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Preparation, Characterization and Transdermal Behavior of Methotrexate Phospholipid Complex Organogel
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ABSTRACT: OBJECTIVE To prepare, characterize, and investigate the transdermal behavior of methotrexate phospholipid
complex organogel (MTX-PC/0G). METHODS The solubility of MTX-PC in the oil phase, lowest gelling concentration, phase
transition temperature, and stability were evaluated as criteria. Preliminary screening of oil phase types, gelling agents, and types and
amounts of cogelators for MTX-PC/OG was carried out. The effects of oil phase type, cogelator type and dosage on the transdermal
behavior of MTX-PC in vitro were investigated by modified Franz diffusion cell method. The appearance, viscosity, phase transition
temperature,, content and rheological properties of MTX-PC/OG were characterized. RESULTS Medium chain triglyceride (MCT) ,
isopropyl myristate ( IPM ) and ethyl oleate ( EO) exhibited favorable solubility for MTX-PC. Glycerin monostearate ( GMS)
demonstrated the most robust gelling capacity as a gelling agent, with optimal gel spreading at a 12. 5% concentration. In vitro trans-
dermal permeation results indicated that using MCT as the oil phase and Span 20 as the cogelator significantly enhanced MTX perme-
ation and retention. MTX-PC/OG appeared as a light yellow semisolid state with a uniform texture, viscosity of (85.9 £0.5) Pa - s,
and a phase transition temperature of (50.4 +0.5) °C. Rheological assessments revealed that MTX-PC/OG is a pseudoplastic fluid
with shear-thinning effects, suitable for transdermal drug delivery. Rheological assessments revealed that MTX-PC/OG is a pseudoplas-
tic fluid with shear-thinning effects that facilitate its easy spread. CONCLUSION MTX-PC/OG prescription process is reasonable,
with good transdermal and rheological behavior, making it well-suited for skin topical drug delivery.

KEY WORDS : methotrexate; phospholipid; organogel; transdermal performance; characterization; rheological property
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2.1 MTX-PC/OG 4 7 0941 % 5 &

2.1.1  MTX-PC/OG Wyl 457 FREUL 7 &
MTX-PC, AR 5 8 25 ) 58 4 1 il , 15 21 25 ) 1Y
TV o TRV IR PG B 7], 60 °C /K
JiAsHE 10 min {06 B R BER 3 HOS &), FH AR EE
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fiff FE I RE A8 1 FE 2 B K RS AH
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— R E AN B i R B A AILEE I , LA B 5 T B
BERE (B 30 s A sl) By e/ N B EE R R BE A 5 i
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Tab.1 The minimum gelation concentration of MTX-PC/0G

Oil phase Content(Span 40)/% Content( Span 60)/% Content( GMS) /%

MCT 20 14 10
IPM 28 19 8
EO 31 21 9

T MCT — HPEEH = IPM - A B5ERS G EO — AR OB
Note : MCT —medium chaintriglyceride ; IPM — isopropyl myristate; EO — ethyl oleate.
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1°C - min ™ SR TRIR A 2R R B Ry B R Ak
1 mm I §) 3B, AR SFATINE 3 . 45R
7N JEEBER O 12, 5% F1 15 % I, AH %% 78 Ui B2 34
T 45 C L BasE Mk B 15% BERFE R, A %)
TFU R, R e 8 12. 5% 1F R e e 500 FH i, &5
W2,

F&2 MIX-PC/OG MR R RECon=3,x%s
Tab.2 The phase transition temperature of MTX-PC/0G. C,

n=3,x+s

GMS/ % MCT IPM EO
10 43.07 £0.35 45.50 £0.26 44.93 £0.74
12.5 49.70 £0. 44 47.90 £0. 56 47.67 £0.50
15 50.40 +0.44 49.90 £0. 10 49.53 £0.21
2.1.5  GBRIREET R B RS E PER I L

GMS g Ji &8 57, MCT &y il #H, 555 1Y Span 28 1
Tween ZEAF 4l B EER >, il % MTX-PC/OG(
Span 40 il Span 60 54 , 1 5 1 51 105 e e
B, NG FURIE, A Fix A PLEER ) o Tween 60
1 Span 80 A P EE % i 5CE A EUE , BT E
#%#E Span 20 , Tween 20 ., Tween 40 FI Tween 80 JEF7
2RSS

2.2 (RANE B SRR T RN ST

2.2.1 KIMEEBENE Kb FRAT 02U R TR
SELEMCR Franz 4780 F, #1502 810 B 2510, A
2y 8.5 mL WIRELZE mhi (PBS, pH 7. 4) I W ATy 7%
BRI . H5 29 0.2 g A LB S) TR 4K T B Bk
Bl B (37 £1) CE E KB H,200 ¢+ min ™
W 43T 1.2.4.8.12 .24 h BUS IR,
FEAb7e 55 i AR OR . FEBORFE 42 0.22 pum
TALIE NS g ] HPLC R A, 42 A 50 1 3R
DR K259 RBUB R Q, (pg - em ™),

Q. =(p,V+ZpV)/A AR(1)
Seft, 0, ¢ 1] i 2 TR B B 1,
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Q, XTIFTH] ¢ RSN Je 5385 20 017 th 46, T AT 4k
EYE]S
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FEHEEL 30 min,13 500 r - min "' B.010 min, b VERE
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THIA A o B R B (Q ) o

Quin =pV/m 2~ (2)

Y, Qo M 24 b N BT 5 B2 ik B =0 N
SR TR R L, V oAy K IR i VR B AR AR, m
2.2.3  FRWOM Bz ik R MITX 4341 7 9 10 4 57
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2.3.1  JHAHFP X AR SNE 2 a2 DL GMS
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D E H
1 |
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|
PO \’\/\MM vt Al \«/\A/\Ax_,ﬁ’\h) s
(3 2.!5 5.[0 7!5 I(;.O (3 2.!5 5.’0 7!5 IO’.O
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A = MTX ¥ B - 25 RN C - IORAE S s D — 28 ARG E — SRIBURRE o

A — MTX solution; B —blank reception solution; C — sample reception solution; D — blank skin extration solution; E —sample skin extration solution.
Bl #mBOk REBUR + F A M4 (MTX) By HPLC 45 7 € % B

Fig.1 The HPLC specificity chromatogram of MTX in reception and extraction solution

R3 HHMEAEHATANEH. n=3,x%s

Tab.3 Skin permeation parameters with different oil phase. n =3 ,x =

2

Oil type Equation r? Qu /g cm” Quin/ g * cm 2
MCT Q,=0.415:-1.317 0 0.9315 9.47 £0. 86 27.99 £2. 14
IPM Q,=0.049: -0.159 7 0.917 4 1.12 £0.20 15.73 £1.20
EO Q,=0.1261 -0.334 4 0.962 7 2.87 £0.13 20.52 £2. 19

s EEAE R, Qu 23 120 TPM AL EO 4111 8.5 F
3.3 4%,Q,, 20310 IPM F1 EO 44 1.8 I 1.4 %, H.
ZERAGIEE X (P <0.01) , F L ERE MCT 24
A
2.3.2

i B RS 7R M R XA SN 2 B R L

R4 HHRBREAFRARKAT AR B n=3,x%s

GMS 2y g €57, MCT iy it 4, 23931 il A Span 20,
Tween 20 ., Tween 40, Tween 80 1F i Bl ke &E 57 ,
#& MTX-PC/OG , HiH L Span 20 Sy Bl 152 &8 57 40,
TESE = 25 W) 1035 25 F BE 05 T LAY 1 35 0, &
Ve Span 20 1E R BICEER] , 45 R LK 4.

Tab.4 Skin permeation parameters with different cogelator. n =3 ,x =

2

E 2

2

Qo4 1/ pg - em” Quin/ g * cm ~

Cogelator type Equation
Control Q,=0.415:-1.317
Span 20 Q,=3.414:-10.49
Tween 20 Q,=1.8291-4.374
Tween 40 Q,=0.224: -0.527
Tween 80 Q,=0.125:-0. 184

0.9315 9.47 +0. 86 27.99 2. 14
0.936 1 78.46 £4.52 176.99 +5. 39
0.965 5 41.94 £3.69 52.34 £6. 68
0.946 0 5.26 £0.29 15.85 +1. 88
0.963 3 2.90 £0.45 7.22 +0.88

2.3.3 Kl 1 IS R T 0F 1A 1 3E B 1 5 iR

L GMS g Ji 8 50, MCT iy il A, 25 %< i Bl Ji o
# Span 20 i N 5% . 10% . 15% . 30% X}
MTX-PC/OG KA} % K )5 0 . 42 B35 i3 55 3
H5RKW,MTX-PC/OG Y 2 ¢ RFB & W b

T E 2527 2025 45 3 H 55 60 B4 6

=74
5

Span 20 FH {930 i 300, 24 RN 15% Aty
AL V- o Span 20 F XA R A RBCR
B2 24 Span 20 Jj & 2 30% I}, B B 45 1 8 T
AFRE , e A L £ Span 20 & 15% , 45 R

WS,

Chin Pharm J, 2025 March, Vol. 60 No. 6

£ 633 -



RS HHBRBEANAENELATANEH, n=3,x%s

Tab.5 Skin permeation parameters with different cogelator concentration. n =3 ,x +s

Cogelator content Equation 2 Q2 1/pg - em ™2 Q i/ g+ om =2
Control Q,=0.415:-1.317 0.9315 9.47 0. 86 27.99 2. 14
5% Span 20 Q,=0.960: -2.792 0.953 7 21.79 £0.78 33.95 +5.97
10% Span 20 Q,=1.472: -4.288 0.9259 33.40 +6. 06 55.58 £6.27
15% Span 20 Q,=3.414:-10.49 0.936 1 78.46 £4.52 176.99 +5.39
30% Span 20 Q,=2.572t -8.636 0.908 9 59.66 £2.79 236.42 +13.47
2.4 MTX-PC/OG #y %k AE °]
2.4.1 SMIUBAR AR IR B O B A
7 =P Y ) iy -0.14
JBE, ST AR, U AR (P 2A) o WABE F MTX- ] Ho1536 1
SNTS S S & 301"
PC/OG HATETAEIRE 1, 2500 TS TS (2 R 26 : s
B -0.2
(B 2B) v
T

A =ML B - e A ( x400) .
A — appperance; B — optical microscope ( x400).

B2 MTX-PC/OG 47 th 4 W o B 1k 2 A

Fig.2  The appearance and micro-structure of MTX-PC/0G

2.4.2  FhPEE FREEE AT S W RE S ) B BT, — AR
5~100 Pa - sNEMIEE . FEEETHIE 3 HEEBE KA
B OTUIER N 1 s T R N 25 °CL3 BRI
SIS R (85.9 £0.5) Pa - s, 5B MTX-PC/0G
PR BT PE A
2.4.3  MAEGARUREE AP E ARSI A0 A AR R
FEAE 45 ~55 CIN 5 T IR A sl A B2 ik B o ARSE
Bk 22 7n 48 AL (DSC) I A7 HILEBE IS 1) A %%
AR S ISP NS T, S — B HER A
10 ~ 15 mg A HLEERHFE i, HAEH 20 ~60 C, Tt
T -5 °C - min ™' BT, 3 HLBERL A2
ARSI BE A (50. 4 £0.5) °C, AR LA 3
2.4.4  GAREEMERCIEAT BRARAY RS R 25 AR
(i1 Bl IV = 8 R 20 e Pl i B e e o O €l
B BRI G SN VR BT BERC RGBT B, A T H¢
BRI TEAS L AP IV R B, 6 e WK A2 D A e
AHRT WA AIFEE o AR TP A AR 2 ([ B
500 pm) , 43 A FEPR AR AN FR S T I MTX-
PC/OG Wit A4 S50
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T T T T T T T J
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B3 ZpHEHEHE(DSC) I E MTX-PC/OG 41 4% % i £
Fig. 3 The phase transition temperature of MTX-PC/OG meas-
ured by DSC
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G" [RYRTHSONT F71 930 32 14 % 1R 181, P AAS: 3 38 e 1) )
R STAE (4B ) o e AR Ay B8 JE ) 2685 5oL A 1
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FHEE V) AR M 2k < 2% A8 R % SN i 700 1 fioh 2B 7
DARASAS B &, IR E R 25 C, P #i=3£ 0.1,
100.,0. 1 s™"  BFYIRH A 435104 1.2 F1 10 min, WL HEE
WCRREERAE A (1 4C) o FEARBY VIR , BRI AT
FasE , B R M T 100 s~ AY S 0T DI R eI
) = GE PR Z5 A G T R RG I, 266 B2 RGP LA 5 )
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ARG PHEEIE , 10 min P A] RLFR 70K 52 BRI = 4 )
RZEH , Bl MTX-PC/OG HAT fh 224 , A3 A1) il 571
I AORAT

2T A 2 < DL PEE AR 1 AR R MTX -
PC/OG RN AZ IR BE , it B 1305 [l 30 ~ 60°C , T
MR N 1 C - min ™" HHHEHR 10 uN - m, DUFPEA
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PATSBIBER A M e AR R (6 4D) o SR 536
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A - elastic and viscous modulus stress curve; B — yeild stress value; C - viscosity shear rate; D — temperature scan.

B4 MTX-PC/OG i & % K4 1 %
Fig. 4 Rheological properties curve of MTX-PC/0G

3 3 it
3.1 MTX-PC/OG & F & 4 th & &

TEJMARIE £, 9 g B 245 R R TPM > EO >
MCT {B A A1 % Je 5 4 R MCT Ry il AR I 375 B2
PERESAE. 25 A T2 38 () A JBTAE 245 W) A ) 770 0 £
FEE SRR R, FEAS B 5T, MTX-PC 7E
MCT rp i BB i b, £E TPM Je EO Higs i 2 55
151, Ul B 245 ) RN SR S R0 T uik , AN T 2 MR TR
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