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Z YA 8-oH F2:3 2 H(rapid expansion of supercritical solution, RESS) S & &EA] =1 (molsidomine, MOL) ¢F&°| 2 %
5O A E-pAFO] 2 28 A E RI(PAC-B-CD) Lhe RS A ST YA 29 L B B0 FLalA BAAA
A 23}tk MOLT} PAc-B-CD (0.5, 1 wt%)9] 5%, 22 2545~ 60 C), HAT ==0] Z10](5 ~20 mm) 2 1] 7 (Inner
diameter, ID) (50 ~ 150 um), 712] 31 BA}F A 2] ©] Wsbol] wpat & A E QJz}o] 7|9k wE 2 2|2 2 A}tk MOLT} PAc-B
-CDO| A5 28-S 'H-NMR £33 0 &2 29151931, YA} A7) AL Al o4 o2 245t =S 45 ToflA] 60
T2 &7/ 13 YA 150 pmol A 50 pm F0|% Y2k Wit 2717} 27161900, vl 94t QFel(34.5 MPa)zh
25045 Tl EAFADS S99 Q3 Bt 2717 ek B LERASLE 0.5 witho] PACH-CD =R A 2217
FAS AT A3, wA] Zol7h B (S mm) Vo] 2-&(50 um) EAGA 2717k 74 (165 nm) AR Aol2
of A 27 Ui AR S ol A A g8l =t F7ek el e, A YAFol A MOLo] W& 5= Alfto] A AE =
AL gt
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Abstract : Rapid expansion of supercritical solution (RESS) process was used to make molsidomine (MOL) loaded peracetyl-f3
-cyclodextrin (PAc-B-CD) nanoparticles, which were collected into the air. The effect of the concentration of the drug PAc-B-CD
(0.5 and 1 wt%), extraction temperature (45 ~ 60 C), nozzle length (5 ~ 20 mm) and internal diameter (ID) (50 ~ 150 pum) of a
capillary, and spray distance on the particle size and morphology of the resulting particles were investigated. The interaction of a
drug and PAc-B-CD was confirmed by 'H-NMR spectroscopy while the particle size was measured by means of a scanning
electron microscope. It was found that increasing the temperature from 45 C to 60 C and decreasing the nozzle diameter from
150 um to 50 um had an increasing effect on the average particle size, while increasing the spray distance led to a decrease in the
average particle size at a constant pressure of 34.5 MPa and temperature of 45 C. With 0.5 wt% of PAc-B-CD, the capillary
nozzle of short length (5 mm) and small ID (50 um) gave the smallest size (165 nm). The obtained nanoparticles showed
increased dispersity and solubility in oil. The oil suspension of the inclusion complex showed increased sustainability, which can
increase the in-vitro controlled release time of the drug.
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2% g aE 5 4 v EA=R(1-methoxy-N-(3-
morpholino-5-methoxy-3-iumyl) methanimidate, MOL)2 A}3}
Z A (nitiric oxide, NO)&F A& 9J3t A-LeFE 0|tk MOLS] NO
WES E HAARZSIN-)O] ZHgako] T B Uk oy
Al A A= A4, =9, 1, AF A=A AREHh oA
2 2o # jZLoHQu:](o.zs gdL' at 25 C) ¥Hd7]&= 1~2 ho|tt.
LHYAZA /\ljJFE]U% B FojEh Fof 2.1
~27h % a3E Yepfu, Foighe 38~75 mg, YA ST
of 3~43] Folgtti{1.2]. Z1Euy, AEAQ oFE AYE fsliA
of=9] W& Aloj7h F8stth HITole el st
Asto] oFE T Foiof x|& AxkE AiAlsk7] figt At
202|121 Qlt) & E9o] Alo]EE Y AEJ(cyclodextrin,
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Ao ARE S7EE sl R 7HA] ofE WE 2] AEEHe
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ZAA 5-Al(supercritical fluid, SCF)+= ZH1L 317 21317
ojw Wi Ao|7} 7Ha3h Guljo]thB,9]. At 20 ~30d F<F
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|NS AA o= w=A WA A A (rapid expansion of
supercritical solution into liquid solvent/solution, RESOLV) 4]
Bo)aE 9 e 3719 AR1E kel Y Sl Hol
9lch. RESS W RESOLY 24 9| w7 #so] uje} chopat =2
7] A FEH Y JAE AT o Qlen, O F FF o,

= 25, B A 2=, B A Y, 2xdlo] A, A
Zol, BAIT 27 52 SCF vhg-x710] A} g/l wlA|

Y T7F A= o] re{11-24].
2 Aol 2UA olitabE oA A E PAc-B-CD
38 AHgsHod

g9 542

o]:E'EJE

7H
o]

fr 1o v

)
=
rok
1=
lo
r&

Ashelet

2.1, SR U A}
PAc-B-CD (Sigma-Aldrich, USA), MOL (Sigma-Aldrich, USA),

(RO 0

OR

Figure 1. Molecular structures of and PAc-B-CD (a) and MOL (b).

w3 9 A(Sigma-Aldrich, USA)-2 AFAA|ZLS FLufj5to] AR
A TE COre= == 99.99% (Daeyong Co., Korea)S A3}
t}. PAc-B-CD2} MOL®] X} FLZ = Figure 19 UYERSITH

2.2. PAc-p-CD} MOLS| ZHEFE M=
U= 2719 MOLo| 2% PAc-B-CD A= AX]+= Figure
20 UeEb ek 244 dEie] COE FAsH ] sl aet
2EQJIE A HE3-7](10 mL)E o]-851% 0, Hof A(sapphire
quartz)2 5 FAE B 4= A skl vE] i
9] MOLS} PAc-B-CDE Hhg7] Qtoll €2 & ¥hg7|& &L
1 FAFZ] HEZ(ISCO PUMP 260D serise)E ©]-8-3lo] CO,
= yr-g7)o F95ta ¢S 34.5 MPa® 8|3t} vHS
e WILE ol gatel 45 T HASFAT WH7] Y
|zmgow mgE vty uhE o] gste] mursheic
HAIEY] BAL Al 2~6 cmE At i 2o
GallE 2YA FAIE 371 SRESS) 22 F&5HA BAA
A ZHA YA = Alxzstelon, E3F Bl deoes oY
(RESOLV) &0 2 FARgE ¢&be A =33k

2.3. MOLO| 2Y =l PAc-B-CD 24

MOL©¢] 2% PAc-p-CDE #2759 EFH('H-NMR,
JNM-ECP 4000, Japan)Z ©]-83dlo] A3l o, Sz
DMSO-d6% AHg3ISich. Lhe Q1% 3ol gistol AR
& 1] 7 (scanning electron microscope, SEM, Tescan VEGA,
Czech) 0.2 EA5}tt.

2.4 PAc-f-CD ZX2IEZ 2 MOL Y&

PAc-B-CD U= IRt ZHE MOL &2 Ui oFd &
W37 C, 60 pm)o2 EA5Ic) Wi i?z_‘% A8
MOLS] ®&o] HH3] =] e= a19ct 10 mL g3 LYo
RESSZ A =3t A} 3 mgS A7 5 min FoF wHESH
T 30 mL SR5 H7iste] dgdS vhsdith o A
AL 37 TR A3} 60 pmOE 14 h F9F &3 AP
skt 1 hotck 03 mLA] AWE3Hal 4 mLY 712 343519
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1. supercritical carbon dioxide, 2. ISCO pump, 3. check valves, 4. magnetic stirrer, 5. stainless steel reactor,
6. thermostat, 7. pressure gauge, 8. temperature controller, 9. traps, 10. vent, 11. agitator and 12. nozzle.

Figure 2. Schematic diagram of supercritical carbon dioxide instrumentation.
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Figure 3. 'H-NMR spectra of (a) MOL, (b) PAc-B-CD, and (c)
RESS samples.
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Table 1. Particle sizes of the drug loaded PAc-B-CD nano particles with various experimental parameters

No. PAc-B-CD Tempcerature Pressure Capillary ID | Capillary length | Spray Distance | Particles Size
wt% (©) (bar) (nm) (mm) (cm) (nm)
- Unprocessed - - - - - 5,000
1 0.5 45 345 100 20 6 190
2 0.5 45 345 50 5 6 150
3 0.5 45 345 50 5 2 175
4 1 45 345 50 5 2 210
6 1 45 345 150 20 6 205
7 0.5 52 345 50 5 6 165
8 0.5 60 345 50 5 6 185
9 0.5 45 345 100 5 2 190
10 0.5 45 345 150 5 2 200
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Figure 4. SEM images of drug loaded PAc-B-CD nanoparticles at constant pressure of 34.5 MPa. (a) 0.5 wt% PAc-B-CD with 6 cm spray
distance at 60 C, (b) with 6 cm spray distance at 45 C, (c) with 2 ¢cm spray distance at 45 C, and (d) 1 wt% PAc-B-CD with 6 cm
spray length at 45 C.
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Figure 5. in-vitro release profile of MOL from oil suspensions of
MOL, the bulk inclusion complex, RESS and RESOLV
particles.
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Table 2. Dissolution results of the drug loaded PAc-p-CD nano
particles and inclusion complex.

) Drug released (%) at time
No | Drug formulation process
2h 8h 13h
1 Unprocessed 98 98 99
2 Bulk inclusion complex 50 98 99
3 RESS 20 30 98
4 RESOLV 30 30 98
5 AR A7= FokdlaL, 244 v B =3 WskE
skl =AY 2715 Aol & = AT 2HEES oF=
W& ddolA=, MOLo| &/}l PAc-B-CDOl 5= o] <
A Ferefo 2R E ] MOL H&o] A &3 AAs] A
FE e, 13 h ¢ AddE HE Fe A = A
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