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Progression in the Analysis of Intracellular NAD" Levels

SUN Haixing*, ZHANG Xiaojuan, BAI Yujie, WU Dongying
(Weifang Key Laboratory of Anti-Aging Research, Shandong Jingwei Biotechnology Co.,Ltd., Weifang 261000, China)

Abstract NAD" (nicotinamide adenine dinucleotide) is an essential pyridine nucleotide that is present in
all living cells. As an important coenzyme and substrate, NAD" participates in a variety of biological processes,
such as energy production, DNA repair, gene expression, calcium-dependent secondary messenger signals and im-
munomodulation. Long-term imbalance of NAD" metabolism will disrupt physiological function, promoting several
age-related diseases, such as metabolic diseases, neurodegenerative diseases and various cancers. NAD" levels de-
crease during aging and age-related diseases. Recent studies have shown that increasing the level of intracellular
NAD" is a promising method for the treatment of age-related diseases. Although intracellular NAD" metabolism
is closely related to human health and diseases, the precise qualification of NAD" content is very challenging.
Up to now, a variety of analytical methods have been developed for quantitative analysis of intracellular NAD"
levels. This paper reviews the methods of intracellular NAD" level analysis, focuses on the progress of intracel-
lular NAD" level qualification in recent years, and puts forward the problems related to future NAD" quantitative
analysis.
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B A AE ) DR S5 5 AT T2 it . 201
£1%), HARDENAIYOUNG!" ¥ IR 7E K B F vh R 3L
NAD'. K#ZJ304F 5, VON EULERPE IINAD & i
PN FRAZ T R 4H 1), B IR — % 2 (adenosine mo-
nophosphate, AMP)F1H B & 52 1% B2 (nicotinamide
mononucleotide, NMN). [ J5, WARBURGZ:P! 1§ I
3B TNADY, Jifiid 7 HAEEM RGEH BT
fEM. #2125, REHF RV, NADAMUZ
pe R EERGN, £25 T Z2MARES %
FIEAR, I HAEZEZ DU M Hh K HE
SRR AT EA AT AW ANE 5@ g, DOt
RBEERL MR AL RIE. OILERWE. e
P DA K 5 15 8 VAR DG R B AR AL

1 NAD'Rit 5 & Ak

NAD* I £8 25 7K ~F B AR 5 & 2 T 1 ~F
R €. NAD'[IE J5 2 :ANADH 2 i 1 J¢ % 4 B%
ik DA S Bk i A B R A 77 A R MR e A% = B TR
(adenosine triphosphate, ATP) (1] 3= A LW it 1K, 75
1 0 3 A TR o A e ) e - 3 -t I S R R AL P
AR, NADYTE N E AW 34K, 7 ANADHAN —
2 HMIR, [FIRE, NADHE B it 06 1 S A LAk,
¥ OGN CBE, FIAENAD' . 2 S G
BUAAIE JF B T UENAD FINADHAH B34k, LAY
B EEERA N TARIC) . FEZRRL R =R IRIEH 1,

Preiss-Handler pathway

Nicotinic acid

Nicotinic acid
mononucleotide (NAMN)

Nicotinic acid

NAD"#: AL NADH, 751X A~k #2 H 2, Tk 4 B A B 4
PR AR A A% 2 N 20 i Py S A S AR
RS, NAD 7K ORFFAAS . H & TENAD RS 1)
B9 FIBEH, NADJE AW FEM, R ZERE
B4 BINAD DAGERFA I INAD R FE AR

A& NNAD" 3 238 i A i@ 12 & (Bl 1), FIH
BEIRE IS — RV B A BINAD 1) M Sk & Ak
1% DL SR B R YR FR IR (nicotinic acid, NA). AL
Ji& (nicotinamide, NAM) A1 i It i #% F (nicotinamide
riboside, NR)TEA A A 1) AL AE H R & NAD 1 £h
ROEEE, NAD ] LU i 40 i b A Aok & &, B 5¢
Fe W, I 0 HINADET AR 5 40 K B IENAD A )
B, & SEAMPANAD S = AN EZE T
%[910

2 NAD'5%#£

T AR TR B, NADE 5% i — B R A%
Wi %A [poly (ADP-ribose) polymerases, PARPs]+
NAD"& #i 14 2% £, 1 1k B (Sirtuins). CD38. CD73.
CD157 #1SARM I (sterile alpha and TIR motif-con-
straining 1)%515 546 F& &+ JURMEERISLRY), 7517
WREEACH . DNAMEE . 4y LA B R4S
77 TR A% B AR

SZ AR IIDNA S5 52 PARPs I 0 JL IR — e
(adenosine diphosphate, ADP)—4% #f £ 14, S EDNA

De novo biosynthesis pathway

N-formylkin Tryptophan
| |
L-kin ———— 3-HAA
| |
Quinolinic acid ACMS
{
TCA cycle AMS

adenine dinucleotide (NAAD)

[ NAD" | 7| NaDH |

NMNAT1-3

Nicotinamide
mononucleotide (NMN)

|

Nicotinamide
riboside (NR)

Salvage pathway

|

NAD-consuming enzymes
(Sirtuins, PARP, CD38, CD157)

|

Nicotinamide
(NAM)

Ell NAD"E¥E&RIREARESE T 9112250
Fig.1 NAD" biosynthetic pathways (modified from reference [9])
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05 0T DL IE I H S AR S BOE PARPS T 5] 'ENAD'
RIRWEFE. PARPsHI i 77 4F Dy Bt Jee 245 ¥ 38 i FHL 1
DNAE 5 A1 it Je8 48 i xof 28 D8] 25 1 245 W 7= A 0 T2 1
AU, A RIS TR R A M. SirtuinsfE
NSO E SR G TR A B . IR EBRS]. DNATR
1 VLR S0 I R SGHEAE T . — ki, Sirtuins
RO 2= fil R A% 3 s AR, AT 42 i AU 20, IF
AR BRLAAR E A AR R DL S AR A R AR -
Sirtuins 8 &3 i PrA R 2 LU GE B E AR £
LA EADP-Z BE FE AL A2 EDNATR 12 H ok 3 &
XFPHEPT ST . BRI, SirtuinsBEZE K FERE, 55 L.
TR AN/ BRI A3 e, JEREZZ AR/ AR Th 2 0 5 52
ZAHR BB CD38x&—PAE PN R 4t f A 28 i 44
J r v BE RIS I M AN, R LB A 3
NAD'JH #ERf, 38K NAD /K i ANAMAIFFADPH
B (cyclic ADP ribose, cADPR)K 1 15 41 lUNAD {141,
W 7t % B, CD38W] 3 HUAE ¢ 11 A X INAD 7K - 1)
R,

3 YAREAINAD KSR

NAD'Z 5 78\ M A B, HAS R ZH 23 41
JfL HNAD ) 7K AR AR H K, 7R R L3 P 4 i v,
L INAD 7K Pt [ 5300~800 pmol/L, 4 fifd P ¥4 &
AL B R T4 AL ARSI A K . X
NAD" Bz FAR AR 7 42 2 1) A DU 2 400 i s 4 21
BEATHEREME . BESRAE . IR AL S AOS FE e
A 1485, M4, NAD I RER EZ . EIRRE.
BT AR AN R B AR . (R, TR —Fh
PR R B H AT EE RS DU 40 M A NAD K 07 72 3E
A LR

5 o Ath 4ty B R -7 INADHA B, NADAS Kk,
DA G AS BB FH 2 S Aar ™ . 34K, B F A R R
N, BB 2 v Rk PR HLAR E IR 2 B TV BAN R
AW T NAD K kil o Herh A4 gy #r, e Rl
WA 81572 (high performance liquid chromatography,
HPLC). W8 43 #r i, B 405 i Ik V& (capillary
electrophoresis, CE). 3L HRGHE (nuclear mag-
netic resonance spectroscopy, NMR). =¥ 1% i 4% 55
BORTEAN JE WNAD KP4 I vh #8145 21 1 EL B 4 1Y
M),
3.1 WS

3.1.1 HzokAE%RMHPLC) 4 NAD A

AR AL pmol/L~1 mmol/LA5 1k, [K 1k
I3 R IT R AL AR R B H AR E o B TR (51 (liquid
chromatography, LC)[] 737 GE % A il & 2 AR5
Y, WU AT TR A0 min® 1 h AR %5, 201 41704
A, TR T — A o] g AR E R A B
Mg EALE FUIRZS HPLC! B 5, il s 8808
il 2L 4hyk (high performance liquid chromatogra-
phy-ultraviolet, HPLC-UV)!"., 15 R AH €8 3 4% 1
PR EVE (high performance liquid chromatography-
nuclear magnetic resonance spectroscopy, HPLC-
NMR)FINAD 74 J5 172 6, K40 FINAD 7K~ i3
TR T, TR O R R, 8 RORE
W28 -] W43 66 FEVE #EATNAD /K 5E & 4 i
ZREE T, AR RAREY T, RiEnTsE R A
[ O B I T () HABA R ™= o LA, TR 5 52 3
mn B AP R . A )5 3% (liquid chromato-
graph-mass spectrometer, LC-MS)Bk H £ R B HE 57+

FESHTITIE, 1E T NAD 7K 1) 5E &40 A, w5
N G FBORR € 38— 5T 1% 10C FH 5 R (HPLC-MS)ill 72 1
/N A AN AD R FEDT,

Ok £ 1 BIF ST AELC-MS I R Atk B ARAL T %
i ANAD 7K far il ) 52 R . EVANSZEMME A3 E
A 7 3R #5 1C FINAD R AR (L2 R PE MR . NAF
NAM 1 2 5 77 A\ 40 i (human hepatoma cell,
SK-HEP) 35 7k oh, SR S5 WS 4 i, $2EXNAD", H]
BT R VR £ 1 — P B 55 P B O 5 1 M e
FRid 5 AR AR ICNAD K- [ EUAE, W & 5 A Fi A A
XoF T R e D6 B BE ) 9% 11 58 A FR e PCL PNAR I
FINADYE R IINAD & &, S5 R, S5%KREN
R MEMRERBINAKE L, NAMAE 3 —FINAD' i
WAER N FYEFH . TRAMMELLZE M F SObx
LK A HPLC-MSH AR, £ S48 4 B b i N O
10 INAMAT 045 1E INRSE & 25 1 A bR id [FINAM
HINR, XINAD A HE AT A #1051 1 € Rl
RATAJCZAKZEPY)y 1 LE BINRAMINMNA P Y5 14 3%
I R B 1% 4% 7 I8 1 (nicotinamide nucleoside kinase
1, NRK )4 ANAD AL sz e, ) £ 0E 1 [
PR FRICA A PI(POFR I INAMA OFR 1L [INMN)
1A v RO AR € 3% — 5 1 (ultra performance liquid
chromatography-mass spectrometry, UHPLC-MS) 43
A, I S L B0 AN L 5 s 40 A INMINEL 6 oy
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Table 1 Analysis of intracellular NAD" levels

3T I
Analysis method

JRIE

Principle

P
Advantage

A

Disadvantage

HPLC/HPLC-MS

Enzyme

cycle analysis

Capillary

electrophoresis

NMR

Biosensor

NAD" has an absorption peak under 254 nm, and its content is
determined by HPLC at the corresponding wave length. HPLC-
MS separates various components of the mixture according to
the physical and chemical properties of the mixture, and uses
mass spectrometry as a detector for quantitative analysis of
NAD"

Ethanol is oxidized to acetaldehyde under the action of ADH,
while NAD" is reduced to NADH. NADH under the action of
electron coupling agent PMS, MTT is reduced to blue forma-
zan. Formazan has a maximum absorption peak around 565 nm,
and the methylene formed is proportional to the total amount of
NAD"in the sample

The substance to be tested is injected into the capillaries and
applied a high voltage DC electric field as the driving force,
and the NAD", is separated and incubated with the circulat-
ing buffer, and the NAD" of the substance to be measured is
quantified by recording the amount of fluorescent products
produced

The concentration and distribution of NMR in the sample can
be observed and tracked by using the important parameters of
NAD' (chemical shift, longitudinal relaxation time and trans-
verse relaxation time). At present, *'P~'H magnetic resonance
spectroscopy (MRS) is mainly used for quantitative analysis of
NAD"

The extracted NAD" enters the bioactive material through
diffusion, and after molecular recognition, the biological
reaction occurs, and the resulting information is then
transformed into a quantitative and processable signal by the
corresponding physical or chemical transducer, which is then
amplified and output by a secondary instrument, and the NAD*
is quantitatively analyzed

Stable, fast, sensitive,
highly reproducible

Low cost, low sensitivity,
high speed and accu-

racy. It can be used for high
throughput analysis

High efficiency, low back-
ground electrolyte con-
sumption, small sample size,

simple preparation

Safe, reliable, non-invasive,
reproducibility. It can be
used for non-invasive tar-

geted metabonomic analysis

Simple, rapid, specific, accu-
rate, low cost. It can be used
not only in the laboratory,
but also as a diagnostic tool
for medical points

The instruments and
equipment are expensive,
and a single sample takes

a long time, so it is not
suitable for high-throughput
measurement and analysis
This method measures

the total NAD" content in
cells, and does not take into
account the NAD" content
of free and protein-bound
or differentiated subcellular
regions

Compared with other
methods, it has low
sensitivity and poor
repeatability

Low sensitivity, expensive
instruments and equipment;
not suitable for laboratory
research

The stability is insufficient
and needs to be further
improved

HPLC: /& A (il ; HPLC-MS: = R A (i BT A ; NMR: B2 RESEIR (03 73 #7; ADH: LB &0 -

HPLC: high performance liquid chromatography; HPLC-MS: high performance liquid chromatography-mass spectrometry; NMR: nuclear magnetic

resonance; ADH: alcohol dehydrogenase.

NR, 7 BE# AN M IR 5440 ANAD . LIUSERIIF K
TR R R AILC-MS/MS, AT [ s il 41 g e
[FINAD FIAE RAA W B K, 1% 051 LA Bl 1) H R
Bl PR RE LR A0 B, A SOM 1R S0 B v A i b ik
43 B HINAD' K AR AR I, 4R 5 1F H 58 55 I L 5
TF—Fib &, HAE = B DU AR BT RS ) IE 2 E R
SIS R AT R, 45 SRR B, B NNADHH AL
E VIR R I LR B, NAD' M A Sk & 10 52
PR 90.1~1.0 pmol/L, /N R ZL A HFNAD" J2 HAH
KA BV BUS R AE84%~114% .. BUSTAMANTE
LPERHLC-MSMSHIA, @ T —FR itk s, =

I 5 DA R AR e RO 1, HL B8 (] I e 2 e 0 e Joit
A GN H i HE UV P NAD AR 4 4y S B T k. AE
TR A WAL Z S S AR 20T, SR F XU 2R 7K A -
Ii] o £ 0 44 H 5% 2% (heated electrospray probe, HESI)
FRIPC IS A, 75 2 DR s B AT oy AR, &
S HTu2S TN T 1 5 980 41 RN AD R i 20 43 1 7
Q¥ 7 4. DEMAREST452A] H — it PR i LC-MS/
MSH 5V, Il a7 5, oA B i Ak 3R Fr I 2
NAD' [ HARH Y & &, I8 S H T 2 AP B,
BFERE TR N 2040 i (red blood cell, RBC). fit
B (cerebrospinal fluid, CSF)F R K H AN, GI-
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ROUD-GERBETANT%4H| FUHPLC-MS i & 43 #
/IN B R 40 A DA R I 2 A NAD B HAH AR 4 4y
o, RIAER ALY A ZH 23, NRH(— FINR
AL )2 —Fi EENRBE A 2 INAD R R . R
SER 11 22 AR/, (ENRHIE AN [F] A Q8 e vk
A NAD', #87~ T — & ANKOBINRK 15 NAD" ()&
%o

BAR T RE SO I ENAD AR 4 o0 243 7 5K
I BT RESD, (e 1Ak T HAR T EAR A IE 2]
PIPRAR, CAERE BTG AR IER 2 B AU BA
Nk BN FRYI. T HLC-MS/MSHA B i, FAS
FEAFERT A, A& T midE sl & o, EEER
&, BT AR 2 FEE R R 24, SRR 5
HILEASE, WAEHD TR 7 A e S A R
3.1.2 BRI aATE S5HETHPLCHIE & 7EH
bb, 8o BT RE b A SR o AR S 2R, B A B
Al RE R S R R M RS . B TAIRE S
FERR TR B S 2 R S8 1, H Ao v R 43 i 2
AFES . IXEEAL R T AR AE I RIS R
E AR A ) R R P

19364, WARBURG [4] BA PV 56 4 g 478 24 32 L
TN P ) € 55 i, 13X — 1 A5 v e S A6
SRR, $i EE ORI S5 48 7 Gk
FE S, KA T ER A BOR 450 % . b
Jo, BEAE IR T b e A% IR 1 A BT, R T E
€ X% )5 %, RHODESZ: P 2, g it AU i (alcohol
dehydrogenase, ADH)XJ 7% b B A6 302 5L e R bk e % 1
W 30 I O P S N HEAT E B A M. AE LRSI JLAE R,
WA B 7 K, EERH T4 INAD & HAH
KA E BT R (F B RN RAE
K A2)d, #E 0 S A NAD FINADH, ‘©115ADH
B4, 9 YNAD EINADHG IR, Gt =4 — A
RN By o> T %586 2 LRt e S 2%
ELREEAH AR, DR AT DU SR [R] 0l ENAD 7K (&12).

CH,CH,0H NAD'
ADH
CH,CHO NADH

K 2% BUWE 7 #B AR 5 T NAD' (A AL B RINADHGE J5
AO)IAE B 53 B ZE L 3 5 0 1) 2k AR A U S8 A6 4
T () 73 B R A BN o 28 HSK A0 A AL & 1 () A3
SE A R IR, S SRR AR E, b5
A AERE B R . PARKZZCPAF F ¢ S P 1)
B AE 24 3 BT 925 D5 /) BT 5 2H 230 H FTNAD 7K
-, W FUER LS 25 T NMNE 75 7] PSSR s i f5 4127
() e A QU DA S 45347 o

VP2 NAD & & 77 & 7 2 2 T
NAD" i J5 JyNADH B e S 5, 38 % & LR i
fif (lactate dehydrogenase, LDH) 8 ADH{#EAL K. 7E
K3 [ B, Oy T B RNAD L 58 43k IR N
NADH, #535 [1-F- 5 45 55 — X g 5 3B B s 8% BT e,
1M A2 B INADHNG N 38 G4 RL I J5 o W o B 5% ' 72
Yo JRAEH ISR 1 SR AT I it e PR A, (H
FoAth 7 A i A A B L A LDHATADHX NAD'
[R50 AR A (Km#9 24 0.2 mmol/L), BRI EA]
X NAD" S BGR 7 RIBSUR Ik 2 BRAIR, BETTT 20 NAD”
FIFEEUZCT . ARTEME] AT 1 — P ] 5 1
FETPUALAR BB 20 B 7 1%, A H R i &l (formate
dehydrogenases, FDH) rJ DR A1 55 1b s 5843 A7l
FLANYDH L) F - R 1R U B A R A 1) P B AR
WA+ BFINAD .

B AEINE HT HR A AR RBUE S 3#

H 26 K mnd s A, A& H AT INAD K4 i
B RE, SR, IR 77 v & (12 41 il WNAD 5k
NADH )& &, %A 5 i S S A E R 45 A A
S AN A 5 X o Ab, ZH 2335 R A0 H A R
TE S BEEIA 3MT 5 58 B LI R IF TS AN Fe 2509

3.13 £mE RR(CE)%:  CEL&F M Tl s§
A0 P B AN [ R A3 B — R i . CEEA 8%
TSR REAR . EREE /N RE S & 1A A

PMS (ox) MTT (ox, yellow)

PMS (red) MTT (red, blue)

E2 NAD{EIFRIB(RIES % 3K [24,33]12250)
Fig.2 NAD" cycling principle (modified from references [24,33])
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CE T4 FH SR 0 e 5 /> 4 e Hh A (3] 288 S50 240 e 1Y 1) it
gy, WA &R BELL K — AR K
.

H T NAD FINADH 5 A [F] () H A7, P Al
PLIE I CEr BS . XIBSECTE N | — B 2k T i 91 24
S B ICETT ¥, AT [l 58 H A 40 i INAD A
NADHH & & . AR ZI72005E 17 K 6L
HEANAD FINADHF)7K T

R CER R ILH, (F e 1t REAS an At 43
FrHEOR, WNHPLC. WFFER W], CEMHk R REBUEAL
RME S MR ZE. CERKRBUEEE S5KEHTK
AT WL 53 He 6 B TH(UV-visible spectrophotom-
eter, UV-Vis)ZR I &5 (9 8 A7 55 FEUV-Viskar il Hh
7 NARTRZE (1) 43 B B AR I B RR RO, DRI R
ATTAT DA it A5 A 7R 0RE Biade 426 1 B v R RN 2 >R 2
FECERIPERERY,

3.2 ZEAFEIR(NMR)SEIER AR

K 2 HURL MINAD 7K ~F- 11 BiF 58 4 80T X6 248 P
FEI ) 53 47, AH 2 T SV A R 8 DL AARH 52
BH &5 Ji I8, 12485 BT e AS AR AL T e AR UIDIRZS
T A M R 4. NMRJE 1S+ AR B 8512 1614y
MRz —, FEM B2 BV, BRI ER 204
QU A IZ BN, 4 0 o A8 AR 4 2 AR 27 Sk
() B B RO = . Ak, A% LR B (magnetic
resonance imaging, MRI)/& % % | i B 2 112 b T
/E\“ZQ[40-41]0

H 19704 LIk, i JE 4R (magnetic resonance,
MR)# A [ 44 2P 3L 4R O 1 (magnetic resonance
spectroscopy, MRS) ) H T~ Bf 7t 5 %% 41 fit F1 2% &
(A B AT, ZH A i P NAD B R R AP T &
X T R T A2 JE 0 B, R = AN REREAT I 4H
SR BRI E, WoRR™, —I{E AP MRSHI
FiR, NIHNAD ) & & Bl 5 68 3 K i
B4, NAD*FINADH > T-#A7 B AW ER 2L 141, it
_E, *'P MRS B2 T 7C 40 i ANAD A Al L ik
JRARFS ) — ARG (P51 T7 75 o SR TN S Fh Ak 2 1
Il — LR AR, B AETE R PGS 25 E ENAD”
&5, (AN A HNAD R AR TR A
WA SLIRAG M AK 53— Bl e 2R 3 44 P H AR A
ME B AE T o A INAD HINADH AL R '
i, SR AEARRT BRI . LU R T —
FRHT R T MR AL 7 45, %07 248 H & MR

AR B 58 8 30 0 O R i v 1) R AP MRA) 1
55, 5RMIKP'P MRSHFRAF 2, 1% 71568
FIFINAD EL: € Wi L T RE e e Re ik, T2
VAR R (V) B Ak 3k ARG A I, AT BN ADH )
HLPRAE 5 MANAD I REILIRAS 5 B k. [k,
I A INAD 3 5 R AR A DT L, 7T DA A
€ B HTNAD MINADHIK Vo W 7L R B, IXFh 7%
1£9.4 THI16.4 TR S L7 58 B X 3P K IR A
LGN

ZHUZEMHE— B AR G ER 7 AT ATk, 767 T
AR B SR ACAE T 0S5 N i o ) 48 i A
NAD FINADH % 2 LA ZNAD'/NADH ) 4 A4 318 J5 R
A AT T RIVEAL, XD SR T (7 TGP
MRS i 3 7E AR WNAD 7K 58 40 B b 6 7T 47
PE, JE8 7R T N ) 48 e ANAD MINADH & & DA
JNAD/NADH )AL AR 1N 3 2k H%
WIVER . feils, — AR K01 (¥ 2% 1H 2k Bl e o (1) 'H
MRSHE A FH ok 7 & 43 B Wk U5 3 0 AN i HNAD”
AKFE, NAD' 57K 2 [8) 0] (847 7E ) 18] 32 28 X th
2 T HNAD S 5 5 B B AR RS, R ek B 7K 53
T4 2 R MINAD K 1 8. PRtk A& Stk il
fil'"H MRS VEAGE ] TR MINAD . 3 i AE /K 0 il
'"H MRS/ AR s @ A2 HARARE 48, BR
T 2 P-MRS 7 V% 1545, %7 1% R FHSVS(stand
visulization system, SVS) "H MRSJk #' 5> %1 7£7 TH}
Kk B A5 3 INADYE 5, 48 F K15 S1E
N F R 2% R BAUNADYE 5. AR — /NS
g B 5 B (A T R R I, B R BN AD YK FE i 4F
K T B

531p NMRJ7 41 EE, "H NMR U5 725 58 A 4 %5
*'P NMRAE 5 A AE 1R R AR FE B A28 = BR-T-MR
A4, 1 HATATE MR R 46 66 E T 'H NMRJT
%%, 53AMH NMRJTVE AT REBE R, AT =i,
HXS W37y ¥ 50 Ve 5 S 06 2 BN AN U . I i
RT3 1 B 2 B T S 6 R el A
33 HEYERES

NAD 7K 1) i I & 7 72 i LC-MS B Bl
o3 Hr i B RE R HL 2R 7, P il AL AR A BN
o, XA TR IR T VEANE A TR BT IR B A R R
N T FRPIX LS ), YUSEYI R T — R A% R,
AT DLEE P B 508 B HTNAD KT %A% 28 7T LA
PRUIE e T T AE AR S INAD K, BERT DAZE 3K
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B A A, AT DAFESP P A AR i
— AR A R RO AR, FE SNAD G A2
B RGBT N IE AR N L. X MK T NAD
{1 0 EE8 A AN A5 2 ) A Sk s e 0 A2 AR S e M R
FEARTE 3 B v, et A5 P ] 57 P AR AT AL BT A Bl
A RO BT E BNAD Bt — P X
T T VERT A B 7R BRAE R IMVRORE A P INAD /K
SPREAT AL, g R 5 LC-MSHEH 7 2 1) 45 R — 5.

4 g

2% E R, NAD A A Ml 7 32 ) it 7 2 4 L
BT KBS, Mo a R s, b
B AL Z AL F2 b, NAD K78 A4 3 i f v
AW, AR PNAD T R AR K
Z 5, R NI EFEASNAD K, X fh 22 5ol il
Hio T I INAD AL A B0 248 i 42 B 3T
(190 AER IO ) £ 0 FR AR T RE AR 11 [ A 2 )
5, FEAETE AR E b, JF S 808 A rix Lk
JPEARE AT SERL A TP EINAD . R, R
2 I MINAD = A FITE FE IR AR, DL EANTE
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