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Preparation and evaluation of long-acting injectable formulations of meman-
tine

LIN Xia, LI Qibin, SHI Xiaoyu, YANG Ziyi "

School of Pharmaceutical Science, Jiangnan University, Wuxi 214122, China

Abstract In order to improve the compliance of patients with Alzheimer’s disease and maintain the continuity of
treatment by reducing administration frequency of memantine hydrochloride, a series of memantine long-acting
nanosuspension-based injectable formulations were prepared using a hydrophobic salt formation method. Four
hydrophobic salt forms of memantine were prepared, including memantine oleate ( Mem-Ole), memantine stearate
(Mem-Ste) , memantine palmitate ( Mem-Pal) and memantine pamoate ( Mem-Pam) . The salt forms of memantine
were characterized using fourier transform infrared ( FTIR) spectroscopy, proton nuclear magnetic resonance
("H NMR) spectroscopy and powder X-ray diffraction (PXRD) analysis. The equilibrium solubilities of different
salt forms of memantine and the in vitro drug release of long-acting injectable formulations were investigated. In
comparison with memantine alone, the equilibrium solubilities of Mem-Ole, Mem-Ste, Mem-Pal and Mem-Pam in
simulated body fluid were decreased by 95.1% ,96.2% , 96.7% and 99.6% , respectively. Meanwhile, the
equilibrium solubilities of Mem-Pam in simulated body fluid with pH ranging from 5 to 8 were all lower than 0. 07
mg/mL. The order of the in vitro drug release rate of the four long-acting injectable formulations with nanosuspen-
sions of memantine was Mem-Ste > Mem-Pal = Mem-Ole > Mem-Pam > Memantine. The Mem-Pam nanosuspensions
could sustain drug release for seven days and exhibited a zero-order drug release profile (y =0.549 9x +7.594 2,
r=0.988 3). In conclusion, injectable Mem-Pam nanosuspensions showed desired drug release behavior and might
potentially be applied in vivo for a week with a steady plasma drug concentration-time profile.
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Figure 1 HPLC chromatograms of purified water ( Blank) ,memantine hydrochloride ( Mem-HCl) , memantine oleate ( Mem-Ole ) ,memantine stearate

(Mem-Ste ) ,memantine palmitate ( Mem-Pal) ,and memantine pamoate ( Mem-Pam)
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Mem-HCI

4000 3500 3000 2500 2000 1500 1000 500
o/em™
Figure 2 Fourier transform infrared spectra of Mem-HCI, sodium ole-
ate ( Ole-Na) , Mem-Ole, sodium stearate ( Ste-Na) , Mem-Ste, sodium
palmitate ( Pal-Na) ,Mem-Pal, pamoic acid ( Pam) and Mem-Pam
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R (CHy)s
AW

(CHy),CH;
c

l

Figure 3 'H NMR spectra of Mem-HCl, Mem-Ole , Mem-Ste , Mem-Pal

and Mem-Pam

Mem-Pam

b

Pam

—

Mem-Pal

J_/A_A\J e Pal
'l]l l]..al. P T

10 20 30 4'0 5‘0 6’0 7’0 8‘0
20/°
Figure 4 Powder X-ray diffraction (XRD) patterns of Mem-HCI, Pal,
Mem-Pal , Pam and Mem-Pam

Mem-Pal & L iy (A 1 G 5 B3R & 1 A7 A 1 56 4
WA AR R o DURS 25 IR (Pam ) 5 il A7 S 068 52 T
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PAF R ZREAE

Table 1 Equilibrium solubility of different salt forms of memantine in

water and 10 mmol/L phosphate buffer solution (PBS,pH 7.4)

Equilibrium solubility i
Equilibrium solubility uiibram Seiubiy m

Salt form in water/( mg/mL) 10 mmol/L
pH 7.4 PBS/(mg/mL)
Mem 15.94 18. 40
Mem-Ole 0.454 6 0.908 9
Mem-Ste 0.700 8 0.701 7
Mem-Pal 0.087 8 0.607 2
Mem-Pam 0.057 6 0. 065 6

3.2.2 pH *RE £ & N R &P 5 i E 89
e LR S 25 ERBUAR SRR R, 77 A2 K
A8 P AN B L A, 5 B0 AR A pH R
& PG, A ST % 28 T pH X 36 4 W % 1k
ERV- M S A L RO R, S5 RN AL S B
#5878, Mem-Ole 1 Mem-Pal 7 #5 iz 1k 5%
PR T ) V- 5V ik T RS pHL IR T L 35 1S
pH 2y 5. 0 I, - i ¥ i B2 o3 S ik 1877 Al

1. 118 mg/ml, Mem-Ste -7 V45 fif Bt B AT %8 5%
49 pH MM , 24 pH > 7 I, HP- i v ik J32 B pH 3
PTG 5 24 pH <7 I, P 75 i 5 Bl pHL IR
3G 7 pH 24 5.0 i, Mem-Ste - ¥ fift B 1= ik
1.017 mg/mL, 7£ pH 5 ~8 G N , Mem-Pam - £
Ve LT pH AR, BT 0. 07 mg/mlL,
XA RER TR | B i R AR B R 1Y) pKa 5
Ak 4.99 .4.95 F14.95,2 pH Sk 5.0 B, E4
WIS E3k 3 FiR TR 2 8] Y B - Se el s , T B0
JSE 2 W05 T RURZRBR Y pK, BXAIG, 2000 2. 67,
1 pH 5 ~8 SN, 534 M Z (8] Y B 7 g 5 7
AR EE LT T AR Ak
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Figure 5 Equilibrium solubility of different salt forms of memantine in
10 mmol/L phosphate buffer solution ( PBS) with different pH values
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Table 2 Particle size (nm) of memantine long-acting injectable nanosuspensions prepared using different rations of stabilizer to memantine (x s,

n=3)
1:5 3:5 5:5
Salt form - B B
Size/nm PDI* Size/nm PDI Size/nm PDI
Mem 760.5 +215. 1 0.399 341.1£192. 1 0.317 203.9 +£120.9 0.352
Mem-Ole 240.6 +127.3 0.280 203.9 +86.2 0.179 199.4 +122.8 0.379
Mem-Ste 237.0 +141.5 0.356 185.6 +£96.0 0.267 154.4 +£76.4 0.245
Mem-Pal 538.0+592.3 1.212 195.9 +127.9 0.426 176.9 +77.7 0.193
Mem-Pam 755.5 +£268. 2 0. 126 599.1+215.1 0. 129 620.0 +116.0 0. 035
* Polymey disperse index of memantine long-acting injectable nanosuspensions
3.4 Ee N KRR 09 Y A M P BRR E T

YUOKIR BB TR FARE R R  TE A2t
TR B & A= LR SR A S5 Wy BRR E k [) AL
I AW DURAR S PR R bR, W20 58 T AW
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DI A0 i 5 4 WM 3 2 5 1 300 5 700 R I A2 0
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FILEARSNRE I S 2 LR 53 5 i Ae o o, A5 R an 3k
3 R

323 v, 76 4 CIVAE 30 d Bt , Mem . Mem-
Ole ,Mem-Ste Fll Mem-Pal 44 X IR 2 & iRz 445 24 B
WG, 1 Mem-Pam 24 K V5 2 150042 A 1 I
IREE R R B, Mem-Pam 44 K 1 B I W) B AR M
20T HARE PR (A 4 CIVAF 30 d kL
AT A YE I, 5 S5 b AT i R TR s

37 C &M FIAE 1 d i}, Mem, Mem-Ole #il
Mem-Pal 44K IR B AR A% O 0 2535 I, vy 3ige e
PEgEE,5 d BPRAR C 3G AN 2 400 nm D) 10 d B,
Mem Fl Mem-Ole g4 KI5 BRI AT 43 501 W28 5] 43 J2 Fl
ZBEIG ; Mem-Ste 4K IR B ARLAR o Bt 4 I [A]
FEATATHEG I, AEATS A 34— VR A2 s Mem-Pam 24 K i
B 37 CIEAF 10 d i, 5 0 BHARLEL, P Bpkiie 29
BT 100 nm , Py A RE P W2 O T R A v VA
the B & RN, RSB R, T
Mem Mem-Ole .Mem-Ste I Mem-Pal 44K JE & 1Y
YIPRRSE PR B2 R BPRLAR U0, 25 W) BTl
FED, {H B & B[] 1 S 4 R AN T SR AR R AR 3
i, AT RE 25 T BUE W 25 YR U i 18 . Mem-Pam
YRR R ) A 8 MR AT R AR Mg AT 38 A7
AT BT R 2 W) R GH R

Table 3  Particle size (nm) of memantine long-acting injectable nanosuspensions stored under different conditions (x +s,n=3)

4 °C 37 °C
Salt form 0
1 15 30 d 1 5 10d

Mem 341.1 £192. 1 331.2 +£181.9  362.1+179.2  371.2+199.2 431.2 +£296. 4 769.3 +£456.2 Delamination
Mem-Ole 203.9 +£86.2 203.6 £142.6  226.3 £167.7  269.3 £189.2 278.9 £169. 3 637.3 £421.3 Flocculation
Mem-Ste 185.6 £96.0 189.3 £101.2  201.3 £76.1 221.4 £91.2 201.3 £73.4 234.4 £134.4  456.4 £163. 1
Mem-Pal 195.9 £127.9 214.3 +£145.1  227.4+103.1 273.2+154.3 303.1+193.1 404.2 £201.3  576.7 £321.3
Mem-Pam 599.1 £215.1 590.5 +204.3 604.2 £241.1 621.9 +215.4 590.5 +206. 1 634.0£232.1 701.0+208.3

3.5 RINHUBR

ARWETE R BN % E T Mem, Mem-Ole |
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7.4 10 mmol/ L B R Eh 2% vl (BLHMAW) H i 14
SNEIREIAT N 5 RN 6 FiR

S5 WK, 35 4 W B TUT A5 1Y K TR
FIFERS AR PR v 2 h i), R R E C
KF90% Lk b, oW B BAE . 36 W
PR RE ER 3, Z FEIF ] A SE 2= 2 d, B4
W 1) 8 5 A i) T 6 R S R £5, B Mem-Pal F01
Mem-Ole , ZEREI [A] AT SE4< 2 5 d, (H FT 25 BT

Cumulative release/%
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Figure 6 In vitro drug release profiles of memantine long-acting inject-
able nanosuspensions in 10 mmol/L phosphate buffer solution ( pH =

7.4) at 37 °C (x xs,n=3)
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