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Abstract: Objective To establish finger print of Ganoderma lucidum from different origins and identify quality marker (Q-Marker)
through “compound-effect” correlation analysis based on the pharmacological effect of Ganoderma lucidum in improving acute lung
injury (ALI). Methods Ultra-performance convergence chromatography coupled to quadrupole time-of-flight tandem mass
spectrometry (UPC2-Q-TOF-MS/MS) technology was used to establish fingerprint spectra of 15 batches of G. lucidum from different
origins in positive and negative ion modes, and common peaks were identified. A mouse model of lipopolysaccharide-induced ALI
was established, after drug intervention, the levels of tumor necrosis factor-a. (TNF-a), interleukin-6 (IL-6), IL-1p, myeloperoxidase
(MPO) in serum and bronchoalveolar lavage fluid (BALF) and lung tissue wet dry mass ratio were used as pharmacological indicators.
Comprehensive grey correlation analysis, bivariate correlation analysis and orthogonal partial least squares analysis were used to
conduct “substance-efficacy” correlation analysis, potential Q-Markers of G. lucidum intervention in ALI were screened, and the
contents of Q-Marker were measured. Results The similarity of 15 batches of G. lucidum fingerprint spectra in positive ion mode
ranges from 0.678 to 0.835, with a total of 18 peaks. In negative ion mode, the similarity ranges from 0.645 to 0.899, with a total of 22
peaks. Pharmacological experiments showed that 15 batches of G. /ucidum from different origins had a certain protective effect on
ALL A total of six potential Q-Markers were identified, including ganoderic acid F, ganoderic acid DM, ganoderic acid D, ganoderic
acid A, ganoderic acid C2 and ethyl palmitate. The most effective G. lucidum with S12 (produced in Mudanjiang city, Heilongjiang
Province) was selected for potential Q-Marker content determination, the content of ganoderic acid A was the highest, at (1.328 2 +
0.025 1) mg/g, the content of ganoderic acid D was the lowest, at (0.186 3 = 0.003 5) mg/g. Conclusion Through “substance-effect”
correlation analysis, six potential Q-Markers were identified as significantly associated with the pharmacological effects of G. lucidum
in the treatment of ALI. This provides a scientific basis for the quality evaluation, quality control, and research on material basis of the
pharmacologically active components of G. lucidum, and lays the foundation for its further development and application in the
prevention and treatment of ALI.

Key words: Ganoderma lucidum (Leyss. ex Fr.) Karst.; acute lung injury; UPC?-Q-TOF-MS/MS; quality marker; ganoderic acid F;
ganoderic acid DM; ganoderenic acid D; ganoderic acid A; ganoderic acid C2; ethyl palmitate
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(100 mmX3.0 mm, 1.7 pum); EIAH A N 0.1%H
fRHEE-C (10 D) W, B AMIEA CO #ME
VRN R i PR VA (2.5 mmol/L),  BfFE e -
0~5min, 1%~5%A; 5~13min, 5%~8%A; 13~
25 min, 8% ~10% A; 25~33 min, 10%~17% A;
33~34min, 17%~1%A; 34~35min, 1%A.
45 C; ABUAE 1 mL/min; HEFFE 2 ul.
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50~1200, {KAEE 6V, MfgE 25~50V, BT



© 8242

F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

I 100 C, FALIRFE 400 'C, WiFEHLE 3.0kV,
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Fig.1 Fingerprint chromatogram of G. lucidum from different origins in positive (A) and negative (B) ion modes
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2.1.4 MBUETER K 15 DASFEF= R 2820
50T R RS AT AR BE VRO, A5 R L3R 1. IR R T
X FHLLE R 0.678~0.835, fi B T Al FAHALLE Jy
0.645~0.899, FIMLIELE 0.8 LALLM~ 5N 6
ANFI 8 AN, FHASE = L R 2R B2 AR

2.1.5 AR RAE 18I A PubMed.
CNKI. Chemspider. TCMSP Z5%t4fz A DL b S0 ik %
BHEE R T RZARARE, MHERZ R B E#E.
BIE R RN EHE H Waters Masslynx

4.1 BAFREAT 0, ARAEART 7> T 77l i
AT RIS AR SR A A S A 2% SCHR B2
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Table 1 Similarity evaluation result

I\

S5 HURERE Balb/c /)N
BBENLS N 18 H, FF2H 10 R, 2RIt B4

15

oo HAAAEE . FAAAEE
FEihs — — FEil s — —
LT BT T T
S1 0.742 0.821 S9 0.835 0.899
S2 0.835 0.822 S10 0.746 0.791
S3 0.834 0.777 S11 0.719 0.645
S4 0.678 0.677 S12 0.751 0.820
S5 0.807 0.841 S13 0.723 0.775
S6 0.824 0.889 S14 0.729 0.675
S7 0.779 0.804 S15 0.816 0.881
S8 0.766 0.781
#2 EBFHEREBIE UPC-Q-TOF-MS/MS £ ELHR
Table 2 UPC?-Q-TOF-MS/MS identification results of common peaks in positive ion mode
& X iF mlz 7 -
&5 Ejﬁ fr/min B T ﬁg%% M(Xﬁl?‘ﬁ) WRETF (mz)

1 [M+H]" 9.17 RZFKTR

C30H4404 468.324 0 469.331 8 469.328 0 —8.10 469.328 0,451.315 3,423.315 6,

407.282 3

2 [M+H]" 9.83 (225,24E)-22-acetoxy-3,7-dioxolanosta- C32HasOs 526.329 4 527.337 3 527.3353 —3.79 467.308 7,439.349 6

8,24-dien-26-oic acid

3 [M+H]"11.56 3-0-Z B3 R 2 HH

4 [M+H]" 1222 REZF CxHs09
5 [M+H]"15.05 RZE]V C3Has06
6 [M+H] 1544 RZHEED C30H4007
7 [M+H]"16.54 RZHBRE C30H400s
8 [M+H]"18.03 RZRO C30Ha00s

9 [M+H]"18.72 (11a,24E)-11-hydroxy-3,7-dioxolanosta- C30H44Os
8,24-dien-26-oic acid

[M+H]*20.87 (7B,12p,20Z)-12-acetoxy-7-hydroxy-3,
11,15,23-tetraoxolanosta-8,20(22)-
dien-26-oic acid

10 C3H409

11 [M+H]22.15 RZRG C30H440s
12 [M+H]"23.55 RZEC6 C30H420s
13 [M+H]24.83 RZ]RA C30H4407

14 [M+H]25.58 R ZIHEE

[ ]

[ ]

[ ] C30H4207
15 [M+H]"29.90 12p-Z Bt R Z#D

[ ]

[ ]

[ ]

C32HuaO9
C27H3808
C30H44056
C30H#407

16 [M+H]"31.46 FZI
17 [M+H]"31.99 J}FZBA
18 [M+H]"32.20 R ZIEEEC

C34H46010 614.309 1 615.316 9 615.320 3

570.2829 571.290 7 571.291 3
528.3451 529.3529 529.348 5
512.2774 513.2852 513.281 4
528.272 3 529.280 1 529.282°5
528.272 3 529.280 1 529.277 8

484.318 9 485.326 7 485.323 6

570.282 9 571.290 7 571.291 3

532.303 6 533.3114 533.3105

530.288 0 531.295 8 531.294 6
516.308 7 517.316 5 517.313 4
514.293 1 515.300 9 515.300 0
572.298 5 573.306 4 573.308 2
490.256 7 491.264 5 491.265 1
500.313 8 501.321 6 501.321 4
516.308 7 517.316 5 517.318 0

5.53
1.05
—8.31
—7.40
4.53
—4.35

—6.39

1.05

-1.69

—2.26
-5.99
-1.75
3.14
1.22
—0.39
2.90

555.284 3, 495.2645
543.318 7,511.266 7, 467.308 7
469.328 0,451.310 9,423.315 6
513.2814,495.264 5
511.2019,485.319 1, 467.313 1
529.2778,511.266 7, 467.268 9,
439.2339
485.323 6,467.308 7,439.315 3

571.291 3, 553.280 2, 511.336 1

533.310 5, 515.300 0, 497.288 5,
479.274 8

513.286 0, 495.273 6, 485.287 5

499.302 9, 481.288 3

497.247 4,479.270 3,471.338 3

555.274 7,529.268 4, 513.281 4

463.027 7, 429.086 3

501.321 4, 483.310 6, 457.360 6

499.298 3,481.288 3,471.342 8,
455.345 4
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Table 3 UPC?-Q-TOF-MS/MS identification results of common peaks in negative ion mode
o BT . . X7 mlz R -
W5 gy wmin Hr PR ThR ERE  IWE (xien AT @A)
I [M—H] 4.70 (10E,12E)-9-52%:-10,12-1 )\~ CisH2O3 2962351 2952273 2952255 —6.10 295.2255,277.2165,251.210 4
“J#ER (10E,12E)-9-hydroxy-
10,12-octadecadienoic acid
2 [M—HJ 595 RZIKSZ C30H44O3 4523290 451.3212 451.3236 5.32 451.3236,423.324 3,407.334 4
3 [M—H] 6.79 KRR 2./ CisH3s02 284.2715 283.2637 283.2645  2.82 283.2645,255.232 1
4 [M—HJ 932 RZIKDM C30H4404 4683240 4673161 467.3183 471 467.318 3,439.3257,423.328 5
5 [M—H] 13.20 ganodernoid D C32H4009 5682672 567.2594 567.260 6 2.12 567.260 6, 507.240 4, 463.249 4
6 [M—HJ 1430 RZNHEE C27H3606 4562512 455.243 4 4552437 0.66 455.2437,437.224 7,393.206 3
7 [M—H[1520 RZRV C3HasO6 5283451 527.3373 527.3398 4.74 527.339 8,509.3229,467.318 3
8 [M—HJ15.50 RZMHID C30H40O7 5122774 5112696 511.2707 2.15 511.2707,493.259 9, 483.312 3,
4492679
9 [M—HJ16.63 RZ/HME C30H400s 5282723 527.2645 527.264 6 0.19 527.264 6, 509.253 6,465.261 7
10 [M—H]"17.52 2B Cy7H3sO7 4742618 473.2539 473.2522  —3.59 455.2437,445.2137,411.2542
11 [M—H]'17.82 #ZMP CoH40s 5182880 517.2801 517.2809 1.55 517.2809,499.273 3,457.260 5,
4132670
12 [M—H]'18.27 #KZRC CyH4O7 4762774 4752696 4752683  —2.74 475.268 3,457.260 5,439.248 4
13 [M—H]'19.67 7RZRI CyH3s07 4742618 473.2539 473.2522  —3.59 473.2522,455.2437,411.250 1
14 [M—H] 2140 RZRa C3H4609 5743142 573.3064 573.3058  —1.05 573.3058,555.2950, 513.287 2,
511.307 8
15 [M—H] 2236 RZMRG C30H44O0s 532303 6 531.2958 531.298 0 4.14 513.2872,495.2770,469.295 1,
451.284 4
16 [M—H]22.60 FZRQ C27H4006  460.282 5 459.2747 459.2730  —3.70 459.273 0,441.263 9,397.274 0
17 [M—HJ 23.65 RZC6 C30H20s 530288 0 529.2801 529.2794  —1.32 529.2794,511.270 7,467.278 4
18 [M—H]24.89 RZMRA C30H4O7 5163087 515.3009 5152984  —4.85 515.298 4,497.289 2, 453.301 1
19 [M—H]28.62 RZRKI C30H44Os 532303 6 531.2958 531.298 0 4.14 531.298 0, 513.282 6,495.277 0,
469.299 5, 451.288 8
20 [M—HJ30.11 Ff}Z#KB C30H4606  502.3294 501.3216 501.3211 —1.00 501.321 1, 483.307 8,457.256 1
21 [M—HJ31.99 RZC2 C30H4607 5183244 517.3165 517.3182 3.29 517.3182,499.305 4,455.318 0
22 [M—H] 3229 RZMEKC C30H4O7 5163087 515.3009 515.3030 4.08 515.3030,497.289 2, 479.286 3,

453301 1

RIZH . HZEKFA (10 mgkg) HAARFEFH (S1~
S15) RZH. SKTLKHERZHLFEN 8.0
g/(kg-d) FAEZ51H), RZH ig fHMN 2, XTREZ .
AL A AN FE KA A ig SRR AR B SR K, 1 W/d,s
TELRYS TG 2 J. AT 14 K, HWEEKAA ip HbZE
KANEHR . RIREZ5 0.5h0 5, BRAIRAL AN, Hgk
/NER ip LPS (10 mg/kg) 55 ALT AR, &L 12 h
Jeis 53 BIRAES EH/IN B I 37 AR SO i vEE e v
(bronchoalveolar lavage fluid, BALF), T80 CuK
FATRAERT I o

2.2.3  AREFEHLR Z 5% ALLN BRI HZUE T 5 &
(W/D) sz 73 25 & 2H /N R BE D il 20 234
W, AR T 2 TV A JE PR T, TE R
(W); BHZHZZ 70 CHE: 48 h JFRRE R, A
TR (D), iH5 W/D, S8R 2. SxtiEg
B, BIMA/NR WD BETHE (P<0.01); SR
L, bR S7 F1S14 RGNS, HAhr=Hm

*
*
*

’ YR HTE HFE S1S2 S3 S4
i

B4 #P<0.01; SR *P<0.05

K3, 46,

#P < 0.01 vs control group; "P < 0.05

S7 S8 S9S10S11S12 813 S14 815

*P<0.01,

**P < 0.01 vs model group,

same as figs. 3, 4.
B2 FRE&~#RZx ALL/FRATZEZE W/D B9520
(X£s,n=10)
Fig. 2 Effect of G. lucidum from different origins on W/D
of lung tissue in ALI mice (X £ s, n=10)
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RZREEZFFE ALL MR W/D (P<<0.05. 0.01).
224 AFEFFHRZN ALL NRILEF BALF
TNF-a. IL-6. IL-1B-MPO /K-F 50 4% 1 ELISA
IRFF &1 B P 4 I 52 175 AT BALF FF TNF-a., IL-

400

#HH

300 | ok * *

Hk

TNF-o/(ng-L™")
[ ]
S
1

1004 Z

Xﬂ‘ﬁ’é*ﬁﬂ%& S2 S3 84 S5 S6 S7 S8 S9SI10SI1S12S13 814815
I

100

IL-1B/(ng-L™")
B (=) o
f=l (=} f=]
1 1 1
*
*

]
(=]
1

0 : K
SR B IIE S1 S2 S3 S4 S5 S6 ST
K

S8 S9S10S11 812813 S14 815

B3 ARE~MRZX ALL/NRIE

1B+ IL-6. MPO /K1, SiRIIE 3. 4. SxfiEdi
i, BRIZH/NR ISR BALF 51 TNF-a.. IL-1pB. IL-6.
MPO /K V&3 Tt (P<0.01), £ LPS i S0/
Bl ALL SRSl 25 BT . SRS ZH LA, ANIR] = Hb )

100 ##

o]
(=}
1

IL-6/(pg-mL™")

S4 S5 S6 S7 S8 S9S10S11S12S13 814815

XHIE B JIE S1 82 S3
PRI
407

#it * %

30 . * * *k

ok #
ok .

ok

ok

MPO/(ng-L™")
[3=]
T

*@;%%Sl S2 S3 84 S5 S6 S7 S8 S9S10S11 812813 S14S15
S

RAERE F 7K T

M (X+s,n=10)

Fig. 3 Effect of G. lucidum from different origins on levels of inflammatory factors in serum of ALI mice (X £ s, n =10)
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it
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[

B4 AE~HRZER ALL MR BALF F2GERFRFRFME (X+s,n=10)
Fig. 4 Effect of G. lucidum from different origins on levels of inflammatory factors in BALF of ALI mice (X £ s, n=10)
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RZ VIR FIFE L Hb P ALT /)N BRI A BALF A

RAEF T IR

23 RENE ALI # Q-Marker %

23.1 IKEKRBLE S #HT (grey relation analysis,

GRA) Al LAIE $i B R A WA o i T

BUNTFES], PL W/D. TNF-a. IL-6. IL-1p. MPO

B AR, AT GRA, %5 28GR <

BRFE DL 5, DAORIRBE R T3 A An AT i ik,

IEEFRHT 1. 4.0 90 11~13. 15, 18 BIEKA
0.95

0.70

090, euueannan.. A FH BT

N —

|||
6

7 8 9 10

3 4]

A, UEFREEUR 3. 4. 8. 9. 130 15~21 S
R otk

2.3.2  WAREAH KT (bivariate correlation analysis,
BCA) /3 AILAIE . GBS AR A DA s e i AR
5 W/D. TNF-a. IL-6. IL-1B. MPO ¥#E1E 95 #r
A5k, S\ IBM SPSS Statistics 26.0 R4, 47
Pearson BCA, ZEHIE 4, EE T 3. 4. 7.
8+ 16 FUIEM 7 B -FHiUF 3. 4. 8. 15, 18, 215
g 5 A7 25 3 F b A 2 3 R E A (P<<0.05.,0.01)-

= W/D
TNF-a

0.90
il 0.85
3K
E 0.80
6 7 8
3t

[o] 10 [ 12 13] 14 [1s] 16 17 [18]

=IL-6
IL-1B
MPO
PHME

16 17

HHE (HET)
B 5 GRAZLR
Fig. 5 GRA results

%4 BCAZR
Table 4 Results of BCA

RIKE QEETHED

RIS TR0

353 353
W/D TNF-a IL-6 IL-1B MPO W/D TNF-a IL-6 1IL-1B MPO
1 —0.152 0.001 —0.097 —0.111 0.006 1 0.089  0.084 0.087 0.055 0.001
2 0.191 0.086 —0.026 0.110 0.020 2 0.225  0.418" 0.129 0.375"  0.100
3 0.431™  0.406™ 0.383* 0.166° —0.148" 3 0.357°  0.395™ 0.432** 0.236™  0.255™
4 -0.440" -0.223" -0.406" -0.435" -0.479" 4 -0.300" -0.217"  —0.166" -0.142"  -0.336™
5 0.262 0.352* 0.257* 0.251* 0.065 5 0.021 0.089 0.019 0.080  —0.046
6 —0.136 0.077 0.086 —0.102 —0.124 6 —0.190 —0.063 —0.067 -0.072  —0.280""
7 -0.386" -0.355" —0.467" 0491 -0.359™ 7 0.484™ 0.461™ 0.269" 0.298"  0.039
8 -0.337"  -0.154" —-0.239" —0.189™ —0.243" 8 0.296"  0.456™" 0.324" 0.153*  —0.164"
9 0.373* 0.238™ 0.282* 0.150" 0.010 9 0.057  0.210™ 0.035 —0.048  —0.088
10 —0.008 0.346™ 0.045 0.166" 0.151* 10 -0.079  0.395"  —0.092 0.018  —0.033
11 —0.094 0.179* 0.286™ 0.036 —0.128 11 0.043 0211 0.342** 0.286™  0.125
12 —0.131 —0.090 0.073 —0.133 0.079 12 0.307°  0.267* 0.246™ 0.141% 0.034
13 0.278 0.416™ 0.336™ 0.211™ 0.001 13 —0.045 -0.017 0.298"* 0.061 0.069
14 —0.092 0.166" 0.141*  -0.023 -0.249"* 14 0.223  0.141" —0.128 0.303™ —0.244™
15 0.345" 0.208* 0.099 0.263 " -0.105 15 0.540™ 0.423™ 0.225* 0.203** —0.184"
16 -0.496" -0.222" -0.315" -0.339" -0.240" 16 0.053  0.288"  —0.165" 0.073  —0.238"
17 0.005 —-0.078 0.055 0.164* -0.118 17 -0.073  0.182° —0.061 0.013  -0.227"
18 0.330" 0.194™ 0.061 0.133 -0.231™ 18 0.539™ 0.473™ 0.365™ 0.245™  0.179"
19 0.024 —0.187" 0.014 -0.273"  —0.288"
20 -0.360" 0.161 " 0.100 0.112  —0.155"
21 -0.336" —0.165" -0.264"  -0.183" —0.189"
22 0.876™ 0.588"" 0.476"" 0487 0.124

*P<0.05 "P<0.0l.
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233 OPLS 71k, s F il T A A
XTI A S W/D. TNF-a IL-6. IL-1B. MPO %#
FA SIMCA 14.1 Wi#ft, #9% OPLS #AY AT 4
M1, MRAUGIER R, A AR IE AR S & 2 300E
FRIAIEESL ) OPLS #% R2v. R2y. Q2 KT 0.5,

KBTI G R RLF, v HT RSN, KH

A
<A 0=

»—AI\JUJ-lk
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06—~ & o~ o
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=
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go] . mm m o |
802
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OPLS BRI I3 i%f 1E A 515 T A WA o e
RS & 2R PR HEAT KB AT, 43 2 hn AL 1al 5
RE B K E LM (varable projection
importance, VIP), HH VIP {HH T F H A EXT
KAZ B DTBRAE L . 3@ H LD VIP>1 fE e i &
YRR bR SR 6. 7, LA VIP>1 FIAA

A-W/D, B-TNF-0, C-IL-6, D-IL-1B, E-MPO, K7 [d.
A-W/D, B-TNF-q, C-IL-6, D-IL-1B, E-MPO, same as fig. 7.

B 6 IEZEFHENT OPLS BElASHEFREREVIREEF VIP E

Fig. 6 Standardized regression coefficient chart and VIP chart for OPLS regression analysis in positive ion mode
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Fig.7 Standardized regression coefficient chart and VIP chart for OPLS regression analysis in negative ion mode

ORI N IR i, 255 T8 B 1E B T
T 4. 7. 8. 14~16. 18 FIER 7 & FH T 3~

8. 11. 16+ 18, 19, 21, 22 S HAH NERHK
K

W R 3 FhOTIRpTR 4E RT 45 T,
8 ANIE AT 4 SR/ 5 AR 3. 4.

8. 18, 21 FUEHZMERIRE MK, 46K 2 L
BUETRINGE Rm &ie R Z T ALL /EH B@vﬁﬁ
Q-Marker ARZME F (IEET 4 S8, KRR 2
g (1 3 518, RZM DM (HEF 4 58,
RZIHEE D (BT 8 5, RZR A (T 18
), REW C2 (MET 21 T,
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A B
/N fom 715\
1y 90 11/ 3 By FRRERR T (3 S5
P12 137 T T A 2y
\ SN 4 e mEmE 4B 3 a0 s .‘ };i@gle (42— %)
/N ) I \ C gy iR RZWER D (8 55
GRA ™15, 18" 7‘12‘ @ BCA GRA™_ | 16 19‘\ 4 | BCA REMA (18 5U%)
; e e “ _:,‘;»-—i:_“w. _ REW C2 (21 218
14 |
LS 6T 122
OPLS

OPLS

GRA VLRBEE K T HME NI tad; BCA BL P<<0.05. P<<0.01 Affiiktritk; OPLS PL VIP>1 Afifikbritk.

GRA uses correlation greater than mean as screening criterion; BCA uses P < 0.05 and P < 0.01 as screening criteria; OPLS uses VIP > 1 as screening

criterion.
8 IEF (A 72 (B) BFENRT Q-Marker ifi%ss
Fig. 8 Screening results of Q-Marker in positive (A) and negative (B) ion modes
2.4 BTE Q-Marker S ENE (2) puilsfr: ESIE I, IE. FE s
241 MIEEVEBRHIE  FRERIER 6 A~ Q- R, BHEHIEIN3.0kV, JEEREN 350 C,
Marker X dhiE &, THEHRDEMR, FRRAZ  FHREEN 500 T, ZHIEBIGREDN 650 L,

% F (0.248 mg/mL). FRHANE 485 (0.1 mg/mL). &R
ZR DM (0.042 mg/mL). RZJWEEE D (0.044
mg/mL). % 2R AC0.304 mg/mL). R Z & C2(0.068
mg/mL) JRAX0 HE i £

AN

HEFL SRR EA 50 Lh, SR 2 507 A
(multiple reaction monitoring, MRM) 4, FFl A&
DHERE TN ESHRENE S,

244 SMESCR R EI 2417 TN %R

242 Pl EI S RERARCEIF I S12 K AR R, DM R AT R, R B
AT 6 METE Q-Marker & EIE, % “2.1.17  FIFEIRERIXIGIER, % “2.4.37 BUFFA

TR 79 2% Al T VR
243 ik, k&M

(1) a2 F: Waters Acquity UPLC® BEH Cis
EEFE (100mmX2.1mm, 1.7um); RZEF. R
ZTE DM, RZIHIR D RZM A RZM C2 M
AN 0.1%FER/KIER (A) -2 (B, B 2.
B ARSI AH N2 2 mmol/L H EREL VAR 0.1% H R
IKIEW (A -2 (B)s BEEEHEL: 0~2 min, 65%~
50%A; 2~4min, 50%~30%A; 4~5min, 30%~
5%A; 5~6min, 5%A; 6~7min, 5%~65%A;
7~9 min, 65% A. ¥R 35 C; /AR FH A & 0.3 mL/min;
WEFEE 3 L.

FEar T DRI SRR R AR AR (XD, ARNIE

AR AARER (YD, TS A 25 A5 0 s 7
MbRuE i ZE 72, SR ILK 6.
2.4.5 JikEHESR

(1) KR DR, S8 6
W, IEFEOER, REBF. RZE DM, R 2R
D. RZM A RZR C2.BElERR L804I AL RSD
N 1.12%. 1.56%. 1.88%- 1.89%- 2.40%. 2.31%,
R B B R

(2) EEMRLE: PATH & 6 M atilmiEm s
BRSO, ORI, HHRRZR F. RZR
DM. RZMHIKE D. RZM A. RZK C2. FFHEHIR

#z5 EZFHEUHHM MRM 23
Table 5 Optimal MRM parameters of analytes
e [N BFX (mlz) HEFLRER/V Hll 5 RE 5/ V
R ERF [M—H] 569.28~551.28 38 20
RZEDM [M—H] 467.32~423.32 65 35
RZIHIED [M—H] 511.27~493.27 45 18
REBA [M—H] 515.30~497.30 65 30
REBC2 [M—H] 517.32~499.32 40 25
FRHAIE .1 [M-+NH4]* 302.26~284.26 55 20
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=6 EXHBREMXHR
Table 6 Linear relationship of reference substance
WEW T 2R VU /(g mL™) r
RZIRF Y=1.0X10X+15 323 0.003 9~0.248 0 0.999 3
RZIEDM Y=3.3X105X+228.3 0.000 7~0.042 0 0.999 3
RZIHED Y=5.0X10X+1514.4 0.000 7~0.044 0 0.999 3
REZA Y=4.9X105X+13 754 0.004 8~0.304 0 0.999 1
RZIRC2 Y=4.0X105X+432.1 0.001 1~0.068 0 0.999 1
FRIAIR 2B Y=1.033 1X10*X+288.9 0.001 6~0.100 0 0.999 1

ZEEE RN RSD A 2.19%- 1.99%. 1.95%- 2.23%-
1.97%- 1.95%, RHZEEZIERI .

(3) FaEtEidse: BALKmIEm, 77 alfE 0.
6+ 12, 18, 24 h #EFEkll, ORISR, THHERZ
M2 F. RZ DM, RZMIK D. RZM A RZ
g C2. KRR TG & &1 RSD N 1.58%- 1.51%-
1.57%-. 1.74%- 1.72%- 2.58%, FLWI7E 24 h MR
R E T R AT

(4) JNFEEISCRARES . R PR L B = 1)
S12 Ffdh 6 3, ¥ 1 2 1 EBlin 6 B B ks ko %t
fs 3% “2.1.17 TR 7] £ AR VR o kR
R, SR UETAR,  THE B IR [ Y 2 A
RSD. RZMR F. RZM DM. RZJGMR D. RZMHR
A, RZW C2. KR LWV Y InFe B R Ky
96.74% 97.48%- 97.37%- 97.89%- 99.87%- 96.95%,
RSD N 1.98%. 1.36%. 1.33%. 2.01%-. 1.79%.
2.25%.

24.6 FEME BUHARER, % “2437 R
TR, RIS TR EAR R 2R F MR E
BN (1.0870+0.0122) mglg, RZF DM KR
BN (0.211340.0033) mg/g, REMHEE D K
RE BN (0.186340.0035) me/g, REM A 1)
JRES BN (1.328240.025 1) me/g, RER C2 )
JREDHCN (0.3710+£0.0089) meg/g, EEHEER MG
IR = HON (0.367 840.008 5) mg/g.

3 e

AL 2 I R R IR R Gued, DA 45
PE R IE I N A% O ERARFE . H AT R W G
I BAFEAR RN R . R A L HIR,
M DAMAR G FBHIT ALL (s BEERR, DR, Bk %
SRR 250, %ot 12995 i LB TR A
TR BERIEARNE SIS L. REZAE L
Gip I AL s 2ht, DA 25 AW 7Y CAE S
HAEHUINPLR . PUEL LR RGRYER, 1E
AL 176 58 25 R U8R A R Rig 15

MRS . (hEZGHLY) 2025 RO R 2 1B
M A2 BE . S =05 2R bR AR, BT FiHT
HEX AN [ 7= 1 R ZREAR AT L S, MUESS N
1Bl 258t HIE BB UT A 2 48 SU IS 20
AN, AN R ERE S AL RE ARG, B = Hb 22
T RENIEME S A REEm. FiRgRE
B, TUKSEZHE, S =055 2O0R b T e R 20 =
VAR, TCIRE UL ESTH B Zh N TE S, B
PASEIRAL 22 B 5 SR 2 AR AR IR RS HE DG B, 217
TEERVEVPN R 2 Tl ALI B S22 M. sk
JREA, RZE &SR R 2 = S B
55, ANFEFEH 2GRS BUS =G S AR AT R BT
L AR, (= A S B R Ay ) B AR A
PR SN G EAAEREER, XA EmRZ
Mg B s R IR E R B R R S
Tk, AWFTORE 15 AL ARBURE &5 (R 5 43
PAN - B, (Rl %5 GRAL BCA.
OPLS 3 F ELAMA 2 JCGu i 7 1A AT A8 SUIAIF « FEAR
B4 25 B Ay 3 B TR B 22 S T W AAR B0 9 48 8 P it
AEABURE 22 53, AZAFAE AT K “H-ThR” B
AV, AT RN, AR
Wi SCHR A AT IR G T 2 1, i Re s R THE 7E Q-
Marker §ifi 126 (AR 5 5E 1 o A 28T 15 21 1A%
OB E IR R Z A 5, B ALLZT R
SEAHDCHE, AR A A AR AR ALLRE 5| A PR 07 328 i
7o Ja gt AT TR SO AR AR R R 2 &
FMERITRIE R, XERFEP=H 6 ANEE Q-Marker J&
TEINE, WMEUEZRE 6 NMETE Q-Marker
SRR M, DA AR
RZP0 ALL L Q-Marker ik R R 50
FEMES
AT AT B TSI R A E T R 2K
. IR (2.0 4.04 8.0 g/(kg-d)] Xt ALI AL/ R
MFFER, UK FERE & ifiiE . BALF o5k
RIEFEAE (TNF-0. IL-6. IL-1B. MPO) NP
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i, RN R ZR/INR ALL RS E F &2 B 27
BN, BSZFIET S, SR iR BORIZ
W ag, Horbeb RIS Y AT B IR 28 R
(i FERE I A0 B 2 a gt — DR S, &5 &
HIJREAFIFE L L LPS 5 SINIM A RHi45 . 256
PIRRIE S Y, S E AT ISR R AR
i, HSEI AR S 2 B R BV S B, ik E %
FIRAE N AT T IE XSS 25 25500 &, B IR S 224
A RASERTI Bdi T 5.

ALL F95 BEHL I AR B2l 00 = 38 AR S vg,  H
BB A 3 KA BLAZ R — 2 LPS
S5 DR E R A L v b Rz i, 5K TNF-a
IL-6+ IL-1B S 2 S A0 AR A ERR I, T “ 44t i [A]
TG, BB ERE/WN R
WFE VT, G AR, R B RS IE
JE R T e B VR RS TR H R W R A AL B 4
(nicotinamide adenine dinucleotide phosphate oxidase
4, NOX4), i KIMH LV AN SR, TR
BB TOR RAER 5, TR« B - SR AT
M RO =R R S AR AT, Th ML
Pt FEIRE . MPO TS T i, N E liZH 2145
IR, RZM AL RZR F. RZE DM, RZ
2 C2. RZIGIE D wlid I fh) s RE A BB TBUR #5
PRI, & RZ RS P HIRZ IR H 224,
t, RZWR A ATl 1% Rho/ROCK/H% Bl 1--«xB
550, B LPS 353/ U 20 20 B 4547,
o) SE A LR A 5 RE R R 2S); RN R
7338 ] U 48 B TH) &5 B 20 57-1 Cintercellular cell
adhesion molecule-1, ICAM-1) 258k [t 731315, &
e PR AN R T A A SR A TR R 2K O 1k e
R flel, RZM C2 5 R 25 D M =i 1k
L. 3 AR R NOX4 IRk 5,
DR AE R, FIRHEGE & H A B (protein
kinase B, Akt) /¥ & Bl B -3 (glycogen
synthase kinase-3p, GSK-3p) {5 5, $RTHHSA
W BACEE . 2 B H IS E A Y SE R ST AL
WA, IO PO OBl S N T A 3 ) s B 4 IR
Ut E A, SCATBE T ROS 55 1) NLRP3 4
AINABGE, AR A SRR 2728,
FARETR £ W8 ) 5 SRR A S e e AR
W MPO Y, s A PR i P S i A 5 M
KL, B> MPO A 238 B Rl o i, [
IR AT R 2 I R 4 B AR R A M B [ 8 Y

M2 BIMAL, AERFIT SR Re s, Rk it FE
TEER GRS 2), g5 1, AHF IR RS 1
6 MEAE Q-Marker 1 HER R Z KIFE ALL - 1EH
PSR . IR R H AR R R, T A
ik 38 B AL SO T B R8N, R [R5 ALL fR3
EH . Jegad it —L R 6 MNMEAE Q-Marker $t
ALL IHLERIBEFE, b Fo s 2% 5 TAEML) .

AR FT BRI R 2T ALL BT (E Q-
Marker, 77— EMFRIR, BfrEsmit. H
—, XIHIERRIE 6 ME ST, HMATT RSN
AR N RSTIE PR AGIE,  JGi2: B A5 SRAAR 1 43 () 2 25 T
BREE, JRAME LA B A [ B A 1] (R4 B = IR A v ) 1
AL o AT 7T 108 B 24 80 A B R RV A PR R 2
FRFE, TR 6 MBALE Q-Marker [ BRI, 45
RERRZR A SERME. RZGIE D & 2K,
S EESNE; SR A AR A i
ST RO, SRR “RiR” RS RSt
JEIEVESE, BRSO I TTEREE S RIVER .
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