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Abstract: There is still a serious challenge of the measurement of critical quality attributes (CQAs) related to
clinical efficacy for Chinese materia medica manufacturing. To overcome this challenge, an integrated strategy of
biosensor and ultra-performance liquid chromatography/tandem mass spectrometry (UPLC-MS/MS) was proposed
using Tongren niuhuang qingxin pills as a trial. Firstly, an original biosensor was created using a semiconductor
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chip material high electron mobility transistor (HEMT) as the transducer and the macrophage migration inhibitory
factor (MIF) as the identification element. By this MIF-HEMT biosensor, the efficacy on stoke of different
components from Tongren niuhuang qingxin pills was measured. It was clear that all three components of Tongren
nivhuang qingxin pills had strong therapeutic effects on stroke, especially the section A, the K, of which reached to
8.722x10™"" g'mL". Furthermore, MIF-HEMT biosensor integrated UPLC-MS/MS was introduced to identify the
efficacy CQAs of different components of Tongren niuhuang qingxin pills. As a result, 19 potential CQAs, such as
albiforin, paeoniflorin, and prim-O-glucosylcimifugin, were measured as the efficacy CQAs of Tongren niuhuang
qingxin pills on stroke treatment by MIF. These results provided vital measurement techniques and methodological
guidance for the CQAs study of Tongren niuhuang qingxin pills intervention in MIF-induced stroke treatment. This
also provided an essential guideline for the efficient utilization and quality control measurement of high-quality
classical recipes.

Key words: macrophage migration inhibitory factor; high electron mobility transistor; biosensor; Tongren

nivhuang qingxin pill; critical quality attribute
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Figure 1  Determination results of protein modified X-ray

photoelectron spectroscopy (XPS). A: s orbit of C element; B: Is
orbit of N element; C: 1s orbit of O element; D: 1s orbit of S
element. 3-MPA: 3-Mercaptopropanoic acid; MIF: Macrophage

migration inhibitory factor
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Figure 2 A-C: The changes of /-V curve of source and drain level (/-V ;) signal of A, B, C samples of Tongren niuhuang gingxin pills

combined with MIF. A: Section A; B: Section B; C: Section C. D—F: The linear fitting results of the combination of A, B and C samples of

Tongren niuhuang qingxin pills with MIF. D: Section A; E: Section B; F: Section C. G-I: Dissociation constants of Tongren niuhuang

qingxin pills A, B, C samples and MIF at linear concentration. G: Section A; H: Section B; I: Section C
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Figure 3 Positive and negative ion current diagram of ultra-
performance liquid chromatography/tandem mass spectrometry
(UPLC-MS/MS) base peak of Tongren niuhuang qingxin pills
extract sample. A: Negative ion current diagram; B: Positive ion

current diagram
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Table 1 Identification results of main components in the sample of Tongren niuhuang qingxin pills
Retention . Actual value  Theoretical Relative Molecular  Molecular
R . Adduction B . MS/MS
time/min of m/z value of m/z error (x107)  formula weight

1 0.86  [M-HJ 133.014 9 133.014 2 5.3 C,HO, 134.02  115.0052;71.014 2

2 1.85 [M-H] 169.014 8 169.014 2 3.5 C,HOq 170.02  125.024 9; 81.034 2

3 2.00 [M+FA-H]™ 405.140 8 405.140 2 1.5 C,H,,0, 360.14  359.136 5; 197.085 8; 179.074 1

4 732 [M-H] 165.056 7 165.055 7 6.1 C,H, 0, 166.06  165.054 6; 93.036 6

5 9.08 [M-H] 353.090 9 353.087 8 8.8 C,H,.0, 354.10  191.056 6

6 11.81 [M+FA-H]™ 525.1657 525.1613 8.4 C,,H,,0,, 480.16  525.161 2;479.157 2; 283.000 0; 121.029 9

7 12.20 [M-HT 593.153 7 593.1512 4.2 C,,H, 0, 594.16  593.152 8; 503.115 5; 383.075 0; 353.063 7

8 12.79  [M+FA-H]" 525.1655 525.1613 8.0 C,;H,,0, 480.16  428.159 1;479.159 8; 449.148 5;327.110 4;

121.0299

9 13.87  [M-H] 563.142 3 563.140 6 3.0 C,H,,0, 564.15  563.1399;545.136 9; 443.101 5; 383.073 5
10 13.93  [M+H]" 469.168 6 469.170 4 -3.8 C,,H,.0, 468.16  469.169 6;397.109 7; 307.116 3; 235.057 4
11 14.40 [M-HT 415.104 9 415.103 4 3.6 C, H,,0, 416.11  415.107 0; 253.050 5; 224.055 7
12 1526  [M-H] 417.1215 417.119 1 5.8 C,H,,0, 418.13  417.117 1; 255.066 7; 135.009 5; 119.050 5
13 1547  [M-H] 549.166 8 549.161 3 10.0 C,H,,0,, 550.17  549.162 0; 255.066 4; 135.008 4
14 16.27 [M-H] 461.075 1 461.072°5 5.6 C,HO, 462.08  285.041 5;267.027 7, 175.024 2
15 16.50 [M-HT 623.167 4 623.161 7 9.1 C,H,,0 ¢ 624.17  623.158 0; 314.042 1; 243.031 4
16 16.66  [M+H]" 307.116 9 307.117 6 -2.3 C,H,;0, 306.11  307.119 7; 259.060 4; 235.062 7; 221.045 1
17 17.17  [M-H] 623.201 9 623.198 1 6.1 C,,H, 0 624.21  623.197 8;461.166 4; 161.024 7
18 18.44 [M-HT 623.202 3 623.198 1 6.7 C,,H, O, 62421  623.196 4;461.162 4; 161.022 5
19 18.63 [M-HT 433.1147 433.114 0 1.6 C,H,,0, 434.12  433.113 3;271.061 5; 151.004 4
20 1874 [M+FA-H] 497.1685  497.166 4 4.2 C,H,0,, 45217 497.1732;451.161 6; 271.097 6
21 20.52  [M+H]" 447127 1 447.128 6 -34 C,H,,0, 446.12  285.0755;269.041 1
22 21.16 [M-HT 549.164 3 549.161 3 5.5 C,H,, 0, 550.17  549.163 9; 255.066 3; 135.010 7
23 21.33  [M+FA-H]" 475.128 6 475.124 6 8.4 C,,H,,0, 430.13  475.133 6;267.068 2; 252.042 8
24 21.68 [M-HT 417.121 0 417.119 1 4.5 C,H,,0, 418.13  417.117 8;255.067 5; 135.008 8
25 22.02 [M-H] 445.081 3 445.077 6 8.3 C,H,0, 446.08  269.046 0; 113.025 4
26 23.54 [M-HT 165.057 2 165.055 7 9.1 CH, 0, 166.06  136.037 4;93.033 9
27 24.18  [M-H] 445.080 2 445.077 6 5.8 C,H,0, 446.08  269.045 1;241.052 0; 197.063 1
28 25.58  [M+H]" 439.158 2 439.159 9 -3.9 C,H,0, 438.15  277.108 9; 259.097 4; 205.048 1
29 25.76 [M-HT 459.097 3 459.093 3 8.7 C,H, 0, 460.10  459.092 7; 283.061 8; 268.037 6
30 26.82 [M-HT 459.095 6 459.093 3 5.0 C,H,0, 460.10  459.094 8; 283.060 9; 268.038 1
31 2749  [M-H] 271.061 4 271.061 2 0.7 CH,,0; 272.07  271.063 0;177.018 0; 151.006 1
32 30.52  [M-H] 269.046 6 269.045 5 4.1 C,H,,0, 270.05  269.043 9;223.043 4
33 30.55 [M+H]" 271.060 2 271.060 1 0.4 C,H,,0; 270.05  271.061 4; 169.011 9; 123.006 5
34 30.78  [M+FA-H] 845.4941 845.490 4 4.4 C,H,0, 800.49  845.498 3;799.490 0; 637.431 1, 475.375 6
35 3249  [M+H]" 269.079 9 269.080 8 -33 C,H,,0, 268.07  269.080 2; 254.054 8; 237.055 2; 197.056 6
36 32.99 [M+FA-H]™ 829.499 6 829.495 5 4.9 C,H,,0, 784.50  829.502 4; 783.493 5; 637.424 8; 475.375 0
37 35.00 [M-HT 955.497 4 955.490 8 6.9 C,H, 0, 956.50  955.492 3;793.436 6
38 36.07 [M-H] 283.061 6 283.061 2 1.4 C,H,,0; 284.07  283.060 8; 268.038 6; 163.003 7
39 36.6 [M+H]" 255.064 2 255.065 2 -3.9 C,H,,0, 254.06  255.063 7;153.018 0
40 37.14 [M-HT 373.094 7 373.092 9 4.8 C,,H,O4 374.10  373.092 0; 358.066 0; 343.044 2; 328.020 4
41 3735  [M-H] 821.399 1 821.396 5 32 C,H,0, 822.40  821.3917;351.0547
42 39.53  [M-H] 821.403 2 821.396 5 8.2 C,,H,O0,, 822.40  821.398 8;351.0559
43 39.98 [M+FA-H] 825.468 5 825.470 0 -1.8 C,HO,, 780.47  825.4755;779.465 8;617.403 6
44 40 [M+H]" 455.351 455.352 -2.2 C,,H,0, 454.34 455353 1;437.348 1;267.209 5; 191.178 7
45 40.18  [M-HJ 367.121 5 367.1187 7.6 C, H,0, 368.13  367.119 6; 309.039 4; 201.017 2
46 4125  [M-HI 407.284 1 407.280 3 9.3 C,,H,,0, 408.29  407.281 6; 343.265 4; 289.220 7
47 41.44 [M-HT 391.288 2 391.2854 7.2 C,H,0, 39229  391.286 8
48 41.96 [M+FA-H]" 825.4710 825.464 2 8.2 C,H O, 780.47  825.469 6; 779.462 1; 617.402 9
49 43.46  [M+H] 277.180 1 277.179 8 1.1 C,H,,0, 276.17  137.058 9; 122.035 7
50 4347  [M+H] 137.059 5 137.059 7 -1.5 CH,O, 136.05  137.057 8; 122.037 0; 94.040 7
51 43.52 [M+FA-H]™ 829.502 3 829.495 5 8.2 C,H,,0, 784.50  829.502 5; 783.493 1; 621.440 4; 459.384 0
52 44.13  [M-HJ 391.287 1 391.2854 43 c,H,0, 392.29  391.286 5;345.278 6
53 4443  [M+FA-H]" 723.3853 723.380 8 6.2 C,H,0, 678.38  723.384 1;677.380 4; 415.143 9; 397.139 9;

279.2327

54 44.67 [M-H] 471.3529 471.348 0 10.4 C,,H,.0, 47236 471.3509
55 4519  [M-H] 469.335 5 469.332 3 6.8 C,H,O0, 47034  469.3359;425.343 1
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Table 2 Distribution of compounds in sections A, B and C

No. Retention time/min Name The whole prescription ~ Section A Section B Section C
1 0.86 Malic acid N / / /
2 1.85 Gallic acid N V / /
3 2.00 Yuheinoside N N / /
4 732 Phloretic acid N N / /
5 9.08 Chlorogenic acid N N / /
6 11.81 Albiflorin N N N N
7 12.20 Vicenin 11 N N N /
8 12.79 Paeoniflorin J v v N
9 13.87 Schaftoside N V N /

10 13.93 Prim-O-glucosylcimifugin N N N N
11 14.40 Daidzin v / N /
12 15.26 Liquiritin N N N N
13 15.47 Liquiritin apioside N v v N
14 16.27 Scutellarin N N / /
15 16.50 Isorhamnetin-3-O-neohespeidoside J / v N
16 16.66 Cimifugin N v N N
17 17.17 Acteoside N / N /
18 18.44 Isoacteoside N / N /
19 18.63 Naringenin 7-O-f-D-glucoside N / / N
20 18.74 4"-0-p-Glucopyranosyl-5-O-methylvisamminol N N v v
21 20.52 Calycosin 7-glucoside N / / N
22 21.16 Isoliquiritin apioside J / v N
23 21.33 Ononin N / N N
24 21.68 Isoliquiritin N / N N
25 22.02 Baicalin N N N N
26 23.54 Ethyl 4-hydroxybenzoate N / / N
27 24.18 Apigenin 7-O-f-D-glucuronide N / / /
28 25.58 Sec-O-glucosylhamaudol N / / N
29 25.76 Oroxyloside J v v N
30 26.82 Wogonin 7-O-glucuronide J v N N
31 27.49 Naringenin N / / N
32 30.52 4'6,7-Trihydroxyisoflavone N / N /
33 30.55 Apigenin N N N /
34 30.78 Ginsenoside Rf N / / N
35 32.49 Formononetin N / / N
36 32.99 Ginsenoside Rgl N / / N
37 35.00 Ginsenoside Rg2 J / / N
38 36.07 Oroxylin A N / / /
39 36.6 Chrysin N / / /

40 37.14 Chrysosplenetin B N / / /

41 37.35 Glycyrrhizic acid N N N N

42 39.53 Glycyrrhizic acid isomer J v / N

43 39.98 Saikosaponin A N / / /

44 40 Liquidambaric acid N / / N

45 40.18 Glycycoumarin N / / /

46 41.25 Cholan-24-oic acid N / / N

47 41.44 Ursodeoxycholic acid N / / /

48 41.96 Saikosaponin D N / / /

49 43.46 6-Shogaol J v N N

50 43.47 p-Methoxybezaldehyde N / / /
51 43.52 Ginsenoside Rg3 J v / /
52 44.13 Ursodeoxycholic acid isomer N / / /
53 44.43 Gingerglycolipid B N N / /
54 44.67 Corosolic acid N / / /
55 45.19 Glycyrrhetinic acid v / / /

W 0 T R 7 A A VR IR B AT 5 1 AT, X WAy, KMELE R NE 3. 5 ABLC A BORE S 5% 43 Hr
b i i ¥ UPLC-MS/MS J: 1 1F 47 38 17 B 347 20 #7 o gE ] (3R 2) AT XL, HAFRRER T (prim-O-glucosyl-
47 R B (£ 1) xF b, R E H 19 Mk cimifugin). JF Bk & (cimifugin). 5-O- F 3 2 4 i) >k i
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Table 3 The results of 19 potential CQAs of Tongren niuhuang qingxin pills obtained by elution

Retention Molecular . .
. . Name Measured molecular weight Main feature fragment
time / min formula
1 9.08 Chlorogenic acid CH,O, m/z353.087 8 [M-H] m/z 191.056 6
2 11.81 Albiflorin C,H, 0, m/z525.161 3 [M+FA-H]" m/z479.157 2, 283.000 0, 121.029 9
3 12.79 Paconiflorin C,H, O, m/z449.148 5 [M-H] m/z327.110 4, 121.029 9
4 13.93 Prim-O-glucosylcimifugin C,H,0,, m/z469.170 4 [M+H]" m/z 397.109 7,307.116 3, 235.057 4
5 15.26 Liquiritin C,H,,0, m/z417.119 1 [M-H] m/z417.119 1, 255.066 7, 135.009 5
6 15.47 Liquiritin apioside C,H,0,, m/z549.161 3 [M-H] m/z 549.162 0, 255.066 4, 135.008 4
7 16.27 Scutellarin C,H.0, m/z461.0725[M-H] m/z 285.041 5,267.027 7, 175.024 2
8 16.66 Cimifugin C,HO, m/z307.117 6 [M+H] m/z 259.060 4, 235.062 7, 221.045 1
9 18.74 4'-0-p-Glucopyranosyl-5-O-methylvisamminol ~ C,,H, O,, m/z497.166 4 [M+FA-H]" m/z451.161 6,271.097 6
10 21.16 Isoliquiritin apioside C,H,0,, m/z549.161 3 [M-H] m/z 549.162 0, 255.066 4, 135.008 4
11 21.33 Ononin C,H,,0, m/z475.124 6 [M+FA-H]" m/z475.133 6,267.068 2,252.042 8
12 21.68 Isoliquiritin C,H,0, m/z417.119 1 [M-H] m/z417.117 8,255.067 5, 135.008 8
13 22.02 Baicalin C,H0, m/z445.077 6 [M-H] m/z 269.046 0, 113.025 4
14 25.58 Sec-O-glucosylhamaudol C,H,0,, m/z439.159 9 [M+H]" m/z277.108 9, 259.097 4, 205.048 1
15 32.49 Formononetin CH,0, m/z269.0808 [M+H]" m/z 269.080 2, 254.054 8, 237.055 2
16 37.35 Glycyrrhizic acid C,H,O0, m/z821.396 5 [M-H] m/z 821.391 7,351.054 7
17 39.53 Glycyrrhizic acid isomer C,H,0,, m/z821.3965[M-H]" m/z 821.398 8, 351.055 9
18 43.46 6-Shogaol C.H,0, m/z277.179 8 [M+H]" m/z 137.058 9, 122.035 7
19 45.19 Glycyrrhetinic acid C,H,O0, m/z469.3323 [M-H]" m/z 469.335 9, 425.343 1

1 (4'-O- p -glucopyranosyl-5-O-methylvisamminol) . ¥
% 1F (baicalin)+ 6- 2 Jfi i) (6-shogaol). H # & (gly-
cyrrhizic acid) 6 MK 2 73 75 3 BRE il 10 U B v 1)
BEAG, T4 L E (formononetin) « H 5 R 77 M 4 (gly-
cyrrhizic acid isomer) 5K H T A C BCFF dn e B, 485
2 (chlorogenic acid)« Aj 2§ P lig £ (albiflorin). ~j 24§ 1
(paeoniflorin) B 3 %5 ¥ (scutellarin). H 5 /X BR (gly-
cyrrhetinic acid) WU Sk U5 T+ A B dn Bk B, H B H
(liquiritin)« fr ¥% H ¥ ¥ (liquiritin apioside)~ 5 H % 1f
(isoliquiritin) T # f& # (ononin). fr ¥¥ & H %
(isoliquiritin apioside) Z > B} # (sec-O-glucosylham-
audol) f77E T C BOFE i e i -

U 19 M AE CQAs 2 ZLALHE 4 K Hilfi sk
S = BRI . P DA AR (A
2 g AR I B 2 B A S LT R R L 5-0- H k4
S o] oK i A AR 1R B 28 Rl 2 = SRR T LA
(1) Hh 245 A7 2 R[G5 R, T DA B PR AR TR A
R NRRN =0s 2 MBI R 3 BRIE T 2
AFEMETHHEMANSE., X 5RAATE O
3 BRFE ah AT BT A998 76 CQAs IR ML — 2k, BN A BN
B BURE 7 16 BT 75 1 CQA's 5 B # 3 IMLAL 978 1R D 2,
C B A i 7 36 FT 159 19 CQAs 3= B2 8 2 AU IfiL 1 1)
o Horh, A BOHIC BORE b T T A3 1) CQAs B8 T BB
b, LTS 2 B 90 A R B A BORE i 55 MITF AR BLAR
F ok, CBIR 2, B Bt 55, 1IX 38 W) A BORI C BT g
(R4 2 S 0 AL I8 Ik T MILF R4 i 25 v 97 76 L 1)
KEEH 7r, 78 BT 13 19 M 7E CQAs 2 A= F 3 iE O

FLF T MIF 4% i 25 a7 78 FH BT 2380 0% 6 1R V8 7
CQAs. Xk —PiE#] T it MIF-HEMT AE 4 f% &
7 366 BT 45 1R 78 45 CQAs 1 S 5 11 PRI 8 OR BG, 3X 9 BA
T 20N T8 5 1 CQAs #H IR #2 41 7 5C B (1 I 2 7 R
A

ZEie

AHE 7 LA ZE A4 8 ) MIF-AlGaAs/GaAs HEMT
A= A i 5 R v SR £ — R 40 R SO BB FH D B
ARSCFE, FFRE T AT A= 0IE O FUT T0U6 24 v () I PR 7
R HE CQAs KM =W 7E . R BLT A4 53 O fuil
i I MIF & 4% fisi 25 o036 97 1F F I 72 CQAs 3t A
1940, B RATZ N AT H THR R TR E
HREE R HEE TR E R R TR R B
H VB 5-0- P SR 4E T B OK B P AR T TR A
FZOP M H R R R KR e R
6-ZE Ml o R FIG R T — B T A W A% JBR A RSO0 Bk
FH PR R 2 33 0 FL T MITF R 35 i 26 7R 3697 7 1
TEE CQAs I & H2 AR, 95t 4 77 e ORI FH Ao & 42
HE Rt EESE

fEERE: SRR 7 SRTLE 7 ST A B Wt
a3 W s RN SCEE SRS /N LB A T De A £ T SR S
Jiti; STHT I AR B VR ST S B G AR kL
TR PR, 2R 5 A TR IR AR 5 RO S E 1 N
PAPE 2 AT R IR AL T 2 2

FIEE ST BT 15 B A Rl s R .
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