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Table 1. Key endpoints and testing strategies used in evaluating hazard identification of
pesticide via toxicokinetics (ADME) (1233

Application for hazard identification and

Endpoint Key Item .
testing strategy
Absorption 1. How much (extent) and how fast (rate) 1. Low absorption may indicate waiving of
2. Percent absorption or bioavailability testing
2. Choice of most relevant route for systemic
toxicity testing
3. Low absorption means lowers risk
estimate
4. Route-to-route or interspecies
extrapolation
5. Low bioavailability may indicate low risk
for systemic effects
Distribution 1. Where pesticide is distributed (tissue 1. Indication for organs that will be affected

distribution), clarify in specific organs

or extensive

2. Whether there is still tissue-residue
remaining after studies obviously

in toxicity studies (target organ)

2. Incorporate in mode of action analysis
framework

3. Indication of bioaccumulation

Metabolism 1.

composition with parent compound
2. Description in metabolic pathway

What metabolite is formed, compare 1.

Part of kinetic modelling to be used for
interspecies, intraspecies, route-to-route
and high to low dose extrapolation

2. Residue definition for dietary risk
assessment

Excretion 1. How fast (rate)

2. Which is the main route

1. Very slow excretion may indicate
bioaccumulation

2. Assess relevance of particular species
used for effects testing

Common point Is there a species, gender or dose difference
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Fig. 2. Example of a blood concentration-time profile for a target pesticide 43,
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HACH B (metabolic pathway) AR 5
H o R ke B B IR EEE F R
Al E— P T HERR (O o A B A A
RS Adam » FEERET X o R H A Y
R LR SR ~ ot R R e A
PRAS DU R A A I i 2 75 A il & 50
PERIZES ¢4 -

e SR By S e > B~ R
i ~ 1 AR M FE L MR B e A
A AETTACEH AU B SR o (B I AR 8 L A B S
WA 2N FENRHZSRE @
KPR AR LB A= 5 M I B G5 5D « [HRY)
T Y 72 2 R AN RS SR VB RO FE M+ S P
BAEYRAHBRENE SN - (HEF
EEMUEH ISR 0 Ry 55 —FH (phase 1) J
—fH (phase 1I) 5§ 2 fHZfERIZ G —
i s BRI E SeARHT phase T HEAEAK
rRRE Y - RS phase 11 EEGE—
FSHEY M ETTHERR - (B G E R A
BZE A phase 11 [ZJE © phase I [ZJERJFEEHY)
BE L (oxidative) » 32JR (reduction) ¢
JKf#  (hydrolysis) [ JEMETT » & el Y]
LU E R M B RE AR BE R K - Ak
ELIEVE 1 B SE 1 = HK S ERE ST - B iE

TEVIB IR R 11

U R IR R B R - A RS
A R BE  (microsome) A HY Al 8 3%
(cytochrome P450, CYP) » NADPH 5[
Bl E BB ALEE (peroxidase) FEER 2
Bl o AL E R R AR L ST
phase 1 %% RAEGHEHIRIE - FEFEIES
IhiaeA bl (mixed function oxidase, MFO)
ER - &Y B B #EREAL (hydroxyla-
tion) » FEkEke (dealkylation) BMtHR (desul-
furation) 57 ; ¥ 5t S JE B A 4 il AR 02 IR
(nitroreduction) B ZIER (azoreduction)
o 5 2 I E R ALEN Y E9 AU SR AR R
NEZ - FET R ERE SN LB E
e AETT G550 RFEH R EE P S EUR R X
JEE MR RMEE e T HHEER (neon-
icotinoid) # %% 3E &
62 o 7K fife S FERIEFENE AR (ester) BUERZEMH
(amide) ZF'ERERMY/KIR - DIUEHEBEIE R SE
HIEEHIFS (parathion) 15 + HABERERZER
(organophosphates, OPs) 7] 7K fi# 85 A~ H 55
T & BB — Z B8 (diethyl phosphoro-
chloridate) Iz S FE 2K} (p-nitrophenol)
(35.58) o phase 1T fz Jil Al 2 i —{lE K29 1L
aYsrFER P REAEY SR Y E o
N Rs#E74 (conjugation) ZIE > n[##E
R S HKIA TS o R phase 11 SERL
FEH # % FEEEES{L (glucuronidation) ~ fE{b
(sulfonation) ~ Z#ft. (acetylation) ~ FHEAL,
(methylation) =% Bl # Bt H BK  (glutathione)
Fhe B AS G ROE - s AR R L2
B FLRY phase 11 S » A RREEEERMH
AR (RG> .

(imidacloprid) %%
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Table 2. Common animal metabolic reactions associated with pesticides 8 3035

Type Pesticide and metabolic reactions

Phase I: oxidation
dealkylation 1. atrazine, simazine and propazine — n-dealkylated derivatives

2. dimethoate, dicrotophos — des n-methyl derivatives

3. diuron — desmethyl diuron

4

. acetamiprid — N-desmethyl acetamiprid

hydroxylation 1. fipronil — fipronil sulfone
2. nicotine — hydroxynicotine

3. pyrethrins — hydroxymethyl derivatives

desulfuration 1. parathion — paraoxon
2. diazinon — diazoxon
3. chlorpyrifos — chlorpyrifos oxon

sulfoxidation 1. methiocarb — methiocarb sulfoxide
2. phorate — phorate sulfoxide

phase I: reduction
nitro reduction 1. parathion — aminoparathion

2. neonicotinoids

dechlorination DDT — DDD

phase I: hydrolysis
phosphate ester hydrolysis ~ most organic phosphorus esters — acid + alcohol
amide cleavage dimethoate — dimethyl s-((methylcarbamoyl)methyl)

carboxylic acid formation trifloxystrobin — trifloxystrobin acid
phase II: conjugation

glucuronidation bifenthrin, carbosulfan, flubendiamide, haloxyfop-methyl,

methoxyfenozide, warfarin

sulfation carbaryl — naphthyl sulfate
acetylation fluopicolide —mercapturic acid
glutathione conjugation flubendiamide —flubendiamide glutathione

methylation oxydemeton-methyl— 1-(ethylsulfinyl)-2-(methylsulfinyl)ethane




—i% 1 S A Viast HEEmEETA
HEHRAWEHNWZ R 7T WK EE®
(detoxications) B¢ $E = H /KB M - DA
A e S A R T T R - (E R AT RERE AR (X
YR S = R R s 2 1B 0 I
B G2 W] f By A3 35 fb I FE (metabolic
activations) 9 » FHEBI Y E A e N E &
HLHHMAS A B S DNA ~ RNA 80E B S
GBI R FTRED M 2T ~ B
M (mutagenesis) EEUE M (carcinogensis)
ZAlRE 9 Hp BARRMEYE < — il
F o EIREAR IR - g H
EALTER I - 6 AT EEZ S R B A 2 B 2R
EREER R Sv-suriiny IVEIEEL S law |
[ HE - WERE A e P 3 B2 50 i LB S
(alcohol dehydrogenase) X8 B8 B 3214
SEREIY L (acetaldehyde) - FH#EHH Z
It &M (aldehyde dehydrogenase) XG5
A EBMN L (acetate) @ PFE R ER IR
5 B B M I K 2 BLAG ) S AR R
HRA Ryl E o OV o mBRFHIHRY
FIH (alachlor) AR BN EEEURTTREIR S
SV IR 25 Ak R I IFE  RIBA ARG AL
R AIEEIMAR (monooxygenase)
N ERIEZES (acrylamidase) TH{LEHRT »
{EL Itk S I o gl il R LR 2k o e — REAR R 4
R (species-tissue-specific response) @9 o
MmLAE AW — iR dL (S (P=S) nYH Bk
KR EE L] - ATRS EH AR e SR S e E A
EMEAHEY) (reactive metabolites) M4k
YUY (oxons) ¥JE » oxons T LLELZ g
MElsPE RS & BRI 43 o TSk

TEVIEN IR AL 13

Mg e i B R L AT RE AR R A —
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I - TRTIEG Hi2 v M i s 58 #2101 3 1 S
’Tg 9, 58, 63) o %ﬁi\%’]jj*%s (piperonyl
butoxide) ¥/ B &k % F W) < /F &SI -
TRy AE sk e P9 QR B E B M BRI AT 2B 9
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REDIRE A LI - e A b EE
e - ek e v A H At 2R RE
HERFRER AR (pyrethroid) FREZEIL[EfE
R 27+ HikERge ) G -
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@) o HE PP =AREEE — 2 HRMR 5
DRABR - XTI AE ED B B IR VR B 2 B
SRR RAR OV » HoAh R EERY H Lk
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FFH (t1n) = 0.693 x S>4fiBE K
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FIRkE - K 0.693 F—H 8 2 2 H
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HREY SRR A Gy IR A B/ VE R - i B
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o+ o R B R R RS A B R B i =R
(event) ¥} A i £ 7 2F & 55 I FE 09 4f 2R
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TEVIE RN R 15

Ve EHA B AR E 4 2 B AE B =k
REEE - DUBCGEHAL 2R PR A {n] 325 @ HE bR mib/
BRI E R ST E R A T E T
JE (1925 - 5B E A B ) B2 BRI B B R
B RN 5 B AT AL b o DURR BB S RO
(paraquat) R Bl - HEARERACH 2020
2 HeEmEEREREN - (BfEFEHZ
Al BEE T Egeny FE R A - HARA
BRI RS R R R R AR
FIRE @ o BRI Bl 1 fi 48 5 1 s A AT
PR b B B il AR AL - 2
S RuEHR T RSB R E I R
HAR @20 FEEREKRENEY
B 7R RN - EEAR TSR] TR R AR
FE7E - AEYRTRI I ERAT Ry 22% » 6 HHERR
TRIE - e R ER 0 B 2wy R B
AL » AELAvH gt L Hh A S B e Il B -
MRS E @0 ERROUTE i e i 28
IR A SR AE M FIRER 6 2 10 {5
200+ BEFREC 7 OA B fige LA v BE B T ¢
VG & R B R R AE R A A AR - DUR B AT
S - E @R H Y 8 T 289 o0 i 16
& » W] DR B EAMAE 5 B R S5 E T ZE
HIRRI 28 B+ 30 2 5 B A
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B BER I 5 S5URE B FRAGH 2 JE g 5P Ay
HRR A R —BR - IR R RR AL AR A A R
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Safety, IPCS) IHT#RHVRMERLEY)
JRBREEALFES BV E % - @R T E 4
Vitem BB THIE ) EEEFM
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V)i B ik THOBEY) B & (administered
dose) » P FC & 75 B 54 B el SR T 7B & 2%
JERIREAL - R IMERIARE - LK
Ry EREHER N AR faF L a 8T "
fE#| & (internal dose) ; HYFEAL - HELE
TEE T It e | SE PSSR T B TR E % -
B R A8 A Ik I & B8 & (absorbed
dose) » fEE B T N i & 2 Al HE1T
TR & (target dose) ; FYFEAL » F 22

R WE i 2 A~ [F) AH 4% A B /9 1F IR 5%
(tissue dose) ([B] =) (22 40. 62) o FEiEh 2 S|
R BRI A R o R E R T - el 3
A % AN 4EY E s
(biomonitoring studies) A1 I L& S HE
VIHI AW FEAEY) (biomarker) » A5 & H
ExEhY Yy Eh )72 e SR R 3 o B AR
WY FEBRENENSE K EREFR
18+ INLAHERS ASEIRAER & (7 -
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Toxicokinetics
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Fig. 3. Relationship between external dose and internal dose, extrapolated to the human

body from an animal model (22, 40, 62),
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Fig. 4. Graphs showing the relationship between linear and nonlinear kinetics as well as

the kinetically-derived maximum dose (KMD) (17,
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BHEE I FE - s B 2% T T a5 AR 7Y
FUERESE  —KRABRBEREEER
1K - R BB S & BRI 2
Jei B 5 P M L B B R A i AH A M 5
HEBARR - HEEEEI S AN RREE LR
M EAMEIT TN -

GEN LB TIERIYGE - fEEREE
rRRT R B RO UK & 2 LB YE - B
ATECEE L 2 e T s R YIRE{E (Threshold
of Toxicological Concern, TTC) HYEEfL
2O R WIS EE LB Y E 2 e
WEEER A CREEERE - \TH TTC
a7 LT G R B R A » S Ry B
DRATHEH - HniE IR S E Y )
T ERE R BT A A BE 2 BRI AL &
HEH AR - HRTEONRMZ 2R (European
Food Safety Authority, EFSA) E.& #4014
HEETRYINREHY Ry st
fl BRI YREEE S EYE 8
A R F R R (1727 .

= 2NN B i E= ¢ SRUSUTIN
< RI EH R 26 DU 7 Bt Ol i LA
RAOMER T SEE TS E - DISHE
it 4 5 5 G 2 e R SR B A R B - LA
TR TR E S B N RS IO R 22
5 — % AT K BE R T T I R R R R
T AHB AR K B AR A S
RAMRYVER B EEE S - Kb 73
B ESBE FE LR BCRIE 1.5 B 14 £5 69
AT Ry K ME R AL A#E < tHRA BB AL HE »
FH R ATE AT TEIYIRE N SN R R R R
A PR T A B B R A i i R S S

AFf - HASAT

in vivo human= in vivo rat/ (%
absorption in rat in vitro/% absorption in

human in vitro)

Ry b B AN o F R A R A A
HETTREINAEE (in vitro tests) HYBLIrBzk
B - Al HLBE B R AR RS HE R A A 2H
JE B AH B 1 B B SR Bk s - B R ENY)
GBS ot N =N il DR e
HEI AR E RN REREE S EE ]EEH
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chlorophenoxyacetic acid) s MCPB [4-(4-
Chloro-2-methylphenoxy) butanoic acid] %
G2 2 KA Z R % (phenoxyacetic
acids) BRECF L - AR A5 LAY T B
PR - KR B BE R M R )
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MCPB Z #(#E % # (data bridging) Firf{il
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(inflection point) HY % Bd B ® =
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inflection point for transition to non-linear
TK behavior) ; (12:25.46) o H DI T 42T HH
FHIERER LEATZF (florpyrauxifen-benzyl)
FREER B - K B AR IUIER B R B 1 7
PRI B KMD B uE s o m il A
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Sttt - EEEE L ASE A REH R RFHAY
25 REERVEERERE M6
MY E) 2 E - R
ARESISE » 1T 32 Rl o FH A PR B HE i B
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Application of Toxicokinetics in

Toxicological Assessment of Pesticides
Chun-Lin Liao'", Yi-Ting Li', Wei-Ren Tsai!

Abstract

Liao, C. L., Li, Y. T. and Tsai, W. R. 2021. Application of toxicokinetics in toxicological
assessment of pesticides. Taiwan Pestic. Sci. 10: 1-28.

Toxicokinetics is the study of the absorption, distribution, metabolism, and excretion
of chemical substances in the human body following exposure. It is often referred to as
ADME and can be used to assess pesticides or other foreign substances that pose toxicity
concerns. This article introduces test methods and explains evaluation principles pertaining
to pesticides which are introduced through the ingestion exposure route mainly. There are
a number of different assessments that can be performed to evaluate ingested pesticides.
An “absorption” assessment includes (1) a time-course study to elucidate how the blood
concentration of a target pesticide changes over time and (2) excretion studies, which
determine absorption percentage and assess the rate and extent that orally ingested
pesticides are absorbed in the body. A "distribution" assessment is performed to identify
pesticide residues in various body tissues and confirm which organ(s) are affected by
toxicity. Relevant data can also be used to determine the accumulation nature of the target
pesticide. A “metabolism” assessment is used to identify and compare residues from a
parent compound or its metabolites with obtained excreta and blood samples. Results of
this assessment can (1) elucidate the metabolic pathway of the target pesticide in an animal
body and (2) assess whether the relevant metabolic reaction has a dose difference, gender
difference, etc. An "excretion" assessment measures the percentage of the recovered
administered dose within obtained excreta, including urine, feces and bile. Excretion

assessments are used to reveal the excretion rate and main excretion route following
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pesticide absorption. In addition to describing key ADME assessments, this article
provides examples of assessments and explains how relevant toxicokinetic information can
be applied to assess toxicological risks of pesticides. This information is particularly useful
for (1) clarifying pesticide mode of action (MOA) and (2) determining the dose—response
relationship. Toxicokinetic data can also be used to help design other toxicological studies,
especially those which pertain to the selection of test dose. The concept of kinetic-derived
maximum dose (KMD) assessment has recently been developed and will likely replace the
traditional maximum tolerated dose (MTD). Toxicokinetic information not only increases
the ability to predict risks; it also reduces the use of animal testing, which is in line with
the current international trend of pursuing the 3R responsible approach to laboratory
animal use. The retrospective research in this article should help researchers gain a deeper
understanding of toxicokinetic assessments for pesticides. This review can also form a

basis for improving toxicological risk assessment techniques.

Key words: pesticide, toxicokinetics, ADME, metabolism, kinetic-derived maximum dose
(KMD)



