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Abstract

| investigated the cellular uptake mechanisms of phenoxyacetic acid herbicides and benzoic
acid herbicides from the apical membranes of Caco-2 human colon carcinoma cells, and
obtained following results.

The uptake of 4-chloro-2-methylphenoxyacetic acid (MCPA) was significantly decreased by
incubation at low temperature and increased by lowering the extracellular pH. Pretreatment
with a protonophore or metabolic inhibitor significantly decreased the uptake of MCPA by
about 50 %. Coincubation with benzoic acid, L-lactic acid or o-cyano-4-hydroxycinnamate,
which are substrates or inhibitors of the monocarboxylic acid transporters (MCTSs),
significantly decreased the uptake of MCPA by 68, 31 and 20%, respectively. These results
suggest that the uptake of MCPA into Caco-2 cells is mainly mediated by common MCTs
along with benzoic acid, but also in part by L-lactic acid.

| next compared the uptake of phenoxyacetic acid (PA) and its chlorine derivatives,
4-chlorophenoxyacetic acid (4-CPA), 2,4-dichlorophenoxyacetic acid (2,4-D), and
2,4,5-trichlorphenoxyacetic acid (2,4,5-T). The order of uptake and lipophilicity expressed by
n-octanol partition coefficients were PA< 4-CPA < 2,4-D < 2,4,5-T. Trans-stimulation effects,
due to preloading with benzoic acid, in the uptake of the compounds were observed in the
same order as that shown above. Kinetic analyses elucidate that the order of uptake clearance
(Vmax/Km) of the compounds was the same as the order of their uptake and lipophilicity. These
results suggest that the uptake of PA, 4-CPA, 2,4-D and 2,4,5-T into Caco-2 cells is mediated
via common MCTs shared, at least in part, with benzoic acid, and the increase in lipophilicity
due to the chlor-substitution may increase uptake via the MCTs.

I also investigated whether the uptake of triclopyr (3, 5, 6-trichloro-2-pyridinyloxyacetic acid)
and dicamba (3,6-dichloro-2-methoxybenzoic acid) was mediated via MCTs. The uptake of
triclopyr was fast, and both pH- and temperature-dependent, while the uptake of dicamba was
very slow. Coincubation with benzoic acid significantly decreased the uptake of triclopyr,
while it had no effect on the uptake of dicamba. These results suggest that the uptake of
triclopyr is mediated by MCTs, while that of dicamba is not mediated by MCTs as the
2,6-substituted groups in dicamba may inhibit uptake via MCTs.

The effect of substitutions on the benzene ring on the uptake by MCTs was also examined
using Caco-2 cells. Among the benzoic acid derivatives tested, the uptake of 2,6-disubstituted
benzoic acids was markedly lower than that of other benzoic acids, and coincubation of the
2,6-disubstituted derivatives with benzoic acid did not decrease the uptake of benzoic acid.
The 2,6-disubstitution of benzoic acid may prevent the access of the carboxylic acid group to
MCTs expressed on the apical membranes of Caco-2 cells

Finally, I examined whether the hydroxylation of benzoic and cinnamic acids as well as the
cyanating of cinnamic acid at a-position decreased their MCT-mediated uptake by Caco-2
cells. The hydroxylation of benzoic and cinnamic acids and the cyanating of cinnamic acids at
a-position resulted in a decrease in their uptake by Caco-2 cell via MCTs. The decrease in
lipophilicity due to the hydroxylation and the steric hindrance by the cyano group are thought
to decrease their affinity with MCTs.
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2,4-D : 2,4-dichlorophenoxyacetic acid
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DDT :dichlorodiphenyltrichloroethane
DIDS : 4,4’-diisothiocyanostilbene 2,2’-disulfonic acid
DMEM : Dulbecco’s modified Eagle’s medium
DNP . 2,4-dinitrophenol
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DPBS : Dulbecco’s phosphate-buffered saline
EDTA : ethylenedeamine-N,N,N’,N -tetraacetic acid
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FCCP : carbonylcyanide p-(trifluoromethoxy)phenylhydrazone
HBSS : Hanks’ balanced salt solution
HEPES : N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid
HPLC : high performance liquid chromatography
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LDso : 50% lethal dose
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MES : 2-morpholinoethanesulfonic acid
NEAA : non-essential amino acid solution
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NSAIDs : non-steroidal anti-inflammatory drugs
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OATs : organic anion transporters
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OATPs : organic anion transporting polypeptides
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PA : phenoxyacetic acid
(7 = / % VHER)
PAH . p-aminohippuric acid
(p-7 2/ EIRE)
PCB : polychlorinated biphenyl
SLC16 : Solute carrier family 16 members
SMCT : sodium-dependent monocarboxylate transporter
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2,4,5-T : 2,45-trichlorophenoxyacetic acid
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TCBA : 2,3,6-trichlorobenzoic acid
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2,4-dichlorophenoxyacetic acid (2,4-D) OB L IZIFRFEZFRIULLTEETD
4-chloro-2-methylphenoxyacetic acid (MCPA) D% RIZHEE T T 5, &/ IV R
T&% phenoxyacetic acid (PA) ZRHA#IEET 5 2,4-D & MCPA [ I R/VE DAL
N— /VEEBRRER (A —F 2 UAEH) 2B L TWD08, RV E LT
AU, Y ZNHDOBRFERNI BT O R A RES T DL T, BRAH
DINT o A% RS EERE N RE T T D, ZNDITFRICA XBHEY OFEE R IZFE
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Rh— SRR, AR AL L TREI STV D 24— AERIC
L0 KR FROT ADRRL, AR REERCZRES D,
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18 B/ HVERVBENT VAR —Z—{ZLB 4-chloro-2-methyl
phenoxyacetic acid (MCPA) D EALE41E

BLE WS

4-Chloro-2-methylphenoxyacetic acid (MCPA) X 2,4-dichlorophenoxyacetic
acid (2,4-D) REDT =/ U FERIRES] (HERE Fig. 11T 13, B,
ARSI T D2 A IRBEHE R L TGRS TVD, MCPA
ORMEFIEIT AT, Ty ME OB 51238175 LDso 14 1160 mg/kg Tdhrd, 3V 7
> MR EE~ MCPA Z iU 7218 M 3 1 R CIIFE D AMRITRR O BT | A K EEEH]
B3 20 ppm EHESN TS, 3D B ~DOFMEL TS, R T B A S
AR ORI R B SRS S Tng, 3139

MCPA 2,4-D

cl —Q_ OCH,COOH  CI —Q— OCH,COOH

CH, Cl

Fig. 1. Chemical structures of MCPA and 2,4-D.
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M C MR IR B I CE T D, ¥ Ty e LB EBR O A& MCPA 13HE
RMTRIEFL, Beb-1% 2, 3 R Tl MLIE IR EE IS D oG S, 9 BRER
BROfERE T 5, EFLTYMIEITDH MCPA OWRILRITEVERESNT
W%, 45 MCPA (3 pKa 3.07 OFFERMED T/ VR BBL M THHZ LD, pH 4y
BRI ZHE N B D DML S D EHEE ST T8, 2 OIS DU
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Bﬂ%%ﬂf%éo 8,17-19)
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FIALEHERIL , 39 W<ODDH T XA T D MCTs BFEBLL THHIZEND, MCTsIZEY
SN DI O FRITILAS LTS, 91014-1620-29)

ARETIX, MCPA 73 Caco-2 Al i D THARIEARIA 5 MCTs 24T L Cliiik SAL 5702757
ERRELTZ, 29



28 EBITE

%1 EBRME

4-7011-2-AF )V 7 = )% FEME (4-chloro-2-methylphenoxyacetic acid, MCPA), L-
FLE& (L-lactic acid), BEf& (acetic acid), ¥ UF /L (salicylic acid), m-ERu¥ %
B&M: (m-hydroxybenzoic acid), p-eNe¥% 2 2  (p-hydoroxybenzoic acid).,
%27 B &/ (benzoic acid), == F > (nicotinic acid), 2,4-v =k 7= /— )L
(2,4-dinitrophenol, DNP) & Y7 {b R A (sodium azide, NaNs) (3 F05E i T
¥ (KBK) Vi AL 7=, Dulbecco’s modified Eagle’s medium (DMEM) .
carbonylcyanide p-(trifluoromethoxy) phenylhydrazone (FCCP) ., 7" & &° 4 > [ig
(propionic acid), B&f& (butyric acid), 4,4 -diisothiocyanostilbene-2,2’-disulfonic acid
(DIDS). p-7~/VI¥% (p-coumaric acid), 7 =/L 7 (ferulic acid), a->7 /-4-t K
7 % R (a-cyano-4-hydroxy-cinnamic acid, CHC), = ~Z[% (succinic acid),
p-7X /G IRER (p-aminohippuric acid, PAH), U7 7~A<> SV (rifamycin SV) &
Sigma Chemical Co. (St. Louis, Mo, USA) JWlEAL7-, 4-fr e imiE (fetal bovine
serum, FBS) LFIEMZAT I /W WE (nonessential amino acid, NEAA) X Life
Technologies (Rockville, MD, USA) XViEALT:, EDMOFAIEIT T TR
B FTEA LT 2 VW,

52 H MpakrE

Caco-2 i e i ZFA LW FE AT AL BRFE $R1T (RIKEN Gene Bank, i) J0AkR
40 1 B 2 LT-, ARBFFE Tl 37°C, 5% CO2- 95% air D54 F CTHE#E L 7= 60-75
KRB OMREEH Uz, Ml #IZIZT7yhad—r o247 1 Za— N7 (v a
(IE£5 60 mm, Becton Dickinson, Bedford, MA, USA) %Zfii HH L7z, FBS (10%).
NEAA (1%) M OPIAEWE LU CTHilE AN 7 h~AT > (100 ug/mL) E~_UPL
AR=2 YAV (100 UmL) % DMEM (IZINZ 7=b D&k & U CE L7,

RATEZLL T O Tho, #flitk , Ml ZFar 7 v MIELZ 5-7 H
H O#An R i % Ca?* & Mg?* % & %72\ Dulbecco’s phosphate-buffered saline (DPBS)
TYEIF#. 0.25% RU7'12/0.02% EDTA % & e PBS Nz Alfuz s w7, %
D% WEBIREMAAILE AT L AN —TREEY , X7 T R0RE L



T-t%. AR FE NN 52X 10% cells/dish 127255912 35 mm 7 4w 2 | TR L 7=, 5548
WRIL 2 HHAWNE 3 BEICas#l7-,

% 31 MCPA OBAHEER
1) fFaX—Ta AT 4T A

AL FarX—2al AT 4 LELT, 25mM D-7/va— 2% & T» Hanks® balanced
salt solution (HBSS) % HL7= (Table 1),

Table 1. Composition of HBSS at different pHs

NaCl 137 mM
KCI 5.36 MM
CaCl, 0.95 mM
MgSO, 0.81 mM
KH2P04 0.44 mM
Na,HPO, 0.39 mM
D-Glucose 25 mM
MES (pH 5.5, 6.0 or 6.5) 10 mM
HEPES (pH 7.0 or 7.4) 10 mM

2) BV AL ERFE

AERICITHFEREZ 7 HE2H 9 HHDOa 7))L MIELT- Caco-2 flfaz# i
L7z, ML B2 % 37°C @ HBSS (pH 7.4) TEH#AL 20 37 LA F2—hL
72o ZD% . MCPA (50 uM) %5 HBSS (ZE B L AT ERFE A L ¥ 2 —hL7z, A
VFa_X—MET#, EHIZ MCPA 25T HBSS 27 AL —4— T BIFREL , #
RMNTIKIGLTIZ HBSS (pH 7.4) THlllazm4 3 RIveiL . Ml Mg =L, i
PURRSE T, A E O EE (13,000Xg, 10 min) L, By MCPA DOiEfE%
AN EE &L LT, 72d . LI R fa fif ik OFEE X, TN HsPO4:methanol =
1.1 TH5s,



58 4TH MCPA LZURIDEER
1) MCPA O & £
MCPA DOJE &L, xR ERIEICL Y mEKKs v~ N7F 7 +— (HPLC)
IZTAT > 72, HPLC Mgt & LA N ITRd,
AR > 7" . Shimadzu LC-10A vp pump
%% © Shimadzu SPD-10A UV detector
JitiE : 0.9 mL/min
HIER R : 230 nm
777 A @ Shim-pack VP-ODS (Shimadzu, 250 mm X 4 mm i.d.)
BEH : 50 mM KH,PO4 buffer (pH 2.5) / acetonitrile (65:35 (v/v))
FABHEAE @ 100 pL

2) B

222377 BB Bradford 514 3 ([ZHEHLL | Bio-Rad Protein Assay Kit (Bio-Rad
Laboratories, Richmond, CA, USA) % V>, 595 nm (28T HW A E L=, 72
BRI MG T VTR (FOEMER T3, KBK) 2L,

%5 WMEMFEHAE KR OREE

HEREFIT T RN COEBIE + %R (mean £ S.E) TrRL7z, A EERTE
I% Student’s t-test &5\ X Scheffe’s multiple comparison test {[ZJLV1T>72 (4 Steps
TR A= A A AR, 2007), p<0.05 Zb o THEAEHVELT,
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% 1 MCPA OEIARIZKIET pH DRE

MCPA DEVIAFIZIIET pH DREIZOWTHEFTT 5729, Caco-2 Hifaz
MCPA (50 uM) %% ¢e pH 5.5, 6.0, 6.5, 7.0 D\ NE 7.4 D HBSS T 3 /3filA =
~N—hL7= (Fig. 2), MCPA OEIAZIIHASLNIC pH IZHAFL ., pH 7.4 735 5.5 ~
® pH DL TIZED MCPA OHfa PN E A~ &ITAY 6.5 fFH¥ L7,

Caco-2 A%, MCPA (50 uM) %% Te pH 6.0 H5\ % 7.4 © HBSS T 30 43 filA
> Fa~_X—RL7 (Fig. 3), pH 6.0 (28175 MCPA OEIAZAITHL, 553 TT Tk
—IZE#ELTo, pH 7.4 (28175 MCPA OIVIAAEIL, WTHORFRIZIHB VT pH
6.0 DLGE X0H B IR E A R LT,

MCPA Uptake (nmol/mg protein/3min)

5.5 6.0 6.5 7.0 7.4
Extracellular pH

Fig. 2. Effect of pH on MCPA uptake by Caco-2 cells. Caco-2 cells were incubated
at 37°C for 3 min with 50 uM MCPA in a medium at different pH levels. Each bar
represents the mean with S.E. of 4 determinations.
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——a0

0 10 20 30
Time (min)
Fig. 3. Time courses of MCPA uptake by Caco-2 cells. Caco-2 cells were incubated

at 37°C with 50 uM MCPA in a medium at pH 6.0 (O) or pH 7.4 (@). Each point
represents the mean £ S.E. of 3 or 4 determinations.

% 2 TH MCPA OEIAZ DR EEREEME

MCPA DO H DA Zr D2 FERAFME (0.05-4 mM) % pH 6.0 DSA: T THREIL
7= (Fig. 4), MCPA O HIHIEDIAZ. (3531 1HMRIR EE IR CIEMIE AR L, i Ik
TIHRTEAEZ R LT, ZNOOBVIABEE N7 27 Z 5 MULTE®) & T
LU F oz BlLr-,

V:Vmax[S]/ (Km + I:S]) + Ky [S]
Km BT DOINTIAEE;  Vinax IKIDIAZME; Ko SZEIHTEBEREL

FEHT DFEH ., KnfE13 1.37 £ 0.15 MM,  VmaxfE 13 115 £ 6 nmol/mg protein/3 min,
KafElX 0.476 + 0.163 pL/mg protein/3 min &72-72, 20D Kg B2 BIHLEIZLD
MCPA DHRVIAZM % FHEL T Fig. 4 [ZHE#R CRUTZDS, ZEMEHUZ KD HDIA D

T HAIIRRD TH 7N e RS Tz, ZORE R, pH 6.0 (235175 Caco-2 Alifig ~o
MCPA O HEIAZ T FELL THAKE X I LA b b,
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~
(6]

a1
o

N
(6]

MCPA Uptake (hnmol/mg protein/3 min)

o

Concentration (mM)

Fig. 4. Concentration dependence of MCPA uptake by Caco-2 cells. Caco-2 cells
were incubated at 37°C for 3 min with different concentrations of MCPA (0.05 - 4 mM)
at pH 6.0. Each point represents the mean + S.E. of 4 determinations. The dotted line
indicates the MCPA uptake via unsaturable process calculated from the Kq value.

% 3T MCPA OBRVALIZKIETIRELRHEEAR OFE

Caco-2 #ifd~0 MCPA DHVIAZITRE = H/NLF =L L THWDDO0RFIL
7= (Table 2), 4°C TAYFa_X—hL7=HH D MCPA OEVIA A &L 37°C TAL*
2 X — KL 6 LR T E ITEL, 68% DD 1F2D LT, R LERITHD
NaN3 (10 mM) <° DNP (1 mM) T Caco-2 #ilaz giflBlL7=354 . MCPA OHVIA
HEIE, K % 48%E A5%IR LT-, £ vk /74T TéhD FCCP (25 uM) THiAL
BL7=555128 53% DD 3RO DI, LinL, 7= U Rk (KO EHITH
% DIDS (1 mM) L2/ Fa_X—KL 7284 Tk, MCPA D EUIA A B2 bR
RO BRI TZ,
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Table 2. Effects of temperature and metabolic inhibitors on MCPA uptake
by Caco-2 cells

Conditions Conc. MCPA Uptake
(mM) (% of control)

Control 100 £ 3.45
4°C 31.9 + 0.61*
NaN, 10 51.9 &£ 2.49*
DNP 1.0 54,9 £ 2.11*
FCCP 0.025 47.1 £ 1.79*
DIDS 1.0 96.5 = 0.78

Each value represents the mean £ S.E. of 5 or 6 determinations. *Significantly
different from control.

2 4] MCPA OBIARIZKIETINVR L BILE DR E

Caco-2 i~ MCPA DA HLDIAZA T MCTs 23B5-L TWO DD )5
THID | Tl & DOIIVIR AL GO IAFET TOD MCPA Ol il N HLDIA Z- &2
WTRRRIL7Z (Table 3), MCPA @ HEDIAA &IX, MCTL 2 DR RV EE THD L-
FLER D IAFIZ LK 31%I8D LTz, £72 MCT1 7L DR R ERITHS CHC 4t
LK 20%0 Uiz, FEHIBNIRE CHHEERE, 7 a4 L Wb D\ X EEEE O 17
IZED MCPA DEWIA AL &EIFA EICIA LTZ (45-48%), — 7. B EWEE /IR
R CHHILEEFR., VIVTF WL, p-7/ v /VIEHHNET /L IR I FIZED MCPA
DEVIAFEIZIVRELFD LT (58-68%), VVF/LEE (o-ERuF I ZE&HF) O
BEMHARTHD m-eRaF U Z B EFERHHIL p-tRaf 22 BEROLIFICLY
MCPA D HRVIA I~ EIF45 % 30%E 42% 0 L, Y UF e D56 LA~ THAD D)
RIZEV NS oTe, = VAUNRU B ThLaNIiE, AT =4 "N AR —4
—RY~XTFR  (OATPs) DFLEHITHLI 7 7~A ' SV, AT =AU 7 AR
—X&— (OAT) DIREHIEE THD p-TI/EIREE (PAH) (2L EITRD LN
Nl
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Table 3. Effects of various compounds on MCPA uptake by Caco-2 cells

Conc. MCPA Uptake
Compound (mM) " (% of control)
Control 5 100 = 1.73
Acetic acid 10 5 515+ 0.86*
Propionic acid 10 6 55.0 & 1.79*
Butylic acid 10 5 55.1 &+ 2.35*
L-lactic acid 10 5 69.0 & 2.37*
Benzoic acid 10 6 315+ 1.08*
Salicylic acid 10 6 42.8 = 1.54*
m- Hydroxybenzoic acid 10 6 70.0 = 0.60*
p- Hydroxybenzoic acid 10 6 58.3 & 1.12*
p- Coumaric acid 10 5 42.1 = 2.86*
Ferulic acid 10 5 35.2 £ 0.70*
Nicotinic acid 10 6 60.2 + 1.46*
CHC 10 6 79.6 = 1.58*
Succinic acid 10 6 99.6 &+ 2.18
PAH 10 6 98.1 + 2.86
Rifamycin SV 0.1 6 89.6 &= 1.83

Caco-2 cells were incubated with 50 pM MCPA at 37°C for 3 min in the presence or
absence of various compounds. Each value represents the mean = S.E. of 5 or 6
determinations. *Significantly different from the control.

% 5 CHC, L-ABEKUZEFBROREKRFHELEZDR

MCPA DOEWVIAAIZKIET CHC, L-FLEE M OV B FR DU FERAT PR 2 5L
(0.1-10 mM) (IZDWTHRFIL7Z (Fig. 5)e WT ILDREIZH W THL EFEE, L-1.
B J U8 CHC 12 L ABHAE S 54T Table 3 1 RUI i RL R Tho7- (RBERR > L-
FLEE > CHC), Z BEFEDOIEEDHEINT HIZHEY MCPA DHYIA A 8l I 126
DUTEN, L-ELERIC LA 1T mM TIRIE —E 127272 (89 30% D), % B3
FElFRED L-Agx L FESEIGA TR WITNOREICBWTH L EHFRED
HaFEET 56 TS RERLEFENRNFRDO LI,
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Fig. 5. Concentration-dependent inhibition of CHC, L-lactic acid or benzoic acid
on MCPA uptake by Caco-2 cells. Caco-2 cells were incubated at 37°C for 3 min with
50 uM MCPA in the presence of different concentrations of CHC, L-lactic acid (LA) or
benzoic acid (BA). Each point represents the mean + S.E. of 4 - 6 determinations.

25 6 MCPA @H&Dﬁm:wfa‘faéﬁw%%ﬁ

Caco-2 fifdiZ 35155 MCPA DIRVIAIA I Z BEFEMOIFAE T CHEICPLES
ZEMS, 7 BEMROIEREXE Lineweaver-Burk plot TEMTL7=, 22 B 7 D17
K OFEAE T TSRO ZEROZSINEIT Y dil L ThHo72 (Fig. 6). ZDHE Fb,
% B WIS Caco-2 i~ MCPA D HUVIA Zr i & BNAE LT D Z LB G
D, ZTOMETH (Kifl) 1%4.68+1.76 mM LR HENT-,

MCPA L% &)Y Caco-2 MAZI VTR — D7 AR —Z — |2 X0 akSn
TWAZEEAERT D721, MCPA HUIAZIZX T 522 E&/ED trans-stimulation
BRARFILTZ (Fig. 7). MCPA DI HIA 342 B IR O RTLELIC IV A IS
fRHES AL, BIBD e trans-stimulation Zh 23RO Bz, — 7| FERITRES2NA, L-
FLEEOHTALEE Tl trans-stimulation 2 RILFEDH L0 T2,
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0.08 ¢
o Control
O + Benzoic acid

1/Uptake
(nmol/mg protein/3 min) -

1 0 1 2
1/Concentration (mM)-1

Fig. 6. Lineweaver-Burk plot for MCPA uptake by Caco-2 cells. Caco-2 cells were
incubated at 37°C for 3 min with different concentrations of MCPA (0.5 — 4 mM) in the
presence or absence of 10 mM benzoic acid. Each point represents the mean = S.E. of
4 determinations.

Control ~

Benzoic acid

0 1 2 3 4 5
MCPA Uptake (nmol/mg protein/min)

Fig. 7. Trans-stimulation of MCPA uptake by preloaded benzoic acid. Caco-2 cells
were preloaded by incubation with 5 mM benzoic acid for 30 min at pH 6.0. Benzoic
acid-preloaded Caco-2 cells were incubated at 37°C for 1 min with 50 uM MCPA at
37°C in a medium at pH 6.0. Each bar represents the mean with S.E. of 6
determinations. *Significantly different from the control.
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BAi BE

Caco-2 HIIE D TEIEA A5 MCPA D EIAZZITIRY pH K 7 LR E K A7
PEAZROBIL, IR EA] (NaNs & DNP) o7 b /747 Tdhsd FCCP DRijAL
HUZIDZ DB IAA DN FE ICHESNZ, E2E4x DT/ IR BEOIAF T T
A BRI DBFED OIS PANR BT DTN FRO IAF T T 35880
bR oTz, ZHHORE BIX MCPA N T b ZBREN 11 & LT ) H VIR R T A
R—%— (MCTs) /L CHikSnbI bz R LT\ 5, MCTs (213D 7 4 A
THRRESIUTNDH, MCTL, MCT3 2O MCT4 728 D L-FLERIC KV R EAZ 1T 5
YT H AT I3 L | FLERIC IV E R T I N T A 182022 ¢ 2 D24 HE
&b, Konishi 529 L Kuwayama 52V (%, 2B EFBRE VYT /LERIT Caco-2 fifaiz
BIFLTZNA LA OTERIIERDD O F A BEE (D SEL0, L-FLERITRAD S
HRWIEEZIEL, 7V AL EAUD L-ABEZEREL TS MCTL, MCT3 KO
MCT4 LT R T X A7 D MCTs THiESNLOEHEE Lz, LonL, £DH T2 A
TIZOWTOFEMNIIIASICEN TR, ABFZE T, ZBERE., YUFILEER, p-7
VIV YT =)V T WETR E DT HRTE TV BRI D MCPA D E A BT k35
PHEZNR (58-68%) X L-ALEADHEA (31%) & KEL A7, -2 EFME L-
OO HICEVZ BRI EMOLE J0b KRERFEDRNBDLN, ZNHD
FERIE MCPA X IC L B EFBAZIEL COD Y7 X A7 D MCTs IZ AP IR
DA, LA L2 L T YT X AT D MCTs D% G130 7sneBxbh
Do

FUF LR (o-bRaFL 22 BFERE) @ MCPA (x4 HH0IA AL ER) B2 B
FHRRIVIELS, m-eREd U ZEFHES p-eReX o2 REFEmRLY -7 (Table 3),
Konishi © 29 % Caco-2 MR 1T D7 LA Lt A L OTERIIEARIN SO I 45
E/ERaX L BFEBEOMEICOWTOINIZE T, ZEaFBROKEEL., I AZL
DKEEILIZ MCTs OB FMEZ K FSELEHEL CD, Takanaga ©H 19 1%,
Caco-2 MRz I1T VT A O TR OFEm M ZEL | 272 EFEE, m-K Y
p-ER 22 DA ER I LD A PR XA % 74%, 25%, 42% L L C\d, RIFF5E
TEBH LT Caco-2 HIIEIZI51T D MCPA DDA FAIZ K IF 92 B/ RO KR IEED
PLEIZEDBAEZEDOENT, 74 LEA B LYV TLEE 10 DA LHEEIL T
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WD, ek, FH IR eX UL BFMORML (0-. m-. K p-) ITLHLEAEE
DEIAIBREZN FDFENZOWTIE, 45 5 = THREILT,

Fig. 4 12772 MCPA DA B IA 2 DB/ S B ST Kn i (1.47 + 0.15 mM)
& Fig. 6 [Z/RL7= MCPA DAJHARDIA AT BIE T2 BER OB BT HLOT —4
PHER SN KMl (476 £1.76 mM) (XTIl Td, 2B 0fEIE, & 4 =
IZBWTEHENHE ML Caco-2 MICBITALZEFMHLD Kn fE (141 = 0.09
mM) KO Tsuji & 9 (285 Caco-2 HIIEICIIT A BEMRD Knfd (1.28 mM) &
BT T2, ZNDHOHERIT MCPA 232 B &R SLE DY 7 %47 MCTs Cliik <
NDEVO R TERE RE DT TND, Ikilt, FFOFEANIC MCTs 28 ELL TWHE
EDHRE ST, B3 NG K OVE IS BLL T MCTs 1, MCPA D% 1 #% 5-4
DIERLINLWIE ORI R I B LT D &b,

MCTs I%, EITE/WNARCBILEWZ LT D, AT =AU F AR —4—
(OATs) RHET =AU "I AR —H—RYXTFK (OATPs) LD HE R4
—NR—=Fo T RHEZIN TS, 849 UL, OATPs DRLEHR|ITHH) 77~ A SV
X OAT D IEFF RV EAITH S DIDS 1T MCPA D EDIA A IZITREE 5 2 2o
72o 2D LD OATs & OATPs [ X Caco-2 fifdIZI31F5 MCPA OEIAFAIZES 5L
TVt fbihd, MCPA DIEUILEY THS 2,4-D 13, BICIREEIZHD
organic anion transporter 1 (OAT1) OfRFEMLILE THD, 4142 LinL OATL X
Caco-2 il 43 b /M ) IIIRHL QW ZER A S TD, ABFJET
I3 OATs DR FEHIZRFLE TdhD PAH (10 mM) 73 Caco-2 #ilIEIZ 35175 MCPA D HLY
AR B2 02 e a2 fREFRL T D (Table 3),

AREDREFmEL T, Caco-2 Ml i D TEIEAIAHD MCPA O IRVIAZ L, FITEE
FEZ LT HY 7 X247 D MCTs 3G L TRY, L-ILBA k5072470
MCTs & — B 57 22 LRI,
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2 E T = /X VEIRRRER OBV IAHEE

B S

AW TT = /% VIR R FREAI L L TIRERDY7: MCPA N2 E&/BEEFICH
THAT D MCTs (Z&-T Caco-2 il ~HVIAENDZEEHHHNI LT, MCPA I
ZORER THDHT = /% VB (phenoxyacetic acid; PA) @ 2 itk 4 (\LiZENZEh
AFNVIELEHRIFF 2> TND, 7= /% U FEEREREAN I B U BRICHE R
RAFNEIREDEWBIEZFFOL O HDHWT o R FITEEIELFFOL O EFRERN
BETHY, ZOHEBELZIEICOIL, MERFENENEN 2 HE 3 HD
2,4-dichlrophenoxyacetic acid (2,4-D) & 2,4,5-trichlorophenoxyacetic acid (2,4,5-T)
(I T ARG THHASNIZA L RREAR THD, —RANICEHRILICIV R EE
FATIEL IR E S R EFBENERDENDITWD N, IRIAETEENT VAR —Z —(C
LOMIBEN B A A EDBHRIZOWTINETHEVHESIL TR,

ARETIELT = /X EIRE R RER] (Fig. 8) O_UBUBROBFBRAICEAL
T, RERE THD PA (HEFEIR 74 0 18), HFEIH 74 1 8D 4-chlorophenoxyacetic
acid (4-CPA). 2 fEl® 2,4-D. 3 {H 2,4,5-T O Caco-2 Hifa~DHViA L% . MCPA @
BAEbED TR, 2

PA

O— OCH,COOH

4-CPA MCPA

a OCH,COOH cl _Q_ OCH,COOH

CH,

.

2,4-D

Cl OCH,COOH

.

Cl

2,45-T
Cl

cl OCH,COOH

1

Cl

Fig. 8. Chemical structures of phenoxyacetic acid herbicides.
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28 ERIGIE
% 1H EBRME

7 x /% HElEE (phenoxyacetic acid; PA), 4-CPA (4-chlorophenoxyacetic acid).
2,4-D (2,4-dichlorophenoxyacetic acid). 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) (X
FOGHIBE T3 (CRBk) JVEEALT, ZOMORIEIIRTEDOL DAL,

52 IH Mg
1 EICHEL T T T,

% 3IH KT = /% EIR R RER DAL B
BAET = ) HER R R LA D Caco-2 MM ~D B IA T EERITE 1 B ICHEL T/ T

77,

B4R BT = /% UHERRRRER O S EAR B ORI E

IEARENT, 7 =/ U EEEE R BREAIZ pH 6.0 @ HBSS (2 20 mM (2725010 A
iR, HBO n-A7¥ ) —NEMZT 10 SRE#RL, Z0% 5 SO oBEL .
HBSS HUZFRAFL TWAIEMIREZHIE T 52 TR, B o Rtr i o xt
BAECTRLT=,

BLH K7 )X VEIBRRRER|EZ L I DER
PA. 4-CPA. 2,4-D }; T8 2,4,5-T ®E &L, HPLC IZT{T-7-, HPLC D43 #T 5%

Table 4 |Z753, 723 HPLC ~0O#EHE A &E1T 100 L TH 5,

Table 4. Wavelength and mobile phase

Wavelength for 50 mM KH,PO, buffer
detection (nm) (pH 2.1) / acetonitrile

PA 230 80/20
4-CPA 225 70/30
2,4-D 230 65/35
2,45-T 240 60/40
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% 6 TH MEHFRINE KR RES
1 BEICHEL TTo T,
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55 3 Hi EBRRER
B 1H BT = /X VHFRRRERORVIALDORRELL pH DEE

%1 OB LFEEEIC, PA, 4-CPA, 2,4-D 25\ M% 2,4,5-T % 50 uM & ¢ pH 6.0
® HBSS T Caco-2 fifaz A F=~X—kL7= (Fig. 9), Caco-2 fifad ~DHLYIA A &
TR EF 23720 PA THROELS MR FEOLMEEMIEE mVMEZ R LT,
AT TR L7 R 72010 MCPA DO EDA B H# D 7=0D [KITARLTZAY, 1
FIRTHN 2 L3 THD2,4-D L 245 T OFMNRMETHTZ, 2B, EOT= /%
THERE R BREAIDOIIASS K 5 43 TIRE T Th—ITiE LI,

(nmol/mg protein/min)
N w B~ (8] (2] ~ [e0]

[N
T

Uptake of phenoxyacetic acid herbicides

0 2 4 6 8 10 12
Time (min)

Fig. 9. Time courses of phenoxyacetic acid herbicide uptake by Caco-2 cells.
Caco-2 cells were incubated at 37°C with 50 uM PA, 4-CPA, 2,4-D or 2,45-T in a
medium at pH 6.0. Each point represents the mean + S.E. of 4 determinations.
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%2 H KT = /X VEIRRRER DR ERFERREIARL

PA. 4-CPA K O} 2,4-D OHJHIEIA B DR FEMKR % pH 6.0 DSRIE T TREIL
7= (Fig. 10), ZOHAETH PA DEIAZ D EARL AR IR Tl R 7503 %
WMEEPNEE BDIABREDRZWMEADZED DI, PA UADOILEYTIL, 5 mM %

(BRI FRD DAL, — 7 PA DA TR, fAKITRLZESIT 20
MM ETRRFTL2S, BaFIPEIIER O b -7z,

ATEIZHEL T BB D HLIA T A fFHT 7 27T 25 MULT B9 Z FIVTRERTL
FINT D K ., Vimax 8 M O Kg iz >R 67 (Table 5), £7-. pH 6.0 (2B 1T5%LE
YOS EREAEIEL . ZOFERD Table 5 12787,

WERIFFERDOZLMEEWELE Kn EITRVME A 7R LT, Vinax fE1E PA THEEIC
KV MECdH 7278, 4-CPA, 2,4-D, 2,45-T @ 3 LA TIHTIERUMETH -7, Kn
fE% Vimax L CERL7=H D13 uptake clearance EFEIEAL, 72 AR —4—|Z LD HDIA
FriAERLTVDN, P ZOMBEFRIRFEROLMEAEWIEE REVMEINFED
Nico — 5 ZEILBOREZ R T Ko EEE SRR HEDORITIE—E DM 238
DO -7, Uptake clearance %z Kyl CRRU7ZAEIZN 7V AR —F —{Z LD HVIA
HEEZBILHIC L DA B BO A RLTODEA, O HHER T HOZ LAY
IZE DR FEMERZ R LT,

Table 5 [Z7R L7z BdfREE uptake, K fi, uptake clearance & U8 Ky & D B f%
% Fig. 1112R LT, BRI O %5 (log P) & uptake, KX Of uptake clearance &
P BARIEDFHBEBIR D b A, Kn [EEDMITITA BERADHEMER Ab
72o LU Ko fEE log P OBAFRICIT— B DI 23 bR o7z,
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100

(nmol/mg protein/min)

Uptake of phenoxyacetic acid herbicides

Concentration (mM)

Fig. 10. Concentration dependence of phenoxyacetic acid herbicide uptake by
Caco-2 cells. Caco-2 cells were incubated at 37°C for 1 min with different
concentrations of PA, 4-CPA, 2,4-D or 2,4,5-T at pH 6.0. Each point represents the
mean = S.E of 4 determinations.

Table 5. Analytical results of phenoxyacetic acid herbicides

K \V/ Uptake K Uptake
m max d
o clearance o clearance Iog P
(mM) (nmol/mg protein/min) (uL/mg protein/min) (uL/mg protein/min) T
d
PA 457+ 1.24 326 8.1 7.1 5.28 = 0.32 1.35 0.45 %= 0.03
4-CPA 3.99 = 0.98 114 £ 30 28.6 529+ 1.66 5.41 0.54 = 0.00
2,4-D 1.67 %+ 0.13 89.9 £ 9.6 53.8 2.62 £ 1.47 20.5 1.13 £ 0.00
2,45-T 1.06 = 0.05 85395 80.5 413 *+2.33 195 1.90 £ 0.02
MCPA 151 *+0.18 92.9 £ 10.9 61.5 204 £ 154 30.1 1.15 = 0.01
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B 3 H ARV = /X VEEBRRRER OBRVIARIZRIET IV BLEWERH
FLEAI DR 2
REETHETLT- PA, 4-CPA, 2,4-D &K 2,4,5-T RHiIE CHETL7- MCPA D5
ERIERIZ MCTs IZ&VEgESILD DG EMF LIz (Fig. 12), W ho{bE#H o
ATHPH 7.4 DEIAZEIX, pH 6.0 (ZLE_RTHEIEL, ZEFBOILAFIZK
DEEE I LTe s L-ALEE > CHC IZRDBHER B IREO BT, 2O DRI
AT CRRETL 72 MCPA DR EFRIL CTh o7z, £ PA ZBRW =T X TOLAEW T,
2RO ILAFL FCCP CORMLEIZIDH B EVIAL DD NFROHLIL, 5
IZ MCPA O HAFIZL - THA BB DBRBD LI, ZhHDORERIT 4-CPA, 2,4-D
MR 2,45-T 13 MCPA OE LRICL ZEBE/MRLIFCY 7 2 A7 MCTs 128> T
BIAFINTNDIEEREL TS,
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BATH 7 /% UERRBRERNIK 5L BFBED trans-stimuration 1R EHRE
HFEHL

4-CPA. 2,4-D X 1*2,4,5-T W2 BAEBELIFICR T AR — 2 — 2 L THDIAEN T
WAHZ LA MR T 5721 trans-stimuration Zh FOF OV THFILZ (Fig. 13),
WTNOLEYD R BEBORTLEIZ VA B2 EIA R EOB A o, L
ML, ZOHEIMOEIE I 4-CPA TiX 19 %, 2,4-D TiE 30 %. 2,4,5-T TiX 34 % T,
HWHEFR T HOZMEAWIZE trans-stimuration Zh 13 K& o72,

Trans-stimulation Zh RN KEGRDO O 2,4-D & 2,4,5-T 1Tk 5% BAHFEEOH
EREAUZ DU T Lineweaver-Burk plot TENTL7., WTFNDILEHOLESL. H
MO RITIZEY W L THLHZEND ZEFRRIIZNEDILEM DI IALZHE
ANZFHFEL TWAZ e LN LT (Fig. 14),

Control r

Benzoic acid *

0 2 3

1 4 5
4-CPA Uptake (nmol/mg protein/min)

Control r

Benzoic acid -

1 2 3 4
_ 2,4-D Uptake (nmol/mg protein/min)

Control r

Benzoic acid Lok

0 1 2 3 4 5 6
2,4,5-T Uptake (nmol/mg protein/min)

Fig. 13. Trans-stimulation of 4-CPA, 2,4-D and 2,4,5-T uptake by preloaded
benzoic acid. Caco-2 cells were preloaded by incubation with 5 mM benzoic acid for
30 min at pH 6.0. Benzoic acid-preloaded Caco-2 cells were incubated at 37°C for 1
min with 50 uM 4-CPA, 2,4-D or 2,4,5-T at 37°C in a medium at pH 6.0. Each bar
represents the mean with S.E. of 6 determinations. *Significantly different from the
control.
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045 | 2,4-D 01 2,45-T
Te o Control :a | © Control
£ © + Benzoic acid g 0.075 1 o + Benzoic acid
£ 01 5
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g3 S8
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S g S g
S 005 =
e £ 00257
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-1 0 1 2 -1 0 1 2
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Fig. 14. Lineweaver-Burk plot for 2,4-D and 2,4,5-T uptake by Caco-2 cells.
Caco-2 cells were incubated at 37°C for 1 min with different concentration of 2,4-D or
2,4,5-T in the presence or absence of 10 mM benzoic acid. Each point represents the
mean = S.E. of 4 determinations.
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AR BE
Caco-2 HR D TEAIEA 750 PA, 4-CPA, 2,4-D K ¥ 2,4,5-T DEVIA 1T pH

KAFPEDR DB (Fig. 12), £7- PA DA EERE | L BF RO ILAFERL FCCP O
ATLER I Z L DB 72 E R FRO LN, WT LA WS L-FLEES° CHC @
AR LA BERBDITERO B2 h o7, 4-CPA, 2,4-D LY 2,45-T OWThod
{EEMZB N TH L EEMORTLERIZES trans-stimulation Zh RN DHIL, £ D
NRIT 4-CPA DA /NS 7= (Fig. 13), Lineweaver-Burk plot (21022 &
TN 2,4-D & 2,4,5-T ORVIALZHEEHINTFHEL T e RS (Fig. 14),
TNHDFERMNE 4-CPA, 2,4-D J 8 2,45-T 13, BiIE CTHFTL7Z MCPA L[RIEEIC

B&EBLF T T Z A7 D MCTs IZES THRVIAFEN TWAZENRIBIN, — 7,
7 )X VEEE R R EH ORFE R THD PA DIV IAZIZIZEFITEDN RO BT, &L
BEESS FCCP OB 3B LR -T2 M5 MCTs (IZXD B IA Z % 51348
D TERWEE DD,

PA. 4-CPA, 2,4-D &£ 2,4,5-T, 7ebTNT | HITE TO MCPA D ERFE RaZHHE, =

NODLE DI IAZ BT R AR R (IREME) SR BREDHBENEERLT,
Uptake clearance &43EdfRE (log P) DICHA E/RIEDOFEBENGRDHNTDY, Ky
L EAREE D RN BBR B O LN~ 7= (Fig. 11), ZORERNHIESE
JRA-FLD BN B IA B B OV E IREEPE DI LD = B R O ¥ X
5H DO TIE72<, MCTs IZEDHIA A BEOH A K RL-FE R EE b, PA,
4-CPA. 2,4-D J}x T 2,4,5-T 123817 % Uptake clearance % Kg i ThRLU7-ES 32 7 1
BN NEEEVMET 2R L= (1.35-20.5), Hosoya © ) |35 SEALT ~ M
JBE =5 M I 2 PN B2 Al (TR-IBRB2 cells) ~ D $LR D B0 A % fi it L | uptake
clearance % Ky fECTERL7-ME (2.77) 75, MCTs (2L D865 1352 B E 2 L D0k &
DEfEZ N EHEL TS,

Km B &3 BLAR 3 E O RICIIA B2 A OF BB 38D b= h, ZIUFHEF R
T O REEE DO HE NN T Z BILEEDE MCTs 24T 2IIAHZ NS
FHIEERIBL TS, HEHEF 145 0 o> PA & 1 {HD 4-CPA DIVIAR BED 71T
2 8D 2,4-D & 3{HD 2,4,5-T DEIVRKEINZ LD, HHEIR 05 2 HETOEDY
IABREN R KRENWE DD, MR EAT NV EEZENZ 126D MCPAD
U0 IA A Bl JHE SRR 2N 2 S D 2,4-D DHVIA ZHTV, MCPA D i A

S
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TV HE MCTs IZEHHVIA (R EA AT IREMEN B 2 HILD,

— I AREEPEDIE AN AR 2B PRI LD B IA BN 5038, AR FEERAE
BT E MBI BEBRNRO LN -T2, TO—HEL T Ky EICKER
(S.E) BNEFNTNAIENETHND,
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% 3 E 3,5,6-Trichloro-2-pyridinyloxyacetic acid (Triclopyr) &
3,6-Dichloro-2-methoxybenzoic acid (Dicamba) DEVIA A EEHE

BLE S

1L 2 FIZR W T HE Y = /5 VR SR R FHI 0D Caco-2 Mifid ~D B IA 7
W2 AL, MCPA, 4-CPA, 2,4-D XU 245-T 3L BEMEFCY T H AT D
MCTs Z41rL T Caco-2 MifldiZHIAENDHZ L N B BRDEEFRF 13, MCTs &
DOFFMEZ D ZE DM IABZARET D LA R,

Triclopyr (3,5,6-trichloro-2-pyridinyloxyacetic acid) % 2,4,5-T L[RICLHIT 3 DD
BRI 2L ORERTHY, TOWEDOTRMENDL T = /3 T BEfE RERELAN 5y
FASILTCND, BN YT v e W= REt G, Triclopyr O LEWIIE 2,4,5-T &
[FIERIC BAFCRE D HE 1% SRR LA fe i i R R R L2 95, 484D — 7 2
FWEFH LR THD Dicamba (3,6-dichloro-2-methoxybenzoic acid) & FREA|EL T
ST 5%, Dicamba %% H & 5-LIREDOWRIL, 7340, PR DUV TOFEM 7R
FIINETITON TRV, ZOWIIZIT L BEFREF YT 2 A7 D MCTs 73
B 5L CWAETHEENTZ, £ CARETIX, Triclopyr & Dicamba (Fig. 15) % MCTs
/LT Caco-2 I E A END DN G E BT LIZ, %)

Triclopyr Dicamba
Cl Cl
N
cl—¢ Y~ 0CH,COOH COOH
Cl CI' OCH,

Fig. 15. Chemical structures of Triclopyr and Dicamba.
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28 ERIGIE
% 1H EBRME
Triclopyr (3,5,6-trichloro-2-pyridinyloxyacetic acid) . Dicamba
(3,6-dichloro-2-methoxybenzoic acid) % N7V /L4 L= (glycilsarcosine)
FFOEMIEE L3 (KIR) KVIEA LTz, 2O ERITH 1 =R O 2 BEIZFEHEL
b DaAE LT,

552 IH Mg
Caco-2 AfndOAMaEE &1L 5 1 FIZHEL T To 7=,

%5 38 Triclopyr & Dicamba DOEYA A EER

Triclopyr & Dicamba > Caco-2 fiil~DEIA L FEBR 1T, 55 1 FITHEL TITo 7,
7233, Triclopyr & Dicamba @ Caco-2 i ~D I A AT JIFE T F M MMEAFHEI
DWW FTT 5729, HBSS IZ8 N T NID L&) AZEWRL -1 %
2R = Al AT AU LEE AL, D

8 4 T Triclopyr & Dicamba D EE Kk RF L 37 LR D HIE
Triclopyr & Dicamba D 7€ &35 2 FIZHEL . HPLC (2 TYTo7-, 7238 Triclopyr &

Dicamba @ & &(Z AW 72 ik & B EFE OfL Rk % Table 6 (257,

Table 6. Wavelength and mobile phase

Wavelength for 50 mM KH2PO4 buffer

detection (nm) (pH 2.1)/acetonitrile
Triclopyr 230 65/35
Dicamba 225 75125

Z NI EBEGEAEOMEIL, ThEE 1 BELH 2 HICHEC UT-T,

%5 MEHFRNE KR ORELE
1 REICHEC T ToT,
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5 38 KRR
# 1T Triclopyr & Dicamba DEVIAZDEEEE(LL pH DS

A EE L [RIEE L Triclopyr &2\ % Dicamba & 50 pM & de pH 6.0 H5NE pH 7.4
7> HBSS T Caco-2 fllfa A >3 2~ —hL | AHAEN ~0 DA B ORI b
7= (Fig. 16),

pH 6.0 (23517 % Triclopyr DB IAZTHL, 553 CF I h—IZE#E LIz, —F ., pH 7.4
(Z331F % Triclopyr OEIAZEIT, WTHOKFIZIE VTS pH 6.0 DiFE VB
FIRAE A R LTz,

pH 6.0 (233175 Dicamba O EWIA A &ElT, pH 7.4 L0 & A <L, 10 3 £ TIEIE
ELARAIZEE N 7=, Dicamba D HWYIA A 81T Triclopyr (2~ CTHEAE (KL, 10 431
BIF5 pH 6.0 DEVIA A E: X Triclopyr D37 20%FEE CTh 7=,
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Fig. 16. Time courses of the uptake of Triclopyr (a) and Dicamba (b) by Caco-2
cells. Caco-2 cells were incubated with 50 uM Triclopyr or Dicamba at 37°C in a
medium at pH 6.0 (O) or pH 7.4 (@). Each point represents the mean + S.E. for 4
determinations.
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%8 2 35 Triclopyr & Dicamba OBV AZICKIETIRE, HEAFEA K TT b
VAL DEE
Triclopyr } Of Dicamba @ Caco-2 fifa-~D Ht ¥ A Z AR = x L ¥ —23 5 L
TWD 1 Z et L7z (Table 7),
4°C TA »F aX— bk L7=HE O Triclopyr & OF Dicamba D HL Y iAZx|% 37°C
TA U Fax—FLIEGE LA THEFITKS, £ 488%& 8% Lz, 7
" b/ 77T ThD FCCP K UMKHIBLEAIT& % NaNs T Caco-2 el Z fi ALk
L7256, Triclopyr OHL Y AL EIL, 45 %80% & 35%J8 L7-, —J7. Dicamba
DY jAF 5L FCCP ORTLERIZ KV 28%i/) L 7= 73, NaNs RiidLBR I K 5 )
TR By 7=, Triclopyr & O Dicamba ®HL Y iAZ &L, F MU 7 AA A
Y DIFE LR WS T TR RO b h o T,

Table 7. Effects of temperature, metabolic inhibitors and sodium ions on the
uptake of Triclopyr and Dicamba by Caco-2 cells

Triclopyr uptake Dicamba uptake
Compound . .

(nmol/mg protein) (nmol/mg protein)
Control 5.01 = 0.10 0.335 = 0.014
4°C 0.600 = 0.039 0.038 = 0.003
NaN; (10 mM) 3.25 = 0.12° 0.316 = 0.014
FCCP (0.025 mM) 1.02 £ 0.09° 0.241 = 0.006"
Na'-free 5.02 = 0.07 0.341 = 0.011

Caco-2 cells were incubated at 37°C (control) or 4°C for 1 min with 50 uM Triclopyr
or Dicamba at pH 6.0. Caco-2 cells were preincubated with NaN3z or FCCP for 20 min,
and uptake experiments were then carried out in the absence of NaNsz or FCCP,
respectively. Caco-2 cells were incubated at 37°C for 1 min with a Na*-free medium
(pH 6.0) containing 50 UM Triclopyr or Dicamba. Each value represents mean + S.E.
for four to six determinations. *Significantly different from the control.

%5 38 Triclopyr & Dicamba D ERKIFERIZ2E A

Triclopyr }2 OF Dicamba O#JHIEIAZ (1 57 []) 2B HIEEER 4% pH 6.0
DM THREILE (Fig. 17),

Triclopyr OFJHIEDIAA X, AKIR I CIERRIEME (Bafnfk) Z2RL . SiREE T
IR EARMEZ R U2, 208 R25 Triclopyr OEWIAIIZ I TS K, Vimax fE.
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Ka [EZ #7027 25 MULT PO 2 -V TR L7, K fEIE 1.39 £ 0.11 MM, Vina
fiEl% 127 + 17.6 nmol/mg protein/min }2 O° Kq 1% 4.48 + 3.76 uL/mg protein/min &
HHEhiz,

— 77, Dicamba O#IHIHIAZZ 10 mM £ THRFTLIZ2S, faftENRO LT,
EAMEE R Uz, F7= Triclopyr & Dicamba D43 EifR%L (log P) 12244 1.40 &
0.42 Th-oTz,

@)

-
N
o

-
o
o

80

60

40

Triclopyr Uptake
(nmol/mg protein/min)

20

0 1 2 3

Concentration (mM)

(b)

Dicamba Uptake
(nmol/mg protein/min)

0 2 4 6 8 10
Concentration (mM)

Fig. 17. Concentration dependence of the uptake of Triclopyr (a) and Dicamba (b)
by Caco-2 cells. Caco-2 cells were incubated for 1 min with different concentrations
of Triclopyr or Dicamba at pH 6.0. Each point represents the mean + S.E. of 4-6
determinations.
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% 4T Triclopyr & Dicamba DEVIARIZKIE TR &% DL EWMDORE

Triclopyr & Dicamba D HiA A B\ L IE T4 DL &M O EE KL (Fig.
18), Triclopyr DHVIA T 22 B EFELT =V TEEDHAE T TH % 57%E 73%iH L
~. —J7. Dicamba OHVIAL &L, ZBFROILAFET T 24%D LI=A, 7 =L
FEEO AT T IR RO BN D T, Triclopyr K O Dicamba 0 VA &1,
L-FLBtL CHC OIAFICI DB L2 T2 ol Flo, PANR AR THLANTE,
T R AT F RN AR —4— (PEPTL) OIE THLHZ VT L Lay
T =AU NTUAR—S—RY T TR (OATPS) DILEHITHBY T 7~ A
> SV DIAFIC LD BEL 2T 7o,
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of various compounds on the uptake of Triclopyr (a) and Dicamba

(b) by Caco-2 cells. Caco-2 cells were incubated in a medium (pH 6.0) with 50 uM
Triclopyr or Dicamba and 10 mM benzoic acid, ferulic acid, L-lactic acid, CHC,
succinic acid, glycilsarcosine or 0.1 mM rifamycin SV at 37°C for 1 min. Each point
represents the mean with S.E. for 4-6 determinations. “Significantly different from the

control.
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2 58 Triclopyr DEVIARIZKIETZEFBRET =N FBROBEABLERN

Triclopyr O VA B I K IFTLHEHFBET7 2V TBOMEFHE
Lineweaver-Burk plot % FNCTREATL 72,

BREFEWRHHL NI 72V TBEOIAFET (10 mM) TO Triclopyr D HELD A Z
(0.5-3.0 mM) DFfER%E Fig. 19 12T, REFBHDHNIT = /VIRROIAET | Fio
M{EA P OIESLAE T TR 3 BT ITTYH LD 1 R TR-bo7z, ZOREED
5. % B E T 2V TR Caco-2 i~ Triclopyr O EVIA A% 5 A& W FEHTd
HZENHAL LI ST, RRFHRET 2V FOE TR (K ff) 1ZZhEh 4.61
+0.41 mM & 3.83+0.22 mM LHE ST,

01
< 008 |
g
=
£8
£9 o006 |
25
< £
S 004 |
£
0.02 |
/
1 0 1 2

1/Concentration (mM)-1

Fig. 19. Lineweaver-Burk plots for the uptake of Triclopyr by Caco-2 cells. Caco-2
cells were incubated for 1 min with different concentrations of Triclopyr (0.5-3 mM) in
the absence (@) or presence of 10 mM benzoic acid (@) or ferulic acid (A). Each
point represents the mean with S.E. for 4-6 determinations.
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A BE

Triclopyr OFIEIN ~D W IAFAZIZFRY pH. TEE K& ONE EARIFIENTRD B,
NaN3 X> FCCP DRTALEIZ LD BAE 22K F 23580 B L7z, MCTs DIRERBE Th
LR BEWRST 2V TIREDIAFIZL DA BERIRIA B BEDORD RFRDO BTN, L-
FLEER CHC IZLDEIA L EDEADITFEDOIVR -7, ZNHOFRERIT, 5 2 =
D7 = )X ERR RBREFI DA LR UAS S TH S, Triclopyr OB IAAE D
FHRESINE Ko B (1.39 mM) X, 35 1 L5 2 B TRz Caco-2 MIfEIZI TS
MCPA (1.37 mM). 2,4-D (1.67 mM) & T} 2,4,5-T (1.06 mM) 0 K fEEFFEIL T
7. 7= Triclopyr @ uptake clearance (Vmax/Km) % 91.4 pl/mg protein/min &720) | 5%
ENEER S (Ko fE) @ 4.48 pl/mg protein/min &Eb~_T 20 fi5 LA L E7p o7, SBHIT%E
BERET 2 )VTEED Triclopyr OEVIAHRIIxITHEEEH (Ki fH) ZZnEh
461 mM & 383mM LEiiETz, 5 1 LW 2 BT, ZEFMROT = /% L Filk R
BRIEAI O EIA I T DBEA BIFEILO T — 206 KfEZ B L7223, Z BRI O
7 = /X VR RBREANC RS KifiiX 4.68 mM (MCPA), 3.42 mM (2,4-D). &}
3.65 mM (2,4,5-T) . A RIFEH &7 Triclopyr @ 4.61 mM EITEIL TW5, Zib
DFE RN, Caco-2 MO TEIEAA SO Triclopyr DEVIAIAL, 7 = /5 HiliE
REREAIDOG G LRI, EICZBEREFCY T ZAT D MCTs 2L T%L%E
2 HND,

—J7 . Dicamba @D VA A &1 Triclopyr LEb#z L CHSHNTIRVMETS - 72,
Dicamba O HVIA A & (2L pH IR ICL DGR BN b T, £7- FCCP
DOHTPLEIZ LA B2 B IAAIR T 235580 507275, NaNs DO FITLEL T3 235860
bi7gn o7z, Dicamba OHVIAL &EIT L BEFEBROIAE N TR L2, 7=V T
DOIAF T T DBFRO LI -7, £7- Dicamba DIV IA B\ I XA FE DR
DHHIRINoT, ZIVHDRE RHG, Caco-2 Al ia o TEMIIEARIA 5D Dicamba D B A F

FIZZEHLHE THY  ETIEHLIN L EFBREFE YT X A7 D MCTs 5L
TWaEE DD,

Triclopyr DM (log P) 1%, BIFE CiR 727 = /X U HERR RBRELHITHD
MCPA, 2,4-D } 0 2,4,5-T DfELITELIS D, 72 Triclopyr D Vimax 5, Km i, KK
N uptake clearance D, 55 2 B CTR&H7Z MCPA, 2,4-D & TF 2,4,5-T ODfEE % 4
ITl9%, —J5. Dicamba OSIAEMEIL Triclopyr 07 = /3% B R BRI L bz L
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TEETHY, ZhiE 2 MLOAN T EROFEBLEbNS, BHREOEEIZOWTIT
4 FET, ZOREDOEEIZOWTLE 5 T THRAL,

TR bAA G T SNV R RN T AR —% — (SMCT)-1 13/NMEDE
RNZJBIEL . N TOE S AR BB OWIIZE 5L TWD, 4950 Ll
Triclopyr & Dicamba OHIAFIZILT N AAF L DEENFBO BN/ -T2, BN
/ML Caco-2 B ORI T-RZAEIZIL, PEPTL X° OATPs D L5732 N LA A FE(K
FECTT B A AT LTI DD R T U AR — 2 — 3 EL TV D, 5153 L
L Triclopyr & Dicamba ®OHViAZ L PEPTL OFEEH THLHT VL a0
OATPs DILEHTHDLV 7 7~ AL SV EDIAFE T CRBEL LT e oTe, ZIHD
FEHL LV Triclopyr & Dicamba @ Caco-2 il iz o TEARIFEARI 25 0 BL IA F121E
SMCT1, PEPT1 $,L<I% OATPs IR H-L7gW\\ZEAVRIB NI,

ARIEOFEFHEL T, 2,45-T LHELUEEEH T 5 Trlclopyr @ Caco-2 i ~DHLY

U MDT =% FEE R IR ELR OB A LIRIBRIZ ZRAEAMREFRICY 7 X

A7 D MCTs G LTWDERDbND, —T7, BEEmRD 2 fiL, 3 AL 6 fiLil

& #8554 FF-D Dicamba O EYIA A B IR TIRNZ 235 MCTs &4 L7 B iA 2
T, EICZEILHUIC IO BIA R L B ND,
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BAE 2L L 6 fLICEBRELL OZEEFRTEARD Caco-2 Mg ~DEY
IAFRNZDOUNT

BLE S

AiFE C, & DR DR AITHD Triclopyr (3,5,6-trichloro-2-pyridinyl-
oxyacetic acid) & Dicamba (3,6-dichloro-2-methoxybenzoic acid) ¢ Caco-2 #ffifid~
@E&D‘?\%ﬁ%%%%ttiﬁbf:o ZDOFEFRMG, Triclopyr X, 7= /% B R FREA| &
RIS, EICEBFEEFICY 7 X470 MCTs 1240 Caco-2 MIfRIZEIAENDE

oD, —7J7. Dicamba DEVIA A BT, N OFEIR THHZ LMD, FITZEIE
BCHEIAENDE b NS, Lol Dicamba DOEWIAA X% BEBROILF T TH
FTOICEIA B L ENGBD LN, ZNHOFERNG, Dicamba O 3 DO EHIL) S
JVIRF L VIED MCTs ~OFFEZ R (77 BAZAE) SETWHIER TS
iz,

AREETIL 2 (LE 6 ML O I ZEHILEZ S DR B EFEEFE IR D Caco-2 FlfE~DH
DiAFRE | ZDOMONLE I B HIELAE RO R B ERFHLIRDO R IALA LTz, 2)
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5 2 8 EBRIGE
% 1H EBRME
24-v 7 muZl B & B (2,4-dichlorobenzoic acid) ., 2,5-¥ 7 vnr % B &

\ %ﬁﬁ

(2,5-dichlorobenzoic acid), 2,6->7 % B4 W (2,6-dichlorobenzoic acid), 3,4

7 m v % B F W (3,4-dichlorobenzoic acid) . 3,5- ¥ 7 1 1 % B & W
(3,5-dichlorobenzoic acid). 2,3,6-~7ouZ B&EE (2,3,6-trichlorobenzoic acid),
2,4,6-M)7une BEWE (2,4,6-trichlorobenzoic acid), 2-7 /LA 1-6- AR 22 B F&
B&  (2-fluoro-6-methoxybenzoic acid) . 26- ¥ 7 m v 7 = = )L K &
(2,6-dichlorophenylacetic acid) (FZFEHISK T3 (RBR) KOl ALTC, 2-7ma% &
% (2-chlorobenzoic acid) . 3-7mr%ZZ B &2 (3-chlorobenzoic acid), 4-7wn

>

(=

R

7 8. 75 % (4-chlorobenzoic acid), 2,3-v7un7z &M (2,3-dichlorobenzoic acid)
I% Sigma Chemical Co. (St. Louis, Mo, USA) JYEALT-, ZOMORIKITE 1 3,
52 BAOE 3 FEICEMLIZbDOEMH LTz, 2B ARE TORVIAALFEZBRIZH W
7 AR S K% Fig. 20 12,
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%52 15 Mfusc®
Caco-2 Afn O EE 21355 1 FIZHEL T 7o 7=,

% 3TH ZEEFBRFEEDIIAARFER
KAEL BEHEETHEARD Caco-2 M ~DEVIALFERRIT, & 1 =|2HED TTo
7=,
% AE REFEBREEALY IOEER OSEAEOHIE
LZREBRFHEROEEIL, 8 2 FIZHEL , HPLC 12T To 72, £ ifERDE RIS

MWl & EBEIHOFAITIRDIEY TH 5,

JAIE = - 230 nm
T EhAH : 50 mM KH2PO4 buffer (pH 2.1) /acetonitrile (80:20 (v/v))

Ho Y ERBEGEMREONE L, ThENE 1 FHEH 2 BEICHECTUT-T,

% 5H MEHFHAE K OREE
1 EICEC T T,
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5 38 KRR
F1HE FELZEFBRFEERORVIAABRDOHB A OEEL EEFRFTEMAITLS
ZRBEBOBVALHERFE D LB

Caco-2 Mz % B AEMEEIR (50 uM) % & Tp pH 6.0 ™ HBSS T 1 43ffA %
22—k, BiABEAE L LT- (Fig. 21), 2 AL 6 (LW )7 & # L% FF 2,6-
Vrnn BERE, 2,3,6-Nrun &M, 2,4,6-N ani BENE, 2-7 VA H-6-
ANR R BEFE KO 3,6-070-2- A8 V72 BEFEBORIAZBEITIFTEHELL, £
DD ZE BEFWET BIRE LA THEIROWRVIAL & ThoT, — 5, 2-, 3-, 471
n-2ZBEREE 2,3-, 2,4-, 2,5-, 3,4-, KON 35-T/nnZ BAEBEOEVIA K &I R
FREORVIAHRBELIZITE LT,

L REMROEIAL (50 M) %% FlZE B ﬁﬁ%ﬁ%ﬁi@ﬁﬁ—l\— (5 mM) TR
L7z (Fig. 22), 2 fr.& 6 (O 5 ICE#ILAE DR BB REH ERITZE B EBOIY
AP BB R .2 7ehoT-, UL, FVLIAN O B H BB IR L2 B AR O B

VIA S BRI FE LI,

AR R T, AR NP U B OB IERERBEN
TW5 2,6-v7un” == /LEEEOMRNI AL &I T2 B EBREIZITFRCRE T
(Fig. 21), ZOALEWITL BEHROMRVIAAZ REFAFEL (Fig. 22), A5, 2,6-
vrnn? = =)VEBOIIA L L% BEFEBOBVALHEDRIL, 2 itk 6 (D
W G SRR A R O BB BIROR R 2R o7,

46



‘pIoe 210ZUa( JO ayeldn
W4y Juatapip Ajpuedyiubis, suolreuiwalep 9-¢ 10 *3°S YIM uesw ay) Slussaidal uiod yoe3 ‘ulw T 40} Do/E e
p1oe a118dejAusydolojyolp-9‘z 10 SaAlTeALIsp p1oe d10zuaq M 0G Yim 0'9 Hd 1e winipsw e ul pajeqnaul a1am s||ad
Z-00e) 'S|199 g-00eD AQ pIoe J118dejAusaydoaojydip-9‘z pue SaAlleALIap pIde 210zuaq Jo ayeidn jeniul ‘1z “bi4

9 1
o OI.Q V\
) N N
P S A RV L T LT CRRV CRE CR
QOVQ/ I@%\ I&% Of.V? Of.?@ Of.o 0/.0 Ol.o OI.O Olo \Ufo O\A O\p \u\\r
N\ o oW 0/9 0/»/ 0/9 0/9 0/9 0/9 0/9 0/9 o/»/ 0/9 o/?
2 & & ob oY o¥ o¥ o¥ o¥ o¥ o¥ o¥ o¥ o¥
N 2N 2N AN 2% AN 2N AN 2N 2N AN A 2N 2N D
N O«—‘.6 0«—»9 9@9 0«—»6 O«—»Q O«P/V O«—»6 0«—»/? OAV% 0«—»6 0«—»/% O«—Vv Ox—»lv 0«%
éo»y éox é0¢ éox éox éox éaf éox éo¢ éox éor. éox éoz. éof éaf.
) Q) ) &) Q) Q) Q) Q) Q) Q) ) Q) ) Q) Q)
x ™ < N N ¥ ™ x N ™ x x x x N
— — 0
x * - * * C
¥ 11 m..
-}
3
| N w
3
Q@
- m m
=4
@,
T T =)
- 1 | ~
1L 1 T 1 T o v

47



"|011U09 8y} W4 alaylp AuediiubiS, ‘SuoljeulwI81ap 9~ 10) “3°S YIIM uesw ay) Ssuasaidal julod
yoe3 "ulw T 10} Do/ 18 PIo. 211898JAUBYd0I0JYDIP-9°Z 10 SBAIRALIBP PIJe 210ZUS( AW G JO 39Ussqe 1o adussald
ay1 ul pioe a10zuaqg AT 05 yuM 0’9 Hd 1e wnipaw e Ul payegnaul alam S|j8d Z-09e) 's||99 z-0oe)d Aq pioe
210zuUaq JO aye1dn ayl uo pioe 2d1189e]jAusydolojydIp-9‘z pue SaAIIRALISP PIde 210ZuUaq JO S19943 ‘gz Bid

\& e
3 OI.O V\
& N N “
N I L R L R R R
%vox 10@ 1@@ a¢.v? o@? R SRR\ RS\ +& OJQ Q\A O\nc O\a
2N +o¢/ %09 o o™ vo&f vo/»/ vo/»f vo/»/ vo/»f o> vo/? vo/é. vo/?
S S A A Rt O A A S
N » RO 2 e » Re R Re R e Re R R
o S R0 g o S S S o o S S )
o> éox éoa. o™ o™ éox éox éox éox éox o™ éoz éox éox 160
& E ¢

] °
¥ ¥ * ¥ == - .m
X x ¥ 11 m
)
=)
4 N w
=3
3
«
1€ —©
3
I o
T =
I T ! L 1v =~

48



EEBTFEEDORVIALDRERE

BT BRORE R IARBOELZBFLZ (Fig. 23), % EFBE.
-ran i B, 2,5-V/an BER, 2,6-2/au i BERHDOIT 2,3,6-N 70
122 BEMEE 4 % 50 uM & e pH 6.0 ® HBSS THTERHA v F2X—hL7z, 228
FREORVIARTHL, 2 53 CTTIh—ITE LT, 2-/nui2 BFREL 2,5-U7un% &
FEOBVIAHL LN T, 5 BT IN—ITiE L, —J7, 26-V7/ruZ B&MHRE
2,3,6-F)7mmzz BAETE OB IA 7 sl FPAE 1TARL, 10 43 £ T EARAZR I T80
s,

&
g !
A

10

Uptake (nmol/mg protein)

Time (min)

Fig. 23. Time courses of uptake of benzoic acid derivatives by Caco-2 cells. Caco-2
cells were incubated with 50 pM benzoic acid (@), 2-chlorobenzoic acid (M),
2,5-dichlorobenzoic acid (@), 2,6-dichlorobenzoic acid (A) or 2,3,6-trichlorobenzoic
acid (A) at 37°C in a medium at pH 6.0. Each point represents the mean + S.E. for 4-6
determinations.
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HIH REEMR, 25-V/unZBEE/MRE N 2,6-Urunk EEMRE 2,3,6-h)7mn
& BB OIRERFERREDIAAL

2 & 6 ML D FITEHILA S DL B/ BT EARO W B IA % Z DM D%
FRFHEMRELI LT (Fig. 24), ZEFRS 2,5-V7an % BA&NEOYIHE A A
(3 3mMM ETOREFFANT, faftENROLNIZ, LoL, 2,6-v7unZt BEkRE
2,3,6-F) 7 mm sz BARTRITEMINTIINL | BLAPEIIEROBIRD -T2,

Fig. 24 DFERLEFE S Knfl, Vmax fE. uptake clearance & O K¢ fill SR 1AM
DFHETIH S log P % Table 8 IZ/k9, 2,5-U 700 BEMED KnfE .. Vimax fl & Y
uptake clearance 3% EAEFEOF 2 DEEITEIL T e, —F ., Ko EEAREM: (log
P) 1% BEFBRIVIEE I CEME/RL, 2,3,6-N7un% BEBRO LA LT L,
2,6-2 7 BEMD Ky 1‘[59: Pl 2,5-07unm% BFEES 2,3,6-N) 7 B
fe bR T ICIKEZ R L, BREBFROLGELTTE LT,

80 r

Uptake (nmol/mg protein/min)

0 1 2 3
Concentration (mM)

Fig. 24. Concentration dependence of the uptake of benzoic acid derivatives by
Caco-2 cells. Caco-2 cells were incubated for 1 min with different concentrations of
benzoic acid (@), 2,5-dichlorobenzoic acid (@), 2,6-dichlorobenzoic acid (A) or
2,3,6-trichlorobenzoic acid (A) at pH 6.0. Each point represents the mean with S.E.
for 4-6 determinations.
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B A4TE REEBFEEOTAKIIKIZT pH ERHEFAOFE

% RBERFHBARDO R IAT T o b AKAFNED MCTs 3B 5L TWD T LA fERR T
5112, Caco-2 #finz 722 BER., 2,5-V/nnt BEMRR., 2,6-07nn%t BERS D
UWME 2,3,6-M7aez SRS (50 pM) Z&Te pH 7.4 @ HBSS TAYFa~—hL,
pH6.0 DIFA LLL#EE LT (Table 9), &5 FCCP TRIALELL 7= Caco-2 flfndi &L
i U7z, ZRBEMRE 2,5-0/mn BEBOIVIAIAT pH 6.0 235 7.4 ~D NI
PEVBD LTZ, 2,6-7mnZt BEREE 2,3,6 N 7un e REROB/I 1TV 7en-7z,
%72 FCCP ORIz X022 &R L 2,5-2 7 nnsd AR D B A AL IHE i)
L7, 2,6-v7mne RwRE 2,3,6-N) /a2 B O BV IA - OR 13D707 >
77
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At BER

ARFETIL, ZEEFRFHELRD Caco-2 MO THMIEA) DD EIAFITIBITH~
VP UBROBEHILD B ME LT, 2,6-F7nntt BERE. 2,3,6-N)rane BERE,
2,4,6-N)runz QAN 2-7 VA 0-6- AN L BEMB DI 2 fird 6 fLOM ITIZ
EHUIEA D% BA AT AR D Caco-2 M ~D A &L, 2L 6 (L D[E J7IZ
EHIEE R 20V B EBR SRR C, BEFIRE ChoTe, — BEERR
DEIAFIE, 26L& 6 (O I E B IEA FFOR B EFHHGRE FSETH, &
DEIAF EIZEALDRBO IR >T, L, 2 itk 6 MO G I ER AR
RN BRI B AR A I FSE S AR, BEBRRO R IA R BENEFE KT
L7, ZNHDOFERMND, RUEBVERD 2 Lk 6 MOW 5O EBILII AR RO
MCTs ~DEHFMEZID (778 A% HE) SEHENHEESNS,

2,6-rmn QAL 2,3,6-N)7nue RAEEOIRVIAZIL, AiE O Dicamba @
Ba LU TV A, BIE THLNZL7Z18Y, Dicamba OEVIAZTEL, FIZZE)
JEHCEDEHEESND, 2 Dicamba @ 2 fLOD AR 3L 6 (O FJF - H
IR NVIEEMCTs EDT 7B AZLESE DD EEZEZHLND, Konishi 529 11,
MCTs DFE ThDH7 /LA LA D Caco-2 Mo TEARIIEARI A5 075 it & FE 4 D4
TR CTHEIL, 2,6-VeRaX U Z BE&MRE 2,4,6-NeRaX Z2RFRIIT7 VAL &
A2 D MCTs 247 LTl a2 BE LW 2L CD, Lo, 245E 6 (LDl )7
ICEHIEEL OF VR UL A D MCTs LOBFIMEDIRS (LIKREE) 125
WTEELEDITEENYIO TTHD, 728, KEBFEDO KB OV TIRE TREM
\ZHRFTT 5, 2,6-V 7 Z BEFEMEEN, 2,6-27007 = = )VEERE O BA I L
BEBEELIL W, £z 2,6-v7nn” o= VO LI L0 2 BEEE OB IA
HNPEFICAES N, ZORRIT 2 (Le 6 (MICEBREOH DB U BREDLRS
VLD IRBENEEN D Z ST I, IV RF L ILEED MCTs ~D T 7B ZAINE S 1278
STl EBZBIA,

ZREMRE 25- 70 RFRD KnfEIL, € 1.41 £ 0.09 mM & 1.36 +
0.10 mM &R STz, 26D KnflIZE 1 &, 5 2 &, 5 3 mTifE L7 = /%
HEEERBREAID Kn EEIFIZHFELMETH o7, BEFEE 25-7uni RER
O uptake clearance |45 % 56.5 & 59.3 (uL/mg protein/min) LR HEN, 7=/ F Mk
W RBREAIOEEERILT, ZEFO KefElX 2,6-27uul BRER T,
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25-vrun RFME 2,3,6-F)r7un BRBRIVGERESL o7z, Zhid, Zhbo
L& OREEM: (log P) (2Bt T2LEbins,
L REME 25-U/nu BEBRO pH 6.0 TORVAITELS, pH7.4 128175 1
Sy TRIDEDIA Z ELER L TH % K 5 (i mfE &7 o7, M MRIYIZ 2,6-2 7 nnZe B
& 2,3,6-MNrmu 2 BEMEO pH 6.0 TOEVIAAIX pH 7.4 OG5 LR T 2 {512
JETIHhoTo, EHIT FCCP ORTLELCEY | Z 2B AML 2,5-07nn% BRI ORVIA
HXBAFIC L F SN, 2,6-P 7 BFERE 2,3,6-F)7unz BFHFROIDIA
DT D Ie ol ZNHDRERS 2 fird 6 MOEHIL)N L BEMETZIRDT
JLIRFL L ELD MCTs ~DT 7 2% [REL TWHiE R LB,
FEROBARL 2 53 CTIh—ITEL, ZO®%BOHEEZRLZ, — 7, 7
:n/%“/@’ﬁﬁﬁ%[‘?ﬁ%ﬂ X5 rETHIL, 7 Ih—IZi#E LTz, Caco-2 filalzis i) 5%

BEB ORI IAKIZ OV TIIZNFETIZEAEHRESN TV, ZEFE
Rl /3 L WS R BRELAI & ORREER 72 U0 IA 2 D AL DEW T, 22 BB ER DN R
BRI I LV IS IV CWVAZEERIB L CWAEEbNS, 5% ZEFRD

Sy UWHRIERERE O W TSI T DL EN DS,
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B E T /X UER, ZEREBRE OERBTHERED Caco-2 Mg ~D
BiAA - BE#EOEEBIZONT -

B1E S

51 BELER 2 BTV TT = /X UERE R PR EA O BA BB A FREIL . 2D
LAY D Caco-2 AL ~DEA I T L B EBEERICY 7 X A7 D MCTs 238 5-LC
WHZE, R F OB OIENNZ LD NREMEDYE KA MCTs 24T LI IRVIA H 2%
BOMSWHZLaRB LT, 55 4 BICBWTHEIR 7oA Y At H % B BB
BARD I IATAZDOWTIRESL, 2 fir& 6 (O 5 IZEHEE A D% B AT SR
DEIAR BB IR, ZAU 2 fre 6 ML OEHILD VAT L EED MCTs
DT 7B AEAEL TCODIENRIN EHEE LT,

£ IRIT 22 BERREF UV 7 XA 70 MCTs (CXvigt S o E Nt/ VR
YA TH D, BOBUD Lol 20 EIKTHD CHC
(a-cyano-4-hydroxycinnamic acid) 1% L-FLERCHERRZRE D EENENL R Z k95
MCTs DR FEAIEL TES AL, 81719 2o EERIC O W TEB BN Sh
TUNRUN,

HHOFED—FETHDH7 VA LA 1T Caco-2 MIIICB W TR B/ T /LT
fep L LRICH 7 X A7 D MCTs ICXVEESILD I EDNRIBIN TN, 20285
Konish & 22 | Caco-2 M1 27 /LA LA OTERIEARA S DO FH 8- K IE
AR 2 B A TR AR A A SRS SR DR E D R A i LT, T O R, K
FEEZ 1 SEHL-ZEFBRFEMRIITNAL AL OB BAPLET LM, KL
20, HHWE 3 OEMUI L BREFERESERITT VAL A OFBAHF LR
ZEEHELTWD, — | NUBUBRITKEERE 1 DEWR LR BT ERIT T v
FLeAr OFMERETHEREL T, 20

RECTIILBEEREERBSOICHIE CRALEZ 7 = /U EIR OB UBRIC
IKEEIESCANT VAL LA D MCTs 1285 Caco-2 Ml ~D B A % Hil L
170 ETREREED o (LIS T ) Ha% i CHC UL AW D EDIA IOV ThH T
L7,
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5 2 8 EBRIGE
% 1 EBE

2-. 3-, 4&-ERax U2 EEEE (2-, 3-, 4-hydroxybenzoic acid), 2,3-.2,4-. 2,6-,
34-veRux 22 AERE (2,3-, 2,4-, 2,6-, 3,4-dihydroxybenzoic acid),  2-, 3-, 4-
A NXUEEEFM (2-, 3-, 4-methoxybenzoic acid), 2-t R ¥ 3- A FF 2R
FW (2-hydroxy-3-methoxybenzoic acid), 4-t Fo % 3-3- 2 b % U ZHEFK
(4-hydroxy-3-methoxybenzoic acid), 3-t KB % v -4- X b &% U % B &K
(3-hydroxy-4-methoxybenzoic acid) . 3,4- ¥ X ~ ¥ ¥ & B F
(3,4-dimethoxybenzoic acid) . 4- & K © % ¥ -3- * b & ¥ f &
(4-hydroxy-3-methoxycinnamic acid) . 3- &t K 7 % ¥ -4- A F % o fE fZ @2
(3-hydroxy-4-methoxycinnamic acid) . 34- ¥ B F v X% ¥ & & B
(3,4-dihydroxycinnamic acid), 3-, 4-tRNa¥% 2/ (3-, 4-hydroxycinnamic acid),
FERZEE (cinnamic acid), o->7 /FEFZE2 (a-cyano-cinnamic acid), -7 /-3-ER
a3 Uk K EE  (a-cyano-3-hydroxycinnamic acid), o-37 /-4-BER Bk KR

R

=

S

(a-cyano-4-hydroxycinnamic acid), a-AF/LEERZEE (a-methyl-cinnamic acid), %
W 4-eRuaXx 7 /%Kil (4-hydroxyphenoxyacetic acid) (3FnyEAizE T3 (K
) LolEA L7z, ZOMMOFRIEIIRTEOL DAL H LT,

ARETHRNLIZSALA LT VAL A OREE A% Fig. 25 & Fig. 28 (27, 72
B.ALFO[ N, X OFig. 26, 27, 29 30 DI~ L7=F 51X, Fig. 25 & Fig.
28 |[TRLIZE 5 DI EM TH D,

%2 H MEEEE
1 EICEC T T,

B 3H REEBRFEARDORYIAL KR

KAl 2 B TS B R M OV SR8 R D Caco-2 Ml ~D H DA Z FEBRIL, 5 1
EGC@UT??Ofio
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B 4TH ZEERFER, ﬁ&ﬁﬁ%ﬁ&kwﬂwmiﬁ
ZREWEFHEIREAE R TSRO E &ITE 2 BIZHEL, HPLC I2 T To72, &1L
AW OEZIZH W R EBENE O/ K% Table 10 (279,

Table 10. Wavelength and mobile phase

Wavelength for 50 mM KH3PO4 buffer (pH

detection (nm) 2.1)/acetonitrile
a-methylcinnamic acid 230 55745
2,4-dihydroxybenzoic acid 230 90/10
3,4-dihydroxybenzoic acid 230 90/10
4-hydroxy-3-methoxybenzoic acid 230 90/10
3,4-dihydoroxycinnamic acid 230 90/10
4-hydroxyphenoxyacetic acid 230 90/10
others 230 70/30

BRI DERITE 1 EIZHEL TfTo7,

%5 TH MEHFRINE R RESL
1 BEIZHEL TTo7
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55 3 Hi EBRRER
F1H FEZEEBRFTEEDOIRVIAL O LB

ARIEFRIME AL -2 EFBFHEROHEERXE (Fig. 25) =7, ZNoDbEaW
(50 uM) Z&Te pH 6.0 ® HBSS T Caco-2 fifa% 1 31—kl BDiA
Fr i kg L7=  (Fig. 26),

NRUBVBROAIVME, AZAL, SDVNISTALTK BN BRI T- 2 B& BT S
R[2-4] D BV IA A &I T Z R ERRIZLE R TRIE Th o7z, FFIZ AZALE T LD Y
AL BEEICRE ChoT,

AP DUNISTALNIAN A 1 DEHR L T2 B A BT EIR[6, TIDOERVIA L
BITZEB/BERL TOTIUREL R AV MIICER L7255 [5] TS
AR Ch o7, KEEHA 2 b DR BARLTHER[8-11] D EVIA A &L, T DML
B DbbH T, B IZIKE CTHY  KEEEN 1 SE B - A [2-4] L kLTS5
(AR EZ R LT,

AT HA 2 OB L BEETF SRS RIAL &L, ZEA/RIVE D
UIRMEZ R LT, ANF U EEEKIB LA 2N N1 DE B L I(LA W [12-14] D ED A
AT, KBRS 2 SEHLIALAW[8-11) KR LN 1 SEHRLIAL & H[2-4]D
HEOfE T -7z,
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B2 H {EZEFRFEEOLZEFBROIY AL ELDROLLE

Fig. 25 \ORL7=ELRBEHRFHER 6 mM) 2GS0 T CLEER
(50 pM) DHIAZZREILTZ (Fig. 27),

ZLJI/Mic:7}<ﬁﬁﬁ%bi‘ﬂéﬁbfcfﬁﬁﬁﬁﬁﬁ{ﬂﬂ%ﬁﬁéﬁfzi - s S0
B0 A F Bl XD Uz, R INLIT KR FE N B L T2 BB R B IR [4) % 4
fFSE7256 THO R EFBO R IAA EITAH BT LD, %@ﬁw\ 134V MT
’%?ﬁ%bf:iﬁ/—\&igj:%< ir‘mwf:o Mmc:ﬂ@ﬁﬁébs‘%@u‘:ﬁﬁféﬁz’%ﬁ%ﬁi
[Bl& et w 74 FROIIA (ZZAEDSTRD DIV o T, KR AL
Z 2 ’D%Tﬁbf:ﬁﬁ\ i E&ﬁﬁﬁm[&ﬂ]@tﬁéﬁf:ﬁ AT, KERIEDALE ) )
57, REFBORIAHEITE LD 5T,

KL AN VBT Eh 1 DT OB 2% BFNR T SIR[12-14) DI F T
TIE, ZREBROBIAZEITRAD LT203, ZOWDIFAR VN 1 S[6-7]HDH0
13 2 DEHRL 722 BA T BIR[15] D8 A EE TlEn T,
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#3E RERERLT = /% VIR B DI IA S D

ARG U7 e B i B0 = /& U BEIR 5 8 /A % Fig. 28 12§, 2D
DA (50 uM) % & e pH 6.0 © HBSS T Caco-2 #1431 F 2~ —hL,
HViAH sz bz LTz (Fig. 29),

o NS T ) B (B AL 7oA R R i B R [22-24] D BLY A A B 1A 2 R[22 bE
THEIRAEZ R LTz, £ o MATAT VI Z [ AL T-RE R Fe o B IR [25] D BLD JA Fx
IR Z R U, a-3 7 TR R RR 8 R [22-24] K0 b m A R LT,

FEREE[21] DR BB D AZNL DD NI/ STALKEEFEEZ T SEHR LA EY)
[19, 20] DIV A F Sl AL KL ik D35 A LV BRI A /R LTz, AZNLE ST D]
VK L AN L7 o 2 B o B AR [18] D B IA A B (T SO & /R LTz, — 5,
ABNLDD NI/ STALD — JF I KR I E AN o o2 & H U 7oA f [ 55 38R [ 16, 17]
DEWIA R EIE, KEEHA 1D E BT FE R R FHER[19, 20 L0 mifEa R LTz,

7 = )X VEER[27) D E A B2 BT 2,4-D [28] L Lbi#i LTI A R L 4-ER %y
= /X VR [26]D B IAAIZSOITEEE R LTz,
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B ATH ERBEOT = /% U EIBRHEEORZ EFBROTIALLEN RO LE

Fig. 28 |O/RUIZASFE R BRHS ERC7 = /% U RERRH SR (5 mM) ZItfFsdi
B COREERE (50 WM) OEVIALZRRFILZ (Fig. 30),

3-bRa s -a-2 7 J-KE R E[23] & 4-b R ae s -q-2 7 -k R R (CHC) [24)1%. %2
BEBRO B ARBEZBD SERDST2N, a-v 7 IHERER[22] & a- AT /LHE Rk
[25)V X B 1T SR T2,

FERER DR BB D AZNL D DN ST K IR B A3 U 7 4 B i 5 S8 R
[19. 20]i%. Z BA& M D HVIA L B2 BHE (D ST, AZLEANTHLO W ITITK
R FE DN E A LT B R RR B AR [18) 1L & B F B DI IAH T2 DT NI S| A
HNLESTNLD— FFITKER IS, th 5 IT AN O He N & L L 7oA e B i B[ 16, 17]1%
LI WD B IA K E2 P E TR ST,

7 x )X VEERE[271E 2,4-D[28)13 K B AR DBV IA S EA D SH T8, 4-ER B
X7 = /R VEERRE[26] D5 A Tlidb T Tho Tz,
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%5 H ZEBFBROBMAHIIRIETRREEE 4-tFak Uk RBROHERR

FERCIE[21]E 4-E R m S d iR [20] D% B2 1 O BV IA A B E 2 S 4 Dixon plot
THEHTLTZ,

FERE DN 4-ER X SRR (12,5 mM) 2373, 25, 50 HDHV T
100 uM D% B & WA & T HBSS (pH 6.0) TA 2 FaX—hL7=#E 8% Fig. 31 (TR
7

FERZ B3 D\ M 4-E R m 2 B2 21T Caco-2 Ml ~0> 2 B ik 00 B A A A
HNZPRETHIENBHSN LD B ERL 4t R ue A O L E 5 (Kifl) 1%
%%208mM & 1.5 mM LR HSNT-,

25 ¢ A 25pM benzoic acid 1.4 -
© 50 uM benzoic acid 1o
2 + O 100 uM benzoic acid '
15

[EEN

1/Uptake
(nmol/mg protein)!

1/Uptake
(nmol/mg protein)-!

1 1 1 1 1 L C 1 1
-2 -1 0 1 2 3 4 5 -2 0 2 4
Cinnamic acid (mM) 4-Hydroxycinnamic acid (mM)

Fig. 31. Dixon plots of benzoic acid Uptake in to Caco-2 cells. Uptake of benzoic
acid for 1min at pH 6.0 from the medium Containing 25, 50 or 100 puM in the absence
or presence of cinnamic acid or 4-hydroxycinnamic acid was measured. Each value
represents the mean £ S.E. for 3-6 determinations.
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At BER

ZRER, A/Vh-, A - R OVITeRaS U2 BEBR[1-4]D pKa I3ZF 21 4.21,
2.98. 4.08, 457 Th 5, %0 o-tRuaXZBEE (VT /VEE) [2]0 pKa DIERSIE 1
MEDINRFIVILE 2 ML OKEEFED /31 NKFEREGDAERDT- O THD, 5 IV
FNBRDI AT Bl £ DL BAFIRD D IA L ER RT3 FED BNERD T Tl
HE, DT NAKFEBENTOREBELTETOND, — ., m-eRed U2 B&HR
[BIDOBA A BT HRB IRV MEE /R L, 22 B OB IA AL E S RILFRD S e
ofz, RETROOLN-E /R U2 BEHRO RMERICEDAEFEH R OE NI,
% 1 D MCPA OEIARIIKITHIHENRIZBWTHBIZLES - (Table 3),
Takanaga 5 19 |% Caco-2 AifRIZ 1T 5 m-bR e 22 B EBL[3] & p-e RN X U2 B H&
FA[ANZ L5 Y F /L 00 TEARI AR A B O35 it |2 T 9 PR R A AT, o L [RIAR
DOFEZE AL TU5, Konish & %) % Caco-2 #liiZR1F B 7 LA Lt A D TEMRIE
B DFH KT DE /e R ude 2 B FR O SR IC IO ER RA L, £
DOFAFEZRIT o-eR ¥ 2 BFEMB] M Kb < m-eR ek o2 BERE[2)IZFREL
IRNERE LTS, m-eERaX U2 BERR[B] R OY p-e R 2 BEFME[4]13 5 1M
TRATDZENLINTND, ) £ /N U2 BR RO BYERIZI D BA A
FRNROBENL, 53 F KRB G L0 FRUKFEREICEDb 0L Bbins,

TeRud 2 REB[8-11]E Ve R i U 2 BR[18] D RV A A B XE /R u%
R BR[2-4]°F /e R e R R EE[19, 20] LV BHG/TIREZ RL . ZIHDTER
RXIALEMIC LD % BEBE DI IAZ M E N RTINS 0T, KEEEEEDOHEN,
B2 2 DOKBRENLE BEBLGHDVITFERBONUBUBRICERLIZS AL,
MCTs EDBFIMENBAD T HEEZ N5, ZHUTINEEMEDRAD D3 B L THhD &R
bbb, Konishi 5 2 1%, 2,3-, 3,4-. 2,6-PbRu¥ 22 BERL[8, 10, 11]& 3,4-2t
Rese A R [18]1X 7 VA LA Oz LE LRV m-eR a2 B
[B]UAADE e R AL AMITT N AL AL DB ERLEL- LA L TWD, =
DHFFERE FITAMFFERE R L —BL T,

54 T T, 200E 6 MO HFICEHRIEE L O B EFRFHEIRIT, TOBEMBIEND
JVIRF I VIED MCTs ~OBFIMEZIR T (77 BAZHE) S840, BDiAL &
(TS Z BEBEDOEIATK T HREFELN R NSWEHEE LT, ZDTEMNDA
FIZRITDH 2,6-UERuX U EEFEB[LIOTIA A ENRHIRWETEINZ, L
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L. BEt L7z 4 O Ve e U2 BERE[8-11] D BV iA & EiX W T b AMEEZ R L,
2,6-VeR X2 BEMIL OBV IAA &N E ITREZ R T ZENTERD T,

KERFEE ANV A 1 DT OEHALIZ 2-b R -3-AhF 222 BER[12], 4-EF
13 -3- AR U AR E[13] K Y 3-b R3S -4- A3 22 B AEBR[14] D B A 7 &
%, AKEEHLZ 2 DEHALT- 2,3-, 2,4-, £ LT 34-UERuX 2 BHEBL[8-101L0b &
EZ7RL . 22 BEWDBIAZN S T HHER RS iR o 72, FERIZ, KEREEE AR
XA 1 OTOEMLT- 3-ER U -4- AN VR EE[17]E 4-ER s -3- AR
FERZBR[16]DEIA A BT 3,4-TeRu T kL ER[18]40E <, LR K IED B A
FKRET B E DRI IR o T2, KEEIAE ANV BT EH T HIET, MCTs LD HL
D m<7mHE Bbnd,

3,4-CER a2 FR[18] D BUV A x Brl T /e R m s U4 R FR[19, 2010 BHE
ML, Fe 4-ERaF% U -3- AN R 2 R[16]8 3-ERa T -4- AR AR ER[17] D
HBiAH LI L THIRE Th -T2, Fo 3,4-UeRN a4 2 HE[18] D HLY A 7 BH.
EARLM LA IVHLNITIKD -T2, Saito & % (X 4-bBR e LR FE[20].
34-UeR kU REER[18] L Y 4-BR s -3- AR U AE R FR[16]12 k5T 7 U =R
® Caco-2 I ~DOEAFIZH T HHENRE LI LT, T T 7V =RII L E8HK
B LlF U7 247D MCTs DILEEEZHNDN, 34-VERud U AE K FR[18]1 1 9F
AN T ZURDORVIALZ L ETHZ 2R, £O KifHIL 4-e R e M 2 iR
[20]5° 4-ER 33 -3- AR AR R[16] & LhES L TRV E B LTV b, R
BROD 3NLE AL & B AKEEFED 73 FINIKFERE R TS OFEROED JRIA &
Bbi 5.5 58 LT KR O 43 T INKER A OB 2B 6023 5729 2,3-,
24-, 25-, HDHWE35-TE RaXx RO IALERNPLETH D,

LRBEBRICA N U iE 1 DEHR LI BB EIR[5-71 DML N B A Z
=L, TOMBEIZEST WTNbHLRREORD AR, 22 EEIEO T IAZFHE
G BEE ThoT-, # 3 # THFHIL7- Dicamba D EVIAA BEDIKRSIL, EIC 272D
ARF U HLL 6 (LD R DEHL)S MCTs ~D7 7 BAZLEL TWA7=D &l D
DD, 2 NED AN FATLDIEIEMEDIR THIR K THHEE 2 HND,

4-v Fex v 7=/ X UEERERE) DRV AL BIL T = / & VEERE[27]°
2,4-D[28] & LN TIRfEZ R L, ZEBEFEMOI Y AL+ DF R B,
ZREBFH BRI LBFEROGELFEETH T, ZNHDORERNS,
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MCTs THXVIAEND 7 = /) F VEIRHFEARDO N B U BRA~DKEEEOERR G
MCTs & OFFMEZ D SELLEEZX DD,

- T S RERER[22] DN B VBRIKEBREAER LT o-> T /-4-E Fr ¥k
FRER[24) & 0- 7 /-3-B Ru % AR RER[23| OBV iAKREIT o-T T ) KR
[22] 50 HIREEZ R L, ZEFBRIZHT 2B ALHEDR IR -T2, K
FEOLAETH, "B UBRAOKBEDE AL MCTs & OFFIMEZ b S5
&b, Dixon plot (2 X DFHTHRER D, RUB UBRICKEBE Z E# L7-
4-v Fu ¥ R EE[20]0Z BEMICRT 5 Ki IR ER[21] L 0 b EiEZ R
L (15mM & 0.8mM), Z DOFERIE, N B UBRICERR L T 5 KEREEA MCTs
EDOBFMELIR T ESEDL LT HINETOEEOHGRE —ET D,

o-> 7 J FER A SR 1T MCTL, MCT2, MCT4 |2 & 2 5 8HIR R OBV A F
ZAFEL, ¥l o-> 7 /-4-&B R X R (CHC) @ MCTL IZxt9 % FHERD
RIIM D 0-> 7 /FERBFHFEEREO 10 FEnemEsnTtnd, 9 —5, Z&
FlE, 7 = /% VEER K ORISR ORY IAA S EIZ MCTs 2/ L TV %
ERDONDM, CHC XIS DA ORI ARIZHEREE H 29, CHC HH
T & A SHNICEIR D IAEN RV, ZHEDFEEND, CHC @ MCTs 12Xt
HAFERNE LT, EFBANRIAETH L Z RIS, CHC OE8iER;
FR OB AL PLEEIE IOV T, IR ALETH D,
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WA

LUTICARBIEC LOFF DT IS R &0 5,

1. Caco-2 FALOTEMIFMINSD 4-7 aw-2-2AF V7 = /) % VFEEE (MCPA) D
HDIAZIE, pH O FIZLVENL , ZRBERRE D ) J1VR LG O IAF
(ZEVIEE A LT, MCPA OEVIAAI R BEFRIC KPR ELAZ T, ZEH
FEORTLELZ LS trans-stimulation ZRFEOBILZ, L L L-FEES° CHC 1I2X%
HRDIAZ B E N RITGI o7z, TNEDHERDD, MCPA X EIZZ BB LRI Y7
ZAT D MCTs 24 L Gl NIZERVIAEN D E Bbid,

2. 7x /XU (PA) L 47 vnn T = ) % UNEE (4-CPA), 24- 7 nn 7 <
J X VW (2,4-D) RO 245-FY a7 ) RUEE (2,4,5-T) OEDIAA
B|AHER LT, NUBUBRICEBL CODIE R FE OV MCTs IZEDHY
IAF BN DA 2RO ST, 2,4-D &£ 2,4,5-T OEEITILZE B AR ORTLE
(25 trans-stimulation Zh R23F8O BT, HFE - HO NN IV ABEEMED B NL |
K IS T L7203, Ko fEIZIZ AL RO B0 -T2, ZOFE RO E IR 45D
HINZ X DIREETEDO¥EINL, MCTs LOBIFPEZ NS E | TDORVIAHZZEET S
EFEZBND,

3. FE A BREA|THD Dicamba &7 = /5 W A BREHNZJE 32 Triclopyr
DV IA I % L L7, Dicamba D HYIA A &l Triclopyr LV BAZE I TARL, (UL E
KD A 52 T Il o T2, — 7. Triclopyr OEIAG BT % B/ E T /L TERIC K
DFEEFUAIZ B ESILZDS, L-FLEES° CHC [ZX A EIXR O LN h T2, ZHIH D
b, Triclopyr (37 = /3% SRR R R AL BEEM LR LY 7 247D MCTs T
BiAENDEE 2 HAH, Dicamba OEVIA AT EICZBLHUIC LD EBbils,

R AT R OAN R BT 2 D2 BAEWE BAR DD IA 7 B % Lk
L7z, 2 f2L 6 MO G ICE#EEZS LG M DO IVIAH BITBAE (KD~ T2, Th

(X2 0L 6 NEDEHLEEDS MCTs ~DEMMZ A (77 8AZHE) SETWDHD
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LD, — )7, BHAELL IV RF I OVELE NN TG 2,6-27ua T = = LR
OEIAAEITILZ BEFEHBRAAZIZRICAE T, 2/ 6 (VO EHILED BB IFRD LI

77,

5. 7= /X VML, 2 R K O B TR SRR IR A2 8 AL T2 6 O HIA
HERF LT, WTHOLEYH KR ENE T HERVIAAZEIIKR T L, b
DK I D [E A LD IA B B DR ITNRIEEDOIR T3 RA & oD, CHC
(a-cyano-4-hydroxy-cinnamic acid) D HIAA &L, FEFEE (cinnamic acid) |
NTCHAFE KD > T2, MCTs IZ X DRI D B 1A 542 CHC OB ERR
IZIAGIZSIL TN afiLDT T ) EAZ KDV ARF LV E D MCTs ~D7 7k
ADPLEEN BB OIKIRIEC LD TEOIR T2 CHC IZX SN &
W) ~DIEIRAV7L B IA S PAF I 5L D e b g,

LA E| Caco-2 MifIZ 31T 57 = /% T WEEE 7 e OVEE B A I 3 bR A O B0 IA 215
FIZZBEBERICY 7 ZAT7 D MCTs /L TW5, SOICFER BB, [FUY
THAT D MCTs TIVIAEND, Fo, ZNHDLAEWITEHLILIZIY MCTs LD#E]
FENEALTHZEEALNIZLTE,

AWFTEIL, 7 = /% el SRR E AN A EY | BB FEERIREA], T L CTRFEN2
7z /) — VIR CH AR B E IR MCTs 1245 Coco-2 i~ B A Zr & 52 L
ZOWFRRIZIBNT, flix OFEHILOFEIZOWTHRETLZ, 2O RIE
MCTs (CE 3B ORI ZE TART 2B BHRE RN L L b,
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Faafkz 2220 AFRICE L CRIEZRY)IZR 5 T, MifE42 150 £
U 7o b E R PR e 3 et BRI i e IO D
PN LET,

Flo, AR ZZITT HIH0, KILAWER THE, #HilE2 50 . 5
b T T2 & F U A R R R 0 TR S R R e
ARFS 1A IR  EH W2 L X,

KR OEERELE L TCIRELY T RERORICER E LTHBIE %
By, THEEZIEE £ L 7AbE ER KPR RS 2R BRI R

Sl BEEENCE S BEETH L BT E T

MMZ T, RmXORIESE LTCIHEGY . #inEPiza s £ LodumEE
JAUNESYNE SIS S5 2 i S )7 R S [ T B 6o AON MR | AT TS TET ) - NE PN
Fhe K EA R R R M REBRICESEHP L LT T,
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