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Abstract: Objective
components were studied when Huangqi (d4stragali Radix,AR) processed by honey. Methods

The overall variations on polysaccharides, monosaccharides, oligosaccharides and other chemical
Merging glycomics and
metabolomics methods were used to analyze the polysaccharides, monosaccharides, oligosaccharides and other chemical components
of Astragali Radix and honey processed Astragali Radix (HAR) by using ultra high performance liquid-photodiode array detector
(UPLC-PDA), ultra high performance liquid-evaporative light scattering detector (HPLC-ELSD), high performance gel permeation
(HPGPC-ELSD) and ultra  high
chromatography-quadrupole/electrostatic field orbit-trap high resolution mass spectrometry (UHPLC-Q-Orbitrap HRMS). Result

chromatography-evaporative  light  scattering  detector performance  liquid
Three kinds of polysaccharides found in both AR and HAR, however, the relative molecular weight, molecular weight distribution
and proportion of the three polysaccharides in AR and HAR were different. Both AR and HAR polysaccharides contained mannose,
rhamnose, galacturonic acid, glucose, galactose, arabinose, and fucose, but their molar ratios were slightly different (AR vs HAR =
0.70 1 0.20 : 0.85 . 5.67 1 0.44 1 2.04 1 0.32 vs 0.79 1 0.15 2 0.73 : 7.10 : 0.31 : 1.71  0.35). Oligosaccharides sucrose could be
detected in both AR and HAR, but the content was decreased significantly after honey treatment (P<<0.01). Free monosaccharides
like fructose, mannose, glucose, galacturonic acid and fucose were also detected both in AR and HAR, and the contents of fructose,
mannose and glucose were significantly increased after honey treatment (P<<0.05, 0.01). At the same time, the content of
galacturonic acid (P<<0.05) was significantly decreased. There was no significant change in fucose after Astragali Radix honey
processing. For other chemical components, a total of 20 markers were screened when AR processed by honey, which were mainly
saponins and flavonoids. The quantitative analysis results showed that flavonoid components like calycosin-7-O-B-D-glucoside,
formononetin, and ononin were significantly decreased (P<<0.05, 0.01), while the content of astragaloside IV (P<<0.01) was
significantly increased. As the furfural derivative, 5-hydroxymethylfurfural (P<<0.001) was not detected in AR, but significantly
increased in HAR. Conclusion There are significant differences in saccharides ingredients and other chemical components between
AR and HAR, which may be the main reason for the enhanced effect of HAR in tonifying middle and replenishing qi.
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5-hydroxymethylfurfural
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H22J9R53193 )« 7K 75 B (4 fE = 98%, #t5
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RMO331FC14) . % —f (4% =98%, Ht'5
K23M7S15176) . H#E —F (4ifF =98%, fits
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13 000 r/min &0 15 min, 0.22 pm AL IEME e,
BEHEFE BT

(3) Bk %ff: 2 ke -3, R
TSK-GEL G4000PWxL #/5F: (300 mmX 7.8 mm,
10 pm) 3 FE, R 35 °C, Wik Bk, &
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BEEE115 C, N AR 3.2 L/min.
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(1) XF e St VA R ) 6« DR BB T R i T
FEERRE, il FEAUKE It e, HIRCH &6
2.11 mg/mL. RZH% 2.01 mg/mL. FFHERERR 2.06
mg/mL . # & ## 2.04 mg/mL. B[ H{HHE 2.09 mg/mL.
K% 2.00 mg/mL. 7 7HE 2.03 mg/mL. F-FLHE 2.05
mg/mL [ — X R T o R IR B — X R
T 200 pL, A ZZKIEHAT 0.5 mol/L ) PMP
FEVA % 200 uL, VE&, 70 “CM 30 min, A3,
HIN 200 pL OKEEER VAR, FE0 1 mL &5 A HL
3K, AHUAEFE, WA S HIE W R 10 £5, 13 000
r/min &0 15 min, 0.22 um FLIEREIT 5 (L iEFE .
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HY 2 W85 0.5 mL, AN 3 mol/L =5 &2 3 mL,
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AR, B ESME R M SRR . ¥
S Y 2 MK AR 500 uL, IINE KR 0.5
mol/L ] PMP HIEEZIER % 100 uL, EE, 70 TR
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1.04 mg/mL. % — 9% 1.01 mg/mL. /KIHE 1.04
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(2) RSV A5 FEEEARE “2.27 TR 3
BAEX SNy TR ALE s, HEaAKER
HEARZE 10 mL =R, LA 15 mg/mL A
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(3) ikt 2% CikfaE o), g H
Agilent ZORBAX NH2 #+ (250 mm X 4.6 mm, 5 um)
B AR 35 °Cs B N ZHE-7K (70 1 30);
AR 1 mL/min; #FEE 10 pL; ELSD IE#%E
IEE 100 C; Ny &R E 3.2 L/min.

234  PEECHIE K E KU AT L “2.27 I
TN EME R BN T AL 150 mg, F 4L
IKERIFERE 10 mL 2, Bk 15 mg/mL
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(2) FEEERE: BRI “2.2” TR ELAZ
BERUNGY T R AL 150 mg, FEERRE, 70 Hli%
FE“2.3.27 TN “2.3.37 TR AR £ 1 O V2
AU, Fo R “2.3.27 F1 “2.3.37 T
TSRS SR 6 Ik, SRR, PIFMLR
SRR I W TR AR RSD BN T 2%, %
SR 5 B R

(3) EREMERK: I “22” B FHHELES
BERUNGY T R AL 150 mg, FEERRE, 70 Btk
M “2.3.27 TURD “2.3.3”7 T A AR i il 4 100 v
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T R SRR, TH RS R S B IR AR
RSD 1H, 255 RHPIMITIES S & & RSD A
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Table 1 Linear relation of monosaccharides and oligosaccharide
Hoy RGHET R? 2 MYl /(ug-mL ")
H b Y=5X107X—13 601 0.999 1 0.989~253.2
B 2=k Y=2X107 X+602.29 0.999 6 0.942~241.2
e FLPERE IR Y=4X107X—5390.3 0.999 0 0.966~247.2
& B Y=2X107X+97 822 0.999 2 0.956~244.8
FFLHE Y=4X107X+2447.8 0.999 5 0.961~246.0
BT RrAE b Y=5X107X—13 297 0.999 0 0.970~248.4
7 EEbE Y=2X10"X—7632.4 0.999 3 0.952~243.6
PSS Y=1.0169 X+7.213 6 0.999 0 12.300~392.0
HEBE Y=1.1349 X+7.422 0 0.999 1 30.500~976.0

INT 2%, LB EORE AN SRR i T A B R R

(4) FEtEis: AR % s e e 20
NG B TR RE i, 428 “2.3.27 F1 “2.3.3”
WUNBRELIE, 162, 4. 64 8. 12, 24 h HEFEAHT,
SRR, KT TAR B RSD HIS/NT 2%,
Ui B 2 PP AL AR 24 h NISEROE .

(5) JOFEFETACRIRTG : B “2.27 TR & R4
B VAT R 2 WU T AL 150
mg, FEERRE, il 2 e & PATHI 6 7, W
W Z RN E . RN IR
HIERE. CERLEE. BTRERE. AR SR 100%[1)
XTI, )7y By B AL H N SR R
BB 100% 150 HE SRR, 23 il R 2.3.2 714 2.3.3”
T R S AR R e, B . AN, L
VERSTR . R R, EFLBE. PThfArE. A, 31
B FIRE B 1R 7 35 0 A T30 U 26 53 03l O 96.58%
97.38%- 98.38%- 97.87%- 96.69%- 99.29%. 98.13%.
97.58%-97.90%, RSD 73 7114 1.85%-2.11%+2.83%-
1.04%. 1.87%- 1.67%. 2.78%- 1.16%. 1.20%. %
SR B R AN SERE (0 58 T VR R R R
2.3.6 HHERUA AT L

(1) ZHE My 734 DUAG RERE 0T I i DR B B
[F AR AR, My BT EUE AR, 158015 1A 77
£ 1gMy=12.084—0.453 6 ¢, R2=0.997 1. A
EREC SO E LA 1, AR R 2R PR
TR R 2 HE My 3 A Ta Y 266~1.65X 10,
3 NHEREEE, M, 2508 3.64X 100, 425X
103, 623, #2450 1 AR o 5 AR XS B & A N
54.55%- 14.05%- 31.41%; ERXIECEZHE M, 210
JEFA 200~1.36X10°, [FFEA 3 A EEATIE,
My 535104 2.34 X106, 4.03 X 103, 642, X S8
BN 55.24%. 6.92%- 37.85%, WK 2 AR,

28 BN VRIS Z AR 03 1 D B 3 A1 5
XS 77 o B AR TR 2 B PR 2422 AT
ALY R Z AL (0 M (a=Mu/M,), %
AR 537 R AT B A A R (M, = Y H/ Y Hil M
My=3HM/Y Hi» My NEZIFINS 73 B Hi At
AR EOR B[R] 7 AR RAE s M ONREah @ AR 20
ThiE, U CE R B TR @ AR TR D .
BRI R M E RO 3 AR o 2508
5.098. 7.889. 1.089 f17.742, 5.288. 1.085.

(2) TEEANE R B W AR AL 4 R

t/min

1-f My 288 2-10 My, 28 3% M, 25

1-high molecular weight polysaccharide 2-medium molecular

weight polysaccharide 3-low molecular weight polysaccharide

1 ARXMEXRXSHEN HPGPC
Fig. 1 HPGPC chromatograms of polysaccharides of AR
and HAR

31.41% 54.55% 37.85% 55.24%
My,>600 My=>600
M>3X10° My >2X10°
Mw>4000 ’ \le>4000 1
14.05% 6.92%

2 BREMEXRRSEAEENS FRESLHT
Fig. 2 Different molecular weight proportions of AR and
HAR



¢ED 20236F38 B54% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

* 1591 ¢

I 55 U ) VR A S0 HE T PR R B B T A T L A
(B 3), HEMEXEEZESE R, K2
WE. EAUPERERR . EI AR, IR, BTRAbE. A
RS, R bR AT S R SR, IR
SRARXT R R L, A B R A B REY T
LN 0.70 £ 0.20 : 0.85 © 5.67 : 0.44 : 2.04 :
0.32, KR &N HBEY R LN 0.79 £ 0.15 -
0.73 :7.10 : 0.31 : 1.71 : 0.35, SR ERYIEENE
KPS BRSO W R 2200, 1 A T R 2
& BRI BT

(3) WEMEX KIS ITER: EHEME
RETELISHRER (K 4), RHbrdEh &kt e
WoE, SRARPUREEEXG, BESTEH
(197.74+26.32) mg/g .35 FFEE (147.224+20.86)
mg/g (P<<0.001),

(4) BEEMER GRS R: WK
FER RIS H R, MR . 54 hE A
FEERE (B 3D AR 2RV H SRR it 5 SR )

t/min

A-BER AR B-EAHRE KR C-EKZ KR
D-EA KRR B BRI REAE  1-H R 2-RHE 3%
FUMERERR  4-H&iRE S-SRI o-BRAONE  7-AHE  8-AvERE

A-mixed reference substance of monosaccharides  B-polysaccharide
hydrolysate of HAR  C-polysaccharide hydrolysate of AR  D-free
monosaccharides of HAR  E-free monosaccharides of AR 1-mannose
2-thamnose  3-galacturonice 6-arabinose

4-glucose  5-galactose

7-xylose 8-fucose
3 RRMEXRKTREN UPLC
Fig.3 UPLC chromatograms of monosaccharides of AR and HAR

E )

i, HR2 AN, EXEETRNE, HEE. WE
S EEESTHE (P<0.05. 0.01), TiIlpns
PRI & B R ECTIK (P<<0.05).

24 BEEMEXAXIEENSFASEME

2.4.1 W SEREIHS B IR
TEMAE R BRI A B S-HMEF X R i
B, WEWRE, HPEEWItes, REe, HHMG
FFRBEEA R E AR 0.011 mg/mL. TMRIEH
0.099 mg/mL. THA{EZ 0.010 mg/mL. EEL 5T
HIEFETF 0.010 mg/mL. 5-HMF 0.099 mg/mL V&
A0 BRI TR

2.4.2 HHAMERTIHS BOTEAM Y (its
211004. 211005, 211009 211012, 211015 211020)
o fit, 4% “2.17 TR A E KRR, JF
iz “2.27 WU 75 £ 55 BN 2 5 BRI /N 138
R, 1958 B 5 B BN T AL 6 fik, Rt
20 GE 12 60 USRI S HCE A K
BN F-EB A I B, I R A AR S mg/mL (AR
FHIEEC 1 mL, i ODS REMHARUMEEERZE 10

C
B - L .23 4 5 6
AP I v
0 10 20 30

t/min

A-ZERE R AUBR AT IR A B-E AR C-AEM M 1-
BbE 2-EME 3-IPHE 4-ETHE S-HEREEHE 6-KIRHE

A-mixed reference substance of oligosaccharide and fructose
B-HAR C-AR

S-manninotriose  6-stachyose

HEMEZEXREFERMRIEN HPLC

Fig. 4 HPLC chromatograms of oligosaccharides and
fructose in AR and HAR

1-fructose  2-sucrose 3-maltose 4-melibiose

& 4

ARMEXRRTHBRENIE (Yts, n=9)

Table 2 Contents of free monosaccharides in AR and HAR (x5, n=9)

JF & $/(mg-g ™)

Ff i N — — —

F Yt H LR kg HEERE
T 9.16+1.65 18.76+0.30 6.4740.14 133.05+9.16 4.14+0.12
ES A 49.744-8.63™ 24.30+0.33" 5.8740.30 290.78+16.82™ 4.5140.17

H5#EHE: P<0.05 "P<0.01 *P<0.001, %47
P<0.05 "P<0.01 "™P<0.001 vs AR, same as table 4
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mL, 13 000 r/min &> 15 min, [RIEER)J7EEILH] %
BN K /N TR AR 12 1
0.22 pm ALY SE 5 A
2.4.3 UHPLC-Q-Orbitrap HRMS Z3#7 I ARi
S 2 S 0T B PR A T IR 22 VAR AN
ﬁ“frﬁﬁi XA A AT 8 ' Ay A, o
5-HMF BT H 55514k, KA UPLC-PDA £l
(1) il %f+: ACQUITY UPLC BEH CiskE
(100 mmX2.1 mm, 1.7 pm); JRBIHA 0.1%F iR
KW (A -ZIEHEW (B), BEFEBERE 0~0.5 min,
5%A; 0.5~1.5 min, 5%~15%A; 1.5~4.5 min,
15%~30%A; 4.5~7 min, 30%~60%A; 7~11 min,

244 HWRELHEHKLHE  RH Compround
Discoverer 3.3 3 {450f i B4 b AT I FR L, [T
Bi OREAISFIADGE S B3 P B8 1SR AR s T AR U — A,
SEALPR, 454 mz-Cloud. Chemspider 4 22 11T
J o % E UL . A5 AbBERIHE 3N SIMCA 14.1
BAF AT R 3B (principal component analysis
PCA) FIIE A i 55 /s — 3141 71] 3 #7 Corthogonal partial
least squares discriminant analysis, OPLS-DA). 4iit
Fo3 AR A SPSS 26.0 # A

245 ZERMEIS N 1EH SIMCA 14.1 BAF5y
B, K Par brdfEfb e, ZBRERHME, BHIE.
METHEA TEEEMEXEEMN PCA K.

60%~70%A; 11~12min, 70%~100%A; 12~13  OPLS-DA K1 S-plot &, & 5 v &1, s
min, 100%A; 13~13.5 min, 100%~5%A; 13.5~  KERATHEX S, Ui 2 A2 [AIREERE /N> T

16 min, 5%A; AFIE 0.3 mL/min, BEFEE 1 L,
FEIR 40 C; #EFERE 2 pLo5-HMF [FRG I K 283 nm.
(2) ko fF: R Mm% &I (ESD, Ik,
TR REE, AR 40 arb, FBIS4E
i 5 arb, Wi K 3.2 kV, BANEIRSE 320 C,
HBhY SRR 350 C, BIERTEEFENEE R
J£ (S-Lens RF Level) & 50, Alllas =R FH 4434/
AR — %434 (Full MS/dd-MS?), 3H5a N

W EEZESRE . UL VIP>1, ¢ K3 (P<<0.05), 4
T B T HIRN AR 2546 £5X 107 AP, mz-Cloud
HA 2 B Ay %5 e UL A 20 KT 70% AR K i it 35
RAMEX SR WP REEZER RS, BEaHEK
SR, B e K H 20 N ZE RS (B 6. 3K 3D,
HAEERE T 6 4, BRI 8 1. K3 HIM
ZEfEEL (fold change) KT 1 R HH AL,

ER IS EACE B, N 1 RRAKCE R,

m/z 100~1000, —ZFTESHE3A 70 000 FWHM,  EEE ) 20 A2 7 MR o B0 i AR U — 1k iR
Ty HRER 17 500 FWHM, RiERERE RN 30 eV, BEATIE T, ZEH L 7,
A B C
2000 1500 LS M2. p(corr)
1500 1000 v &%ﬁé‘é 1.0
1000 —
500 3 T 500 g = 0.5
=X 0 2 s 0 £ 0
20 ky S 500 % = 05
-1000 v - _
1500 1000 1.0
~2000 ~1500 -15
—4000 4000 —4000 4000 ~04
t[1] 1.000 Ol*t[l] p[l]
D E F
1500 1500 151 M2.p(com)(1]
1000 1000 1.04 [ ] '
500 = 500 1 = 057 05
= P L2 =
% 0 § 0 . g 0 0
500 = =500 v = 051
~1000 ~1000 -1.01 05
~1500 ~1500 At
~4000 —2000 2000 4000 —4000 —2000 2000 4000 205 =03 010 02 04 o

-

[1] 1. 000 14%[1] p[1]

A. B, C-IEET#; D. By F-E 7K

A. B. C-postive ion mode; D E. F-negative ion mode
5 IF. BEFEATHEMERFTER PCA B (A. D). OPLS-DA & (B. E). S-plot & (C. F)
Fig.5 PCAplot(A. D). OPLS-DAplot (B. E). S-plotdiagram (C. F)of AR and HAR in postive ion mode and negative ion mod



¢ED 20236F38 B54% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

* 1593 ¢

wE o, '
|
: Ik
19 ‘ |/
) 12, /18 | 20 1 Y
1;:3‘4 > 6 8 11 14/ / }‘ ‘ LA
¢ |
BRI
|
12 [
a R
2 /4 5 S 11 . 20
i R T

0 2 4 6 8 10 12 14
t/min

B “

|

|

“‘

15 ‘

\ 1316 o/
| 71

A | " W

D |

\

|

|

fl

|

|

‘ | H“
013 16 AR

6 IE (A. O a1 (B. D) EFEATHE (A. B) MEXEE (C. D) ¥ TIC
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2.4.6 REMEESEEME RASME—mEITH
FE b B8 e S A 2  TORAEE  TORAE R
TR S-HMF & & . HER 4 nl A2,
SHEHFREASERRANEX BT TEERE
Ko S, XK T RHEERR S EBER
T A PR . TR R TORTE S B BRI
(P<<0.05. 0.01), 2H Ao 1 &1
(P<0.01). WREGEEATAEY) S-HMF 753 i ARl
3, FEXFHEPHTEEEAS (P<0.001).
3 g

AT 7T 455 B4 % (UPLC-PDA . HPLC-ELSD.
HPGPC-ELSD) Fl4 41 %% (UHPLC-Q-Orbitrap
HRMS) HiAR, #1158 i 2 & 3 i v (1 h
KU FNAERE N FH A 2 5

R L ALR T OIE T RIS EY My
AR 3.64X 106, 425X 103, 623 1) 3 FhHE, %
KW 2 BEEA A I My 4y 9N 2.34X106,
4.03X10°, 642 (1) 3 FhHl, WEHEEKZHEY M,
RKHIHS (My=3.64X109 [JEI M, B KT %
KT My KM ZHEE S (My=234X10%),
[ B} 3 PR B 5 B I 2 M s KA 2 4 B
BRI 5.098. 7.742, VUM TR K TS,
A R T oy B s —, LS R AT e g M i
W My 2 BB RN My (2 FER24, S8 M,
BEAG, IR A —, BREEPEY My

7642 ZHEA G HLEER TA RS, HIY My N
4.03 X103 (2 HELL Sy 5 BN FAE e e, HIRE
AT RE AR HIE AR T AR Z X B My A 4.03 X
10° I Z BRSO, LR AERRAR, FEUEXT 77k
B, TR My o~ 2.34X 108 2R LEN

AT R, SR b K R bR
BA®ET S, WaEESEAST 248, HERNR
WA B R E IR A A B
T 26 5 S B R I F B PR, PTREAAAEDL T
PR TR SRR, — D7 T ) B e % e i %, 16
E SRR DB O SR A T K. FEE
DA R S B, 5 — 7 THT A 3 e A i 2 A A7 A
AR 7K 23 RN A IR 25 {66 I /K f o SRBE A 2 b, I
RAET WERAL RIS R 8 ) 231, P24 T 5-HMF &%
RIS AT AE U012, [ RERERRAR, RAFBUSEEF
/B FERE IR 5N 2 DAHE I oA ik 7 o ) i AL AN
Beefige . 2 PRl SCHR R IRI26-27), R R T A I 1) PR S AR
JERIBEIN, S-HMF [ bl s, fpssee +
HIRPERRERE, S 5540y S-HMF, Rbin e s
5-HMF ()& 22 20 AR 45 KL, S-HMF
HA ORI B0, B R AHT AP A

P[5 SCHR R I 2 BB Ay v s ) B S AR A
gy, I PR e B A IR B
AR TSN TS R R PR S LI R34,
X T B A 0 2 WSS A ) AR A ) R v ok AR 1)
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R3 BERNMEXARREDIER N FERMERS
Table 3 Differential non-sugar small molecules of AR and HAR
i 5 Wa ATR mEET mlz  fy/min 10 WHET P EREH AWH
1 RBER CeHiN4O,  [M+HJ 175119 084 070  116.071,158.092  1.67X107% 025 !
2 SRR CeHiNO;  [M+H] 132102 085 174 132102 2.94X107 236 1
3 MEEERS CsHsNO;  [M+H] 116071 090 293 116071 2.87x107 0.64 !
4 e CioHisNsO4  [M+HJ* 268.104 092 045 136.063,268.104  8.13X107 031 !
5 BERREMWERTY  CoHnOw  [MAH] 447.129 510 027 285.076,447.129  3.12X107°  0.50 !
6 TR CoHnOy  [M+H] 431134 669 035  269.081,431.134  1.71X107'® 0.63 !
7 WEEZR CigHi0s  [M—H] 283.061 710 -0.07  268.037,283.061  2.69X1078 0.56 !
g BEREmT CiHiOs  [M+H] 285076 7.1 —0.09  269.081,285.076  1.16X102% (.57 !
9 K CisHnOs  [M—H] 327218 774 036 1.36X10710 1.80 1
10 HEHH CsHgOn  [MHHCOO]™ 829459 807 016  475.125,829459  2.35X107% 143 1
1 TR CiHinOs  [M+H] 269.081 822 —0.21  254.057,269.081  5.12x107° 061 !
12 EEERER CiHi0s  [M+H]' 301107 836 073 124.087,269.081  1.60X107 0.75 !
13 ARSI CsHnOis  [M+HCOO]™ 871470 838  -0.94  307.856,825470  3.13X1076 327 1
14 KEZTBHY CysHrisO1s  [M+H]' 943527 845 016  635416,781473  1.01X10° 271 1
15 K CisHuOs  [M—H] 329234 849 049 2.19X1071° 231 1
16 FEET I CsHnOis  [M+HCOO]™ 913480  9.03 —0.99  807.450,913.480  8.55x107 263 1
17 astragaloside Iisomer®™  CysHpOis  [M+Na]* 891.472 9.05 040 473363851479  4.62X10° 2.24 1
1§ ARSI CosHnO  [M+H] 869489 931 148 §33469,851480  1.44X10° 331 1
19 ZHEEHD CyHuOn  [M+Na]* 933482 1048 084  713427,893489  6.43X10° 295 1
20 AKZHEZTRA CiHnOs  [M+H] 279.159 1254 -0.12 205086 231x107 0.75 !

TR R

tup-regulation |down-regulation

F4 ARMEXRERTRRMIERNSFROPNSELR (X£5, n=12)

Table 4 Comparison of representative non-sugar small molecules of AR and HAR (x x5, n=12)

JFE ) £/(mg-g ™)

B —
B S R A ) B TERNTE TR AEE BETE T 5-HMF
§igeo 146.29+4.38 311.15+8.03 69.67+2.40 111.294+4.60 0
ERHE 94.02+5.11** 242.94+7.76* 55.07+2.91* 280.534+9.18" 676.10+23.47"**

My My AT LSS BRI, 20 SR D R0™
A R I 7 B RN RIRT L . SR 7y o
T REREAEAL A o 22 BERE g /K A B B, P I
THi, ATRESI KB B AP, XSS E AL AR
PEAE R, S BRI B IF AAE B30, BT A,
JREBHE B SRR A 3] 2 R 5 5 1 7™ S ) s A
FEHB, RIS RERY], MREK G SET
B, i SRR R a A S B BT R —
R ORI CRE, T RERAER LT AN S
SRR A0S, ARETPRK AL AERE. &

RE SN Tl Gl WA A B L PR AR 2090, 3
TARRERA >, EREEPBER . BEAR
[LERTRTE T N o VP 2 SN o P A 2 L YN8
FERM SR TR, MR, RERER 1L
FEH Bb S METRESEE BT AR
AT RE 2 M IR SR SR R R A T AR B
LA PRS0 i 2 Rl 3 5 B L R e 5
E

D

S

o

ARG AT IR ORI B ) 2 AT 2 R
J o3 RE BT AR HE LR it RE AR, (EZWEIE
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Fig. 7 Heat map analysis of differential components in AR and HAR
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