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Formulation Optimization and in vitro Release Property Study of Methotrexate Thermosensitive Hydrogels
JI Kefei*, LIU Hong', GUO Min"*, XIONG Kangping"*, ZHOU Mengmeng'*, GUO Si"*(1.Dept. of Pharmacy,
Wuhan General Hospital of Guangzhou Military Command, Wuhan 430070, China;2.College of Pharmacy, Hu-
bei University of Traditional Chinese Medicine, Wuhan 430065, China)

ABSTRACT OBIJECTIVE: To optimize the formulation of Methotrexate thermosensitive hydrogels, and to study the m/vifro re-
lease property of it. METHODS: Taking PLGA-PEG-PLGA as matrix and mannitol as viscosity modifiers, Methoftrexate thermosen-
sitive hydrogels were prepared. Using the absolute value of the deviation of gelation temperature between 35 Cy=its formulation
was optimized by orthogonal test using the concentrations of PLGA-PEG-PLGA, methotrexate and mannitol as factors. The dialysis
bag method was used to investigate accumulative release rate of Methotrexate thermosensifive, hydrogels and methotrexate solution
within 336 h in vitro. RESULTS: The optimal formulation was as PLGA-PEG-PLGA of 20% , methotrexate of 0.10% and mannitol
of 0.10% ; gelation temperature were 35.1, 35.0, 35.0 “C. The.average drugrloading rate was more than 90%. 12 d accumulative re-
lease rate was more than 90% (r=3). Methotrexate solution has been substantially completely relased within 240 h. CONCLU-
SIONS: Methotrexate thermosensitive hydrogels, with sustained-release are prepared successfully, and the preparation technology is
simple and practical.

KEYWORDS PLGA-PEG-PLGA; Methotrexate; Thermosensitive hydrogel; Orthogonal test; in vitro release

L2 8 (Methotrexate, MTX) ) RS O BLACHIR BT BIORGIRIEEAAAE ™ R BEIER , H kS92 4= 2ok

247, I AR Nt A i L 28 R 56 15 48 (Rheumatoid
arthritis, RA) Z (IR, F COAE W RATRIT I LA 2 1
MTX I FRYT RA BT 2 R TR GG 2, — Dy T il vh s
MR AREHCHAE L, 55— 7 TR S92 R G805 P DL dEAT
JERT, W 77 A MRV PR 2 (A5 5 70 T 21 2 e 25 0k
AT B REIR o SR T, RAAE R — RIS PE el PR | /5
KIS 25 AR 2 B N MTX P E W RIERAA S A2,
fiE R I MERS , 3 20 40 70 AEACHER MTX I o FH 17 06 39 i
S B AR R AR 0 SRR AL, (H MTX O TS
G R, ST M RS MTX 4R rT I R TEsm™, A%
i | A 4 B RS A b T S 4G AR T R
MNP 2830 G B . RGO , R 56T AT Y
MTX ZeRAR R 232 £ AT EAL

MATE A F A R AR AR (PLLA)Y 2L R- 5 5L
LR R Y (PLGA) Yy 84T 28 OG99 I v 5 22 R ek L B
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FAEL , RAE AT H 75 SRR AR S5 R AT S v A I Aff

PLGA-% Z Z-PLGA (PLGA-PEG-PLGA ) JJy — 25 fiE i
O Tk AR b X M 245 W HL AT 1 v A O G S e B SR
Yo, BRAEARIR T oA AT A Sl R AR, T s )R A I e
T RA YBE b o K BE SR RS , 43 25 Wi 4 i S 30
IR F BT B A AR Ay 2 AR . A F 5% % FH PLGA-
PEG-PLGA WA, SR FHY IR A3k, il 46 AT (OG5 Jis TR 5 14
MTX IRAEERE , R TE T HARSMBE R
1 ##
1.1 (4=

1200 24 w25 R R €0 1% A% | 13148 1A A8 I 4 48 A1 46 I 2%
(3£ Agilent 1)) ; AB204-N U HL TR (78[5 Sartorius A H] ) .
12 HR5EF

MTX X BE i (r 6 24 0 A 2 F 9% B L 15 : 100138~
201104, 4 : 99.4% ) 5 1 55 F MTX (7195 18 3 22 25 B4 A BR
o] S 14070415, A - 3 0.1 g) 5 Hr gl Ak ah ([E2)
AR PE 2= A R W L #6450 20121211,20120416) ; PLGA-
PEG-PLGA[FF M IS AW AR FRA R, N AEHR (LA) - 38R
(GA) A : 75 : 251 U (43 4
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2 AEEER
2.1 MTXEBENRRHH &

H5 B FRILGE 8 PLGA-PEG-PLGA T-Be#f o, i z£ 1 7k
Z 10 ml, FrkinHmE Bk 2 58 ik 8 s iE el A i
SRR IMAGE B MTX B AR H im0
HIGEAEN0.09 ¢ T PR T, RE A A B
T4 COkFE T L7, TR TP B €0 35 — i) o €0 08 BH VA TR S
0.45 pm FFLIE I I8 . K il 45 (9 5 A Y MO P, R
“Co Fas K1k (6 kGy ) KA, RIS MTX LB
2.2 FOgBERNE

A0 118 A I S MITX TR AR e O e B IR ™, 03]
BSUA [+ o ot ¢ B 1) MTXU B0 I 3 mil 304 v, 4 AT B2
TR E TSR B TR, R 1 CRR 4R
J¥ 5 min, 58I , A B B SRS A AR SRS B i
B O TEUEA LR o SPA T E 34, BOT-HME
2.3 BREZRRBMRLLA
2.3.1 PLGA-PEG-PLGA X RCHBEIREE 52 #2217 50T Jr
B35l £ PLGA-PEG-PLGA ¥ 49 18% .20% .25% (g/ml) Ky
MTX OGS, 20 B2 27 T T D g e L . 4521
R, B PLGA-PEG-PLGA ¥ £ (34 i, MTX IR BSOS (158
JREIRE T B34 (36.1~33.3 C) .
2.3.2 S ALAIXT BRI R RZ I SR Al MTX I S I
TR W T 45 2, AT 5 A B I T I GBS R Sk
By, M HAA A BRI, SR A o I =
0.9% (g/ml) , % %% MTX il f05E 5 B B8 it 3 1 A8 4k . 255
7 Bt A AR R A 0 e v TR WA AT L LT B R
ANHA B E2ZF(P>0.05, 5dlmg) . kR H K 0.9%
AR 37 3 FRTEI
2.3.3  HEBEEX ISR (2™ 4542 12000 Jri i)
B H BRI R O B9 2 0.50 % (g/miD) i MTX JRAETEEN , 23 31)
e HRCEEIRTE . S5 Bon , BEE HER IR L 19 3, e st i
FEATFT ETH(33:3~537.0 €) .
24 JEZEIRR G T

ARG 22 11 AR MTX R T 5670 s 1 569 00 5 A 7 571
O BRI TR R R 3N EE (0.309% ,0.20% ,0.10% ), LA
F2 MTX e B X JE 36 30 2 PR 52 o 53 A0 AR Ak o DR 383 06 4
e, LL0.9% I S Ak 81 R 4% 98 5 7, L PLGA-PEG-PLGA
(A, %) MTX(B, %) FIHZEE(C, %) R NZERNE, N
T MITX T B0 58 A DG s T2 538 I AT A O s P T S
JANE B, 35 P 6 Tk B R AR T AR AR (37 °C) 19 35 °C (T3
RIG I, 35 T ¥l e Bk ik ) e e, ) Bt o 3 S o AR RS
2 R e IR ) A R AL TRLEE , LA B B BRI BE 5 35 °C 1Y) fi 22
(| 7—35 [ ) 485, 22 b/ Ny . RN R 3 AR,
F2 Lo (3°) IEAR R A TIRI", R HAKP R L, EL IR
IEE R NLAR 2, T T IR L3 3.

*1 BEE5KFE

Tab 1 Factors and levels

K e
A(PLGA-PEG-PLGA),%  B(MTX),% CHHEE), %
1 18 0.10 0.10
2 20 0.20 0.20
3 25 030 0.40

HEZED; 20164555 27 5 22 1

®2 EXRXERITEER
Tab 2 Design and results of orthogonal test

J¥ 5 A% B, % C,% |7-35],C
1 18 10 5 1.2
2 18 20 10 2.0
3 18 30 20 2.5
4 20 10 10 0
5 20 20 20 0.5
6 20 30 5 0.2
7 25 10 20 1.0
8 25 20 5 0.0
9 25 30 10 0.5
K 1.6 0.7 0.5
K, 0.2 0.8 0.8
K; 0.5 0.7 1.0
R 14 0.1 0.5
R3 HESMER
Tab 3 Results of variance analysis
ERORI EWEFM O AhE B F P
A 4.81 2 24 27.39 <0.05
B 0.18 2 0.09 1 >0.05
C 1.14 2 0.57 6.47 >0.05
D(iR%) 0.18 2 0.09

T Fos(2,2)=19.00
Note: Fos(2,2)=19.00

FH 2 2 RTAL, 45 R 38 5% e 6 L JBE 1 3% i IRy A>C > B,
e 3T, BRI 2 A BVIRG Wy vk P I BT A (B R (P <<
0.05) . Zits %l bl 'A.B.C,, B PLGA-PEG-PLGA
20% §MTX N 0.10% , HEEEE N 0.10% . Fede ik )y il 45 3 At
i W R T 32 431 2 35.1.35.0.,35.0 C..
25 {EIMEYFIEER
2.5.1  BECACMRIBERE MR OGBS N IREE IR AL, £ 37 <C
IR A SR I H UE T MTX IR OSBRSS 5 1 T
MTX 7 2l 7K v s fige 1t 5 26, T AE B BR 6 22 vh il (PBS, pH iy
7.4) HPOR] TSNV A FLVE R IR 25 1 T AR T3
i PBS(pH 7.4) ; #%3# 4 75 t/min.
2.5.2 AP AR 217N ki A 1 R A Wk
JKE B MTX 5528 F1 RGP 43 IV Ff T RO Tt op , 5 5
min, 0.45 pm AL ISR U8 , O A 180~400 nm I K7 [H
WREF . 45 R, MTX FE 303 nm KA fe KRR,
AR XS LR AT TE 52 M0, ORG24 303 nmo
2.5.3 NLEEEL RSO AR E MTX & .
{038 R F AT Cis (250 mmx4.6 mm, 5 um) , Ji shAH A H -
W2 — %040 (10 mmol/L) (25:75) , i 38 Jy 1.0 mI/min, K ) 3%
14303 nm, EFER R 20 pl, AR 40 CCF FAHIC T i
225 LR MTX 6T () X FL R B (o) 1EA 7 [mTUH 437
bR v Hh £ Sy 4=845 680c+122 337 (r=0.999 8,n=5) , £k 1
YL A 0.25~160 pg/ml; 100,60 .40 pg/ml MTX R AE 1Y 1]
W % 43 3 Sk (99.85 + 0.58) % | (99.62 + 0.44) % . (99.85 +
0.28)% , H N RSD 43124 0.68% .0.82% .0.56% , H [i] RSD 43
49 0.88% .0.96% . 1.12% ; {E45 3 75 r/min (19 37 CIEIREAS
PG 14 d, MTX & B G B2k A5 A iR
2.5.4 BAFUBGEHEE BUE 2.4 00T 0 ARl Oy i &
A MTX B0 M MTX 159 (PBS, pH 7.4) 4% | ml, & T2

China Pharmacy 2016 Vol. 27 No. 22 - 3137 -



AL PRI (R B HTAS N A T g B 37 CE IR A <R
s, FEHSE A I EE IS A 30 ml B A o . s o R A
(374 1) °C, 33 K 75 t/min, 73 3] F0.5.1.2.4.8.12,24 48,
72.96.120,144,168.192.216.240,264 288,312,336 h HL 4 2
ml BRI AN ST AT 6 A BT, R 5T . A BUE RO
JHIR SIAHR R, 3148 0.45 pm IS LUE M U8 5 #2537 1 T 4
TE AR HERED E MTX 7 2, 138 RRUR I | 22 i B st i
2%, MTX RSO F MTX A Bt 26 L8 1,

-~ MTX i BB I
- MTXIEH

RAPEMUE, %
(o))
f=}

0o 120 210 360
i) h
B 1 MTXGEBUERIMTX AR %
Fig 1 Release curve of MTX thermosensitive hydrogel and
MTX solution

145 R, St Ak Jy i MTX R S05E G T R B it 25
Y112 d(288 h) AAy, BRI T 1K 90% LA |
2.6 FBWAEHNZE

Feam AL Jr il % SRR R A UL ml, B T 100 ml &
i, I PBS (pH 7.4) Fis B, S 22 508 0 A% o BRI ot 0.45
pmn SCFLUE I 8, IS A S MTX & i, 715 2 &
[ (%) =MTX & SR B i< 100% ] 25 R EoR,3
b MTX S5 I 119 224 1 43 1) 4 (91.59 £ 0.54) % . (91.83 +
0.35) % .(92.37 £ 0.63) %
3 itig

ATCR FH PLGA-PEG-PLGA Ay B 3 il g 4] et A Je
e B AR T IR ] A 3 SRR i S AT
i S R ) A S5 i ) T I e T ST A AE AR TR i ]
FAE R TR 25 W it TR AR DG AR LR B BRI 25 ) . HLaZ
PLGA-PEG-PLGA LR W0 & A B}, AR B A Jm 7 2 3L
R 2RI RN PEG, ot =9 — A Ak i A Kam i AR g AR
IR, 1M PEG 28 B WEHE 2E M AH 250 R AT

T FE 2 B, 3V 1 24 90 40 5| Wk 35 = " 4E PLGA-PEG-
PLGA ¥ 2 5K b B AR LU A B B I . 3
T2 KT R T8 LA SR K 85 S A e LB K 5 Y
T IBRAR I B i K P 25 AR I, 328 T Bk M2 1
YR P BRI . MTX TEK LT A IR <1
mg/ml(19 C) , M7ER B F G i v 20 , 2835 % T PLGA-
PEG-PLGA A #E AR , (il 77 MTX % i35 %] 1 mg/ml.
Tt 2 I A5 A 56 G 0V v pH ol 5.2, A58 15 70 A8 o o L
SR, FLATGE MTX 520 R AT 38V T, 4509 MTX TR ARORE i
YTk 90% L b s [R)ofshtfa T AT AILVA R BRAIS T 3%
SR EE R

H T PLGA-PEG-PLGA I BCEERLEE 7 35 C 24T, # FHIY
TS 0 I VA 7 T 0 BRIV 23 I B AR B AR P TlAR T
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