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Antimicrobial activities of chlorogenic acid and 13 main metabolites in vitro
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Abstract:
Methods
methicillin-sensitive Staphylococcus aureus (MSSA), methicillin-resistant Staphylococcus aureus (MRSA), non ESBLs-producting

Objective To compare with the antimicrobial activities of chlorogenic acid and its 13 main metabolites in vivo.

Main metabolites were detected by broth microdilution method against clinical isolated strains including

Escherichia coli (E-), extended-spectrum [-lactamase Escherichia coli (E+), Klebsiella pneumoniae (E—/E+), Acinetobacter
baumannii, and Pseudomonas aeruginosa to compare with the minimal inhibitory concentrations value of chlorogenic acid.
Results

66 times higher than chlorogenic acid. Benzoic acid, p-hydroxybenzoic acid, p-coumaric acid, dihydrocaffeic acid, and gallic acid

For the most tested strains, the antibacterial activities of some major metabolites were enhanced, ranging from four to

were stronger than the other metabolites. Moreover, the antibacterial actions of dihydrocafteic acid and gallic acid against MSSA and
MRSA was increased 33—66 times respectively. Conclusion Some main metabolites presented more potent antibacterial activities
than chlorogenic acid, and chlorogenic acid may exert antibacterial effects through some of its metabolites.
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FREE . SR E . S ERE MR IZERE D, XT
13 Fpfa ) = AR AT S IR VK Z (minimal
inhibitory concentration, MIC) &, PPN HPTE
I, HHSERIAT I, N ERPUEAEH T
VIR IR LS

1 7R
1.1 EFk

I R 7 B B0 B FF A P AR U 4 o (0 26 3K
(MSSA) 5 ks i H 48 U PR 1) 4 3 €07 ) 3K B
(MRSA) 5 ¥k; B-WELHZEGIHYE R E (E-) 5
Phs PRHEEHE B-NBLIEEE R IAT B (E+) 5 Bk i
R EAE (E—/E+) % 5tk 2 ARSI HE 5 H;
HILB BT 5 ks FEREEREE AR B ER B 4% 5 1%,
B A V)N PrE 2 TR . sk &
HIEBRE ATCC29213. KA 1HE ATCC25922. 4
SRR ATCC27853. JRIGERE ATCC29212,
B B AL BB AE PR A PR A A
1.2 AR5

SEIERR (b5 L-007-181216, i &4 $1>98%)
W 1 R S5 i B AE IR A R AR MR (it
L390S52, il w5 $1=99%) . 2= JE IR (3t 5 LICORS9,
JRESE=98%), MEILE A RBFEHEA R AR
X7 SR (LS Y24A10C86607, JFi & 70 50=98%)
TEAMHERR (LS 11619250254, J5 B> 51 =98% )
FERRR (b5 X2519C64226, &M 4=98%). &
JRER (4it'5 HO2N8P47277, FiE/rH=99%). 7+
FIBERE (IS Z03J10H92129, JFi&E4r%¥1=98%).
FZEER (L5 LO3A9ID57744, i n#=99%).
KE TR (IS C1309C72105, JFi B0 #=>98.5%)
FFRFEFEFR (A5 D1308S45560, JFi &) ¥ =
99%). T &M (S S18J10K93270, JRE/¥=
98%). THEZ (Hit'5 HI11J9265318, FiENH=
98%), M F _Fig iRt AR PR A 2R IR (it
52015030601, Jifi 573 %0 =99.5%)  — L AR (L
5 20130701), W H AR TIR AL Tl s MHA
Ri st (5 201802100 14 H A6 5t B 2 A AR
BRTHMEAF; NB EFRGZ (H#'5 20190531)
FEEAMHEAREGR A ShER A b B &
SR (L5 C18030809-02, K% 0.2 g/100 mL)
T 8 PO )RS 251 B0 A R A =] .

1.3 &5

Sartorius BS124S HL1- K1 (fE[E 2§ 2 R 2

F]); LDZX-75KBS A& E K (LifgHzx

STk D; GNP-9080 Fa K UIHIREEFRF (Lifhs
PR R HRATD; ZHWY-100B 18R 5 57598 %
a5 CE R B A )18 A PR A ])D; HF safe-1200
W eAE (Rl BB EAASRERAFD;
DensiCHEK Plus HiF by ) CHfg BRI 2 W= i Fifg
HIRAT]D; DW-86L490 #EIKEIKFE (F BilE/R45E
HARAED.

2 Bk

2.1 EFERIFMH MIC &3

211 BEPIAES B EREMRRIZER T MHA
T, T 37 CHE:FR 18~24h, HAEUAETS T 2mL
ToE AR K, AT R KM 0.8~1.2, I NB
BIRRAHMRE 1000 £ (£ 1X10° CFU/mL).

212 KEREMH  BERER AR B A
PESEE, IAN—E AR NB BRI, B
T B FE A 256 pg/mL [V -

213 SEEHEYRZ KSR EIG IR S = b
Pp4> (Clinical and Laboratory Standards Institute,
CLSD HEFEMIPT B 25V BUR M 5258 MO7 Frifk ik
BRHMEE, P SRR R EIREAN
8.000~0.015 mg/mL, 7& A Ib B & 5 R fdi L
JFR R E N 128.000~0.008 pg/mL. 3 E AR XTI
. BHMEXTIEAL, Seie .

AR T 96 FLERH, HFLIMA 200 L
F NB B RHFREM T EIRE N 16 mg/mL F1£f
DUFE S, RSS2 5 H EFL 100 uL A1 100
uL NB B 7R SRR, (0 H 5 4 i Sk FE Y
“~ 8.000~0.015 mg/mL.

FHVEX A : AR ERBEREREN
128.000~0.008 pg/mL. T 96 LA & LA 200
uL F NB & 7 Rz # B 0 =K BN 256 pg/mL 1)
AR E, HARFILINTIM 100 uL NB EFEA
IR UOHERBEZE 0.016 pg/mL, )50 HHEMA
100 uL & B, M HAEIRE R 128.000~0.008
ug/mL.

SEEGAH: T 96 fLtk, B LI 200 pL A NB
IR R F B R R B BE A 16 mg/mL RIRFUAE &
H AP IZIF YA 100 uL NB & £ A7 WK
R RE A 0.03 mg/mL, /a2 Al F A 100 pL %
W, A R 2RI SN 8.000~0.015 mg/mL.

BRI 1T AL, BRI
M B OSSR, T 37 CHiFE 18~24 h
JE PINR S 25 R, Tl L 40 T A K 58 A Bl Al B B
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X 1) B AR 25 T SR D MIC
22 FERFMSRIFEENMEEMEL

DA AN LR S5 BT A R B R S0% 40 B
K BAR YIRS (MICso) {8 3 bt B Itk
/N, ST EVE LG AT S-S S R R B AR
AR, PUETETELE <2 £, TR REARR T4
JRERPTBRE IS : PrBE et =2 %, LR
HE R ERA Y PIEEELL=4 £, 2R
AR T SR IR R VR W Wi

YU IE T =MICs0 ssm/MICs0 e
3 #R
3.1 FEREHIH MIC

SIS AR RN FRZE IS S YT, FE X RRZELX %
B AR R B ATCC25922 ) MIC 4 0.125 pg/mL,
SRR ATCC27853 1) MIC A 1.000 pg/mL,
SHOE R ERE ATCC29213 1) MIC 5 0.015 pg/mL,
FWFERIE ATCC29212 1] MIC 29 1.000 pg/mL, 435
FF45 CLSIM100 S27 H1 0.008~0.060 pg/mL-0.5~4.0

pg/mL. 0.06~0.50 pg/mL. 0.25~2.00 ug/mL [IkxifE.
IR AR IR, AR R AR WA B A1,
BORIZSI RGRaE AT RE . SEIRERA 13 FiAP 1
RUFVIIBRARIVERIREVERE (MICR) WL 1~5,

T2 SR R E N AR N 5 i S AR i g A 22
JeMg, MFE 1~5 sl i, H&JRER MIC 4L, o
HERZ X MSSAMRSA FI2 iz 3K B I i /F A E,
MIC 43514 0.25~1.00. 0.5~4.0. 2 mg/mL. BNt
fiidt— AR, AR SRR . XA SRR
FHR IR 0 B A R g — 2D 3, G v 2 e R %o
MSSA Fl MRSA EABSRIIPLEEM, MIC 7314
0.015~0.030 mg/mL #1 0.03~0.06 mg/mL, X% &
i R 2 FR OGS i 28 v 7 AH R (E—~/E+) 1) MIC 3128
1~2 mg/mL. 545 MIC tb#, ZERRIPIE
EHEBA KR, ZRRE—SRu, Rk eT
FR 0T F2 2R PR R (L A g — 20 s, ik
7N MSSA F1 MRSA EA B RHTHAE M,
MIC #J°4 0.06 mg/mL.

®1 REREHESATRERHEHERGIIHELFIZE RERH) MICr (n =5)

Table 1 MICR of chlorogenic acid and its co-metabolites caffeic acid and quinic acid metabolized through intestine or liver

(n=5)
MICr/(mg-mL™")
ki AR IR EE,
Jiiti ¢ v FR AH B B— 8 (8) 2~4 (4) 4 (4
Jili ¢ R A B B+ 8 (8) 4~8 (4) 4 (4)
K4 W E- 8 (8) 2~4 (4) 4 (4
Kinye 4 # E+ 8 (8) 4 (4 4~8 (4)
i) S AN BFF B 4~8 (8) >8* (8 2~4 (4)
R ZRAR A B 4 (4) 2~8 (4) 2 (D)
MSSA 2 (2 0.25~1.00 (1) 1~2 (2
MRSA 2~4 (2) 0.5~4.0 (1) 1~2 ()
FEJHER A 8 (8) 2. (D 4 (4
PRIGER R 4 (4 4 (4 2D

TR IR EIREE ;165 PRUE MICs, TR

*Maximum dissolved concentration; Value in brackets is MICs, same as below tables

*2 WIMEER 2 RAE A R EER IR MICr (n =5)

Table 2 MICRr of major metabolites of caffeic acid metabolized though intestine (n = 5)

MICr/(mg-mL™")

ikl —EnR W E TR T
B e EH1H T E- 4 (4) 1~2 (1) 1~2 (D)
Jiti % SR H B B+ 4 (4) 1~2 (2) 1~2 (D)
KWt 45 % E- 2~4 (2) 1~2 (2) 1~2 ()
KWt 4w E+ 1~2 (2) 2.(D 2~4 (2)
] B AT 2~4 (2) 2 (D) 4 (4
A SRAR A 2 (2) 2~4 (4) 2 ()
MSSA 0.015~0.030 (0.030) 1 (D 1~2 (D
MRSA 0.03~0.06 (0.06) 1 (D 1~2 (2
FE I ER 2 () 2 (2 1 (D
PRI EK B 2 (2) 2 () 1 (D
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*3 ZERBREFHERHEEZZENEITH MICk (n=5)
Table 3 MICRr of main metabolites of quinic acid metabolized though intestine (n = 5)
- MICr/(mg-mL™)
PR FEm FRI TR
fiti ¢ 7E B A 3 BE— 8 (8) 1~2 (D 4~8 (4)
Jili % 5B A B E+ 8 (8) 1~2 (D 4~8 (4)
KIa¥e E- 4~8 (4 1~2 (D 2~4 (4)
KA # E+ 4~8 (4 2~4 (2) 2~4 (4
fify S ANZF I 4 (D 4 (D) 4 (4
SR A L 2 (2 2(2 2 (2
MSSA 1~2 (2) 1~2 (D 2 (2
MRSA 2 (2) 1~2 (2) 2~4 (2)
e 7B 4 (D 1 (D 2 (D
R Bk R 2 (D 1D 2 (D
F 4 WIS ATAE AR I A EEREITH) MICR (n = 5)
Table 4 MICRr of major metabolites of caffeic acid metabolized though liver (n =5)
. MICr/(mg-mL™")
kil — SR ke SRR
W S T B B 4 (4 4~8 (4) >8" (>8)
Jif % S e A E+ 4 (4 4~8 (8) >8" (>8")
KI5 E- 2~4 (2) 4~8 (8) >8" (>8")
KMt E+ 1~2 (D 4~8 (8) >8" (>8")
i) S A SNAT o 2~4 (2) 4~8 (8) 2~8" (>8")
EIEREE ] 2D 8 (8) >8" (>8")
MSSA 0.015~0.030 (0.030) 2~4 (2) 1 (D
MRSA 0.03~0.06 (0.06) 2~4 (2) 1~2 (2)
PR 2. (D 4 (& 1 (D
BRI ER # 2 (2) 4 (4) 4 (4)
x5 ERRAMIEAHREEEREIIE MICk (n =5)
Table 5 MICRr of major metabolites of quinic acid metabolized though liver (n = 5)
- MICr/(mg-mL™")
BETR YRR R TER A HR
Jiti 98 0 S A B E~ 8 (8) 2 (2 4~8 (4) 4 (4)
fiti ¢ TS HE E+ 4~8 (8) 2~4 (2) 4~8 (4) 4 (4
K54 % E— 4 (4) 2 (2) 4 (4 2~4 (4)
Kip## E+ 4 (4) 2 (2) 2~4 (4 4 (4
i B AT 2~4 (2) 2(2 2~4 (2) 2~4 (2)
B AR A B 2 (2) 2 (2 2~4 (4) 4 (4
MSSA 0.06 (0.06) 1 (D 1~2 (D 2 (2
MRSA 0.06 (0.06) 1 (D 1~2 (2) 2 (2)
i ERE 2 (2) 2 (2) 2 (2) 4 (4)
SR EK 4 (4) 1 (D 1 (D 1 (D
32 EERGNSEERITEE L Ll s Y

FRERGEY SRR MPTEEEL R 6.
DABTEE 1 L =4 R s /R F BA S0 5 0 1 b
#E, XK ZHCZIRE R, DU AR B 2 R A
WIRION 2K F R > X F2 R R > X SR > A
OINERR > % & TR XF MSSA F1 MRSA 7t 1E
B S 3 580 AR AR O — SRR > B TR,
Forp AU HERR A1 B TR BT A R SRR R Y
33~66 5 Wil % 5 B A0 B P B AR A BE B 5 1 AR
BRI RN B IR > R IR > X R B R R XS
FE I AN PR i BR B B A B R A N T &

4 Tig

A FOE BRI R BRI B, A 22
22 O ) B B RN 24 1R AT MIC e , B I
PREF X B EARN IR IEA R T4, 3 1%
W R BN pH AN 6, ASSSIRH B A2 K AT o2
SIS RGNS PR M B R R A (—
SNHERR . WA TR, SRS KPR R
IR FHERE 20 PRAHR AT T HUB IS PR
IE, 25—, MICso (B /N FRIRPU R I Mk ,
SRIRTR WINMEER . 2R IR A AR T 4 T A N
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Table 6 Ratio of antibacterial activity between quinic acid, caffeic acid and major metabolites to chlorogenic acid

S _ PUE M A
ZEeRMIMER SR AT AR TR 2R WE TR AR AR ORI KR DIRR
g e E- 2 2 2 8 2 >1* 1 1 2 2 4 8 2
iR E+ 2 2 2 4 1 >1* 1 1 2 2 4 8 2
NgrAmwE- 2 2 4 4 1 >1* 2 2 2 2 4 4 2
NgrAmwE+ 2 2 4 4 1 >1* 2 2 2 2 4 4 2
if) SARAFF B 2 1 4 4 1 >1* 2 4 4 4 4 2 2
BRI 2 1 2 1 2 >0.5" 2 2 1 1 2 2 2
MSSA 1 2 66 2 1 2 1 33 2 1 2 2 1
MRSA 1 2 33 2 1 1 1 33 1 1 2 1 1
iR 2 4 4 4 2 8 2 4 4 2 4 4 4
PR Bk 2 1 2 2 2 2 2 2 4 4 4 4 2

354, 180~ 192, BPZRIFERAHXS 73 ¥ o & 43 ml 29 90
HERRAIZE JERG I 2 1%, 40 MICso ¥R EHHE, A%
JEARN PR ER R, BUPEEEL =1 f&R
PUBEAE A Y, (EARBFFH MICso BAG &R &
(mg/mL) For, NBGACHYIAX 2 75821k
XPURTE L AT, DPiE St =2 £ (F
IRREEMIRD RRPUBEEAAM Y, =4 SRR
TERI . 508K, SSFEMRLE, i /ERHH
BRI SR . B R TR, WNEE
R RHFRA IR R, PUBEHIGE T 4~
66 fif, Hor “EMNHER . % B FIRXT MSSA
MRSA [FHTEEE IG5 33~66 fif .

SEA SCHRIRIBDNO12), SR ERTE R N (AR 42
Gy R E A A RS, o DUz iE AR v,
A= AR DA G AT B RS K0 S IR R 1 5
TE 11 T8 5 I 208 MO G A A0 I A A /K A, 2B R 7R
Mz, SFREEN RN IERAD, (1525
JRER AR FEARAR, 2 L ASRE A o
W P 7 M A R T i RS LA A 1 )
MR, BB TR I, M IR P 32 B EA =4,
AR B e S A BRI A A IS AR AN . [
I, 45 e BRAE A TE B REAE AN AR E 5 &b
B, 8 TEHU TR TG 1 () 3 B R I U 5 TR PR R i AL
NEAPEEENRRR, RHRRESHRRS S
Je B PRI HE AR Ah o /D384 5 SRR S K =)
A P R 22 8 TR e LR R AT N I, 48 FHF I 4 AR
FL AP MR 2208 5 I N AR R RS, 48 FR AL
LA BTGB BV T BB R AN S B ER, SA L
SN TP YR B G s 48 JE RRAE I oy
BER G &AL, AEMEATIEERRE TR, K&
TR 32 AR i R B A U BRI PR PR X F2 B oK

I, BaBREEERCEFIR . SR RA S P
PEECES, M EIRSFERRARUTIE S T B BUR S AR
WD A ORI T AL, 70 R 3 A X 8 5 2 E
R T AR U P TR 5 A ol P — S i e R R 2
PR BEIR T B A JE 2R I BT IR . X PR R IR H IR
KRB BT R A A R B o T
il fpe i, 20 o SRR R B FARI =M A & 1 50%(13),
HEW e B A AR PR IR B Re i % . R A
OO E PR BT B VS R SRR OE A, R A )
WWRHEES AP rIBIER, BT XY
FEAR N [RI AELE , T &R (R U RR 3 A P AN ],
RIE, 4 EAE B B s i nT Re A X AR 5 . 25 SRR
N EARER R SR AR B — e ML E R,
R PN BEIA 2 1A ROR FEVE T 3L MIC, MASE L
SN B 7 A L PR AE T . A E AT 7 RN
FEART MIC BN E T, 2% IR IR B35 43 A4
SR 20 B PRI P AN, I 5 08D 2 1 1) 7
TR FREIR, FEARANE IBUR Y, AR TR R E
H & I DR 4l g TG bR, Wak)ER. £e
TR AN — S NERS (1/2 MIC~1/64 MIC) S 4 S48 5
MR P A ) AR LA B E SRR (1/4
MIC) o) 4 3R 54 e i 2 T Tl 0 0 B i A
i, GEBRAZEERR (1/4 MIC~1/16 MIC) fE&3#
TN R AR P R R A RN R G P S A R D R T
BCEYIMEH) 1lasR A rhiR FE[H . F SRR
A P9 AT i LA T ) 490 R A0 AR A AT 50003 2 ) XU A
FH S ARIIH A 24 B 73 S AR AR (1 e v 1 AL

SE 3k
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