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Effects of nicotinamide mononucleotide/nicotinamide riboside
supplementation on gut microbiota and metabolites in mice

NI Bing, ZHU Lili, CHEN Hao, SHI Xin’e, JIN Jianjun"

Key Laboratory of Animal Genetic Breeding and Reproduction in Shaanxi Province, College of Animal Science and

Technology, Northwest A&F University, Yangling, Shaanxi, China

Abstract: Nicotinamide mononucleotide (NMN) and nicotinamide riboside (NR) are two
precursors of the redox coenzyme nicotinamide adenine dinucleotide (NAD). Due to their ability to
effectively increase NAD levels without toxic side effects, they have garnered significant attention.
[Objective] This study employed an integrated approach combining metabolomics and 16S rRNA
gene sequencing to investigate and compare the effects of NMN or NR supplementation on growth
performance, intestinal health, gut microbiota, and metabolites in mice. [Methods] Male C57 mice
were randomly allocated into a control group and two experimental groups. The experimental
groups received drinking water supplemented with NMN or NR via gavage. Non-targeted
metabolomics analysis and 16S rRNA gene sequencing were conducted to systematically
investigate the alterations in endogenous metabolites and gut microbiota composition. Furthermore,
the expression levels of associated factors were quantified by PCR. [Results] Compared with the
control group, supplementation with NMN or NR increased the richness and diversity and
improved the composition of gut microbiota in mice, with NMN showing greater efficacy.
Additionally, both NMN and NR supplementation significantly upregulated the expression levels of
metabolites associated with anti-inflammatory and antioxidant activities. PCR results indicated that
both NMN and NR suppressed the expression of pro-inflammatory cytokines. Furthermore, NMN
supplementation significantly increased the number of goblet cells in the colon, thereby enhancing
the intestinal barrier function. [Conclusion] Dietary supplementation with NMN or NR improves
the gut microbiota composition in mice, elevates the levels of beneficial metabolites, and inhibits
the expression of pro-inflammatory cytokines.

Keywords: gut microbiota; metabolomics; nicotinamide mononucleotide; nicotinamide riboside
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Table 1 PCR primer used in this study

Primers name Primer sequences (5'—3")

TNF-o-F GGTGCCTATGTCTCAGCCTCTT
TNF-0-R GCCATAGAACTGATGAGAGGGAG
IL-1B-F GAAATGCCACCTTTTGACAGTG
IL-1B-R TGGATGCTCTCATCAGGACAG
NF-xB-F GACACGACAGAATCCTCAGCATCC
NF-kB-R CCACCAGCAGCAGCAGACATG
IL-6-F TGCAAGAGACTTCCATCCAGT
IL-6-R GTGAAGTAGGGAAGGCCG
B-actin-F GTCCACCTTCCAGCAGATGT
B-actin-R GAAAGGGTGTAAAACGCAGC
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Figure 1 Effects of feeding NMN or NR on growth performance of mice. A: Changes in mouse body weight; B:

Statistics of mouse food intake; C: Statistics of mouse muscle, fat and liver tissue weight (QU: Quadriceps
femoris; GAS: Gastrocnemius; TA: Tibialis anterior; SOL: Soleus; EDL: Extensor digitorum longus; iWAT:
Inguinal white adipose tissue; eWAT: Epididymal white adipose tissue; BAT: Brown adipose tissue); D: Statistics
of mouse running distance; E: Statistics of mouse running time; F: Statistics of mouse grasping ability.
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Figure 2  Effects of feeding NMN or NR on intestinal morphology in mice. A: H&E staining results of mouse
intestine; B: Alcian blue staining results of mouse colon; C: Statistics of mouse small intestinal villus height; D:
Statistics of mouse small intestinal crypt depth; E: Ratio of mouse intestinal villus height to crypt depth (V/C); F:

Statistics of mouse colon goblet cells.
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Figure 3  Effects of feeding NMN or NR on intestinal inflammatory factors in mice. A: PCR expression results

of tumor necrosis factor-a (TNF-a); B: PCR expression results of interleukin 6 (IL-6); C: PCR expression results

of nuclear factor kappa-light-chain-enhancer of activated B cells; D: PCR expression results of interleukin-1§

(IL-1p).

Simpson FEE W T (Bl 4A), T4 NR 41
/N B 3B A W B9 Chaol . observed species
Shannon $5 % 2. & 755 (K] 4B), F IR NMN
o NR ¥ 55528 & 7 M3 e e 3 & A
HiE 2 . #F—2 Hi NMN 415 NR 41/
it A W 2 e R B, AV NMIN X6 iz 8 f
VIR Z HEPE 2 I B (1A 4C).
2.5 [EAE NMN F1 NR % j7 & % 4949
FhB R SR 220

B 2 HEE T S WRAE AR (] Bl 2 S 7 1) 22
5, R ERX R4 5 NMN 2180 NR 21 [a] FEAR
PE B , RWIFEA RIS 0 PRl 240 BUAEAE 1o 3
225 (Kl 5A. 5B), UL/ M NMN 5 NR ¥ A]
VA B e AR AL

TEI K b, AHREERERT 1% 09F 7 M
T, Ho ZE AT B T (Bacillota) F 3 AT 6 1]
(Bacteroidota) J2: /™ 5 19 3£ 2 A 3 7 (F] 5C.
5D). HH T 2F 46 FT B T A AURT BT A A
(Bacillotal Bacteroidota) W V> [ 18 B FH 2% 1 B AH
Kby, RUEXT 3 4100 2EFFT 1 1 AHUUAT B

TR YA A AT 1 A ge it S R . Al
O BEA, )i NMN B¢ NR YRR 18 2
FEGE T TAUAT T T LR, H 22 707 B35 (&
5E. 5F), BRI NMN 5§ NR 7550 Ji7 i
PR R I8 00 258 1 ek s T Ml 2 AT T D AL
FERT T L

1 20 LR G A B 22 R
XF o 38 AR AR AN [R) 73 280K R A AT T 48
T EMTARF b, iR NMN 8 NR 25 3%
5 T U B ] (Bacteroidota) . 5.1 B 1)
(Pseudomonadota) 1) F £, FEAK T & H T)
(Actinomycetota) ) = & (P<0.05), H: A I NR
ZHARE TR NMINZHL, (BRI T ] 1 o A f
FAewE (8 5G). fEjmKF L, A NMN 1
FHE T Wil S 1 & (Rikenella) . B £ v 1% A7
K & (Adlercreutzia) ) F B (P<0.05); 1AM NR
WE TR T A8 S 8 (Rikenella) . Bl {5 ) 7
% 0t WK W B (Adlercreutzia), T B OER &
(Ruminococcus) B, FEAR T 1 18 AUBFT 147 )&
(Bifidobacterium) ")+ J¥ (P<0.05), H. NMN 21l
NR ZH 75 Bl 8 v v P O o s R8I K T s 17 3

http://journals.im.ac.cn/actamicrocn



4126 NI Bing et al. | Acta Microbiologica Sinica, 2025, 65(9)
A
Chaol index Simpson index Shannon index Pielou_e Observed_species index Faith_pd Goods_coverage
1000  P=0.016 P=0.047 TF P=0.016 070 = p=0.028 1000 p=0.016 P=0.016 P=0.009
« 1.0 % % * * * 1.000 0 *ok
- 50 -
w00l oL 0.65 300 |-
0.9995
09 0.60 -
600 600 - 40 ‘
5F 0.55 | N 0.999 0 |
- — 400 L
400 [ 08 0.50 30
= ’ 4k - 09985 -
200 045 L 200
3 N 3 N 2 N 3 N2 S N > N
& éés‘\ s & S <8 & & s & S S & &
B
Chaol index Simpson index Shannon index Pielou_e Observed_species index Faith_pd Goods_coverage]
P=0.016 1.00F  P=0.076 P=0.028 P=0.047 700k  P=0.016 P=0.016 P=0.075
700 % * * * *
0.70 | s
0.95 600 I
600 L L
6 0.65 - 0.999 5
L 0.90 |- 500
300 0.60 | a0t
0.999 0
L ‘ 085 5+ 400+
400 0.55 |
L 0.80 300 F 30
300 ‘ . 0.50 - 09985
200t 075E 045 k 200F
KN N KN N N KN N KN N N KN N
& A & & < S - o N ® A & -
¢ Chaol index Simpson index Shannon index Pielou e Observed_species index Faith pd Goods_coverage]
1000  P=0017 | 100  P=0.063 TF P=0023 o0 L P=00as [ TO00F T pogo17 60 F T g gpg P=0.016
* * ’ * * 1.000 0 |- *
- *
095 L
800 ol 0.65 - 800 50 | 09995} o
0.90
0.60 600 09990} |
600 - 40 +
0.85F 5t 0.55 | 0.998 5
L 400 -
400 0.80 F 050 | 30+ 09980 |-
4 -
200t 0.75¢ 045 L 2001 09975
> & SN ;S & SRS SR > & S
S - %4\% & - B & = R & - & &~ S & - %é‘% &~ %@%
A= 1E8 E3 S il 3 =/ N2 iy Y
El4 (ARNMNANRI/NRGEMED LR A A RAFINMNAL/D Bz E GUCE D o 2 FEESS

RILES B XHBAMNRA/ N EREW o FEEST R LR Co XA NMNZLFINRZL/ U 8 13
GRYIEZ SR earE a8

Figure 4 Effects of feeding NMN and NR on intestinal microbial diversity in mice. A: Comparative analysis of
gut microbial alpha diversity between the control group and the NMN-treated group in mice; B: Comparative
analysis of gut microbial alpha diversity between the control group and the NR-treated group in mice; C:
Comparative analysis of gut microbial alpha diversity among the control group, NMN-treated group, and NR-

treated group in mice.
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Figure 5 Effects of feeding NMN and NR on intestinal microbial diversity in mice. A: Beta diversity results; B
Venn diagram of species composition; C: The species abundance at the phylum level in the NMN-fed group; D
The species abundance at the phylum level in the NR-fed group; E: The ratio of Bacillota to Bacteroidota in the
NMN-fed group; F: The ratio of Bacillota to Bacteroidota in the NR-fed group; G: Results of species difference
analysis at the phylum level; H: The species abundance at the genus level in the NMN-fed group; I: The species

abundance at the genus level in the NR-fed group; J: Results of species difference analysis at the genus level.
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Figure 6 Effects of feeding NMN and NR on intestinal metabolites in mice. A: OPLS-DA score graph of the
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