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Development of drug amorphous/nanocrystal hybrid formulation based on the
molecular-level evaluation by solid-state NMR
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The co-grinding of nifedipine (NIF) with polymers, including hydroxypropyl
methylcellulose (HPMC) and polyvinylpyrrolidone (PVP), and sodium dodecyl sulfate (SDS) was
performed to prepare the NIF nanoparticle formulations. Solid-state NMR measurements revealed that
the crystal size of NIF was reduced to several tens of nm with amorphization of NIF by co-grinding
with HPMC and SDS for 100 min. Similarly, the size of the NIF crystal was reduced to less than 90 nm

in the 40-min ground mixture of NIF/PVP/SDS. Furthermore, 100-min grinding of NIF/PVP/SDS induced
amorphization of almost all the NIF crystals followed by nano-sizing. Excess amorphization of the
NIF crystals failed to efficiently prepare the NIF nanoparticles. In contrast, the efficient
nano-sizing of the NIF crystal in the solid state, revealed by the solid-state NMR relaxation time
measurements, enabled the formation of large amounts of NIF nanoparticles in water followed by the
polymer dissolution.
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B EAL L O/ ke b & 50 1 oL THRIBE L, ESR D BHA D BUR K OV 7 s S & g L
£ 0 @WERVECE WM 2 2Rk T 2 FTR A 2 BRI 5, RS, AT O OFE ML DY
TR AA A R LV EACE BRI EL FERE O BRI A2 AL D K TAMESEMIC DWW TH B & L
IEWWNE A B JE LT A 7 AR GRS A2 15 5,

3. WHEDTE
(1) Bk

#HOKIE IS Y & LT Nifedipine(NIF), #RA1%] & L T hydroxypropyl ®  u oo
methylcellulose (HPMC), polyvinylpyrrolidone (PVP)& O* sodium dodecyl R
sulfate (SDS)% H\ 7=, Figure 1 iIZ135A LG DR %2 7R T, L 6

(2) =S IRA M DT PR
NIF, AN Y ~— KO SDS 2B &t 1:2:1 TRA L MERIIR A% (physical R~ o R
mixture: PM)Z 8L L7=, KU ~—IZ1Z HPMC & O} PVP Z v 7=, PM low m
iR 2~ K I L(CMT TI1-200, CMT Co., Ltd., Fukushima, Japan)& . «©
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ECX-400 NMR system (9.4 T, JEOL Resonance Inc., Tokyo, Japan) X OV e : :
4-mm CP/MAS probe % FV EA NMR & 21T - 72, B3C [E{A NMR A M bl g
~27 hJVIE CPIMAS #51Z & 0 15 kHz [Bl#E oW Tl Lz, HlES
4 % LLF 2787, relaxation delays, 4-60 s; CP contact time, 1 ms; 'H 90° pulse,2.95 ps.
Hexamethylbenzene ™ A F/L & — 27 % 17.35ppm & L C7 I v 7 MED L EZ1T- T2,

[ {4 NMR #2FEERT 13 5 kHz MAS [m]#5 (2350 T inversion-recovery 7% & OF spin-lock 512 & 0
'H-laboratory frame spin-lattice £% 708 (T1) K O* rotating frame spin-lattice & FRAF[E (T1p) & N
BE LTz, 257 OFEFRFIIIECIL CP A MAG Y ¥C oy —r = 2% H
V72 (CP contact time = 1ms),

(4)GM BRIEIE DOARLT-43 AT

PM & O GM 20 mg % FE 54K smL H1Z /3 S, 25°CI2350 T 50 rpm CRIEREFIZ1TV >, PM
S OF GM ik 2 B U7z, 30 20 IR F#% O F GM 3B OABLZ DWW TR 21T - 72, E 72,
UPA-UT 151 (Nikkiso Co., Ltd., Tokyo, Japan) % F > CEIAEHLELIEIC £ W GM BREHE DR 7725y
HlE 21T > 72, AT, &% % 1,000, 5,000 & OF 100,000xg T 30 4y i LyEE L. BIE
F1oO NIF #E % HPLC Z W CER LT,
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Kk E 7' b= kU L THER% ., Shodex® ODS column (5 um, 150 mm x 4.6 mm) % F\ T NIF
DBEEAT T2, BEFNIT & b= h U VERT > =7 AEE (oH 6.8)=1:1 % 7=, UV
g 2 VT 235 nm OWSEEE)N S NIF JRE 2 E& L7,
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HARBIEMBE I BIZR SN D NIF B — 2 2Lk LKA R,
NIF fEdCH kT2 NIF =2 O 2 h 037 ik GM #BHT
BOWTER—DF Iy 7 MIEBIZRO bivie—F, #Hizic
Tua— R —rn"RBOoNE, 07 r— e —733ER
HONIFICHFKTHE—27 THY ., $5Z NIF/PVP/SDS GM (100
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ZEDIRE I T,
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7 MHRE S BTz (Figure 4), iBEOHLEIZIVT NIF L O PVP
DEARSEART T, NIF 25 PVP O VAR =)V LA E/ER 2%
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Figure 2. *C CP/MAS NMR spectra of (a) intact NIF, (b and
e) GM (15 min). (c and f) GM (40 min), and (d and g) GM
(100 min) of (b-d) NIF/HPMC/SDS and (e-g) NIF/PVP/SDS

systems. The characteristic peaks of amorphous NIF are
denoted by asterisks
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Figure 3. ¥C CPIMAS N> ct NIF. (b) intact SDS. (¢) GM
(15 min). (d) GM (40 min in) of (black) NIF/HPMC/SDS
and (red) NIF/PVP/SDS systems. The spectra of GM were no
SDS peak at around 15 ppm
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Figure 4. BC CP/MAS NMR spectra of (a)
intact PVP, (b) GM (15 min). (¢) GM (40 min).
and (d) GM (100 min) of NIF/PVP/SDS
system. Dotted line represents chemical shift
of carbonyl carbon of intact PVP.
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Table 1 12134 GM K OEMEEHZ 51T D NIF,
HPMC., PVP } O} SDS @ H-T; K TN IH-T1, Dl
Za59, NMR FEFIRER 1350 7 O3B % KOk
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Table 1. Proton laboratory frame spin-lattice relaxation time (‘H-T,) and 'H-rotating frame
spin-lattice relaxation time (*H-T,,) of NIF, HPMC, PVE, and SDS in each intact and GM at
20°C and spinning rate of 5 kHz. 'H-T; and 'H-T,, are presented as averaged values
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HI() H-Tp (ms)

NF  EPMC  PVP D8 NF  HPMC  PVP sDs

I3+ 5, HPMC KT8 PVP IZ NIF & Lhifig
LT H-T1 2N E W, ZHiE HPMC R° PVP N
I DA O Z PRI RN U 7 O E SN A Sk
LTWahEbEEZONS, —J7. fEmmikiEIC
& 2 NIF (T ELEHIAEE D E T 5 7= O IE B
IMEL . K& 72 H-T1 27”77, GM IZEIT 5 NIF
O H-T; ZH#T 5 & HPMC L DREAIZED
NIF @ H-T; DERBEFEICH D L TWDEZ &N

intact NIF
intact SDS
intact HPMC
iatact PVP
GM(15min)

NIF/HPMC/SDS GM (40 min)
system

GM (100 min)

GM(15min)

NEPVPSDS GM (40min)
system

GM (100 min)
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W HD, NIFIHPMC/SDS GM (15 min) & OF
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 'H-T, and 'H-T;, value of crystalline NIF
b 'H-T; and 'H-T;, value of amorphous NIF
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F—DHEREN SBRNAE TR AT —DERF, Wb spin LB E Z 2 2 EAmbiTn



b, AEUERITT m UL AEAEM 25 LT Z 223, HPMC @ & 9 72 bhli iy
KBFT 2B IR A ARy 7 L LT Z ERmBTWS, NIF 2 HPMC %
BEBWET 5 Z 212X 0 NIF O HPMC [8C AU+ R0 AR 5B S, A 2o didk
(ZED GM HIZRIT B NIF O H-TENBD Lz HEZE SN, F72, SR OERIZ LY
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BUWT, 2R A E BRI L0 B DRSO 7 1 koD spin-lattice $EFIBFRE] A3 2 & L ditk
ONFIZ L VT VMEE L 52 ENME SN TWA, £, BMEMICE 2 5 A U8 o mE
Ik, AEHEENEZ Y 5 DR DM ORMMEIEFET D, HPMC & ORAGMmIEIZ X D
NIF f5 S A L 0 . NIF FEd & HPMC ORF ] U, F#&AYIC I NIF/HPMC/SDS
GM (100 min){Z 3T NIF #5 k&t & OV HPMC @ H-Ty 3R —DE AR LTz, WEOHREIZIH T
H, R ~—T L RRERSBEEICBN TR D TRy OEMERNESICLY —8T 52
ERREESNTWD, ZOX D 7B O—EIT R 5 o M ORFEOEE L 720 | B
DR DR A FE — D & e ol b & AV UIEBDBEZ 5 A% KA A A XIZLLTF O
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W) 7eR Y ~=—0D D OfEIL 6 x 108 ms FREDETHL Z Mo TEY, Lok Y
NIF/HPMC/SDS GM (100 min)iZ 3\ THEga & OFEAE NIF (X80 nm LA F D KA A %A X T
HPMC LRI L TWAH Z LRSS NLH, NIFFERPBAMIEIZ LY F 7 14 X{b L, HPMC H1iZ5y
W25 2 & NIF S KON HPMC ORFPE A E L 7= & &4 L 7=, NIF/HPMC/SDS GM (100
min)® NIF #& &t D H-Ty 28 HPMC & —3 L 72— T, NIF f 54O H-T,p, O fEIL HPMC Of & b
i L CHEFICREVMEZ R LTz, HPMC @ H-Tip L O 1 55 NIF F5 44 1% NIFFTHPMC/SDS GM
(100 min)iZHB VT HPMC & 5 nm LAND R A A A ZTIHEM L T W2 & 23R STz,
ZR B DR EDN S NIF/HPMC/SDS GM (100 min) 238N T, KER4y @ NIF # g 133+ nm o
AT HPMC HHUZ/# L T D Z E R Sz, —J5 . NIF/HPMC/SDS GM (100 min)iZ 3T
FEEAE NIF O H-T1p,OfEIL HPMC & [RIZEOE & 720 | FEAE NIF LDV HPMC 23 5nm LLF oo R
AA YA XTIRMLTWD ZEDRENTZ, TNHEORERL Y, HPMC & DIRAMIHZ LY
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WD T ENRD BT, F7- NIFIPVP/SDS GM (40 min)iZ35\ T, NIF fi 54 & O NIF FESHE
D H-Ty DIEA PVP L [REDE & 720 Z &3O bz, 1 KV NIF/PVP/SDS GM (40 min)
WEBWTNIFEOPVPBRIOMUTDORAAL YA ZATEMLTND ZEIREBENT- X
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FROME70 D Z ERBO LN, ZNHDORERNG, PYVP & 40 i EIT - 73 LY
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(100 min)H1CIE NIF #8135+ nm O %A A TERENOR Y = —IZ0B L T\ D Z L HBRE
BTHHE 1L ms 7= L. FESE NIF LOPVP 3 6 nm ELF D KA A 4 A X TIRFTL T
HZEDNTREENTZ, ZHbDOFEEREND . NIFPVP/SDS GM (40 min)IcHB W TF /¥4 XD
WCBWTIIE 72 D2 L0 KES O NIF SIESREL L7 Z LR E 4L, PVP X HPMC & bt
2 L C & 0 hERAC NIF fEd VA X2 S8, NIF 235V (L5 2 LR S iz,
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AT AT, AR DB 2 AR b ]
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GM %Y%{TQ k H: $§‘Z L "C . jo—a;zp a:%ﬁ EI v \éj\ié‘&{,ﬁjz‘z)‘)?% i:golé(e 5. Appearance of GM dispersions in water after rotation mixing at
HRE &2 AT > oA F % Figure 6 (2" ¥, &R U ~— & O'SDS & NIF Sz iRAT 252 128D
NIF F RO RFED vz, LML, WBIEWY A X040 % B9 57 7 K 1-5REiR O Eh)
WIEHIZBIT D NIF F  hior il 2 L 0 @ BRI 5 BB CE Lot R A L=+ ki
DI EEREEIT -1,

9, PM BREBIRIZE W CTIE BB O NIF BENE LR AETIRERFEOEZ R LT,
ZORER LD KES D NIF 23 PM ISEIRICEB W~ 7 0 A — A —F—Dhi & LTI L

&Rz, MZ T, NIF/PVP/SDS GM (40 min)iZ3 W CTHEHE NIF O H-T,,DEAS PVP & [FEED
NIF # 5 & OFESHE NIF 28 PVP 2B L TV 5 Z L AR &=, NIF/PVP/SDS GM (100 min)
(2)GM BRI D4 A
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TKRELZ{L L7, NIF/HPMC/SDS GM (100 min) } T8
NIF/PVP/SDS GM (40 min)#&##Zi1Z->\ T 1,000 & O 5,000
xg TR FIEIC OV TRIEESRIINE 217 - 72/t 5
% Figure 8 (2759, 1,000 } ) 5,000 xg Tz LULELE DR EE
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#% D GM BB ITIEME L= NIF X OVEE+ nm L FooF
KifAE&ATEY, 5000 xg T /MLELE O GM BREikix
W L72 NIF KO+ nm LR OF 2R+ &2E A Tn5D 2
DRI STz,
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SLERT: D NIF 8 FE DS FerE ] O BV L T D 2
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Figure 6. Particle size distribution of (a) GM (15 min), (b)
GM (40 min). and (¢) GM (100 min) dispersions of
NIF/HPMC/SDS system, (d) GM (15 min). (e) GM (40 min),
and (f) GM (100 min) dispersions of NIF/PVP/SDS system
in water after rotation mixing at 25° C
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Figure 7. NIF concentration in PM and GM dispersions centrifuged at (blue) 1,000, (red)
5,000, and (green) 100,000 g followed by rotation mixing at 25' C (n = 3, memn *
SD). The dose concentration of NIF was 1.000 pg/mL

| Y % 5,000 xg Tzt LMLEL% O NIF J2 1% 252.7 pg/m &R L,
i | B Bt nm @ NIF F 7 b 2s PVP & O X 0 B BRAIC Rk &
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Figure 8. Particle size distribution of (a-c)
NIF/HPMC/SDS GM (100 min) dispersions and (d-f)
NIF/PVP/SDS GM (40 min) dispersions after rotation
mixing at 25° C. Centrifugation was conducted at (b,
e) 1,000 and (c, 1) 5.000 x g for 30 min before particle
size distribution measurements.
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Figure 9. Schematic illustration of effect of grinding process on aqueous dispersion
properties of NIF.
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