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Bifij (colony forming unit, CFU)EATEM 25805738, [RHEE 4 3500 78 B/ 477 7 ¥k B (minimum inhibitory concen-
tration, MIC) i) & 25 55 2R b REBCRRVE T E MIC {8, E&GHAL TRE RT3 h 5. @ IRIER M.,
FHVBAR 3% - Bk I R 250k e . B3R DA 255 1/ BUTR CFU THECR RE B S50 A2 A e it
SCABRIUE 13 B AR AT 2800 4 73591 9 PA-824 30 mg/kg. Dlm 5 mg/kg. Cfz 5 mg/kg. Bdq 6. 25 mg/kg. PBTZ-169
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[Abstract] Objective To evaluate the pharmacokinetic/pharmacodynamics (PK/PD) of five anti-tuberculosis
drugs including pretomanid (PA-824), delamanid (DIm), clofazimine (Cfz), bedaquiline (Bdq) and PBTZ-169 in
BALB/c¢ mice tuberculosis model at different doses. Methods BALB/c mice were infected with Mycobacterium
tuberculosis (H37Rv) by aerosol. Five drugs were divided into high, middle and low dose groups. After 4 and
8 weeks of treatment, the mice were dissected and the colony forming unit (CFU) of spleens and lungs were
counted. At the same time, the lungs and spleens homogenate were inoculated on the plate containing 4 X minimum
inhibitory concentration (MIC) to observe the colony growth. Three hours after the last dose was given to each
group, the orbital blood was collected and the drug concentration were determined by HPLC-MS/MS, Results The
lowest effective dose of each drug was PA-824 30 mg/kg, DIlm 5 mg/kg. Cfz 5 mg/kg, Bdq 6. 25 mg/kg, PBTZ-169
20 mg/kg, which obtained according to the significant difference of lung CFU count between treatment and control
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groups. From the lowest effective dose, the CFU counts in the lungs of mice were decreased in all treatment groups.
At the high-dose of Bdq and PA-824, the CFU counts in the lungs of mice decreased by 2. 99 and 2. 66 logy, values
respectively. At 8 weeks, the plasma concentrations (Cs;,) of each drug at the lowest effective dose were PA-824
(7.6041. 28) pg/ml, Dlm (0. 20£0. 05) pg/ml, Cfz (0.26=0.02) pg/ml, Bdq (0. 22+0. 07) pg/ml, PBTZ-169
(74.56£17.80) ng/ml, respectively. At high dose, when C,../MIC was higher than the specific value (PA-824

Cuax/MIC>13. 65 PBTZ-169 20 mg/kg, Cuw/MIC>150), drug tolerance/phenotypic resistance was not easy to
occur. Conclusion At the effective dose of the five anti-tuberculosis durgs, the plasma concentration increased
with the increase of the dosage, but the CFU count was negatively correlated with the dosage. Our study showed

that Cy../MIC was a good PK/PD parameter correlation with treatment effect, which could provide guidance for the

clinical use of these drugs.
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Wi LA — S o /N LS G st R B sh P fe
PRZE 51 2 WAL S 4T (Ui 2020-003)
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(D852 Ak 3

LS 14 d.28 d 73 A 3T 5 /N B AR L AL
HATHF IR YL 28 RITIRSG T2WNaIT . 2
PIFIF 0. 5% & W 21 2 K Al il TR Bk, 4 °C AR
e MM Ak, DIRMEE 425, 45 25 &
0.2ml/H,1&/d, B2 5 RGE D, R4/
A ZGIRYT HEE 0. 50 R LT 4EREN 0. 2 ml/ H,
Py IE N 4 JAAN 8 JH L RS — &2 3 h a ., T/
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WP BRI . ZJa . o3 A AE s /N AT R 45
T A Bdg A1 Clz 3697 19 /0N BT TR T Efd
FHE 0. A% gAY TH10 K FR3E,

(D) F G FR I 25 Sz

TE TH10 B i A 4 X MIC ¥ BE (1) 25 )
W 284 i Dlm 0. 02 ppg/ml, PA-824 0. 25 pg/ml,
PBTZ-169 2 ng/ml, Bdg 0.2 pg/ml, Cfz 1 pg/ml,
TE 4 AN 8 Jafd il /N BUS - 25 25 25 40/ B it L L)
FM T (3 ml /) B 0. 1 ml Fefh 35 4 £ MIC
WIE LGP BE AR L 78 37 °C 50CO, Bi e N b
I 4 JH e WA R

QUDY=EN T RN I5in g Rl L AP W SRR e i)
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L KR AL FR 5 2 R B e i 4 /N BRUAS I
BISRHIG AG BRI A5 pl AT I B 145 25
Y15 pl, FEIMA CHEEE 100 p] PLVER H - BE i 7
1RA1)5E.4°CL11 000X g B0 10 min, L FIEWRE T

®1 LAY A

1] fiils AJHANE 8 JH/NE /J\Eﬁ%&i
(mg/kg)  HEGD  HED B

X HRZH 5 5 10
PA-824

L4 10 5 5 10

M4 30 5 5 10

H 41 100 5 5 10
DIm

L4 2.5 5 5 10

M4 5 5 5 10

H4 10 5 5 10
Cfz

L4 5 5 5 10

M4l 10 5 5 10

H4 20 5 5 10
Bdg

L4 6.25 5 5 10

M4 12.5 5 5 10

H 41 25 5 5 10
PBTZ-169

L4 5 5 5 10

M4 10 5 5 10

H4 20 5 5 10

At 80 80 160

£ PA-824. 948 ; Dim.: F4 T J8 5 Clz: 403 5 W1 Bda: DL ik s
O BT 14 d 1 28 d SR BIARBE 5 FUNUFE K 3% I LML H 4
IR P A
HEREIR A FEREASI

2. 3% % o3 Br kL b Agilent ZORBAX
SB-C18(HA XK E N 2. 1 mm X100 mm, SERLR 5
3.5 pm) s FEIAH K (0. 1% B R, 5 mmol/L HIR
JHO S FE L i s 25 25 s AH L9 - BdqOK = Fi i =
15: 85), Dlm(JK + HfE=25: 75),Clz(K + &
=20 = 80), PBTZ-169 (Jk * HIJE =20 : 80),
PA-824 (K + HIfiE=25 : 75); i 0. 3 ml/min,
FEEEN 2 pl,

3. i AE P ESL B Ak - 1R
T Ry 2K s 22 BRI B SR B m/ 2z 4y
Wk 555, 2/58.2 (Bdq). 535.2/352.0 (DIm),
473.1/431.0 (Cfz), 457.2/344.1 ( PBTZ-169),
360.2/175. 1(PA-824) ; AN AMEZ5 HL . 4 KV,
LU MR BE: 350 CL 28 U R AR i B
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KM Alamar Blue %, HAA T 232 W CHR(8 .
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K SPSS 23. 0 Gt R B s AT 48114
Br. ZWESE T 90BN 2 E & A, 7 255, D
“TESTHER R ¢ KSR IEAT A DL P<<0. 05 S 2
SAGEE X
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— NEEAZY A SR 8 FE A R AR
170 FUNRA Ryt BRAL B2 5 2 25 4, /0 LA

BRSO IR 2. BG4 A 45 254
ANERHAR TR 0 IR LR 22 R B TS o L

(P8 #]>0.05), 8 & &} DIm-M, Bdg-M, PBTZ-
169-M,PBTZ-169-H 2 1A it i 5 % AL L35, 22 57
YA Gt (P {E<C0. 05),

YR Il 2 ek

TEL5 2 4 AR 8 JEI 25 LA 25 AE /N BRIl % rh
HIHe BE B 45 W3 3. 5 R MIE LRI B A .
U5 1 2 3 B 2 e 1 HL X H37Rv ARk i) MIC
. Cfz7E 10 mg/kg 7w A Il 245 ¥k B 38 B R (E» 0L
J& A B ) 840 T 4k 22 3% K5 Bdq, PBTZ-169,
PA-824 [ 1fil 24 1k B B 25 24557 5 s 3 . Horh PBTZ-169
1 PA-824 141l 24 1k FEHE A I AS 58 42 B ) 2 1) HL A
M4 HL 3G s Dlm 7 5 mg/kg F1 2. 5 mg/kg 7|
B I 24 6 BEAH 22, 10 mg/ kg B Il 24 ¥ BE 2 R I
R 2 £,

= .CFU 845 R (53074600

LAY 8 JH ) A A 2 2/ BRUPL I FOE 22 50 S
TR R LR AREL ., e S A A S5 xR

T2 SUUNAERZ 4 A8 RN AR A B

Eibil 7 (mg/ke) 4 gzt N Py 8 Jil (g, L) tfH P
*FHEZH 21.44+1.07 21. 86=0. 85
PA-824

L4 10 20. 87+0. 98 —0. 883 0.403 22.56+1.05 1. 169 0.276

M 2] 30 21.97+0. 57 0.972 0. 359 23.04+0. 81 2.261 0. 054

H4 100 22.49+0.71 1. 829 0. 105 22.35+1.01 0. 838 0. 426
Dlm

L2 2.5 21.56+0. 37 0.241 0.816 22.56+0. 85 1. 306 0. 228

M4 5 21.63%+1.33 0. 244 0. 814 23.30+1.06 2. 389 0. 044

H 21 10 21.39%+1.05 —0.078 0. 940 21.51%+1.03 —0. 577 0. 580
Clz

L2 5 22.01+1.04 0. 846 0.422 23.20+1. 20 2.047 0. 075

M4 10 21.08+1.82 —0. 385 0. 710 22.41+1.18 0. 854 0.418

H 2 20 20. 76 0. 79 —1.152 0.283 22.82+0. 67 1. 988 0.082
Bdq

L2 6. 25 22.14+1.12 1.016 0. 339 22.10+0. 48 0.556 0.593

M 2 12.5 21.68=+0. 66 0.417 0.688 23.527+0. 35 4. 064 0. 004

H 2 25 21.32+1.05 —0.188 0. 855 22.78+0. 66 1. 923 0. 091
PBTZ-169

L4 5 21.30£0. 48 —0. 275 0. 790 22.457+0. 88 1. 095 0. 305

M 4 10 21.37%+0. 38 —0.138 0.894 23.66=+0. 69 3.690 0. 006

H 2 20 20. 84=£0. 75 —1.032 0.332 23.45+0.41 3.798 0. 005

A AU BRI B35 S5 LS TE] 6 IR 2R /) RS B A AT AR L MU H 43 B3R AR P L R B 45 PA-824: 3746 5 J8 ; Dlm: AL 5 JE 5

sz;%?ﬁﬁﬁﬂ ;Bdq: 'J'l:il%”ﬁ\
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ZH 5 74 (mg/kg) 4 PR (pg/ml 7 +5) 8 JE M (ug/ml zts) %2 MIC* (ug/mD
PA-824 0.07
L4 10 3.75+0.92 2.8440.61
Mg 30 9.05+1.70 7.60+1.28
H4H 100 17.9542. 87 14.6841.02
Dim 0. 004
L4 2.5 0.02740.01 0.20%0. 06
M2 5 0.24%0.12 0.20%0. 05
HZH 10 0.43%0.17 0.40%0. 07
Cfz 0. 24
L& ) 0.22740.01 0.26+0.02
M 2 10 0.2340. 04 0.43%+0. 05
H 20 0.36+0.08 0.4740.07
Bdq 0.022~0.05
L4 6. 25 0.31-+0. 10 0.2240.07
M4 12.5 0.32+0. 14 0.4240.07
H4 25 0.68+0. 25 0.68%0. 26
PBTZ-169 0.4~0. 5>
L4 5 7.25241. 69> 6.91+1.52b
M4 10 18. 7046. 69> 21.23+4. 45P
H4 20 51. 54+20. 35P 74.56+17. 80P

i 5% MIC Jy H37Rv FRuERRINAS A - AN ng/mls LM H 53 3 3RR K L i 7014 20 s PA-824 %46 5 J s Dlm: f8 57 5 Je 5 Clz: 53k
FFH1; Bdg. Dk mMErk

R4 BAUPREZ 8 AR WP B A R R

20 51 Flk (mg/kg)  fili (logio CFU, T+ s) L ff P {f* 4 (log1oCFU,F =+ 5) ¢ {He P {gi®

Xf B2

SEIFRT 14 d 4.7040. 11 1. 4840. 00

NEPEEPN 5.2140.08 3.600.18

AT 8 4.9040. 16 3.08=0. 44
PA-824

L 10 4.7240.19 —1.542 0.162 4/5 40,1 HJy 2. 08 —5.775 <20. 001

M4 30 4.00+0. 17 —8.654 <£0. 001 0 —15.475 <0.001

H4 100 2.2440. 22 —21. 951 <<0. 001 0 —15. 475 <<0. 001
DIm

L4 2.5 4.7540. 20 —1. 255 0. 245 4/5 % 0,1 Hy 2,08 —5.775 <20. 001

M 41 5 4.5540. 14 —3.627 0. 007 4/5 % 0,1 H%1.48 —7.803 <<0. 001

H4H 10 3.5440. 16 —13.574 <20. 001 0 —15.475 <20. 001
Ciz

L4 5 4.0740. 12 —9. 405 <<0. 001 2.4740.19 —2.799 0.023

M4 10 4.02+0. 27 —6. 231 <20. 001 2.40+0. 80 —1.657 0.136

H4# 20

w

.4140.28 —10. 397 <C0. 001 2.06+0. 23 —4.538 0.002
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21 5 i (mg/kg)  fifi(logioCFU,z+£s) ¢t {E? P {g* 8 (log1oCFU, 7 %) tg? P{g*
Bdq
L2 6. 25 4.61+0.15 —2.918 0.019 2.9040. 33 —0.731 0. 485
Mg 12.5 3.85+0.51 —4. 405 0. 008 4/5 k0,1 Hky 2. 38 —5. 045 0. 001
H 4 25 1.9141. 08 —6.109 <0. 001 0 —15.475 <0. 001
PBTZ-169
L4 5 5.54740. 22 5. 306 0.001 3.1640. 17 0. 381 0.713
M4 10 4.71+£0.23 —1.505 0.171 0 —15.475 <0. 001
H 21 20 3.36740.21 —12.999 <0. 001 4/5 k0,1 Hly1.48 —7.803 <0. 001

ARG logi CFU (5 X AL 8 JA s #E47 LU LML H 235375 iR o W I B 4 5 PA-824 . 546 5 J8 s Dlm. f8417 5 Jé 5 Cfz. S 5F

Eﬂ,qu:J'_l j;l]f*ﬂ)hk

Jifi log,,CFU
8] w E N

—_
T

@w R e R

\? & &(\,x‘\»boso,(xb@‘c

@'02;\»%% TS I VA
LR

45

i Bdq: DUiEMEM; Dlm. {857 5 J2 ; Cfz. S35 55 1, PA-824 . - 4E

2L M. H AR o AL
1 252} 8 JH I 2% 25 2520/ U HE logio CFU

CFU i+ 458 . PA-824 5 Dlm 7£ 3 M5l & T, J4UE
TRV S5 TR 1 B S U 1 s 31 B A 45 2 90 Y
Behmm TR, PA-824 il EE2H T RE 2. 66 log)o fH (I
Jgéﬂ P>0.05, 7. mFAEH P<<0.01); Clz 4
AT R CFU TS X B 22 S 389
éﬁﬁ“%ﬁ)ﬁ ARG A rh A A 2% S R
RS Bda 2 NE R % 1T BOBE A 45 245 79) 1 0 1
TR A 2T B 2,99 log fH (KA 54 P<<
0. 05, B4 P<<0.001); PBTZ-169 7E{EFIE4H
50 BREH 22 ] 22 5 To e 127 7 S vho) i 20 AL A
T 5 TR O v AR A TR RO R 1. 54 logho
{H(P<<0.001), LAt CFU 14k 5 %) B4 2% %A 52
oA = SO HIRTRR HE , 2% 245 W) d5c 1A 88000 123 31
PA-824 30 mg/kg,DIlm 5 mg/kg,Cfz 5 mg/kg.Bdq

6. 25 mg/kg,PBTZ-169 20 mg/kg., TEAMFIET,
Bdq 75 B 5 A8 B S  HAROE: PA-824,

PO | 2 G IR B B VR MIC (E R

X525 8 JE BALB/ ¢ /IN BRI L 95 39 i 4
J& CFUFE1E & 25/ N & 2Bt b i) CFU 2551
AT LE, BRI 5~9, 425 8 5. PA-824,
Dim [ PBTZ-169 /)N slilifgt CFU 318k 2 4k
R 254 5% BE 5 | A 02k 25 A0 W Ik =41 259, 74
Wil & & 0. A Vo TE PR I EMA TH1O B554 . 5 2 0\
BRI SIS 0 R SRR AR K Y TR E
MIC U7 ,

Y5 H37Rv FrERRAH L, Bdq 41 4 JE B | 74
HHA W MICHZ N H 2 4%, 8 J&If Bdq =77 &
HA 1R MIC 2243 10 £ AR b ) & A
% MIC {H29 R 2 £ Clz 40 4 WS 404 1#
7% MIC (HZ e 2~5 1%, 8 At mfl s 4 A 3 tk
MIC {29y 5~6 £ A%, il &= 4 MIC {524
2 A5 PA-824 21 4 JR AR &2 4 A Wi ¥F MIC
HLRH 2 £, 8 JARMIHI A 1 B MIC {52
R4 f%: 8 JA R PBTZ-169 ik 4147 1 AR 1A
MIC {H 2y R H 10 £ Dlm i, H & 77 220 MIC {5
ZIH 2

H\ Cax/ MIC 5 iR V5 1B i 2

2524 8 JEII X Crax/MIC 5 /NEUF log CFU
PEATAHDCHE S0 BT, &1 2 hn] LR ) 38 B AR G,
REAESTE 0.9 LA B HHOCHERAF . 5 RheiW a2 )n
14970 BEUT S ILIEE 8 50 OB A A % 25 s 3o bk B R A
T A KRRy 7 MIC {EL5 br ik H37TRv —
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RS AHALT)E 8 Ji BALB/ ¢ /NN A 3R 5 TR V5 4L

AR L 41 (10 mg/kg) M 4H (30 mg/kg) H 4 (100 mg/kg)
25 RELEFR SR RE T SRR RE T SR
RAETEEH TN
it JFE 44 1 54 1CFU 74~171 CFU FREK 3~10 CFU K
4 R?’ké‘zﬁv . 2 - 1. " 2 3 < 3 <
T L A 4 CRU KK KK KK KA K FHK
TR B 2 TR
il — 100~300 CFU — 44~150 CFU — 0~73 CFU
B 4 HRAEK, - . B )
i L L% 4 CRU KK FAEK
SE AL 5 FUNEL. 3 mi/E SR STHOB L 30 0. 1 mls & 257U A 4 X MIC WS 54 MO 55 s + + + 2R I TEBOR T 300 4/ 10BF, 45—

USRI R AN 5 i M 2 B9 5 25 15 3R AN » CFU T BULF AR A 1 D HER T A 225 200 SR S i M e i 5 25 G R AR B — RS~ — 3R
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