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Effect of B-nicotinamide mononucleotide on respiratory muscle fatigue in
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Abstract To explore the effect of B-nicotinamide mononucleotide (NMN) on respiratory muscle function and its
mitochondrial related mechanism, the rat model of chronic pneumoconiosis was established by intratracheal injec-
tion of quartz dust. Three months after the model was established, the treatment group was given NMN 300 and
150 mg/kg by gavage. All indexes were detected 4 weeks after administration. The results showed that the pneu-
moconiosis model rats had obvious respiratory abnormalities and ventilation disorders, including the respiratory
rate increase, the respiratory amplitude decrease (P < 0.01), the significantly decreased blood pH value, PaO,
and Sa0,, and significantly increased PaCO, (P < 0. 01). NMN could significantly improve the respiratory func-
tion and increase the blood oxygen saturation of the model rats. It could significantly enhance the contractile func-
tion and ATP content of diaphragm and improve muscle fatigue (P < 0. 05, P < 0. 01). In model rats,the mitochon-
drial membrane potential of diaphragm and activity of SDH decreased significantly (P < 0. 01), while the activity
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of SOD decreased and the level of MDA increased (P < 0. 05), however, NMN could significantly improve oxida-
tive stress and mitochondrial function of diaphragm. NMN could significantly up-regulate the mRNA levels of

mitochondrial biogenesis related genes such as Sirtl, Pgc-1a, Nrfl and Tfam in the diaphragm. In conclusion,

this experiment showed that NMN intragastric administration can regulate the function of diaphragm mitochon-

dria in pneumoconiosis model rats, improve diaphragm energy metabolism, enhance diaphragm contraction

function, and then improve the state of respiration and ventilation, which may be mediated by promoting the

biogenesis of diaphragm mitochondria.

Key words B-nicotinamide mononucleotide; pneumoconiosis; respiratory muscle fatigue; mitochondrion

This study was supported by the Project of Nanjing Health Science and Technology Development (No. YKK21188)

24 i 2 [ P 8 TP e R A, 2
i — B A, SR REAT IR A e, 7 A AR 5 3l
RE AR I A, L 40 B A0 R R I 28 B 2k
X245 TR N 32 A A 6 2 il 21 - A AT 2 i T 7
LPWPANRETE o IR RBTSE R , B ARl e A A 12
1 BEL 2 P il 22 5 (COPD) (B3 bl T Sl BH ) 172
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1.1 XA 5K

B-MH Iz A% IR (NMIN, 4 KT 95% , |1t
BT T Az AR B A7 BR S T ) 5 A 3k CREAR /D
F5 wm, VEIRBCHRHT ARy A BR AR, R AR
FHER 7K 45 1 50 mg/m L B R AR . G A
AR K R R 245 0 A A R 28 A1) 5 3% 11 1R I 4 ity
(SDH) N [ (MDA ) Flli S AL P AL i (SOD ) 45
A=A & Crg U R AE ) TR ST T ) o GobifA
53 B R G RN 2R A B A7 (JC-1) R a0 (G =
KAV ARG R F) s 1L ATP KR & (7
SO MERE A YR A A BRA D) 5 A7 34 4
HiE s Hrat.
1.2 B %

BS210S ¥ % H1 ¥~ K (1 [ Sartorius /A ) ) 3
TL 2R 51 rv s 38 £ 4 220 BT s 0 e A3 (b st i 2R
AR AT PR S F] ) ; BL-420F A MU HLAE R 88 (LAl 2%
BRI BR A ) 3 i-STAT IS A HHAL B CG4+ith
Fr (S E B R 52 WA FRZAN F] ) 5 VarioskanLux 2
YIfemE+5r1L , AppliedBiosystemsStepOne™ SZ i 5
€ 1 PCRAY (3E[E Thermo A H] ) .
1.3 3 4

SPF 2% SD K E, 180 ~ 220 g, it , BT EE 22 B
g Y oL, A7V AT IE S SCXK (#7) 2019-
0002, KRR T EAEKFEP .ol
i FF ATE S - SYXK (F5)2021-0011 ], 5256 28 6L B
(24 + 2)°C; FHVHEE 60% ~ 80% ; B /N 28 S A8 H
UE10 ~ 15K 1IE 7 IR E I (12 h Y6 HE/12 h 2B
W), A S Ko A sh s 54 v
EAY NS I L 7K (g L S ARy il 8



5 53 B4 5 ) X1

T, 55 < B- MR M BPLA R X 242 i A Bl P B LR 55 194 o A 1 B (AR S AL ] 601

2 F &

2.1 #AFES

Z: 2% (WO T A A v 2 46 e ) B SCRR O 12
W IIF B i ) B (999% Hi3 212 URE B A2 <S wm) FH
A BRER K 48 i 50 mg/m L IR B , AETEAR I

SD R BRURR i FMOZ [ 5 , T80 1, 43 B AL
W, B M A SR AR TR B 1 mL &S
W10 ), T 558 56 e KR, P4 R BROE T A
L, I BE BUIT 10 W, A A 20 iF A B 8 O35 59 43
o TESTE R SE G BUB LA K B, FRid If 5358
TSR o AR I S0 A5 R SR AR O vk 2 AR A
J& 34 H 2247 H B G 1 i 41 4 £k B P I CHR A i
75 it 2H 255 FHUAG: A AT D v B Y I 6 48 (HE 4 fa)
F1 T £F 4k Ak (Masson 4 4, ) |, 42 3 4 ili % 9% 248
FRIET,
2.2 oL

B bR iR B 48 L, AR A 5 Rl B 43 R LA
32 AL (AR FEERJK ) \NMN 300 mg/kg . NMN
150 mg/kg; 73 W16 HE K EUAE b 25 O IRA .
KEHEHESZ, BRIVIR,BES6d, 5457
4J8, 5 25 R0 1 mL/kg.
2.3 Al g AR
2.3.1 —ERIANEZMAEN T BRGLT,
MEERKRE 6 ATH B 3% —BORAS, H AL
WP 2R 8 A RH DGR AR , B 456 - WP W PRI X, I i
Wi i, WP BT 45, SR 20, WP IR AR, S oI 55
JEIDNE A LR AR AR F R HE 45 2
2.3.2 "FRIaeE T4, HATIENR
TIREM o KRR G B 2240 (30 mg/kg) T 4T
JPR B, AT FiR 1 2, 7E B S8 3E LR TN e 4% , IF i
FAYPLRELE R G 1, 5K J14.9 x 102N Ehx,
TSR IR T 4, D) T A A 23 R i W (A AL
FE A AR A 0 W 30l W (B TSR Yk g DA
5K I FR PR IR ) .

Table 1 Primer sequences of real time PCR

2.3.3 A oH IS IKIBOH EEUEE 4 I, R
FH A3 A SRS 0 3 Bk i S 5 pHL SR
(Pa0,) \ — S AL ik 43 H (PaCO,) il ifiL % 4 F1 &
(Sa0,) .

2.3.4 MRV DR AR F % B4R R
8 H, W3k AbAE , JF i B AL , £33 v B B 58
e, BT 3 Kreb’s 8 (NaCl 135 mmol/L,
CaCl, 2.5 mmol/LL, MgSO,1 mmol/L., NaH,PO,
1 mmol/L,, NaHCO, 15 mmol/L,KCIl 5 mmol/L, 35 28 Bl
11 mmol/L, pH 7.3 ~ 7. 4) A B 55 L v, $5 42 38
A 95% 0,H15% CO iR M. BEBRIBALHT L
i o3 WP L A 2 R L2 B I B v B 7 K 2
ZRH 2L, PV BETR 22 mri (PBS) Uk 25 1ML, D& 4R K
TR A AR . AR IR L R 5 i 1 4%
0.4 cm x 1.5 em WY HLSE , 27 SCHR 5 647 G L
5K T3 Ko 97 M GE L0 sk g - ih £ IR 5
?E‘%ﬁ((fatigue index, FT1)®/,

2.3.5 JRMLEA kR ARAIBOK L8 KB
ff i ULZH Y, 8 L A5 2 21500 R bR 7
R &, S IR Al A R LA A, 73 531) SR FH AR R 1511
oA I A AR B L L (AW, JC-1 B £5) Rl ATP
Ko

2.3.6 MRALAAE SRR BRI 8 H
IRAEIR LA 2L, 5 B 25 ZH U503 B b 0 k)
AL B AR B (SOD) 15 M LN [ (MDA ) & &
S 3% F R I U (SDH) 16 PR AR Ak, 25 2 IR L4 21
SV RS

2.3.7 MEEAREMEALT S TRE B
R B8 HZRAF IR LZH 21, K FH Real time PCR
Aoz I 2R A4 A W) K HE AR T 4 1 B9 mRNA kK
V- A4 DUERAE B 7 1(Sired ) | 3 S8 AL W) T
R 158 5 ) 0 2 AR y B NS TR 1o (Pge-1a) , 1%
IR DN 5 1N 1) SRR S S 15 A (Tfam) o 5
YIFF ) W 1,

Gene Forward primer (5’ —3") Reverse primer (5'—3")
Sirtl GCTGACGACTTCGACGACG TCGGTCAACAGGAGGTTGTCT
Pge-la TATGGAGTGACATAGAGTGTGCT CCACTTCAATCCACCCAGAAAG
Tfam GGAATGTGGAGCGTGCTAAAA ACAAGACTGATAGACGAGGGG
Nrfl AGCACGGAGTGACCCAAAC TGTACGTGGCTACATGGACCT

B-actin

CATTGCTGACAGGATGCAGAAGG

TGCTGGAAGGTGGACAGTGAGG
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Real time PCR # 1M : Trizol — 25 35 2 B £2H 21
AL RNA, ¢ B 5 Sl ) G Ul B 5, 37 CF R
15 min, 85 C 55,4 °C 2 min, 3K 13 /) cDNA ¥
i =80 ‘CIR-AF o HL96 FL PCR AL, K AR 51
4 CRARFL 20 wL) : EvaGreensupermix 10 pL, {8 &
519 (10 wmol/L) 1 pL, cDNA 1 L, #4li/K 8 L.
RHETR AT, 1 500 r/min, B0 2 min, 3% F 575 3 4%
PRI 295 °C,30 ;95 °C,5 /60 °C, 10 s, 40 ME
#£;65 °C ~ 95 °C, 10 min,
2.4 KI5 GGk

THREBIEL LI + brifE2E (7 + ) Fom, K

H Microsoft Excel 2010 48 114k 14, 2 7] kb 3%k H
student-t £ 40 % 22 i L, LA P < 0. 05 G2
%Irézo

3 F X

3.1 — ORI BAR T ] 52

20 22 30 ] 25 2 R UK AR S il B R A
3 R BURT UL P B A AT T 4, LA R UL B R S
o SR AU L, B B H F2 30T, NMN
22X R SRR E IR R UL e (3R 2)

Table 2 Effect of B-nicotinamide mononucleotide (NMN) (ig) on body weight of pneumoconiosis rats (¥ + s, n=8)

Body weight/g

Group Dosagel(mg/ke) Before dosing 1 2 3 4 week
Control 439.7 +25.5 455.0+23.1 4727 +16.2 482.1+18.4 492.7+17.3
Model 427.7 +28.8 4409 + 154 4539+ 15.6 469.3 +13.9 4809+ 134
NMN 300 428.6 +27.2 451.9 +21.7 4584 +22.4 472.6 +26.1 483.6 +32.7
150 428.9 +21.6 4479 +24.0 4539 +23.6 465.6 +24.0 478.7+25.8

3.2 "R EEA T

5 0E G HRZH A LY, AT R ROV IR A s B
AH S 2 AR P T 5R H8 J eF  E JER F (P <
0.01), J&/RIF I DI RE Y 235 2048 . NMN 45251 L)
B I RS R AR R B IR IR 285, 300 mg/kg 2H IFF I
RT3 TR 0 0 504 B d el 38 (P < 0. 05) (3R 3) 6
3.3 A5

e 4 Fros  BERYZH KRR pH . Pa0, Fil Sa0,
Y E FAK, 1 PaCO, 3 T+ (P < 0.01) , & 5)
Wy Hh B S A I I AR . NMIN = IR A

Table 3 Effects of NMN (ig) on respiratory parameters of pneumoconi-

osis rats (¥ + s, n =8)

Group Dosage/  Respiratory rate/  Respiratory amplitude/
(mg/kg) (times/min) (x10°N)
Control 103.0+8.2 34+0.2
Model 119.6 + 11.8" 2.8+03"
NMN 300 109.4 + 4.3% 3.1+0.1*
150 112.6 +4.4 3.1+0.1*

P < 0. 01 vs control group; *P < 0. 05 vs model group

AT HE AR K B PaO, FlT Sa0,(P < 0. 05) , (3%
P17 38 I RE o

Table 4 Effect of NMN (ig) on blood gas composition of pneumoconiosis rats (¥ + s, n = 8)

Group Dosage/(mg/kg) pH PaCO,/mmHg Pa0,/mmHg Sa0,/%
Control group 73+02 39.8+2.6 89.3+3.9 94.8+3.5
Model group 6.8+0.2" 47.4+35" 81.7 +3.4" 86.0 +3.9”
NMN 300 7.1+0.2% 423 + 4.4 86.7 +3.3" 91.0 + 2.9*

150 7.0+0.2 44.4£35 85.7 + 3.0 90.5 + 2.5

PaCO,:Partial pressure of carbon dioxide in artery;Pa0,: Partial pressure of oxygen in artery; Sa0,:0Oxygen saturation;1 mmHg = 133. 3 Pa

"P < 0. 01 s control group; *P < 0. 05, P < 0. 01 »s model group

3.4 RN Y T e RIE % SR B

A3 HE 5% 10,20, 40,60, 100 Hz B30 (5 AL
Wi 7, IR LA B ATE FR (CSA) T8 A 1E
2 ik Sy AR 2R (B 1-A) o SR )5 LA S0 Hz il
BIR RS BRI 2% 2 min V9 55 5256, >R A5

JLAE 3 2 IS W 4 0 o5 RSO IR B R A L
R 55 45 0 (1 1-B) o 5 1E % K B EE , A2 il K B
IR LR e 4 00 g 57 8 B8 1B 35 R R (P < 0. 01)
FEWI IR LD RE DS S5 , NMN AT B I ol 84 75 R B A
LA W 45 D e F9RE 55 78 £ (P < 0. 05,P < 0. 01) ¢
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Frequency/Hz

-o-Control ; - Model ; = NMN 300 mg/kg ; -+ NMN 150 mg/kg

B

Fatigue index/%

Control Model NMN(300 mg/kg) NMN(150 mg/kg)

Figure 1 Effects of NMN (ig) on contractility (A) and fatigue index (B) of isolated diaphragm in pneumoconiosis rats (¥ + s,n = 8)

P < 0. 01 vs control group; *P < 0. 05, P < 0. 01 vs model group

3.5 JRLER AR T A A ]

5 IEH KB H, A2 Il A A K BRI L ATP 7%
HERNZE R B R (AW, ) 2 i 2 FRIR (P < 0. 01)
735 R JUU 30 A A R 5 AN L A T E S
NMN 300 mg/kg EA B 8 /EH (P < 0.05) , 1
150 mg/kg 2H A5 28t ] WL— s s e (81 2) .

il

Model NMN(300 mg/kg) NMN(150 mg/kg)

0.8
0.6

Folds vs control

0.4
0.2

Control

OATP; @AY

Figure 2 Effects of NMN (ig) on ATP content and mitochondrial
membrane potential (A¥, ) of diaphragm in pneumoconiosis rats (¥ +
s,n=28)

*P <0. 01 vs control group; *P < 0. 05, #P < 0. 01 vs model group

3.6 FRNURAL BB IE AR )

L5 TE o B A L, AR 2] K FRUIR L BE F R
JIi S (SDH) 6 1 3% FFE(P < 0.01) , $ /R 4bn
A S8 Ak AR T 1 AR B A o [R) B R AR Ak A Ik Ak Tl
(SOD) & J1 F B¢ (TN & (MDA) /K F- 34 Jin (P <
0.05) , 7 W1 LZH 200 8 300 ) S5 1) A o7 e i 3
NMN V8 25 250 g 2 38 e 0 26 K BRUIE L SDH
FISOD i 7, [F] A MDA /K- (£ 5) ¢

Table 5 Effects of NMN (ig) on the levels of succinate dehydrogenase
(SDH), superoxide dismutase (SOD) and malondialdehyde (MDA) of dia-

phragm in pneumoconiosis rats (¥ + s,n = 8)

Dosage/ MDA/ SOD/ SDH/
Group
(mg/kg)  (nmol/mg prot)  (U/mg prot)  (U/mg prot)
Control 6.87 +0.97 873+73 35.6+£3.2
Model 9.34 +1.12° 63.8+7.1" 203277
NMN 300 7.87 = 0.98" 79.3+6.3" 304 +2.8"
150 8.12£0.94 75.1+6.9 28.8 +2.5"

‘P <0.05,"P <0.01 vs control group; *P < 0. 05 vs model group

3.7 RMAEERAENEZALZT 5T RE

55 1E % KR Fb, 2 i A5 A K BRI UL 4 40
Sirt1 . Pge-loo Nrf1 F Tfam Z 28 BiAR L W) 5 A A 56
B mRNA 7K 2 5 25 F 9 (P < 0.01) , NMN
VTR A E B 4 2 T D L AR AR A KRR
TS WL SR A A5 ) A A ESE P 63K (P < 0. 05,
P<0.01)(K3),

4 it it

2 i e A T R R SIS il 4 4
TR L AR LA = A 7 L2 2 il
W IR S R A S A B .

ARHIF 5T 2R F A 2 A 50 L I S 8 IR R R 2
AR (ISP AT S5 386 T, I WA i P85 ), [) i o i
I AEARL B E 0 (LK pH . PaO, F1 Sa0, 34 i E F#
I, 1M PaCO, 8. TR ), SEEAENF5E — 3. NMN
VEE S 4 20 T LA RIS 2 T A R T R R AR e
[Fi Fsf 458 2 24 1 1M S A8 Ak, P I 3 AR 2 56 2%
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Figure 3 Effects of NMN (ig) on mRNA expression levels of mitochon-
drial biogenesis related genes of diaphragm in pneumoconiosis rats (¥ +
s,n=28)

P < 0. 01 vs control group; *P < 0. 05, *#P < 0. 01 vs model group

4T NMN 5 25 2506 242 fifi Kk UVF e 2 e EA A
BRI RCEE ] . TR, NMIN A i 2 i 24 i ok B
I JULE Wi 4 03 Fn % 55 6 55, IF T e R LZE 8L ATP
KA, 33X A] Rl SR L OE IR T e Y B A

Z IR GE R BRERLAA S 1 A] 2 R0 e B ZE
i 9o K5 s UL D) e B A, A5 95 IR I L9 55 Fh Ah
JE B AR WL AR AR S v 2 il R BRUIR LRk
AR IS E (37 FAARG , TR B SDH 375 7 8 3 R B, $ s 2ok
A AL D RE RS . [RIES SOD 1% J7 T B .MDA
K380, 2 B B VLA 201 B 4 %) 4R Ak IO 43
F . NMN# H 4 250 TR AR e A
I d A s T sl sl e BT 7 93 R N PR I 3R
FFYHC 5 I W UL 57 ) VR TR AT 8 5 ok A4 ]
AR AR

B L AT 38 o 2R AR A= W) & A (mitochondrial
biogenesis ) ] 17 SR AR FIDIRE , 14 11 3 1 20 21
RE LRI A8 fk 1 SIRTT & —Fl NAD 6 1 /Bt
CTRART , 7 20 i R £ JER RN 2R A A ) & A
Wik R R EEAEN RS A I EE PGC-
Lo, 11 PGC- 1o /2 H H ORI R I SRR A W kA i
h B ST NRFL FITFAM 2 28 67 4 &1 2
e A, H A T LS Mokt A 9 % A 1)
IR A S Hh NMN 25 265 1) D) S 25 | R A
Y20 A SR WL SR A A ) e A A G PR 33k
LA 5 NMN H Al A ST 78 138 — 3, 3 nT g 2
NMN 855 JIf L ALAR Dy B | 2438 T 2 LI 55 4 v
FERL 2

25 b AR B A A 2 A S I R B 16 7 oK

HTNMN 25 BEAE P45 A5 i ad KRR AR il 7Y | 25 42
NMN i I L 57 1) s A SRR AL . 45
FEHT, NMN JE 5 45 245 A7 DL 2 i R 50 ok U UL
LORLIR T RE , W05 MR WLRE S AR I8T , 1 5 s LS 46 T
AE L T A I IR R AR A B A AT g A
SIRT1/PGC-1a/NRF1 . TFAM i #2112 37 g L2k 1A
W R AT T 2T R, 3 5m 4ok R 1)
B 215 S IR i B s LS e Yy AL > 5
TARWFTTEE R, NMN 55 0F 0 LI 2RI A X6 2 fili g
WP L% 55 4 ELA W AE A B IR VE o oAk, 26T
24 9 A 32 B DR R i 4 2 R 2 T R )
KE LT AEAC SRS I SRR SE T LA DGR NMN X242 il
AT il 05 2H 2995 28 1) s ] (] B PR 2R NMIN 5 7 By
O RGP EF A A 25 YA 0 H L %558 NMN 2
5 Jili £ 2 A6 T T (0 7, 2 S LN PR R FH
B 43 (A) SEBAHE
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