30 kPa, B 7 WSS B Y 5500 V, B TR
iS5 2 550 °C, B T IR 1O 55 psi, B TR
A2 2 60 psic R Z SOW A IR AT IR, 3
B DQ 3k ML WV JE B[] (time to maximum plasma
concentration, Tmax ). Ifil 2% 1% ¥ & ( maximum plasma
concentration, Cmax )., JH BR 2 2 1 (half-life, t,,). Hf
28 T 1A (area under the curve, AUC ), ~F-3Jir 7 s} 8]
(mean residence time, MRT ), W53 4 25X (apparent
volume of distribution, VA/F). J#&%4% (clearance rate,
CL/F) B 128
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2 Res BRI A R B, P MR B / R
WREE FLAE (villus length/erypt depth, V/C ),

L5 Geit 23 B . SR SPSS 25.0 3R % £ 4 vF
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2.1 KRBT B9 EEANG D0 < 6 BR ] i 2 i K Ok
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27 L(H P<0.05),{H 3 1] VA/F FI CL/F 2257
it (3 P>0.05),

ferDQiazg 4000 QA DU
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S 0000 — HAIRDQABEA T 10000 V— HRRDQi AL
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2 8000 — AlEDQs  — 8000 | — Bl RDQi A
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g 4000 8 4000
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A hDQ YLEE 0~ 36 h HhZk
B N DQ J+5E 0~ 4h 1%k

1 RREFIESFER (DQ) Yl K RYRR
I M 259 B - B 2k

23 HIpdHZUh DQ S (Bl 25 K 2) : &Y
B 20K BUE DQ MR I AE YL 82 )5 15 min~ 1 h ik
B, T 2985 25 DQ W EAE YL TS 15 min 35
iz, P DQ VR EAEYL B )5 1 h ik 45, 45 DQ
WY 3 h ikt , M B, Y
J 36 h, i Rl B A AL DQ R TR R
A 5 i s 7o 21 B 2 (BR2s A1) DQ e
A8 12 h B TR A A AT R H A R i DQ.
24 JHETCARGER KB A SO B AR

2.4.1 NGBS (FE3) AR R TEA R R
B EAEYFER 1 h 1 3 h % 15 min B} R, 12h
2 A1k, 2 36 h FFGR I 5 BOSIRIELE 15 min £
3 h IS LA B, 12 h B E, 36 h JFEA [
W5 V/IC HeEZS AR 4% 1 h A1 3 h #5215 min B R,
12 h (B 2=, % 36 h PR FIT. ASFFHE YA
2 ) A DL 22 5

®1 FAEFEHER(DQ) EAFAXRERINNESHLLE (x+5)

15 EIL/E 8 Cmax Tmax tin AUC O ~t AUCO~o  MRTO~t Vd/F CL/F
(R) (ug/l) (h) (h) (ng-L'-h™) (ng-L'-h™) (h) (Lkg)  (Leh":kg")
{74 DQ YeBE4l 30 3030+ 469 0.85+022  138+16 14000+1430 16800+ 1480 12.0+0.6 138.0+22.7 6.93+0.60
PRI DQ T4l 30 4440+ 623 0.75+025  163+86 1570041260 19800+ 4500 113+14 260.0+80.5 1220+2.74

EAEDQ LA 30 12300+1840 025+0.00% 17.5+5.6

46400+8240 ™ 63300417800 14.9+24 1290+153 552+1.71

1+ Cmax NI IEHE , Tmax A DQ B I G EERTE], 1, TEERETER], AUC 0 ~ R ia) AOZ T35 428 114 5 S — 4 A T s FsF 174 1fn 22 7
- B 2R R IR, AUC 0 ~ oo SR [E] DAOSNTET5 SIS 114 1l 245 v 32 -5 (] B R R TR, MRT O ~ t S s [a] AOZI BT 45 1) fie Jei — A BsF [ A )
VS, VAR R A 25T, CLIF B ; SR EE DQ Yedfdl LA, *P<0.05 ; 5 DQ Yedidl thas, PP<0.05
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T« A ARG (115.5 mg/ke) DQ Ye#54H , B Al (231.0 mg/kg) DQ YeBE4L, C i (346.5 me/kg) DQ

kel (h

2 ARFIREEH (DQ) Fei 4R RYes/5 4 H = B AL+ DQ W I LGS

®2 FEFEHER(DQ)RHZAHKF

(
ezl

1 %%‘jﬁ YA ~ HIn412iH DO #EZ (mg/kg) e
AR (H) = =1 &7 )7 g7
G DQ 15min - 6 5460.0(3950.0) 17490.0(13445.0) 21350.0( 4360.0) 31750( 8920.0) 597.5( 305.5) 20.228 0.000
P4 1h 6 5940.0(4352.5)  6020.0(10343.0)  4550.0( 9505.0) 21 060.0(26390.0) 12450(1101.2) 11.591 0.021
3h 6 2855.0(2175.0) 1135.0( 2221.0) - 1167.0( 1044.5) 5480.0( 4585.0) 1700.0( 562.5) 7.412 0.116
12h 6 241.5( 44.2) 129.7( -~ 107.8) 183.0(. 73.0) 662.0( 179.0)  640.5( 240.7) 21.191 0.000
36 h 6 297.0( 262.2) 292.0(  215.0) 1151( 143.6) 285.0(  362.9)  197.5( 138.5) 4710 0318
FHEDQ 15min - 6 8550.0(1535.0) 32200.0( 6000.0) 26200.0( 1700.0)  7890.0(16535.0) 2165.0( 617.5) 24.753 0.000
P4l 1h 6 8195.0(2080.0) 23200.0(10705.0) 14320.0(11090.0) 50200.0(12950.0) 1740.0( 710.0) 24.430 0.000
3h 6 7750.0(1240.0)  5320.0(11925.0)  7230.0( 6065.0) 7010.0( 5855.0) 2630.0(1745.0) 9.849 0.043
12h 6 1853.0( 109.0) 1099.0( 1463.5) 2140.0( 1560.0) 6830.0(10026.5) 1820.0( 205.0) 4.471 0.346
36 h 6 538.0( 473.5) 364.0( 408.5) 693.0( 1231.5) 1601.0( 508.5) 390.0( 254.0) 10.288 0.036
FEFEEDQ 15min - 6 12 600.0(1 625.0) = 28500.0( 7850.0) 25600.0C 700.0) 18300.0( 3420.0) 1180.0( 75.0) 20.503 0.000
PE4 1h 6 9350.0(2085.0) 23600.0( 2350.0) 15 180.0( 6025.0) = 28300.0(14 850.0) 1505.0( 667.5) 21.733 0.000
3h 6 8250.0(3 155.0) 12730.0(16710.0)  4660.0(12275.0) 12060.0( 7890.0) 1540.0( 532.5) 14.060 0.007
12h 6 4660.0(5310.0) = 2194.0( 1486.5)  3010.0( 1729.0) 6650.0( 6040.0) 1160.0( 360.0) 14.155 0.007
36 h 6 6400.0(1232.5) 4889.0( 6070.5)  2590.0( 841.0) ~10300.0( 3565.0) 18350( 202.5) 14.606 0.006
HAH 71.894 73.023 77.294 61.866 56.055
Pl 0.000 0.000 0.000 0.000 0.000
*3 BEAXREBRENBER/MNIESEWIEE (x+5)
A PRET B 1.7 237 [l
Wi (R) HEEE (um) BEERE (un) V/CHME  HEEE (un) BEEE (um) V/ICHE  HEEE (un) BEEEE (un) V/C HE
XA 6 74694+ 87.74 336.86+3754 226+045 515.88+142.06 22236+87.72 246+0.51 461.68+ 52.67 277.80+73.51 1.75+041
EAEDQ 15min - 6 53627+ 65.86 265.58+£24.862.03+0.29 390.67+ 68.38 140.96+29.58 2.86+0.64 34351+ 57.98 171.00+35.92 2.11+0.62
Pemdl 1h 6 43613+ 94.02 230.23+48.17 2.02+0.76 319.38+ 80.79 172.99+2629 1.90+0.63 26843+ 62.61 152.59+33.33 1.77£0.29
3h 6 42976+ 86.14 217.10£31.88 2.02+£0.57 355.16+ 96.55 188.72+145.54 2.04+0.86 287.93+ 69.82 160.99+2544 1.81+0.43
12h 6 398.92+119.66 238.50+77.47 1.77+0.57 30731+ 69.40 210.60+3591 1.53+0.55 26031+ 78.15 185.75+58.17 1.43+0231
36h 6 492.05+107.10 190.67+31.35 2.61£0.56 390.99+ 62.31 171.11+£13.93 2.28+0.26 374.52+101.88 154364470 2.49+0.58
FHHEDQ [Smin - 6 45973+ 7921 165.77+28.84 2.82+0.61 360.01+ 84.67 176.79+48.74 2.22+0.89 280.17+52.47 141.30+46.23 2.14+0.64
PeFHA 1h 6 39233+ 9435 192.06+31.17 2.04£039 362.60+ 53.02 184.92+4845 2.07+0.53 252.80+48.06 151.60+£27.44 1.71+0.42
3h 6 39012+ 67.43 207.55+37.87 196+0.57 34814+ 5549 177.10+86.60 2.11+0.70 258.90+43.23 145.54+3839 1.85+0.39
12h 6 37410+ 9244 24544+4650 1.54+034 349.69+ 63.07 23537+39.28 1.52+0.37 196.99+45.19 152.54+29.44 1.31+0.31
36h 6  472.96+12523 223.92+67.31 220058 413.06+ 20.87 170.30+13.57 2444023 321.77+3454 147.23+27.05 2.29+0.68
BRI DQ 15min - 6 43236+ 70.04 185.93+49.87 2.42+0.50 378.04% 74.19 132.12+19.91 2.95+0.81 262.07+28.16 116.98+40.32 2.41£0.63
PHA 1h 6 339.63% 5030 199.314+42.19 1.77+£041 359.85+ 55.13 139.73+£26.48 2.64+0.52 22837+58.19 164.25+21.02 1.40+0.35
3h 6 386.50+113.70 184.16+37.82 2.12+0.55 322.44+100.69 169.79+2848 1.93+0.61 253.01+50.76 169.38+2824 1.55+0.46
12h 6 36196+ 8822 228.97+81.08 1.67+0.41 28607+ 59.93 190.42+31.49 1.54+043 214.64+4094 170.22+19.39 1.26+0.18
36h 6 388.84+ 9833 2055743479 191041 319.62+ 86.70 196.62+58.28 1.70+0.54 258.96+35.99 163.79+42.11 1.63+0.28
HAiE 97.269 103.565 56.779 53.088 66.816 70457 91.060 47.699 72.008
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

2 DQ WL, VIC BRI / B TR Al
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¥

DQ Jerp2] B I8 B TE RIS 12 bt ohy ™ 5, SR IO B L S A S Kk e SR B 5 Rk (231.0 mg/kg) DQ HERELHTT LR ik
AT AN | AR 7 e I 5 A T2 I 40 B 5 e AR (346.5 mfkg) DQ YLEZH T Wadd MR A 3 i, W i 58 2 45 T )2 1 e 43

IIARZE - L (HE) Jefs PRk

2.4.2 B A AR A (B 3) < X IR AL TG B ek
A5, 3AFIRG R E T 8 S TS
15 min BIFF46 S B0 B s 0, Bifi fe 2H 2461405 32 1
T, 2 12 h i d o= 5 [ | S5 B A AR
PFFET 1~ 12 h BN EE, 0] UL oR B i 3 . 2 A 58
12 BARIP IR, 36 h A TR, BEYLEERIR N,
25 BsF 18] A e BB A0 TN B
3 it i

DQ 5 PQ HJJE TR BE S R, W EE Y
Il AR R BUARL, (H 1 i)k DQ rh2E A IHALIERE IR (InTH
iz B K TS ) B sE B ]
BRI R AR BRI R A B FR ST
P EZ M ER N E . BB DQ ) =25
WEZ— HEXT DQ 51 H g i 4 AL F
FEEEA HGE, T AR BB )R
T 1 T W KO O R BRI, T oM I PRRA L IL BE
ARG 15 X5

BB 12 R 25488 T2 I B, o FEpF o
Yyt A CE R IR, oA L AR HE AR, T

R MITERILAAR N 1) 43410 S R A8 B, DN S I IR
SrHIIe 2% o ARWFTE N PR (0 - B
FORFEATREM , FAURRE &7 | SRR 4 | T bRk,
AE S I PN 347, 2 B0 AT S8 A — RGN 7
BT AR RIS T LA 115.5 mefkg R4
FREUDOQ HE H PR TS S s T
i, 2% DQ IR A gebnitE ", A A IR DQ H
BRIV, FE A R Qg B2, 73508 115.5 mg/kg
(12503000 & (median lethal dose, LDs,) J, 231.0 mg/kg
(LDs,) F1 346.5 mg/kg (3/2 LDs, ), B fEARTIAN R 255
T DQ W H Qe R — I oL FARBh e K
W 38 OB AL 5 I 25 2 40 00 10 25 S A . S5 2R
R, 2% i YL RE A A Gl LN R AT L R AT
AETEREAR , 1K DQ e B2 BET ] A2 L Y Al , {5
B I ESEA T %S SRR TR
J& 5 min M RIATAG I E] DQ, W] DQ 7E K BUH
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