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Effects of varying ibuprofen concentrations on life table demography of

Brachionus calyciflorus under different Scenedesmus obliquus densities
HUANG Keqiang, XI Yilong*, ZHU Han, ZHANG Bingxing, PAN Ling

Center of Cooperative Innovation for Recovery and Reconstruction of Degraded Ecosystem in Wanjiang City Belt, Provincial Key Laboratory of Conservation and

Utilization of Important Biotic Resources in Anhui Province, College of Life Sciences, Anhui Normal University, Wuhu 241000, China

Abstract: The levels of emerging chemicals have increased dramatically during the last two decades, posing problems for
human and environmental health. The lack of a rigorous control of pharmaceutical discharges into natural water bodies is a
concern for limnologists and ecotoxicologists because of the possible harmful effects of these chemicals on non-target
organisms. The present study was performed to assess the chronic toxicity of a pollutant to an aquatic organism under
different food densities and to screen out sensitive endpoints for monitoring ibuprofen pollution with rotifers as test animals.
In particular, we studied the effects of varying ibuprofen concentrations (0, 1, 10, 100, 1000, and 5000 wg/L) on the

life table demographic parameters, including life expectancy at hatching, average lifespan, generation time, net
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reproductive rate, intrinsic rate of population increase, and proportion of the sexual offspring of Brachionus calyciflorus fed
on different densities (1.0x10°, 2.0x10°, and 4.0x10° cells/mL) of Scenedesmus obliquus. The results showed that
compared to the controls, 100—5000 pg/L of ibuprofen significantly decreased the life expectancy at hatching and average
lifespan, 100 pwg/L of ibuprofen decreased the generation time, but 1.0 wg/L of ibuprofen increased the net reproductive
rate, and 10—5000 pg/L of ibuprofen increased the proportion of sexual offspring of B. calyciflorus under the algal density
of 1.0x10° cells/mL. When S. obliquus density was 2.0x10° cells/mL, 10—5000 wg/L of ibuprofen decreased the life
expectancy at hatching and average lifespan, 1000 and 5000 pg/L of ibuprofen decreased the generation time, but 1, 10,
1000, and 5000 pg/L of ibuprofen increased the intrinsic rate of population increase, and 1 and 1000 pg/L of ibuprofen
increased the proportion of sexual offspring. When S. obliquus density was 4.0x10° cells/mL, 100—5000 pg/L of ibuprofen
decreased the life expectancy at hatching, average lifespan, and generation time. The S. obliquus density had significant
effects on the generation time, net reproductive rate, and intrinsic rate of population increase ( P<0.05). The ibuprofen
concentration had significant effects on the life expectancy at hatching, average lifespan, generation time, net reproductive
rate, and intrinsic rate of population increase (P<0.05). The interaction between S. obliquus density and ibuprofen
concentration had significant effects on the life expectancy at hatching, average lifespan, and proportion of sexual offspring
(P<0.05). When the S. obliquus density of 2.0x10° cells/mL was used in association with the range of tested ibuprofen

concentrations, significant dose-effect relationships were observed between the ibuprofen concentrations and life expectancy

at hatching, average lifespan, and generation time, and these relationships could be described as y=2.419x10°x*~0.015x

+79.818, y=2.419x107°x*-0.015x + 67.818, and y=1.229x10"°x*=0.007x + 57.941, respectively. When the S.
obliquus density was 4.0 X 10° cells/mL, significant dose — effect relationships were observed between the ibuprofen
concentrations and life expectancy at hatching, average lifespan, and net reproductive rate, and these relationships could be
described as y=2.483x107"x>~-0.005x + 77.624, y=2.483x10""x°~0.005x + 65.624, and y=— 5.434x107"x*+ 0.002x +
14.530, respectively.

Key Words: rotifer; ibuprofen; food level; survival; reproduction; population growth

KIA IR, A AT TR TS YR 0 M I S5 T 5 v B 22 4 DG 33 o KLY 05 15 B 00, e i) e IR e 4 X At
ALY EER ALy AT SR SR X el i AR A BB XU PR A & e ) — 345,
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Ei i PN ER SIS EL 7/ A

A5, LA T HRNIR (8 2-4-53 T ZEARTENIR ), FLHIRIAR S5 0o (A7 % S5 SR ) LRI v 55 B ek
(ORI 55, J8 T 24596, AR 8§ PR BT & 25 (NSAID) |, #5312 T8 97 KRR B 0 & ke, A 5
= IIARYT i (600—1200 mg/d) o fHZ, i T AMTHE MR TS % 259 AR AL & 0 (Ui 25 30884 1) s AR
P IE R 22 0 T (70%—80% WA Y7 i ) |, B 1Y 75 7K b B4 AR MOANBEAR R 25 BR e AT, itk &
BOLAE K PRSI B AL 3 (R R ARG Y ) A 1 S5 TR 1 3 K PR 85 vy (R ViR B2 /K P4 v | 7E
TLAT SR ER YT ) M 0T BE A Foe FCAG: HH v B 43 0 1T 3K 246 ng/L Al 1417 ng/LUY A T o8 322 30 X6 9 [0 90T 3
(432—5044 ng/L) = BN KK PGPS FE AU (6400 ng/L) 1 FHREE L /K MR T i A 1% 250t A 25 P05 LA 2Kt
FEEA —E R

A RAGIE TR AR AE S B PERE A E A — L8408 . 7EMARRFIEACE b 3R 2 B W T A 25T
H A 8 ( Oryzias latipes ) '™ | 16 7 08 28 ( Litopenaeus ) ' & /K 18 J& 25 ( Planorbis carinatus )" A% i 25
( Daphnia magna F Moina macrocopa) ' "> ¢ i (B AERE B4 AU M B. havanaensis) '™ F/KUE ( Hydra vulgaris
M H. attenuata) """ L K FERG R ARG TR T I 2O 45 Y R 0 7E 40 B /K S | Parolini
SFUH Contardo-Jara SV BIFSY T A I S5 XHR K W5E 2 ( Dreissena polymorpha ) [ 4l 183 4% 85 5 7.4 T /K7
I, Heckmann %51 il Wang 5" BFFSE 1 A1 1 25X 15 0 138 A w5 AH DG (9 B DR SRR 1 50
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TR 2 A MRFTEAE SRR, 5 Y W0 & e AR S TR RON IR K A T 28 AR B B R T
AR S 22 EAT Y ST AT R 25X 48 i A 3 M S B B Z I (M G R Al 2 RRI BT
PRI S JEE A AT I S A 5 U AR ST R A 27 BT Sk el A i oe . it , AR SCRATROK P WL B 2
AT RS IO 2 R AR AR 7 1 ARG 18 S5 Wk BE X 58 IR AR i 3R e 1T SR R Wi B 5 e
BEIAY IR | 5 760 1 H U A8 bm P T K IR A 38 550 G iy AR W0 W, o BRI A 9 S5 e i e A AR5
FIRRHERS AR R TR

1 #MR57EE

1.1 5 HARIE R 57

AR AR A MR F IS T BRI, S50 = N AT oSS 7R . B5 R EPA, 1 96 mg NaHCO, .60
mg CaS0, .60 mg MgSO, 1 4 mg KC % T 1 L 2848k iP il imi a2 s &4 At MRS | LA HB-4 5535380 1
Fr , HHAL THEBOG KR 2.0 i T2 RO HEUS [, SCO0HET R JUE T (25+1) C | HARDBIR O IR 5R
JEZ9 130 Ix,L:D 29 12.12) (FEIREEFRAG AT 030 1 A T 75 . 010, J AR R B2 43 1k 1.0x10° 2.0
x10°™ i L/ mL T 4.0x 10° A4 ML/ mL ()b e SR 4 H R SR — Uk, [R] Ao 38 ok 2 o — 3 S AR il 5
FRHF G2 THRBOE KN
1.2 M A E

S FH A% 25 4M (ibuprofen sodium salt) 4T Sigma /A ], AT 4 (46)E =98% ) , Wik I #4 BEBE 8 A 1k
B, SEATFHZE K ECE 0.2 o/ L BRI, B FH 2808 KB B A 20 mg/L YRRV, T 4°C vKAS TP AR A7 08 5 B
WhE3 d B 1K, SCERT PR A RACKE L C BRI 75 R BE (I . i T AE pH 7.0 SRH & 97K A
ISENfRES R C L H,,0; A1 Na® | R AR SCATHR IR 1% S5 B o0 € H,, 0; MREEN™)

1.3 @ PE#ETEE

I 1.10,100,1000 wg/L 15000 we/L 5 5 DARIEIFHAE, LI 1.0x10° ,2.0x 10° 4l ffid/mL F1 4.0x
10540/ mL 25 3 ANRHEMRES T AW T 7 s | AR IR AR 3 ANEE, STt Bkt
P 4 h A RSk A 8 mL AR VE R 2Z i BEA A S ml I (b 4301 5 A 4 1 2%
FERIRVEME) | BABEIEARCE 10 R dghii, SCI0FE(25+1) °C L AZOLIR R RIS SR A0 TP kAT, S50
s AR BREI R 12 h WK 1 I E SR A6 BORIBE AL A g A8k, B F 08T AN IR AR B gl iR R =
5y —BE AR AR S R FE L U0 5 0 MEARRAR TR AR e — R T A S R R TR S R EL
[FIBE 24 h B 1 RS A AR B A BE 2R A IR, SER AT B4 R R 23 BE T M Ak
1.4 MRSHENE X S5HE %

FEEAFISAETE R (1) X IR AW AEIE A A 4380, R AR B (m) X AR A3 /AR
Fr= R AR, AR AR (e ) BRI MR AR BT RETE 2 A BUAR B, HHERDR(R,)  FiEE 20t — i
RIGHERE R Ry = Xl m, , THRERI(T) Sl — AR T ZE B 0], T= XL m a/ Ry, FREEPY BIHE K
(r,,) FREELE 48 2 100 25 0 N A9 B R % AR 5 B2 r, = InRy/T 76 LB 1155 19 JE i b, FEAR 9% 7 72
Zoe’”zxmx = 1 P ERAF RPN SR R RS B, 5SS 85 A IR S HE A T 5 14 He 3]

1.5 BdEg it matr

K JH SPSS 16.0 3 Hr Ak % B #E4 T 70 Fr . 8 F Kaplan—Meier 4387 4% 4 %5 BE R A 3% 25 1 B W46 77 1%
R , R I A5 BOHEVE IE S PERG B0 5, W45 & 1E 25 20 A 109 4% 4 %5040 38 5 20 9 K 75 22 40 B (one — way
ANOVA) FIZ 5 A (LSD K36 ) S0 AT 45 A1 385 S5 vk B 4L 55 25 1 %o B 1] i 22 53 Wb 2 vk o LR 2R 0 22 43 WT A
DA I8 S5 U B % JE S A BAE F XS A AR A R G T A S UM S i 5 W S E R G4 S 85 R %
ISR EE Z A1 ¢ R AT IR 2047
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FEEEE N AT 255 FE X 4E BTG R TC B M2 ( P>0.05) . Y E R 1.0x10° 1 2.0x 10>
A/ mL IF 56 i) Zh SRIE I 7E 5000 we/L AR 25 oo, 439k 2.85 /\Fﬁ/ﬂﬁﬁvmh 3.74 N5
R/ MER/12h 5 2438655 5 Sk 4.0x 102 L/ mLL B, 58 1A B0 RIE(EAE 100 we/L 87 3% 55 Hh i

At/ MR/ 120 (E 1)
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Fig.1 Survivorship and fecundity of Brachionus calyciflorus exposed to different concentrations of ibuprofen at three algal densities

2.2 IR BEATIE SE S A i R G S R R

T S R S P S S T S R S P ST ST P T S T
S = YW kR O = D W AR LNO = N W AR O = NW R WV O = N W B W

I S
S = NP W A W

LN 3.90 4
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N 1.0 10° N2/ mLL I, A3 98 25k BE XS 48 HU R A i 1B S8 A TR i) o A B A S AR
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TR A RIA WM (P<0.05) o 5% IRAIAH , 100—5000 pg/L A5 18 5540 B 4H rfifs ik 2 iy 0 22 A 1y
FFAT I E AR, 100 g/ L AT IS AL BT 48 He i AR s 1) S 25 4540, 1.0 g/ L A3 3 25 A BRAH v 48 o ()4 A 5
R ER R 10—5000 wg/L i i IS AL FIZE Fp s A S ARIB S R IR (2 1) .

MR N 2.0 104 L/ mL B, A5 3 25 e Ha (9 AR A T2 P4 A HEACE] R py B K R
R RIR AR IYH B E MR (P<0.05) . ST RBZHAA L, 10—5000 e/ L A iS5 A0 BRAL 48 Bl A= A 3 28
14 F5 i B 46, 1000 we/L AT 5000 we/ L AR 18 55 Ak A w48 s il AR A [R]85 46 08, 1.,10 1000 wg/L Al
5000pg/ L A3 7 S5 A0 BRZH e B ) Fe P B ROR I 254 R, 1 /L AT 1000 g/ L A & S5 AL BRA e HL i 5
IR R ERAE(F 1),

M A 4.0 10N L/ mL B, A 9 S5k BE XS U AR A AR ST A A HEA R (R34 R
(P<0.05) , SXTHRAHARLL , 10—5000 g/ L A 1% S5 A HA i b i A v 30128 S 349 75 i A A ek ) 56 it 3%
HI(E1),

R1 FREZENHEFRETELERERRANESREITESH (WA ERE)

Table 1 Life table demographic parameters of Brachionus calyciflorus exposed to different concentrations of ibuprofen at three algal densities

i B Y Sy iz VAR A T % B4 - 2%
S T A L ik e L
(x10° concen. / Life expéclancy ‘Average 1 Ge‘nerallon rate / (offspring/  of population Proportion (-)f
AL /L) (pe/L) at hatching /h ifespan /h time/h female/life) inerease/h sexual offspring
1.0 0 83.2x2.1 71.2+2.1 57.4+0.7 8.9x1.1 0.0377+0.0021 0.058+0.002
1.0 88.8+1.2 76.8+1.2 61.7+3.1 12.1£0.4" 0.0406+0.0017 0.084+0.004
10.0 75.6+3.2 63.6+3.2 55.8+1.5 10.8+0.4 0.0427+0.0008 0.122+0.005 *
100.0 65.6£3.8" 53.6+3.8" 47.9£2.6" 8.3+0.9 0.0444+0.0036 0.130+0.015 "
1000.0 70.0£2.8 " 58.0+2.8" 53.8x1.2 9.6+0.0 0.0420+0.0009 0.116+0.011 "
5000.0 70.8+£1.2" 58.8+1.2" 56.6+3.3 8.9+0.9 0.0389+0.0043 0.132+0.011 "
2.0 0 85.6x1.4 73.6x1.4 60.8+2.6 12.3+1.8 0.0409+0.0007 0.107+0.004
1.0 86.4+3.0 74.4+3.0 58.5x1.9 14.4+0.7 0.0456+0.0012 " 0.153+0.016 "
10.0 72.8+1.1" 60.8+1.1" 55.8+1.2 12.0+0.3 0.0445+0.0012 " 0.098+0.011
100.0 72.0£2.5" 60.0+2.5" 55.5£3.0 11.7£1.3 0.0440+0.0010 0.113+0.003
1000.0 68.0+0.4 " 56.0+0.4" 51.9£1.2" 11.0£0.2 0.0462+0.0013 " 0.139+0.009
5000.0 64.8+£2.1" 52.8+2.17 51.2+1.0" 11.0+0.1 0.0469+0.0011 * 0.101+0.011
4.0 0 85.2+2.5 73.2+£2.5 57.8+£2.2 15.6£2.6 0.0469+0.0023 0.115+0.007
1.0 78.0+£5.4 66.0+5.4 54.11.7 14.4x1.0 0.0493+0.0004 0.099+0.032
10.0 75.2£2.1" 63.2+2.1" 53.1+0.3" 14.1+0.8 0.0498+0.0011 0.107+0.020
100.0 70.8+1.4" 58.8+1.4" 50.4+0.3 " 14.2+0.5 0.0526+0.0006 0.105+0.014
1000.0 74.0+0.8" 62.0+0.8" 51.6+0.1" 16.0+0.7 0.0537+0.0010 0.089+0.009
5000.0 60.4£0.8 " 48.4£0.8" 49.4£2.3" 10.7+0.6 0.0481+0.0034 0.092+0.033

* FOR 5 W — YR EE T R AT A 2

XA ZR 7 26 3 WAl R W1 | 8 288 18 X % oE Ayt A RE ] 4 A B S5 R RR AR P B0 R il 38 PRS2 e (P<
0.05) , A1 ¥ S5 BE X4 s iy A i S0 BE 724 A i HEAQIST ] | A B 58 RN AN AR P B KRR B (P<
0.05) , B BEFIA 1 25U B B 32 FAE R 58 By A 01 B2 P38 75 i s ARTR SE 38 W38 M2 Wi (P<0.05)
(2), 3R] 48 A AT E 1.0x 10820/ mL (3% % B T 22 KT 4.0x 10841l /mL T,
AR R AR IR A K AR I it o o 2 B I T s T v o 5 AT 08 25V BE DG R ZH 22 1], 100—5000 wg/L 1Y
ARSI AR T 50 U AR A B SE 2 7 A AT AR R, 5000 e/ L AR 3 25 38 AR T 48 U v AR Bl %
1—1000 g/ L BYAR I8 55 035 FRAR T 58 HUR R Py 0GR 23R
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Table 2  Effects of algal density and ibuprofen concentration on life table demographic parameters of Brachionus calyciflorus ( Two-way
ANOVA)
- ; 5 M Y175
iffmeter Sﬁoi{f Sum of Degree Mean F1A P 1A
squares of freedom square

A AYIERE(A) 27.25 2 13.63 0.77 P>0.05

Life expectancy IS UE (B) 2922.45 5 584.49 33.06 P<0.01

at hatching AxB 478.35 10 47.84 2.71 P<0.05
W2 636.48 36 17.68

B A YL (A) 27.25 2 13.63 0.77 P>0.05

Average TRIE ISR (B) 2922.45 5 584.49 33.06 P<0.01

lifespan AXB 478.35 10 47.84 2.71 P<0.05
W2 636.48 36 17.68

A A ] YR (A) 97.40 2 48.70 4.33 P<0.05

Generation time AP HREE (B) 445.24 5 89.05 7.91 P<0.01
AxB 209.13 10 20.91 1.86 P>0.05
R 405.11 36 11.25

YAy s BYERE(A) 172.21 2 86.10 28.30 P<0.01

Net TGP MR EE (B) 59.02 5 11.81 3.88 P<0.01

reproduction AXB 49.19 10 4.92 1.62 P>0.05

rate Rz 109.52 36 3.04

B BEYWERE(A) 0.00 2 0.00 33.17 P<0.01

Intrinsic rate of I IFUE (B) 0.00 3.51x107° 3.16 P<0.05

population AxB 8.65x107° 10 8.65x107° 0.78 P>0.05

increase w2 0.00 36 1.11x107°

JEfIRZE % TYIEE(A) 0.003 2 0.001 2.074 P>0.05

Proportion of TGP MR EE (B) 0.003 5 0.001 0.927 P>0.05

sexual AxB 0.019 10 0.002 2.907 P<0.01

offspring 22 0.024 36 0.001

2.3 KRB E N UE ARG A SRS B L ] 1 5E &
[T EE R TR | 75 S0 B A % S5 R LA, 76 2.0 10° AL/ mIL T, 48 Ui A i 22

S8 7 i AT AR P 1) 5 17 38 S5 B 22 1) 249 AT 2 35 A9 0] B — S0V G R (P<0.05) o 4.0x 10° DA/ mLL 3%
JET A8 MU AR A S EE | 1 1 A7 i R A A R A O8 TRE 2 [)B B AT B A R RO 5 &R (P<0.05)
(%3).

R3 BERBE(NHAE/mL) TEREERANEGHRE FHEG HRMNBEMAEEREMEFRE( pg/L) BHXE
Table 3 The relationships between life expectancy at hatching, average lifespan, generation time as well as net reproduction rate of Brachionus

calyciflorus cultured at three algal densities and ibuprofen concentration

BRI ZH MYEp;g

BEVEES

Algal density Parameters Regressive equation Significant test
2.0x10° HAr i y=2.419x107%%%*-0.015x+79.818 R*=0.536, P<0.01
RSP y=2.419x107°x2-0.015x+67.818 =0.536, P<0.01
ARG ] y=1.229%x107°x2~0.007x+57.941 =0.462, P<0.05
4.0x10° lacyiiig1 0! y=2.483x107"x2-0.005x+77.624 R?=0.551, P<0.01
- Y754 y=2.483x107"x%2~0.005x+65.624 R*=0.551, P<0.01
A B y= —5.434x1077x%+0.002x+14.530 =0.439, P<0.05
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3 e

3.1 I SR R R VR Uit S A A B T )

LA ST 45 AR 5 R v B AT 1 S5 X R A 2R SR A7 3E ™ AE AR RS2, 40 80.0 mg/L A AT I 7%
i KHYE (D, magna) WITEIE F I E AL, 100.0 mg/L BT 3% 3560 K AR I AT " 12,5 me/L (A 1% 55
fHEEIEE R 40 B iy - X8 A4 i 5 4 e ,25.0 mg/L AT 145 25 0y FU IR 8 g e ( B. havanaensis) FA) - 15 i I
Fd  ARIEIT A AR TR A I S AL R A U A A SRR Y A A W R A, B
H 1.0x10°/N I/ mL FHiE5 2 2.0x 102 L/ mL Fl 4.0x 108> 40/ mL i 45 18 25 %) %6 1773 10 S5 1% T Wi 8
RN BE (LOEC) F#AI (1 100 pg/L FEAIRZE 10 pe/L) o

v VIR P 1) A 38 S5 X R F AN AR B BT SR 52, 0 50.0 mgy/ L A % S5 (il 22 IR IE 128 ( M.
macrocopa ) ) A= 5 3R W 5 REAIRT ), 25.0 mg/L 19 A1 35 25 (i 5 40 A8 2 0 0 1) e A R I IR, 6.25—25.0
mg/L B 16 S5 FUARRES FR 40 s v A R B S R AT 5 R A TR) 4 2, AR 5 T I ) R 22 480k
JEE AT 38 S5O0 R ) e A R385 T 3 1T BB BT K 1 A % S e VR B (5000 g/ L) BRI O
AR SR R R 1.0x 108N 4L/ mL B, 1.0 e/ L BAR 18 255 H e 2 58 24 0 35 s TR IRAH . 98
JEA, AT BE S A o F A MR TG PE 2 A e, — S B BIE T EL A BB M BN 0 B B Y5 e tha v
DAGE E4S A AR B, T 20—320 pg/L HY3LIRH] 0.5—50.0 pe/L 145 100—900 pg/L #Y Zn™ i 42
T EEAERE A A R
3.2 TR RIA 1 S5 Uk E X PR Sh ) A RS KB )

AWFERIN,50.0 pe/L AR 1% ISAH R A Rl 3 K 3 8 AT, 12.5—25.0 mg/L A A 3% 5 (e
FUIREE R 46 Hu Al b e b K 8 B S5 R {H.0.0125 mg/mL FI % % .0.2500 mg/mL F10.5000 mg/mL HJEh 2
UK R Y 3 i (2 8 A R 48 B (B, plicarilis ) FIFNEERS K 6,25 pg/mL BILT 5 MR R 2 0 %5 e
PEEE AP At AR RGO B R 2.0 100N/ mL B, [ T 0.3 mg/L Ah, Hof e BE A Zn® 3
P TR A U A N BRSO 4.0x 10° N4 ffl/mL 1},0.1,0.3 mg/L 1 0.7 mg/L ()
Zn*t PR T AR AR AR N SR Y Y B Ol 2.0x 10° I/ mLL T 4.0x 10°4~ i/ mL
B, 45 v B )RR - 24 00 4R o 1 AR R A A AR D B R T AR 9 TR A A 1 2 e R
TER R 40 AU FR AR B (R AR, SR VR A0 S 3 Mk 5 A B T 2 S W B . M B R 1.0x10°4>
AL/ mL T 4.0x 10° 20/ mL B A5 365 25 0 B0 56 H ) Fie i 4 32 T i 38 M g 5 (Y 385 o 2.0%10°
AL/ mL B, 1,10 ,1000 peg/L F15000 pe/L BA0 325 i E 48 & T 46 SRR RE N B R, — e W A i
SR AEKAAR TS YL e BRI R R A AR A, R RS L BT ELAT R S O A K
3.3 PRI RN U 5 B R A A B A )

TR A WA 7= A e H A R 2B B ) T i, X4 H ™= AR AR B B9 DA SE B AR A A F A B X, B
BB R, — 2 MR HLA BB R T A /KA TS e, a0 500 pe/L SRR R — T BE (DBP) .50 pe/
L 1500 pg/L AY4RHE — HI R — 53¢ 15 (DEHP) LA 500 pg/L AYARHE — R T g ( BBP ) fli s 4b i R4 i
SRR R BT Y AR T, #W B I R AR ST #R A 2  RR fe  R AR s R B & T 2 AT
FEERB A S e AR IR SR B E R Ve IO T g % i M3 4 1.0x10° 441 i/
mL B, 10—5000 we/T (YA 1% 25 i 25 48 i 1 58 HUAY S ARTR 22 56 Bt 25 8 23 B 1) T v, A1 % 25 o e LR ARTR A2
R 5 R AR BT R
3.4 BREEGRGIHSEOHE Y iR

I M A ARG 2E S BONE Y BRI RS Y DRSS TR I 5, B EE Rao Al Sarma'™" |
Xi A Hu™ #4556 R R P B4 K 3R M /K A5 e ) 75 PR G I ) — AR BEUERFE B ; Ferrando 2574 %
PR AR R K S5 L A A ) A0 28 i 01 B T ABURR A S B s Janssen 251 TR BESF-2E VAT Araujo 2517
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e URRE A A AR AN R B BB b, 1 A SR R A I A SR LOEC {H; By 4512 Rk LA 9 2 L

T, USRS RIE R BUR IR R . AWTFEE RN, 58 B i R G5 2 MO0 38 2515 Y i) U 5

WA K, TEBARAHEEEE (1.0 10° 40/ mL) T, 8 A0 v Az 58 < fo SURK 7 vh S5 B4 2 (2.0 10° 4

H’ﬂ/mL)"F 6 R P A AR A QIR S RO s TR 480 Y B 5 2 (4.0x 10° AL/ mL) T, 8 HR Y
S BRSP4 i AT A S ) A
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