YD ES AL 202545 40 B4 4 W) Chin J Forensic Med, 2025, Vol.40, No.4

.ie %.

ET 16S rDNA FIRBFHEFRARNR S HE
N IERE IS

]Uﬂl‘é;ﬁ 1,2,3,5’ g’K#)ﬂJHK 4’ Z‘j—iﬁig)‘]f) 1,2,3,5’ :%—;E 1,2,3,5’ )’él:/%_‘ﬂ):] 1,2,3,5’ /]E}l/f ],2,3,5, %?‘ﬁ% 1,2,3,5

L PR RS, T R 0306005 2. VEEEER) 0T A 3f B A SLIR =, 1178 59 0306005 3. 1AL 511 748 F 5 S0 =,
LLIPE 1 0306005 4. SR T AL R & T4y 5, WZR R 250200; 5. L P VERE SR TR0, (P8 & 030600)

[#FHZE] BH FIH 16S rDNA FACUTH 22 AR 3B 5 b 85/ B 30 g BF 45 0 S AR A8 4, I i
R AEANAR U 2 (R A DS, TR B i Sl AR ) 5 S S P s LR 0 G e 1 . F53% CSTBLY/6 /N R B AL 43 Bk R
HFIRESFHFHE (n=6), F/NERMETRFEES, FRHRARFXLE T 90 000 ppm K<, 828 K, 2K/ K, &
1 hs SIRALE T2 RIRGLERLE W 24 h G UR/ANRIEME, FIA 16S tDNA WP H AR W ARV B R 450 2 5
7 i . 3 2 S T R s R AR 2 2 R AR M B R A AR AR Ak, R ZE AR, IEXE B A i 2 S
MZEFARWMHATH T 855 16S 1DNA 45 R EIR, A B Bo0 W20 118 B A 00 =F 5 T T i ) bh 22 1
M E A, WAL s R A B3 25 5 . AR 24 R B oR Lk ) 112 M5 28R R sl oe i B 3
7SRV, FEW R cAMP 15 5 8 I AR AU 2 Z5ARUTE R . Spearman FH G i K DLW 18 72 R W S 72 7
RG22 AFAE B VIR . 2510 SR 285 23 oAU W s e S5 A AR I 1S o2, LW 18 B 3 FE 1 78
fesgm 2 2 AHER, XS ERPESHIHEREMNBARAA R, NESHEENH LI R mIE RS

JT R ALK .
[588i7] %5 ; 16S rDNA; RIS 2R E R 2Ry
[hEZ2S] DI18.93 [ CEfFRIRAS ] A [ZEHE] 1001-5728(2025)04-0438-07

doi:10.13618/5.issn.1001-5728.2025.04.010

Intestinal microbiota in mice with nitrous oxide poisoning: A study based on 16S rDNA and metabolomics. Liu

1,235 1,235 -1,2,3,5

, Yan Jiangwei . Jia Juan

1,2,3,5

Congying'™’, Zhang Fenglin®, Li Yaoguang">>’, Zhang Wen"**”, Yun Keming
(1. Shanxi Medical University, Jinzhong Shanxi 030600, 2. Key Laboratory of Forensic Toxicology Analysis, Ministry of
Public Security, Jinzhong Shanxi 030600; 3. Key Laboratary of Forensic Medicine in Shanxi Province, Jinzhong Shanxi
030600; 4. Zhangqiu Branch of Jinan Public Security Bureau, Jinan Shandong, 250200; 5. Shanxi Province Engineering
Research Center of Forensic Identification, Jinzhong Shanxi 030600)

[ Abstract] Objective To analyze changes in intestinal microbiota composition and metabolites in mice with
nitrous oxide poisoning using 16S rDNA sequencing and metabolomics, and to examine correlations between gut
microbes and metabolites in order to explore the mechanisms of nitrous oxide poisoning. Methods C57BL/6 mice were
randomly divided into a control group and a nitrous oxide poisoning group (n = 6). The poisoning group was exposed
to 90,000 ppm nitrous oxide twice daily for 1 h over 28 days, while the control group was exposed to air. Fecal samples
were collected 24 h after the last exposure. 16S rDNA sequencing was used to analyze structural differences in microbial
communities and identify significantly different taxa. Metabolomics analysis was performed to detect changes in fecal
metabolites and identify differential metabolites. Correlation analysis was conducted between differential microbiota and

metabolites. Results 16S rDNA sequencing showed that

[ESTE Yl 74 SR 7RI 15 H (202403021211125). the poisoning group had increased microbial abundance
(EEEA Y WS, Lo, WEFrsesE, BFedrm. 2T compared with controls, while species diversity remained

IH 22 FI A W 2 2 VR B S A L unchanged. Significant differences were observed in
UBEEE] 5w, &, mBl#EER, 8 EEEEN, mER gut microbiota structure between groups. Metabolomics
AW, i, FENFEET 2 HPRIRE R identified 112 differential metabolites related to nitrous
LA, 5, Bk, WAERTRASIm, W, REAERE oxide poisoning, mainly involving the cAMP signaling
FEN A BT pathway and sphingolipid metabolism. Spearman
P LA FRDIEE R .
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correlation analysis revealed a strong association between differential microbiota and differential metabolites. Conclusion

Nitrous oxide poisoning alters the structure and metabolic profiles of intestinal microbiota. Changes in microbial

abundance affect multiple metabolic pathways, which may be related to damage to the nervous and hematological

systems. These findings provide a basis for further research on the mechanisms of nitrous oxide poisoning and for clinical

treatment.

[ Key words] Nitrous oxide poisoning; 16S rDNA; Metabolomics; Differential microbiota; Differential metabolites
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mL/min; FEAERTR 2 ul; WAIAH: /K + 25 mM 4R
Bz + 25 mM K, G BORETR LR 11O, R
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Table 1 The procedure of gradient elution

B [E] (min) A% B %

0~0.5 5 95
0.5~7 5~35 95 ~ 65
7~8 35~60 65 ~ 40

8§~9 60 40
9~9.1 60~5 40 ~ 95

9.1~12 5 95
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R HEAT A8 S & .
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ERFR, P<0.05 MUAKHEGIE L.

2 H#HR
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2.1.1 £AFEHEDRDEBEE S M
VA T T B IR A R 22 R AN R R 1,
K H Shannon FE%UF1 ACE 6 8/E AN o Z RV 5
Fro SR SR (KB 1A, 1B): M4LiE) ACE $5%% &
HG it E X (P <0.05), Shannon 16 ¥ % % L4
THEE S (P> 0.05), #RESHEFEmE R
O S I RENTE L EA S 1 R S BV |35
B2 RN (NMDS) Tl R A 18] 7 74 41 %,

1 AN R IE w2 B A
Fig. 1 Diversity analysis of intestinal microbiota in nitrous
oxide-poisoned mice
A: ACE #5%; B: Shannon 5%(; C: NMDS 7}#fr; FB: X 41,
FT: K hadl
A: ACE index; B: Shannon index; C: NMDS analysis; FB:
control group; FT: nitrous oxide poisoning group
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XTEFETEE, FEMEE. 2005 R E A I R
AT FE BT

LEfSe 7r thr w.on, EA P RA T R HE
(Erysipelatoclostridium) . 3 JFARJE (Mycoplasma) .
Gordonibacter uncultured Bacteroidales bacterium
i E B X IR 4 A Turicibacter 1 B T B &
(Parabacteroides) 5% &% (LDAE >2).
213 ZAY &) A A TN

45 KEGG Lhfeid g &5 5%, X FEHES
A9 BAR IS~ : 2% (Membrane Transport)
AR (Amino Acid Metabolism). fik /K 1k &
¥y X % (Carbohydrate Metabolism). 1% H B2 X %
(Nucleotide Metabolism). % il #1125 (Replication
and Repair). &% (Translation). AEEACH (Energy
Metabolism). % [K T F14E 4 R AW (Metabolism of
Cofactors and Vitamins) 140 ffl {5 5 £ T (Cellular
Processes and Signaling)

B2 AP E/DNREERAE K (AL 8K (B)
(350 A
Fig. 2 Distribution of intestinal microbiota on the phylum(A)

and genus(B) level in nitrous oxide-poisoned mice
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3 AP RN RISEREAR) OPLS-DA 1377 &
Fig. 3 OPLS-DA score plot of fecal samples in nitrous oxide-
poisoned mice
A: IEB TR B: BT

A: positive ion mode; B: negative ion mode

4 FAPEDRIE ZE R W RS 2 R ARSI Spearman
FHIGHE S 1T
Fig.4 Spearman correlation analysis of differential intestinal

flora with differential metabolites in nitrous oxide-poisoned mice
VE: *P < 0.05, **P < 0.01, **P < 0.001; &R RKZE 7R
W, TR ZERER A EFRIEMK, BERRAM
PS

Note: *P < 0.05, **P < 0.01, ***P < (0.001; the horizontal axis
indicates the differential metabolites, the vertical axis indicates
the differential flora; red represents positive correlation while
blue represents negative correlation
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*2 ES5HFIEEEERKHEY
Table 2 Intestinal differential metabolites of nitrous oxide-poisoned mice
7= ) A SR P1iH VIP f=ks

gamma-L-Glutamyl-L-valine y-L- BEM: -L- SRR 0.027783 62 1.14619537  t
Succinate PRHATR R 0.008 11955 7.61964944 1
I-stearoyl-2-hydroxy-sn-glycero-3- - BT -sn- H I -3- BT ARG 0.03584799 474798228 1
phosphocholine

(+)-pinoresinol (M- I fE = 0.047 410 05 2.492 628 73 t
Brassicasterol THISRE S P 0.004 689 50 4.807 54848 1
Ricinoleic acid BRI R 0.00516913 441585185 1
Dethiobiotin LR A R 0.006 994 61 1.24595580  t
Cholesteryl sulfate O[] Aot P 0.005 69338 5.780 041 64 1
2-cis-4-trans-abscisic acid 2- Mk 4- R A vk R 0.024 45251 225968844  t
Phytosphingosine TR 2 I 0.004 82331 5.00192026  t
N-acetylserine N- LB 5 R 0.017 84106 2.53162849 1
Propanoic acid W 0.00701396 2.97466857 1
L-palmitoylcarnitine TR AEL I DA Bk 0.001 19091 333697166 1
Echinocystic acid TR 0.046 44545 1.11289008 1t
Ethylenediaminetetraacetic acid LN 418 0.01292561 8.73787455 1
Succinic acid BRHR 0.02551773 137163299  t
1-palmitoyl-sn-glycero-3-phosphocholine 1= R V5 100 T M T Lk 0.026 404 61 6.23533826 1
Oleoyl-l-carnitine THE -L- A5 0.00031091 3.57737957
Prostaglandin i2 iIpZEZS§ 0.003 168 03 2.853 849 01 t
Myristoyl-I-carnitine PR 5t e e PRV 0.002 08544 1.77604927 1t
1-hexadecyl-sn-glycero-3-phosphocholine 1- TS kedk -sn- Hyh A -3- JHARAE IR 0.026 500 10  3.579 15744 1
Stearoylcarnitine Stearoylcarnitine 0.000 14996 2.140 203 72 t
N-acetylputrescine N- ZJkdE -1,4- —&IET e 0.018 874 68 2.25589844 1
.gamma.-muricholic acid y- RAEER 0.043 87179 2.627 133 90 t
Linoleoylcarnitine 740 T 2 PR 0.00297091 2.61756815 1
1-(1z-hexade.cenyl)-sn-glycero-3- 1-(lz-hexade.cenyl)-sn-glycero-3- 0.003 98043 4367 853 10 )
phosphocholine phosphocholine

2-heptyl-4-hydroxyquinoline n-oxide 2- KL -4- FREREIN n- ALY 0.022 778 53  2.480990 67 1
Sphingosine A 0.046 054 61 6.593 72164 1
Tauroursodeoxycholic acid Tk i 25 S IR 0.047 32305 1.46370585 1
Calcitriol 5= 0.000 461 07 2.25833833  t
4-pyridoxic acid 4- T IR 0.020 846 83 1.77955096 |
Bendiocarb T 0.01231716 1.78534995 |
Deoxyinosine iz vilINz 0.027 15990 8.10354721 |
2'-deoxyinosine 2'- AL 0.023 46195 3.318 460 23 i
Daidzein PSR 0.038 61319 2.08402800 |
Guanine 1 g 0.046 62022 299225471 |
Thymine JHi g s g 0.027 42827 6.710 116 41 |
3-hydroxykynurenine 3- FREERIRETR 0.00022489 821219659 |
D-arabinose D- Bl ffbE 0.048 68147 3.43766037 |
Val-Val Val-Val 0.03138887 323424113 |
(2-0x0-2,3-dihydro-1h-indol-3-yl)acetic acid ~ (2- %8/€ -2,3- "4 -1H- M|k 3- ) 282 0.004 477 64 4.524 550 61 |
6-ketoprostaglandin f1.alpha. 6- T RTHIIEE Fla 0.019 02057 3.96297768 |
Dodecanedioic acid + R TR 0.028 01171 2.62573818 |
4-hydroxyisoleucine 4- B AR 0.00245725 187698182 |
Arg-gly Arg-gly 0.03937006 1.680015 51 '

e ZRACUIACE B ) ZRAYIKT T

t : Level of differential metabolites were increased; | : Level of differential metabolites were decreased
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G2 A IR IR BRI AGER, TV BB — A5 A A B IR i
H (cAMP) ", cAMP 1] B 44F T 5 (Bl A
(PKA), BUE TG Z )R W cAMP R NG 45 &
T H (CREB) fl NMDA 2R fb, 5 K
WAZ 5N EE U T ARHIE g S R BRI IR
SFRFIHR RS 'SR, T cAMP {55 18 i 3t 1
S NG SRR, XTSI M AT 3G,
HILIEAZ 7T B AN K98 R SRR K R R . Bk Ab,
FLRRAT B B B 08 5 & AN B JUUAT B 8 5 1 B 2 o0 Tk
FHEEAR TR (SCFA) ", SCFA W EE1E A GPCR 1]
Bk 25 cAMP {55 18, A0 A g0 w4 5
A4 3B SCFA R AL, HE—Bimih s 245
EREE L=

B AR 2 A0 PR BE B AR 1 BBy, EAE(E S IE R
(5 AN 22 T I AA TG e EEMEA 1. B
M ] Ik AR AR Y e B OK R A, AEAE
7 EH S U (1 385 2 0 ) e 22 s 5 4 o ) 34 5 15
SFUNRTE T B AR T AR L AR E i
X — it 252 PFEEFT R 8 A Turicibacter 1520, FEL
PR R S L, AN AR BE AR A R 2
A e 22 18 R 28 2 S0 It S A AT 51 A ] Rl A 0 A

W8 F L 2 5 5 TR 4R R AR . A
WA R s gE A &R By M 4E4E R B, B = A BT
MRS A, B A wh 42 0 O 4 WL 5 2 e
HE AW & R AP, 4- i iR 2
YE R B HIARI =4 P2 ARHE 7T PR AT R
Gordonibacter F13Z JFAKJE /K- L FF 5L 4- SR
W, PRESRPETHRYEAER B AW, ISP LR
FRLE . RIS, RO R I s T A
RO AR Y y-L- A BE -L- @R i, iR
YR B6 IR LI B

PRtz At i b o aE 2 e i R AR .
AT IR K S B G SRR B A Gordonibacter 1
EELIEM A 2 BV SRS R i s
WEZKCE R, S A A AT i A K L. Mg
AR () AN 2 23 B2 DNA £ BRI 41 B 1E 5 20
RE, PR/ ATRER AP B a I BE A ) A B 4l 4
P B i SR ) SR A

g LR, ABEFCET 16S rDNA AR # 4 %
FEAR XS S BN R i 38 A ) A A AT B A
RIS R B /) BRI T TR A 4 AL AR B i 1) kA
Ak, ELI T8 R AR cAMP {5 5 1
R 4B B R AL IR S5E g, X
RS ERPRRGMAEREMNMBTAGH R, N
S A BENLI R — 2B B TR PRI TT $R A4
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