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Abstract; To study the distribution and elimination of nonylphenol (NP) in the endocrine glands, stomach, heart,
liver, kidney and serum of SD rats which are exposed to NP by gavage. Thirty-nine SD male rats were randomly
divided into 13 groups (n=3 per group). The rats were gavaged with NP in corn oil at dose level of 400 mg-
kg™' or corn oil alone (vehicle control, C) once. At 0.25,0.5,1,2,4,8, 12,24, 48,72, 96 and 120 h after the
last gavage, rats from all treatment groups were euthanized under deep anesthesia by intraperitioneal injection of
pentobarbital sodium, respectively. NP concentrations in endocrine glands (i.e., thymus, thyroid, adrenal glands),
stomach, liver, kidney, heart and serum were detected using the high performance liquid chromatography (HPLC)
technique. Metabolokinetic parameters, including the half-life of distribution of two-compartment model (¢,,),
the half-life of elimination of two-compartment model (£,,,), area under curve (AUC), distribution rate constant
from central compartment to peripheral compartment (K, ), distribution rate constant from peripheral compart-
ment to central compartment (K,,), mean residence time (MRT, _,), apparent clearance (CL/F) and elimination
rate constant from the central compartment (K,,), absorption half-life (¢,,,,) were assessed. The metabolism of
NP in all organs and tissues of rats was corresponding to a two-compartment model rather than liver. In the endo-
) for NP in thymus was 4.927 mg - L™'. The biggest
(AUC, _.) was 766.163 mg-L™' -h, and the longest MRT, _, was 53.901 h. tipp for NP in adrenal gland was
1306 826.882 h, which was longest. t,,.,, K,,, K,, and MRT, _, for NP in thyroid were 1.375 h, 0.275 h™',
0.165 h™" and 50.705 h, respectively. The peak time (T, ), C,.. and the biggest (AUC, _ ) for NP in stomach
were 2 h,41.4 mg-L™', 364.319 mg-L"" «h, respectively. f,,,, and CL/F for NP in heart were 2.013 h and
7228 L-kg™'-h™". K, for NP in liver was 0.21 h™'. The values of metabolokinetic parameters for NP in kidney

crine glands, the maximum peak concentration (c

was similar to those of the liver. The values of metabolokinetic parameters for NP in serum was at an intermedi-
ate level. NP is mainly distributed in the thymus and stomach. NP is absorbed easily in stomach with short resi-
dence time, while NP concentration is high in thymus with long residence time. NP could be eliminated in the
liver and kidney with high clearance.

Keywords: nonylphenol; SD rats; endocrine glands; internal organs; distribution and elimination

T-FE W} (nonylphenol, NP) & T-3& ) 2 58 3L 1R 19
FEfdy , 4 D B & NP () EE R iR AY, EAN
A5 BRI SR ME S R VR, T 0E % 1 P9 43 b
Uiee, A Bos Bom MECR AR MER . NP HAR
Bk BERETERR T HZUh B A, BT T
W Bk B PR A A AR A Y N BE U 2 I R
il f X LA A ) EAT B B SR AR & 3 1o £
JCHSZ ARG i R AT RS, B e AR
@R, ST NP 2 iH B A5 9 01 57
SHAREZEZEL, HWCA X T NP IERS
5, Geens P WF 5% & B, NP 78 A JIE A ik B e
&, SRR W 412, A SCHRFE B, NP 76 K74
PaS R N IR SN [l 7 o315 b WA O [ ] e <
G WR HEPER BRI LA TR A NP 5, 7E4
H NP &5 R P E> 15 > > B > 1L . Green %

W KR P, 22 TR AR NP 5135 80% Bl M i , 4
JEREAC T, K ZEHEM Y ZE IR, 24 h HEE A 58
B, AWK, SD K& HLiEHA NP J5,
NP FEB50 M T LBtk B, S R B, & vl
PIVEZE NP (AR, 82 ik S pff 5 3530 A7 7 v
FEAR  URZ T[] 5 Y (R R, 2 4 ) SR R4 3R THT
RIS 3] NP XK B B By -F400E 7] & (LD,
2501 445 mg-kg™ '™ AU AT R BRI NP
5T 2R B NP Ye g 50 i A BNt B AR &
AT RN ¢ ol b Y U A OB 2 i e e e ) N T g |
K NP YL H 4, 290 LD, #493/10 (400 mg-kg " WE
SR S A Y 7R i, JF I RO ER B A] & 120 h,
FrHHBE N A AR HL T A% NP LR P B9 AR
ik, Ry it — W 5E NP X LA i A ) 52 i LA % 4n i
REAIR NP X HLAAR 52 i £ A5 Ak 3
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1 ## 575 % (Materials and methods)
1.1

AR O35 [ (Agilent 23 F] , Agilent 1100), (2% 4E
EclipseXD8-C (150 mmx460 mm,5 um), H§ K
(TSR R AR T, FA2204C) , Ktk A8 3R /K 1A
(KA Hy, DK-98-11 ), B .00l (_L g% ==, TDL-
S), BEWRIR G 2% (T H A DLR, QL-901), F-+72)
WALBM TR BLL I 25 M4 A BR A /] ,FLUKO, F10), i
VKHL(E AL, IMS-30), 1E . 6 I 2 ik (53 B 4, KRk
BNK), CNE (k4] Dikma Technologies 23 ), VK Z
R (s al, KERHERR) , NP F5 i dfh (Fluka) , 4l K
(1A 3), NP # B 5 (75 ), FoKil(& k),

1.2 S5

THIEHNAEENE SD KR 39 H KT i 180 ~
240 g, WA N E IR 22 °C L BENLY M 13 4, B
3R, HBYOKIEE, M ERERSE 1R, SCKET 12 h
e, R THoK,

1.3 gk

AN ZIES 0.1% IKZR(V(ZIE): V(0.1%
VK TR)=85:15), #EFEH 10 uL, H:7E 40 °C ,JiiE 1.0
mL-min~',FLD Kzl &% , 3 & I 275 nm, RS
312 nm,

1.4 k505

B39 HORRBENL Y M 13 N4, B3 B, R
HAERZS FAXT RS, R4 i AT — M 400 mg
kg™ NP VEH (NP ¥ T £ K, #E B AR S mL -
kg™, 25 FUOR B A 42 BR ) S5 15 PR B KRR EAT &
K, #HE)S 025.05.1.2.4.8.12.24 48,
72 .92 F1120 h 435I e 1 5 IR e A B8 K BRI 4k B
BEN R S GRS = o S TN = W1 1 = g1
FLCELH 2 R g PR A7 120 CUkKARTF .

FE ORI NP bRl , H GV TR BRI 9 45 .
90,450,900 .1 800 .3 600 £112 000 ng-mL™", 435l
FE10 L, FH VA €0 335 {00 e 0 1T AR, LA [T R (Y)
X BRI B (X2 bR 28 75 [T R

NP (HE I (1)73 31U B P 43 A B (R BR
RN T B HERE B RE AL IESS 0.5 g AL
15 0.5 mL QYK HUFZHE2l 0.5 g & TR .08
L IALE O bE- S ER R BGR(VOE O bE) : V(Z k) =7
3% mL, FHFFFECAIEHL 20 000 r-min™' 2)3% 10 s,
4000 r-min"' Z.0> 8 min, B FIEW T 50 °C KB ZE
T, 0005 mL ZNiE% 5 7% R E AL, (3)
W I LT 0.5 mL, & TR ELOE N, IMAIED

Bt- CBHEBGA(VOE 2 4%): (CBE)=7:3)4 mL, B jiE
IR HIRA) 30 s, #4815 min, B EIFRT 50 €K
BT, 0.5 mL ZHE ARG RS EHEREM_ AU
1.5 HdEabr

B 25030 1A DAS 3.0 #EATA0RE,

2  Z55 (Results)
2.1 NP 7EMafR  FFARBRATE TR ik B

AU TR Y ) Xt s v 6 2 () 225 il s o il £, 7%
H Y=1638X-55.936, R* =0.9999  trifi £ H T 5
2L NP 7R HA RN & . WKl 1 Frzs NP 78/
BRH O h AU B R T LA AR, ¢, =2.006 mg L',
PEAJT 2 ~4 h WS AR, ZE57 4 /N I8 3 ik
BE, € =4.927 mg L' JEWIIRMREEN 2 52, fAk
HelE 4y 1412 mg-L™',120 h ¥ 1.803 mg-L™
SWIRMWBEA2Z AR, HARBR T NP WREETE 2 h ik
SR, B R IR WS ] B ¢ =3.580 mg-L™', H
PRME T NP WS B MR, 720 h B AR NP
WRE R, ¢, =0.183 mg-L™', 7 8 h ik B 0§k & |
Conae =3:451 mg- L™ GAUEJ e BE M T B A5 S 0.662
mg-L7'(12 h),
2.2 NP7 CCoME R v B

WE 2 Frzs NP 78 B N IPIIRHEE R 035 mg-
L7, 7E 2 h iR BNk B HIgVR FEAR K, ¢, =414 mg
L', 7E24 h ¥KEERE N 2.88 mg-L™' fE 120 h #KJ¥
B0 0.53 mg-L™' . EIMICR, SRR ) 4 1)
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Fig. 1 The content-time relationship diagram for
nonylphenol (NP) in SD rat thymus,

adrenal gland and thyroid after NP exposure
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B O IE TR R JOE rp o NP R — AR AR,
YITE 4 h B BIEWRIE ) ¢, (0)=245 mg-L™", ¢,
(fF)=141 mg-L™" ¢, (F)=2.18 mg-L™', 7120 h
B O EFTE IE NP R EIE T 0,
2.3 NP 7& M3 H p vk B

e 3 frs, ML 5 NP AR IR 4K, ¢, =
0263 mg-L™',7F 2 h ik BN E , ¢, =1.931 mg-
L', 2~4 h WIRIE L TR, 214 hikE TR
1.061 mg-L™" , ZJ5 kAL N P& M4k, 76120 h
I AR N 0263 mg- L™ SRR AT
2.4 NP 3N 2

K HZCBh F1 5 5 DAS3.0 4b B, 75 11
NP ZEP 53U AR B O M R O i AR 30
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Fig. 2 The content-time relationship diagram for NP in SD

rat stomach, heart, liver, kidney after NP exposure
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Fig. 3 The content-time relationship diagram for NP in
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20, NP 7EA B i AU AL B S A & —
FEIAN RS BRI, NP 76K BRI AE
AN LN T BR AR S 3 (1,,,5) Y 0 23 A AR 5
W, )M 10 5 LA _E . BRAC RS, H A 5 ] 1
TG HREBU(K,,) YK T | AR E ) ke F= 5
B AR HEEUK, (R 1 K 2),
2.4.1 NP 7EWNGR IR B s A 2l 7

NP 7£'H IR £,,=1 306 826.882 h, ikl
B R (2,,) =8 hs 7E M RR 9 #h 2 R TR (AUC, _ )=
251534 mg-L™" -h &K P2 5F 8 I [H] (MRT, _,) =
53.901 h e f o= SR TE B (CL/F)=0.522 L-
kg™ ~h7 /N 7E HR R P8 o 5 3R 0 0 A 25 R
(V/F)=66.867 L-kg ' fie/N ik WERT ]2 2 h K, =
0275 h™" K, =0.165 h™' MRT, _,=50.705 h; 55>
YRR EL 103 A I SR R B (¢, ) =0.684 h gy,
=0.83 h £,,=54.062 h , AUC, _,=68.646 mg-L™" -h,
MRT, _,=41.148 h, #JH/NMFE 1),
2.4.2 NP 7ESCHEAS B PR ) 2

NP 7£H Y AUC, ., =364.319 mg-L™"' -h &
K ,MRT, _,=24.822 h & &/ 1O IEH NP #)
Lnka=2.013 h B, e & SR B %8 (CLIF) =
7228 L-kg™ -h™ fei, XAl g 5.0 MR F & &
TR NP #8222 DA KU 2 52 I 4 B ) K 400 Joi [l A1 J
PO, TERFIERN, NP [ e 38 7 19 0 5
(Ki)=021 h™" 8K, K, BRATH BRI, B NP 76 1T
WEFIEERPE . NP 7E B E i 25 AR 30 1 28
BB e T 5 S8 M 4 B A H, Iy
MRT, _,=41.148 h 2 K(F& 2),

3 112 ( Discussion)

NP & —Fh 2T B R AR EE N 20 M T 4R,
TG HAR T2 . BFSE NP 7E4 220 AR g
FHOE, A B TR NP & i 5 4 4L 8UR SR 1 ¢
F., HOSCHRFR, L3 NP Wk 7RSS e 4l B 3 5
TR, T, SR BEAEAA L, P
2 BEREAS I3 B9 XU A(BPA)FI 4-NP 5 1 B 1 i
O A WERER I SR B B o B A S
P KU G I 55 NP 2 A7

AREFFEERW BRI K, KT K, , i NP
Sy TN e s ) S & o A, B SR B SR A
K, >K,, NP FE AL ML F & A A E, X
ARG EESAR S, A R — Ik, NP 7E45 4
2L B T R AR P R K DO NP & — i b
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RIS N T30 . M2 T AR TE B A i
PR, Ui B NP 78 B I IR s e K, AR 11T NP
e P 35 5 BA st ) e 0, R W NP 5 YR
FIBEAK, NP FEF AR T BR A = AR, B TH
Wi A, X AT RESR AN I I S 4L 2 ) S RN AR
B, AT DA LG GE TR DY, e TAEALIAR IE
FAREHE B0 HE B RS, JFRE RN B NP 45 50
ARG B T2 S KRB AR T HL NP i S b, 3 T
JIEFEE IE 2 NP AR B . A DESERR NP TETFE
PRI DL A MR RS e 1L A ) B R SE ™, 78
DAFE A FE o O B0, NP 78 JEF I BB 9 35 4,
S B TR A F I B O R Y T AR R S

Kb S BEARIT X AT S — PR H RO R A R
SEER KB, M3 R A U B J) 2 2 O E A
JIr i 25 2 v R AS 2 i i A 2 AR, IX AT RE NP 5
I3 R AR AR AT O, B2, NP FE B N i
R, B P ST ) 25 A PN 20 6 Il N 20 A iR BE B
158

ABFFEE LR 39 HR B — W H 400 mg -
kg™ fY) NP, 75331 NP 76 FUA N 234 15 15 B A5G
Bl A HACI R, EAB G T 11
FEM NP AT — U PEHE S |, 45 al A5 AN [ e B
FER) NP — U PEHE B sl IVIRE 8 RIS EATTR9 23
A SRR, LSS 1% NP AOFCBELAE

®1 SD XRHMMR. B LR FKIRREMFEH NP Rifizh hFESH

Table 1 Metabolic kinetic parameters of NP in SD rat thymus, adrenal gland, thyroid and serum
HE
Organization
2 e W i HLR fibs
Parameter Thymus Adrenal gland Thyroid Serum
4 B - B
Two-compartment model Two-compartment model Two-compartment model Two-compartment model

tipo/h 3241 3925 1542 0.830
finghh 411.095 1 306 826.882 112.027 54.062
V/F/(L-kg™") 68.865 75923 66.867 104.943
CL/F/L-kg™'-h7") 0522 2429 1.023 4.890
AUC, _ /(mg-L™'-h) 251.534 84.860 189.835 68.646
AUC, _,, (mg-L™" -h) 766.163 164.689 391.147 81.804
Ko/h™! 0.008 0.032 0015 0.047
K,/ 0.128 0.128 0275 0.557

Ky /! 0.080 0.016 0.165 0244

tp ka/h 2449 3.178 1275 0.684
MRT, _ ,/h 53901 52.303 50.705 41.148
MRT, _ . /h 290.566 136.503 187.962 62438

Toax/h 4 8 2 2
Coa/(mg-L™") 4927 3451 3.580 1931

T 0 ~ 375 I B TR 3 S2 Bl i I 55 RIS ), B0 ~ 120 sty D ARG AG AR R8I 5 6, N — BB BNIHBRAT A 58005 V/F Dy rp ks
FWI A B CLF e 28 SRS BR R s AUC NI T TR ; Ko o A AR S0 R R Ky O A RS 1) S0 ] 28 s R W8 Ky,
FI AN A 2 [0 e B R TRASHHL 1, o A WOBORE A 2] MRT SV 35 B 0] 5 T, KW ] 5 ¢ IAE(E IR BE

Note: 0 ~ ¢ means the time from the start of gavage to the actual measurement i.e., 0 ~ 120 h; ¢, , represents two-compartment model distribution half-

life; ¢, 5 represents two-compartment model elimination half-life; V/F represents apparent distribution volume; CL/F represents apparent clearance; AUC

represents area under the curve; K, represents elimination rate constant from the central compartment; K|, represents distribution rate constant from cen-

tral compartment to peripheral compartment; K,, represents distribution rate constant from peripheral compartment to central compartment; £, x, repre-

sents absorption half-life; MRT represents mean residence time; 7, represents peak time; c,,. represents peak concentration.
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=2 SD KRB O AFE,. BlER MBS NP R HESH
Table 2 Metabolic kinetic parameters of NP in SD rat stomach, heart, liver, kidney and serum

e
Organization
S A L ik 54 15
Stomach Heart Liver Kidney Serum
Parameter
i e —= i i
Two-compartment Two-compartment One-compartment Two-compartment Two-compartment

model model model model model

tpo/h 0428 2420 3470 0.830
tipplh 4634 178998 32726 51.073 54.062
V/FAL-kg™") 4579 87437 306.020 122755 104.943
CL/F/L-kg™'-h™") 1.098 7228 6.820 6.790 4.890
AUC, _ /Amg-L™"+h) 364319 45516 57949 52.089 68.646
AUC, ., A(mg-L7"-h) 364319 55338 61.712 58913 81.804
Ko/ 0240 0.083 0210 0.055 0.047
K,/ 0464 0.188 0.108 0.557

Ky /b 1.065 0.020 0.050 0.244

Ly ka/h 0373 2013 1275 0.650 0.684
MRT, _ ,/h 24822 35562 32246 32650 41.148
MRT, _,/h 33.353 68.840 39913 44495 62438
Trax/h 2.000 4.000 4.000 4.000 2.000

Coax /(mg-L7") 41400 2450 1.660 2.180 1931

TE 20 ~ ¢ 3278 HE B T IR 3 SE pri B Ir g 2 A ], B0 ~ 120 hy 6y, o S WERIM AT RH R 5 £, p 9 — B BERI BRAHF 221 V/F Jyrpes
FWH AT AR CLF s BRI BR R s AUC MR T IR Ko o H RS BR R EHG K, A TR [ SNE S 5B R E 8 K, N
FI AN 2 [ i e S B MR R 1 o, ARISCRERR BE] s MRT g F-X95E B 6] 5 7, kIR 00 5 ¢, AIR(ETRIE

Note: 0 ~ t means the time from the start of gavage to the actual measurement i.e., 0 ~ 120 h; ¢, represents two-compartment model distribution half-
life; ¢, 5 represents two-compartment model elimination half-life; V/F represents apparent distribution volume; CL/F represents apparent clearance; AUC
represents area under the curve; K, represents elimination rate constant from the central compartment; K, represents distribution rate constant from cen-
tral compartment to peripheral compartment; K, represents distribution rate constant from peripheral compartment to central compartment; ¢, x, repre-

sents absorption half-life; MRT represents mean residence time; T, represents peak time; ¢, represents peak concentration.
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