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Study on differential components of Ge-Gen Decoction compound granules,
kampo granules and Ge-Gen Decoction formula
granules based on UHPLC-Q-TOF-MS
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[ Abstract] Objective: To illustrate the overall differential material basis of three kinds of Ge-Gen Decoction
(GGD) granules including Ge-Gen Decoction compound granules (CG) , formula granules (mixed, FGm; decocted,
FGd) and Kampo granules ( KG) using UHPLC-Q-TOF-MS combining with multivariate statistical methods.
Methods: AcclaimTM RSLC120 C,4 chromatographic column (100 mm x2.1 mm,2.2 um) was employed to separate
chemical compositions and gradient elution was performed with 0. 1% formic acid-acetonitrile as mobile phase. ESI

ion source was used to collect data in positive and negative ion modes respectively. The data were imported into
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SIMCA-P software for principal component analysis (PCA) and orthogonal partial least squares discriminant analysis
(OPLS-DA). Student’s t-text was utilized to measure the significance values of each metabolite. The m/z of differential
components were filtered according to P <0.05, VIP >3. Then, HMDB, PubChem, TCMSP, MassBank database,
MS/MS ion fragments, and related references were utilized to analyze qualitatively the differential components.
Finally, combining with semi-quantitative data, a comprehensive characterization for the differential components of
the three GGD granules was described. Results: There were 40 differential components between CG and KG, and
the contents of most chemical components were higher in CG at the same dose. A total of 49 differential components
were identified between CG and FGm. Some of the main active components such as puerarin and ephedrine had
higher contents in CG. There were 45 differential components between FGm and FGd and there was no new component
detected. The contents of most components increased after decocting. However, some important components in
Paeoniae Radix Alba formula granules decreased. Fifty-nine differential components were detected totally in three
kinds of Ge-Gen Decoction, and they mainly varied in the relative content, not the types. Puerariae Radix had the
largest number of differential components. Conclusion: UHPLC-Q-TOF-MS method can rapidly identify different
components of three Ge-Gen Decoction granules, providing data support for the preparation process of Ge-Gen
Decoction granules and laying a foundation for the quality control and clinical application of formula granules.

[ Key words] UHPLC-Q-TOF-MS; Ge-Gen Decoction; compound granules; kampo granules; formula

granules; differential components
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®1 KBEFHMEE

% Iy A , . KG vs FGm vs FGd vs o Y
¥ Kl m/z & mAE P FEBETHA )
F /min BT CG CG FGm &
ESI* 1 0.9 [M+H]* C,HgN, O3 159.051 1 JR 4 % (allantoin) P IR I -/ HMDB
2 0.9 [M+H]* CeHg Oy 127.038 9 5-F2H LM E (5-hydroxy-  E 1 IR -/ [3],
methyl-2-furfural ) HMDB
3 0.9 [M+H]* CisH, 04 291.0858  JLA % (catechin) C th 1h —  175.1190,176.091 1 HMDB
4 1.1 [M+H]* CreHyg Oy 565.1548 3-BREBER EZ-KEH P 1h — —  433.110 9,415. 101 3, [3]
(' 3'-hydroxypuerarin-xy- 283.058 9,337.069 6
loside)
5 1.1 [M+H]* C,,Hy00,, 579.1709  KEHJC 4',7-"F % P } th T 255,065 1,399. 107 2, [3]
1 ( daidzeind’, 7-diglu- 417.119 1
coside)
. M+HT* . o fii ( norephedrine 5 4 » d . s . s
6 1.1 CoH3NO 152.106 9 2 HIJRR#5 B hedrine ) E b ! 1 115.054 0,117. 069 4 [30]
134.096 1
7 1.1 [M+H]* CoH,y0 135.080 2 PA4E M ( cinnamyl alcohol ) C P IR — / HMDB
8 1.3 [M+H]* CrgHyg 045 549.160 5  EAHR K-6"-0-KHEAF (pu- P } 1h —  417.117 7,399. 106 8, [3]
erarin 6"-0-xyloside) 381.096 1,297.075 1
9 1.3 [M+H]* C,oHsNO 166.122 5  JFK# 5% ( ephedrine ) E Lt P T4 148.111 2,133.088 2, [3,30]
117. 069 3, 115. 053
3,132.079 8
10 1.3 [M+H]* C, H,NO 180.138 2 HIJLJBR % § ( methylephed-  E Y IR T4 162.090 4,147. 064 7, [3]
rine ) 117.069 7
11 1.5 [M+H]* C,, Hyy 04 417.116 9 E M &K (puerarin) P P IR T4 399.106 5,363.085 2, [3,26]
351.085 3,321.075 3,
307.095 2,297.074 9
12 3.9 [M+Na]* CyyHyg Oy 503.150 8 AjZ51F ( paeoniflorn) L — 1h L4 341.099 9,219.063 9 [3,25]
13 4.1 [M+H]* C,yHy Oy 481.169 6 A2 N R ¥ (albiflorin) L R th |4 105.033 5,133.065 1, HMDB
197.080 6
14 45 [M+H]* Cyy Hyy 0y 417.117 2 K G4 (daidzin) P — 1h T4 255.064 4 [3]
15 5.1 [M+H]* CoH 0, 179.069 9 4-H FE A £ R (4-methoxy-  C IR ! — 161.059 3,151.075 8, MassBank
cinnamic acid) 133.064 7,103.053 0
16 5.7 [M+H]* CyHpy0,,  447.1289  #E T (glyeitin) P I th t4  429.116 6,285.074 4, HMDB
411.106 6
17 6.7 [M+H]* C,,Hy00,, 579.1679 3-HEEEREZ6“-0-3- P l — —  351.086 1,429.108 8 [3]
TEBE A (3'-methoxypuer-
arin-6"-0-B-apionoside )
18 6.8 [M+H]™* C, H,,0 257.080 6 H #i & (liquiritigenin) G b b 4 147.043 4,137.023 1, [3]
15 M2 Yy
119.048 3
19 6.9 [M+H]* CoeHyy 05 551.174 7 H A B (liquiritin ap- G L P } 257.079 3,419.122 4 [3,26]
ioside)
20 7.3 [M+H]* C, HyyOpp  433.113 e} K ( genistin) p 1h th T4 271,058 9 [3,25]
21 9.6 [M+H]* C,,Hyy 0y 431.133 4 {45454 (ononin) P — le T4 269.08 [25]
22 10.1 [M+H]* CH,04 285.0755 A& A(biochanin A) P — th — 270.050 3,253.049 0, [3]
225.053 6
23 10.9 [M+H]* CyHg 0, 149.059 4 A H: MR (cinnamic acid) C — 1h 4 103.054 1,131.048 6 [27,30]
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% Iy A , . KG vs FGm vs FGd vs o Y
o iR K m/z et e P ) FEETHR i
7 /min = CG CG FGm &
24 11.4 [M+H]* CyHy 00, 5851956 K HI L A5 25 4F ( benzoyl L — Th |4 213.095 9,301.109 0, HMDB
paeoniflorin) 319.120 5
25 12.1 [M+H]* C,Hg046 821.395 HEZH E, (licoricesapo- G Th th T4 645.3620,803.385 0 [37],
nin E,) HMDB
26 13.2 [M+ H-H,0] " CyyH, 0, 453.335 4 H ®OR B ( glycyrthetinic G — — tdy [30],
acid) HMDB
27 13.4 [M+H]* C,y Hyy Oy 353.1375  HH T A(gancaonin A) G — — L HMDB
28 14 [M+H]* Cy;H,, 04 277.179 5 6-Z 45 B (6-shogaol ) 7R — 1b — 137.059 2,177.090 2 [3]
29 14.5 [M+H]* C,, H,, 0y 357.168 8 MM A(gingerenone A) ZR R th rd [277,
HMDB
ESI- 1 1.2 [M-H]"~ Cy HyyOp 4310985 3'-F8 2 8 M K (3- P IR 1h t4 311.0551,283.065 0 [3,26]
hydroxypuerarin )
2 1.2 [M-H]"- C,Hy 04 169.014 1 % £ T (gallic acid) L IR ta L4 125.0278 [27,30]
3 1.3 [M-H]" CrgHyg 045 547.146 1 EAR & FEMEHT (mirificin) P — 1h td4 295,060 4,325.070 5, [3]
267.066 0
4 1.7 [M-H]" CoH, ;04 165.055 6 J}JZ 1 ( paeonol) L R 1 T4 119.013 3 [27]
5 1.7 [M-H] "~ CoH, (05 209.045 4 S-FEHEBTH AR (5-hydroxy- € L P T4 119.048 7,165.056 7 HMDB
ferulic acid)
6 1.8 [M-H] "~ CpHpO,,  445.1141 3-HEAFEERE (3 -me- P Y Th T 325,074 8 [3]
thoxypuerarin )
7 2.3 [M-H] " C,Hg 04 137.024 6 J50 JL %5 % ( protocatechual- C — — A HMDB
dehyde)
8 4.5 [M-H]" C,H,0, 207.066 3 Wi ME fZ £ BR (ethyl caf-  C — P T4 135.043 9,121.028 3, HMDB,
feate ) 163.039 1 MassBank
9 5.8 [M-H]" Cy;H,, 00, 491.120 6 HS H FFF A (licoagro- G R — — / HMDB
side A)
10 6.7 [M-H]- CyyHy0,, 577156 BHEA-B- WA (pu- P I — —  457.1131,429.112'5,  [3]
erarin-4-B-glucoside ) 458. 115 6, 325. 059
9,295.059 9
11 6.9 [M-H]" C,, Hy, O 417.119 7 H ¥4 (liquiritin) G b 1 T4 255,066 3,135.006 1 [28]
12 7.3 [M-H] " Cp;HygO  609.146 1 5T (rutin) 7] — — t4301.030 1,255.066 9  MassBank,
HMDB
13 7.4 [M-H]" CyHyp 005 631,167 WA TEEAT L (galloyl- L — Th L4 613.1488,491.119 2 [25]
paeoniflorin )
14 7.6 [M-H]" CyHyp0h 9391111 1234 6-ABETHMWE L — — L 769.0839,617.071 3 [25]
¥l ( pentagalloylglucose )
15 8.6 [M-H]" C,Hg 04 137.024 4 4-% % K W R 5-(4- C — — 4 93,0334 MassBank
hydroxybenzoic acid)
16 8.7 [M-H]" CisH,(05 269.045 1 Ykl K & (genistein) p — th —  133.0300,225.052 1 [3]
17 9 [M-H]" CoH,0, 193.050 3 B4 1 (ferulic acid) C IR 1h T4 134.0359 HMDB
18 9.4 [M-H]" C,, H,,0,4 417.119 4 S H EAF (isoliquiritin) G IR 1h 4255065 1,297.073 1 [28]
19 9.8 [M-H]" CsH,,0, 253.051 1 K E ¢ (daidzein) P b 1h T4 197.056 5,208.048 9, [3,26]
209.056 9,223.036 0,
224.045 3,225.051 9
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gk 1
% Iy A ) . KG vs FGm vs FGd vs L Y
iR Kl m/z & mAE P FEETHR
5 /min B CG CG FGm &
20 9.8 [M-H]~ CieH,,0 285.077 2  H X A /K fl B (licochal- G L P — 150.030 0 [287,
cone B) HMDB
21 10 [M-H]" CsH,,0, 255.066 1 5% % (Isoliquiritigenin) G IR 1o 4 119.050 1,135.008 9 [29]
22 11.1 [M-H]" CugHpn 0y, 983.4519  HHE ZH A, (licoricesapo- G R th td 351.051 1,821.395 4, HMDB
nin A;) 193.033 0
23 12.1 [M-H]" CypHg 044 837.3933  H R G, (licoricesapo- G R th T4 351.053 9,193.052 4, [3,28]
nin G, ) 485.329 9,352.055 9
24 12.6 [M-H]" CieH,,0, 267.0659 {4 1k Z (formononetin) P/G R th T 223,047 5,195.043 9, [3]
132.020 4
25 12.6 [M-H] " CypHe 046 821.398 1 H R (glycyrrhizic acid) G IR 1 T 351.051 4,193.031 1, [28,29]
451.804 9
26 13.1 [M-H]" CypHe, O 807.418 6  H H B B, (licoricesapo- G — tb — 351.052 5,193.034 0, HMDB
nin B, ) 631.3729
. M-H] "~ . H icoricesapo- > g d .053 0, . s
27 13.1 CypHg, 046 821.399 6 & A K, (licori G b ! 1 351.053 0,193.032 5 HMDB
nin K, ) 645.361 1,803.385 0
28 13.3 [M-H]"- C,eHo g O 941.513 5 H B 2 AF IV (jujubasapo-  ZJ b b 4 615.391 6,897.288 3, HMDB
48 73 Vg
nin IV) 821.396 1
. M-H]"~ 2 Het 046 . "5 H ], (licoricesapo- M b g d 1. ,193. s
29 13.5 C,He O 823.413 6 HERF J, (1 G L ! I 351.052 1,193.031 0 HMDB
nin J, ) 647.371 5
30 14.2 [M-H] "~ C,, H,,0 367.118 6 H I 7 & % (glycycouma- G — b 4 309.041 [29]
[ ] 21120 V6 glycy!

rin)
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