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In vitro antibacterial activity of allicin in combination with berberine hydrochlo-
ride

SUN Yan, ILINa, LU Ying, YU Yuan-yuan, CHEN Jun”
(School of Pharmacy, Jiangsu University, Zhenjiang 212013, China)

ABSTRACT: AIM  To study the in wvitro activity of allicin ( dially trisulfide) in combination with berberine
hydrochloride to common and drug-resistant bacteria. METHODS  The broth dilution method was used to test
individual minimal inhibitory concentrations ( MIC) of four common, two control and two resistent bacteria. The
checkerboard dilution and time-kill curve tests were performed on antibacterial synergy effects. RESULTS The
MIC of allicin were in the ranges of 156.25 (sensitive bacteria) and ~ 1250 wg/mL ( drug-resistant bacteria) ;
the MIC of berberine hydrochloride were in the ranges of 78. 125 (sensitive bacteria) and ~312.5 pg/mL ( drug-

resistant bacteria). The fractional inhibitory concentration index (FICI) of allicin plus berberine hydrochloride
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ranged from 0. 75 to 1. 24 h time-kill curve assay showed no bactericidal activity against all test strains even with

4 x MIC used alone. However, when used together under the same concentrations , they showed bactericidal activity

with synergy and additional effects. CONCLUSIONS The experimental data reveal that the combination of alli-

cin and berberine hydrochloride have moderate antibacterial effect.

KEY WORDS; allicin (diallyl trisulfide ) ; berberine hydrochloride ; antibacterial effect; synergism
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0.019 53 mg/mL, [F]E A0 I R, 3 569 FH A R ik
B R ANTEST I & R R 25 B InA e
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gZ, LIS IR0 T R A0 MIC {8 B 5236 25 3 0 K 3,
W2 MR N 1/4 x MIC, 1/2 x MIC, 1 x MIC
2 xMIC, IIABHA 1.5 x 10° CFU/mL i
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SRR Y TR VR B30 X8 A DN Al b 2 i 1) %
Lo BKIAWEL 3 K,

PIZGIRE IN Rl — R TR 2, o 7 24553 3 R ey
1/4 xMIC, 1/2 x MIC, 1 x MIC 12 x MIC, £t
2.5 mL & T, MRAGYEE S5 mL,
ACHIEH 1.5 x 10° CFU/mL (1) 3 B 2 e X
Bk 1.5 x10° CFU/mL, 7E 37 C PR 5.
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fEAE LR RS, HC100 WL Ff B4 A1 1R A T MHA -
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B SRR AR bR, LAAS [ B i) A5 AR K P T 7 50 1 % 4
R AR I R 2. BUGREREE 3 K,

FRESCHRIRAE , W R P25 I B 24 h (1
PATE %K log,, CFU/mL 55 5205 )i FH B 41 T 0 P A 4 1)
51 24 h A TE S log,, CFU/mL 2 2% ALC,, "' .
ALC,, =2, WMEIVER; 1sSALC, <2, MIPER; -
IsSALG,, <1, TTRAEA]; ALG,, < -1, #PifEH.
[FIEF, FHPZ5HK BT 24 h B TR V&L log,, CFU/mL &
0 h FYTETE L log,,CFU/mL 22 2% =3 a3 <3 F|WrH
250 PO R B AR AR
3 &R
3.1 MIC/AZ M ARBEE LRGERER,
T 56 PO R Bk 25 R FNE S 5 45 3R O KW 34 7
(ATCC 25922) Fi4: e (o # & Bk (ATCC 29213 )
[ MIC {4 20 U/mL F12.5 U/mL, 5 CEkRIEZE
M RRR 2R 22 I P M T 4 0 A R
(ATCC 29213) | ¥ MR A IR DA . 2 J 5 80 BR IR
() MIC {8 43 51K 156.25 . 625, 625 pg/mL, Ehig
/N BE g ) MIC B 43 3 Sk 156.25. 78.125.,
156.25 pg/mL (& 1), MWL FICT {2
0.75. 1., 0.75, W R RHAMAEN . K2 X =2
IRBA R Ry i (ATCC 25922) | i 4 s 5 i
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FR1 AHRERBB/NERNE=RRAEHNREEAR
Tab.1 Antibacterial effects of DATS and BBH against gram-positive bacterium

K#r#/ (mg-mL ")

/N EERR/ (mg - mL )

A e Ey-oe -1 .

TR 52/ (UmL™") o e T T FICI Vet
LR ERE (ATCC 29213) 2.5 0.15625  0.078 125  0.156 25 0.039 0.75 A
7 I A A BR T (201401021) 80 0.625 0.3125 0.078 125 0.039 1 AR
% e AR (201401022) 320 0.625 0.3125 0.156 25 0.039 0.75 A

R2 ARERBB/NERNE=RKAEHNREEAR
Tab. 2 Antibacterial effects of DATS and BBH against gram-negative bacterium

- TRREE R %/ K2/ (mg-mL™") R /NEER/ (mg-mL ")
. 8 e FICI B
A (Ueml1) 1] B 1] A frri
K34 # (ATCC 25922) 20 0. 156 25 0.078 125 0. 156 25 0.039 0.75 FEHm
AR R B ( ATCC 27853) 80 0.312 5 0. 156 25 0. 156 25 0.039 0.75 A
iR v B A (20140123) 10 0. 156 25 0. 039 0.3125 0. 156 25 0.75 FAFm
R3I KRHFERBE/NERXHARENREER

Tab.3 Antibacterial effects of DATS and BBH against drug-resistance bacterium

= PR P2 KagrE/(mg-mL™") EhRR/NEER/ (mg-mL ")

ZIREb = FICI TR

e (U-mL-") A W B W fEm
ESBLs (201406241 ) 640 0.3125 0.15625  0.15625  0.078 125 1 A
MRSA(201406242) 320 1,25 0. 625 0.15625  0.039 0.75 A

KA 25 i MRSA 1 MIC {i A [T 4% P& 4> o (7
FERA (ATCC 29213) 1y 128 f%, SR 7EAH [F] Y
KT RGEER N 2 5, SRR/ NEEC 1 5. L,
T 2 SR R/ INEERH, b BH A 245 9 X6} i 24 e 14 970 i 4
ARt
3.2 24 h e R—FHE W KRR KHRA R
(ATCC 25922) . & EAERE (ATCC 29213) |
ESBLs & MRSA 1 24 h B [a]l—25 & il £k bl o 59 &
G, EIFEAEARE (B 1), $hig/hEE
BT 4 PR MR R T AR RIS AR E (1 2) .
Kpr 2 FERTR /N BERR 7E 4 B8 AR 4 1Y 24 h ), AT
4 WA KA B WA AE T, Ui R R Ak
fiz /N BB T X 50 A 3 R A T A SR . (EUR,
MR aR 2R SRR/ NBERR L N I, 7E 4 x MIC T
X 4 BRIRE FERRAE B 75 2 24 h IR RER W Bk
FRERCR, XA RS SRR 2
PG, B P2 SRR R B,
PRE R : MR IBRARE (ATCC 25922), 1 x
MIC BBH +1 x MIC DATS 7£ 8 h I 5 [ {2 44011k
FIRERHCR; X madagekE (ATCC 29213)
1 x MIC BBH +1 x MIC DATS 7£ 8 h 5| 2 41 i
FET- IR F R A X ESBLs, 1 x MIC BBH +2 x
MIC DATS 7 12 h B 45| 2 40 i 58 1~ 3k 21 2% PE 2%
B, %F MRSA, 2 x MIC BBH + 1 x MIC DATS 7
12 hispt A AH R A R RCR (B 3) . ek, Mgl
B 724 h 5, 1/4 x MIC BBH + 1/2 x MIC
2592

DATS X} R Ip¥s i (ATCC 25922) AHXS T4 & %
PERCHR (1 5245 T B 2. 57 log,, CFU/mL, hy Hp[a] 4
Fi; 1/4 x MIC BBH + 1/2 x MIC DATS X 4> # {27
BRI (ATCC 29213 ) AHXE T4 B8 1 PR 500 1) .
25 R 2.06, M HpIRAEFI; 172 x MIC BBH +
1/4 x MIC DATS %t ESBLs AH it 4 9 1 % 4 4 o
(B2 T 1.86, JAHMNAER; 1/4 x MIC BBH +
1/2 x MIC DATS Xf MRSA FH X F 3 B 16 1 55 5% 119
HLZGRRE L 08, SHAHIER (E14),
4 Ptig

i LTk, mThUERMI S S BURZ A
24, 25 NFAd R Bl 1 7™ S 0 i o A PR T 24 %
i 245 B BT 5 | S 1 — R BB i, ok T 3R A
PARIGMIREZ —, FHRACEA BIPE 292
EREGFSOCERNE L. BT, TR hEA NS
BAKE BIRFABTERSCR, [FIRHA GRS i 24
PR 251, rp B2 rh SR W Rl T A
MY KRR B AR /N BE B K SR 25 T % R
RN, BT ST E RO B2 IR

SCHRARGE ™, SRR /N BEBR T 4 2 B Bk B
it 25 R4 RAFR I RRCR , AR 5 AT . [RlAT
SR BN, KGR FEXE L IR A A1 R 2L
o AN, AIRE R R, KRR B TR AT
RIB IS 1) A TR PRl o L R MR IR, 2R
2 A B4 200 2 B, DA T R e B R
A] DLR IG5 R RN ER /N Bk PR &4, —Fh
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ATCC 25922 ATCC 29213
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-+ Control . - -+ Control
- 84 -= 1/4 MIC DATS a8 - 1/4 MIC DATS
‘55 — 1/2 MIC DATS £ - 1/2 MIC DATS
6 64 - | MIC DATS (’-3 6 - | MIC DATS
& 4 -+ 2 MIC DATS o2 4 -+ 2 MIC DATS
S & 4 MIC DATS S - 4 MIC DATS
2+ 2
0 r r r r r 5 0+ T - ¥ T - 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
I [A)/h H 18] /h
ESBLs MRSA
10+ 10
-+ Control -+ Control
LE - 1/4 MIC DATS 8 - 1/4 MIC DATS
g - 1/2 MIC DATS g -+ 1/2 MIC DATS
2 6 -+ | MIC DATS 26 -+ 1 MIC DATS
“ - 2 MIC DATS © + 2 MIC DATS
:ob 4 4 4 MIC DATS ED 41 - 4 MIC DATS
24 24
0 Y T T T T | 0 T T T T T |
0 4 8 12 16 20 24 0 4 8 12 16 20 24
I} [E)/h i [8l/h
1 KREFZEINHAEFHRMOEE—FRBE ML (X £5, n=3)
Fig. 1 Time-kill curves of DATS against tested strains (x s, n =3)
E.coli S.aurcus
ATCC 25922 ATCC 29213
-+ Control -a Control
_1 % 1/4 MIC DATS -+ 1/4 MIC DATS
g - 1/2 MIC DATS —— 1/2 MIC DATS
6 - | MIC DATS -~ 1 MIC DATS
,j -+ 2 MIC DATS -+ 2 MIC DATS
3 % 4 MIC DATS @ 4 MIC DATS
2 4
0 T T T T ] 0 T T T T T )
0 4 8 12 16 20 24 0 4 8 12 16 20 24
I 1) /h i H)/h
ESBLs MRSA
10 10+
-+ Control - s Control
8 - 1/4 MIC DATS 84 . —u -u- 1/4 MIC DATS
E + 12MICDATS E ~ 1/2MIC DATS
£ 6 = | MICDATS 2 63 = 1 MIC DATS
“ + 2MICDATS . -+~ 2 MIC DATS
E::’ 4 £ 4 MIC DATS é" 44 -8 4 MIC DATS
2 24
0+ T T T T T 1 0 T T T T T 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
i [R)/h i ) /h
& 2

BE/NERI X AR E—REHE (Y +s, n=3)

Fig.2 Time-kill curves of BBH against tested strains (x +s, n =3)
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E.coli S.aurcus
ATCC 25922 ATCC 29213
10 -+ Control i -+ Control
48 -= 1/4 BBH+1/4 DATS 48 - 1/4 BBH+1/4 DATS
El - 1/4 BBH+1/2 DATS & - 1/4 BBH+1/2 DATS
56 == 1/2 BBH+1 DATS > 6 - 1/2 BBH+1 DATS
b -+ 1 BBH+1 DATS b -+ | BBH+1 DATS
=4 & 1 BBH+2 DATS =4 & 2 BBH+1 DATS
3 5 & 2 BBH+4 DATS _3 ) & | BBH+2 DATS
- 2 BBH+4 DATS
0 0
0 4 8 12 16 20 24 0 4 8 12 16 20 24
e 1) /h i ) /h
10+ ESBLs 10, MRSA
-+ Control -+ Control
-+ [/2 BBH+1/4 DATS 84 -+ 1/4 BBH+1/4 DATS
-~ 1/2 BBH+1/2 DATS ’;_:) - 1/4 BBH+1/2 DATS
- |1 BBH+1 DATS 5 64 - 1/2 BBH+1 DATS
- | BBH+2 DATS 6 -+ | BBH+1 DATS
& 2 BBH+] DATS = -+ 2 BBH+] DATS
& ) BBH+2 DATS S 2 - | BBH+2 DATS
# 4 BBH+4 DATS -+ 2 BBH+4 DATS
0 4 8 12 16 20 24 0-0 4 8 12 16 20 24
i /) /h i [ /h

B3 XHFRS5HB/NERMBKSHNE—REHLE (X5, n=3)

Fig. 3 Time-kill curves of DATS and BBH in combination against tested strains (x s, n =3)

E.coli

ATCC 25922
= -+ Control
B 9 - 1/4 MIC BBH
Eg - 1/2 MIC DATS
=) = 1/4 BBH+1/2 DATS
[S 9
o7
s 6
=
5
0 4 8 12 16 20 24
I [)/h
ESBLs
104
-+ Control
8 - 1/2 MIC BBH
g -+ 1/4 MIC
2 61 = 1/2 BBH+1/4 DATS
©
= 44
=)
S
21
0

0 4 8 12 16 20 24
B ) /h

S.aurcus
ATCC 29213
10
-+ Control
" 9 -= 1/4 MIC BBH
E g - 1/2 MIC DATS
E - 1/4 BBH+1/2 DATS
o7
5 6
s
5
0 4 8§ 12 16 20 24
i i) /h
MRSA
104
-+ Control
o0 - 1/4 MIC BBH
ENY - 1/2 MIC DATS
2 == 1/4 BBH+1/2 DATS
o 71
g
5]
4 T T T T T |
0 4 8 12 16 20 24
B[] /h

4 AHESHBR/NEFEAMEKSHRE—RE#BLE (x5, n=3)

Fig. 4 Time-Kkill assay of the two drugs alone and in combination against tested strains (x s, n =3)
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