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Study on the Correlation Between the Microstructure Quantification and the Content of Quality Markers
of Cultivated Astragalus Membranaceus(Fisch.)Bge.var. Mongholicus(Bge.)Hsiao in Gansu Province

WANG Zhenheng'*?, MA Dingcai', SHAO Jing"***, JIN Ling'***, LI Xiaofeng', LIN Li'**(1.College of Pharmacy,
Gansu University of Chinese Medicine, Lanzhou 730000, China; 2.Provincial Key Laboratory of Chinese Medicine Chemistry and
Quality Research in Gansu Province, Lanzhou 730000, China; 3.Northwest Collaborative Innovation Center for Traditional
Chinese Medicine, Lanzhou 730000, China)

ABSTRACT: OBJECTIVE  To provide the basis for commodity grade classification and quality evaluation of Astragalus
membranaceus(Fisch.)Bge.var.mongholicus(Bge.)Hsiao by studying the correlation between the microscopic quantification of
transsection tissue of Astragalus membranaceus(Fisch.)Bge.var.mongholicus(Bge.)Hsiao and the content of quality markers.
METHODS The microscopical quantitative parameters of 7 tissues in the cross section of 13 batches of Astragalus
membranaceus(Fisch.)Bge.var.mongholicus(Bge.)Hsiao were measured, and the chemical components of 7 quality markers were
measured by HPLC. For 7 tissues microquantitative parameters and 7 quality markers of 13 batches of Astragalus membranaceus
(Fisch.)Bge.var.mongholicus(Bge.)Hsiao and 8 results of addition and division calculation(hereinafter referred to as “ calculation
results” ), SPSS 26.0 software was used for Spearman correlation analysis and cluster analysis, Graphpad Prism 8.0 was used for
multiple linear regression of significant correlation variables, and SIMCA 14.1 was used for principal component analysis.
RESULTS  There were many pairs of significant correlation between wood ray number, xylem width, cork layer width, phloem
width/xylem width and the quality markers and their calculation results. The tissue morphology of Astragalus
membranaceus(Fisch.)Bge.var.mongholicus(Bge.)Hsiao transverse section could describe the content of quality markers. Two
principal components were extracted by principal component analysis, and the six variables that contributed significantly to the
principal components were calycosin-7-glucoside, ononin, phloem width/xyloside width, astragaloside IV, Astragaloside I and
Astragaloside II. Thirteen batches of Astragalus membranaceus(Fisch.)Bge.var.mongholicus(Bge.)Hsiao were divided into two
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categories, and the results were consistent with cluster analysis. CONCLUSION

Based on the correlation between the

microscopic quantification of cross-section tissue and the content of quality markers, this study indirectly represents the content of
quality markers with the microscopic quantitative parameters of Astragalus membranaceus(Fisch.)Bge. var. mongholicus(Bge.)
Hsiao cross-section tissue, which provides a new scientific basis for the comprehensive basis of commodity grade classification of
Astragalus membranaceus(Fisch.)Bge.var.mongholicus(Bge.)Hsiao medicinal materials, and has reference value for the formation of
modern evaluation model of Astragalus membranaceus(Fisch.)Bge.var.mongholicus(Bge.)Hsiao medicinal materials quality.

KEYWORDS: Astragalus membranaceus(Fisch.)Bge. var. mongholicus(Bge.)Hsiao; microstructure quantification; quality

markers; relevance; commodity grade division; quality evaluation.
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#z1 BEER
Tab.1 Information of the samples
s SRARHS 7] Eh e
S1 20194£10H - 35°2'34.28"N, 104°19'21.69"E
S2 2019410/ —
S3 20194F10H -t
S4 20194£10H
S5 2019410
S6 20194£104
S7 2019410/
S8 20194E10H
S9 20194£10
S10 20194104
S11 20194£104
S12 2019410
S13  20194E10A

10x40 15455 T, MRARZGE . U Edrid, fii8
Fndsk, WKL, HECEIE, Wk 2.

2.3 FEilE

231 A% ST BEIJE . Agilent HC-Cyg
(4.6 mm*250 mm, 5 pm) A FEshAHEE (A)-
0.1% WElg 7K (B), VEWLASEE K 0~35 min, 25%—
60%A; 35~45 min, 60%A. KK 254 nm, H
&30 C, PEAEE 10 pL. RS Agilent HC-
C,y(4.6 mmx250 mm, 5 pm) EEFE; HishiH 20
(A)-7K (B), #EEHHVEBLELE R 0~6 min, 30%—
41%A; 41%—45%A; 10~12 min,
45%A; 12~14 min, 45%—30%A. €A 10,
F2 BUYBARALHEE (Xxs, n=12)

34°30'7.62"N, 103°50'11.13"E
35°20'6.37"N, 105°15'25.08"E
33°29'36.99"N, 104°5821.6"E

[

33°2824.43"N, 105°720.34"E

|l

35°11'39.06"N, 106°34'29.4"E

[

35°12'9.33"N, 106°2'17.06"E

ul

34°51'6.76"N, 104°22'1.5"E

|l

[

36°57'28.56"N, 107°1'37.71"E
35°4'20.58"N, 104°22'51.43"E

|l

[

35°41'30.75"N, 102°52'19.85"E
34°45'51.04"N, 103°56'36.44"E

[1]

|l

34°592.6"N, 104°39'17.4"E

6~10 min,

1 #yEaREHmE

A-EERYIE ; B-HI A, CURERM-FIR =M@, DK
#5 E-ARBTHS; F-ARZ,

Fig. 1 Tissue micrograph of transverse section

A-Transverse section of Astragali Radix; B—embedded transverse section;
C—concentrated hydrochloric acid-phloroglucinol staining; D—phloem;
E—xylem; F—cork layer.

IR B6 A 0~6 min, 30%—41%A; 6~10 min,

41%—45%A ;
45%—55%A ;
65%—30%A. ZALIREE 30 °C, ZERIREE 90 °C,

10~12 min,
14~18 min,

45%A ;
65%A;

12~14 min,
18~20 min,

AAUH 1.6 L'min™', #FFE 10 pL.

73 5 LA

BB

iy

3000, 4000 [YZR

2.3.2  MHAFEIERE S KEREGE R K 4.0 g,
B 150 mL BRI, A 50 mL HEE, FRE R
B, 4 °C¥%E 16h, 75 °CHF 3h, #hE, Hh

08, WRAE, MWBREAR SmL, B4 CRIF

Tab.2 Microstructure quantification in transverse section(x + s, n=12)

Ey DETR ) i a AN NS g
PR RS BB AL v R 25 8 2020 AR RIRT

% BB A/ RIFFLR/ IR 2% AR BEBE /um AR S BE /um B SERE /um
S1 12.00£2.13 23.00£2.20 20.00£3.10 87.29+5.46 3 142.37+98.13 2 485.87+89.12
S2 9.00+1.24 16.00£1.25 14.00£3.10 103.09+5.66 3 853.65+22.13 2796.93+£102.87
S3 11.60£1.25 15.67+1.25 13.67+6.60 76.19+4.88 3239.47+69.69 2325.04+151.27
S4 14.83+3.00 16.17+4.00 21.50+4.00 93.43£16.28 2 169.94+223.00 2306.11£161.92
S5 10.33+£0.47 15.67+1.25 14.00+1.41 65.01+4.50 4 341.46+33.71 2603.05+45.91
S6 11.67£1.25 17.00£1.41 17.33£2.62 100.71+6.14 3041.31+109.77 1721.28+102.81
S7 7.40+2.22 13.36+5.91 10.48+3.97 60.30+24.42 3 448.05+152.04 1 823.47+83.91
S8 17.17£5.00 24.33£6.00 21.00£2.00 87.29+11.75 3753.42+201.94 1592.47+350.11
S9 17.00+4.00 12.00£7.00 21.00£1.00 39.91+6.69 3 555.77+24.12 1118.08+43.33
S10 13.47+5.10 23.05+4.05 18.79+4.51 63.81+14.17 2 985.08+878.92 1509.51+500.83
S11 12.75+4.02 15.75+£3.27 12.50+4.03 75.78+14.86 2 662.41+1 215.06 2020.42+329.21
S12 12.17+6.79 16.08+3.64 14.75+5.72 83.37+18.54 2 435.46+589.18 1 633.56+579.79
S13 11.56+2.22 19.4443.65 16.56+5.70 75.66£17.79 2904.70+£977.54 2 360.36+240.09
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L, ME B SEETE 6 sy e
A B & %EEX R R Sy (R R
JK=4:1)50 mL, %M 80% iy HI B, HAp#AE
gﬁ[ZG,ZS]

233  XPRESR VAW A R PR IO BE SIS A
Be RS B R s A S . B
5w . AN AE R 23 0l & 0.90, 0.40, 0.20,
0.02 mg-mL™" AYIREXTREATR 1, TR I, 3
FEEAF 143912 0.340, 0.788 mg-mL ™" FIR& %} IR
A 2, SO IR SR 0.782 mgrmL .
234 LNEXRRFEE SrlKR A R IR W
WA R S m R, & “2.3.17 TR Jrik ik
B, DIBTEMREES (mgrmL ™) EEA AR (X), TR
RPAERR (Y), HFATERPERIE, S5R I 3,

RI LMXRAER

Tab. 3 Investigation of linear relationship

W I R ARELIR
mg-mL
BT EI AW ¥=29 560X-0.000 7 1.0000  0.001 8~0.90
TARAEH Y=37 280X4.241 2 1.0000  0.000 3~0.40
TR Y=45 844X-6.846 3 1.0000  0.000 6~0.20
TARIER Y=114258X-2.4920  1.000 0 0.000 3~0.020
BT 1gY=1.531 91gX+3.299 6 0.999 8 0.097 8~0.782
W BT 1g¥=1.650 21gX+3.3943 0.999 9 0.084 5~0.340
BRI 1g¥=1.284 31gX+3.4453 0.999 6 0.049 4~0.788
2.3.5 AUERREE R M “2.3.37 WU X IR

W, % “23.17 IﬁT@ﬁ%,«ﬁ:ﬁ SEHERE 6 1K,
SR AIF S T 25 0, BRI . =
M%ﬁ\%ﬁﬁﬁm\t%%?\ﬁﬁﬁﬁ\ﬁ
ORI L B R 10 i L RSD 4 A R
0.53%, 0.40%, 0.68%, 0.38%, 1.24%, 2.53%,
2.18%, FRUULLHKG B RAf.

23.6 foEtEiE KMERBEER K 40g, %
“2327 TUF 5kl & A SR 6 1, %
“23.17 WFERERME, LLO, 2, 4, 8, 16, 24h
HEEE, BRFEIT . ST, BT E
TERER . EEEH T, BRI I, B I
AR RSD 23091 1.22%, 1.25%, 0.59%, 1.24%,
1.92%, 2.26%, 0.83%, FHHFaEMERE-

237 EEMHRAE HEEREBOEEHK 40g, #%
“2327 TR J5 ekl A& A SR W 6y, 1%
“2317 WTFEEEAMUERE, BERFEMT . ¢
WAETT . BEESFIE . OER . EEPT. &
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R I, B R Y 10 L RSD 4 B A
2.25%, 1.37%, 1.96%, 1.30%, 0.77%, 2.94%,
2.97%, FRPEEMRL.

2.3.8  AEICRIRES RS % PRELE A 5 0
KRR 1.0 g, A K & & 80%, 100%,
120% B9 %FBE 5, 4 “2.3.27 TR 7 el 45 ikt
MR IAS 3y, R “23.17 TR G 4 1 it
FE o IR 5 K 98.07%, 100.53%, 98.42%,

94.91%, 94.27%, 103.75%, 102.97%, %45t 0L
% 4o
239 EEHRMr FEME R R ROk R %

“2.3.27 T Jr kil £ it ﬁinn/ﬁm i “23.17
T 3% S5 1 R T R AT G I A b, A5 OR W
%5 FE 2,
3 ETUEITEFNEEES T
3.0 MM R Z e RlIA

7% PNF5 8 AP iE 9 b R Ak B 0 T AR
e L 0 i AR AR AN IR AR S S i A O ik
AR I T 50 MY 7 T HA B S
BT ARG . (RSB AT )/ B
P . (B S EEA TSR T/ ASARAE R |
BEHMEEEPT, R HEEF I3
BLAr 22 R A (CBAE S R . AR AT
BT, TR 4 D2 ) R
B B S /R R /R
LAY R 1) 3 22 R, ) SPSS #Fik
1T Spearman #H 5447, Jﬁﬂi'ﬁi%*ﬁﬂémﬁa
(P<0.01 @Y P<0.05), WL3 6. XJIEtnsidiafsbnifit
ALFR, % A Graphpad Prism 8.0 15 3| £ jugk A A
FIWLIE 3, Ehr R iE)s 2, R K, HAE
O RAR R S, ARSI
BRI S i . Zon Rk IR TR R
394 0.430, 0.442, 0.439, 0.344, 0.570, 0.371,
0.435, 0.878, HERRATIFENZR MW, ik # K
R T2 5 1 ] DA B AR i 5 1
32 B

ﬂﬁ%ﬁﬁf&“%tﬂ?ﬁiéﬁ%ﬁﬁ%ﬁ*— %ﬁ?ﬁ
e A h T A SPSS 26.0 B4, LISEJTER
EE%?@EIETJ, KAWL, WE 4, XF 13 ittt
WM RGERY, ERER, 1BHEEHME
225, S2, S3, sS4, S13. SI1, SI2E N—
%%, S5, S7. 89, S1, S6. S10, S8 FH—

IR 22 2024 4F 3 H 45 41 355 6 1




T4 wHEERKERRRER

Tab. 4 Results of recovery test

R XIS P

[/ IR RSD/

SO O gl A R kR
g5 FRkER éu/lmz PRSI PIARE MR/ BIGR - RSD/

a5 IR/ /g AfE/mg fE/mg %  BEH% % Afg/mg H/mg %  BEH% %
BHR 1.0015 01274 0.1020 02279 9853  98.07  1.49 | F4AETF 1.0023 03420 02720 0.6158 100.66 100.53  1.81
BT 09999 01273 01020 02242 94.95 1.0016 03418 02720 0.6116 99.21
1.0028 0.1277 0.1020 02269 97.24 1.0031 03425 02720 0.6162 100.62
1.0032 0.1278 0.1270 02538 99.24 1.0015 03415 03380 0.6703 97.29
1.0011 0.1275 0.1270 02521 98.11 1.0028 03424 03380 0.6829 100.73
1.0045 0.1279 0.1270 02549 99.97 1.0017 03416 03380 0.6763 99.02
1.0020 0.1276 0.1530 02765 97.31 1.0025 03423 04050 0.7563 102.23
1.0008 0.1275 0.1530 02779 98.32 1.0032 03422 04050 0.7602 103.20
1.0041 0.1279 0.1530 02793 98.96 1.0019 03416 04050 0.7541 101.86
EES 10013 00320 00260 00569 9577 9842 236 |#AFAEZE 1.0035 0.0021 0.0016 0.0036 93.75 9491  2.60
B 10024 00320 00260 00580 99.86 1.0025 0.0021 0.0016 0.0036 93.88
1.0022 0.0320 0.0260 0.0574 97.72 1.0012 0.0021 0.0016 0.0037 100.17
1.0030 0.0320 0.0330 0.0649 99.62 1.0012 0.0021 0.0022 0.0042 95.45
1.0008 0.0319 0.0330 0.0633 95.06 1.0019 0.0021 0.0022 0.0042 9539
1.0014 0.0320 0.0330 0.0657 102.06 1.0011 0.0021 0.0022 0.0042 95.53
1.0022 0.0320 0.0390 0.0713 100.70 1.0014 0.0021 0.0025 0.0044 91.97
1.0021 0.0320 0.0390 0.0698 96.93 1.0007 0.0021 0.0025 0.0044 92.06
1.0011 0.0320 0.0390 00702 98.03 1.0012 0.0021 0.0025 0.0045 9596
FHEFHF 1.0015 1.0241 0.8200 1.7948 9399 9427 112 ||#EEEAF 1.0017 02451 0.1960 04480 103.52 103.75 116
1.0014 1.0240 0.8200 1.7912 93.56 I 10024 02453 01960 04520 10547
1.0017 1.0244 08200 17823 92.43 1.0021 02450 0.1960 0.4516 105.39
1.0016 1.0240 1.0240 19851 93.86 1.0015 02450 02450 04944 101.82
1.0025 1.0250 1.0240 2.0023 9544 1.0013 02451 02450 04962 102.51
1.0014 1.0230 1.0240 1.9987 9529 1.0020 0.2453 02450 0.5001 104.01
1.0028 1.0255 1.2300 2.1988 9539 1.0011 02449 02940 0.5512 104.19
1.0015 1.0228 12300 2.1818 94.23 1.0012 02451 02940 0.5496 103.56
1.0032 1.0258 12300 2.1855 94.28 1.0019 02453 02940 0.5489 103.28
HEREH11.0026 13231 1.0580 24241 10406 10297 1.17
1.0018 13220 1.0580 24183 103.62
1.0019 13232 1.0580 24145 103.14
1.0021 13234 13230 26757 102.22
1.0025 13236 13230 2.6762 102.24
1.0027 13234 13230 2.6503 100.30
1.0033 13239 15880 2.9723 103.80
1.0027 13223 15880 29698 103.75
1.0019 13220 15880 2.9672 103.60

3.3 ERSHT

RN AT R T ) Z2 4R R PR R 4 23 B
Ttk o A AR R B — E AR PRI A2 A2

i, HOTHA RN A . M E TG AL
KAV AL, Fen AR

LR

=20

B 5 B R DD T 2H 2 U B RN SR AR AR A

o E IR 22 2024 4F 3 H 45 41 55 6 14

Ak o MR EET A SIMCA 14.1, 453 IR, R
T2 FE T, a2 1 E 4 (principal
component 1, PC1) fIZE 2 F s (PC2), Rifit
Bk 78%, Hidb S2. S3. S4. S13, S11, SI2
RIS —2K, S1. S5, S7. S10. S9, S6. S8
RH—F, BERGRE B BATEIAL
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=5 MERIHWEENE (F+s, n=3)
Tab.5 Quality marker content determination( X + s, n=3) %
P EAEF TR EE S TARIER H R HR R BRI
S1 0.062 9+0.002 0 0.012 1+0.000 6 0.020 0+0.000 2 0.003 3+0.000 0 0.208 3+0.007 7 0.048 0+£0.004 9 0.200 0+0.019 5
S2 0.083 4+0.003 0 0.034 8+0.003 1 0.003 5+0.000 4 0.000 9+0.000 0 0.981 1+0.690 1 0.053 6+£0.014 5 0.230 3+0.059 4
S3 0.051 9+0.006 1 0.030 7+0.003 9 0.001 1+0.000 1 0.000 4+0.000 1 0.308 4+0.010 3 0.041 8+0.006 8 0.161 3+0.027 2
S4 0.090 8+0.000 6 0.046 3+0.000 7 0.002 8+0.000 1 0.000 8+0.000 0 0.209 7+0.006 7 0.046 8+0.003 1 0.193 5+0.007 9

S5 0.061 4+0.006 8
S6 0.024 5+0.005 9
S7 0.059 8+0.003 2
S8 0.026 9+0.000 6
S9 0.036 5+0.000 1
S10 0.065 1+0.000 1
S11 0.089 3+0.003 2
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Flg. 2 HPLC diagram of reference and sample
1—calycosin-7-glucoside; 2—ononin; 3—calycosin; 4—formononetin; 5S—astragaloside IV; 6—astragaloside II; 7—astragaloside I.
*k6 BUYHALALIHEESRERIY L EWAER K
Tab. 6 Correlation between microscopic quantification of cross-sectional tissue and content of quality markers
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Note: "Indicated significant correlation at 0.05 level (bilateral), ?indicates significant correlation at 0.01 level (bilateral).
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