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Quantitative NMR method for simultaneous determination of 17 chemical
components in intermediate of Compound E’jiao Jiang
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Abstract: Objective To establish a quantitative nuclear magnetic resonance (NMR) method for simultaneous determination of
multiple components of extract solutions in the production of Compound E’jiao Jiang (5 77 Fil 3%, CEJ), in order to provide a reliable
analytical means for the quality evaluation of midbody. Method The 'H-NMR spectra of the samples were acquired using the water
suppression pulse sequence Noesygpprld. Peak assignments of the NMR spectra were performed through literature research, database
retrieval, and spiking experiments to further determine the quantitative peaks of each compound. Compounds were quantified via an
internal standard method, with methodological validation encompassing linearity, precision, stability, repeatability, durability, and
accuracy. Detection and quantification limits were based on the signal-to-noise ratio of the proton NMR spectra. Three batches of
intermediaries were analyzed. Results A total of 22 compounds were identified, among which 17 compounds could be simultaneously
quantitatively analyzed. These compounds include five amino acids (valine, proline, isoleucine, glutamic acid, and y-aminobutyric
acid), six organic acids (acetate, fumarate, pyruvate, succinate, formate, and lactate), four sugars (glucose, fructose, galactose, and
sucrose), uridine and choline. Linearity showed correlation coefficients above 0.9995. Precision, repeatability, durability, and stability
reflected RSDs below 2.7%. Spike recovery tests indicated an average recovery rate between 90.0% and 105%, with an RSD below

2.2%. Relative deviations between analyzed and reference values were under 4.0%. Quantitative analysis for three batches of samples
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showed that the determined results for all 17 components were above the quantification limit and within the linear range. The mass

fraction of the quantifiable portion relative to the total solid content was 71.09%, 84.44%, and 70.09%, respectively. Conclusion Our

method met stringent standards, with expedited detection and streamlined sample preparation, enhancing analytical efficiency and

elucidating material transfer during its production.
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assessment; valine; proline; isoleucine; glutamic acid; y-aminobutyric acid; acetate; fumarate; pyruvate; succinate; formate; lactate;

glucose; fructose; galactose; sucrose; uridine; choline
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1R 2-HA T 3-FRAM; 408 S-HER; 6-NAR: 7-CIR: S-FEBAM: 9y-ZIETI: 10-NWEIRAR: 11-IRHIMIR; 12-F7 IR ;
13-JIE6RG 14-S & 15-H B =0 16-R0H: 17-BERE; 18-F-3L0H: 19-/K05HE: 20-0KH; 21-F SR 22-HRMRL; B2 Mk 1 H.
1-leucine; 2-valine; 3-isoleucine; 4-lactic acid; 5-threonine; 6-alanine; 7-acetate; 8-pyroglutamate; 9-y-aminobutyrate; 10-pyruvate; 11-succinate; 12-citrate; 13-
choline; 14-glucose; 15-mannotriose; 16-fructose; 17-sucrose; 18-galactose; 19-stachyose; 20-uridine; 21-fumarate; 22-formate; same as Fig. 2 and table 1.
El 1 CEJ HiEl{FE) "H-NMR iEIEH5IA
Fig. 1 Signal identification of 'H-NMR spectrum of intermediate of CEJ
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Fig. 2 Quantitative peaks of 17 chemical components



1536 « PER 2024E3 8 B55% HSH  Chinese Traditional and Herbal Drugs 2024 March Vol. 55 No. 5

x1 TEEMNERGFSH

Table 1 Parameters of quantitative peaks

fw ARG HER Jn Ts WERS HER o
2 HER CsHuNO:2 0.99 (d,J=7.0Hz),| 13 JH& CsHisNOz  3.20 (s)
1.04(d,J=7.0Hz)| 14 D-##&i#* CeHi206  3.24 (dd, J=9.4, 8.0 Hz, p-H-2),
3 REEAEE  CeHisNO: 1.01(d,/J=7.1Hz) 5.23 (d,J=3.8 Hz, o-H-1)
4 A CsHeO3  1.33(d,J=7.0Hz) | 16 D-FFE> CeHi206  4.11 (m, p-fur-H-3, 4, a-fur-H-3), 4.01 (m,
6 AR CsH/NO2 1.48 (d, J=17.4 Hz) B-pyr-H-6), 4.11 (m, B-pyr-H-5, a-fur-H-4)
7 LER C2H302~  1.93 (s) 17 JERE Ci2H2011  5.41 (d, J=3.9 Hz)
8 HEANEE CsH/NOs 2.40 (m) 18 D-(F M CHi20s 527 (d,J=3.8 Hz, 0-H-1)
9 y-E=IETEE C4HoNO2 231 (m) 20 JRF CoH12N206  5.90 (m)
10 PERERHR  CsH305 237 (s) 21 BB  CH304s 6.54(s)
11 BRHIERAR  C3H2042 244 (s) 22 FERAR CHO>" 8.46 (s)

a-D-H1 G BETE KRR K E A AL 0 B4R (B-Glw) Al o-Hii &1 (o-Gluw)s b-D-HEBEEKIE P FEM B35k B-ILmg S (B-Pyr-
Fru). B-WRWGENE (B-Fur-Fru) #1 o-BRAGANE (o-Fur-Fru); c-D-EFUBEE/KE I E TS0 B-LFUE (B-GaD M a-E78E (a-Gal)o
a-there are mainly two configurations of D-glucose in aqueous solution, namely B-glucose (B-Glu) and o-glucose (0-Glu); b-there are mainly three
configurations of D-fructose in aqueous solution, namely B-fructopyranose (B-Pyr-Fru), B-fructofuranose (B-Fur-Fru), and a-fructofuranose (a-Fur-Fru);

c-there are mainly two configurations of D-galactose in aqueous solution, namely -galactose (B-Gal) and a-galactose (a-Gal).

cH, O cH, O . N
H,C H,C
" H,C. OH :
H,C OH OH
OH
NH, NH,
2 3 4

Ho™ 3

"l//()‘\\\\\l‘

OH o

B-Pyr-Fru

OH
B-Fur-Fru

20 21 2
SR TR 1 PR e BTN N SR T .
the molecular formula number is the same as table 1; the corresponding protons in the structures of characteristic peaks are marked by asterisk.
3 EEBBRAENFEEMPINMERT

Fig.3 Corresponding protons in structures of quantitative peaks
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Table 2 Results of linear relationship investigation of 'H-qNMR method for intermediate of CEJ

N - ) AL, KRR E R ‘RSD/% IIEE TR /Y%
(mg'L™) (mg'L™") (mgL™") W& fwtt EEM mAY FH{E RSD

BEMR  Y=1.0313X4+0.0042 09999  5.6~556 0.9 30  1.65 1.82 1.74 129 100.88 2.11
FEEMR Y=04297X4+0.0004 09996  1.8~19.0 1.1 35 199 147 217 147 10086 0.44
FLIR Y=0.6574X+0.0187 09996  9.5~106.8 0.6 20 216 248 219 147 9659 161
N Y=0.9908 X+0.0061 0.9998  5.0~52.9 0.5 1.6 112 258 138 1.64 102.04 1.40
LR Y=1.1019X—0.0252 09996 21.5~217.8 0.2 05 060 1.07 136 0.69 10045 0.86
y-EETH Y=04151X+0.0042 09996  9.6~101.6 1.1 35 226 212 040 1.67 100.55 0.82
NEAERHE  Y=0.538 2 X4+0.0096 0.9996  5.3~52.6 0.3 1.0 221 202 1.17 175 9518 2.11
HEAER  Y=03019X+0.0080 09997 284~301.6 2.4 80 220 121 132 193 9990 08I
BRI ¥Y=0.749 5 X+0.0024 0.9997  4.9~529 0.3 08 269 248 171 256 100.53 133
JIES Y=1.5463 X—0.0106 0.9998  4.5~44.0 0.2 06 1.87 197 137 205 9254 2.00
HERE  Y=0.1298X4+0.0247 09995 5953~63400 87 289 034 114 244 190 10479 0.67
P Y=0.221 6 X+1.088 8 0.999 6 2969.4~13406.7 89 297 034 129 120 160 100.54 0.83
T Y=0.056 8 X+0.0047 09997 97.3~10020 95 315 032 257 124 221 9330 2.17
BFBE Y=0.036 6 X+0.0038 0.9996  40.8~509.4 147 491 027 134 1.89 256 9130 1.08
PR Y=0.1951 X+0.0050 0.9996  3.6~40.6 2.5 82 094 1.68 226 222 100.77 0.73
BOWRIE Y=04286X4+0.0024 09997  2.0~21.7 0.4 13 251 233 142 213 10479 046
FIRIR  Y=0.4755X4+0.0043 09999  28.3~283.0 0.4 12 041 208 1.16 240 102.58 1.05
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RS “2.17 TRCHI A 0.5 mg/mL TSP
) D20 VB LMATALL 9 ¢ 1 IR S5 BIRFIIRE . $%
“227 TR ZECRAER M 'TH-NMR B, J4%

“2.37 TFTIA AT B Ab 3, 15 T iE . KA
H5ZEEBATHE, SR RZE (RD) £
7~ RDEAHER W 3) Fiw, Hfcflay
MAGHHEMZEE. GREEAR. FLd2R. 3
e, NERR. SRR y-22E T IR, WEIRIR. 4
AR BEHIRA. NEm. BENE. RHE. R, R
FLBE PRI SRR . FHERAR Y RD 43514 3.38%-
3.43%2.21%-2.77% 3.15%- 3.32% 3.75%- 3.28%.
3.94%-2.89%-3.90%- 1.69%- 1.52% 3.89%- 3.00%.
3.49%-3.55%, &5 R 7R, % 4 I RD {EIN1E 4.0%
AW, ERA 7V A B R 4F

RD=|c—cil/cx (3)

2.6 MEANE

XT3 it CEJ Hr [AMAREASBEAT R il , & 15000 5E 45
R TERR, HiegrEuHE. 17 Meamim
JERG RN 3,

3 bR AT, R ZH R IREEAE
0.1~1.0 mg/mL, it &K AR & e R, B
P2 b WAL T 0.1 mg/mL B 4% -
AR E SRR . 4 FHES R IR Y
KT 1.0 mg/mL, HAzbE. R EmREER
F 15.0 mg/mL.

3 3t CEJ gk 17 #LFE 5T E) TH-QNMR FFEEEL4ER

Table 3 Quantitative results of 17 chemical components in three batches of intermediate of CEJ

J A B /(mg-mL™)

o
s WER AR R AR WER R y-EIETR O AR ENER JUARE
1907075 0.068 0.063 0.379 0.269 0.537 0.418 0.135 1.529 0.149
1909010 0.055 0.039 0.394 0.239 0.400 0.464 0.120 1.244 0.250
2020616 0.048 0.042 0.315 0.209 0.616 0.316 0.121 0.947 0.115
2 R /(mg-mL™")
JIERTY I PS RERE AL SR R FREZ AR
1907075 0.154 26.684 63.434 2.695 4.712 0.130 0.070 0.622
1909010 0.147 26.444 69.185 1.342 5.413 0.074 0.047 0.445
2020616 0.124 18.594 38.319 1.136 3.226 0.086 0.040 0.480

RNV Z ] 'R e, TR AT E .
WsE 7 3 g RS A &5, FF T E SR
SRS ER R E S, R IEE 4, 3 #Hd
(B A4 RT S F 0 IR B B o B0 310 71.09% - 84.44%
70.09%. For AR T EEER . N T AR B
FALTT 4 BRI E . g5RER, PR
Ji A LT 65%, N CEJ He el R i B AR
5y, HRPEERS R E G AL 5%.

R4 BEUEENSTREREESEHPRSGEE
Table 4 Proportion of mass concentration of various

measurable components in total solids

TE R i EE/% L
s —— —— ST %
AR D THAIR B B
1907075  1.34 1.61 67.94 020 71.09
1909010  1.25 1.68 81.29 022 8444
2020616  1.35 2.17 66.35 023  70.09
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JNAE BT TH-qNMR J73E 00T SEt, BT
T RINTTEHFHELE . RIUEH R B RPN IARLS R
SREE A B IR BE R L 2 RIUFERE, DAMHSR R
BONFabR . K55 5 BRI 2 N E Fr i 4 R
Z A TR, R MRS RN (2 2 YRR X
I 5E 8 SRR, i P SR SRR IR R A AR
SN 5 45 SR AZ R I FE RS, e M SN AR
TE S RAA N AR I e 45 R g, ik 3
T2 52351 DLy W AR (1) RSD VE N F6 47 AL 50T
U (0 77 1R e 25 5 S bR B B S (B il 1 7
B, teAb R AR T TS, H— ke R
SR, DARISCRAE Jyfabn: R 0 I AR A
WA RSHHE, IHHMNMESSHHEMN RD kK
BEATVEAY

FRINAJEH ) 22 B AT, 17 F (s 1
B 1830 7 EARM G ik g2 5 1, AEA T
JrEAT HTsE . &R S MMLEDh, AR, 7
AR FHERARY IS G B AN E, kg s
T, SSRGS T R H B RARUK TR
W e T B R RIS e B, (HRTE
IIRE [N S8 s A5 S ) ISR AR Rk, Toiid i
TR, MO e B . X — 45 B UL PT it
B R G, W HE SR A T
K AATHI

FESAS I 5 B oR, LS 2020616 FIFESSHR &
IR T 5 2 4, HhRBEREREL NS 2
HEI 70%, I EE R IR L0 55 2 L 58%. 1k
SRR Sy ) AE RN R R T SR U I 3 1
B, HIHS 2020616 FE A A B A A% AT AN
HRERA, 1ML S SR B e 4 AR . 7E24
i, EEEERNIREGR. REMIRETZ —. HILE
B, TR TR EBONRIGE . 12 B R
55 SR B 1 0% R R IUBIE AL ) Bt A

55 H B2 N 0 3 T O G B R 16 T
AL, 'H-gQNMR J53: R pria BT, H—
MR e =SB H B2, & SR AW R T
REDPRAE, A B ASFE A 2R 5 FII [ 7E 10 min
DAPY, StEn@ i KL @ s @R AT bR v
Bk, KR X B8 S RTE ML IR RE, R
BN 5] A28 57 A 1 [F) B B N34« H AT "H-qNMR 77
IRHET I R ELRH R A AL RGP A R B RS,
HALESF B MR R TR . TR RR T

T REVEAHXTEAL, H NMR HARANEL 5 ER
GYINRE ST, oGP S 200t 8 PEAE ik
BT M o QRS B AR IR AR =4 L
AN T AU S T BUGVE R W AT A B )
5 R B BT IS R R AT e 2, MIRETRAN iR
JABR, I SEELEIEM Ao E i, A ER%
'H-gNMR A 38 A -

g LRI, ARFARET 'H-QNMR EEARF KT
CEJ Wik E Eath ik, RN EE 17 Fik
g5, BLAE 4 MR B T RN AR 4 FibESR
PAS 2 Mgty , HAFENH. EEEERem. M5
SUFEEE A, BEAE N CEY 2B 7= I FE 4 A% 3 A A
FUH A T AR, X S 24 i R g il AR = 3

FBAR ALY ERAREAEA SR

SE R
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