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ABSTRACT: Objective To construct a method for simultaneous detection of 5 kinds of related substances
[nicotinamide oxide, adenosine triphosphate (ATP), adenosine diphosphate (ADP), adenosine monophosphate (AMP)
and nicotinamide] in nicotinamide mononucleotide (NMN) by high performance liquid chromatography. Method A
Cig column (250 mmx4.6 mm, 5 um) was used for gradient elution with 50 mmol/L potassium dihydrogen phosphate
buffered salt solution (pH 4.5 adjusted by phosphoric acid) and methanol as mobile phase. The flow rate was
1 mL/min, the sample size was 20 pL, the detection wavelength was 210 nm, the column temperature was 20°C, and
the sample disk temperature was 5°C. The specificity, sensitivity, accuracy, repeatability, durability and applicability
of the method were verified. Results Nicotinamide oxide, ATP, ADP, AMP and nicotinamide showed a good linear
relationship with peak area in the mass concentration range of 0.4060-16.2402, 0.4110-16.4403, 0.4150-16.6010,
0.4163-16.6507, 0.4028-16.1206 pg/mL. The linear coefficients 72>0.998. Standard addition recoveries were
98.5%—-102.6%, 95.6%—104.1%, 98.9%—-104.6%, 100.0%—102.8% and 100.6%—101.3%, respectively. The content of
5 kinds of impurities in 3 batches of samples were 0.18%, 0.20%, 0.16%, 0.14%, 0.26%, respectively. The limits of
detection for the 5 kinds of impurities ranged from 0.04028 to 0.04163 pg/mL, and the limits of quantification ranged
from 0.4028 to 0.4163 pg/mL, showing high sensitivity, good specificity, repeatability and durability. Conclusion The
method is simple, convenient and widely applicable for the detection of 5 kinds of related substances in NMN, which
lays a foundation for improving its quality standards and provides a guarantee for food safety.

KEY WORDS: nicotinamide mononucleotide; nicotinamide oxide; adenosine triphosphate; adenosine diphosphate;

adenosine monophosphate; nicotinamide; high performance liquid chromatography
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JRE % BEAZ% 2 (nicotinamide mononucleotide, NMN)
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T4 & B ATEYN . NAD TEANIPET: 58 SRk
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HEER AL L R IE e X BE S (B 99.3%) . ATP Xif HA b (4l
98.5%). ADP XFHRSh(ZEJE 99.1%). AMP Xif M8 ff (4fi &
99.4%) . JAMERE AL YNBSS (BEE 99.6%) . S0 7K (46
WA GE = #EARE LA FRAFD.
1.2 UFE5E%

Thermo U3000 =5 R4 AH 0 153 (B 2R KA /R Bl 4
[]); Welch Ultimate AQ-C18 it A BRI (E i) A
PR/ ]; FE28-Standard pH (B L4 BT A 223 A));
YX930D Hi 2 W 5] #F (L ¥ 5 A BT AR A BR 4 HD;
SECURAI25-1CN 3KV [5 1 0.01 mg, FEZAIHTRL
RS AL EOA R F]; KH-600B B A i i ve we (R 1L R A
RS AT PR ]); Inertsil ODS-SP-Cs 432 4E(250 mmx
4.6 mm, 5 pm, HZA GL Sciences /A #]); Super-C s i
(250 mmx4.6 mm, 5 pm, 3E[E ACE A #)); AQ-Cg fGiktt:
(250 mmx4.6 mm, 5 um H A B HAF]).
1.3 /5 &%
1.3.1 ik Bl

TR %] B R e e Ak . ARERE . ATP. ADP,
AMP %2 16 mg, W% HE, 4 HE T R— 10 mL 5k
o, sl ek R IR R R A, RS, WA AR
R R E 20 1.6 mg/mL WITR A AR HERE & . HERRILER
IRAARHERG &K 0.5 mL B F 100 mL 78 ifirh, A4tk
FEZE, AL 5 R B R B Y 20 8 pg/mL BORRIE T o
HUNMN FEAR 2 20 mg, FEFRE, BT 50 mL &R,
R W BUR A AR MEfE 459 0.25 mL B T A B,
aifb KT R 225, 85, N R5iE AR
o BUNMN FE 020 20 mg, MEFRE, & T 50 mL 2
o sl oK RO R R 2R, FEST, il S NMN 24
A 0.4 mg/mL AR B
132 &iEsu

i AQ-C s 3% AE(250 mmx4.6 mm, 5 um); #E
M 20°C; #EFEE: 20 pL; JEid: 1.0 mL/min; AU
210 nm; FfESL AR 5°C; PR IE: 35 min; RAZifbK K
TR, SO mmol/L W S04 % wh R 5 VR (IR 15 pH
F 450 A, RN SIAE B, TR BEVEN . BT
YERRAE R UNTR . 0~10 min, 0% B; 10~20 min, 0%~50% B;
20~25 min, 50%~80% B; 25~30 min, 80% B; 30~30.1 min,
80%~0% B; 30.1~35 min, 0% B,
133 FkFhie

SR EAIL 2020 FRPUEREN] 9101 438 7k
iE . ICHQ2(R1)ZMHr 7 i IAIE . USP<1225>43H J7 i: BiiF
SR T IR0 XD B AT O A A T T TR | R
Wi e (A M) . RBUE [ 5 B (limit of quantitation,
LOQ). & FR(limit of detection, LOD)]. £kt S50 . Tt
FAYESETR H (U UE, 62 U kil AT NMN A AR e
F4kH. ATP, ADP., AMP., MHBEIEAIAI

14 HIELE
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e SEA PRI | ERE A R A AR R S SO T
2.1.1 A gk K ah k4%
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FAERLEARDE KR 260 nm A2 A7, (EARERE | ARG A L)
J NMN 7£ 260 nm K T uan 55, 2R, e 2K
MFTR, R, (5 H AR A i s AR K T
AN, AR KR 205 nm, SRR BT T
WIRBLEE, LA IE, RZGERE 210 nm e BRI K .
2,12 &igieyitE

Cs SO RIS S 5 20 B h At . S9IRtEfb &
Yy, AL T 3 RO AEEDR Y C g (i HE: Inertsil
ODS-SP-C g 4341 . Super-Cg (43 HE . AQ-C g i H:
(250 mmx4.6 mm, 5 pum), 2 HIBERE R GE AR, ANH
A RERE X NMN £ 5 Fh 2 T i 4 BsOR AN sl 2 B, Bk 3
Bl A i B AR R K, MR N, X P
BBE IR U, H O NMN [ 4% 2% 5 45 4 T Ak M AS ],
RGO TERENL AT NMN 4524 I 45 #4) 22 5 90 5 Tl A9 AL,
B e (35 AE b, ODS-SP-C g (il Mz P e/, 14 B8 58,
ooy E 5 NI, Super-Cig Al AQ-C g BB FEAR R AR, 1
Biam, ¥t 6 %, B AQ-Cig Xt 2. 4 (B RYZLR
SrERCR AL, 6 FhikG Y IE SRR W, DRt
AQ-Cyg ARSI AT, WITE LA IR AL IL T sh AR
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Fig.2 Separation efficiency of different chromatographic columns on NMN and 5 kinds of impurities
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Fig.3 Effects of different mobile phase systems on the separation efficiency of 5 kinds of impurities in NMN
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Fig.4 A typical high performance liquid chromatogram
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222 HMHTEHE., 2R, &ER

TERAE ORGSR BN 5 BhJu B0 R LR v JiE
FRUESREATINE, LA 8 0 T AR 22 1l 28 47 A o T 42
PRV IR TR S 25 L (signal to noise, S/N)J33l Ky 3 Al
10, FFEA LA ZOR K H R R e R, R PR
MERBANE 1 iR, WE 1 ATFEH, X 5 FhAHRIES

FRLEPETE BN et o R IR IF, MR~ AT
0.998, 5 FPZ%JE Y LODs Jy 0.04028~0.04163 pg/mL, #:il
RIYEER, REME L e a2k .
223 HEE

(WRGNEH

KSR HEIR (8 pg/mL) 20 pL, HELEHEFE 6 ¥K,
B EIE L 6 ST AR AAE % 5 . #5244k 6 £
FR 4 AH X R UE W 22 (relative standard deviations, RSDs)7E
0.45%~1.11%Z ], WXL LI RGEHKE % RIT, (et
Tt ARG R

(PEV-Rix

TEARR RS % 24, B 6 iy NMN fitish, 43
SR AR RS 25 1l XS B IR P (S 1.3.1 R
i), A HERE— YR, W A G PR T S AR . ATP
ADP., AMP ., MHEERE 5 iz i A, 6 k& R
IETHF RSDs 1 0.08%~0.90%218, ¥/NT 1%, BB
D E S AT .
224 FekREkE

BT BEIZ R e, ARBFSE X NMN#E T T
o T s 5 R e v AR 12 47 NMN A 5 & 20 mg (K
& 0.01 mg), HHET 50 mL FEMH, HEN
I~12, 0 1~3 SRR AE, T IE s gt rp 5 Fh e
TR AR AE, T4 O By a4 T 3 A ha v U8 in K S 1 [l g %
R K ECHIIR R 12 AW, PR AR ) A T A% 1 ik
FEO M, JEAR B 0 T B3 BT A 5 b Ak 5 A9 in A Rk
F, BRI EES TR 2 B 7 3 MR KET,
S 249 [E W FRAE 95.6%~104.6%2 [1], RSDs B/ T 2.0%.
0] i S RIRG 5 B AT, REMS T AL NMIN A 5 Ff 2% ot A9 6
U

F1 RAMEHREHEMESH

Table 1 Linear parameters of mixed standard curves

FITATR 2P Bl /(ng/mL) LRk P LODs/(pug/mL) LOQs/(pg/mL)
Sk e S AL ) 0.4060~16.2402 ¥=0.703X+0.0066 0.9998 0.04060 0.4060
ATP 0.4110~16.4403 ¥=0.6197X-0.2277 0.9985 0.04110 0.4110
ADP 0.4150~16.6010 ¥=0.7517X-0.1674 0.9995 0.04150 0.4150
AMP 0.4163~16.6507 Y=1.0332X-0.0493 0.9999 0.04163 0.4163
Tk e 0.4028~16.1206 Y=1.3282X-0.0165 1.0000 0.04028 0.4028
F 2 TEIKFETFRESR I 25 R
Table 2 Recovery test results of spiking at different levels
Py PA5 K F-(4 pg/mL) Jindz K (8 pg/mL) Sk K- (16 pg/mL)
[ /% RSDs/% IR /% RSDs/% [BICER /% RSDs/%
S I Y S A ) 102.6 0.57 101.8 0.67 98.5 0.07
ATP 95.6 0.93 104.1 0.67 104.0 0.67
ADP 98.9 0.24 103.9 1.28 104.6 0.23
AMP 100.0 0.36 100.6 0.46 102.8 0.13
IR Tt e 100.9 0.03 101.3 0.09 100.6 0.06
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225 @ABRER

R T BRI P, ARDFRBERRAE 3 PRI
(15°C. 20°C, 25°C). A[E] 7 # (0.8, 1.0, 1.2 mL/min) T, %
PRI T &2 AR B R WA S A B B, AR
3HTLIE W, MO RE, BEE R, &22m

®3 TREHEE

TR B I R E A4 A, o B B/, I TR 1 4
AR, I 4 Pros, BEE B , FiES %
2% ST O B I F) 5 e e, e AR/ DN o 25 B TR, ik
ARFENL . VRS, WS A ARTA G ) AR g
B FERICBOR AR, UEWTZ T T B I PEAR G

TRERSH

Table 3 Impurity parameters at different column temperatures

AR % 74 15 1] /min I T FH/(m AU -min) Iy
15°C 20°C 25°C 15°C 20°C 25°C 15°C 20°C 25°C
NMN 6.207 5.793 5.503 260.8692 260.6130 260.9983 9.53 9.14 8.21
TR Bt e S AL 8.877 8.090 7.453 5.9403 5.8503 6.1076 4.01 3.54 2.74
ATP 10.750 9.510 8.453 4.7349 4.9545 4.9131 5.91 5.84 5.56
ADP 14.130 12.390 10.900 6.1417 6.2951 6.2090 11.65 17.92 23.10
AMP 17.893 17.593 17.267 8.5321 8.6170 8.5210 6.36 6.37 5.81
JIH T e 18.807 18.520 18.240 10.8096 10.8502 10.9172 N/A N/A N/A
x4 TEREEERESH
Table 4 Impurity parameters at different flow rates
{4 B3 15 [] /min I T F1/(mAU-min) B E
AR 0.8 1.0 12 0.8 1.0 1.2 0.8 1.0 12
mL/min mL/min mL/min mL/min mL/min mL/min mL/min mL/min mL/min
NMN 7.257 5.793 4.853 326.3017 260.6130 217.5959 9.27 9.14 8.49
0 Pt e A=A 10.213 8.090 6.743 7.5442 5.8503 5.1226 3.94 3.54 3.13
ATP 12.140 9.510 7.877 6.0369 4.9545 4.0502 6.18 5.84 5.47
ADP 15.837 12.390 10.263 7.4787 6.2951 5.1072 9.43 17.92 24.02
AMP 19.207 17.593 16.450 10.7119 8.6170 7.1055 6.73 6.37 5.44
JH A 20.307 18.520 17.253 13.6377 10.8502 9.0184 N/A N/A N/A

23 HHENUE

TEARA (B 1 214 % 3 41 NMN s A7 SEW it & B A T
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0.18%. 0.20%. 0.16%. 0.14%. 0.26%, RSDs 73514 3.33%.
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B

AWFTR AR IR . EiskE . AR RES
B, @S T —MEI RERIIE NMN w5 Fif i
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Sy LIk 3.5, 5 AR E SRy 0.4028~0.4163 pg/mL,
FICRIEEIN 95.6%~104.6%. £i b, A )R A
[ Cyg o34t RIAT [l B ASI 22 R S 5, FLAG I ALK,
LIEVER, R o0 R S ORI RS
T NMN R S R ik i %5 1, ©HIE R LA
HARTFRAL . AU AL TR ST B,
WA T A RO A R A AR S L (Rl Z2tRE A
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3

ZLAT ) NMN B ARAER il E P 25
SEHE
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