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Preparation and sustained-release action

of Methotrexate/ Montmor-illonite Intercalation system

QUAN Xian-gao ZWANG Hui-yun ,DING Lin ,et al
(School of Pharmaceutical Sciences,Jining Medical University,Rizhao 276826, China)

Abstract:Objective In order to provide basis and guidance for the development of the new materials for the
drug delivery system and new drug forms,the Methotrexate(MTX)/ Montmorillonite(MMT) intercalation system
was prepared and its Release Properties in vitro were investigated. Methods The MTX/MMT system was pre-
pared with MTX as intercalating object and MMT as intercalating subject by solution intercalation technique,and
the product was characterized by infrared spectra(FTIR) ,the X-ray diffraction(XRD) ,and the Thermogravimetric
Analyzer('TG) . Moreover, the factors such as the initial drug concentration, reaction time and temperature which
influence the drug loading of the Methotrexate/Montmorillonite composite were investigated. Furthermore, the
rules and the internal mechanism of the slow release in vitro of the MTX/MMT intercalation system was studied
through the simulation fluid of gastric and intestinal. Results The results showed that the drug loading was the
largest under the optimal conditions of the initial concentration of drug 0.8800mmol/g,reaction temperature 323
K.reaction time 4h. The release results in vitro indicated that the sustained release behavior of Methotrexate/
Montmorillonite composite was obviously observed in simulated gastric fluid and simulated intestinal fluid. Moreo-
ver, the release rate in simulated gastric juice was significantly lower than that of in the simulated intestinal juice.
Conclusion MTX/MMT intercalation composite was the sustained release system,and release behavior was af-
fected by the pH values of the release medium. And Montmorillonite as a kind of inorganic drug carrier material has
a broad application prospects in developing new dosage forms of drug.

Key words: Montmorillonite ; Methotrexate ; Intercalation compound; Sustained-release

UTAEA A BE A B P R R IR 1 R R SR R MR B R R Tz Y B L
TR TT %550 o B2 Wy s AR AR B FHF IS (MM B A Fe 2 i RO, W B BE 0 a8 L (b 2 R e
BIAE PR R TE R R 2 W8 R gt MR AREE U S AR AL AR I R 259
w (L4000 B 5% T2 B 2 B~ B0 B (42, 7Y2013KJ022) AR RE, B ETER 5 B 2 T AR & T ) o S s




252

J Jining Med Univ, August 2014, Vol. 37,No. 4

LRI G A BN S L+ 1 )2 1] A B 25 — 52
JiE A A9 KA 2 AL A PR B CRF 5T 36 W% 284 2
TR R HA R RO S (MTX)
Je— R BT BRI B R 2, B B R 0 B AR .
R BEAR AN RSN 5 AR SCHE R MTX 4544 v i 72
SR SL 5 MMT #H B AE 6l & 4629k 2 &
Py o DT A 3 ) 28 R AR L W/ 465 24 390 ks AL G 1Y
5% 38 /0 WL 3R 38 .

1 #MRFFTE

1.1 ##

TU-1901 B 3 4 A8 A7 WL 4y % 06 B 1 (b 5t
My 8 AL R A PR A A s IR-21 £0 4 e B it
CH A B 5 2278 F4 & AL GrtfE AR 7 AU 4%
J7)sD/max-Ultimalll % X 5§28 77 5540 ( H 4< 3 2
23 D s KQ-500DDB YA 458 7 18 1 e i (B 1L i
FALESA R A FD s TB-215D i F RV (Jb i 8 £
I 7% 2R G A BR S 7D 5 ZRS-8G 4 A v ik 56
IR BRI L)) s DZF-6020 U H 28 T 4 4
Clvfg R Sl A FR A R B 97 45T ) s SHB-B Y
A K2 B2 5 ORI IR TR AR A FD
R & B O LRl 2T B2 AR ) . Ha R
W& TR 24 (b 5t A JR A TR AT B2 A 5 B 28 i
W& Al 27 ) BE ity Crp [0 24 A 40 o) o A ) 5 AL
AR, AT AT & X AIE T ) s iR —
AHNCAR R T Al 2 850 A BR A 7DD 5 526+
Clfg S AR A B 7D s B R 4% (AR, gL 2F
AR TR LRI U s bR (AR SEFHZ B
HORFF R XK 4046 T
1.2 F R AR W & 09 254
L2.1 W m sl K% PRI MTX 5. Omg,
0. 5 Yo Bk PR 4%V WK 1l RIS, N BRIV WK (9~
1000) #i B 2 50ml, i ZJE i 100png/ml W 7%
FH GEEBAR R
1.2.2 W8 R & BE R A |
5.00ml BT 50ml FUAEEM S, MA 0. Imol/L i
AR R R 2 20 B A MR O 10. 00 g/ ml, 43551 T
1.1.5.2.3.6.24h il 5 W G FE . &5 R A2 B v 1
1.2.3 ezl LUE R = 3. Sk
— A DL S 6 T AR AN [A) A T I E MTX iy i
JERE L HAE 306. Snm A e KL,

K % & BL 2.00, 4.00, 6.00, 8.00, 10.00,
12. 00ml, fiff 25 W& 43 0 & F 50ml %5 & . H

0. 1mol/L # MR 7 B 2 20 BE ., {ff 3ok B 23 5
4.00,8.00,12.00,16.00, 20. 00, 24. OOIug/ml, LA
0. 1mol/L ¥ 8 N 25 [, 7 306. 5nm &b ) I 1 5%
B, SR FM TR 4 0~24pg/ml 5 BN WROEE 5
WREZ M BARIGFLEXRR, MHTEY:y=
0.05132x+0. 00008, R=0. 9997, (n="6), F5 ki
LA 1,

1292 Bb M

1.064 |

0.836 |-

Ab5

0.607 |
0.379

0.151 L L L
3.0 74 11.8 16.2
WE (ug/ml)

B W RS AR &

206 250

1.3 MTX/MMT 35 &4k % 44 ) &

K B FREL 0. 0200g MMT #3 K, in A 3] 20ml
0. Imol/L WEMRE W AW/ T A 1h. R )5
B 2h, KEEFREBUE B MTX, I T 20ml 3R %
W (0. Tmol/L) v B I W 31 MMT &P i
SRIGHE 50 CA M T H R A RF S RN 4 ho Ff R
N ZE RS 78 3500rpm T £§.0 30min, 2R 5 4% 5% 5]
W 0. 45 pm P SFL DB R U8, 2R A0 —
AL 356 0 1 A R W Ol B L 04 P T B
T 60CHE TH. &,
1.4 MMT # % 3653t 4

MMT H 254y i i = MTX/MMT 3T E i i

#H—MMT /& (L
Ly MMT Hr 2y 11 i i o

MMT #izh& = MMT (% b X100 %
(2)

1.5 MTX/MMT 4 &1k & 64 R 4E

1.5.1 XRD £k  RHH A2 v D/max-
UltimallT B X 5 A1 554 . % 2210 35 494 . Cu Ka
ST (0= 0. 154 nm ), J5 a4 B E 40kV, &
L 200mA ., HI G F . 1. 2°~10.0°, H #i # &
1.5°/min .

1.5.2 ZI4MGIERAE RALIM LRI IR
21 (3 I BT I 2 4l MMIT, 4l MTX fl MTX/
MMT 4 )2 1K & 9 20 S W i 3% >R A KDBr & -
2 WK HEAEE 400~4000em™



FTEEREFEIR 2014 42 8 A% 37 45 4 1

253

1.5.3 & HZERAM R AL E A
R AL 88 7)) W 5 2 MMT, 4fi MTX, MMT &
MTX ) & 38 & % MTX/MMT §f )2 K & 1
DTA i, WHk 4 F: W iR By 25°C L 5 i
B 900°C, FHEHE %N 20C / min,
1.6 ZBMERR

KPR EL 0.0100g MTX/MMT 7= & (& A
0.0021g MTX) #1 0.0021g MTX JE k25, 43 i &
T WA BT, A 5. 00ml Bt B 4 1 15 44 i B
TR » 85 358 Jo 325 T 48 R A A R IO Y ) B T
ACHR B A B O P & A B O 800ml, 15 7E T i
37 C LBy 80r/min, 7RI Y (14 I [H] [1] R HRUAE
B 5. 00ml, [A] B 2 £ fi#A A 5. 00ml B il
MBS . FHER AR 43 56 BE 1 ik B BORE 0K Y
WG EE 3E i A ) TR BB
5C,+800C,

'MWD

HrE S MTX i R H.C A i kE
L IF BT 2 W R B S g/ mls O B AR A JBT Y
WHGM e th MTX/MMT % 57 &, pgs D K
MMT #25& .

E= X 100% (3

2 HFR5iIE

2.1 Hhn kb R AT E e

K 8 PR EBOAS /] o A9 MUTX A1) S o A 3%
W BSOS R 50°C L SR TR] S 4h SO 5E R
B I b3 IR SR AN RO B L MR A 4 3 (2) 3B
REVIEEZ5 W e E S MMT B2 25 & . 26 A JH
VI aR 258k BE X MMT 28 25 45k 119 52 Wi il 4 4[]
2,

20
18
~16
—14
K12
10

B

0.22 044 066 088 1.1 1.32
ZYIPIEHEIE (mmol/g )

B2 wdaREst MMT 4 EWM w4

HI&T 2 0] LA S R — M MMT 1 2%
2y B 2400 46 e TR 1 0 TR O 2800 46 e

ik F] 0. 88 mmol/g B 4% 2 1 1k B F KL 5 3
TSR B A, D R R 2 2 W R B ),
Z 2B Tl BT A i N iE A MMT J2
(i) DT 5 28 24 52 38 s SR 10 MMIT I 119 28 24 137 551
D {1 I B < - P VAL 28 0 A = Rl
Wik 3 7P, B AN TR . BEE 25
) 1k v BE ) 4k B2 385 0 o Hy I TR R S R R
JFHLAH Al AR R K00 SR L Bl R 2 A R A S Y
B RS T B AT o 28028 6 11 B TR 0T R
s, IR F 25990 16 vk B2y 0. 88mmol/ g,
2.2 RpEREHHEHZTHG A

KRR B 0. 0200gMTX, 4% | i 52 55 25 B 4%
Homs B4 MMT BiF i, 78 50 Cfa ik 7 4
BIFESE RN 0.5.1.2.4 . 6h, K 58 5 IG5 0, 5@
VE R 2 AR O BE L AR 2 2K (2) TR [ R
BFE N MMT [ 2% 25 5, 23 i AS [ ) B[] 6F
MMT #2555z m i 2k, gl 3,

22

" E) 4 5 6
SR (h)

B3 MR IE) X 225 BB &

H & 3w LLAE . BE & RN A B .
MMT #k 2} & WA 38 0. 78 5 5[] 4h i) 2% 24 &
TR B e K N B [ 20k 252 1 o D) 48 245 Sk R A1 L AFL 2
B bR B E R MMT 225 & 5% oA K, 32 %
J DR < 5 VA7 )2 0 B L AL Ay B S8 4 s S g B[]
e H P R TR B T A, BRI B TR
4h,

2.3 REBEXNGHERBZTHIH A

Faaf AR HL 0. 0200gMTX, % I i 52 56 20 B 5
Hmz 34 MMT B . 5 5 7E 20,30,40,
50,60.70.80 CHH L HE A 4h, S i 5¢ B8 J5 250,
E FIE W5 AN B MR 2 () AR
N E T MMT (1% 2 25 5 . 2 1A 8] B I i BE X
MMT #2475 ma il 2k, R 4,



254

J Jining Med Univ, August 2014, Vol. 37,No. 4

21

R (%)
5 S

—
o0

20 30 40 50 60 70 8
RHREE (C)

B4 FRERNEEY MMT R &89 8%

H & 4 AT LA BE A SR R AN W T
MMT Ky 48 25 & A e 3 fim s 78 50 C if MMT %
2 EEA B e K 2R B AR ST m i, MMT Ry 48024
s TRE. KA G2 MMT 1y )2 6 B b6 A
HERE A =1 s BN = s S B 21 By @ [ = o )
25 8 AT I, {H 2 B T 52 B L A A M
i pR )2 A A T A R e — 2R CBE) AL (RLRD
JNTHT R 2 8 o PR 224 3 0 1) — o R S L L2
() S A, 9 DR 1) — 2 {1, i A L B8 ) 4 S 6, T R
SR FL 2.1 Z )2 450 A B SR Ak e TR
PL IR TR 3 B2 Ry 50 °C
2.4 MTX/MMT 3 B4k % 9 R AE
2.4.1 XRD £4F F 5 K4i MMT fl MTX/
MMT i 2k Z 1 XRD ., B $ MTX/MMT 1y
dool g5 MMT ByAH L. K4 T B ALFE . 17 5
W ) N A RE e RS, JF HOE IR AR vE, AR . A 4R
Bragg J5 2" . A= 2dsin 7] LLiTHE H MMT g )2
(B BF Hy ok 9 1. 23nm 3% K 3| 1. 53nm, X i B
MTX i A F| MMT R 2 I8 B T i )2 454

'2 e N N
E
MMT
0 5 10 15 20 25 30

20

"5 4 MMT f2 MTX/MMT # E &k % #y XRD A

2.4.2  LLANFRAE 6 ka4l MTX (a), 4l
MMT (b) fl MTX/MMT (o) ¥ J2 1k & [ 4150 6 1%
K., MWK 6 IE 1 76 1650em ' iy MTX AY¥&R
FREEM M 4E % 2, 3375 em Oy MTX H1() — NH,
PR gl 18 6(b)  7E 3650 e &b AL-O-H i i
4543, 78 1250 ~ 1000 cm &bk Si-O-Si {1 45 4

g, #E 400~600 cm' 2N Si-O, AI-O 25 il % 3 R 0k
W, 7€ 800 em Ak ALFALLO 45 4R 5,530 cm' iy
ALFO-Si i 2l . AL 6 Co) AT 4 )2 K &
£ 1000~1250 ecm™, 400 ~600 ecm™ ¥l T MMT
FEAE W WG L 7E 1650 em ' 1 3375 em ' L T 44
RN AR AR W L D0 BH PR B SR A T A JR R L O
HRA T HMAHES .

%T“ﬂd\‘\

\ ﬁ\f —_— 1 (@
N N W
N T O
T, L

U/ U\

A N
. A

H 6 4 RS (a), %+ (b)Fr
HEES/RREEEERR(OWMISLEA

2.4.3 HEHH WE T iR, MTX(a) .
MMT(b), MTX/MMT #fi 21 & (o) fil MTX 5
MMT [ fif iR A 9 DTA #hk., B 7(a) BIR
FE 200 C 247 MTX H BT — A W #8400, B 1% K
MTX B AR #0400 ~ 600 C H BT #R B8 il #4
W s P 7(b) @R #E 100 C A4 MTX HEL T — 4~/
WP UG L N % g MMT 9 B /K i F B . T 78
600 C DALt B p #h AR Ak L %o 52 0+ 37 iR
S S5 e A B BG I T(oO MR R TE 100 C AL
HWBT MMT B K W% $40 , 75 400 ~ 600 °C HY Bi
TG AE 600°C L b H BT A ol W A I L KR
Bl MTX Hil MMT #fy S8 B T 4 J2 45 4. i & 7
(D FCo N A B 81 X 3], MTX 5 MMT (1) fiij
REWIE 200 C LA BT MTX B4 1k W 44 0%
1 MTX/MMT 45 J22 04 72 W00 B A o U8 B G 3 A S5 A8
B T2 S50 - F B & T Mzt .

TE Efl @TE ®TC WDTA DIA TG
©) W) (mg)
1500 AR 100 1100
150| 50
1400| .
1350) 80

1050
1000
950
900
850|
800|
750|
700|
650
600
550
500|
50
400
350|

50|
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 483
Time (min) s

(a)

tilbbliiLocussssasse
5

g
5
g



228

0
05 1 15 2 25 3 354 5 6 7 8
B (h)

Yy D2,y B2, S St M2 fope
PeT BEAEBE AR 2014 4F 8 F5E 37 5 4 ) 255
TE [ WTE @TC MDTA DTA TG
9 ] o (g 80
1450
140 45.0 190 70 —-MTX
13 400 18.0
3% 350 ho 60 —& MTX/MMT
1200 300 '6.0
1150| ] [y
e 250 150 S 50
1050| 200 40
1000 150 B0 ot
950 40
% 100 20 #
50 0
] 00 oo B30
o -50 ;—l.ﬂ 8
o -100 120 20
-150 30
bnd 200 ton 10
g{sls -25.0 1—50
% -300 ‘[60 0 n "
200 350170 05 1 15 2 25 335 4 5 6 7 8
150 -40.0 ‘—&0
10 ~450 190 fifE (h)
0 2 4 6 8 1012 1416 18 20 22 7A 25 28 30 32 34 36 38 40 42 44 46 43“ 0100
v O 7% 3 8
B9 BIE R B &
60
Py ®H mTE mTc moTA b M
o oA o o0 —+ Bl
14 450 {00 50 - 01
l% o0 180
350 17. -
1o 300 160 < 40
e 250 {50 )
1050/ 200 140 ~
100 150 {30 30
900 100 120 ﬁ
% 5.0 1.0
0 0o {oo ¥ 20
50 1-10
650 -10.0 :-2.0 10
550 -15.0 1-3.0
45«56 -20.0 {-4.0
250 1-50
350 -30.0 1-6.0
-35.0 :-7.0
!50 -40.0 ;-8.0
1% 45090

% 246 810121416 18w22uz&2&3032u3638w42u46«

DTA TG
& FE5 WTE MTC WDTA
Q IR o) (e
1500 500 100
1450
1400 450 {90
1350| 400 {80
300, 350 170
130 00 60
1150 250 150
L 200 {40
1000 150 130
f= 100 {20
850 5.0 1.0
2| e g —— 00 {00
-50 {-10
650
600 -100 {-20
550 -15.0 {-3.0
2% 200 {40
g% -25.0 {-5.0
300 -300 {-60
250 -35.0 {-7.0
e 400 {-80
100| -45.0 {-9.0
» 0 1-100
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48%
‘Time (min) o

(d)

K7 MTX(a),MMT(b),MTX/MMT # &tk % (¢)
F1 MTX 5 MMT # ff %38 & # (Dt DTA # &

2.5 IHIZERMNERERENER

TRANBEICSE B A8 T MTX/MMT 4 J2 (&
FAEAR AL VAR AL W P A B AT . BEADL
T2 R T $h IRV I (PH = 1. 2) , B 40017 80 2 W PR
R MBEBM(PH=7. O MRIE ARG ITHE Bil R
B IR & an & 8 L9 A 10,

70
—-MTX

@
50

R 40

# 30

by

¥ 20

(=]

05 1 15 2 25 3 35 4 5 6 7 8
Bf1E (h)

B8 MW T Bk &

B 10 MTX/MMT 4 2 1k & £ 4 30 B i
ot B R o R &

ME 8, 9 ATLLFE H MTX/MMT 1 21k & 1E
DL 0 VRS UL T VR 1) R TR i S 2 AL T
W] MTX/MMT i )2 25 ) B A 28 B 15 i & 10
AJATL, MTX/MMT i )2 7K 72 76455 4001 W L A 400 S
W B R . B AT RE I S MTX/MMT 4
JE A JE R R AR AT I 2 H T ORI ES - A 4
TR X4l B B AT R . — D5 1T B PG 2 R R A
B B i) MTX ¥R B A 22 531, 46 A 2] MMT
[y MTX AN Wy 3l DA 23 1A 2 o 7 0 38 i A
XA FE R A B A pH {Eﬁiﬁaﬁﬂé?\»%’ﬁ
JrELAEA R MMT B9 MTX 5 8 ik 4 ot o BH 2
F. 00 K™ f1 Na© 047 8 ¥, X — i 72 5 Bl
ﬁ*ﬁﬁ%ﬁ%/f&f“%ﬂ?ﬁﬁu&%lm MTX fI MMT

SECEEDINSEIEEE DO

3 &t

D25 )] b v 2 XF MMT #% 25 & A 1R K3
Wi MIMT i 45 245 1 900 s W R £189 O T A i 34
s BCRE IS R] S i BE R T MM %% 24 6 1) 52 Wi
ARARE . B A 25 W % O 0. 8800mmol/g.
S B A 323K, S L I (] Sy 4h I 4 2 A R B 2
R,

2)MTX/MMT 4 J2 1k F 0 B TAL 3 97 K
B - 32 4 W i B =X [] I A7 A8 A B AT

SIMTX/MMT #fi JZ 14 £ 76 45 18 1% W A0 A 40
B RGN B EBEN; (T4#% 259 70



VT BE S BEER 2014 4E 8 55 37 5 4

259

(7]

[8]

9]

[10]

(11]

D s e o e o

bility to Behcet's disease in a Chinese Han population[ J]. Ann
Rheum Dis,2010,69(7):1325-1328.

Figueroa Vega N, Alfonso Pérez M, Benedicto I, et al. In-
creased circulating  pro-inflammatory  cytokines  and
Thl17lymphocytes in hashimoto’s thyroiditis[J ]. Clin Endo-
crinol Metab,2010,95(2):953-962.

Torchinsky MB, Blander JM. T helper 17 cells: discovery,
function, and physiological trigger[J]. Cell Mol Life Sci.
2010,67(9):1407-1421.

McGeachy MJ, Chen Y, Tato CM, et al. The interleukin 23
receptor is essential for the terminal differentiation ofinter-
leukin 17-producing effector T helper cells in vivo[ J]. Nat
Immunol,2009,10(3) :314-324.

Morrison PJ,Sarah J. Interleukin-23 and T helper 17-type re-
sponses in intestinal inflammation: from cytokines to T-cell

plasticity[ J]. Immunology,2011,133:397-408.
Ferguson LR, Han DY, Fraser AG, et al. IL23R and IL12B

(45 255 70) HAERLLE Wb B W 2/ T
AV W Ul W% A AR A pHL R 19 1R 2R R R
AR SN AT LU 2y M Bk i B
W 149 1oL FH T 5

S & Lk

(1]

(2]

(3]

[4]

(6]

Bouxin F,Baumberger S,Pollet B, et al. Acidolysis of a lignin
model: investigation of heterogeneous catalysis using mont-
morillonite clay[ J ]. Bioresour Technol, 2010, 101 (2):736-
744.

Vasconcelos T, Sarmento B, Costa P. Solid dispersions as
strategy to improve oral bioavailability of poor water soluble
drugs[J]. Drug Discov Today,2007,12 (23):1068-1075.
Lertsutthiwong P, Noomun K,Khunthon S, et al. Influence of
chitosan characteristics on the properties of biopolymeric chi-
tosan-montmorillonite[ ] ]. Prog Nat Sci, 2012, 22 (5);502-
508.

Nesic AR, Velickovic SJ, Antonovic DG. Characterization of
chitosan/montmorillonite membranes as adsorbents for Bez-
activ Orange V-3R dye[ J]. ] Hazard Mater, 2012, 209-210;
256-263.

Brewster ME, Loftsson T. Cyclodextrins as pharmaceutical
solubilizers[J]. Adv Drug Deliv Rev,2007,59 (7):645-666.
Costantino U, Ambrogi V, Nocchetti M, et al. Hydrotalcite-
like compounds: versatile layered hosts of molecular anions

with biological activity[ J]. Microporous Mesoporous Mater,

[12]

[13]

[14]

SNPs and haplotypes strongly associate with crohn’s disease
risk in a New Zeal and population[ ] ]. Gastroenterology Res
Pract,2010,539461. doi: 10. 1155/20/0/539461.

Duerr DH, Taylor KD, Brant SR, et al. “A genome-wideasso-
ciation study identifies IL23R as an inflammatory boweldis-
ease gene” [ J]. Science,2006,314(5804) :1461-1463.

Hu D, Hu G. Zhu J, et al. Association between polymor-
phisms of the IL-23R gene and allergic rhinitis in a Chinese
Han population[ J]. PLoS One,2013,8(5) :e63858.

Karaderi T, Harvey D, Farrar C, et al. Association between
the interleukin 23 receptor and ankylosing spondylitis is con-
firmed by a new UK case-control study and meta-analysis of
published series[ J]. Rheumatology ( Oxford), 2009, 48 (4) ;
386-389.

(WFSHHE  2014-05-22)

e S T e T S T S o

[8]

9]

[10]

[11]

[12]

[13]

[14]

2008,107 (1-2):149-160.

Monvisade P, Siriphannon P. Chitosan intercalated montmo-
rillonite: preparation, characterization and cationic dye ad-
sorption[J]. Appl Clay Sci,2009,42 (3-4):427-431.

Sarier N, Onder E. Organic modification of montmorillonite-
with low molecular weight polyethylene glycols and its use
inpolyurethane nanocomposite foams, Thermochim[ ] ]. Acta.,
2010,510; 113-121.

Wu J,Li B,Liao J,et al. Behavior and analysis of cesium ad-
sorption on montmorillonite mineral[ J]. ] Environ Radioact,
2009,100 (10):914-920.

Zheng JP, Luan L, Wang HY, et al. Study on ibuprofen/
montmorillonite intercalation composites as drug release sys-
tem[J]. Appl Clay Sci,2007,36 (4):297-301.

A A N, A ETF. RREHAE/ R EARLEY
WAL M R[] B e M H 5 R, 2010.27 (01):
43-50.

Joshi GV, Patel HA, Kevadiya BD, et al. Montmorillonite in-
tercalated with vitamin B as drug carrier[]J]. Appl Clay Sci,
2009,45 (4):248-253.

Joshi GV ,Kevadiya BD,Patel HA, et al. Montmorillonite as a
drug delivery system: intercalation and in vitro release of
timolol maleate[J]. Int J Pharm,2009,374 (1-2) ;53-57.
Reed-Hill RE, Abbaschian R. Physical metallurgy principles
[M]. Boston: PWS-Kent Co,1994;33-37.

(WFSHHE  2014-06-03)





