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Abstract: Due to the advantages of its feasibility, high accuracy,simultaneous qualitative and quantitative analysis,as well
as the content determination without its own reference substance, Quantitative Nuclear Magnetic Resonance ( QNMR ) has
been widely used in various pharmaceutical fields including development of new drug,research of pharmaceutical reference
substance , quality control,and metabolomics. Nowadays, this technology has been adopted as the standard method by the
United States Pharmacopeia, British Pharmacopeia, European Pharmacopeia, Japanese Pharmacopeia, and Chinese
Pharmacopeia. This paper reviews the principles, methods and applications of QNMR and predicts its perspectives.
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Fig.1 Major events/discoveries that sparked the evolution of our ability to explore the nuclear magnetic resonance
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B RRRRNA RS IR, oy A ME . 36 R (b2 e B R e s 2 dE B il e
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RO, DA TR vk B2 AR T, DAAS 3 A A 12+
W R AMEES R AR I e B (sl 2 s ) P
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1997 4F, Barantin 1 Akoka > *'! /)43 7 —Ffril]
TEAR N 2 BE 1 208 %8 5 1 bk ——1 P 2 ) Uk
I 5E B B {5 5 2 1 % ( Electronic  Reference To 20 0 20 40 60 80 100
access In vivo Concentrations, ERETIC) , 1Z J7 Tk VREL/(mmol/L)
SN E AN 2R B AR SRR AT o A —Fh B2 HRERMEEZER . B RIMEESIRE LT X5 e
A ] A5 B AER () A2 6 R S AR, i ]

R=0.992

R/

BRI AR IR o5, <8, <53 <s,, I TR E B R ERE<1 %. HE

DUSE R AR 70 10 25 5. 5 INARIE AN R 02, 105
SRR ) O R T R A AR R A A L
ZH MJr % HETE 7E'H NMR.” C NMR J% 2D
NMR 4532
2.4 ETFRKKERRENE X

VBN ETERTIC 7795 B9 —FEAQ, 25 T Bk i<
B e B %2 7% (pulse length based concentration
determination , PULSE ) ii F T 8% 1 (19 & &l 2, 1
AN BTG SR, TR F P 3 v 2 0k B 1Y
HEUE TR E SRR FUE 5 R AR LR A .

ESHOiNE E AN E SLE S 34 20. 07 mg/dL #0 20. 00 mg/dL.
Fig. 2 Quantitative analysis by the standard-addition method.
Extrapolation of the calibration curve gives the concentration of the
analyte on the negative side of the X-axis. This curve was generated
for quantitative analysis of glycine solution. Here,"a" represents the
intensity due to the actual concentration of the test solution,"a+s,"
and other intensities are due to successive additions of standard
solution to the test solution of the analyte. The concentration values
of successive additions are as follows: s, <s, <s; <s,. The quantitative
inaccuracy of the method was found to be less than 1%. Calculated

and actual concentrations of coded glycine solution were 20.07

mg/dL and 20.0 mg/dL,respectively.
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R 55 (GC-FID) 3 (7T T . 451 R W, TP A faoe M, GC e B L QNMR 2 &
{HA% 15% (304 mg/g versus 344 mg/g) ,QNMR {20 Bk | P W) AS 28 5 5 BV AT S il o, ok )3 I ol
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P LAl I 45 SR W 2 A4l I S F G R /0 M s HPLC. Mahajan %578 5 0 ) BBUE AT T 380, i 88 T
16 LSRRI AL &8, 20 B QNMR JCZE /M7 . DSC LUK HPLC 4 R kAT 17 I0E. 45 R0 . s
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H'H NMR /E S5 R Bk Oy i, DA BT R i (18] 3 ~ 5 S ASTRESIZH M = JHT- 2% B4 5T e T P A
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Table 1 Applications of QNMR in pharmacopeias

2 AR MRy ¥k 8k 0 5
USP35-NF30 B- IR MK B i
MER S 5 AT R I R AR L

R FE-10-iHE
R LNt B i

R YBEC I E
P2 RS MBI BRI

VA T S 1 i B AR 2 %o} S e T
JFZ H 5251 % 31
S VH S S50
MR R IFAH AR R B 0 S A A 4
BP2012 % £ JHFIih BC s AR NIRRT B(2) BEIL & oA
JHFZ 45 VH 2 4 )
JFZ 4 VH S S5
2 (48 BC eSS %5
FENHE-B- PR M "H R R R B
FHEEL 400 3 C I g R BT 38 B MR 2 T8 H
H{EREU "H R ARG SR A Hp
e 11 9 BCERIIEIRITR T B(2) B & &/
FRNFETER "H SR N
EP7.0 TR VH S S5
JHF 245 VH S5 S50
2 (K45 BC eSS e
b TG AT B 45 A5 VH BE %5 PRP (IR 22 M S A )
141 T3 DO RR T B(2) BEAE S A A
BARCETY N BC L sE

PN Sy i
R AT ER

"H SRR RIRE
"HLB GO NR R T R K RO LT A

H{EREU "H R ARG SR A s
FRNFETER "H R RN S

TAER NMR 251 %5
JP16 LAY VH 4 55 )
HEREKAY VH S S50
2 VH RESE S50
JFZ VH R4 5500
JFZE S VH S S50
T VH S S50
PR VH RS S50
TR VH AR 4 )

3.2.2 MR seyS 0 E

Xif B I R e, LB N R A R R R R RIE MR R RIS L. QNMR A AT
B 5 G SO0 S, B T IR . ARl T R R, LLSF 2 R E bR, DMSO-d, :D,0=5:1}
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Fig.3 'H NMR spectrum of heparin sodium
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Fig.5 'H NMR spectrum of unqualified heparin sodium
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Fig.4 '"H NMR spectrum of qualified heparin sodium
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SRR T 2R ORI T MR .
3.2.4  HpRIAegeEn T
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ZRLH C 2T 259 HR i & 20 E . ANBR R K BN A 5 AR, A5 S8 i B I 2 R A T AT AR
A4 PR B SR P AL AR 4553 ZR B | AIRUZH SR 11T H QNMR DA KEAE 15 >4 PN, o o e B 480 P L o 1
H,.(62.95,3H) 5N+ H,(56.82,4H) Ay it g, A5 3 5 P OB K B2 & 120 59. 19% ,RSD
0.24% IZIRUER T 5 55 25 B2 . Gadape %' L DMSO ¥ , Zok ik P ,88. 20 1 86. 00
{5506 A e g A8 T R 39 R 2 s A0 A i, ORI R EAT T B IE. 5 SR R I % O Tk ARG T PR
(LOD) 4 0.35mg/mL, & FBRA BR324 1. 06 mg/mL. 338. 24 mg/0. 60 mL, 7EAG I FR P 3% 1k bR i
M2t KA (R*>0.998 0) ,RSD<2% , Horp iRl o4 K BL 45 -5 HPLC W (A 7EAT H A, Wi T i
FMEZ R 2O R MER ORI R B A T R IS A S RN E. B T R A =2 4, QNMR B Al
2R A R s ) AR 2 R R s R R T AR A

21 21
\N/

H13
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6 XQ-1H(A),M#R(B) K XQ-1H FR4R(C) K ' H-NMR EiZ H, 1 H" 4 XQ-1H MEEI£, H, h NIFHESIE
Fig.6 'H-NMR of XQ-1H(A) ,internal standard(B) ,XQ-1H and IS mixed solution( C) H,
and Hy; : Quantitative peaks of XQ-1H Hj : Quantitative peak of IS
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Az R A . A0 i AR LUGRAR G A R, R L 1D A 2D NMR 7 AR %50 17 % Jlml R A e i
FErh—XF AR (P1 . P2) IOZEH  FFFH 67. 6 ~ 88. 1 [T X AR X & b 47 T 58 , i X458 P11 P2
BRI LL 200 1.8, Tk BB A B 0T &E 38 AR 7= o R v 24 %) o a4 il B AR Ak
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3.2.6 Hpeh it

HHIT, 258 B 2% SR #6388 # F HPLC, {H 2 5 QNMR AH Fb, FET 28 [ B ok W8 S K i sl AR O HL Ak
AR QNMR FH PR ff B A28 43 585 B o] [R] Bkl 2 2 R 414y, B 32 H T 259 44 K 2. U Tan 2504
FH'H.BC AP F-NMR BR A E AN, S E T 10 L s Kacss th AR s s in gy Bz B [ s k0 2 Fhegl
BRI B, P I 999 Hh S A i FEAKAN -21 ~BEBRER , 75 F M 0. 09% ; 75 —Fh 259 A KB b &
A1 FPARMAR, 456 Q-TOF-LC-MS Bk 1 b4y 51 Ry B2 ith 22 23 4 21 -1, JF AR5 528 0. 11% . Ulrik
SR T QNMR FEZ 44 5 58 5 RN e (4 0 FH B P | 38 8 NMIR G 45 103 2549 v Bl il S 244 it
(B AR . BRI Z A1, QNMR 38 1] FHFARE) B b sk B va R A ) 25 05Ee  & .
3.3 TERBAZEHMNA

AR ZH 205 S B )2 25 ) AE AR N B JE AR s HA R, TEPE TR i 2 Bk AR, BT, (R4l 2= b
I E 2R LC-MS" 1T QNMR ARG 73 25 b A8, 2 Pk 55 5 AT [R] A 5 ok, 70 Q3 20 27 14 1o FH
). AN Gregory A PV ZEAR T QNMR FEA: WIRE Sl B AR 2% vp (4 7 T, 95 i H AR A R 7 3% 45
T e 8 HE O 1E 7 DN )2 . QNMR BRI AT LA 7 245 ) A A4 P 04 A8 Ak b A, 0 45 Rl R 09 7 .
Abdul 255 RO T A SO b e AR A0 B A 24 4, % AR = M AT T SR 2, A R Tk
2 W 2 B2 IRIF SR
3.4 EEYMAERS T

KAWLy A EEHAL, ST R AW B B o3 A 2H B PRI M 38 SR R O HL B SR
n X- SO TR (XPS) \ 9B F HR I CATHT ]S ( TOF-SIMS ) | 45 i 2 & #k (1TC) stk 7477
A AR DA R A 22 Rl R T AN IS 3] 2 F 5 5. QNMR HARERVE T B A% AT B0 I 3R A v 5 1 4
f 7 5. W0 Vincent 5 SR F-NMR A, DUTRACED AR, =8 OB bS5 T 58 i ehE AR
B BRI ARG (TagF, ) M i, DAITHRAR B 0y 5 A AR b, SEPR i i R A bz il 1 [l
M4k, MO REL(RY) 2y 0. 98, FFXHZIT L I MERR MEIEAT TR 50, &5 5 R I i 5 B TSR R 105% |, otk
T RRAN PR320 0. 513 pumol F10.760 pmol , TagF, 545 £ i b R4 AT SCRTIR 2% 07 2 D45
E 2T 2R AW b BRI R A5 PRk | &7 5 A .
3.5 HM&EMIFER

QNMR %& J& iV, B 7 % B A 1D, 2D 3% 4h, 3 4F ok 4 B 8 R 40 DOSY ( Diffusion Ordered
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