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The experimental study of sustained drug release of calcium sulfate/amino acid polymer artificial bone
carrying 3 anti-TB drugs: an in vitro study/LIU Haitao, SHI Jiandang, WANG Qian, et al/Chinese
Journal of Spine and Spinal Cord, 2015, 25(3): 239-244

[Abstract] Objectives: To explore the properties of sustained drug release of the calcium sulfate/amino acid
polymer artificial bone carrying 3 anti-TB in vitro. Methods: The calcium sulfate/amino acid polymer artificial
bone carrying 3 anti-TB drugs was produced in dark environment[proportion: 100:3:3:12 calcium sulfate/amino
acid composite 500mg, isoniazid(INH) 15mg, rifampicin(RFP) 15mg, pyrazinamide(PZA) 60mg)]. The concentra-
tion of each drug(INH, RFP, PZA) was detected by high performance liquid chromatography(HPLC) and the
unit period of drug release quality at 3h, 12h, 24h, 36h, 48h, 60h, 72h, 1-14w was measured, respectively
in simulated body fluid in vitro. Results: The concentration of INH, RFP and PZA release in simulated body
fluid of triple anti-tuberculosis drugs calcium sulfate/poly(amino acids) bone at 3h reached 152.96+1.32pg/ml,
92.90+2.17pg/ml and 334.90+12.3pg/ml, respectively, and the three kinds of drug concentrations were higher
at each time point before eight weeks. The concentration of PZA at the eighth week, the concentration of
RFP at the 10th week and INH at the 11th week were still 10 times higher than the minimum inhibitory
concentration (MIC), then decreased gradually. There was no contamination peak in drug release of effective
measurement time in control group. Conclusions: Triple anti—tuberculosis drugs calcium sulfate/poly (amino

acids) bone can reach reliable and longer duration of effective drug release. Concentrations of three drugs are
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high enough to kill mycobacterium tuberculosis otheoretically.

[Key words] Anti-TB drugs; Calcium sulfate/amino acid polymer artificial; Sustained-release; In vitro

[Author’s address] Department of Orthopaedic, Ningxia Medical University, Yinchuan, 750004, China

LA WA TT B RS BOA A AR A H
R0 IR 5 TN A0 405 A% 24 W e LA DR AIE B A 45
B kb Jr v R B R 2 Mk B, R AR A B RTIA
97 THI s P9 R i 2 — 13, RS AR ) 2 ) ik i ]
B R AE A LA KT 28 45 A hT 1 R Hh R, 25 22
B AR G0 —FOpT R 45 24 B ) R SOk B T
P24 R MORHE R 09 5 A 25 W) AE — & I RI P
AR I PG 0  BE 75 oK, 45— 5 1 02 R, A
T 4B E R 2 A 2L JF RERS £ B IR 1|] Y
AEFFEABRWERIEZ b TR T 25Y)
el S R PERERY SRR 25 W 2 B R ¢ (local drug
delivery system,L.DDS)HF5E3Z 3 T i B B LS,
BEXS B ARG ALIR T TP A AE 0 9 kR TS 24 ik B ok
G A A8 5 DRIXEE 7 BRDIR 1 o5 8025 N TG et et
DA he b R P R wfE AT o B Y i R AN e, H
HIH T B AR S5 0 2025 N TR R sl 2 8/
FEAEAE SR AR A7 0B B RN SR O A2
Bk 8 25 45 () R B R /SR A R R N T A L
A BB AR TR EE SR E R RE
HRREAEL A, © O ST AR ST A R R0 H
MBS B PU S5 1% 24 Z 5 122 T PR e el i oA I 3¢
BRAR & o AT R B SO A (15 7% (high per-
formance liquid chromatography , HPLC )l % 5 1
AW (simulated body fluid ,SBF )2 i1 % — B HL 45
¥ 25 [ 5 M BE (INH) | #) 456 F (RFP) | Bk 158 T i
(PZA)] BRI E5/ 5 B8 N TR BHE A [W] i [1]
SRR T R 25U EE . PR AR ARSI e R

Fa]=
HE o

1 MR5AHE
1.1 FZRE R 5

TR ROUH 3% A (HPLC)D—2000 ( H A% H 57
2 ) 3 A CN (Spum) . 250mm x4.6mm ( € [H
Waters 2~ 7 ) 5 TH IR K B 97 3% 75 HZS-H (8 25 Bk
HL T AR TF & 28 W) 51— B e ik 1 (1) 24 4 1A 4k
PR AR A ) O (FEE Merck 23 7)) ;INH
RFP PZA 5 it (Hh [ 24 b B R B 4G 56 BT ) 5
R 55/ R SRR S A AR (U N A ) ) 5 AL
(O3 A ) WEmR S AN (A al) W R SR (O

Bl ) B0 F A0 )
1.2 3 BB 2 R S/ R SR T2 B
AL B )

R85 17 400 90 52 55 235 R % ] P AR G 324 92
ZR G0 11 SCHk 2 38 f Ak BE 51 7R R R R DA
100:3:3:12 1 481 3 S5 7 SRS B2 475/ 3R s B R S 5
# Bt 500mg INH 15mg .RFP 15mg .PZA 60mg,
W 3 B2 IS A AR S R A5/ R R
HMEHRE G215 B ARG . B 0.25ml & 4K 2%
AN AE SRR R 2] i e IR & #v ik
10~15s J& 7 A HLA% Omm & 6mm B E |
3kg FE R SCARHF 2~3min, KRR AR A 25 A
T PR B F AR T8 12h DL JIAS 2 4k
AN TR, IR & AR G AT 259
1) B T 465 /5 A R R [ Ak N T B o LR W b
B B 1 K Ja G R AE &
1.3 R AR

I 8 Hedk = BRU4s % 25 HRZ B IR 55/ 3 4 3
R N T8 B RL AT 2 Bk 48 24 i iR 5 /3R 4 i T
NTGBEME, BIp B30 &8 A 10ml &
0.22um & 7§ 40 Bl i 1Y w5 R 2% vh i (PBS,pH 1H
7.35~7.40) BEAUAR W b, T8 SR A0 A0 2, REOETCA
37°C THIRIRZ A P, 5% 1% 0 100r/min FFEE5E
U TREASSEE A ] . TR i 3h 12h 24h 36h
48h .60h 72h |1 ~14 J& & i £ I 6] s IR 32 W
5ml, I [l 4k PBS AR Sml, =42 0.22pum
UEAS TS A Iml B HERER R, A
RCBCRR £ 8 4SO I
1.4 EEEWE 2 v FE R

SR FH 8 A5V 8 335 {SORT AN [ i 1] 133 i A
At INH \RFP PZA (4 25k B2 AT A, 345
B B R B2 N 25 W B RO L B 45 4 .CN
(5um) .250mm x4.6mm % i # ;Ui 3 A R A
0.01mol/L BE ke fith fR 4M (pH {H 2.2): L H5=45:55; It
B 1.0ml/min ; 807 K 270nm; A 78 30°C ; #EE A
10w,

FIH HPLC 7 b3 335 45 8 T R il 2 0 ik i
) INH .RFP PZA %W, #EFE 6 IR, #EFER 5331
7 1.0l ,2.0p1.5.01,10.01 . 20.0p1 ,50.0pl ; 3 323



o [E A A 2 7 2015 4E4 25 4855 3 1)

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.3 241

I 28 AR A3 AT AT B A 38 43 A5 R X =
ﬁ‘é’i%/ﬁﬁﬂ’ﬂﬁ?ﬁﬂﬂ%ﬁﬁ :INH C ﬁ};gmgm';{:(s‘l'
475.9)/9469 RFP C iy e =(S+1705)/6145 PZA
C = (S+437.6)/17330, S k244 1 16 () 06 T
o

FIH HPLC 7E b3 835 25 4 T R 0 A [] B[]
SRR INH RFP PZA i 17 il £& i 157 £1(S)
30 e A o p TRy R e A 0 4 B i a0 A
Wb £ 25 ny ke B2, ik 22 2 Mn=10Cn-5Cn-1
THE AR TORE sF T) B 1N 245 3 R i i) I it a3 X=
[(MI+M2+- -+ +Mn)/M i 3% 24 5 |x100% 725 231 5
H g YR IBORE I5F T] 8 R I
15 S5

K H SPSS 17.0 Ge it 3k it 17 Ge it 27 3 i
T PR DL ws Fom

2 %R
2.1 AN THESAERZG A T AR HPLC &
A

BN T AP RHZ BB g LI 1R 1
Fra] DL A H,2.96min N PZA ) 25 ¥ 1% 3.76min
9 INH #9245 %1% 9.48min & RFP Y25 Hyi  13d
2 N TR RHRE % B 24 HLfig ] HPLC 46 5 25
P e . R 3R 25 N TR Rk 52 i i) €335 151 DL I 2,
A I TR] e e P ) v B — B, o 24 W e B At
Fe Tl I, B N A R 4R R A5 2 ) 1 W T
(i) 51 A 52 e DR R R A TRt P
it R 515 / 5 B BE IR 52 5 M R B it 7 40 XoF 247 40 A T
B 0 AT L 2200
22 B N TMRMASN G R 25 vk B2

-
F' -
:l.
- 3 -
:'E w -
L
"
K ‘J 1
B |.|I i 5 A
*! =L FASS
T T TrT—— T T
Sl RN S
” Faa'eeli v i | das

Y
. 1
e e

AN [F) B[] 502 B v 2 W ok 8 L3R 1 O FE T 8
JAl &A™ I ) SR R AR TR 3 i 24 vk B B 8 e
& 8 JH I PZA BB W B 10 J& BT RFP B ik
BE 11 B INH B o Hh e B 34 8 T 3 10 A5 1
T /NI ER e B (MIC) |, 2 J5 2 T A
2.3 AN T MRMA S G B 245 W) R Tl

AN [) B [ 592 BV 25 ) R B8 L3R 2, 3h B
INH .RFP \PZA F 75 B 43 51 o 10.20% .6.19%
5.58% ;1d It INH .RFP PZA & jit J& 4 % K
32.26% .18.13% .20.76% ;2d if INH .RFP PZA %
R 43 ) Ky 48.62% 24.65% 32.91% ;3d B INH
RFP PZA % Jit B 73 ) N 58.62% .30.83% .
47.34% ;7 J& W INH RFP PZA B i B 43 90 N
91.75% .48.66% .88.10% ;8 J& I} INH A 46 i 21 245
YiREH |9 A RFP 5 PZA A £ 25 4 B Hi |
Hi 36h —Fh 254 0 7 Al B2 B2 A “ o8 I 42

3 g

250 5% Bf 3R G 2 A0 AR OR R TR I 45 2 D
3, ARG 54 T = BB LS % 2 (HRZ) Bt R 45/
RAESLBAN TH R, HTET A —FhE A R
I KL B 22 S5 B SR B 007, e EL BT 25 4% g
2B B AE LA H RTA RS AT
L 58 07 1 45 24 5 kSR i 24 W Wk B Ao 1K S R R
AR ME R, B R 5/ R B T — o AR
AR B ROR 5 A A E A Y 3% AR
AR, AT DB 0 kT BRI BB it . INH RFP
PZA ¥RPLE I — £25, H =MW &5 1A
TR AT 19 P IR RIS 38 LA R 3 A 259 AR Kt )R
TR B PR RIVE T, B T HUAs 2 TR, i

SRR

LS R
EILTES T R
¥ @

1 #EIRPUS 25 HRZ BIRAS/ R TR N LR R 8 RGOk 18 B 2 R/ IR AR A L4

MR 8 Sl iR 4R (i 14

Figure 1 Chromatograms of leaching liquor with the calcium sulfate/amino acid polymer artificial bone carrying 3 anti—
TB drugs(8W) Figure 2 Chromatograms of leaching liquor with no drug-loaded calcium sulfate/polylactic acid artificial

carrier material(8W)
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R1 FH-BRLEZG (HRZ)FHRS/REERAIH

BARRERZRELAWRE  (vis, pug/ml,n=8)

Table 1 The drug concentration of leaching liquor with
the calcium sulfate/amino acid polymer artificial bone

carrying 3 anti-TB drugs at different time points

INH RFP PZA
3h 152.96+1.32 92.90+2.17 334.90+12.3
12h 208.46+1.63 106.69+0.89 527.87+9.56
24h 216.97+2.40 118.93+3.01 568.68+12.57
36h 235.22+0.68 104.20£2.96  667.95+12.03
48h 236.14+1.51 105.18+2.65 679.10+14.29
60h 204.18+0.97 104.85+3.42 728.06+10.68
72h 166.09+1.45 92.84+2.89 841.28+17.61
1w 166.51+1.58 90.58+3.02 831.21+13.05
2w 152.21+0.43 93.10+5.42 882.63+£15.78
3w 158.60+1.76 89.37+4.64 822.09+10.78
4w 152.54£1.91 79.90+6.85 855.34+6.88
Sw 161.36+0.87 73.80+4.56 758.31£9.36
Q%% 172.90+2.57 69.85+3.19 682.39+4.87
Tw 97.84+0.59 65.59+2.98 450.23+10.32
8w 45.20+2.38 43.23+4.77 240.03+9.35
9w 12.41£1.13 14.02+3.56 74.91+4.48
10w 6.40+0.44 1.57+0.23 37.73+1.35
11w 1.04+0.21 0+0 13.64+1.69
12w 0.56+0.13 0+0 4.46+0.41
13w 0+0 0+0 0.61+0.06
14w 0+0 0+0 0+0
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Table 2 The release rate of the calcium sulfate/amino

acid polymer artificial bone carrying 3 anti-TB drugs

INH RFP PZA

3h 10.20 6.19 5.58
12h 24.75 13.76 15.68
24h 32.26 18.13 20.76
36h 40.71 21.11 27.15
48h 48.62 24.65 3291
60h 54.36 28.13 39.38
72h 58.62 30.83 47.34
Iw 64.19 33.77 54.18
2w 68.78 36.96 61.96
3w 74.28 74.28 68.31
4w 79.17 42.16 75.71
Sw 84.84 44.42 81.22
6w 90.99 46.61 86.28
Tw 91.75 48.66 88.10
8w — 49.35 88.34

9W — — J—
10w — — —
1w — — -
12w — — -
13w — — -
14w — — —
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