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Abstract

Physical Properties and Percutaneous Absorption of Niosome

Formulation Containing Minoxidil and Kopexil

Various drug delivery systems are being studied for effective drug delivery
of active substances in the pharmaceutical and cosmetic industries. Among
them, a niosome formulation was used, and minoxidil, a drug known as a
hair loss treatment, and kopexil, a cosmetic raw material, a hair loss reliever,
were used as drugs. Each drug was encapsulated in a niosome formulation to
study physical properties and stability evaluation, and it was confirmed that
there was a difference in stability depending on the surfactant HLB. The
percutaneous absorption rate was compared for the control group of the
niosome formulation and the gel formulation, and the minoxidil and kopexil
nano-niosome showed 3 to 11 times higher percutaneous absorption rate than
the control group of the gel formulation. In addition, the percutaneous
absorption rate for 24 h was compared for minoxidil nano-niosome and
kopexil nano —niosome, and it was confirmed that 253.78 ug/cr was higher in
the kopexil nano-niosome. Encapsulation efficiency was measured at 28.96
+0.1296 for minoxidil nano—nosome and 30.50+0.08% for kopexill nano—nosome,
and as a result of drug release, less drug release was seen in the
nano—niosome formulation than in the control gel formulation. Additionally,
Cryo-TEM, TGA, and DSC analyzes were performed, and based on these
studies, it was shown that the niosome formulation is suitable for trapping

drugs and is good as a drug delivery system when used as pharmaceutical

and cosmetic formulations.
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Figure 2. Various drug delivery systems [20]
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Figure 5. Chemical structure A: Minoxidil and B: Kopexil

Table 1. Feature of drugs

Drug Minoxidil Kopexil
Molecular weight 209.25 g/mol 126.12 g/mol
Formula weight CoH15N50 C4HsN4O
Activate effect Hair loss treatment Hair loss reliever

Appearance White powder White powder

Purity 98.0 % 99.3 %

Melting point 272-274 C 210-218 C
Solubility (mg/ml) Propylene glycol: 75 Water: Slightly solible




o. A= 2 449

2.1. A oF

He & Axg 98l AH&E vlol2 AMGA A=+ Sorbitan stearate (Rheodol
AS-10V, Kao, Japan), Polysorbate 60 (Rheodol TW-S120V, Kao, Japan)= A}
S5t9 e A¥ Y(membrane)o] <HHAS fs] Z# 2 H E(Cholesterol JP,
Nippon Fine Chemical Co., LTD, Japan)< AF&3tith Aldo thsk 38 7
2A717] Y& S0l AMEA A2 Potassium cetyl phosphate (Amphisol-K,
DSM, Netherlands)E Alg3stslon Eg&2 xZ2ddSElo]Z(Propylene
Glycol, SK Chemical, Korea), 2«2 u}7}ltin|o}ly] 9 A (Macadamia ternifolia
Oil, Jan Dekker, Netherlands)s AF&3sIStt. HEAZ Ethylhexylglycerin
(Saskain 50, Sachem Corporate, USA), A A4+ 75 AZ7I(EXL1 Analysis,
Vivagen, Korea)= 3x THFT& AX(<01 pgS/cm)ste] A&ttt =4
(Kopexil, Jene chemicals, India)®} W7]<5 A€ (Minoxidil, Daejung, Korea)< <%
98% ©]/¢] HPLC w2 AH&etsitt. 2 AP dxzas Axst7] fs A5l
@] Carbomer (HK-992, Hannong Chemical Inc, Korea), Xanthan Gum
(Ketrol-F, C.Pkelco. USA)¥} HIAE FsA7Ie= 92 A dAd
(L-Arginine, Ajinomoto, Japan)< AM&3tAt. FrHH o=z dAlthol &
(1,2-Hexanediol, Twin Coschem Co., LTD, Korea), Disodium EDTA
(EDTA-2Na, Nagase ChemteX Corporation, Japan)< A}-& 3}t



Hot plate & Magnetic stirring (PA1180, LK Lab, Korea)S ©]-&3lo] <7473
55 o 7% 7FhE F 5% mmAlE Hlo]xel mHE A Hlo]AE A F3H o
&2+ Propylene glycols AF&3t3tH(Table 2). o]+ &3%= AFS 7|Hke

2 A ZxFA.

Table 2. Preparation of active substance base using propylene glycol

Materials MB #1-1 KB #1-2
Minoxidil 5.0 —
Active )
Kopexil — 5.0
substance base
Propylene glycol 95.0 95.0

_10_



23. e FE Az
231 "EAE g ey oeF Ax

HLB W3lo] & m=mAY g HoFS #AZx37] ¢ Sorbitan stearate,
Polysorbate 60, Zd2HZ A<l AWEA A (Surfactant phase)S A%
ooz stdste &&Alzl F 75 T 80 CTE fFASATE E3 Water,
Ethylhexylglycerin, Potassium cetyl phosphate® 4% <A Water phase), =
s eto] 23 Table 29 W=5AIE Ho]==2 A% &2 34 (Polyol phase),
nh7heE ok © A o] f-/3(0il phase) B 75 T 80 T=E FA G Ath ol % AW
A A Aol S A3 Frrstda A 29 A (Homogenizing mixer Mark IO
Model 2.5, PRIMIX, Japan)® 3,500 ~ 4,000 rpm, 5 min $¢ F3tA At} th&
Y SAE HUbstHA 2e 2o R FIAIZ oW mRHAR AR 2S£
AoZ F3AA HUeEFE AxsATHTable 3). Alxd HeEFS EXg $ 50
T 55 TolAd a3F7] (Nanodisperser, NLM1000, Ilshin Autoclave, Korea)Z
Abg&3te]l 4 800 bar, 2 3] F¥ 3l 2o ® usHFE HEdte] v U

2 E& AxsAtH(Figure 6).

O
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D Homo-mixin Primary Gj" Nanosized
75-80C |18 D 3500 rpm ¥ niosome ; »  niosome
75~80°C -

n 800 bar / 2 pass

Figure 6. Preparation of nano-niosome by high pressure homogenization
method
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Table 3. Preparation of MN #2 according to HLB

] MN MN MN MN MN MN MN MN
Part Materials
#2-1 | #2-2 | #2-3 | #2-4 | #2-5 | #2-6 | #2-7 | #2-8
Sorbitan stearate 6.0 6.0 5.0 4.0 3.0 2.0 1.0 —
A Polysorbate 60 — — 1.0 2.0 3.0 4.0 5.0 6.0
Cholesterol 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Potassium cetyl
0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
phosphate
Ethylhexyl
B ] 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
glycerin
to to to to to to to to
Water
100 100 100 100 100 100 100 100
Propylene glycol | 30.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
C
Minoxidil base — 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Macadamia
o ) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
ternifolia seed oil
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2.3.2. Potassium cetyl phosphate ¥ Propylene glycol §t#kol] w& nj=Ald gt

F ey eE Ax

Table 3914 wSAIEY AZFHE AS Hs7] s fdl=7t £
Propylene glycol®] 3t#Fs Z7FA A ow S-o]2 A A A<l Potassium cetyl
phosphate2}2] A4S 3Helst7] €3] Potassium cetyl phosphates Ab-83}A]

¢F il Table 39 A3 2 oz A3t tH(Table 4).

290 E FHE UES A3 A3 Table 29 a4 wWol~E A3

o] Table 49} L3 Ao E Y-y ES A %3 (Table 5).

234, qx=a A%

2 AN APFHe] HluE & xS AxREAT xS A AY
o2 A dAY (10%)ez F3A1Zl ASAE 242 Agi-Mixer (Overhead
stirrer, SL 4000, Global Lap, Korea)& AF&3sle] ZAMAIAFTAT tha dAd
(10%) ¥+ "ASAE sl H7bsto] Agi-Mixer®e & EAAIAFA. Alx =

48 Table 6° e T}
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Table 4. Preparation of MN #3 with no addition of potassium cetyl
phosphate and change in propylene glycol content

MN MN MN MN MN MN MN MN

Part Materials
#3-1 | #3-2 | #3-3 | #3-4 | #3-5 | #3-6 | #3-7 | #3-8
Sorbitan stearate 6.0 4.0 2.0 — 6.0 4.0 2.0 —
A Polysorbate 60 — 2.0 4.0 6.0 — 2.0 4.0 6.0
Cholesterol 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Potassium cetyl
0.8 0.8 0.8 0.8 — — — —

phosphate
Ethylhexyl
B ] 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
glycerin
to to to to to to to to
Water

100 100 100 100 100 100 100 100

Propylene glycol | 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0

Minoxidil base 20.0 | 200 | 200 20.0 | 200 | 200 | 20.0 20.0

Macadamia
D o ) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
ternifolia seed oil
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Table 5. Preparation of KN #4 nano—-niosome

Part

Materials KN #4-1
Sorbitan stearate 2.0
A Polysorbate 60 4.0
Cholesterol 3.0
B Ethylhexylglycerin 0.2
Water to 100
Propylene glycol 20.0
Kopexil base 20.0
D Macadamia ternifolia seed oil 20.0

Table 6. Preparation of control by gel formulation (non niosome)

Part Materials MG #5-1 KG #5-2

Minoxidil base 20.0 —

Kopexil base — 20.0
A Ethylhexylglycerin 0.1 0.1
Hexanediol 1.0 1.0

Disodium EDTA (2%) 0.5 0.5

Water to 100 to 100

Carbomer (1%) 30.0 30.0
B Xanthan Gum (1%) 5.0 5.0
Arginine (10%) 3.0 3.0
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241, 4AAY], HEAE 2 AEAY =A

o|N
o

Uy Ee SHIFE o83y 1%=2 A3 & Eel~(Vortex Genie 2,
Scientific Industries, Bohemia)Z 1% &<QF &3tk e F9 dA=a7¢} v
A Algs Bobe 55 ol e HAdAEe Fds RAbste AVREE
=43 48 E o] €3 Dynamic light scattering W21¢1 A EFALo] A (Nano-ZS,
Malvern Panalytical, England)E& A}&3le] 25 ToA FAHsAth. A=
Laser-DopplerH =, Electrophoretic ligth scattering #2022 uwj A 2] At
2k sol i = dske] #W Hdskel folo] vk He ol Fdo wet &
A A F =, o] Mol whep FAF =GR kAo AAHr. olg 9
2= &3 AetAbo] A (Nano-ZS, Malvern Panalytical, England)E AFg&3le] 25
Tl A4 vH(Figure 7). =3 HAA gdS 98 1 9, 1 71, 2 /M4
23 Md FrE S48t

A

1a)

“afrey o & -
Cuvette || cuvette . |
A D 9 2 n]
Focussing
< ™™ Lens o Time
el F e
= Lens

o i
[ IR ]
e 2
o s
—— Detector| Laser Delzcmrl Laser
+ Time.

R e L1
£ surface

. e——5lipping
plane Low or Zero Zeta Potential Strong Zeta Potential

Pt

Zeta ol
>

patential y

Good Flocculation Mo Flocculation
= Unstable suspension = Stable suspension

Megatively charged

Figure 7. DLS and Zeta potential analysis principle
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242, @n 4 #F

Table 3¢ Table 404 AxH Y=y FS A2(25 T)oll Husto] dAnA

=

(Eclipse Ni-UTA, Nikon, Japan)S A}F&3Fo] 400 vl &2 v =sA|Ee] ME(AA

3h) o F-= dEsdH(Figure 8).

Figure 8. Microscope

moisture determination balance, FD-720, Kett, Japan)E A}

5% % 06 g, 110 C, BIAS < 0.01% x4 zlss} .
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zke}7] <130 St A AA AT AE 53 =S
Thermogravimetric analysis, TA Instrument Q500, USA)E A}g&3lo] =A31%

©m 10 C/ming] FE2 2435k

A vsAd) ZAAe] a3}t Holde=AE Flasty] e ¢ R
Ql St 7| 2R dAF oA Al AFFALE FEA A(DSC, Differential scanning
colorimetry, TA Instrument Q200, PH407 PUSAN KBSDE A}-&3to] =43IA
g 24Ed 5e4ds Vvt mmAde e, 2% 25 7 300 C, A9

B, &% 257250 T WflelM Sk on 10 T/mine] S22 w453t
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2.5. Franz diffusion cellS ©]&3t in vitro A3 &4 A3

dH=d dxyeFY Ausres &9 % vustr] flé Franz diffusion
cell system (HDC-6TD, Logan instruments, USA)S o] &3} o Apghe] u) it
2 EAFSE ¢l F 9] H(Strat-M membrane 25mm discs, Merck Millipore, USA)S
Abgste]l AdS 28 s tH(Figure 9). membrane? ZHaE E(wjize]g FE)o]
9= &3A 3Fe] donor®t receptor phase Abolol nAHAIZI ¥ 12 mLe PBS=
receptor chamber®] A 9 tH(Figure 10). U receptor phase®] magnetic bars
600 rpm &%= 371 CTolA]l 302 7+ SHAStAI A S 1 % donorell A A3 <
Yz A9E 400 uLS Z+ZF membrane EH o] E= X320l receptor solution
= 1,2, 4,8 12, 24 h 1tA 22 AFHston PDA #E7]1(2998, Waters, USA)
7} ZzkEl HPLC (2695, Waters, USA)E o] &35l SAEZ FyaEs FA] 4
218 Fa AR SEATH32l 24 h ¥ donor HES =

o] WErL 20 mLE 34139 21 membraneo]| Foldys A EHo S =A
3171 €3] membranes 4573} receptor solutiono. ® A # 3 & {5 E 3] =
Uz FrRAA wWegE 10 mL2 348ttt 2 %, 1 h 30 min &<t 253
(Ultrasonic cleaner JAC-3010, Kodo, Japan) A &lE& &3] UYxyoFe oFxx
S walatnh EalEo] mES & &EA =4 4S HPLCE ©]

L35to] EARAS Eaf AFstHtt HPLC 271& Table 79 YER ST
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Figure 9. Franz diffusion cell system and Strat-M membrane

Donor Phase

(400 pL) o
&

Donor Chamber —k@\
\\"“‘_—':/A{— Gasket

Strat-M Sampling
membrane — Port Sampling

¥ / (12 mL)

Receptor Chamber

Stirring bar

Figure 10. Franz diffusion cell system method
preparation
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Table 7. Minoxidil and Kopexil simultaneous analysis HPLC method

Condition
System
Minoxidil Kopexil
Kromasil CI18 column, 5 um, 4.6 X250 mm
Column
(AkzoNobel, Netherlands)
Detector Photodiode Array

Temperature of
column and

sample

40C and 25T

Flow rate

1.0 mL/min

Mobile phase

1 M Phosphate (pH 3) : Methanol = 50 : 50

wavelength 250 nm
Injection volume 20 ul
Time 10 min
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J. Gwak et all46],
A3 Yy £ dAE 87 (Varispin 15R multi centrifuge, Novapro, Korea)
2 18000 xg, 4 C, 20 h =71o = AARY sttt A=A AA| FqHFS =
Agety] g8 Aot shsdon Rod v UoFgs e 94 2 43

o, A3 B §ENe A7 st AEY Atk T F 10 mL BLE 3

C
EE (%) = — X 100
G

C, = Amount of active substance in pellet (ug)

Ci = Amount of active substance in total niosome sample (ug)
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913 Dialysis membrane W& o] &3sto] AF@S st e WEo ALE
H &He 10% "erea PBSE st Algstd e A3 4 Dialysis tube
(Spectra/Por® Dialysis Membrane, 14 kD, Spectrum laboratories, Inc., USA)Z
Sl 108 2 '@ ARESET v, Al &) 600 mLE A§-aL
Dialysis tube ¢Fell W=AY Yy F FAH Yy EFS 247 b mL ¥
5 JAAE AHE3EY] tubeE TobgRltt. |wh Dialysis tube® 4] ¥ 600 mL &
of ool Yol 37 T, 200 rpme] o= wHksITh 1, 2, 4, 8, 12, 24, 48 h 3+
Aog HAL §HE 5 mL Ao M= FolE &9 600 mL=E WA 3T
5mL Hg AL &4 5 mL veE&EE 5|2 g F Table 77 #o] HPLCE +
Gy
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Jrevese] 2% g4 B3] 94 w79 KISTA 24L& F3d
A& n 4 (Cryo-TEM, Cryogenic transmission electron microscope, Tecnai F20

G2, FEI Company, USA)& Al-&3lo] =A 5%t

9Ye 38 WSSy AAANE B £ BFAGE derfon, fo4

2 student’s ttestE &3l Aol wal p < 0.05 “p < 0.01= FEASHA T
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31 A9 HAHd 7L

311 A=Y, thEAE 9 AE Ay =4

D A\ A HLB W] e msAE gf dxyesd 4Add B7H =
U E MN #2)

U=y oFo bgAds letr] fl8f 25 TollA 3 7Hd &<k &
A Ao Al & o] &3t YAATY], THEAE 9 AEASE SA4std e st &
7 dlo]El+= Table 84 YE AT

Wz AHEA A Sorbitan stearate?} Polysorbate 60 W] S| uwlg} HLBel| W

il
N

(0]
il

3= Fom JAar)e M= 99 T 123 nmE =A H QY HLB7F Abthz o
2 9o Ay =& AL vuwERS u HLB7} ZolbdE dAke] @77 9
tE AE B AR AZFA I wEl A SUEE AS B 5 AT

A<
T
A% HLB7F Be4% 44371 Auzon 24w Abg el met oA

o
=
2
a2

o
b
oif
iuf
=
r

o] [k =3 MN #2-13 MN #2-

2
FoHA @ A% FHT Ao vimAde] dAAs 2 JBFL FA @

A7) X Bvd ArE AWet=d AHEE 48] PDI SA4% 23 0176 ~
0241 ¥ 2 SAHENH 3 /MY S BE AZo] 0300 HA 9% o=
Hol A Aoz Ax=77F #L3 A Folgt Ay o] Ut (Figure 12). BE52
PDI #to] 0.250 ©l&tql A%, kA el it 77k JA $x25 ZE

Aoz de A ArH49,50].
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Table 8. Appearance, Particle size, PDI, Zeta potential of MN #2 at 2
5C for a day (meantSD, n=3)

Particle size | Polydispersity Zeta potential
No. Feature Appearance
(nm) Index (mV)
MN Off-white,
— 123.3+0.29 0.198+0.010 =73.9+1.27

#2-1 Opaque
MN 1% Off-white,

o 127.6+1.00 0.241+0.010 =77.7+1.46
#2-2 | Minoxidil Opaque
MN 1% Off-white,

o 112.3+0.21 0.206=0.011 =75.8+0.92
#2-3 | Minoxidil Opaque
MN 1% Off-white,

o 117.3+0.15 0.200+0.011 -71.4+1.06
#2-4 | Minoxidil Opaque
MN 1% Off-white,

o 113.0+0.57 0.230+0.016 -70.8+1.65
#2-5 | Minoxidil Opaque
MN 1% Off-white,

o 101.4+0.45 0.216+0.004 -73.5+0.84
#2-6 | Minoxidil Opaque
MN 1% Off-white,

o 99.00+0.70 0.221£0.028 -71.8+0.35
#2-7 | Minoxidil Opaque
MN 1% Off-white,

o 101.1+1.96 0.230+0.004 -64.2+2.71
#2-8 | Minoxidil Opaque
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Figure 11. HLB change over time at 25C MN #2 Particle size (p-value
D <005 “p <001, n=3)
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Figure 12. HLB change over time at 25C MN #2 PDI (p-value "p < 0.05,
“p < 001, n=3)

PDI

_29_
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Figure 13. HLB change over time at 25°C MN #2 Zeta potential (p-value
D <005 “p <00l n=3)
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- ;nme#zi-z 3 i B I % i B

Figure 14. Appearance of MN #2 at 25C after A: a day, B: 1 month, C:
2 month, D: 3 month
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2) Potassium cetyl phosphate % Propylene glycol $&Fo] wE nj=mAd Y

UoF hAA AN =Y 2E MN #3)

MN #2 A3} Z2] Propylene glycol &S 20%= S7HA1#H o HLB ¥ s}
o] zFo]E F°] Potassium cetyl phosphateE -3+ A& (MN #3-1, MN #3-2,
MN #3-3, MN #3-4)3} 3-f3t2 &2 AP MN #3-5, MN #3-6, MN #3-7, MN
#3-8)02 3 /¥ st 1 7id Aoz Add Ads APt s 54 b
°]E]li= Table 91 e A

Potassium cetyl phosphate ¢} #AI§lo] 524 o2 1 dayolA HLBS 3t
o] AulAoz EolHFE(MN #3-1, MN #3-2, MN #3-3, MN #3-4 / MN
#3-5, MN #3-6, MN #3-7, MN #3-8) 4#t=7]7} ZolAl= A& & & ANe
H AIZHE Il webA = HLB7F =5 AA=2719 S7H7F o Sdist |+ A
2 2= 9lQlth o] HLBZro]l Aty oz o Aol kAol thaf o =t}

X
3 ko] Hojzith w3 MN #3-13 MN #3-5, MN #3-29F MN #3-69] 7%,

[e)

=

Sorbitan stearate®] H]&©] Polysorbate 60 H| & Xt} o} HLB#te] ¥ o=
o Potassium cetyl phosphate 52 =}o]o]t}. o] w] Potassium cetyl
phosphate’} 1= MN #3-1, MN #3-2H 1t} Potassium cetyl phosphate’} $l+
MN #3-5, MN #3-6°14 1 day°l B & Y4AE RIow HLB7 FUdo=z =
£ MN #3-37 MN #3-7, MN #3-4¢} MN #3-8& #w]13}H, Potassium cetyl
phosphate’} 1= MN #3-3, MN #3-4H 1t} Potassium cetyl phosphate’} $l+
MN #3-7, MN #3-8914 1 dayel t & 4AE 2tk dAare ¥els
8551 T 136.8 nm= A = A tHFigure 15).

PDI =74 A3, 0100 ~ 02062 WAz SAEHASoH EE AlZo] Potassium
cetyl phosphate®] #+52t #71gle] 3 7H¥ &<t 03005 94 B2 o= Hof
A A o2 JAA7I7F dd e AP o w FekE o U ok(Figure 16).

AeAe =4 A3 H+= 307 T 745 mVEA Potassium cetyl phosphate=
g3k AP (MN #3-1, MN #3-2, MN #3-3, MN #3-4)0o 4= AW &4 4 HLB

St wAglel HiHom Ee Augte AANE molFE o APt
SR ZA WakA %S e Fd el Fmsttin pusoth sl



Potassium cetyl phosphateE & 3t# &2 AP (MN #3-5 MN #3-6, MN
#3-7, MN #3-8)oll /&= A& A4 HLB #ol sold4E v ddzte] Alerd
AE & F AT olgd A#E F3) HLB7F @2 AFolA= 1 A=

%3] Potassium cetyl phosphate 5o #AIglo] SEAAd o] £ A
S 4 F Aoy wthE HLB7F %2 A¥-& Potassium cetyl phosphate %
of gk kA 2 AolE HoFo] A AUGHALTE At I

Zo] W= Ao 7 Feky o] Utk (Figure 17). Potassium cetyl phosphate™ A

Aa BES 2385 o Potassium cetyl phosphates $H3F A& MN
43-1, MN #3-2, MN #3-3, MN #3-4 % HLB7} At =2 Aldo]A nisAg
MES B 9 o Potassium cetyl phosphateE 3H7-3#] %S MN #3-5

N M

3-6, MN #3-7, MN #3-8¢l| 4]+ HLBel| #Agle] A< HolA gkkt)

+=

o
Al zFo] A IF<4=2 HLB7} A% il Potassium cetyl phosphate $H+¥ A8
MN #3-2, HLB7} Ath# =11 Potassium cetyl phosphate &3t# &S A8

MN #3-81 4= mAE AEo] dojub= AL & 5 AT E3 AZHAE 3o
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Table 9. Appearance, Particle size, PDI, Zeta potential of MN #3 at 2
5C for a day (meanzSD, n=3)

Particle size Polydispersity Zeta potential
No. Feature Appearance
(nm) Index (mV)

MN 1% Off-white,

o 107.3+0.59 0.187+0.008 -71.5+1.78
#3-1 | Minoxidil Opaque
MN 1% Off-white,

o 104.5+0.15 0.182+0.006 -72.2+2.60
#3-2 | Minoxidil Opaque
MN 1% Off-white,

o 98.88+0.55 0.187+0.011 -63.5+2.57
#3-3 | Minoxidil Opaque
MN 1% Off-white,

o 95.34+0.72 0.202+0.013 -65.5+1.71
#3-4 | Minoxidil Opaque
MN 1% Off-white,

o 127.4+0.98 0.155+0.018 -69.6+1.65
#3-5 | Minoxidil Opaque
MN 1% Off-white,

o 106.5+0.60 0.159+0.004 -53.5+0.30
#3-6 | Minoxidil Opaque
MN 1% Off-white,

L 97.40+0.84 0.186+0.011 -48.7+1.10
#3-7 | Minoxidil Opaque
MN 1% Off-white,

o 85.51+0.23 0.198+0.003 -38.4+0.82
#3-8 | Minoxidil Opaque
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Figure 15. Evaluation of the stability of MN #3 Particle size at 25T
with or without Potassium cetyl phosphate that changed HLB (p-value
0.20

' < 005 “p < 001, n=3)
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Figure 16. Evaluation of the stability of MN #3 PDI at 25C with or
without Potassium cetyl phosphate that changed HLB (p-value "p < 0.05,
“p < 001, n=3)
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Figure 17. Evaluation of the stability of MN #3 Zeta potential at 25T
with or without Potassium cetyl phosphate that changed HLB (p-value
0 <005 “p <001, n=3)
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Figure 18. Appearance of MN #3 at 25C after A: a day, B: 1 month, C:
2 month, D: 3 month
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3) #AA g d=ye s hdA 7MY 2% KN #4)

g UoF Az A9 Table 4914 HA ] AF 1 ME =

=]
=
A4 FH UeEe Azstgon Az =AY FH UeF I44T BB

_lé

ol
-

71 918 25 CellA 3 /He &< & & AR ABALO]AE o] 85t Y

i

A
7, GEAE 9 AHA9E S48 a5 34 dolEE Table 1001 v

FAA T Yy T YArt Aa, vEsAd AFo] Aoy FE mE
ANE - Y=y F MN #3-7 A3t E3do] 3to] e zHo R A Z3HY T

KN #4-19] d#k=a7]9] W9l 9458 ~ 9681 nmZ SHEJom A7t 7 3}o
el A AT 7 2w FUFehE RS B 5 ATk A WA ge A=
Hol kg o] Frhal dkyoj X tk(Figure 19).

PDI #2 0164 ~ 01499 " =A Ake] Ay= 03008 HA4 %+ A=
Hol YAp=a7|7F 2 EAbE o] v & 4 Atk(Figure 20).

Potassium cetyl phosphateE #7}8}%] &2 #AFo =2 AEtH9= -439 ~

~448 mVE SAEJY. Aebd e P B9l £30 mV ooz HH7]
How hgstn dAk ol HA @2 A Y + Urk(Figure 21).
7 BF Ax, vmAEd 2y AEHA s #ddelen AE Al

wetM = AEEA] o A AT AS IS =3 A WSt gle

Ao 2 Hol AH YU s xFetA] &7 ol s o X tH(Figure 22).
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Table 10. Appearance, Particle size, PDI, Zeta potential of KN #4 at 2
5C for a day (meanzSD, n=3)

Particle size Polydispersity Zeta potential
No. Feature Appearance
(nm) Index (mV)
KN 1% Off-white,
) 94.58+0.27 0.164+0.008 -44.8+1.86
#4-1 Kopexil Opaque
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Figure 19. Particle size KN #4 at 25°C over time
(p-value "p < 0.05 “p < 0.0l, n=3)
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Figure 20. PDI KN #4 at 25C over time (p-value
o <005 “p <001, n=3)
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Figure 21. Zeta potential KN #4 at 25C over
time (p-value p < 0.05 “p < 0.01, n=3)
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e

Figure 22. Appearance of KN #4 at 25C after A: a day, B: 1 month, C:
2 month, D: 3 month
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3.1.2. H]=5A

flin}
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°
kr
i
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o
o
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r o
i

Table 3, Table 49 "Hl5AIE &F Yy FodA vsAd HF(AAE
A3 e 25 C B WSS 400 wiEE v B=FS APk
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Figure 23. Microscopy images of MN#2 HLB changes at 25TC. A:
nano—niosome without minoxidil in HLB 4.7, B: HLB 4.7, C: HLB 6.4,
D: HLB 8.1, E: HLB 9.8, F: HLB 11.5, G: HLB 13.2, H: HLB 14.9 (scale
bar 20 pm)
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Figure 24. Microscopy images of MN#3 with or without potassium cetyl
phosphate accoding to HLB at 25C. A, E: HLB 4.7, B, F: HLB 8.1, C,
G: HLB 11.5, D, H: HLB 14.9 (A, B, C, D: Addition of potassium cetyl

phosphate), (E, F, G, H: No added potassium cetyl phosphate) (scale bar
20 pm)
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Table 11. Volatile residue amount of MN #2 and MN #3
(110 C, BIAS < 0.01%, meantSD, n=3)

No. Volatilization residue (%) No. Volatilization residue (%)
MN #2-1 30.79+0.03 MN #3-1 31.45+0.01
MN #2-2 30.34+0.02 MN #3-2 32.02+0.04
MN #2-3 30.86+0.12 MN #3-3 32.33+0.01
MN #2-4 30.80+0.08 MN #3-4 32.18+0.06
MN #2-5 30.03+0.01 MN #3-5 30.82+0.02
MN #2-6 27.07+0.02 MN #3-6 30.77+0.02
MN #2-7 28.94+0.02 MN #3-7 30.52+0.04
MN #2-8 31.80+0.11 MN #3-8 30.07+0.02
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Figure 26. Nano—-niosome TGA measurement
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Figure 27. Thermal properties of minoxidil. (A): Nano-niosome, (B):
Minoxidil nano-niosome, (C): Minoxidil
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Figure 28. Thermal properties of kopexil, (A): Nano-niosome, (B):
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Table 12. Percutaneous penetration efficiency (ug/cm?) of MN #3-7,

MG #5-1 (37 C+1, mean=SD, n=53)

) ) Time
Sampling Site ) MN #3-7 MG #5-1 (Control)
1 0 0
2 0 0
4 376.53+3.98 ** 0
Receptor Phase .
8 1054.47+3.73 ** 0
12 1769.86+33.81 ** 0
24 2106.46+4.79 ** 620.34+1.54 ™

Table 13. Percutaneous penetration efficiency (ug/cm?) of KN #4-1,

KG #5-2 (37 C#l, meantSD, n=53)

Time

Sampling Site ) KN#4-1 KG#5-2 (Control)
1 0 0
2 0 0
4 475.49+13.83 ™ 0
Receptor Phase ‘
8 1237.46+13.85 * 16.32+0.95 **
12 2055.80£1.18 ™ 106.86+1.73 **
24 2360.23+2.40 ** 211.80+3.62 ™
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Figure 29. Percutaneous absorption efficiency (ug/cm?) of MN #3-7, MG
#5-1 at 37Cx1 (p-value p < 0.05 “p < 001, n=3)
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Figure 30. Percutaneous absorption efficiency (ug/cm?) of KN #4-1, KG
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Table 15. Drug release (%) of MN #3-7 and MG #5-1 by
dialysis membrane method (37C+1, mean+SD, n=5)

Time (h) MN #3-7 MN #5-1 (Control)
0 0.00+0.00 0.00+0.00
1 19.25+0.03 16.36+0.15
2 33.36+0.01 44.06+0.00
4 46.59+0.00 67.260.03
3 52.79+0.01 78.02+0.00
12 54.53%0.00 79.62+0.01
24 55.52+0.01 80.71+0.00
48 55.52£0.00 80.71+0.00

Table 16. Drug release (%) of KN #4-1 and KG #5-2 by
dialysis membrane method (37°C#1, mean*SD, n=>5)

Time (h) MN #3-7 MN #5-1 (Control)
0 0.00£0.00 0.00£0.00
1 51.92+15.93 67.35£17.98
2 57.54%2.70 81.24+4.68
4 63.39£1.89 90.69+2.62
3 65.04£0.53 91.35+0.16
12 65.04£0.00 91.35+0.00
24 65.71=0.22 91.35+0.00
48 65.71+0.00 91.35+0.00
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Figure 32. Drug release of MN #3-7 and MN #5-1 at 37 C=1 by dialysis
membrane method for 48 h (n=3)
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Figure 33. Drug release of KN #4-1 and KN #5-2 at 37 C+1 by dialysis
membrane method for 48 h (n=3)
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Figure 34. Cryo-TEM images of MN #3-1(HLB 4.7)
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Figure 35. Cryo-TEM images of MN #3-4(HLB 14.9)
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