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Evaluation of Properties of Coamorphous Methotrexate-Nicotinamide in Vitro and in Vivo and Research on
the Solubilization Mechanism

GAO Huibing, LI Yuanchun, LI Tiantian, YANG Caiqin " ( School of Pharmacy, Hebei Medical University, Shijiazhuang
050017, China)

ABSTRACT :OBJECTIVE To prepare methotrexate ( MTX) -nicotinamide ( NIC) coamorphous ( MTX-NIC CA) , evaluate its phar-
macokinetic behavior in rats, and explore its solubilization mechanism. METHODS The coamorphous complex was prepared by
melting method and characterized by powder X-ray diffraction and other techniques; the physical stability and thermodynamic stability
of MTX-NIC CA were examined. The solubilization mechanism was studied by solubility profile method. The concentration of MTX in
rat plasma was determined by high-performance liquid chromatography and the pharmacokinetic curve was drawn. RESULTS  The
physical stability of MTX-NIC CA was good; the reaction of MTX with NIC was a spontaneous enthalpy-driven reaction, and the mecha-
nism of NIC for enhancing the solubility of MTX was that a soluble A, -type complex with a ligand-to-metal ratio of 1: 1 was formed in
of MTX-NIC CA was prolonged, and the ¢, , AUC,,, AUC,_, and F were signifi-
cantly increased (P <0.05). CONCLUSION The MTX-NIC CA is successfully prepared by melting method with good stability, and

the formation of co-amorphous complex improves the bioavailability of poorly soluble drugs.

solution. Compared with the raw drug MTX, the ¢,
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tion system, BSC) IV 28244, /K IEPEFIE B EAR, 1
MR R 221, FLIA YT o VRS, 5 BE K i iR
FHA REIR BT 7 &%, AT FR ] 7 g 7 ROCR
P AMIFFE 3 s i o A BIUR ok A5 P AR o
AL SR o PP A O O T SR PR T (B R AR 2
IR E M 22 AR W) P BE B A R A R
I, 4R H e AR WA AR O i AR
FIBEFEMAE . JHE I (nicotinamide , NIC) HA R
UK PERIS B, HSAIR B/, HoAE o 3t
fn/ T0 5 A v ) SRR O A RGE , 7R A E Y TR
APT PRI gk PR 0 2B 0 A0 JEE D ok 2 A AR K T
JyHE Liw SR A 6,7- R TR (Es-
culetin) - NIC 54238 T Esculetin A AT M A4
IR, Fael Z51I5IER] T NIC 4 LR A4E &
PR S S 1) fiR PR I R

AHFFERET MTX ARG it ARB B AR Bl
PLNIC 2 CAF #4 g MTX-NIC 376 % B8 43 114
L IEN BRI AR R R R B T
RN 2B 12 05 TR R B o MTX 534
TS8R A FR LRI A

1 B RG53HY
L1 &

ZENFAHE I B A DSC214 (1% [ it 9t X %
il A RS 7)) 5 X AT (L SmartLab SE ( 3% [
Rigaku 23 7)) 5 £LAMG35 A Spectrum Two (38 [E 143
BRIy A BR 2 ) ) 5 A% B 36 HR 3% A WIPM-
NMR-400 ( R HE S B ARG BRA ) 5 = ZORAH
3L LC-1200 (3£ Agilent 237]) .

1.2 K

MTX (k5 CQCO59, 4li . 99. 1% ) | B B} iR
(b5 : BGX276, 4 JiF: 99% , " 15 & 245 /3 ] ) 5 NIC
(H1t5:98-92-0, 4 i . >99. 0% , ¥ A B AL Tolk &
JEABRAE]) s W I A G54l K ek .
1.3 SZizhdp

Mt SD KB, M43 5 (250 +£10) g (¥ b 4
RAEYRH A RAF) , FFE TR ERR A 5250
Y, ST 12 h A5 | K, S g i
U B B K 2% 58 50 3h ) A A 18 38 & 01 s it
(2023040) ,

2 F &
2.1 MTX-NIC CA 4| %
K 4 @b vk i 44 MTX-NIC CA: Bt MTX

PIE 2y ek 2025 4 3 H 5 60 45 5

(88.16 mg) Fll NIC(11. 84 mg) [R5 157,
BFEX, LS5 C - min T R THE, FHETE
[l 25 ~ 140 °C, 140 CAEif 5 min, &¥&, OF40, T
B IR A&
2.2 MTX-NIC CA # & E 47

MR X B AT 4 (powder x-ray diffraction,
PXRD) 734 : ¢ 26 195 ~40°, 25K 0y 0. 02°, 25y
10 ° - min "'y 2% 75 33 & # ( differential scanning
calorimetry , DSC) 2347 : FHRH % .10 °C + min ™', N,
i :40 mL - min ™" R EETE 30 ~ 240 C 3 fidk
W5 4% ( polarized light microscopy, PLM ) 43 #fr: BU
TR AL, 20 A5 B, T A SR AL 2 U
RIM& s i B AR 3 2T A YGT1E (fourier transform infrared
spectroscopy , FT-IR) 7347 : 5 F] KBr & 3, 1T IR Y
7E4 000 ~400 cm ™ BHGE FE N EA 74347
2.3 MTX-NIC CA Wy 4% 247

BB (HPLC) 3 R AR L &
HICER Y MTX Fl NIC (&8, 30 Cy R
[ iE4E (4.6 mm x 150 mm, 5 wm, Agela) ; A I
30 °C; it shiAi R S M-I FR 53450 0. 05% W R K 5 W
(20:80) ;i 0. 6 mL - min "' ,EREER 10 Lo EYA
KW 4. MTX FiI NIC ¥4 4 262 nm, & ¥ #E
('H-NMR) 43 #7 : BUiE 4 5 F A% DMSO i, 75
293. 1 K T E S . SGig a1 013 He,
A 16, iR B E] D1:1 s,
2.4 MTX-NIC CA #y 43 2 E#HF R
2.4.1  fEiRER RGNS SROPEZ
#2020 4 i J5URF25 ) 5 R AR E TR i g 4R A
WU REINER 5 AN 10 FRESR 2 & R PXRD [
W AR 60 °C s ElEAA 25 C,RH: (75 £1) % ;
SRS 2225 °C 4 000 Ix,,
2.4.2  GletkRs 2 E 2 ) 2020 A2
P15 R AR 2 N4 MTX-NIC CA 518,
2.5 MTX-NIC CA #yZE M R %
2.5.1 MTX-NIC CA fyFfrisf@E Buden
MTX J5oE 25 MTX 5 NIC #5431 5 ) ( methotrex-
ate-nicotinamide physical mixture, MTX-NIC PM ) Fi
MTX-NIC CA 4% 3 fiy, 735l & T3 (0 BN , K
10 mL, A 37 €100 r - min " {5 fFLE S THRIR A
PRfE VA7, 22 0. 45 pom ASLUBME S U8, R 550y
JEIGREZAE 303 nm AL SE R AR OGRE (A) AR
MERRZE A =0. 052 31¢ —0.003 28 (r =0.999 9) , i} &
AN [ At BT R () o
2.5.2 MTX-NIC CA fAHE KB E MTX R
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125 MTX-NIC PM 1 MTX-NIC CA, DL Z&187K F %
WA TR, ROM R T dE AT o et B .
100 r + min ™' R (37 +£0.5)C , 3T 1.5.10.15,
20 .30 .45 60,120 180 240 min B BUEE , [RIHH % 76
(R AAFR [ 3 B2 3 A o o S0, 0 WO B, TR
T BE SRS AT 3 s

2.5.3 MTX-NIC CA &M FREGS 539 MTX
J5Elz MTX-NIC PM MTX-NIC CA (#4024 F MTX
2 mg) 43 HIMA 1 mL 7K HrR B K TR A B T kA
RO I A —E R TR pH = 6. 8 25 [
TR, I SR DU IR £ s (PTFE ) A T RS 93 A0 B I
TR .37 °C L %#:300 r + min ™', 4M91F1,5,10,15,
20,30,45,60,90,120,180,240 min JLEE 200 pl, If:
b AR FARFRGE oy, W oG B . 11 BB B
OV RS BIEER T BT 3

2.6 MTX-NIC CA # 3  L% #F %

FE 3 C A [R) e BE 1) NIC /K 7% 7 (0,0. 008 |
0.016,0.032,0.064 mol - L"), B I iR W
10 mL, A & 19 MTX R4 R A 1 1RO 7
PEIRHLA 100 1 - min ™' (OFEEAE 5 AR R EE T IR
P2 VA, D08 W WO EE TR R MTX 194
JR A B HRE (mol « L71) |, L MTX [ BE X NIC 1
W BE A 1), 75 2[RI B2 T B AR VS A B2 i 2
A 1 318 MTX fI NIC 2 8] B9 45 & % 80K,
AR EE JC (Van't Hoff) I (242K 2) F1 A 17 -
Z ¥ 2% ( Gibbs-Helmholtz) 772 (24530 3) 1144 T)
R KEE (AH) 5722 (AS) 5 il A g
(AG) .

K:fgﬁxu-ﬂ%) 2At(1)
Van't Hoff J7#2:1nK = —%+AR%S AE(2)

Gibbs-Helmholtz /782 :AG = AH - TAS  A3(3)
Horp RO id AR £, T IR .
2.7 MTX-NIC CA # SD kK R W89k A 2 2) # 9
2.7.1  WAHETE @RGSR R C S i
#E(4.6 mm x 150 mm,5 pm, Agela) B A OB,
B AR 73 %0 0.05% F IR 7K 18 W b I3 0 I 2% 1
0~5min,8% A;5 ~7 min:8% ~30% A;7 ~12 min,
30% A ;12 ~13 min,30% ~8% A;13 ~15 min,8% A, £
2 30 °CL PRBEHEE S 1 ml + min ™" KUK
303 nm, IBRAY) : BATERIAT B (FAL10 pg - mL™")
2.7.2 W 5425 ¥ SD REBEPLSN g MTX Ji
BG40 MTX-NIC PM 4 P4 2 MTX-NIC CA 41, HF4H
- 476 -

Chin Pharm J, 2025 March, Vol. 60 No.5

6 Mo ZrnME AR MTX 60 mg fJ50RHZy, MTX-
NIC PM D f; MTX-NIC CA #&£5, &% T 5 mL &
53800 5% HHR P AHLLT4E K F/K P 75 20 min,
AJE S min, 75 MTX Fi RN 12.00 mg » mL™' 1)
W) IR B S RT 12 h AR gk oK, i IR
60 mg - kg HOFIEBE B 425, 3BT 515 min,
0.5.1.1.52.3.4.6.8.12.24 h KX RIRpaLHUL, inA
FIFZELE.L4,4 °C,4 000 1+ min ™20 10 min, B
EVEW, BT VKA —20 C A& R BB

2.7.3  IMSRAE S AL S E I R SRR
ai 100 WL, AIEA 20 L FA AR N6 300 pl, i fig
Y8472 min, T 15000 r - min ' ,4 °CE.0> 10 min, T HL
FEEW 40 CTF RS T FRARE A HI100 pLik
R £ 80% HY /K ¥ W A2 %, B S 30 s Ji, i JiE
2 min, F 15000 r + min "' ,4 °CZ.0>10 min, WL i
TR 80 L JEREIIAT . H XS B i MTX 55 FA )l g
B (V) FRAZR M 5 2 Y =0..000 34c + 0.025 41
(r=0.999 8) ,iHE M+ MTX [1HFE () o

2.7.4  HEZHOHE LUK 3R 458 A
BLfilt, {5 B DAS 2.0 R x) Bl 47 A0 2R, 5 A
B2y 32 S50, T BT e RIMZG R (¢,
RIS A] (2,,,, ) TS BRI (2, ) FNZG I HEZE TR
FH (area under the curve, AUC,,, AUC,_ ), #HXT A4
MMBEE(F) o F=AUC,,, (JLIER)/AUC, ., (J5Uk
25) x100%

3 & B

3.1 MTX-NIC CA # & fE 0 HF

3.1.1 PXRD fIDSC &l 1A frx, MTX f4E
TiEtIE oy 9. 37°,11. 56°,12.99°,27. 08° 27. 99° 4 |
NIC 4 AE 137 5 0 R 14, 57° 22, 19° %% . MTX-NIC
PM f£7E MTX FI NIC H¢AE & AR 77 55 0%, 1f7 MTX-
NIC CA I — SRR AT 542 , T & A & A4
g RUILL o RUE AEAE. &l 1B R, MTX
1) DSC 12k I 139. 4 °CAb Sy K MR 45 550
213.7 °C,NIC %5 50 131.0 °C, #£ MTX-NIC CA
HJE T MTX i NIC (85 s I 9H 2%, HAE 70.9 C A
APPSR AR EE (T,) , £ B MTX 1 NIC Z
[ AL T S AH 9 L JC 8 T AR R o 1l MTX-NIC PM
o AR RIAE 227.7 C 1 124. 8 °C BT MTX Fi1 NIC
FA s U HE BT Y FE A ) b MTX i1 NIC 43 K48
PRI R AIE A, (0 38 7 i e il 78 v A6 e AR
HEZ, SR EUE S BUAS [RIRRRE AR A IR R 5
[INPANE FSERERE: S e
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A ——— MTX-NIC CA
——— MTX-NIC PM
——— NIC

I

N N

T T T T T T
5 Ib 15 20 25 30 35 40
20/°

—— MTX-NIC CA

B - —— MTX-NIC PM
S 7.=70.9 @ —NIC
2 ; - —— MTX
— o~
22T INE:
1248 C \

131.0 C |\

T T T T T T T T T T
40 60 80 100 120 140 160 180 200 220
r/7cC

Bl F RS- B (MTX-NIC) 36 % AL 4 (CA) Bt R X 4 847 4 (PXRD) B3 (A) 22 77 2 45 & # (DSC) E 1 (B)

Fig.1 PXRD(A) and DSC(B) curves of MTX-NIC CA

3.1.2  PLM I0[E 2 fiR, MTX JEURI 26 PLM [&]
SEIURFL SR B B RS R AT S P4
T LR S IE A7 AE ; MTX-NIC CA ) PLM [ &2
PRRE ALY, TC B S 09 AT 3 B 42, SR B DL TG AU 2
F71E

. , ¥ 100 pm
B2 MTX FEHR25(A)Ffr MTX-NIC CA(B) #7205 &
% (PLM) [

Fig.2 PLM images of MTX(A) and MTX-NIC CA(B)

3.1.3  FT-IR MTX-NIC PM [ &5 54 Sy WA 5
L2 B TR PRSI 3) , Ui B 3 22 (B 9 TG A
HAEFH. 1 MTX-NIC CA "1, MTX fiy v-OH 4 5 i
M 3367 cm 'FEhE T 3 336 em ', vC = O PRI
M 1647 em ' F531%E 1 640 em ' ;NIC H1% v-NH g
M 3 366 cm ' FEENF] T 3 336 em ' v C=0 I
B 1 680 em 'FEhF T 1 673 em ', LEALLE
ERAEW, L0 B Yk MTX 5 NIC Z (8] LA
O—H---O=CHI C=0---H— N FiFpa ik,
3.2 MTX-NIC CA 45 JE 247

HPLC 43#7 : [ 4 &5 MTX-NIC CA % [&] rf Hy 3
T NIC F1 MTX e, L5519 J50R 2 11 H D s ] S A
FIR], ToZs i . 71545 8] MTX 5 NIC [)BE/R oy
2:1.048,JEML T 2: 1,3% 5 MTX F1 NIC B8R L —
o, #E— 2B UE B T il A A0 N 13 29 MTX-NIC
CA 2R3 , NEE RIS o

T E 2GR 2 2025 43 H 55 60 B4 5

——— MTX-NIC CA
—— MTX-NIC PM
—— NIC

— MTX

3336 T\ AW
1673 —=a—1640

%3 187

AVAAYII A

| ‘V‘ W

" 1680 !
Y3195

3366

3 36; 3058 1647
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Wavenumbers/cm’!

B3 MTX,NIC,MTX-NIC 4 3 j& & 4y (PM) fr MTX-NIC CA
By B et R e 4r A ok (FT-IR) A

Fig.3 FT-IR spectra of the MTX, NIC, MTX-NIC PM and
MTX-NIC CA

4.487 ——— MTX-NIC CA
——— NIC
3.198 —— MTX
3.203
P 4.505
0 2 4 6 8 10

1/ min
B4 MTX,NIC fr MTX-NIC CA & % A & 3 B
Fig.4 HPLC of MTX,NIC and MTX-NIC CA

"H-NMR 437 : 7 MTX-NIC CA S, fr %
A7 B R R ok 25 Y RE X N (& 5) o 8.57 X I
MTX iy H g, B0 159. 03 X NIC Fhf) H
Ji -, 8408 0.59, #i24lE MTX 1 NIC /9 H Ji2 51
a3 Lo ] A g ALY v 2 o i ) T
A 2:1,
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—— MTX-NIC CA
——NIC
— MTX

3.3 MTX-NIC CA &4y # # & E# &%

3.3.1 SR AR ARG G CE MTX-NIC CA
FEMTE SR ADE IR TR, & Ao e B4R
JER TR A AR s R — o e, (H7E PXRD
AR RRBRIEAT 45 . SR MTX-NIC CA B A 547
YIRS e, 5 R LR 1 & 6,

R1 MIX-NICCAA®ZE HEMELRABH AN EE
T, n=3,x%s
Tab.1 Change of drug content of MTX-NIC CA under high

temperature and lighting test and high humidity test. n =3 ,x =

Content Content ( High humidity Content ( Lighting

t/d (High temperature 25 C,RH:75% 1% ) 25 °C,4 000 Ix)
El5 MTX,NIC #1 MTX-NIC CA #£ 7R % — ¥ 3 T4 ( DMSO-d, ) 60 °C)/% /% /%
‘:FQ’JIH—NMR A 0 102.55 £0. 09 100. 76 +0. 60 102. 18 £0. 63
. . 5 98.41 +1.45 96.37 £0.94 102. 68 +0. 27
Fig. 5 ' H-NMR spectra of MTX, NIC and MTX-NIC CA in
10 100. 59 +0. 31 95.26 0. 62 101.26 1. 50
DMSO-d,
High temperature High humidity Lighting
— 10d
——5'd
A w/m A -
i‘ 10 1‘5 2‘0 25 0 ‘i 4‘0 5‘ lIO 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 9‘ 10 1 ‘5 2‘0 25 30 )‘5 4‘0

B6 iR .58 Aok 55 B MTX-NIC CA # PXRD [§
Fig. 6 PXRD patterns of MTX-NIC CA under high temperature and high humidity and lighting test

3.3.2 glBMEILE  MIX-NIC CA WIS PEROSEERSS R A MTX il sl o & RS, A e

6.59% ,JrF 2% F1 15% 2 [6] , H o B BA 511
3.4 MTX-NIC CA 93 {L I T H %

3.4.1 RSN REERMEE I H4 R MTX-NIC
CA J5, MTX ¥ f# B il 102.45 pg - mL™" #2755 3]
178.79 pg - mL~";4 h P MTX B35 HEE i 73. 50%
F%] 81.36% , MTX Jii kL2455 MTX-NIC CA f¥%
i BE RS Y B 22 R (P <0.05)

3.4.2 BEMEWII MTX-NIC CA &5 Q H
(3080.56 pg-em™) M K F MIX Ji B 2
(2830.84 pg - cm ) IEE T 8.8% (P <0.05),HE
B R T4 h 1% aE R
3.21 pg-em ™+ min~' 2 F F) 4.45 pg - em”
min~' o Z4WIIE AL G ) VA AR A S T I
PRV SO, 335 KT BT A0 P e 8 A JBE ik B 2 A Dl BIK
B BRI A RANE LS BB
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HET ZIPE R R RS T AW EN X T
Pk e MTX (9 25 W 1) B B W A P 35
3.5 MTX-NIC CA #38 EHL4 #F %
ANFRREE TS, MTX ¥k B2 i NIC # B2 A 15
ML (& 7) , it R B MTX 5 NIC 58
WL R L1 B A A A
W S AN S TRIELE R AT g MTX 35 A 1
xR E I 6, 30 3 11 )5 )5 & InK =2 065. 44/T -
3. 74 SRR FR FE T 456 % 80 iR AL 2 s
A3 IS (AH) K22 (AS) 53540 W A B figis
(AG) G532, FEL IR B 5T i85 & X
N AG <0, J& F |3 &I N, I H B & iR
1=, AG ARG K, Ul IR BE T 55 A F) = MTX-NIC CA
L. AS <0, B MTX H1 NIC A6 H.F F i 1
RS (E /N 1) 3 B iR 4 Gibbs-Helmholiz J7 f#,
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WRAELIB/ N AN T BN A AT, AH 2 B R A Bk A
YRAN AR AL A5 B AT RUBUR] 54T, B6 1]
WG B s BB SRR 2 o AR AR T MTX
NIC &5 5 0 BT 22 R B, PPAG T 3 A AR
PR E P, N RE WL i 20 #r i 38 T MTX 5 NIC
R ERIDE e DS

000147  wos57C
0.001 2
0.001 0

0.000 8

¢ (MTX)/mol L'

0.000 6

0.000 4
v

0.000 2

0 00l 002 003 004 005 006 007
¢ (NIC)/mol "

BE7 MTX fr NIC £ 1 F&Z T4 6 oy M A M E
Fig.7 Phase solubility diagrams for MTX with NIC at different

temperatures

FR2 MTX A NIC 8y 1 R E T4 6 W % 8 %
Tab.2 Thermodynamic functions of MTX and NIC combined at

different temperatures

K AG AH AS
T/C
/L + mol ~! /kJ + mol 7! /kJ +mol =1 /]« mol -1+ K-!

25 46. 08 -7.90 -17.17 -31.09

31 41.91 -7.72 - -

37 36. 61 -7.53 - -

43 31.02 -7.34 - -

50 25.83 -7.12 - -

3.6 MTX-NIC CA # SD X R A By R ) 2 50 # #F %

MTX 28 1R 25 245 I 4 o WSO I 0 5 AS BRAEL, 1ff
2 PR, W 22 (18] 8) o MITX il £ Sy 2 TG i Y
VG , AT LB AR AR N B 25 vk B2, el i Iy
W HE B 258 2= S 8L 3k 3, MTX-NIC CA &
MTX 5 MTX-NIC PM #f[t, ¢, ZEK, ¢, AUC,, .
AUC, ., F ¥R ER-E (P <0.05) , XL UIH]
5 MTX 5 MTX-NIC PM A k., MTX-NIC CA E.A &
ERAEYIRI I BE . 7 MTX-NIC CA A Yy 1
Rk — T H R TR R P e, oy — Tl 3
TCRE TR ZR 0 B Vs 1k T8 38 1 4 v 5 DD AH DG, MTX
AR EE 4 S B B SRS

T E 2GR 2 2025 43 H 55 60 B4 5

1200
—a— MTX

000 —e— MTX-NIC PM
BUC —4— MTX-NIC CA
800

600

p(MTX)/ng-mL"!

400

200+

T T T T ! ]
0 S 10 15 20 25
t/h

B8 MTX w25k E-rE &, n=6,x+s

Fig. 8 The blood concentration-time curves of MTX. n =6,x +s

RI RUBRABAMIXWEHFFHEH, n=6x%s
Tab.3 Mean pharmacokinetic parameters of MTX in rats after

administration. n =6 ,x £

Parameters MTX MTX-NIC PM MTX-NIC CA
ty»/h 11.69+1.32 10.56 2. 96" 11.40 +0.20"
fa/h 0.88 +0.22 0.92+0.220 1.25 +0.25%
P/ P+ L7 585.07+72.20  578.63 +80.85" 898.06 +85. 56%)
AUGy /pg-h-L~! 3066.40 £265.23 3 305.65 £348.951) 4 951.40 +888. 13%)

AUCy o /pg-h-L=" 412952 +625.22 3 794.66 +614.801) 5 788.43 +738.652)
F/% 91.89 140. 172

i 5 MTX 4L, D R B 2% 5,2 P <0.05,
Note: ") no significance ,2) P <0. 05 ,us MTX group.

4 it i

AR VAT LS KRB B 258
NIC {2y 2 0 7 BT B0, R FH 6 il vk il 4 MTX-
NIC CA & &, 5 85 % 1 Ji 1 e 5% 78 & ¥ A
FEET 4 7 v T BER AR, RN AR R R R .
i PXRD il DSC,PLM R AE T 6 & B4 (9 I i,
K FT-IR AR 1 T8 5 R V7 1) 53 F ]
YEFIJ1, M F HPLC A" H-NMR 3EA T 30 5@ 4
AR T B T AL A A R B L o

A AT R AR i AR o e LA HEAR
T 1) B I R A e AR, DR G i R e e 1k
WFFE & HTT R RN FH I SR ) i, ABIF 9 R G0 4T
BT I TG ALY I Y B M I R
P, IREREILS 20T M)A T MTX 5 NIC 454 15K 3h
JIFN MTX-NIC CA [ 33 HILTHI , A 25400 it A7 1 ) 551
TERARHE T PR

ATIFFEH il 45 1) MTX-NIC CA M3 T 251
B AR M, T T MTX A A= 9 1
JE 3% 5 Meng ™' Fl Chen 25 Bigy— 3. MG IR
N BE R, S0 T T B AT A MTX 7E 8
AN EE R B HE T K BT R, I R MTX )

- 479 -

Chin Pharm J, 2025 March, Vol. 60 No.5



i, TEI PRI A RIS ABF5E s BSC
VR B e B B PRI AR WM B e Bk
SCRFAME SRR R — 2P R JT X MTX 3L J0%E
TUMIRI R N A1 25 305 PR, 55 PRAS i PR 15
(/]I

REFERENCES

(1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

- 480 -

LIU J, GROHGANZ H, LOBMANN K, et al. Co-amorphous drug
formulations in numbers:recent advances in co-amorphous drug for-
mulations with focus on co-formability, molar ratio, preparation
methods, physical stability, in vitro and in vivo performance, and
new formulation strategies [ J]. Pharmaceutics, 2021, 13(3) ;389.
DOI;10. 3390/ pharmaceutics13030389.

ZHAO Y F, FAN Y, ZHANG Y, et al. Preparation, character-
ization and properties of famotidine-p-toluene sulfonic acid co-
crystals [J]. Chin Pharm J( " EZE2:Z43&), 2024, 59(3) .
263-269.

JELIC D. Thermal stability of amorphous solid dispersions [ J].
Molecules, 2021, 26 (1 ). 238. DOI: 10. 3390/mole-
cules26010238.

KELSALL K N, FOROUGHI L M, FRANK D S, et al. Structur-
al modifications of polyethylenimine to control drug loading and
release characteristics of amorphous solid dispersions [ J]. Mol
Pharm, 2023, 20(3) :1779-1787.

KARAGIANNI A, KACHRIMANIS K, NIKOLAKAKIS I. Co-a-
morphous solid dispersions for solubility and absorption improve-
ment of drugs: composition, preparation, characterization and for-
mulations for oral delivery [ J]. Pharmaceutics, 2018, 10(3) :
98. DOI:10. 3390/pharmaceutics10030098.

NEWMAN A, ZOGRAFI G. What are the important factors that
influence API crystallization in miscible amorphous API-excipient
mixtures during long-term storage in the glassy state? [J]. Mol
Pharm, 2022, 19(2) :378-391.

XIE LY, ZHONG S, LI'Y X, et al. Antitumor effects of metho-
trexate phospholipid complex nanoparticles on breast cancer
MCF-7 cells in vitro and in vivo [ J]. Chin J Pharm Biotechnol
(PR ) | 2021, 28(5) :465468.

ZHENG J L, MO Y Y, WU X, et al. Efficacy analysis of high-
dose methotrexate, epirubicin combined with cisplatin neoadju-
vant chemotherapy for osteosarcoma [ J]. J Baotou Med Coll( {3
Sk E2ERBESAR) , 2022, 38(9) .10-14.

RAJALINGAM K, KRISHNASWAMI V, ALAGARSAMY S, et
al. Solubility enhancement of methotrexate by solid nanodisper-
sion approach for the improved treatment of small cell lung carci-
noma [ J]. Curr Top Med Chem, 2021, 21(2) :140-150.
CHELLAMPILLAI B, KASHID S, PAWAR A, et al. Investiga-
tion of dimyristoyl phosphatidyl glycerol and cholesterol based
nanocochleates as a potential oral delivery carrier for methotrexate
[J]. J Liposom Res, 2022, 32(4) :308-316.

DING F, CAO W, WANG R, et al. Mechanistic study on trans-
formation of coamorphous baicalein-nicotinamide to its cocrystal
form [ J]. J Pharm Sci, 2023, 112(2) :513-524.

JIAZ Z, SUN J M, XINY, et al. Preparation and stability of
anthocyanin-nicotinamide coamorphous complex [ J]. Food Fer-
ment Ind (5 & BE L), 2024, 50(4) :184-190.

WANG Z M, SHANG HZ, GAO L H, et al. Study on thermody-
namic behavior of flufenace-nicotinamide cocrystal [ J]. Chin
Pharm J( P [E25%2%8) , 2023, 58(2) :165-169.

LIU F, LIJ Y, HAN C B, et al. First cocrystal of esculetin ; sim-
ultaneously optimized in wvitro/vivo properties and antioxidant

Chin Pharm J, 2025 March, Vol. 60 No.5

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

effect [J]. Eur J Pharm Sci, 2023, 187:106469. DOI: 10.
1016/j. ejps. 2023. 106469.
FAEL H, DEMIREL A L. Indomethacin co-amorphous drug-drug
systems with improved solubility, supersaturation, dissolution
rate and physical stability [ J]. Int J Pharm, 2021, 600:
120448. DOI:10. 1016/j. ijpharm. 2021. 120448.
WANG L. Determination of lamotrigine, carbamazepine and ox-
carbamazepine in human serum by high performance liquid chro-
matography with external standard [ J]. Lab Med Clin( ;55 5%
5IwER) , 2023, 20(4) :481-483, 489.
Ch. P(2020) Vol IV ( H[E251 2020 4EBR. PUEB)[S]. 2020,
132,457-459.
ZENG L J, FUY R, KE Y ], et al. Preparation of a highly per-
meable oxibunine cubic liquid crystal gel [J]. China Pharm(
FEZG0f) , 2024, 27(1) :17-26.
MA LY, WANG L N, ZHANG G C, et al. The in vitro penetra-
tion rate of quetiapine fumarate tablets from different manufactur-
ers was measured by parallel artificial membranes [ J]. Chin
Pharm J(HHEZy 7% , 2023, 58(14) :1327-1333.
WANG X, YAN H. Methotrexate-loaded porous polymeric adsor-
bents as oral sustained release formulations [ J]. Mater Sci Eng C
Mater Biol Appl, 2017, 78 :598-602.
LIB, HUY, WUT, et al. Apigenin-oxymatrine binary co-amor-
phous mixture ; enhanced solubility, bioavailability, and anti-in-
flammatory effect [ J]. Food Chem, 2022, 373 (Pt B) :131485.
DOI:10. 1016/j. foodchem. 2021. 131485.
JI X, WU D, LIC, et al. Enhanced solubility, dissolution, and
permeability of abacavir by salt and cocrystal formation [ J].
Cryst Growth Des, 2021, 22(1) :428-440.
HAO H, REN T, QUAN C, et al. Chiral 5-fluorouracil-arginine
cocrystals screened by wet powder grinding method; leading to
synergistic anti-tumor and alleviate cardiotoxicity [ J]. Powder
Technol, 2024, 436.119487. DOI. 10. 1016/)J. POWTEC.
2024. 119487
SHEN P Y, DOU HT, QIAN S, et al. Study on the mechanism
of niacinamide complexation solubilizing ibuprofen [ J]. Acta
Pharm Sin( 252244k ) , 2019, 54(1) :4147.
TENJARLA S, PURANAJOTI P, KASINA R, et al. Prepara-
tion, characterization, and evaluation of miconazole-cyclodextrin
complexes for improved oral and topical delivery [ J]. J Pharm
Sci, 1998, 87(4) :425429.
YOUNG KL II', KASSOUF C, DOLINSKA M B, et a/. Human
tyrosinase: temperature-dependent kinetics of oxidase activity
[J]. Int J Mol Sei, 2020, 21 (3):895. DOI. 10.3390/
1jms21030895.
YANG Y, KE Y, XIE W, et al. Amphiphilic disodium glycyr-
thizin as a co-former for ketoconazole co-amorphous systems : bio-
pharmaceutical properties and underlying molecular mechanisms
[J]. Int J Pharm, 2024, 665:.124673. DOI. 10. 1016/
j- ijpharm. 2025. 124673.
SONG X, LUO Y, ZHAO W, et al. Preparation and character-
ization of lutein co-amorphous formulation with enhanced solubili-
ty and dissolution[ J]. Foods, 2024, 13(13):2029. DOI;10.
3390/foods13132029.
MENG J, QIU C, LU C, et al. A new crystalline daidzein-piper-
azine salt with enhanced solubility, permeability, and bioavail-
ability[ J]. Fromt Pharmacol, 2024, 15.1385637. DOI: 10.
3389/fphar. 2024. 1385637.
CHEN H, MA J, ZHOU F, et al. A potential cocrystal strategy
to tailor in-vitro dissolution and improve Caco-2 permeability and
oral bioavailability of berberine[ J]. Int J Pharm, 2024, 666 .
124789. DOI.10. 1016/j. ijpharm. 2024. 124789.

(ke H 1 :2024-11-04)

HhEI 25257 2025 4 3 55 60 &5 5



