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Abstract: Objective To explore the relationship between chemical constituents of Isatidis Radix (IR) and the inhibition of bioactivity
of neuraminidase (NA) on influenza virus in vitro. Methods To establish the chemical fingerprints of IR extraction from different
producing areas and determine the contents of common peaks by UPLC. To determine the activity of NA on influenza virus tested with
IR by Kit. To analyze the correlation of the chemical information and biological effect by mathematical statistics methods such as grey
correlation analysis and one-factor analysis. Results The chemical contents and biological effect detection varied markedly in the
products from different regions and by extracting methods. The result of comprehensive analysis showed that uridine and (R,S)-goitrin
of common components in UPLC-fingerprints related with the inhibition of bioactivity of NA on influenza virus, and the content of
(R,S)-goitrin was correlated significantly to the activity of NA. Conclusion Based on the biological assay of NA on influenza virus,
the correlation of the content of chemical components and biological effect is verified preliminarily, with a view to provide a more
reliable data and reference for the selection and extraction of antiviral active ingredients from IR.
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(RS)-H KA AW I F N 7 RIS .
(R,S)-Ti ik AL J5i sk k4 (epiprogoitrin). J§i 154K
F (progoitrin) 7& MY EIF 1§ (myrosinase)
AL R IR, T H I AN R K
J3E VG5 R P B AR ke e # AEi EB), E g
A B BAT R W AT 0 T - R T
it 22 495 1) R A R AT L™ A R b, oAt 22 Rl 42
PR N e o4 s N e 7 ] 5 S 5oy S = B/ N
[ 4 T IR 22 ok . WFAR ™, (RS)-
TR R AT IR ), A B PTi
WEHER, (AT IOE & R PUR aEE Tk, LA
K A 2F oy 5P O B M A R
(neuraminidase, NA)D &P I AH P A WL SCHRHRIE
TR TR NA S22 B 2 R0 IR0 1
JCHERE, NA TR AT DOE ] NA SEPEIT A 2L
i B IR FI B AR 7, NA 3 P nT DU i
K28 e AR R AL, NA JEPEZOERINGE: &k
Ji& A B 2 25 I RS PEVE A 1 T T v

ARSI K F e 9 614 (fluorometric assay with
4-methylumbelliferyl-N-acetyl-a-D-neuraminic acid,
FL-MUNANA method) il 8% #5 AR AR SR NA 1)
AEYETE, IR TREE NA S PRI AR AR BT
TR EVE 70T, Sl i A 2 b 5 R 20
(PR 7 NA F S8 45 JEAT S b, &R
BEARYTW B ST, R BOE AR I T2 )
EHE,
1 X5

WAL 2544, 15 1311004 1403204 1406408 .
1407403, 1407406. 1408403, 1504221. 1504222
11504223, jeHbiliZR; k'S 1406409, 1407404,
Fe R fib'S 1406410, 1407405, 7 EERIT,
fit'5 1407402, 72 iS5 1407401, 77 i e s
fit5 1406403, ;~HupkPh; 35k S1~S16,
ST IRAR DR R B RS = 2 AL A R A
SE, JEAHY A T A BRI R ) S W Isatis
indigotica Fort. TR A3EKEE, #it5 B3017,
FZR IR B E AT, i B G 2 AT IR
NA 571 973% 347 £ P0309, #it5 0802151509
1003191511, VL3 = RAEHE AT (R,S)-
R R R (b5 111753-201304, iR 3K
99.9%). JREFXTIEA, (b5 110876-200204, i
4348 100.0%), HEEr 2 A E R L PRAT XS
I, fits 8-SCC-56-1, JiiH 4%l 98.0%, Toronto

Research Chemicals Inc.; & F%f M &, #t %5
LE20031, Jiifs % 98.0%, dtit i A ERHEA R
Nl HIEE, HPLC 2%, Merck /Al 5 75187K , Watsons
AF]s AR N o b4l

B OB (B A, 5 [ Waters A 7] s 04T AT
4 Phenomen Kinetex (100 mmX4.6 mm, 2.6 um);
CP225D %4 #1143 M7 K7 \BS224S AL H 143 M AT
%1% Sartorius /A w); Varioskan Flash 4>y K442
% ThfelEbRI, 3%E Thermo Scientific A w]; 96 1L
PNCHHRA,  FHFR R YR A B AR Tl
FE2%, 50. 200. 1000 uL, [ Thermo Scientific
A
2 AEEHER
21 HERD D
211 i %&fF A Waters Acquity UPLC
H-Class WAHG AL, itk Phenomen Kinetex
(100 mm X 4.6 mm, 2.6 um), JishAlk FEE-0.02%
WERR /KAWL, FRIEDERL: 0~4 min, 1%~3% 9 [%;
4~14 min, 3%~8%H¥; 14~15min, 8%~50%
W, 15~16 min, 50%~1%H /¥, 16~17 min,
19% I, (AR E Y 0.6 mL/min; FEiE 4 30 °C;
K K 254, 229 nm; #ERER K 2 pl.
2.1.2 RO XHE SISO TR R
T B, (RS)-5KE LM S 10, 104 20, 125
mg, KEEFRE, JEE 50 mL s, H AR
PR EZIEE, #725), RISRA X RMGES0; R
BRI 1 mL, E 10 mL B, KRR
AV, B4, I IR 20.58 pg/mL. ¥ 20.70
ug/mL. (R,S)-H K% 40.68 pg/mL K+ 25.06
pg/mL FRIVR 2500 B
2.1.3 P e

(D #PUFEFIMEEE: 2% ChEZ) 2015
SERRAR B AR TR R RS vEM, 4y I 6 FPRIRIA
B K, 8%, 5%, 10%-. 30%. 50% M%) % 50
mL BEATHEE [FIE 2 h, A, HIAH R AN L IR
KU TR, HREANFEFAPRREGR, L& 1. &
LeAL, SR EUN i AN, 4liKF 5%,
10% FHBEHE IO A iy HUAR B, SRR B A Y WA
BUY BT i B Rk B 1S, HakEUK
PR .

(2) RPOUTEMFESE: WREHBEER 258 (it
5 1406408), KH KA AEH, WA B ()
2300 W) 13t 3 Bl ik MR B, 45 W3R 2.
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F1 FREIATIREZH (HES 1407403) LLE
Table 1  Comparison on medicinal material (batch
1407403) extracted by different solvents

4 H(mg-g )

T TRE mm Qe RE
K 0.220 0.121 0.310 0.274
5% FA i 0.170  0.105 0.256 0.238
10%Hl  0.146  0.130 0.308 0.274
30%H1H 0111 0.097 0.249 0.216
50%H1; 0103  0.086 0.165 0.186

Fz2 BIEL. @RS RBEEAERILE
Table 2 Comparison on decocting, reflux, and ultrasonic

methods
. Ty 5 (mg-g )

R 9 RS)-FKE IR
HIZ 1h 0.285 0.251 0.351 0.367
HiZ 2h 0.289 0.277 0.448 0.372
[F13%E 2 h 0.273  0.286 0.433 0.364
#7530min 0516 0.335 2.816 0.354
A 40min 0586  0.366 2.868 0.361
A 50ming 0641 0.390 2.855 0.368
A 60min 0.649  0.410 2.871 0.381
A 70min 0.644  0.387 2.877 0.356

S LRI IR VRN PR VAR IR A Y,
725 30 min LA RT 2 VAR 2 h OR, (HiEE A SRR
PR AT e, HAESRMELREF, RS)-HIKE
HE LI, BHE R2hEABTRE, X5CRKR
EIBOEAR AT REAEAE (R,S)-H KA AT, JFAE
5 R R ARAR RS, PR, ZEHR b 24 )
2015 4F RIS (1 HI VR RN 7 vk ok (AR i ) 2% 7
Pt B W IR .

gi b, WA G 450 24519, 362
Uy, KESRRE, BHIEHEEMS, A 50 mL,
WIE, RRE iR, BRI Lh, X (P E 2
PEUETE 2 h, 304, TR @ i, HKANE I
KGR, #5), e, HNSRuEW, MVbre, oh
12 h (s LR 1. R 1 2 Fh skl
FIRER BT RAEN 254 nm KA, R OUAR 5 A
PRI (R,S)-F ik T REE, HE S
HORE 8 I B R A7 AE (R,S)-Th MO R B A 1)
MG . HENRTREAAAE R AY) BT, &SGR, (R,S)-
TRBE LT TR REMRE . S RE

Y, IR RIS K200 229 nm, AL 229
nm (A REE (& 2) RIVEF RIS a gkt (R,S)-
LR R I L, TR AT AR, hiE 2
AL, AR NE 12 h R, (RS)-THIKER
WA 0 h B, ik a nk, R (R,S)-H
WG TR, HAb @SR, ke
A 240, WHARE . MR CE 12 h 5 B0
WG R, ZING PR A T T

RS-tk

RN

FIAZIREUE
(R,S)-5 e F

0 3.2 6.4 9.6 12.8 16.0
t/min

1 TREBFAFBIEE LR (4 =254 nm)
Fig. 1 Comparison on spectra by different extracting
methods (4 = 254 nm)
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a-precursors  b-(R,S)-goitrin

2 FREHEMAEGIEELILE (4=229 nm)
Fig. 2 Comparison on spectra by different extracting
methods (4 = 229 nm)
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FFAR S AP0 s bl s A A T 5 i
RS (R,S)- 5K TR AA—EL,
214 FEtkase BUBEARE L h, JBCE 12 h 5
PR — i s, 43T 0. 24 4. 6. 8. 12 h
ERE, WA Sl V0 2 LA e ATDO) £ B IS [ 1)
RSD & 0.076%~0.25%, AHXTUEIHAL RSD A4
0.24%~2.2%.

215 FEEEES B (S 14074060 24
B, HEHE Lh, #E 120, FIFSONR R, skt
Ff 6 IR, 52 AP E o i 0 OR B I i) () — 350k, %
AL A X5 B3 I TR) FY) RSD 4y 0.019%~0.40%, A1
P THIRA ) RSD Ay 0.13%~2.1%, 2 B 24 25 i
R4t

216 EEVERE  HULS 1407406 AR 2544,
A Lh, & 12 h, SPATHI% 6 bkl ik
FEDE o LAZ: LU T 1 D B I T) RO TR O 23 R
TH A3 B3 5 VB 25 A 06 AR G LR B I 1] 1)
RSD & 0.21%~0.96%, A1Xf &M AL) RSD K
0.99%~3.2%.

2.1.7 ALZEIRGUENE ST ARSLKCRA it
T FE S AL VA RS 2012 fR”, 4 14 HEIKE
RS AR 2544 (1) % s 5 NI, SR 02
S 14 SR SRS ISR, i i
Z MEIE T, X 14 SEZHF (R FR S0 ol (B i i gk A T
DT TC 43 A7 I 2 37 e A v et R AR S0 (R, DL
U1 gk L 14 HERESL S R IAHBUEE 43 514 0.919.

t/min

2R 3R 4-5iF 6-(RS)-HIKE
2-uridine  3-adenosine 4-guanosine 6-(R,S)-goitrin
3 FREFHAREREE RIS UPLC R4 B
Fig. 3 UPLC fingerprints of IR from different sources

0.894. 0.983. 0.893. 0.956. 0.974. 0.992. 0.981.
0.843. 0.975. 0.957. 0.988. 0.978. 0.940. 14 it
PSR M IR 6 NI (I 1~6, X 3), f}
BRI 350 A 2,271, 4.124. 5.920. 6.947. 7.772.
8.532 min, KHIXJ I SXTIR, 4 G i i ik
W, %E0E 20 3y 4 6 SN R IR
B1F, RS)-H ik, HA A,

3 FEFE AR B R IR A S o E i 3 I AR AU AR

Table 3 Common peak areas of IR fingerprint from
different origins

AFT U THI A
1 M2 g3 4 iS5 k6

G5

S1 70.577 49.691 79.215 56.083 8.239 104.434
S2 65.974 37.247 97.768 66.905 4.345 101.664
S5 134280 72.269 65.302 69.411 5.801 247.223
S6 61.845 38.668 97.786 69.732 4.949 101.187
S7 46.700 35.038 68.144 41.599 7.569 107.237
S8 84.111 61.778 79.023 70.917 6.062 162.481

SO  135.664 89.124 133.781 102.669 12.266 488.775
S10 121.928 80.762 58.827 80.554 9.668 239.400
S11  92.894 63.242 73.999 64.693 7.043 164.699
S12  117.002 85.090 93.297 95.314 6.987 501.015
S13 125.193 77.162 57.951 65.674 12.597 494.421
S14 108.719 82.600 103.087 100.052 3.794 436.524
S15  81.476 60.243 104.020 79.066 4.254 426.010
S16 71597 45445 71.296 50.608 7.374 109.800

W2 PRAT W 3 MARTF WEACHISTF g6k (RS)-HIKE
peak 2-uridine peak 3-adenosine peak 4-guanosine
peak 6-(R,S)-goitrin

2.1.8 ERMEM 4 «“2.1.37 WF A LR E
PSR, MVEIERE, THERES PR ST

PR (RS)-H ik F I, 4R N 4.

2.2 MUEEARIZBGERT NA JEHEHDH B4

221 AOJEEE 4S5 MUNANA J2& NA [R5
PR, 75 NA AEFIR %) 4M (7-hydroxy-4-
methylcoumarin, CioHgO3) 7E 322 nm R KT,
AFELP A2 450 nm 50, SR RSN A I e 1%
KA HsmpE (fluorescence intensity, FID fI284k,

AT LR A R e NA (R PR, T 1] AT %
250K NA SIS o

2.2.2 FHE K FECRA IR DL ) A 5 JR TR 1 W R 1) 1 4
iR B 7 {5 (Oseltamivir Phosphate, Tamiflu®,

P IR AR & HEPEACSE I 2 ik,
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x4 WERPRE. BF. REM RS)-EREEENE
#R (Xxs,n=3)
Table 4 Determination of uridine, guanosine, adenosine,
and (R,S)-goitrinin IR (X s, n=3)
JE S HU(mgg )

JRH LA B RS)-EHKE
S1  0.41340.0003 0.39640.001 0.300+0.001 0.618+-0.002
S2  0.58510.014 0.58540.027 0.503+0.004 1.87140.002
S5 0.54240.004 0.44010.003 0.229+0.005 0.92740.004
S6  0.42140.009 0.36740.003 0.281+0.002 0.63610.004
S7 057240.001 0.542+0.008 0.361+0.006 1.94310.010
S8 0.53940.030 0.40240.003 0.242+0.032 1.901+0.018
S9  0.55140.001 0.55440.001 0.393+0.006 1.67040.015
S10 0.25440.001 0.37610.006 0.360+0.003 0.376-0.007
S11 0.2334+0.002 0.23140.004 0.258+0.002 0.409+40.002
S12 0.25140.003 0.37140.005 0.374+0.001 0.39340.001
S13 0.49540.010 0.39540.005 0.249+0.001 0.962+0.008
S14 0.33840.006 0.30940.005 0.297+0.006 0.404+0.003
S15 0.3064-0.002 0.283+0.002 0.269+0.001 0.431+0.014
S16 0.40140.001 0.44840.013 0.391+0.002 1.6304-0.001

G 5

i 255, 708 I TE w28 I/ R s 1
TRV A Ry G A 7 4 9 I DL ) A S R IR SR
(Oseltamivir Carboxylate ) ifij /& 4% 5t i e 2541 F )
(K 4), BUiT ik IEMTE 5 0, REREiE, &
WEHENZEIRIES], BXZIAH T 25 mg B IR B ) i 5
25 mL i, INAKIE R, B R, ER
B, e FEAI. 10 000 r/min &0 10 min, L
W 8 mL &2 20 mL BEAf, i 0.1 g/mL A4 AL A
Wi 2 mL, FEiRHEFE 5 h g, FHUKESERR AT pH =
7.5 7i47. M Lindegardh 28U Y] HPLC 7574
N B R B ) A5 KA, IR OR LK i 5 4

223 PRSI El g TR A RRE 2 B
BRI 2R, PR (R,S)-5 KA =
MR, AT PRI R, BRiEE S
Az (R EZ50) 2015 SRR VA H BTSN, Wik

/Y\

YD Sy
—_—
N Y ;

o )\ NH, H;PO, o)\ NH, H;PO,

IR B ] A BRI ) i T R R

E4 BEBERAMFKHREER
Fig. 4 Schematic diagram of Oseltamivir to Oseltamivir
Phosphate metabolism

ST R, AT NA SEVEREI AR I . B
WAR 2 A K2 10 g, B B IEHE T Ek A e it
B100 mL K, %, FRENE, EER 1h,
HIZE 2h, B 12 h JG RIS 2 h 3 Bl k42, % 3
B, A, HZARRNERR R TR, 0.22 pum THALIE
gL, EXEEM, BHE 12h 580 2 5Bk 8
AR E, 43990 1004 50. 25, 12.5. 6.25. 3.13.
1.56. 0.781 mg/mL (IR SA -
224 RMNFZMSIMFEPER SRR NA HiH]
IR S, DR S AR M TR I 6
7t 96 FLU GBS BE AL 5 S8 I NAAS I 22 i
70 uL 1 NA 10 uL, BEFLFFIIA 0 5L 10 uL Ffiiiik
) NA FIHIFIRER, A MIN-Q 7K A AREFLE A
390 uL, 37 CHFHE 2 min {FHAMREE, 4L
I NA 9¢5¢)EH) 10 uL, 37 CHEH 30 min J5 k4T
PN o J T3k LA, TR] I e Bl o S 4
(NA+MUNANA, 5N B I R FEARFRRE s
WO, AR (BES+HMUNANA, Z2 3Bk 2
AHFATD . HZECREAR ORI NA FIEYE, %E
ZH: Ex=322nm, Ey=450nm.
225  WHNEIRRVEE KNS E (R
fL¥ME, n=4) RN TR, BIFFESXT NA 3
PRI

3B A8 = (IO P 0 T 5 DI R 2 — R T TS 9% 0
£ ) % P A S 3 — 5 S0 S )
226 HUEEARIIE] NA RSO R 845 )
3 ) FH AR R Rt 12 L ) At =5 22 R R0 NA TR
¥ MUNANA AT+, 45 W 5, BOE R m) &
2340 2 A 1) -5 BH P T AR B W) At 5 R IR R v —
B, ULEH P AT AH R R AFA,  $00E T RS
AERP IR H ] NA YETE, SR S g,
A B U R M VR AL .
2.2.7  AN[FEFERITVEIIACE ARSI NA $li %

5k
S
3 sof
| —e— R A e
—a— b
0 L
-2 -1 0 1 2

E5 FIEMNHEMBIRMLEIR
Fig. 5 Linear relationship of logdose-prohibition
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RIERAE 23 S W 2 8 AN TR S s 12 (R AR
AR PEIGBAEA A A2 2 T 6 NA (Rl g,
Dl CCEZBEIRIE) 1380 IR RARMEE . i
K6 T EDW A Y, A FISRBOUIZFEAL S NA 13
PEAIAE AL S 2257, 2% ORI R 4k 75 4
BOEM L T AR RIA R B A RE 2 R
WRES, A SEGR IS o (Ryik 93%);
B JERTRIR L, XAl RE S EGEIN T T S ROT
THETE AL, AT B SR RN A G AT
AL o UL P SRR RE SR M B B
MR TR PR BEAT RSy I AT AR 25 ) B A
(RS- ABFA R, i~ PR
W EEAAN ] HAN [R] S RSO AR 2444 50 NA i
e

100+

S
i
£
= —— TR SR A R R
= —a— i
25 .
—— s
0+ T T T v v
0 20 40 60 80 100

PE 2 RIS (mgmL )

6 HRIEIRING] NA SEIEMEHX R MLE
Fig. 6 Dose-effect relationship

228 LMEXRRFE SARPERUTEREBINZLL
5, e DU S EOE PR IOBCIE AR, 0 e AR i AR 4
B NA FI 2 o DIORHE0A: 25 ik FE 4 2
YEEL, AT IR AR IR A AR 2 itk i 3,125~
25.000 mg/mL I 55 H A2 B Z ARG, [R])- 72
Y=52.831 X+13.513, r=0.9915, 7£ 5k EE
Pl A B A 25 B IR E 20.0 mg/mL g 6 o Bk
B, 5 i s I P R B

229 HKEEFE WE —MRER (#T
1407406), % “2.2.3” Tj I ik 75 i) 4 il it i
53 6 IRFET 96 LT 2 SR SO, THE D2
(1) RSD b 4.5%, X% Bl e 2k .

2210 HEMFEL WA —HBOER 2 (S
1407406), % “2.2.3” T I 7520 6 4 (i,
PAE AMEIE RSD N 9.1%, Wi HIi% 7 B IRt
(PH .

2211 FaErEFELE R (S

1407406), f% “2.2.3” Tj [ 75 2 2 Al it vk
T 04 20 4 h sSEEIE, THEAEIZT RSD A
4.2%, FWPAKSERAE 4 h N FEE .

2212 AR RIS B ARFDE] NA GE P
WM AR G 4 508 2519, FEsRE 30, &
HIEHE I, IIAJK 50 mL, #3E, FrEmE,
I L h, R4, TR TR, FH AR 98K 1)
e, $RA), JERD, BRE 12 h 5 (CCEZ5REEN 20
mg/mL); S HUCE R 20.58 pg/mL. S 20.70
ug/mL. (RS)-H K% 40.68 pg/mL K JIFFF 25.06
pg/mL (R FER I, MR o IS 14 HEAR
WA AR NA EPERIRE D), THEAIHIEE,
GERNAR 5. ZiRKN, AFEHIA R AR
FRGT NA NI AAAE 2 5, IR A 78.57%~
97.76%, V¥ 85.87%. v il 4< P i fry B AR
PIRHEIR B, S 1406409 2544 (KR B
1o IMAEXF IR BRI R Oy 79.79%, L5 2bA K I 45 IR
LI, UFBIFRAR L B A — IR NA .
2.3 WIERKZFRE S SME NA BRI ZEE
231 KRS KO RGE B2t “ 3
SHMERCA, WMo EER KA EERG T H
BR AR 7 AT A AT, I K B DGR KA
REFZMMP L, Wi E4E REERIIE

%5 ARSI NA EHEHIHIZE
Table 5 Inhibitory rate of different samples on NA

e POLE 2530

FEMT I 15 5O A BERE o HAL IR1%
1311004  37.100 6.998 200.171 84.42
1407406  12.908 7.914 230.384 97.76
1408403  38.880 8.003 223.718 85.69
1403204  40.560 3.842 247.315 84.92
1504221  32.245 7.176 249.334 89.65
1504222  30.815 8.547 204.901 88.66
1504223  32.355 5.832 233.517 88.35
1406409  46.920 7.793 190.408 78.57
1407404  43.875 7.198 225.539 83.20
1406410  43.560 6.147 189.142 79.56
1407405  33.785 8.920 194.673 86.61
1407402  40.255 8.217 205.964 83.80
1407401  40.700 9.058 210.889 84.32
1406403  35.755 5.735 231.643 86.71
pagicHT 49.730 1.604 239.709 79.79
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R . RIKRBMCHE MR R R SRR
A E R R FHESH, T WA L aligh s B
ST S TR SRR B e R

XTI 14 S RENL, B S R AU AT 6
ANFATIE, WT 6 TR, AN RIRE SR A
WRONAE N BEES, ARIEEEF 515 5 81 SR LY
KN, AT E TR B PE R TR/ sk 6
IRERIRBESE R W, S0P 1% 24 36 A 0 55 41l
NA SEPEFISCHERE g 2 (R >1% 6 [(R,S)-
TR ] >V 1>06 4 (B517) >0 5> 10 3 (IR,
PWHIC AT (RS)-EKE PR S BCEARIIHIA
EIEE NAVETERE RIS, L5 i E FR b
I 5

F*x6 WMIEREEBENHTHESE K KEKE
Table 6 Contribution correlation degree between common
peaks in IR and antiviral effects

AT T
1 0.764 3 3 4 0.658 5 4
2 0.8321 1 5 0.569 5 5
3 0.3955 6 6 0.812 6 2

232 FPRRFEAKMEST B R RS)-EKEE
HE S5 R SR E 2 R — SR, NA )
) 351 9785 32 ) G T R R AT O B A B 4 1R A
S, WO BRI AR R S e I A R S
NA JEPEFIHI S5 R T ORI /4, 5 e B AL
O NT S YIS A ) — Bk, AT SRR A
FHH EHIE

AT LA R A X, NA FEIEEYE Ry, BA
14 REL5MI e &5 F A Gert s rkEA, 1A Pearson
A TARSNE 2 M, SRH SPSS 22.0 Gt i A1 5
SEREOR, PSRRI S, RS)-HIKER
55 NA SEHEFHR IS AT WA (R 7D, 28
Rl I pARERATE ISRy e s SR Ul Uiy €=t N O

F7 BRRRMBRMESHT
Table 7 Correlation analysis of samples

%y FHICRHL
PRTT 0.828"
LTS 0.710™
i 0.434
(R.S)- 51 0.813™

TRARAE 0.0L K R b MK
"indicates a significant correlation at 0.01 level (bilateral)
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(R LI AR S 4,

ARSI ST s I Y, g geR Y
SEFE T O REA AR, 17 4 min (RS PEY) TR
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T DL, 25 RAR W], HRE-0.0200 1 FR /K R &
GEUENE AT LB s (B S B R, GRS, HAT
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N RE S TR B (R,S)- T M A R 1 i 356 )
AR, ke T -SSR T B (R,S)-
LB, SEEAEREST RS)-HKERS
B R RIEE e S il N o N IE Y G p R ) = S
(1) NA JEVERIHIRROCER, A SRS NA T
PEFITIRE S 00T BB R S A 5 A A
Wi R P VA B SRR R AR B U S RO 4y, 4R
IRBERRTEY) (R,S)- 25 AR I BUvs w i AL T LT
A, WORHGE PR UE R AN, JEE 12 h £
SRR AR o8 A Ja AT R A 28, Rl IN 7RI iR
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Pl R AT WA U TR AR NA S PR R AT AR (1
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FRARIAIAT M B0 B AR ) (R,S)- 2 R K&
F AT ) B NA TEPEFH 45 R T R 30
Weartr, &R ER RS)-EHKE IR S5 NA
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