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ABSTRACT: Objective To establish a method for simultaneous determination of nicotinamide mononucleotide
(NMN) a, f isomers and nicotinamide adenine dinucleotide (NAD") in foods by solid phase extraction-ultra
performance liquid chromatography-tandem mass spectrometry. Methods The samples were extracted by 5%
methanol aqueous solution, and purified by HLB solid-phase extraction column and mixed mode anion exchange
solid phase extraction column. The Waters ACQUITY UPLC®HSS T3 chromatographic column was used for the
chromatographic separation of target analytes at 30°C. The gradient elution method was used and the flow rate was
0.2 mL/min. The mobile phase composed of 5 mmol/L ammonium acetate aqueous solution containing 0.1% (V/V)
formic acid and methanol. Quantitative determination was performed at the multi reaction monitoring mode of mass
spectrometer. The quantitative ion pairs of NMN and NAD" were m/z 335.0/123.0 and m/z 662.0/540.0, respectively.
Results Under the above conditions, the separation degree of a-NMN and S-NMN isomers was 5.56. The method
showed a good linear relationship between peak area and concentration over the range from 10 ng/mL to 1000 ng/mL
and the correlation coefficients of a-NMN, f-NMN and NAD" were 0.9999, 0.9998 and 0.9995, respectively. The
limits of detection of a-NMN, f-NMN and NAD" were 4.0, 2.0 and 1.0 ng/mL and the limits of quantitation were
10.0, 5.0 and 3.0 ng/mL. The recoveries of a-NMN, -NMN and NAD" ranged from 93.8%—103.8%, and the relative
standard deviations of precision were 2.1%—-6.5%. Conclusion This method has the advantages of high sensitivity,
good selectivity, accurate and reliable results, which is suitable for the simultaneous quantitative analysis of NMN a,

B isomers and NAD" in various matrix foods.
KEY WORDS: a-nicotinamide mononucleotide; f-nicotinamide mononucleotide; nicotinamide adenine
dinucleotide; ultra performance liquid chromatography-tandem mass spectrometry; separation of isomers; solid
phase extraction
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19 0.5 mol/L MR — AU MV MVEN . AR VRO 5% H
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3% 4 (100 mm=2.1 mm, 1.8 pm); #EAEHEE 5 pl; E:
0.2 mL/min; #1R 30°C; BEEEVEME: Wz A 2 5 mmol/L
IREE S 0.1% (VIV)RRIK, TishA B g I, BREEVRIRE 7
0~2.0 min, 98% A; 2.0~2.5 min, 98%~10% A; 2.5~4.5 min, 10%
A; 4.5~4.6 min, 10%~98% A; 4.6~7.0 min, 98% A..

R St AR E: 30 L/min; 2B AL H (GS1):
50 L/min; % BYINBVS I 54(GS2): 50 L/min; RS $4&
5% (medium); AEBIIIVSIREE: 500°C; BEZSHLE: 5000 V/
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Table 1 Mass spectrum detection parameters of target compounds

e =] BB F(mlz) TH T (mlz) EN LENTAY SAHENV 48 e /v SV
335.0 123.0% 40 10 18 8
1 NMN
335.0 96.9 40 10 18 8
662.0 540.0% -65 -10 -23 -10
2 NAD" 662.0 426.0 -60 -10 -38 -10
662.0 408.0 —68 -10 -35 -10
T e T
A 4.0x10°F B-NMN B ox105F NAD*
3.5%10° |
3.0x105 | 1.6%105 |
2 sl a-NMN 2
& 210 & 12x10°F
B 2.0x10° =
juss) o
O15x106 F " 0.8x105
1.0x10° |
S 0x10° 0.4x10° | L
o X r
0 k 0
1 1 1 1 1 1 1 1 1 1 1 1 ]

0 1 2 3 4 5 6
£ 88 B 8] /min

B3 Bis} 6] /min

%13 a-NMN. A-NMN (A, ESI+)FIl NAD' (B, ESI-)R & HRifEih A B 1 @ 1L &
Fig.3 Total ion chromatograms of mixed standard solution of a-NMN, B-NMN (A, ESI+) and NAD" (B, ESI-)
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B, 75%FEE. 100% . S%LEE. 10%L1E . 50%Z
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60 min i 75 FEELAT (] (Y SR B . 7 0~30 min P NMN %
5k it 5 R P ST ()38 10320 #7775, 30~40 min 5 NMN & A
B R M B IEA R e . 45 b, LD 5% F B KA oM 1
B 798 75 A 30 min A M ASBIFSE B3RO 2
222 AT EMRA
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A 00 T S T R 00 20 SR v WA 2 A S R R 7 200, TR It
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FEPUNEXIFE I TS . ARYE NMN FI NAD 4> F45
FARL S Mtk i BRI I, ASBIFSE 4 e A HLB [ AH%E
B INFE (AR AR P W ) A MAX [ AR 28 5O (TR A B B B
FACHRME ) R Al KT, S0 B AR RIOR o T T B
Y%7 500 ng/mL B a-NMN, A-NMN FI NAD 47
RAWW, g R E 2. MR, HLB ALxf
o-NMN. A-NMN Fl NAD" 3 #l HARP SEA TR B, Il
BIFE 90%~110%:Z 8], DSt AT 25 B i 85 0 v 1 555 i
PEZRIR; 1 MAX HEh FH S v b &k pett e . 1
FRER, AT 3 B B AR o0 A OR B AE AN |

HR At T A 55 R SR AR 1 B4 pHL LA S NMIN FlI NAD®
S FEER A BRI, #EEELL 0.5 mol/L pH=3.0 1y
KH,PO, 7 A BRI T MAX /N0 . e 2 R,
o-NMN . A-NMN F1 NAD" 3 Fl @ br ¥y [l U 2 ¥ 7
90%~110%Z [[], FEAME2uE. 27 L, %A HLB [E4H
LI/ INVFE EL3E AT MAX [ AH A U/ NE+0.5 mol/L pH=3
KH,PO, MG b PRIk ik, Horp HLB /VeE B
AL AT I BT ] SRR, ZRBRAE S R T REXS A 3T

W TR SIS 1 MAX EAHZEEUIME+0.5 mol/L
pH=3 KH,PO, ¥ i ¥ JBd v £k W v F F 366 o &2 24 4 b
NMN F1 NAD* #5528 ik .
23 ZMSEE. FEKRUEIRFIESR

DATR A B v 22 870 1A A0 W B M R A s, i T L
PARHR, llbrERRLE, 155 a-NMN Lt RlIH BN ¥
= 4256.1X+2855.9, AR H 0.9999; B-NMN ALk 1 ]
IHJ7 RN Y=3941.3X-5887.0, MK R %L 4 0.9998; NAD"
HIZRE R 5 F2R Y=565.0X-782.4, FI=Z % 0.9995,
W LUZ T o-NMN | -NMN fil NAD % &, 7F
10~1000 ng/mL JEE N, FikseM R Rt

bR eV WL S W B G EALA BT, AR S 4G
FRANSE PR 91 a-NMN: 4.0, 10.0 ng/mL; S-NMN: 2.0,
5.0 ng/mL; NAD": 1.0, 3.0 ng/mL. 3, %] HLB [ A%
BUNMEEE L L MAX A2 BURME+0.5 mol/L pH=3
KH,PO, VM Ak HAT B A B, 33 P AE R b 3
il E AR 5 S AR A A
24 FHEREE

PE AR, P17 a-NMN, -NMN F1 NAD & &
T3 5000 4% B RE S AT B 7 A TR 12 3tk
F T I(HLB B AL A MAX H3 464 6 ), 12 A
i a-NMN A1 NAD #4445 H, 6 48 HLB 5L I FE i
t B-NMN HRES R B34 5 =505k 0.424 mg/kg, FHXT
PfETR 22 (relative standard deviation, RSD)N 4.8%, 6 134
MAX AL AR B B-NIMN a2 5 1) - 44 2 20 1
0.437 mg/kg, RSD K 3.9%. LA E45 R ¥4 GB/IT
27404—2008 {36 S HIE £ SRR ) Btk F
FRIZIR B SEIR S NS S R B< 11 %I EDR, FikEE R
2.5 fOAREIYER

DI EER A NAE S, #H(T o-NMN. B-NMN Fll NAD"
B T T A MERR B S . TR AL TR INAGE i a-NMN
B-NMN F1 NAD HrifiE i, 22 B Rl O b i i) iy 4 BRAGI 5
DREATIE 6 WK, TR, R NEE 3. BRI
90~110%3EE N, %4 GB/T 27404—2008 fif 3 F (K .

% 2 HLB /MEF MAX /N FEST a-NMN, g-NMN F1 NAD B 5L Bl ZR

Table 2 Recoveries of a-NMN, f-NMN and NAD" purified by HLB SPE cartridge and MAX SPE cartridge

HLB /)M MAX /M MAX /M

iy RICRRMET R (Hi@Hfb) (BEEHE) (KH,PO, UL 111k
SRV

ng/mL =y =y ey

(ng/mL) BRI e, el I Y2 /% FREIEL o

(ng/mL) (ng/mL) (ng/mL)

a-NMN 249.646.2 235.248.1 94.240.9 7.6+0.8* 3.0£0.5 240.5+3.6 96.4+1.0
S-NMN 268.542.2 256.5+4.6 95.5+1.9 3.9+0.3* 1.5+0.4 254.346.2 94.7+1.9
NAD" 296.1+1.8 316.542.4  106.9+2.1 4.7+0.6* 1.6+0.2 308.0+4.8 103.342.5

T PR B CAR T I ARk
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BRECATRHEESI A B-NMN AR 4% 2.2 B 15 1)
SlZEIR, FL5 R 4C HAGUI, ARSI AR R BN 5
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2.6 EEHEREENE

R OOUAL S ARTAL IR Ty S0l 1.1 s T 2 bR,
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Table 3 Experimental result of recoveries

Wi H Hib = AR 7t /(mg/kg) JbRit/(mg/kg) -2 IR % RSDs/%
HLB 0.000 0.400 93.8 2.5
a-NMN
MAX 0.000 0.400 96.0 2.1
HLB 0.424 0.400 102.3 5.7
S-NMN
MAX 0.424 0.400 103.8 5.0
HLB 0.000 0.400 94.7 6.5
NAD*
MAX 0.000 0.400 90.3 5.4
A 204100 NMN RT=1.99 NMN RT=1.97
1.8x106 - P — B 3.5x10%F p- =1
1.6x106 3.0x10*
}gxigZ' 2.5x10° F
172} X - 172}
5 el 5 2.0x10*
\v( 1.0x10 \D(
% 8.0x10° % 1.5%10°
6.0x10% | 1.0x10*
4.0x10° 3
2.0x10°F k xRele
0 0
_2.0><105 L L 1 1 L 1 1 _5.O><103 1 L L 1 L 1 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
3 B4 B ] /min P8 B 8] /min
4 —
C  sx10°f D 6x10 B-NMN RT=1.96
5x104F
4x104F
" . AX104F
& 3x10tt &
= = 3x10*F
= 2x104f el 2x10¢
1x10% 1x10*F
0 0 L e
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
13- B2 15} 18] /min P B2 B5F ] /min
AL R B, OBiEE S, C. Tk Al DL g A i A-NMN ARHER
B4 AR R AR B B IR s 1A
Fig.4 Total ion chromatograms of extracts from different food samples
#z 4 15 o-NMN, -NMN 51 NAD'HI S E
Table 4 Content of a-NMN, f-NMN and NAD" in the samples
FE i gR5 eI a-NMN 7 & /(mg/kg) B-NMN 7% #/(mg/kg) NAD" % & /(mg/kg)
_— HLB N.D. 1.15x10° N.D.
A(KeEE)
MAB N.D. 1.12x10° N.D.
» HLB N.D. 0.41 N.D.
B1(FH)
MAX N.D. 0.45 N.D.
HLB N.D. N.D. N.D.
B2(%k A it
MAX N.D. N.D. N.D.

E: N.D IR A
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