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Study on the bacteriostatic effect and mechanism of methanol extract of

Rosa sertata x Rosa rugosa
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West China School of Public Health and West China Fourth Hospital, Sichuan University, Chengdu, Sichuan 610041, China
Abstract: Objective To elucidate antibacterial effects and mechanism of Rosa sertataxRose rugosa methanol extraction
(RME) against extended—spectrum (3-lactamases producing Klebsiella pneumoniae (ESBL-KP). Methods Minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) of RME against various ESBL -KP strains were
determined by micro broth dilution method. Impact of RME on the growth, cell membrane and extended —spectrum 3 —
lactamases (ESBLs) activity of ESBL—KP was evaluated by growth and time—kill curves, scanning electron microscopy and
nitrocefin hydrolysis test, seperately. Components of the extracts were analyzed using Ultra —-High Performance Liquid
Chromatography—Quadrupole Time—of-Flight Mass Spectrometry (UHPLC-Q-TOF MS). Results The MIC of RME was 1 mg/
ml for standard strains and 8-32 mg/ml for ESBL—producing strains. Concentrations of RME at 1/4 MIC, 1/2 MIC, and MIC
could inhibit bacterial growth, with higher concentrations showing stronger effects. For D141 strain, treatment with RME at
4MIC concentration for 4 hours resulted in cell membrane collapse, bacterial agglutination, and a 77.49% inhibition rate of
ESBLs activity; no bacterial growth was observed after 24 hours of this treatment. Totally, 1 550 compounds were identified
in RME, with quinic acid, tricoumaroyl spermidine, thioetheramide —PC, and kaempferol -3 —O —rutinoside being the
predominant components. Conclusion RME can inhibit and kill ESBL-KP through disrupting its cell membrane and inhibiting
the enzymatic activity of ESBLs, which provided a scientific basis for further research on Rosa sertata x Rosa rugosa.

Keywords: Extended—spectrum beta—lactamases; Klebsiella pneumoniae; Rosa sertata X Rosa rugosa; Antimicrobial activity
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Table 1 Number, origin and resistant profiles of the strains used in the study

LS E 3 iy 2444 ZEHZ ESBL [H#:
D141 N GEN, AMK,CIP,EN,MEM, CL, CTX,FEP, AMP, ATM, AMX/CA,SXT, TE b= =
D100 PN GEN,AMK, CIP,EN,CL,CTX,CAZ,AMP,ATM, AMX/CA ,SXT, TE, C 2 E
D90-1 PN GEN,AMK, CIP,CTX, AMP, AMX/CA ,SXT,TE,C B £
D90-3 x GEN, AMK, CIP,CL,CTX,AMP, AMX/CA,SXT, TE, C e 2=
D142 PN GEN,CIP,CL,CTX,AMP,ATM, SXT & 2=
H533 A CIP,EN,CL,CTX,CAZ,FEP,AMP,ATM, AMX/CA,SXT, TE, C 2 E
H519 A CIP,EN,CL,CTX,CAZ,FEP, AMP,ATM, AMX/CA ,SXT, TE, C 2 E
H285 A CL,CTX,CAZ, AMP i =
H554 A CL,CTX,CAZ,FEP,AMP,ATM, AMX/CA , SXT 7 =
H542 A CIP,EN,CL,CTX,FEP, AMP, ATM, AMX/CA,SXT,TE, C = I=
H831 A CL,CTX,FEP,AMP, AMX/CA , SXT e E

71 :GEN, PEREEZ s AMK, FIDK R L5 CIP, RN TP L EN, BV B 5 CZ, SR ; CL, Sk 20 CTX, Sk A5 ; CAZ, kAl ; FEP, kAt
5 s AMX/CA , B ZEPUAK + STHIGERR (2:1); AMP, 27 F Y MK ATM, 22 H 79 ; IPM, WV %35 75 s MEM, 55 %0 1579 s SXT, B R IE — B i H I mk s TR, DU ER

#;C,8EH,

1.2 7k
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HEJEH, A 250 ml HI i, 25°C 4R #2372 h, $21)
WA 8 K BRI S R EZE . BRAS B 4S dhH 25 ml
DMSO % #6115 1 o/ml(LAAEZYT) 1) RME, SFATHE 5
S IMEST -80 CHELIRAE T T IR 225246,

1.22  MIC Al MBC Jl5E 2 RESC [ PR S 56 2 A
HEAL P22 (CLSD J5 28R HI i I Wi B I E. RME
XoF S 06 T RK B0 B /DN A0 B W E (minimum  inhibition
concentrations, MIC ) , RME 2% )& A 0.25 ~ 32 mg/ml,
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100 pl WIARERATHEERN T MH P-4 ,37°CH5 5% 18 ~ 20h
JE i1, PLARFE 99.99% 40 B 1) 5 (IR 3 R fe /NS B
¢ % (minimum bactericidal concentration, MBC ), 5 4
A RN,
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) RME, Hl MH A B¢ RME J& , £ 4 B H 4.9 ml
3515 100 ul 0.5 27 FG B 5256 PR AR B IR &), 2 TR
U E ) 10° ~ 107 CFU/ml, %54 B DMSO £y MH
PN RAE R PEXT IR, 37°CIEE 24 h, T 0.2.4.6.
8.10.12 1 24 h WS FLAR H EEFL 100 wl WA,
A HERK 10 £5 RV R 43 B N4+ MH °F
Mo im, W H B P55, il it ie) - SRR 2, 5
By =K,
1.25 FAMHBGEWERMFEIES 64 mg/ml () RME
5 ODgw 29 0.45 X 504 K9] D141 AW A 1 ml
IMAZSALMR (RME 29K 22 4MIC) ,37°CH557 4 h 5
WA A WA T 4°C .5 000 t/min 250 5 min, YO
ETLVE, I T ml 2.5%)% - FE [ 5 | [ I3 B % 1R
(5 kb FH2H 253k B DMSO (19 MH RIZ N ), FEM
T ACHKMT 1% 2 A R A YR AT IR A Rl T
R BRI,
1.2.6 Sk 78 WE My /K fif 3 W 2 ESBLs {6 7% 64
mg/ml ] RME F1 ODgy 2 0.45 (9% 504 K 3] D141
FWHAS 1 ml AITASFULAR(RME 9%y 4MIC),37°C
PG HEFE 4 h )5 B DU ARDITE , 1 PBS 22 v vk
Y Ja T UK AR R 15 min(GRE S B[] FR] B 4% 5
s, PR 35% ), B0 R 135 , 345 ESBLs FHEEW , I
FEHE AR & T 96 FLERAS L4100 90 wl PBS
F1 100 wl ESBLs FEFHEEIBOR , T 10 pl Sk A A5BEw;
(0.5 mg/ml) , 37°CHFF 25 min JG 2 ODyy, [F]HF
BEFAPEXTRE (Fr 5 b B4l S5k B DMSO 19 MH A%
TIBETRO) A2 6 R OMH PR )2 S P 1 SR 5
= W/

% (% )=( 1—%) x 100%
1.2.7 UHPLC-Q-TOF MS il 5% RME i %> %
Agilent 1290 Infinity LC O s RS
(UHPLC)HILIC X RME #E4 743 25 A . €20 3% 2544«
JK 425 mM LR EE +25mM Z K (A) M2 (BME R
T BIAH BB EE YRR, AR i 0.5 ml/min, FEAE R 2 pl,
FEUR 25°C . R F AB Triple TOF 6600 Jfi it {% (AB
SCIEX) #EAT B3 4387 , 4373l >R FH H 5 55 #EL 25 (ESTD 1
B TR TR I . B A il A XCMS

BAFIEAT AR 8 B B Al A 4 e

1.2.8 Silsatrnd: #fH Graphpad Prism 9.5.1 L
PR gt S B . UEERAT & RS Br
ZEFFHEIT i RN 2T 225007, I Tukey 22 1
C AT 2 1) A A L A s B AN A RS A I
FH Welch ANOVA #4703, F% ] Games—Howell
test FEAT P LLHL s WIS R RS A0 2 i, 1
Kruskal-Wallis test #E47 . Kag 7K a=0.05,

2 & R

2.1 RME % MIC #= MBC &R 3£ 2 & RME X} 4%
IR MIC I MBC, RME X§ ATCC 13883 f{) MIC %
MBC {E ¥ 5 /N, 43510 1 F1 4 mg/ml; RME X 4%
ESBL-KP B #k 1) MIC U [ 7F 8 ~ 32 mg/ml, #&7~
RME X ESBL-KP HA T {Z il fE

£ 2 RME %} ESBL-KP f MIC 1 MBC(mg/mL)
Table 2 MIC nad MBC of RME against ESBL-KP (mg/mL)

LE7S MIC MBC
ATCC 13883 1 4
D141 8 16
D100 16 >32
D90-3 16 32
D90-1 16 >32
D142 8 >32
H533 8 16
H519 8 32
H285 8 8
H554 8 32
H542 32 32
H831 16 >32

2.2 RME &3 @EskA kAR Hm ANRIPE
RME 4b3 ATCC 13883 \H533 D141 A4 K il £k an il
1R, BHEMRSEEAH ODg (HME T4 a4, Ho
MIC 20 ODgy U ZARFEFERT U /K F-, W] 1/4MIC.
1/2MIC \MIC ¥ RME ¥REM I Z R Ebk A K
2.3 RME *F ZR@Akagnrn - F @A wx fHH
RME 4b ¥ ATCC 13883 .H533 D141 AYHFIE] — % & il
2k ULIR 2,4MIC #e B (9 RME /EF] 10 h 7] ffi ATCC
13883 il D141 1 B %= 0k 2> 4 Logy, CFU/m, fEH] 24
h #f ffi H533 Fl D141 3% B 20 & F B >7 Logo
CFU/ml,

2.4 RME * D141 BB S0 Fa  FHARHBE Al
L AMIC ¥ ) RME ZbBR D141 BFAk 4 h J5 K40
VRIS AT 4040 , RIS 300 FASEHT , At R 353 5 5 o) R
HAHPEEFPIR B , AR TR, WA 3,
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Figure 1  Growth curves of RME against ATCC 13883, H533, and D141
—B= ATCC 13883 (AMIC) .
12} @7 ATCC I3 (e 25 RME st D141 % # FSBLs 4% % RME
<9« DI4] (negative) o | S NN o
HSEGMIC) e SRS 4 Ve By, X ESBLs 1 P 19 52 0 B K, 32 mg/ml
H533 (negative)
10 o

Logiw (CFU/mL)

I ] Ch)
T B IR AR LU IR B TR0 1 99.99% ¢

Note: The dotted line indicates a 99.99% reduction in the number of

bacteria from the initial culture.

E 2 RME X} ATCC 13883 .H533 F1 D141 Fyita) & i th 2k

(4MIC) ¥k J () RME XF ESBLs I P 19 #1l i 3 3k
77.49%(P<0.05). VLK 4,
2.6 RME &% # RME iF & 7K 1 891 Fh
&Y, s TR T 659 Fiiba 4, 61 1550
i, L iR A2 AR I i 2 (425 B RO AT
ML K AT A9 (198 B ) RN R AR EA 1L A4 (190
P, BB TR EILE S, & Ak &b S an i
Iy WLFE 3, Hd 4 Je R L = 7 WK e R T T
—PC FLIZEH -3-0- 25 S Emra b 54,
3 it #

ESBL-KP {1 251 25 4R 3L T A7k F R $k
A, 38 YT BT HB P EERR XT, TRK SR AR Y A
BT 2R A TR T RCA A R ) Y A SR

Figure 2 The time-kill curves of RME against ATCC 13883, AT TR ZAE N BT i R 2 1k
H533, and D141 PEEK BOAFSY RME % ESBL-KP A HIVE ] . 4%
% 3 RME Hi+Fisr
Table 3 The top ten components in RME
75 B2 KK Tk rt(s) m/z Peak area(10°)
. Quinii a:id Organooxi/%e/:n compounds Alcohols an(i polyols 391555 191.057 63 3018
(ZETWR) AL EEY) (BEFIZICHE)
Tricoumaroyl spermidine Cinnamic acids and derivatives Hydroxycinnamic acids and derivatives
2 o . P . L 99.8420 582.261 36 35.86
(=T TEE ) (PERR BHAT ) (R PR A A1)
Thioetheramide—PC
3 N — — 142.2070 780.551 65 22.22
(BiFkmENE -PC)
Kaempferol 3—O-rutinoside R Flavonoid glycosides
4 . Flavonoids(Z& ) 1277355 593.129 24 18.52
(L Zxm -3-0- 25341 ) (EEARH)
Pheophorbide a Tetrapyrroles and derivatives .
5 . . . Chlorins(F{M2% %) 64.0330 593.273 60 15.74
(BLgemagmh A) (P S5 4 K HAT A9
Testosterone Steroids and steroid derivatives Androstane steroids
6 N o N 117.2625 287.222 50 13.02
(52) ([l B KA R ) CH 8§ Be e [T e )
Glycerophospholipids Glycerophosphocholines
7 PC(16:0/16:0) R o 144.606 5 756.551 10 12.38
CHmBERRE ) CHm BRI 5%
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(2:4)

J7 A KK T rt(s) m/z Peak area(10°)

q Ginsenoside 3 Prenol lipids Triterpenoids 647690 815499 37 1995
(AZRAFF3) (2R ) (=)

Acetylvalerenolic acid
(LA AR RIRTR )
2h-pyrrole,2—
(5.5-dimethyl-2-oxi—
do-1,3,2—dioxaphosphorinan-2-yl)
-3,4-dihydro—2—methyl—, 1-oxide

Organic phosphonic acids and

derivatives

CHLBERR L2 AT A4

— 103.6405 329.123 03 10.71

— 416.1850 248.11212 9.61

RMEXLER 4

x 10000

x 20000

[GRESR

TE: 81 A .C O RME ZERZE; 1 B D BT B 210355 Sk A m AR PR ARAR 5 B (0T S 2m A RDRY I , 2O S A 5 2105 ot Bl 2o A O 3 4

Note: A and C are RME—treated groups; B and D are negative control groups. Red arrows indicate bacterial crumpling; yellow arrows indicate bacterial

adhesion with blurred cell membrane boundaries; red circles indicate cell membrane collapse.

B 3 RME 43 D141 BRI i i ah 4

Figure 3 Scanning electron microscopy results of RME—treated D141 strain

100
S
4
=
0 8 16 32
)% (mg/mL)
e XA L, " P<0.05,

Note: * indicates P<0.05 for the 32 mg/ml group compared to the 0
mg/ml group.
Bl 4 RME *%J D141 ESBLs I P #00
Figure 4 Inhibitory effect of RME on the activity of ESBLs in
D141

F AR, RME XA AT 25 32 84 i) ESBL-KP PR EA
Iz AR VE T . RME % A7 7 B Bk 09 40 1 fig
(MIC=1 mg/ml) 5 T H I (Rosa rugosa) FSLHEHUY) (4
mg/ml ) ; X} ESBL-KP fiY MIC(8 ~ 16 mg/ml) B 9Kk i T
SR (0.224 ~ 1.9 mg/ml) , {H AT RE 2 i T A BF 5%
K SBCHE )00 s A AR O B g e ST, I A
RME X} #B 43 ESBL-KP B # ) MBC/MIC<4, KW
RME BHA —& WA REEHM, AR thZefmtE - 5%
PR 25 it — 25 ESE T RME Xt ESBL-KP 1Y
VB FR BEAEH

ARAFGEAE R D141 R Z R iz, 5
Z AR [ B 447 CTX-M TEM F1 SHV =} ESBLs,
i 24 5 ), PR R TR 98 RME A4 L
il UL 2 I F A T MRS 08 A4 BT 25 R Tk
SERE AL, Yuan SR LR AR 7R 1 B
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Note: A represent positive ion mode, B represent negative ion mode; red, blue and pink lines represent the three parallel extracts of RME, respectively.
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Figure 5 Total ion flow chromatogram of RME
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