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HE: IHEBITRAEETY I Sogatella furcifera (Horvath) A py 4345 R EEAA, ¥EE CEK R #E
LR AR K A R SE 0, 24, 48, 96 h JE I EHARTE A b I B A 58 TR 3% (inductively coupled
plasma mass spectrometry, ICP-MS) #5:lj 4 Ab B di /& Py 12 #h4:JEICE (Cu, Zn, Cd, Mn, Ca, Fe, Na, As, U, Mg,
KA Pb) (&R, UHE CEBEMAERE(W) ., AIAHNAER(0) . KHNTTHRNAEYE R (E) KT HEM N EY)
He RSN (r) ASE, WERAEUNBEREEERW, =0+E(1-r)' . ZETFHT WEANEBEIGEE
HFE(WC,) HAVARHLNEE(OC) Al HE N A Y & & (EC) HWE B /3 (0P, M EP,) I Z F1, BIWC, =
OC - OP, +EC - EP,, 4y HIfhitAE CERNAHL AT HE WA &R e E &8, BIUOIERESR: Cu, Zn,
Cd, Mn 1 Ca X 5 #nEAAT CARAANNEERES THTHRENAY PSR (P <0.05), RHXLEE
TLEW R BAIURHLSR ., R, HREMFAETREHNEYIARHL ZH, Fe, Na, As, U, Mg, KF1 PbixX 7
FIUGREAT CEAHIUAHS AR &R SHTHRI N AY h & 288, AR YUARH S FnmT Hetk s 54+ 1
DAERAEE(P>0.05), UMSFERSHFETHE CEAEVAHLS AT HEM A b o T EETTRE N
HAb/NRIFI R R R N & BT R oA . R dRlk iR E L,
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Dynamics and simulation modeling of the content of metal elements in

Sogatella furcifera Horvath ( Homoptera, Delphacidae)

SHI Song' , TANG Qi-Yi"*, FU Qiang’, PENG Qi', CHENG Jia-An' (1. State Key Laboratory of Rice
Biology, Institute of Insect Sciences, Zhejiang University, Hangzhou 310029, China; 2. State Key
Laboratory of Rice Biology, China National Rice Research Institute, Hangzhou 310006, China)
Abstract: To determine the distribution and dynamic excretion of metal elements, the test insects, adults
of the Sogatella furcifera (Horvath) were subjected to feeding on deionized water for 0 h, 24 h, 48 h,
and 96 h, respectively. The body weight changes were measured and the contents of twelve metal
elements (Cu, Zn, Cd, Mn, Ca, Fe, Na, As, U, Mg, K and Pb) in S. furcifera were detected using
ICP-MS technique. At the same time, we denote the entire body weight, the organic tissue weight, the
weight of the intestinal contents and their excretion rate of S. furcifera by W, O, E and r, respectively.
The body weight of S. furcifera at different time can be expressed by the modified exponent equation W, =
O +E(1-r)". Considering the content of a certain element in S. furcifera (WC,) should be the sum of
the content of that element in the organic tissues (OC) and in the intestinal contents ( EC), the
statistical model is WC, = OC +- OP, + EC + EP, , where OP, is the percentage of O to body weight at time
t and EP, is the percentage of E. The results of simulation modeling showed that the contents of Cu, Zn,
Cd, Mn and Ca are significantly higher in the organic tissues than those in the intestinal contents (P <
0.05), suggesting that these elements can be absorbed or accumulated by organic tissues. The contents
of seven elements (Fe, Na, As, U, Mg, K and Pb) have no significant difference between in the
organic tissues and in the intestinal contents (P >0.05), suggesting that the contents of these elements
in the organic tissues are balanced with those in the intestinal contents and their contents in insect body

are not significantly changed. The simulation modeling method can provide reference to other studies
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involving metal distribution, accumulation and excretion in other small or micro-insects.

Key words: Sogatella furcifera; metal element content; bio-accumulation effect; simulation modelling

Te 2R &R Tl AL, HIESOKIEPRE
SBITRM S AT, X YR EE TR
P EREMSSEERS &R ITRESE, UBTAS
RGEFAEAFIFEN, &RTREEXZ DT W
BB MATH, R E I TR A AT A
(Mogren and Trumble, 2010) , ZEfGAEREF, B &
S B TR 1Y F 2R 2 8 o 1 4k 38 (Hopkin,
1989) , A[F4/EITR AR RIKNIGE 5316 60 &
HZRERGERNEERABERXR. HARS
T, &R xFKEd et ARRKE, —H5&ET
bR AR RS, Ik R 4 TR ST 3R i
TEFEE HALASE, HAE., SRE. JEMA&.
HTEERFIREE, SE&EBRMERLSE, URReEREX
i 3R 703X BL 2% B A 40 g 5 ( Clubb et al., 1975;
Ballen-Dufrancais, 2002) , 4 ENE&EITE
SR, BXRSX AR G AR E R
(Hopkin, 1989) , 534 L4375 7E1H AL IE N B i £
& JBICE Al E o 2508 B HE & A (Helisvaara
and Viisdnen, 1990) , HEDIRESE 5 [ R AT
K, ZRERTSER R MkE PSRN ERITR
( Przybylowicz et al., 2003) ; [R]A 5 [RAE 0 ] LIGEAF
ECHERT R A A 4 Aot B 199 42 J8 B9 F (Green,
1979; Sohal and Lamb, 1979; Ballen-Dufrancais,
2002) ,

BRAEASRETERAERRNOMEEE. K
I, BRANESETREESEE UMM ESR
GeRTRBEEREN. FESXRTRUAKANEETR
o3 BESHHEBR LKA R BB NE WL, 0
WESE . ARIRAAERS, X R E R R A
¥ (Nehring, 1976; Walton, 1989) , 14, B# H |
BESHE. SR HE . B E . FEE .. B H %A
BRI AR IS s A S RGP & BT R
WREE (FMITERSE, 2007) , EAXMERHRENEEITER
IR IE A 2 W, AUA 15 B 5 WK B8 Boettcherisca
peregrine ( Robineau- Desvoidy ) ( 5 [H 245, 2007) f1
Frar 7% Wk Spodoptera litura Fabricius ( #) 0T 85 %5,
2008) %54l ., MAMRRY, AEEBITRER
FRERAEAR S BRIAARFE, BMERMEER
Fh2Z 6]t F 2 5 (Hopkin, 1989, 1990; Rainbow,
2002) . RN FAR R B AR &8 RN
R, ARE TAEZEM, WAFRWZEAE L

BILFE L4 Bt R, a0 Cd, Zn, Cu, Ni fl Pb
%, Hfh&BouRER RIANM . Hiltt B %
v AR DL HRGE

XFMEBUNG R, AR EBITRAEEDIK
WIS EIER, EEHEBRATHEM N EY H &JB TR
FIRZm, WZSRERES. EXF /NS, FHEE
5B BRAHR Y LS SRR A N A 4 R
TR ERUTEEFEMRA, NMUBEE 2 T HEREL R
FIRBFAAETS Qe aiR 25 . A5 B G E I W d s A
B VBN 43 SRy A BILAAR L SR BT HE i P9 254
43 (AL AT HEM P 25 P 48 B SRTH AL TE N B AR
WA Y an R R 4 5 [ sl 18 Hh i 2S5 AT
VITEFESHE B RS ) 5 AR5 X bl B G El
MR FH B K A3 AR 5% 24, 48 F196 h, A4k
HE IR ARE, A ICP-MS £ AR K I AR [R] A4k 22
BHE I RAN &SR ITR & &, &EEdER
Fk, B ATHR N AR SRt R S AL
KRR, MG &EBEITRERT CEAIARHR
AT HEM A S i oA S ' A,

1 MR5EFE

1.1 HiE

B E T RET 2010 4E 7 H 28 -30 HEUH 7
YLAS 8 PH T o EK R A 9T Bl F (Jb 4 30°047,
RE119°55") , HREHH S5 000 KLU, HF L
B H (B SR £ S5 57 B T i 28RS b, iy Bl 5K
RS ZIAE, A ETE CEI KRB R,
1.2 SR 5iH

BAFERBIKM T Cu, Zn, Cd, Mn, Ca, Fe,
Na, As, U, Mg, K1 Pb 3£ 12 F & B0 ER . il
& J8 0 R A2 R S A R AR B Y
(inductively coupled plasma mass spectrometry, ICP-
MS) , ZI5 Agilent 7500A, J\#}% 2 v {4 £ (octopole
reaction system, ORS), H 7Z<f# 77 2\ 7 Yokogawa
Analytical Systems Inc. , NFRAW (L, Sc®, Ge”,
In'®, Bi®”, HNO; 10% ) #2 Agilent /8 R4 ML, 4
Bt di B ICP-MS B TAES: 4k RE ThE K 1 250
W, FEFRERER 15.0 L/min, HEISREN
1.06 L/min, F£G4&FHFH 0.1 rps, SLHHTALEE A
FRABNERG: 72— KT (HEEFEZH
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Hit Sartorius, %5 BS124S), HiEE EIH A HE (50
mL, EFEIELLER) ), RIMHE LM (50 mL,
EIGEIEASE) ), B FRFIEREXTHRA (L
R DL &ARAR, #5 DGX9143B), fr
R e HNO, F1 H,0, ¥ R 2hisg DL b 45
(b TET A=), LR AR KE L
Millipore #8 47k %% % ( MILLI-Q ELEMENT A10 %
g, FEBEEARLE) MBENEEFK,
1.3 gE&EZammEE
HHRERMEHE CEU RS R 4 b
— WA EERARGR P -20CA%, i HAi
B RS HIOA 3 20 SGE B 2B K 2 50 1)
7% 24, 48 F196 h, fRFFMLL R W IGABEIHE K 14
em, HE2.5 em, BIHE —umAUZ Parafilm Je4%
EEFREEETE CEERE, IFXELE; B—uH
80 HIWJe FLE, Byikakiit, I & F/KIEH
W BB 3 (Fuet al., 2001) , Parafilm 424 h
—Wo BNBGEEPHEFE 20 LHE R, RIEE
WEER BRI N E, SLEEE 27.0 £1°C, XY
KT 90% , SeFH 10L: 14D, 4% 24 h i
XGEE F IR PR o 35 B 5250 R0 e 4b B A [R]
B 24, 48 F196 h W& WL AR FRAE - 20°C LR 17
Gl e
1.4 FRIREREREELEZIELNANE
4h1R
1.4.1 REHRE: SO RERN ., PRER]
AMEFE SOC T4 12 h, RT3 2Z—0 R
E. ATHWEaE ERER B IEREO
HIRE S, R FJCE S FEHLEURE 7 i, B A B R
100 3k, EH 3 K, REWE, IHTEHEMELE
hPHE CEERMEHE, #ITEEREOTEQ)
A ST o
1.4.2 RS ERNETAAE.: HFa S CE
RN ERITRESEMES, &R E 200 mg,
HHE 3R, ARSI E A 100 mL ) 2 Y 550
IR, ZEMA 4 mL ¥AESER, 0.5 mL H,0,
JEIEATHICE, R, BABAESE 120C 2 h
hn#k, J5 160°C 8 h hn#h, {f dfk e 50 1E AR, FHY
B, PSS FK o 0k 38 U 9 2 06 L PN B R Of 55
VEWHREE 2 ~3 WK, 5 TH % W o i DB 4K U
%50 mL .08, &R MERAEEFKE
%50 mL, B3 ANER, BibEP R
ZHEM S A, AR E&RB TR & 21X
Rl IR 2, B EHES R A 4 mL YR A4 ER

0.5 mL H,0,, FHAth &b ¥ i3 72 F01 77 2 AR EVRE 5 —
FE, I BRIE AT, BARERIZS AT AL 52 B S B
HEHEHEFT ICP-MS Yl %E
1.5 IEEEES

R T A BT BT CECE PR S R HE
MAEYFHEEBITRS R, RITEIT T —EFE
STRERT. BHRET CEEMEE(W)HEE €
BVAHUAH S FE & (0) Fikp al HEt N A5 ) &
(E) RSB RPN FTHER A AP 7E 3 CEER
BEEFKSBPERHmR. HE ks, Hik®E
EETFAVALLAERE O(K 1),

A

s
AL
«— O —p—=—>

t

1 B REAE A LR
Fig. 1 The diagram of the trend of weight change

of Sogatella furcifera

El 1 f3h A2 aT B IE T8 B Rk ik, &
BB R

W, =0+E(-r) (1)

K(D)H, W, hENZHE CEAE, 0 A
MUHSEE, E ArTHE N A ER, r HHEH K
SR, (1) REANSE, 0, E R r A]ARHESE
IEHE, SRAFEL TR/ N R, RIES
BofbiHE, B A SR RS W, . R’
Z: AEIEHAAER(0) AT CAKE
(W, WE SRR OP,, W15

op, =9 (2)

W,

[P, B2 ¢ B REVA PN BT HE S A
W, — 0, W2 ¢ iF 2 CER N T HE R A5
HE CEUWRER G F N EP,, B

W, -0
EP, =

t A

ARG AR HE CERNERITR S
BHSNE, AT AERAMRASRITR &’

=1- 0P, (3)
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IR FR o

T E&RITRDHFETHE CEAHAAN
MAaTHR N A 2, L2 &R TR S /R
WC,, ERHTE CEANAIARALNERTRE
i OC Ml HRtt N AW h & RITR &8 EC, HiHERL
HERE RN, B

WC, = OC - OP, + EC - EP, (4)

3 (4) SRR _ b — A S BRI ) — o4 Al
F75 . X E WC, RHE CEURNTERZ] ¢ TR
i, OP, MEP, FRAIARES (1) L 2(2) ik (3) 2t
fribit. SR & H 2 ¢ i) WC,,0P, M1 EP, {HZ
Ja, AL (4) FERANMSE OC M EC BEAT A
it, BEXTRELT CEENADIRAR NS
7 (0C) M HEE AW P & (EC) BfliiHE.

R (D) FI(4) WS H btk A DPS % dfE sk 2
ARG (ER X, 2010)

ERBAT RERAAIRASA NS RITR &
7 OC FinHEt N &Y b & Ron R & i/ EC it

18 K HATHELR SEoc B SEge ZJ5, FIRA Z KBI%
MWHEEF W RERBTEITRE, STREA
W

4 - _loCc - EC]| (5)
VSEoc + SEg;

PR SRR A DAL SN & BT HE
A SRR BEEKRRR Z /5550
B, WREE Z AR SRR RO RESR P AE, R HERT 5
BURAERT CERN RIS

2 HZRE5HM

2.1 EECRANKHEETRHERRE
ALK T HE CEAH R A 12
W B AR RN AR R b AR E R
4J8t&, Cu, Zn, Cd, Mn, Ca, Fe, Na, As, U,
Mg, K1 Pb, X 12 iR 7E £ 4l /K 4R 57 Ak 3
0,24, 48 F196 h G HTE CEMANKMSRERILEK 1,

*1 HERFEMEBEECERRFEN R HEETERE(pg/e TE)
Table 1 Content of 12 elements ( pg/g DW) in Sogatella furcifera adults at different time after treatment

SRTE AbBR ] Time after treatment (h)
Metal element 0 48 96

Cu 10.24 +0.67 11.67 £0.95 12.15 +£0.33 13.39 +0.27
Zn 45.67 £5.42 49.89 +4.84 53.40 +1.37 61.42 +1.06
Cd 0.0425 £0.0029 0.0444 +£0.0030 0.0454 +0.0002 0.0518 +0.0024
Mn 8.19 +0.68 8.031.14 8.87 +0.32 10.33 +0.59
Ca 224.10 £25.29 239.80 +32.82 271.30 £32.79 270.60 +23.02
Fe 457.90 +£20.29 471.70 £84.91 588.40 +68.12 528.03 +8.13
Na 834.40 +17.82 1 027.00 £31.91 1 140.70 +64.58 1 017.70 £89.47
As 0.189 +0.090 0.208 +0. 107 0.225 +0.056 0.241 0. 111
U 0.0377 £0.0099 0.0410 +0. 0098 0.0519 +0.0058 0.0449 +0.0035
Mg 660.20 +9.24 698.90 +22.78 705.80 +£59.44 657.70 £51.55
K 4 099.30 +89. 86 4579.50 £15.76 4 814.50 +344.87 3 957.50 £287.70
Pb 0.438 +0.074 0.218 +0. 067 0.232 +0.060 0.306 +0.092

2.2 AECEMGE-HTEER

R A TR b 2R B 1) B9 15 75 TR ETG R RE LI
100 3k, HE 3 WHBIEA TR, RAZS
FrAR gt i/ N —RITIEBA TG, AL A% A7
= (6) :

W, = 0.3371 +0.3113(1 - 0.0125)° (6)

R (6) FEANSHAEIHE, THRIABT
AAHAHAERAMIHE, 0=0.3371 (mg),
ATHEM N A E R A HE, E=0.3113 (mg) . 7E

EEFRAFELMT, BTHEM N 2P 056 Rl
r=0.0125, WHE r [EHA]HES 2 0] HM N S
BRI 54.95 h, BRI EREN
0.9926, ISR LS K AU ZR an & 2,

RE, #E(2) F1=(3) 1S 2 & b 3 B
6] 5 3 AR A DR S0 R E I E 2R
(OP,), V)R ml et N 254 b IR E W H 432 (EP,)
I THELNER 2,
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0.70

0.65 -

0.60 -

0.55

TE (mg/k)

Dry weight (mg per adult)

0.50 - )

045

0.40

o a4 a1 %
FiH ] Time (h)
2 HE CER AT - AR A
‘ Body weight-excretion’ regression equation of
Sogatella furcifera adults
P e ] 5 e A B RS AR E A E i iR R ARALLA(E The dot

is experimental data of laboratory weighing; the line is simulated curve.

Fig. 2

2.3 AR CEGRNEALNANEYHEETESE
&t

¥ 12 FhEJBT R A HIE 0, 24, 48 196 h B
SROENIE, 45482 #Higl, HAARM), 7
BRK SR ITR SRR AL THE, A&
SRITEEAT CEAIIRAL NS & (0C) fir]
Hett 29 R & & (EC) WAl R Hopr iR,
HEERUE 3 iR, X OC fl EC £ 5 8B E M,
A[ARYE OC F1 EC fliHE R HARMER, #5R(5) #17
ZRGE, R IESE NN Z 5 X HARN MR P
5, %4 P{E/NF0.05 By RBAMGIHE OC F1 EC 257
BEE?3),

x2 LEBBEHNALEEMTHIHATYEESFETSENEILE
Table 2 The simulation of OP, and EP, in Sogatella furcifera adults

BRI (1) HHE SEFEE S OP, FIHE A E R SR E E AL EP,
Time Percentage of organic tissue weight Percentage of weight of intestinal contents
accounting for total body weight accounting for total body weight
0 52.29 47.71
24 59.43 40.57
48 66.47 33.53
96 78.41 21.59

HE 3 Fa RS BITREAT CEWHNE
B2 AT RS, B EHEL b
AERELT CEANE B TR S ®A LA,
BOLRTEHT CEAIARALN AT RRRA EEE
s SELTRENRZ .

S, Cu, Zn, Cd, Mn f] Ca X 5 Fb
TCREAVMKALANNEEBE S T HR AN EY
&R (P <0.05), AIANXEEBITRZL —
e RS FETRAAIEHELA N, XA
A EMERT REWEANER EEEMRRL, &8
TCRWE R A PLHRR N, 20T HEw A A=Y
MEEITREE TR,

Fe, Na, As, U, Mg, K1 Pb X 7 fhoe EHEH
B CEAPUAHR A& &5 AT HEM R A=
FHEEE, EAFMAENTE, TREELTHE L
FE TR, StRRIRRAX TR LA
HAPMATHEMA BT PN ESEERAEE (P>
0.05) , BUAJIA RpixX 650 R LU —Fh 3 28745 07 XA
HETFAEVEARPRMAEY T, HEEHENRE,

3 Wit

BeE A TR RN A BTE S, A
B ¥ SRAE, BAr IS Y B Z RINTER R
Bko 4 Gillespie 45 (1975) M8 BB BUBF 55 T R 24
DDT £ 18 Pteronarcys california 14N R8T 72 o
Welling % (1983) FH#SEUE AR T SR ABER
W8 Musca domestica &N HZFEYREHTRE. M4BT
RTEAEYRNERE . B EMARM SRR, 75K
ETHFHESY P AEEHR . ERBITRNEERS
AR . IR | HE SRR R E K A
% (Reinfelder et al., 1998) , Cammen (1980) F#&
RIAR T KAEAEMR N &B TR WRICR 5KE K
MEXRR, AISHEAGENERBITRAEEMIENT
MR, fE iRty 2R EZEWERE, HEEC
A BVER IR AL TR R B Bt (Adams et al., 2010) . fifi
AETHMESY), CHERAR R, BRI
HAERNERTRS G . EEMHRIER FFRA
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20

£ & Content (ng/g)
>

20

15

10

£ & Content (pug/g)

3000
2500
2000
1500

1000

£ Content (pg/g)

500

800
700
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500
400

£ Content (pg/g)

300
200

Fth Z {50 P {E 1 OC Fl EC AfiHE R HARHERTTER D] LR T AEKRAAIEHAA SRR TUHHENEY &8 SREB TERLRR
HE A SRR TAVURE S NS/ P{E <0.05 AR EA N &R HHE N A S B2 5 835, Z value and P value were
calculated by formula (5) ; the long dash line above the dotted line mean that the content of metal elements in the organic tissues was higher than in the

intestinal contents; the dotted line above the long dash line mean that the content of metal elements in the intestinal contents was higher than in the organic

Cu 120 7n Z value=4.448 0.08 Ccd
- % 100 P value<0.0001
2 ® 006 [— — — — — —
s 80 K
e 5 - = = o °
° ° g 60 M § 0.04 e
&) I g
40 f° o
4z % 0.02
Z value=3.262 20 Zvalue=2 314
P value=0.0011 o 0.00 P value=0.0206
0 24 48 72 96 0 24 48 72 96 ' 0 24 48 72 96
B} ] Time (h) B} ] Time (h) B 8] Time (h)
500 800
Mn Z value=3.155 Ca Fe
P value=0.0016 ~ —_ o
% 400 % 600 .
2 - 2 M
_—— ——— = = 300 3 ° =
g ° g .
W : — | E w .
° S 200 8
g g
ba 100 4o 200
Z value=2 Z value=1.688
0 P value=0.044 0 P value=0. 0913
0 24 48 72 96 0 24 48 72 96 0 24 48 72 96
B} 8] Time (h) B} 1] Time (h) B 1] Time (h)
0.8
Na Z value=1.755 As Z value=0.966 014 tU Z value=1.58
P value=(.0793 &b P value=(),3338 & P value=0.114
EY; 3 012
E g 0.10
= -
6 0.4 o ) 0.08
- - ° S
s & i —  — — — — — 006 | — g
¢ | @ —  © % 004 | —o—2— 3
02 fg . . : 04t :
° 0.02
0.0 0.00
0 A 72 96 0 24 48 72 96 0 24 48 72 96
AH1E] Time (h) 7] Time (h) 8] Time (h)
8000
Mg o K 14 [pb Z value=0.073
a o) 12 P value=0.942
8 I B
= — 2 6000 ®
. z o 210
7} ) 8 -]
5 e ——— 0.8
5 4000 — - o 2
o 0.6
g 1 é
Z value=0.876 € 2000 @ Q$‘-\a
value= _
— Z value=0.737 02 f — - 8 _____
P value=0.3808 . P value=0.4608 00 -
0 Ea 7% 0 24 48 72 9% Too 24 48 72 9%
PR Time () B8] Time () B8] Timme ()
° BAKEER 7 CEIAR WA i The element content of S. furcifera in each treatment

JEE &R BEEIIE (WC) Simulated curve of element content (WC)

B3 EE TR AN G R R [ AR

Fig. 3 The temporal change in content of metal elements in Sogatella furcifera adults

HHUAL LN ERBEBUE (OC) Theoretical values of element content in the organic tissues (OC)
T HE P A & BALBUE (EC) Theoretical values of element content in the intestinal contents (EC)

tissues; P value < 0.05 means significant difference between the content of metal elements in the organic tissues and in the intestinal contents.
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TS B FHBCEE R A A BT RV 4
BIEMSAMERINS, ZHFEETHT CAEK
HHAVARHAEEMATHM A S EEME, T
AHEM AN A R & BITR, ME R R EEAK,
FOATHEH 925 W) — A R HE AR M X — 1Bt
W Wi, Aptdr, fhf o n B4 KSR o,
24, 48 F196 h, HAKNTFTHEM N AEY REHF LR
TCR BB AR REMHE R RS o R B P AR 4
AR Z 3 REUA P 4 U 2 AR HE N A
Hi, @ ES B IER AR (X 6) #H17MhT

HBIEFREIAR (K 6) , ALEAMITTHAT ¢
BANANASNER SERERSENR 52.29% . I
KYERE SEREESERNAT.71%, HEILEES
(2003, 2005) #iziE, WIPILRETS CEUHE SRS
AN[FKFE PP L FE HR R 7E 1. 65 ~ 3. 02 mg/ (M -
d), 7SS0 5 FP B R B HE R E Tk F)
11.26 mg/ (M - d) . XA HE CEUAE L
2.0.65 mg, XU RIFIL R B £, HElt
WK, KNAEY & RBE K, XFTREERIPIL
BAEHTERHEEERAELT . EFRER. T RIMK
HEEMEER,

ETBIERBIEA (K 6), MAEHER LMK
(2). KOG FK(4), it TEMEBITERAH
B AR AVLAS R HEM N E R &=, 4
HTHRANEMEB RS2 HEISHMZL(E 3),
B3 R T & E&RBITRAERT CEURNEHR B
B AT HEM P9 B HE RS S B Eh A, Rl Z
KEAW: —HERBITRAEHFANN SRR (P <
0.05); H—&ETER, AHATMAETYHH
SEERARE(P>0.05),

A ST E RIS, o P T Y S 1R )
SRITRER RIRAN WSRO AHEM S, It
F/ANEIRMEIR AN E&BITR M . S EE
BT R HE A, BT — RS,
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