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Abstract: Chlorogenic acid is a bioactive phenolic acid compound found in a variety of medicinal materials
and foods. As a secondary metabolic product in plant cells,chlorogenic acid has many pharmacological effects,
such as antibacterial effect,immune regulation,anti-inflammatory,antiviral,anti-aging,anti-cardiovascular dis-
ease,anti-cancer,regulation of blood glucose and lipids and so on. In recent years,the widespread use of antibi-
otics and the emergence of multiple drug-resistant bacteria pose great challenges to clinical antimicrobial ther-
apy and global health safety. The exploration and development of new antibacterial drugs has attracted world-
wide attention. In this paper,the recent research on the antibacterial effect of chlorogenic acid and the mecha-

nism of immune system regulation are reviewed,aiming to provide a new strategy for the development of new

antibacterial drugs and the selection of clinical infectious diseases drugs.

Key words: chlorogenic acid;

LRI (CGA) 4 F A C His Oy s X 20 F B
A 354, 307 SR 28 SR TR A 0 AU P R ) B O 22
i £ 5 7 T 7= A 1 406 B TR 22 ol A 00 A i v 446 9
MR 345 R AR TE B IO 53 235 K60 43 BT » L2 i i g
AN N RUERE | 22 T I AN AR — M ¥R BE 4 Y — RPN &
KA B Y ATAE T e & A SR A EER LT
A MR LIRS LR BT . CGA & ki
WAL I 7 IO v g AR Sy vk 2 TR R T 22 5 i R i T
HEWt, AR SR AW 5E B CGA B A 40 5 . 9%
WPLR PUR T DU E PO ML R PR R 4
IR I RS 45 22 Fh 25 BEVE S A BE Y 1A B ek
TAFZAT Iz N . R DL, 4R i 2 ()
BN A ER G T I R L B T B 25 W 0 T K
AL EE =R 25 0 e, EH R T E AN
CGA PUHEE R A5 2 5 W W HLH B BESE . B 78 M
BB R 25 W W 5 5 O AR A T SR R I R A PR

antibacterial effect;

immune regulation

it FH T TR 24 0 B8 AL SR s

1 CGAHEER

1.1 CGA 9l 40 i A= 9 BT i A 9 i — Fif
AL RSN VR R 2L
iR R P50 BT IO S5 A8 B 8 TR ) AR 2 T T B 2 AN B
FHHFZ—, HEE R . AW BRI e
i 200 T 0k 39 A T B AR T R B T AN T X A B L Ak
27 RV BT 2459 B HEHT B0 T 40 B Y AR A R0 BE
71 CGA @ LAF 3 A2 AL i A= 20 BETE A%
1.1.1 CGA WEAYRMHCEFEKL MEED
JEAYTE W — A s A i B, CGA Gl i 0 45 K6 [ 3k
AR PR B AL B R AR ) BE Y k. RAJ-
ASEKHARAN %5 B 5% % 30, CGA F Rl 48 78 8 1A
B (KP) A LN mrkD (3 BB ) Al treC A 564
6~ R /K M i) 3k, AT I KP A9 S T 1k, A=
PR E  AgrA Sk it B 40 VG AR 4 8 (0 4 BR

* EETBE;EZKAKREFIELTH (82060669) ; 5 M A FHHET-H AL W58 LW 159 H (202101AT070256) ,

A

S B{EEE . E-mail:ligrmed@163. com,



Elfrf e ¥ 427 2024 42 12 H % 45 %% 238 Int J Lab Med,December 2024, Vol. 45,No. 23 + 2933 -

(MRSA) R 5 256 | . CGA XAV ™= W 1E N
W BR 5 S i S S PE IR 57) . 5 DNA 384 AgrA A
GBI Agra BER KA, I H0 # MRSA 4=
PIIER . CGA M P8 45 5 B B8 Las . Pqs
Rhl RGEF R IL, T X HEFNES ST
B B AT 2 e 25 AN S 1k 2R A S A O R PR AL
T30 5 A B B TR BT . CGA TR 98 4 &5 180 20 O 7
Gac-Rsm & 4iH RsmA [H T 1) 335 K, B A 40 it
DI 5 F 58— 5 45 TR K CSF RIS 2 08 5 1 AT 41
il 2= B 9 B

1.1.2  CGA W SR 40 M B 58 58 1 40 B JiE 2 ) ot 228
8 5 AR %) LAtk ) s 24 20 B A i 3 B B B AR T
. YANG U558 % 9, CGA Lb 33 i v 1] B 40
JRLISE 36 1 SR (ROS) 2042 3 375 M RO 30 1 3% i 40 7
BAESUM AR EERIET. ERE HHHF
45 R 38 1 A5 5 A% S8 I R 45 A0 TR B AT N B A0 i
(T 1, CGA AT B 2 ] 42 ) 2 fIS B0 G 7 35 — % fi i
00780 4 B P A TR T . CHEN 280205 o) 4 4 52 36 &
B, CGA I 25 M 92 HIS R AR B 40 7 JBE 1 J1 B 5 L £
A REHE R 42 0 2 . SUN 2500 F i /I & CGA
bR 5 U0 1D A B A B A0 R A SE B P B IR L A0 il
D) I B R AN A S . TE 22 R A T A B ]
XFH s & B, CGA 1 ) 43 5 €5 7 2 BK AT L 4 4% i R
AT 2 TR TR RN KP4 G g A TD S 3 o L 3
PESECANE M IKFE T . CGA b B K I FF 1 F1 1A 8,
A BR B AN B 2 R I A e — 2 A 40 e R e M
ﬁﬂzﬂ;tsjo

1.1.3  CGA N—FhE AN (QD I 1 (QSD il P
QS 2 4l B 2 (8] ) — Fh 28 3t 5 =X, o] 4 ol AR 0
(AT R BB I LS ERERY KP B QS i
FEA TuxS #2461, CGA T luxS 2L B A% S
FICAT-2) 7724, N KP 9 QS™'. CGA it F
B 51 KP(HvKP) luxS, mrkA ., wbbm Fl treC [
Bl SR T A ) A 0 IR T O L D€ R 22 B I e A B AIR
HvKP ) QS . CGA F il £ 5 iif 24 4 &% {1 % i
QS M X H A lasl. lasR. rhll, rhiR. pgsA Fl pgsR %
IR A A0 R ) 36 S L R AR R R 2R A A o Bk
PR OB O S ML P A0 A R R R R AT NPT
CGA EN QSI Al A0 QS 1 R4 AR 41 1 1= 28 J1 A
B ST O% fif OIE BRI I R

1.2 CGA i 4 B 7K i Bl 00 7= A= 20 1 7~ AR K
FfBL BRI 24 100 1 TG S 200 TR X BT B 2 0 7 A T 2 1) R
JRH . SHV J& A 25 3-IN BB, CGA fE AR S
SHV-1 11 95 2 2 ARG 2008 (1% ) 65 05 45 & T2
SHV-1-CGA & & Wyif 2 5 K 4 P e F1 57 52 2 e i R
A EBE UGS A TR B- P B e Al 1 7 2

1.3 CGA 2077 B 1R 9 5 P aL AR 4 e 19 4=
AT B0 T B SR AR AR AR S 1R R A9 AR Ak 2k
I FfE AL, LE VS HESE &2 B, CGA T 3 40 1 4
PRI L T 9 Ak e e R R R A B R R R
R IEAR I B OB Y Ak, FR IR ROS Y 7= AR T i

FIBEER . CGA 2 I8 2 48 1 B ok 2l 28 B R 9 15
S G R B ZE OFT T S R IR G FR CTCA) U 5 fift
KM A ATP K F. M ik 28 B/ Y . CGA
WHA RS TTE S1 BN TCA 1§ 8 F HL 1% 128 5
HH G S SR IR T S R B 1 O T 1) 35 2 L 6 40 B e
AL M S B AL T . GUAN Z0Y i 5
Oy FREAUBTSE & B, CGA W] 18 3o S5 | 3h 477 A0 FH B 1
o 5l 4 B BR B A 2 IR WA AR 0 R B AR AL
Arg347 WIMNEE T B IR IR 45 44 . T 410 6 #2851 R S
L RE R AT

1.4 CGA MUEMFEFE 5L 2E B MER LKL 5
R e R R 1) B2 ) S IR A R TR Rl L — Bk
15 S5 8 B CGA Al 3 o T P H AR 48 3% 3h i
EETIHEAEH . ROS 2410 &2 MM E S5+
LEE 2" BF 58 & B, CGA 3 33 W #& K 9 FF 3 1K
ROS, THIE# W5 7 i 14 5, R DNA i F
£k B J W Ak L 40 M Y Ca® " K S B A R T R AE
JAMALIFAR 2™ 58 & B, CGA T 8 4 23 15 20 fify
B A S A lasT Al lasR 235 L M4 i H B0 1 A QS.
CGA T8 £ = it 25 K I #F & if 245 4 & 1 (Tsr, Tar,
CheA.CheW) .OmpF #l FliC 223k, #2 & H A 505 25
W Sk 7 A B | BT 5 T AR | B 2 4 X G T P
Be-6-F AL mE e B R M EE R L
60 W9E fi 0 R 1) A SF- ) 1 RO | [R] A0 B R AN e
SERGTE IR ¥ TE B0 74 B 4N B DR S S R TR AR
1.5 CGA 34 5% 20 18 X0 08 25 9 0 Sl skt 40 7 X
PUTR 2459 7= A T 2 2 A0 TR E b 1k B Y 45 SR, CGA il
1t 22 8 45 38 5 2 TR X T A 24 ) B BRI L R SR
KP i 5 144 o AN E e s 0 rp % B, CGA BR A 28 2R
bR AT KP Az P B8 04 T B, B AR KPP X 22 SR U0
B 250E . CGA 53R vb B 51 2 30 1 Py [
VAT S AR K AR 4 & 7 KP X3RN v 2 1
BURPENY . CGA 5% 5 m W M % pg e b 45 3
A bE DS KB R A R MK R E B %
i} % 7 B M5 25 KP(CRKP) B ¥k % B P 8] 1 FH A 2R
PR MR Y IR 52 . CGA i 2 B i 25 KP
(MDR-KP) I8 Pk Iiif 25 305 5% 35 00 1 248 7 % =k f ntk fig
TR U B A0 TR 245 ) U

1.6 CGA BRKANFE RS MEBRE N 5HRZE
FTIMBEFA K, CGA R WA 40 B4 19 2005 BE 7 5 M i sk
R KA . YAN P BESE R B CGA 3 ST
B4 A A RTBURT B8 A AR 1 i 22 8 (LPS) B BL 2R L
JV 38 50 B PR IR RE N . CGA 5 P 255 B A
JH 7 S R B A A S B T B A E L B
S50 1t 100 1) 288 BFF 2 1 R T 0 5 A 7 4 O ) 5 40
B0 fig 11

1.7 CGA HMhHimwfEA a2 CGA myH 1L
FE A ER CGA fFAE PRI AR . SALEH &0
I HL I8 55 R 72 R OB (PVA) /PLGA R A5
J A CGA K 0B, 7 /)N BT 50 J8k e B A0 v %
B CGA 24K FURE % ] 2 M5 5 i o 5L A AR 5 1) e B &L



* 2934 -

E T ES2& 2024 412 A% 45 %% 23 4 Int ] Lab Med,December 2024, Vol. 45,No. 23

W, H WG R B, B CGA 1 #% 16 W% Pk 98 K i k:
(MNPs) |, &M ER N 16 nm 19 CGA 44 K ik , [
FEEA RSB ROR . CGA HUEEITE—E L
Rl P B 30 T e T 3 58 4 CGA S0 4 48 96 T 3
T CGA WA BE FBTE G DY . CGA Bl 21 n] %
P B- BB (OBGH) LIE M CGA-ORGH R &
W XF A B (0 R 2 BK A OFN 28 M R TR AR S PH M TR A AR

x1

SR TR ROR S
2 REETER

240 T R TN O S A0 B T A AR R R SR
PR G i 72 G R 1 3 B AR — S XTI 81, 35 B3 g It
TR P [A] I A1 77 A 7 R o X 2 203 4 s 1) 4R A 20
RN 75, CGA X e R Ge b 47 915 . 2% i ¢
RE 0 B9 K A 5 R R MERF N R R E . R 1

CCGA RERETHH KT’

CGA PATBI5 5 & 518 EyaIna

0 P A A RAT A BUAE

B W40 M U0 BR {5 B 1 Bl F 1 (SIRT1)/
AN VL G 2 1 A ] M2 A
HMGB1 {5 5 1% 5 g %)

FWE4 il HMGBI/#% B T «B (NF-«B) i
%fi, CE TR G e M2 e

Fi 1% 40 il NF-<B/JMJD3 {355 %l -1V

miR-124-3p/p38 i & 2]
IncRNA GAS5/miR-23a/PTEN i ') p38MAPK il 2% i

miR-223/NLRP3 i ] M NLRP3 % [y 7=k

0 0 A ) ML SR R AR A -

iNOS + v . [ 40 g A~ &
(IL)-6 v Ml IL-12 v

CD206 " A ,CCL22 4 | ¥
WIEH T (TNF)-B 4

Arg-14 IL-44 IL-18 ¥ MCP-1 v
IL-18 v .iNOSH+ ¥

TNF-ay IL-18 ¥ IL-6 v .
MCP-1 ¥ \MIP-2 ¥

— TNF-o ¥ IL-6 ¥ \IL-1B ¥

Ve A FR LR ¥ R T — R RO

2.1 CGA W5 5 1% 538 15 5 5w 40 i i 1k 2%
it e & 1, SIRTL 2 W 40 i A% v — Fh 3L
T Wt i R TR S R R (NAD) I 2 7R A & 2 Bk
i . 38503% SIRT1 w] 3 35 5 05 40 g B Ak A28 1 1 B 5% 3%
I 5 R B N B N S 1 R B R ORE AT
THREEH BLLIHMGBD) 2 T2 E i
A4 3 A, AT AR R 20k I R 45 Y T AE AR 0E BT
AU LT DY AR KPR/ L MH-S 20 i i 5 750 o
K LCGA #i% SIRT1 LIAIHl HMGB1 Z Btk /K-,
R4 G ) 20 B B B Ao, AR M I A i R AR ] M2
FRAIRRAL L 98 il 482 405 19 46 E A R INOS TV 1L-6 Al
IL-12 B7/=4, 9F et R /v 5 CD206 " .CCL22 Al
TNE-8 A9k , i ol 38 i 543 405 . NF-xB & — >
WRPE R G RN S AE N PR A SR 1 I SR LT R
CGA il i+ HMGBI/NF-«B i B% 2% fi# 48 i /v i 1L-18
Ko B A L AR DR (MCP-1) 25 5| 2 14 48 e I 1 5 [
I CGA i hn Arg-1 & 1L-4 2540 fa B 1K -, i B
Ih 240 i ) L2 2 U A Ak 38 3k 3R T B AR 40 ok R AR R
JEW A . CGA T 3 11l NF-«B/JMJD3 {5 5 %
P E WA M1 AR CD16/32 Fik, #HIAE 4 A
T IL-1B8 1 INOS™ 23k, Ml NF-xB(p65) #% % fif If:
TE IMID3 ik, JR T R SR S R 5 | R 1 o
KU,

2.2 CGA 84 microRNA £iLAFRERERAE mi-
croRNA J&—2& 20~ 22 A8 1 R 241 A% i P9 T8 R 2
/N3 F RNA BRGS0 7 #0356 X (9 5% s &3k
FEAN MR8 B b & AR . ZHANG %9 KP
B K RLE6TN ZH i & 81, CGA I miR-124-
3p B skl p38 Kk IF Ml p38 22 R4 I B il

(p38MAPK) il f# K 1 , B A% 48 i 20 B I+ TNF-o.
IL-18.1L-6 \MCP-1 F1 MIP-2 7K 3 L) % it 45 it #5103
UL 2, 40E LPS 5 T E WA RAW246. 7 KA1
PAE R CGA @it F i miR-223 F ik, il NL-
RP3 & 0 7= 4 080 TNF-o, 1L-6, 1L-1B8 £ 4 4E A
F I B R, AT 2 Bl 4 45 . CGA a5 IncRNA
GAS5/miR-23a/PTEN $iii 42 p38MAPK i [ . /] 7
BUR G 7 . A 32F 40 181 1 A e, O FL 90 i B € v ]
AR,

SRR X : J B RSN =
&
f’/ L m Sl
‘ GES:1 0
WEREE | g G
- @ o wommm
oH S
OHO -
H Ji§ AT
ST )
CGA
E 1 CGA FEERM MRk
9){
o e
@ o7 "su o
HO
CGA
NI miR-124-3p
P miR-124-3p
f p38 A1
f p — p3 ——I0000Q
kP MK2 p38
2 CGA A2 miR-124-3p/p38 & &

2.3 CGA Z @ 4a 817 5 & 50 Ik 40 i [ 5 X



PR g e ¥ 4275 2024 4 12 F % 45 %% 23 #] Int J Lab Med,December 2024, Vol. 45,No. 23

+ 2935 -

* BHREAERMSE W EZERERN 3
(NLRP3) RAE /M JE T 240 i 4 2 11 iR 51 32 & NLRs
FN%, BLAT 30 B SRR 1 RE ), R A ER B 1
fif-1(Caspase-1) £ NLRP3 4 4E /M A o i JC 15 1 7Y
IL-1B 1 TL-18 7K fift S A7 3% 1 19 4 A A0 5T DA T ot
RAEBGT . CGA 1T LU i 70 ] NLRP3 % 5E /MK
PO Ol PG M TR XU L 3 B PR 2% P R KP
S1E B M55 . CGA T ¥ ROS/TXNIP/NLRP3
I IR L D R E AN R T R I AR AE A
it 1L-18.1L-6 F1 TNF-a 97 4= , [R] B B AR 98 9E 2
NLRP3 . caspase-1 il GSDMD-N 774 , M 11 2% fif 28 Jfd
TR & ER/N RS L AE . CGA AT w2 5%
TE 4 B (R 2 BR B 0 - LR L R 40 i 2k w1k R
(R 7K S T 5 5 0 A0 A 0 4 i R % R R E i
i, CGA FEAKTT 85 R 51 Y B 2 v 38 1 4 il
N BER T F0 NF-«B. i 3 A — A6 & A B R R AE
A TNF-o IL-13 F1 1L-6 [ 3% 35 M R 3] Bt & FHT
AN E TR
3 REERE

CGA B—MafiT iz . BAH Z R 25 B 5 M i K
SRACA W - FL BT 1 AN R 5 AL e 2R G AR T 45
ZENIMFR AR ERR ., RE CGA fEIN K25 #
AT % 20 HUAS 28 o M 1 1 8, 2 R 7 5 1) FH 24 M K
K FR VBE LR 24 BEAIL I O 1 v 7 S — 2 0F 5, DA
O3 P HL TR AE 0 25 FAAN L R 28 36 T AR NI R B2 97 4
T,

&%k

[1] CHOI S W,HUR N Y, AHN S C,et al. Isolation and
structural determination of squalene synthase inhibitor
from Prunus mume fruit[ J]. J] Microbio Biotechn, 2007,
17 (12):1970-1975.

[2] CLE C.HILL L M,NIGGEWEG R.et al. Modulation of
chlorogenic acid biosynthesis in Solanum lycopersicumj;
consequences for phenolic accumulation and UV-tolerance
[J]. Phytochemistry.2008,69 (11):2149-2156.

[3] SINGH A K,SINGLA R K,PANDEY A K. Chlorogenic
acid: a dietary phenolic acid with promising pharmaco-
therapeutic potential[J]. Curr Med Chem,2023,30 (34):
3905-3926.

[4] ILLEMS]J L,KHAMISM M,MOHAMMED SAEID W,
et al. Analysis of a series of chlorogenic acid isomers u-
sing differential ion mobility and tandem mass spectrome-
try[J]. Anal Chim Acta,2016,933:164-174.

[5] RAJASEKHARAN S K,RAMESH S,SATISH A S, et
al. Antibiofilm and anti-B-lactamase activities of burdock
root extract and chlorogenic acid against Klebsiella pneu-
moniael J ]. J Microbiol Biotechn,2017,27(3) :542-551.

[6] GUERRA M E,DESTRO G, VIEIRA B,et al. Klebsiella
pneumoniae biofilms and their role in disease pathogenesis
[J]. Front Cell Infect Microbiol,2022,12:877995.

(7] W44, 622 B8 55, SRR R 8 A3 ™ W ot 4 8 (5 2 4
SR AR W W IR LB g [T, b 25 25 21 5 11 K,

2021,37(3) :34-41.

[8] WANG L,CAO X,PEI H,et al. Anti-biofilm activity of
chlorogenic acid against Pseudomonas using quorum sens-
ing system[]]. Foods,2023,12 (19):3601.

[9] JH/NEH, H5 MW, 5, 45, SR ER o 1 18 Rsm A 193
T A0 1 ) AR B T T A W RIS LT . A S R
e ,2021,16(5) :322-330.

[10] YANG L,ZHANG C,SU Z,et al. Inactivation of Salmo-
nella typhimurium SLL1344 by chlorogenic acid and the
impairment of cellular integrity [ J]. Front Microbiol,
2022,13:887950.

(117 5B, LB 52, 2 20, 45 St R XA [R) 7K1 26— 15 3 R 4
SR SR TR AR W Bl RO R S e [T )L ) R R K A A
H%,2023,40(1) :66-70.

[12] CHEN K,PENG C,CHI F,et al. Antibacterial and anti-
biofilm activities of chlorogenic acid against Yersinia en-
terocolitica[ ] ]. Front Microbiol,2022,13:885092.

[13] SUN J,SUN Z,WANG D,et al. Contribution of ultrasound
in combination with chlorogenic acid against Salmonella
enteritidis under biofilm and planktonic condition[J]. Mi-
crob Pathogenesis,2022,165:105489.

[14] FIGUEIREDO C S,BRANCO J C,CASTRO J A, et al.
Himatanthus drasticus leaves: chemical characterization
and evaluation of their antimicrobial, antibiofilm, antipro-
liferative activities[ ] ]. Molecules,2017,22(6):910.

[15] PATEL R,SONI M, SOYANTAR B, et al. A clash of
quorum sensing vs quorum sensing inhibitors: an over-
view and risk of resistance[ ]J]. Arch Microbiol,2023,205
(4):107.

[16] WANG L.,ZHANG Y.LIU Y.et al. Effects of chlorogen-
ic acid on antimicrobial, antivirulence, and anti-quorum
sensing of carbapenem-resistant Klebsiella pneumoniae
[J]. Front Microbiol,2022,13:997310.

[17] XU W,ZHANG X,WANG L,et al. Effect of chlorogenic
acid on the quorum-sensing system of clinically isolated
multidrug-resistant Pseudomonas aeruginosal J]. ] Appl
Microbiol,2021,132 (2):1008-1017.

[18] LE Y J.HE L Y.LI S,et al. Chlorogenic acid exerts anti-
bacterial effects by affecting lipid metabolism and scaven-
ging ROS in Streptococcus pyogenes[ ] ]. Fems Microbiol
Lett,2022,369(1):61.

[19] WU Y,LIANG S,ZHANG M,et al. The effect of chloro-
genic acid on Bacillus subtilis based on metabolomics[J].
Molecules.2020,25(18) :4038.

[20] SUN Z,ZHANG X, WU H, et al. Antibacterial activity
and action mode of chlorogenic acid against Salmonella
Enteritidis,a foodborne pathogen in chilled fresh chicken
[J]. World J Microb Biot,2020,36(2) : 24.

[21] GUAN S,ZHU K,DONG Y .et al. Exploration of binding
mechanism of a potential streptococcus pneumoniae
neuraminidase inhibitor from herbaceous plants by mo-
lecular simulation[J]. Int ] Mol Sci,2020,21(3):1003.

[22] LEE B,LEE D G, Depletion of reactive oxygen species in-
duced by chlorogenic acid triggers apoptosis-like death in
Escherichia coli[ ] ]. Free Radical Res,2018,52(5):605-
615.



* 2936 - El kg e

52024 F 12 A% 45 %% 238 Int J Lab Med,December 2024, Vol. 45,No. 23

[23] JAMALIFAR H, SAMADI N, NOWROOZI J, et al. Down-
regulatory effects of green coffee extract on las I and las R
virulence-associated genes in Pseudomonas aeruginosal[ J .
Daru,2019,27(1) :35-42.

[24] ZHANG G,YANG Y,MEMON F U,et al. A natural an-
timicrobial agent: analysis of antibacterial effect and
mechanism of compound phenolic acid on Escherichia coli
based on tandem mass tag proteomics| J]. Front Microbi-
0l,2021,12:738896.

[25] kW], R 2, 54, 55 R TR & 70 S0 1D B X fi
2 v AT AR W IR A PR A I B WL g2 LT ). A A A
2%k ,2016,28(9) :1015-1018.

[26] LU L,ZHAO Y.YI G.et al. Quinic acid:a potential anti-
biofilm agent against clinical resistant Pseudomonas
aeruginosal ] |. Chin Med,2021,16(1):72.

[27] TAN S,GAO J,LI Q.et al. Synergistic effect of chloro-
genic acid and levofloxacin against Klebsiella pneumonia
infection in vitro and in vivo[ J]. Sci Rep,2020,10:20013.

(287 Mhdm T R, 22 /NEE B iR 2 4 X 22 24 T 245 i % 5o
AP0V A 00T R 2 39 e AR T R AR AN F SR LT . [ A Y B
B& B ,2023,10(3) :23-27.

[29] YAN Y, ZhOU X,GUO K, et al. Chlorogenic acid pro-
tects against indomethacin-induced inflammation and mu-
cosa damage by decreasing bacteroides-derived LPS[]].
Front Immunol,2020,11:1125.

[30] BE® s, 208, 9T, 55, P 25 1 -2 R IR TR & R X A8 55 6
BRI i SNESE CT L T BE R R 2 4R 2021,
42(7):759-764.

[31] SALEH A,ABDELKADER D H,E-MASRY T A,et al.
Antiviral and antibacterial potential of electrosprayed
PVA/PLGA nanoparticles loaded with chlorogenic acid
for the management of coronavirus and Pseudomonas
aeruginosa lung infection [ J]. Artif Cell Nanomed B,
2023,51(1) :255-267.

[32] SHAHABADI N, AKBARI A, KARAMPOUR F,et al.
In vitro cytotoxicity, antibacterial activity and HSA and
ct-DNA interaction studies of chlorogenic acid loaded on
v-Fe, O, @Si0, as new nanoparticles[ ] ]. ] Biomol Struct
Dyn,2022,41(6) :2300-2320.

[33] TRIVEDI H,PURANIK P. Antibacterial activity of chlo-
rogenic acid phytovesicles against resisitant bacteria: de-
velopment, optimization and evaluation int[J] J App
Pharm,2022,44:83-92.

[34] LUO Y,LI Y C,MENG F B.et al. Simultaneously en-
hanced stability and biological activities of chlorogenic
acid by covalent grafting with soluble oat B-glucan[]J].
Food Chem X,2022,17:100546.

[35] MOHAMMAD-RAFIEI F, MOADAB F, MAHMOUDI
A, et al. Efferocytosis:a double-edged sword in microbial
immunity[ ] |. Arch Microbiol,2023,205(12) :370.

[36] LUO Y,LU S,GAO Y,et al. Araloside C attenuates ath-

erosclerosis by modulating macrophage polarization via
Sirtl-mediated autophagy[ J]. Aging(Albany NY),2020,
12:1704-1724.

[37] LIU L,ZHU X, ZHAO T,et al.. Sirtl amelior-atesm-
onosodium urate crystal-induced inflammation by altering
macrophage polar ization via the PISK/Akt/STATS6
pathway[ ] ]. Rheumatology (Oxford), 2019, 58: 1674-
1683.

[38] QU L,CHEN C,CHEN Y. et al. High-mobility group
box 1 (HMGBI1) and autophagy in acute lung injury
(ALD :a review[]]. Med Sci Monit,2019,25:1828-1837.

[39] LI Q R,.TAAN S R,YANG L,et al. Mechanism of chlo-
rogenic acid in alveolar macrophage polarization in Kleb-
siella pneumoniae-induced pneumonial J]. J Leukocyte Bi-
0l,2021,112(1) :9-21.

[40] JH =& XA, T 42580 SIS R LPS 5 319 RAW 264. 7
AN RAE R LRI R A [T ], B2 IT 4¢3k, 2024, 53(1) : 70-
74.

[41] 748k, Bask IR M 1 NF-«B/IMJD3 {5 5 4l 4 F 5 mg 40
MR AR YT A 4 [(D]. m & B B K25, 2023.

[42] ZHANG Y,ZHU C,ZHAO H.et al. Anti-inflammatory
effect of chlorogenic acid in Klebsiella pneumoniae-in-
duced pneumonia by inactivating the p38MAPK pathway
[JJ. Int ] Med Microbiol,2023,313(2) :151576.

[43] x5 FEWEFF . Fh K% 5. G5 IR 8 1 I 9% miR-223/NL-
RP3 i % M5 2208 5 5 09 /N B2 P il 4 05 g ALl L 0. o
K2R (2D ,2022,47(3) : 280-288.

[44] TAN S, YAN F, LI Q, et al. Chlorogenic acid promotes
autophagy and alleviates salmonella typhimurium infec-
tion through the IncRNAGAS5/miR-23a/PTEN axis and
the p38 MAPK pathway[ J]. Front Cell Dev Biol,2020,8:
552020.

[45] ZENG J,WAN X,LIU T.et al. Chlorogenic acid amelio-
rates Klebsiella pneumoniae-induced pneumonia in immu-
nosuppressed mice via inhibiting the activation of NLRP3
inflammasomes[ J ]. Food Funct, 2021, 12 (19): 9466-
9475.

L46] fi fif . G2 B sk, X 4 45, 2 LR GE 1f ROS/TXNIP/NL-
RP3 {55 8 B A 5 0 48 M £ T iR AR LR e = i /s R 2tk
it 52455 L0 0. e I B A B 2 75, 2021, 37(8) £ 1455-1461.

[47] GONG X X,SU X S,ZHAN K, et al. The protective
effect of chlorogenic acid on bovine mammary epithelial
cells and neutrophil function[J],] Dairy Sci. 2018, 101
(11):10089-10097.

[48] QU S,DAI C, HAO Z, et al. Chlorogenic acid prevents
vancomycin-induced nephrotoxicity without compromi-
sing vancomycin antibacterial properties [ J]. Phytother
Res,2020,34(12) :3189-3199.

(Wi fe B #1:2024-03-17 &1 H 1 .2024-07-13)



