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Abstract: Chronic obstructive pulmonary disease (COPD) is a progressive condition characterized by persistent airway inflammation
and recurrent acute exacerbations, leading to gradual decline in lung function. Excessive neutrophil activation and increased formation
of neutrophil extracellular traps (NETs) are key pathological mechanisms contributing to airway epithelial injury and lung tissue
damage. Short-chain fatty acids (SCFAs), important metabolites produced by gut microbiota, can modulate NADPH oxidase activity
and reactive oxygen species (ROS) generation via free fatty acid receptor 2 (FFAR2, also known as G protein-coupled receptor 43),
while also participating in histone modification through the acetyl-CoA metabolic pathway—both pathways jointly regulating NET
formation. This regulation depends on SCFA type, concentration, duration of exposure, and the state of neutrophils. Patients with COPD
and animal models often exhibit dysbiosis of the gut microbiota and reduced levels of SCFAs. Studies have shown that decreased
SCFAs coexist with downregulated FFAR2 expression and enhanced NET formation; exogenous supplementation with acetate and
propionate has been found to alleviate pulmonary inflammation and tissue injury. Traditional Chinese medicine (TCM) approaches to
COPD emphasize simultaneous treatment of the lungs and spleen, as well as coordination between the lungs and intestines. Certain

TCM formulas and herbs can modulate gut microbiota composition and SCFA metabolism, improve intestinal mucosal barrier function,
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and suppress neutrophil activation and NET formation. This review systematically summarizes the mechanisms by which SCFAs

regulate NET formation and their relationship with pulmonary inflammation in COPD, along with recent advances in TCM

interventions, providing insights for the prevention and treatment of COPD using traditional Chinese medicine.
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Table 1 Studies on SCFAs regulating NETs formation under different experimental conditions

SCFAs WAFE RIS Ve IR T e ] %} NETs “ERRI5 FEERAY
L BEMNMAmLFYE  PMAES, 288 Z8R0.5~25mmol- L™  Ji/bAIHus DNA Bt RNmataE R B4R, TRE
b 5 PMA FIF PMA 10, 25. 50 FIRRGLIEAL, 3 A e £ 5 A R A
A nmol- L7, JWFE 3h  HEWREHM NETs Bl
2. R, TH  EFEMEMEE  SCFAs B 2R 60mmol- L' . ilE IRk NETs 5, ZBRAOIFHIS FFAR2. Gog/11
ERliaaetifinly 20mmol L1, T 20 DAZ TR =5 J NADPH B/ EgiE1k
mmol' L™, #¥3h FEPS
V4.7 EEASNEMES  ZBEHSE 100, 700 pmol L7, A4 3HHI NETs B #I5  FHBT FFAR2. Gag/ll {555
R H3h WEMFERM TE  NADPH%ULHiG, NETs 4
YEFANI &, >
LT PERIAINRE HL-  FRCRA T 280 10mmol- L, Ak HESRAUR MMMk, {2 acetyl-CoA “ERFIZHER
60 41 A23187 i H16~24h; A23187  4iALSh DNA RiAl BB, MR EamRE S
10 pmol L 2~ NETs A& AR
4h
ZEAN. NEREY COPD ! SD K G ig T ZM8H 120 mmol-L'.  F#{Ik NETs #H55fRbr, bl FFAR2 £k, #0fil4dk
BRI 20 27 Je ifn PREREA 50 mmol L, WEMEKAEMA  RINAINETs 2
bl 10 mL-kg!, £H 1 gt
W, 2
2. BRI RRPIERAEE  20%AMMER  01~100mmol'L !, 5 NE. MPO #1 CitH3 % FFAR2 MaEhBaa e, 14
il EER AL B ¥ 24h NETs A7 T F& IS A

HiFRE M




<4172 FAOEFNH 2026F11 B

{1'351'%4-':55{ ER Drug Evaluation Research

Vol. 49 No. 11 November 2026

2 SCFAs 8% NETs £ %f COPD FhEp2EiERY
20

COPD DLl RE S PE 28 5 o £ BEHRAE, JifE
HHIRHPEE R ThRE 2 AL I BT 45 R
FARU T 5 o IS PRBEFE K I, COPD &3 Jijid
WEME TR B RV CRE ) R R, K
LR K T BRAGLSY; L iy 108 v 7 2 R 22 1 Al R
A AR, R 260 SCFAs /KT T B&M), sh¥it
Fwon, RS B SEREREERL. B
B 5 57 B 475 B SCFAs AR A8 fp 120220, [R] i,
COPD #H K il A KA, L4
R R B A B RE AW T RE, A5 I 0 Al 1Y)
KABEFIRNRT
2.1 COPD HizEEE . B ERERTERE
EbEr ey

W E R E R COPD i3 v] B ig i il is 1t
FhiEr, A R AR s F A A R AR RE S R
B8, X AN 6] B AL B COPD B3 I 288 i3k 47 0 #r
RIL, B a2 A R AR, H
B H A A R DO, v] W, COPD Jif2 ]
[ s} B0 P 3 T A O VAT B B IR T BE S

J¥7 T TR A AR A 5 IR SORE AR O . B SR A
TR, FERRAE v PR R A 55175 S (0 A E
IR A Dy Rei T s A SR PR SIS bR 2k
NI BB R, PR AR R 55 2 R /D SR
TE R, RIS gk ke 1M S0 25 s, e 5]
R A AT, FrEA &5 e AR B R0, SR
T M 1E U B BELEL R RIS, B 2 5 i B A QAT
PR PERAS, R B B AR T e S 2 Fl
7S E PSR

SO B 0 55 0 W] A A i G T B . I B A K
L, MHELH S 5 55 o] 5 I R0 Wbk, (R A
TE A P eI R R T BRI 40 5 RS, M
FIR 5 i /0N R P A 4 IR 1 R PR 22,
Ji7p T TR 2R L R B 2 4 A R S % 2R AL T A
L[R2 5 COPD il 98 i i & A K o

COPD E FIPIRE At al R A s . 32
SE IR HESE R (BALF) BT TR, 4BkiE
P B ZE M il 18 (GOLD) 3~4 2% & I
WS 3 T A R S AR TR . GOLD 1~2 23
FAEREXER, 5 BALF KA. Ak
FLRI KA A R, 1 UGN 70 {5112 14 BH ZE 14 it
I SN E (AECOPD) B IR 7T Bon, HES

M2 R# BALF W B 2 MM 38 BT %, IRt
A 2 Pl J& AR = B AR 24, 2026 4F 1 Wi
CVE S RV 2 BT 5 1 COPD &8 3 i MR 4K
W~ BALF FIZS(F R B, 255 Bon s 5 iz i
WHEFHRAA R ZR, HHS5RNZREE.
U D EE B S I R R AE A G 25), (R IG, COPD
B3 T 38 T B R AR S R S R R IE R
PRRE 2R AL AT, O I R il - i () ) A L R el 2 it
THT B -

2.2 COPD H SCFAs it R B SR X &

SCFAs =% 118 b A < I B 27 4 55 A =
A, B RS D e AR A T B R e AR K
o IRTFFE KT, COPD H3(#H SCFAs 7KFAK
TR, B RH N N R0, AR
5E 1 COPD 35 LK 2 Bkl Tg FE DS,
COPD HF it L% 5 SCFAs /D> R H
DL, T SCFAs /K-Fid 52 G & 8544 . A 1E R 6e
JqE ERUPIRESEF = .

T %5 AT RE A2 51 S IR R B R R . ]
W& 2% SCFAs KPR T AR, I IR /K-F
55 1A I RAER(FEV O M 11 iliiE & (FVC)
(AR 2 A G 0 R0 55 2 i /N BRU R A AT 1
P73 T R e A8 AN 25 SCFAs /b 200, 0 5000 %
T )5, WEwERESR . SCFAs /b DLK i 6 5 B
AR ] RN I, IR TN IR AR 5 FE
JeAH AR FH i Z R N BRAIE -

R E RN B RE T T FCadE—2DAIE S, BN & 4F 4
TN FRTHIR R 55 55 /N RS SCFAs 7K°F, I
B2 A REFI AR A ZA R 2 i — PRI
SCFAs /K, FHAEA I . #PEE FBgs 3
AR R I IR e, Ui PR A TE R & SCFAs
RS SAREH S AHDE COPD I & B PR,
TEERENZ, BEAgERPTAERTESEE SCFAs /K
PRI, 2 s g A2 A A A B AR =4,
RIHE 75 245 A SCFAs BN 72 596 AN 32 AT sk
It PR T I .

TESRIBVEIK . RE L E M S A 75 SR
. COPD #7 dr, %M 78 Z RN AN T R N ] g 3t il
IHRE , Vi it 358 98 hE S L4455 , RIS ££ 45 FFAR2
i & NETs AHGHRbR FREU4,  FIR BT 56
SCFAs X COPD fifif 2 AE AP /EH, MWEHES
AR5t 2 1 32— 2 G 2 FFAR2 38 % M2 NETs 2E i
W,



F49EFENH 2026F 118

{;ﬁ‘%ﬂ'ﬂﬁ ER Drug Evaluation Research

Vol. 49 No. 11 November 2026 - 4173 -

2.3 FFAR2 £5 SCFAs ¥ NETs 4 B Fnfhi$5i45 #
VERT]

1 151 COPD KB 78 AN, HE BBl A 25
WIS SCFAs DL 4R « IR T EIBRAR, 4]
FFAR2 F&ik W, F:fEH ROS. NE. MPO. CitH3
AKPFHE, ML B X8 DNA Al MPO-DNA & &
Yoxgn: FEIIRE R PR, SRAEGHMRIE . e S A
IR T J8 U AR S B A AR B[R] 2D N

HMIEPERN 78 SRR FITN IR J5 , i ZH 21 FFAR2 K1k
Fhi, BiThRERGEE, NETs A< Habn Al 4 05 K /K 7
SR, IHRBH R . TR I S R
e E AT R, SRR [RIFE T FEIK NETs
A< bR /K, FFAR2 #ah7 el s 58i% e/, 1
FFAR2 550500 v I 551 U4, Bk g FUieA,
FFAR2 25 Z B AN BT NETs AE s iR, 4]
NETs i B Rl ] B2 Hg4e COPD il 98 hi AT 2H
L ER BT —.

SCFAs % COPD #&hE 52 IR Je HoAth 28 iE
W SN TR T T LR FFAR2 Rik,
PN NF-kB c-Jun 25 A A (JNKD Fl p38 £
ZUFEAL 2R I (p38 MAPKD) 4k, R M &0
%5 B 5 KBRS NR8383 4 1) 48 JiE ) W 1200; 7145
INEBA T2 HE (LPS) i3 /NR COPD St
HBIH, RNFET R R AL R 45 i 2H 21 Hp 9
R 2 RIME G MR LB, R AR R
(IL) -4 AT IL-13 7K-PR7; T Rk ] R AR A 50 55 2

/R H3K18 FLERIL KT, Sl Thag Al
20 23 F 451280 R A P R R A . 2 Y[
AMELIM SRS S KA E AR B S Z A
JiTH, i SCFAs X} COPD Jilisifi 4 5E i 15 B
BONT 2 A2 A

WA LR i 018 SR, SCFAs Al @it
FFAR2 7% NETs 21, FERZ0A COPD Jifid 44k -
HTHA T 7 2 K O RRE S T3, &%
B AR F AR A 38 B BRI I e it — 20
Biffi. COPD i AE. SCFAs. W% hE s A
I 348 98 R 22 [) (R A EL A FH R R LI 2
3 25T RAE SCFAs fXiiF1 NETs £ T
COPD

VAR I, B R 24 1E COPD AHK M
TBEREEEL, Lk SCFAs A2, 4Ed i Zb s 5t b o
BV M5 24 505 P R A3 3 T ) R 2 i 5
SRS EEEA, WD NETs B, AT 2t 4
St DR SG . BUA I S o 255 igiE
B S AR L s m ok 40 P 28 RE PR T P A
NINIH SCFAs 5 NETs 7E COPD & ¥ H1 [ I: R $E 4L
S,
3.1 X AAEREREFN SCFAs KT RIETS

Z I TR, 5 R 2T n] 25 COPD #H
KB BEI, EiE SCFAs AR, I it i
BrEEDIRE . AN DT 52 e, AR, K%,
SR HTUURE, Hule. JEAR. BREZ. B R

o ok p l ‘
. _ \ &/
. / [ m— | @‘,JO"CP ’ %%z \
‘[ ( | memEE  commusmr
[re——— | TEmEEEEE L~
) I ! p I i
’ ) 4 o D BALFEEIE®
(rscmgny | o | R TR | BALFE ¥ sl
| . L —— witiaeEE | @ e®e®de
N g | TE ) L
Jalt cat cat RapR A ErmEn (@)= |
i : L — _ -
i L e ) HERTIS IS
wemes (QJHEHOIN | & et
‘ | ‘ A P EE
| | | B ' :
bt [, . N N [ phamgs hesin
s e~ SRR RGN - -
‘_H_H F“Tﬁl'mmﬁ ‘ % ‘ SRS (e
L e N | =mEr c“,]
FrEiEnt HERds . || BEEEES. R\

El2 COPD Fj7EEEE. SCFAs. MA%iFERRE & SR 2ER X

Fig.2 Relationship between gut microbiota, SCFAs, intestinal mucosal barrier, and pulmonary inflammation in COPD
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