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[Abstract] Objectives: To observe the drug release and tissue distribution characteristics of anti—tuberculosis

drug’s sustained-release coating in rabbit spinal tuberculosis model. Methods: New Zealand white rabbits of

E€WH . THE ARP A H (2020AAC03490) ; 7 B PR BLR = BF 2 WFFE S G 00 H (XM2019154 ) 5 & 58 1 SR B2 2k 42 1 H (81360275 ;
81760399)

SE—IEFE T I (1984-) Bl L WP 5 A, WF5E 7 il - B AE SR

7 : (0951)6997128  E-mail : yueyx(@gmail.com

LFEH —1E# . 2k x E-mail :wu_longyun@163.com

WIRAES 4 E-mail ;shi_jiandang@163.com



550

o[ A R 2L R 2021 4E4 31 4855 6 1)

either sex weighing 3.00+£0.25kg were selected. A total of 120 spinal tuberculosis models were constructed

and screened by vertebral body drilling and infusion of Mycobacterium tuberculosis.  According to different
drug delivery dosage forms and ways of the "isoniazid (INH, H), rifampicin (RFP, R), and pyrazinamide (PZA,
Z)”,

sustained-releasematerial group, with local implantation of sustained-release of HRZ material (300mg/kg)+ au-

the rabbit model of spinal tuberculosis were randomly divided into four groups of 30 rabitts: group A,

togenous iliac bone; group B, local administration group, with local implantation of HRZ drug crystals (H,
12.5mg/kg; R, 12.5mg/kg; Z, 25.0mg/kg); group C, intragastrically fed group, fed intragastricallyat fixed time
daily (H, 12.5mg/kg/d; R, 12.5mg/kg/d; Z, 25.0mg/kg/d); group D, sham operation perfusion group, with daily
fixed time perfusion (dose: H, 12.5mg/kg/d; R, 12.5mg/kg/d; Z, 25.0mg/kg/d). All groups were given the same
dose in a single dose. Group A and B were given single dose, while group C and D were given multiple
doses consecutively. Five rabbits were randomly selected from each group at each time point, and drug con-
centrations of H, R and Z in venous blood, psoas major muscle and bone tissue of each group were deter-
mined by high performance liquid chromatography after administration(7d, 14d, 28d and 84d). Drug concentra-
tion—time curves were drawn to observe drug release properties and tissue distribution characteristics. Results:
The single dose of the four groups was the same, and the total dose of HRZ in groups A and B was signifi-
cantly lower than that in groups C and D (P<0.01). The drug concentrations of H, R and Z in psoas major
muscle and bone tissue in group A were significantly higher than those in groups C and D(P<0.01). In group
A, the concentrations of H, R and Z in venous blood were very low orundetected(P>0.05). In group A, the
drug—time curve in psoas major muscle and bone tissue was smooth without sudden release. In group A, the
concentration of H(14.22+1.07pwg/ml), R(12.66+1.12ug/ml), and Z(28.93+1.30pg/ml) in psoas major muscle and
bone tissue H(12.46+0.29wg/ml), R(10.34+0.32png/ml), and Z(26.21+0.82ug/ml) reached the highest on the 7th
day after administration, and the lowest on the 84th day after administration. At this time, the concentrations
of H(6.69+1.42pg/ml), R(6.28+0.77ng/ml), and Z(19.88+0.90pg/ml) in the bone tissue of the lesion were more
than 10 times of the minimum inhibitory concentration(MIC) at each detection time point. The drug concentra-
tions in the psoas major muscle of H(8.19£1.98wg/ml), R(16.87+3.03pg/ml), and Z(91.18+11.12pug/ml) and
bone tissue of H(5.70+1.25pg/ml), R(13.06+1.26pg/ml), and Z(79.00+8.68wg/ml) in group B were higher at 7d
after surgery, and decreased sharply, which were undetectable in both psoas major muscle and bone tissue
28d after surgery. In group B, the concentration of drugs(H, R, and Z) in venous blood was very low or
could not be detected. The concentration of drugs(H, R, and Z) in venous blood, psoas major muscle and
bone tissue of C and D groups could be measured at each detection time point.The concentrations of drugs
(H, R, and Z) in bone tissue of groups C and D were maintained at relatively stable and low levels. Con-
clusions: The sustained-release HRZ material has satisfactory local drug release performance in rabbit spinal
tuberculosis lesions, and the tissue distribution characteristics are high local drug concentration and low pe-
ripheral drug concentration.
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Figure 1 Sustained release of HRZ material and its adhesion to the surface of autogenous iliac bone a Sustained

release of HRZ materials b Sustained release of HRZ material and autogenous iliac bone
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Table 1 Comparison of drug concentrations in each group at the same time point

3d 7d 14d 284 56d 84d
Eiki INH - A4U/Group A ND ND ND ND ND ND
pnous B#/Group B ND ND ND ND ND ND
C4/Group C 8.57£1.29 8.94:0.88 9.02£1.20 9.32:0.92 8.54£1.19 8.66:1.08
D4 /Group D 8.55£0.97 9.15£1.29 9.09+1.04 9.27+0.85 8.85£1.35 9.05:1.08
RFP  AZL/Group A ND ND ND ND ND ND
B#1/Group B ND ND ND ND ND ND
C4/Group C 9.97:0.98 9.98+1.04 9.88:1.09 10.10£1.20 10172097  10.06z1.15
D4/Group D 10.0421.39 9.7240.99 1021£1.21  10.011.69 9.69+1.06 10.15£1.01
PZA  A4l/Group A ND ND ND ND ND ND
BZ/Group B ND ND ND ND ND ND
Cl/Group € 2411x1.13  2478:1.59  24.42:141  2492:1.19  24.69:091  25.00:1.81
DA/Group D 23.7421.66 2402200 23958192 24.56:231  23.84x200  25.031.98
BEANL INH  A4l/Group A 15.97xL1372  1422:1.077%  1279:0.7072  11.8821.4972  10.69:1.017%  8.13x1.027%
E;‘;‘;; B41/Group B 78.90+8.61 8.19:1.98 ND ND ND ND
C4/Group C 4.55:0.63 4.5920.79 4.6420.78 4.5620.78 4.4020.64 4.6620.90
D& /Group D 4.3120.61 4.4920.75 4.3120.82 4792071 4.5620.73 4.5220.96
RFP  A4l/Group A 139809972  1266:1.1272  10.7120.477%  9.8:0.8272  818+1.9472  7.23x1,0372
B#l/Group B 9250693 16.87+3.03 ND ND ND ND
C#l/Group C 5.2720.97 5.200.96 5.03£1.00 5.0520.95 5.0320.89 5.1120.80
D#/Group D 5.1320.82 5.5420.83 5.00£1.12 5.3420.99 4.9420.61 4.96:0.83
PZA  AZl/Group A 32.69:2.027% 289313077  2837:1.06"%  2633:0.787%  23.17:0.927%  23.38:2.891%
BAl/Group B 201.848.16 9181112 ND ND ND ND
C#i/Group C 9.0920.88 8.7320.87 9.111.04 8.93x1.19 8.88+1.51 9.45:1.02
D&/Group D 9.111.58 9.28+1.27 10.00:1.66 9.29:1.67 9.56+1.33 9.32£1.59
B INH  AfUGroup A 14.650.647% 1246202017 1124204577  9.62:0237%  8.62:037"%  6.69x1.4207
pone B4l/Group B 67760272 5.70:1.25 ND ND ND ND
CHl/Croup C 31820147  3.38:0.307 33220329  3.1620.19°  323:0399  3.210.32%
D&/Group D 3.26:0.43 3.3120.18 3.20£031 3.22£0.19 3.26£0.25 3.2420.33
RFP  AZl/Group A 11.69:0.717%  10.340327%  9.37:029"%  821:0.6777  6.88:0.54"%  6.2820.77"%
B#l/Group B 78.86:4.41%7  13.06:1.26 ND ND ND ND
Cl/Group € 371x0.16° 3730227 36120407  3.78:036°  3.65:0347  3.68:0.427
D& /Group D 3.7120.25 3.65£033 3.65£0.46 3.7320.14 3.52£0.38 3.5320.44
PZA  AZl/Group A 2891£1.3277  2621:0.8277  24.42:049"%  23.06£0.66"%  21.55:1277%  19.8820.90""
B#l/Group B 183.079.57%%  79.00:8.68 ND ND ND ND
CHl/Group C 65120479 64120277 68020279 6660245 70120407  6.88+0.257
D& /Group D 5.90£0.37 6.4120.50 6.50£0.49 6.4520.48 6.4920.45 6.3920.45

(D45 C A ILEE P<0.05:@5 D A IL4 P<0.01;345 B A ILEE P<0.05;@Y5 A 4 ILE P<0.01;B45 D 4L 4% P>0.05;ND , A Al £
Note: (DCompared with group C, P<0.05; @Compared with group D, P<0.01; @)Compared with group B, P<0.05; @ Compared with
group A, P<0.01; GCompared with group D, P>0.05; ND, Not detected



554 of A HA A 2 R 2021 AR5 31 555 6 1 Chinese Journal of Spine and Spinal Cord, 2021, Vol. 31, No.6

s
=1 .
¥ ey ""!
-[ A 5
o e A e e N e o
'-;.. i !!"'I':-i-ull i
2:)

R ! N )
i 3 ==
jiﬁ——tf:'_ﬁ‘ﬁ ﬁ?ﬂﬁ

i —'._1'?""-' -‘—F—-.—;-

L L
T

T = T 24 W 3 0% 18 R WO B R v HE B, TE P
AR B, I R IRYT T

PLEE % 25 W6 97 2 B A 5 IR T 1 A
INH .RFP . PZA J& WHO 7 i 50 45 #3697
W) — 2 29 AL G MRk 2 25 07 2 R
LU B AN T2 B 8 AR N 22 R B A 45 A% TR
KM F R E RS 58K B INH RFP (PZA *f
45 ¥ W MIC 43 9 24 0.05wg/ml 0.05pg/ml
20pg/ml, — A5 A% 3 BT T S5 AR A T8 R 32y e A1
TR AR BE (Y 10 FFUS10, AR PUah 25 52
FEURZ 1 INH RFP PZA FEE R WL L B 4l 8 rh 1y
A AESF i T 10 545 A% 50 KO o i AR VR 2 B
FIARJGE 8 JH AMEFE | G AL 2 v 25 5 0 s
Vi) A5 S 3 (B AL A R R L) = FP 2459 (H R |
7) R FE YR T AR ] 6 E IR 45 25 A TR 1 25 )
WRE, ULIIPAE A% 25 2R 2 T W) A A A
W kB Ry AR 2 Wk B2 O RE 4EHF 2 B8 K A I [a]

PLGA J& M R AW ML LR 2 Fh kR A
M, A E 2590 28 32 G0 A I 9 v B 39 R T 3
PRO-19 R I S S R AR AR Y <
FRAE”, IR H AT AR L fe 22 AR B b A0S
H A PLGA #3551 45 4% 25 W 00t 5% 35 22 L il
YA A | BT SRR R 4 2 A
T3 AR FEAE T 7308 528 1l P BT A9F 5 AR X 5 20 ot
REW, JHiRERE R AW RS 7 B i
PURIE YA G, 0 T2 R 1 B 25 9 8 Je 3 ik
WS L S L T MORHR 2 I 2 s i R il
T S5 B 245 40 i 80T 2 By 202 AR R R

L] L |
i 4 -
i 2 "\ .1 -
T ——— : : =

| X S
fo_ ik e i B vk e b Wi e

.-'-‘ Ll I.=;-|El-uq|- ..:-.
D

B 2 INH.RFP k& PZA W5 -k i 2k a INH b
RFP ¢ PZA

Figure 2 Concentration time curves of INH, RFP and
PZA a INH b RFP ¢ PZA

PLGA #5# —Whi 45 1% 25 INH RFP LA f& PZA ,if
P RCEL TR VR TR AR Rk A R )2 B
& PLGA MORHZ W7 ol R BE i 259 AR5
SRR A RN B A LU () 25 4 Wk -t
[ Hh 26 P22 , OB A . T B AAFTE W] A FE
EREN, CAHK D AFTHL T (HR X Z)
e 389 Ak 15 A A X FRERE X AR A 7K F . 84d
e A B8 HOR & Z BB 0N
C 411y 3.02.1.70 K 2.97 5, R0 B
WE B ERET

ZE BT, PR AR E A A X
BRI P R 2 PR BB T A, 1T S B R it v, LA
Kb Jmy T (B A 2 R ) e 245 W ik 52 g o SR A 245
Py BE 19 43 A RRALE

4 ZEXH

1. Tuli SM. Historical aspects of Pott’s disease (spinal tubercu-
losis) management[J]. Eur Spine J, 2013, 22(4): 529-538.

2. Wang Z, Shi JD, Geng G, et al. Ultra—short—course
chemotherapy for spinal tuberculosis: five years of observation
[J]. Eur Spine J, 2013, 22(2): 274-281.

3. Hirota K, Hasegawa T, Nakajima T, et al. Delivery of ri-
fampicin ~PLGA  microspheres into alveolar macrophages is
promising for treatment of tuberculosis [J]. J Control Release,
2010, 142(3): 339-346.

4. Ge Z, Wang Z, Wei M. Measurement of the concentration of
three antituberculosis drugs in the focus of spinal tuberculosis
[J]. Eur Spine J, 2008, 17(11): 1482-1487.

5. Coppes MH, Bakker NA, Metzemaekers JDM, et al. Posterior

transdural discectomy: a new approach for the removal of a



o A 2SR 2021 4E4 31 4855 6 1)

Chinese Journal of Spine and Spinal Cord, 2021, Vol.31, No.6

555

10.

11.

12.

13.

14.

LR, SRR, AL, 4F.

central thoracic disc herniation[J]. Eur Spine J, 2012, 21(4):
623-628.

. Montazeri N, Jahandideh R, Biazar E. Synthesis of fluorap-

atite—hydroxyapatite nanoparticles and toxicity investigations[J].
Int J Nanomedicine, 2011, 6: 197-201.
A HRZIPLGA RSS2 05
JEMRHE AR S AL R 2G5 [0]. b B AR A 2,
2016, 26(6): 537-544.

Geng G, Wang Q, Shi J,
zealand rabbit model of spinal tuberculosis[J]. J Spinal Disord

Tech, 2015, 28(3): E140-145.

et al. Establishment of a new

. Khoee S, Rahmatolahzadeh R. Synthesis and characterization

of pH-responsive and folated nanoparticles based on self-as-
sembled brush-like PLGA/PEG/AEMA copolymer with targeted
cancer therapy properties:

Eur J Med Chem, 2012, 50: 416-427.

a comprehensive kinetic study [J].

Zhao Y, Xu S, Wang L, et al. National survey of drug—re-
sistant tuberculosis in China[J]. N Engl J Med, 2012, 366
(23): 2161-2170

Gumbo T, Louie A, Deziel MR, et al. Concentration—depen-
dent Mycobacterium tuberculosis killing and prevention of
resistance by rifampin [J].

2007, 51(11): 3781-3788.

Antimicrob Agents Chemother,

Hirota K, Hasegawa T, Nakajima T, et al. Phagostimulatory
effect of uptake of PLGA microspheres loaded with ri-
fampicin on alveolar macrophages[J]. Colloids Surf B Bioint-
erfaces, 2011, 87(2): 293-298.

Fernandez-Bances I, Perez—Basterrechea M, Perez—Lopez S,
et al.

Repair of long—bone pseudoarthrosis with autologous

bone marrow mononuclear cells combined with

bone graft[]J]. Cytotherapy, 2013, 15(5): 571-577.
Feuerriegel S, Oberhauser B, George AG, et al. Sequence

allogenic

15.

18.

20.

21.

L RET, B, BHEEE, 4F

analysis for detection of first—line drug resistance in my-
cobacterium tuberculosis strains from a high-incidence set-
ting[J]. BMC Microbiol, 2012, 12: 90.

Jutte PC, Rutgers SR, Van Altena R, et al. Penetration of
isoniazid, rifampicin and pyrazinamide in tuberculous pleural
effusion and psoas abscess[J]. Int J Tuberc Lung Dis, 2004,
8(11): 1368-1372.

M F Alamar Blue F1 MTT U 5 4t
SEZ 25 Wy B AR T VR S RO B[], P B 5 2% Ak, 2007, 29
(6): 499-501.

. He F, Li J, Ye J. Improvement of cell response of the poly

(lactic—co—glycolic acid)/calcium phosphate cement composite
scaffold with unidirectional pore structure by the surface
immobilization of collagen via plasma treatment [J]. Colloids
and Surfaces B Biointerfaces, 2013, 103: 209-216.

Huang W, Shi X, Ren L, et al. PHBV microspheres—PLGA

matrix composite scaffold for bone tissue engineering [J].

Biomaterials, 2010, 31(15): 4278-4285.

. Chakravarthi SS, Robinson DH. Enhanced cellular association

of paclitaxel delivered in chitosan-PLGA particles [J]. Int J
Pharm, 2011, 409(1-2): 111-120.

Janik H, Marzec M.
polyurethane scaffolds[J]. Mater Sci Eng C Mater Biol Appl,
2015, 48: 586-591.

Williams JM, Adewunmi A, Schek RM, et al. Bone tissue

A review: fabrication of porous

engineering using polycaprolactone scaffolds fabricated via
selective laser sintering[]]. Biomaterials, 2005, 26(23): 4817-

4827.
(Wi B 481:2020-09-25 & 101 H #1.:2021-03-31)
(RS EHLFTHE W)

(L% 548 )

28.

29.

30.

31.

Salunke P, Sharma M, Sodhi HB, et al. Congenital at-
lantoaxial dislocation:

in irreducibility[J]. J Neurosurg Spine, 2011, 15(6): 678-685.

Mick TJ. Congenital laxity of the transverse atlantal ligament

a dynamic process and role of facets

producing atlanto—axial subluxation: a case report[J]. J Can
Chiropr Assoc, 1988, 32(4): 187-190.

RBOL, TP, SRR, AR R R AR I Oy e
HREMBEEMEN KR PEmashpiaek, 2011, 27(10):
1029-1033.

Salunke P, Sahoo SK, Futane S, et al. ‘Atlas shrugged’:

congenital lateral angular irreducible atlantoaxial dislocation:

32.

33.

a case series of complex variant and its management[J]. Eur
Spine J, 2016, 25(4): 1098-1108.
Menezes AH, Traynelis VC. Anatomy and biomechanics of
normal craniovertebral junction(a) and biomechanics of stabi-
lization (b)[J]. Childs Nerv Syst, 2008, 24(10): 1091-1100.
Wang C, Yan M, Zhou HT, et al. Open reduction of irre-
ducible atlantoaxial dislocation by transoral anterior at-
lantoaxial release and posterior internal fixation [J].
(Phila Pa 1976), 2006, 31(11): E306-313.

(Wi B4 .2020-12-16  REE 1A H 1 :2021-04-08)

(BB H )

ESTY BEY-Y 3

Spine





