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In vitro interactions between tetrandrine and itraconazole against
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ABSTRACT : The purpose of this paper is to detect the in vitro antifungal interactions between tetrandrine (TET) and itra-
conazole (ITC) against Aspergillus fumigatus. According to the Clinical and Laboratory Standards Institute (CLSI) M38-A2
guidelines. we used 21 clinical isolates of Aspergillus fumigatus to evaluate the response through the checkerboard microdilu-
tion method. We employed the spectrophotometric method to determine the results of the interactions, and the nature of inter-
actions was assessed by the fractional inhibitory concentration index (FICI) model. The result was also verified by isobologram
with AF46 as sample. The MICs of TET and ITC alone were 256 —512 pg/mL and 0. 125—32 pg/mL, respectively. While the
MICs of TET and ITC in combination were 8-64 pg/mL and 0. 03—2 pg/mL. with the disappearance of the so-called “trailing”
phenomenon. The FICI of the drugs in combination ranged from 0. 08 —0. 38, revealing strong synergism between TET and
ITC. Synergism was also demonstrated that the corresponding isobole of AF46 was concave. Our findings suggest that when
combined with ITC, TET show potent synergism in antifungal activity.
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T AE O T ER 2 R Y AR AR B, e At R
B B R TR . Pl B (itraconazole,
ITC) & 2 iRy 40 th w5 e 1 15 e 25 ) B B Hoim
IR BTz 0 0 w25 R B AR L E A
C/N (37 e DIV = & SR E /=N S E2TE 7/ LR VR WU NS
Xif iR TR ST 7K AN T 5 & AR IR T T B
&t AT 2 30 D) A e 11 )

AWETERY] P E T 259 A N T TEIR T —
S 3 36 M i A B SR B PR I AR . FRATT R B
K IR 25 A W) A By AR 9 B0 5 S s b 2 4k & 0L
Bi & B & (tetrandrine, TET) Xt i 5 Bk 55 5 5 B $1
P B A IR R i R 45 BRE M T T O T O P
RONEFH S 30610 25 W 1 HE 52 A0 5C 5E I 1Y 2R 38 S £ 2 AL
e

ST TET X M2 25 4 Bt 0 il 25 3% 7k 2 15 e
HA IR A S 30 R JH L 48 X ol o AR R vk
(PR A PO M E TET 5 ITCBRA/EM T 21 #
AR it 25 I DR AR 8 A S BT BB L LA OD (B a2
Fi 352 B K 0 B ¥ B (minimal inhibitory concentra-
tion, MIC) , Ff DA 73 £ W0 11 ¥k JiZ 48 %X (fractional in-
hibitory concentration index, FICI) % M F 28 5k 2k K]
fiff vk Xk 245 WK G M T ASCR BEAT PR MR R L TET
YES TTC B RGRR ¥ 4 2 4 B 4

1 MRE5RFE

1.1 ME

L1 ERE 21 BRI IR Bk CAFS . AF7,
AF8, AF9, AF10, AF13, AF18, AF19, AF20,
AF21, AF23, AF24, AF26, AF27, AF30, AF31,
AF38.AF46.,0193,.CBS.CMCC #k. {5 18 ki M
FELK N B B A6 56 ) F 58 B5 w2 AT W A, J5
3 Wk vh o ] B A A B B R BT 9 T X 4 3k A
W), JoT 45 T R R 36 I R N SE 08 bR E P 2
(CLSD#EF (3 - & 2k 1 ATCC 22019 #% .
11,2 BEgRdk Eh RSB 49 W 3 is B % ik (PDA,
TR A YRR R A R RPMI-1640 15 5%
F (£ HE Gibeo AH] . pH 7.0),

1.1.3  EZRHM ITCBE A &Lk Tl & e A bR
AL S 10732, 4l B > 98 %), TET (k7 28 Rl Al
YA PR ] L5 20041226, 4 BF 98 %), — 1 3%
M (DMSO, % [E Sigma A F]) .

11,4 F2AULE BRI (680 B, 3¢ F BIO-RAD
23] 96 fLAR (3£ [ Costar A F]D

1.2 ik

12,1 BEAREIE LS RS BCH] 8 21 pRoAm

B G PR AR 4350 F PDA 30 “Cififb 5~7 d, uEBR 1A
22 J5 1 RPMI-1640 # B , 28 1ML 20 B 11 Eob o F 20 4%
TR B A 2k JE M (0. 4~5.0) X 10" CFU/mL,
1.2.2 Z5WIECH ) DMSO ¥ ITC ¥ 5 120
pg/mL 4 25 WA £ W s F K B AZE 7K FiT 0. 1 mol/L
HCL ¥ TET %% 1 10 240 pg/mL )25 Y6k % W
(H:Hp,0. 1 mol/L HCI Ay i <C0. 005 mol/L, il
SEUO RSB X Al A O ) . A5 A T RS —
20 CI A7+ H .
1.2.3 & TET K& ITC b/ H T 4 ih %5 i
MIC £ & CLSI M38-A2 Jr &5 6 25 W) it % W
RPMI-1640 Bk 2 £5 TAEMREE . BUH 100 pl £
fE LR RS MU A 96 FLAL I ES 2~ 11 %1 R 46
12 504, A &AL A 100 pL BB W, A £ 200
pL WA FLAE RPMI-1640 b2, BLETEE 1 518 A4
KXFHEL A 12 B2 (st . Bk ik & v DMSO
ErR YRR 100, R 220w X TR AR AR K R,
B 1 96 FLAT 37 “CIE B RE 3% 48 h, Ll OD
N 32 0 s 2 2 L T A . MIIC AfE

OD {8 5E ¥« F il s {0352 B 4% L 78 B 4 405
nm b OD A, £ FLE A K E 5 BOH T 2K
PR EREA KOS5 =(&FLF i ODE— 2 (A xt
HEFL i OD A /(AKX BRFL T iy OD A — =8
SHAFL R OD {E) X 100% . BLH A K 3 1 & 4 5k
MTHR T R R AE R B =1 — HE A K
i @

TGO T A A 4 BOEE 90 %0 DA ) B AR 2
Y MIC (', L EE 3 K.
1.2.4 W% TET B4 ITC WHimith Zwmre =
HE M38-A2 J7 % K 25 Wit 4 W FHl RPMI-1640 s
e 4 A% AR W B CEAE W B 98 B 43 0 2 ITC
0.015~16 pg/mL. TET 8~512 pg/mlL). M40
FOT AT AR AE < R AR v B B ik R R 50
pL A5 HCRR BRI TTC 253 AR A 96 FLAR Y 56 2
~12 51 5 H 55 v BE B AR ok B AT, 50 Ll A% e
B B TET 253 UM A 96 FLARIEE A~G 17,
Bk A2 L2240, i HAl A FL A 100 p L BA B . I
Jin RPMI-1640 T/ F 200 pL Witk pyfL. H, H1
LKL AL2 FLoAZ A XFIRFL., 37 ClaiR
g% 48 h, DL OD I & ¥ H i 45 R, LB 3
Ko
1.2.5 WA E BRI ITAY ARS8 R FI-
CLEEXT g5 Wt 171 . B2 LA Loewe additivity
(LA BRI R 3t & e i JE S H0A A, H A
H
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> FIC = FIC, + FIC; = Caumy/MICpione +
Cheomb/ MIChiujone » 2 H Y MICpuione Fl MIChpo0 53 01 24
23 A 1B B I G B AR I R Cacons T Cocomn
Shy W ol 245 W B B 3k 3] 5 SR 245 6 () 24 2% 4% A
e B . X [ — B 96 FLAR , B B0 415 — & 51
D FIC {4, >4 X FIC,,., (5 K X FIC ) /N T 4 B, FI-
CI 5% X h 2 FIC,, (/N 2 FIC i) ; 75 W FICI ¥4 5
MR D FIC, 0o 45 F M WK 45 R Odds i g 1
1) FICI<<0. 5 »& X A Up [ AE . FICI>4 Sh #5490 1F
0. 5<<FICI<4 Ry RKAEH",

SRR R LA AFA6 BRoMACZR TS5 IR
fiff v 225 G MIC L 25 B G FH 24 15 79 245 11 MIC fE g 5
B 2 1/4 BN 0 2 4 P R4 S B 2
FIC<C0. 5, Hy % 5l 26 i I8 R mT LA ) 5 1 ] (I
) FEPL M) B (HEOM

2 &% R
2.1 FBEAEARUE BRI OSE I T U AS Y B4R T BR
ATCC 22019 #%F ITC i MIC {54 0. 125~0. 25
pg/ml, YR E Y B, HAE RO BRALAE K R AF
i CLSI K,
2.2 TET 5 ITC s BG4 T 21 #k 4 ith &
) MIC 4 L% 1. M4 ECVs drufE", L ITC 1
MIC<1 pg/mL K&, 2 pg/mL Ay 7 &8 4K v i
B >2 pg/mL R 2, SEEG R F Y 21 B ih 25 X
ITC (HURYE IR : AF5  AF8  AF19,AF20,AF26,
AF27 ,AF30., AF46, 0193 } ITC # & ¥, AF10,
AF13,AF18,AF21,AF23, AF24,AF38,CBS,CM-
CC K ITC i 25 %k, AF7 . AF9 . AF31 Jy ITC #| 814K
S 1 R

TET % 21 bk 4H i 2 #9 MIC i R 256 ~ 512
pg/mL, TET AR T 8 pg/mL B LM EA/EH] H
TC W bk 25 1

TET 5 ITC Bt 4 /E &, TET % MIC {8
256~512 pg/mL FE % 8~64 pg/mL.ITC f MIC
fEFH 0.125~32 pg/mL fE % 0.03~2 pg/mL,Jf H
ZSEM . MR M AR . U] TET 78 44 4 X¢
ITC it 08 i 25 7% M AT 5 2 3G 85 PEH .
2.3 LEESRMIEAN 1 FICT LD (Y S5 56 45
W 2, TET 5 ITC B4 VEHwt, FICI {3 0. 08
~0.38,%/NTF 0.5,% W TET 5 ITC {K4PBES 3
A o [EPE

K 1 ik TET 5 1TC B &4E H T AF46 #k
A LY L AR K A o0 8 T E SRR R X S B — R
H) S FICAE , Hirh X FIC,. M 0. 53<<4, ] FICI {& Jy

2FIC,,,=0. 19, FAR N 09 2 2 2k i 2 fr s
i £ MIE LY TET 5 1TC BAT BRI .

®1 TET5ITCBMEKREAERT 21 tRIES EH MICH
(pg/mL)
Tab.1 The MICs of TET and ITC alone and in combination a-
gainst 21 isolates of Aspergillus fumigatus (pg/mL)

Strain Alone In combination
ITC TET ITC TET
AF5 1 512 0. 25 32
AF7 1 512 0.25 16
AF8 1 512 0.25 8
AF9 2 512 0.5 8
AF10 4 512 0.5 64
AF13 4 512 1 32
AF18 4 512 1 16
AF19 1 512 0.125 16
AF20 1 512 0.125 64
AF21 4 512 0.25 64
AF23 32 512 2 16
AF24 8 512 2 16
AF26 0.5 512 0.062 5 64
AF27 0.125 512 0.03 32
AF30 0.5 256 0.125 16
AF31 2 512 0.25 64
AF38 4 512 0.5 32
AF46 1 512 0.062 5 64
0193 0.25 512 0.062 5 64
CBS 4 512 1 32
CMCC 4 512 0.5 32

Note: ITC-itraconazole; TET-tetrandrine; MIC-mini-

mal inhibitory concentration.

3 3 it

ITC J2&—FhBr B i 2. )3l = M 2R 40 TR 24
W RIRIT R A R ) A BT R T
RO AN RN A AEL R . SR Bl L R BT
0 IR R B TTC A TR 25 R 38 4F 38 5 . 45 ih &
i A I R YA T A R IR Pk . A ST R W it
MLl 5 CypS1A FER M2 A8 (i B 3k A S Ab
HEZAE YA X

TET SR8 T KR 25 FAE Y B AT 1E Al R AN
RSO AD R R M A% AT R A R A R R I L O R
I SFEIR AT BB B T A, FRATT A A Y I AR S
TET Xof 550 5F mae 35 1] B mate e 11 8 B B 6 2 7 e 1% 25
S WA 5 T 8 TR R T 1 LA S RVE R LR S 4
254 5 HEGE 3 B MDR1 . FLUL.CDR1.CDR2 #) 3
KA KT, MW TET RS TTC B i 25 15
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E1 TET 5 ITCE&S1ERT AF46 iR EKBE S E
Fig. 1

TET % Growth at ITC (pg/mL)

(pg/mL) 0 0.015 | 0.03 [0.0625|0.125| 025 | 05 1 2 4 8 16
512 9.1 6.3 51 4.1 3.1 33 | 3.1 1 13 21 ] 12 0
256 8 6.3 32 32 | 32 3 29 |14 | 27 | 12 | 21
128 9.8 45 43 | 42 | 33 [ 26 (21|19 | 11| 11
64 8.6 72 46 | 44 | 35 | 25 13 | 23 | 22
32 44 | 62 [ 23 | 21 | 21 15| 16
16 66 | 3.1 |31 |22 | 14| 21

8 81 |52 |22|33]22])21
83 | 34 4 21| 22

Percentages of growth for the combinations of TET and ITC against AF46

1TC-itraconazole; TET-tetrandrine; Grey area-more than 10% growth; Bold area-the isoeffective combinations; Under-

lined area-the combination with the lowest FICI.

% 2 FICI:%iEM TET 5 ITC kSN BE & 1 21 HRB dh B iF
Tab.2 Invitro interactions between TET and ITC against 21
isolates of Aspergillus fumigatus as determined by

nonparametric methods FICI

Strain FICI INT
AF5 0.31 SYN
AF7 0.28 SYN
AF8 0. 27 SYN
AF9 0. 27 SYN
AF10 0. 25 SYN
AF13 0.31 SYN
AF18 0.28 SYN
AF19 0.16 SYN
AF20 0.25 SYN
AF21 0.19 SYN
AF23 0.08 SYN
AF24 0.31 SYN
AF26 0.25 SYN
AF27 0.31 SYN
AF30 0.31 SYN
AF31 0. 25 SYN
AF38 0.19 SYN
AF46 0.19 SYN
0193 0. 38 SYN
CBS 0.31 SYN
CMCC 0.19 SYN

Note: FICI-fractional inhibitory concentration index;

INT-interactions; SYN-synergism.

PRI HAT 1Y ROVE S A 52 590 5% HE 8k L FICT %
e FL ARk VR e 1 R 5 SR AT T EAL

fE TET 5 1TC B G /E i S5 b 3R A HI 24
B ITC 1) MIC B % Bl 0 B BE AR T 2~4 8
JE.TET () MIC {HFEAR T 3~6 B, LI LA #
WIEM 45 5 FICT{H } 0. 08~0. 38, ¥/NT 0. 5,1

300
250
200
150
100

50
0

TE T/l

0 0.1 0.2 0.3

ITC(ug/mL)

B 2 TET 5 ITC XS 1ER T AF46 BR iy % 20 H £k
Fig.2 The isobole of the combinations of TET and ITC a-
gainst AF46

W] TET 5 TTC AN & 500 55 % 2L 1 3% 1 ]
YEF . TRIBHAR 52 56 36 F AFA6 Bk 1% 3, 1% b A 4
P FEMDE 28 2 46 1A 3 T8k, DL B3R
TET fEfRohal LU 25 3 58 TTC #9504 ih & 5 1
W 25 AR 250 . XA AU IR A TET fF
o TTC SERGA IR Y7 M w42 4L T B2 3 . o
FeATHE— 2B WS TET X 28 25 49y 1) 3 28005 P K H
PLEIAT & T H:Ailh

A S R A BE VR CFICT ik B OH 45 2 4k [ i
¥ e R B L 0 RE I P 24 W 1 SN 1 TSR
W)z MR T B AR f T ik b R
PEAERE IR, FE S5 AR A OD (I & 3% - B ot
V5 T A WL TR TR A

W 24 07 LA AR 25 9500 & oA 25 46 L 45
TR KSR R ACR (BT AR R 25 K. AR
KW TET 5 ITC 7ER SN A iy [ 5T A Hh 235 15 ] X
Shy AL 0 B e PRI T BRI T IR P 2 4 A
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