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[Abstract] Objectives: To prepare the compound isoniazid(H), rifampicin(R) and pyrazinamide(Z)/polylactic
acid—glycolic acid (PLGA)(HRZ/PLGA) sustained release microspheres, and to investigate the physical and
chemical properties and slow-release characteristics in vitro. Methods: By using PLGA as the carrier, the
HRZ/PLGA microspheres were prepared by emulsifying—solvent evaporation technique under dark conditions, H
(40mg), R(60mg), Z(125mg), PLGA (450mg). The characteristics of HRZ/PLGA microspheres were observed
under scanning electron microscopy (SEM). The drug-loading and encapsulation rate was evaluated by High
performance liquid chromatography (HPLC) in simulated body fluid. The H, R, Z drugs concentration were
detected by stripping and HPLC at 3h, 6h, 12h, 1d, 2d, 3d, 6d, 10d, 12d, 15d, 20d, 25d, 30d, 40d, 50d,
respectively, in simulated body fluid in vitro and whether greater than minimal inhibitory concentrations(MIC)
of 10 times or not was also observed, the average daily release rate and cumulative release rate were
calculated by fitted mathematical equations in vitro. Results: HRZ/PLGA microspheres presented as round ball
under the SEM, the average particle size was 10.3+4.7pum, drug loading of H, R, Z was (18.02+0.36)%,
(22.46+0.24)%, (21.68+0.37)% respectively, encapsulation rate was (54.79+1.13)%, (72.35+0.39)%, (67.21+

0.68)% respectively. In vitro the HRZ/PLGA microspheres of cumulative sustained release of three drugs were
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more than 50% before 12d, the average daily release rate was 5.05%, 4.89%, 6.86%. And at the first 12d,
the three drugs of release were basically stable, the average daily release rate was 0.17%, 0.26%, 0.16%

respectively. Three drugs concentrations were ten times greater than the MIC even at 50 days. Conclusions:

With perfect drug loading and slow release effect, HRZ/PLGA microsphere is an ideal anti-TB drug slow-re-

lease complex.

[Key word] Anti-TB drug; Isoniazid; Rifampicin; Pyrazinamide; PLGA; Microsphere; Slow-release
[Author’s address] Ningxia Medical University Graduate College, Yinchuan, 750004, China

Bl A P [ B R BB R T, B A
B FRGITA TREWIES, Bk
FRIT AT AR TT W Rl SR 24 W0 1 T AR R
T R e B 2 R N B A A% TE AL
SRR B BOA YT R W BB RS, i TR kL
rh B Ak B TR SR RE B R SR B e, k) 5 o AR
25, DU YY) RN IR IR B A0 R SRR
A (5 SRy S ik AN A R 25k e,
UERG Kt R A B 2 Wk B O Re 4R RF BT B AR S
FEZ5 127 2% 0 BRAR RS it o S 40 BF (INHL, H) R 48
(RFP,R) Mt W& B i (PZA ,Z) = 2 5 2 I IR i
R BB % 2 ia I T A G 7 X i HRZ
iz 80:120:250 1 LL @Bk & FH 25, LB A VR A LE A
MR R H 38 1~2 50, RAMR-FZ I OB ILR Y
(PLGA) J& i FLIR ¥R 5L 2 1R 3R A 1 i i) — Fp ]
VRS S FANG Y, TEXECE T
FDA A, B B0 A YA 25k A YR fd ik
RGP JE T PR AR RR AR R H A A B )
TRk B I BR ) A B A G R RN 2L T
T2 ()8 FAAL RS0 3525 PLGA ek o] 345 25 9 97
B, BEAS A B JR) 0 245 R B IR T 1 DL R | 36
FI P 3 E AN A ST LA PLGA AR A6 &2 &
HRZ 2Rk, I W5 JL 3 Ak M o AR S0 R 24
{8

1 #MRE5FZX
1.1 iR S5k

PLGA[TF g {5 S AE W) TREAT FR 28 w1 (90:10, 43
T4 9.5 7)), AN bE (FE RN ELH) ),
R LIFEE (PVA) (EE Sigma AF), Bl
(PEG, 2 [® Sibma 2 A ), &5 20 M 3% 1L
(HPLC)D-2000( H A H 3./ F)), PHbe i iR 4l H |
R.\Z bl (b 25 i B R WS B A 55 ), H R L Z
JiZh (>99%, [ Sigma NH]), WEER 2% 1P
(PBS, Cyclone 2~ Al ), HL 1 K (Mg 45 ¥ — 45 F 2
RE ARG /NEIDI ER R IR €3 AL RN 'Y

HLER ), G U (IR ER ) B0 L
(M= RS T)  TEIRAR (U IR 5L 56 ik
#7) IR IERE G A (R AR ) S
PG AL (I TR B R A R AR, 1
VR T EEAL (L L R A BRA |
BR(HABRTAH),

1.2 Kk

1.2.1 HRZ/PLGA ZZREIERIHI & IR 7 -
VTR & 45 HRZ/PLGA ZEFRAMERIO 23 5K
LR 60mg Fl PLGA 450mg, f#iH% T 10ml
AWM BET, (EE AR T v IR ST
HH(O) ;K5 % R 40mg H Fl 125mg PZA J % T
Iml FEEE7K & Y I FE 8 IR 5 T 78 20V i
TE LN KA (W) 5 % 138 7K A (W) A #1] 3
FH(O) iR TiE PR i 75 T8 iR 2L, 5 # w FL 92 18
THmE] 4ml 2% PVA (FhKA W2, JTat/iAR,
W/V)E W ZH A 0.14%1) PEG 1ml J5 T-#%
F1EFEAL_EAE 3000r/min VKA T B FE 3min A
B3 B EFMAS 40ml 2% PVA Wz, T
300r/min i TR A, T A b e 2K,
AL AR, T 10000r/min 250 5 W SE Tk | 4%
il 75 14 L BR LA W (PBS,pH {H 7.4) ) & v
VBB 3R, SR TR TG -20°C VR H
1.2.2  ZZRBMERIN, RifeilE B Ed R T
PRRERRS T 5 e b, B WS4, 4l AR ik
AR T A M 5 M

1.2.3 WA SR bR M i i)k A
T AR R /B ik R 4 (0.0 1mol/L, pH 1K 2.2)
=55/45 , it 3% A 1.0ml/min; A 564 5 R 30°C ; Kl
B KR 270nm; i FE AR FR R 200 BT S
15min,  FR 1 & 23 500 B 5 7 WOk B o 146 .73
29.2 .14.6.7.3.2.92.1.46.0.73 .0.292ug/ml ) H;
105.52.5.21.10.5.5.25 2.1.,1.050.525 .0.21 wg/ml
) R;143.71.5.28.6.14.3.7.15.2.86.1.43 0.715,
0.286wg/ml [ 7, % 13 0535 25 10 e 8 4 1Y 7%
AT E IO SR T A, DAV BE R i AR AR (X)),



458 o AR A 2% AR 2015 AR5 25 55 5 )

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.5

T AR AR AR (Y), LR 5 D sAS 5 A s
AR L A5 bn o i 28 R

124 HAEMOERME ¥ 10mg 225 ok
SERVERET Sml AW e, HEEE 2 20ml, H
FE AL PR 20min, (R ARE I 0.22m GLALIE B 1k
VR , >R 1 HPLC A5 I 25 Wk s 4% T 745 e 1 AR
RN T FEAT B0 A BE (R A o R ) e T AR
o VRV AR R 91 LT X 7 ) 06 T RS L 6 A X
M R ) , 2P A I kb H
R.ZW&E, iMALR B E=HER &2
/25 PLGA K B BT 5 x100% , £33 =1k
rh SR B 24 /R AR 25 X 100% , 43 SRR
H R .Z W25 8 MA B4 SEAGI 5 41, 45 R L
xEs RN,

1.2.5 &4 HRZ/PLGA T BRIKANZ BESLH R
HU HRZ/PLGA 1Bk 20mgx5 4, 705 & T iE M4
(AR B8 AR 2 7 B A 7000) o, A Iml PBS, i
THERETE T PBS 1 5 0 37 A1 48 5 o 8 11 5 8 A%
£ 5ml PBS () PE 45 B 00, F 37°CHH B KB R
Ditn PR E , T 3h .6h 12h 1d, Z J5 & K HL
W B BUR Sml F-20°CH3 B A7 HRR R
A 5ml B & PBS F PE & N . B AF BUEE & &
0.22pm FlFLUE B 3k 8, BB WL 20l , R FH “1.2.3”7
VAH S5 PR AT ARG 0 i SR 0 T R, g 0 T BRELAR
VA AL AP OP AN 7] i ES W e s X VETE 7/R7 35
SKILIGMH 45 25 W i B2 2 15 K T 0 10 f5 e fik
OB e B (MIC,H:0.05pg/ml,R:0.22ug/ml,Z:
2pg/ml) BB AR B R 2 B BT RRAE DSE
BT IE] Sy x il , BT REEE R y Bl G E s )

PO IR TA) S x i, 3R BB O 19 4
XS 1 RIS, WG —%8h 72
RN 265 AR R] (%) 172 WK J7h x i, SRR ik
BEoh y Bl B0A Higuchi Bl 28, o R2 {H,
5t = 25 WL A SMSERA IR TP 1 2 BRI
1.3 Geil=#ohr

K H] Excel 58 B 5 0 B4 4k 2 e e it 22 1
S T A LA xks TR

2 BR
2.1 HRZ/PLGA ZERMBRIE S RHE

IR HRZ Bk 52 85 B 0 8 AR WUk, 5
KLIR] TR 2 | 0 B 50 5 FRLBE T 4802 OBk s Bk e
RAf, JUes B8, /NI 5) sk o) Jo A i | 43 ik
RAF (B 1), FE A 051 B 50 AL . F s T 0
£2 100 Fiffk, THEBIKA ¥R AE N 103+
4. Tpm,
2.2 Ik R

HPLC ¥ H R .Z = FF 25 9 /) £ B4 i) [ 43
A 3.76min 9.48min 2.96min, —& /0B IE W E
U (P 2), AT FEAT RGN, LA B Ay s Al e, 06 T R
JR AR A H R Z = 2 kR i 2R 0 [0 )3 7 7
W1,

FI R AR e i 263135 PLGA Z B sk H.R |
Z k2 i oy 5l h (18.02+0.36)% | (22.46 +
0.24)% . (21.68+0.37)%, fER351HN (54.79+
1.13)% . (72.35+0.39)% . (67.21+0.68) % .
2.3 HRZ/PLGA 2 Bl BRTE AR SR AL 1

AN [) B T 53 P B B 2 i T SR TR 24 5 D 3

B 1 HRZ/PLGA ZFEHMEKHEEIE (a x500,b x1500)
Figure 1 SEM of slow-release HRZ/PLGA microspheres(a x500, b x1500)
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Figure 2 Retention time of HRZ chromatogram, H was 3.76min; R was 9.48min; Z was 2.96min
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Table 1 Standard curve equation of HRZ

WEE mUHD R R
Range of concentration  Regression equation

B S A5 y1=19520x-14089 0.9998
yi=13853x-18162 0.9998
v/=33092x+17598 0.9991

J5 58 yi=17471x-1418.4 0.9990
yi=8425.5x-1265.4 0.9997
y=37813x-2904.4 0.9977

®2 ZBHHKTHRZHEBRASMRIUBELE
Table 2 Stage released dosage and cumulative released

degree of HRZ in sustained release microspheres

R (%)

- N I SN
i [1] 550 B BOFEZG B () Cumulative drug release
Point Phase release dosage degree
in time
H R Z H R 7

3h 360.32 34993 178.22 8.31 7.79 4.95
6h 278.37 28524 185.28 1473 1414 10.10
12h 33344 348.13 186.42 2242 21.89  15.28
24h  276.64 108.71 213.24 28.8 2431  21.20
2d 404.12 2785 27237 38.12  30.51  28.76
3d 314.79 21247 23452 4538 3524 3528
6d 651.27 35397 336.21 60.40  43.12  44.62
9d 601.40 353.07 316.50 7427 5098  53.41
12d  347.31 34633 256.74 8228  58.69  60.54
15d 1648 22595 8131 82.66 63.72  62.80
20d 25.15 19.80  121.03 83.24 64.16  66.16
25d 32.08 1537  140.04 8398 6448  70.05
30d 46.12 18.98  227.56 84.02 6459  71.95
40d 51.82 2698  249.87 8534 6498 783l
50d 45.63  25.87  260.21 86.40 6572 8594




460 A A 2% 2015 4E5E 25 555 53 Chinese Journal of Spine and Spinal Cord ,2015,Vol.25,No.5

x3 EZBNMRPHRZZEBRHHBEANHFLE

Table 3 Equations of HRZ mathematical release curve in sustained release microspheres

] B (d) i)

Wa T

Fitted equation

Time Drug T

Zero—order equation

— Higuchi 77 ¢

First-order equation Higuchi equation

Mt/Me0=0.0542t+24.358
R*=0.8475

Mt/Me0=0.05781+31.027
R*=0.7658

Mt/Me0=0.06721+36.581

0~50 H

In(1-Mt/Mee )=-0.0009t-0.2578

Mt/Mo=1.9875t"+11.026

0~12

12~50

R*=0.6521

Mt/Me0=0.2438t+19.612
R*=0.9262

Mi/M=0.15481+17.865
R*=0.8972

Mt/Mo=0.14921+21.045
R’=0.9342

Mt/Me0=0.6875t+28.515
R?=0.9953

Mt/Me0=0.0078t+58.267
R?=0.9948

Mt/Meo=0.0057t+68.164
R*=0.9981

R=0.9217 R?=0.9621
In(1-Mt/Me )=-0.0003t-0.3612 Mt/Moo=1.6817t"*+19.324
R*=0.5138 R’=0.8034
In(1-Mt/Me )=-0.0005t-0.1021 Mt/Meo=1.97211"2+29.351
R=0.7751 R*=0.7621
In(1-Mt/Me )=-0.0013t-0.0609 Mt/Moe=3.5182t"+2.4601
R’=0.9633 R’=0.9894
In(1-Mt/Me )=-0.0011t-0.0811 Mt/M=2.98331"+8.0108
R’= 0.9536 R?=0.9828
In(1-Mt/Me )=-0.00241-0.0712 Mt/Me0=4.7288t"*+4.0006
R= 0.992 R=0.9944
In(1-Mt/Me )=-0.0011t-0.1241 Mt/Moo=1.0594t"7+28.743
R= 0.96128 R?=0.9872
In(1-Mt/Me )=-0.0017t-0.2891 Mt/M0=0.9821t"*+63.145
R?=0.9810 R?=0.9849
In(1-Mt/Me )=-0.0001x-0.7143 Mt/Mo=0.79651t"*+77.963
R*=0.9245 R*=0.9901
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W45, AT H R.Z =253k v 4% 5 | il
K W A2 L -5 R 4 vk 1 45 K . s R AR L
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WF 5% 76 il & OER Y aE  h, A T — 2 & 1
PEG,, it il & i sk i ki A28 | 48 2h 2 F A B 3R 34—
FE i R0 2

— M Ay ik v 24 92 R R LRI AR D ORI
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P LB B T 32 2R A Y R BLASAE
T HCH R AR R B, BEHOT- AR B 22 (3% BB B
IR BRI HLAICY KRy RFP AR 5 I8 ¥ P 40k | 15
HEAT VR FE R B AE 7 — 8 I R GEIR 255 N2 H 0L
M5 53 it AE IS L By, JC Tk A o sk Ao ) 4
¥, TR BB RS I RFP /Y B R &
HCF BT RFP 7R R B Sk Bt &
245 8 &5 INH Fl PZA 1%,
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LDDS /2 fiff 1R A 45 A% 5 b vh 25 W vk JE R 2
A AT SR M2 — ., RS R B s
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