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A Study on Networks for Drug Delivery Systems: Microneedle and Skin

Jung-hyun Park’, Yewon Shin’, Sung-hoon Lee’, Hahn-shik Kwak’, Chae Hyun Lee
Jeong-gyu Lee™, Junwon Lee’

ABSTRACT

Drug can be administered through oral. parenteral, transdermal, nasal, and pulmonary route, but each have its own
disadvantage. The drug delivery system(DDS) is an advanced technology that effectively delivers therapeutic drugs to desired
targets and thereby reduces side effects and increase efficacy. Microneedle therapy system(MTS) is advancing in the field of
medicine and skin care which can improve drug diffusion into skin with no pain. In this study, we introduce the basic
concepts of DDS and MTS including the structure and function of skin, so that researchers may benefit in their attention

on the production of microneedle and promoting research on the area.
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o A o) 8} HEo] @ - o A 583} (Pdjhpark6237@nate.com)
sl A o) 8kl A WA A A A F 83
() 2B
- M 1M A} (First Author): 8881 - WAIX X} (Correspondent Author): 0| &=
-Hd(2013d 2¢ 15Y), =R (14 20133 3 189), ZAfEE (2013 3¢ 26Y)



I+

SR I e

it AI8A A23 20134 4€

. M2

Aol B FEse B 42 T A7
ol Xl &8t2&3 of g 7hA Aejda FAE Fdt
o @75 et EAFAA T2ste] FEE UE
o A s AR A3 YAl ofE o AL A4
AFEAY FTE T ol Fof Hou, hFEY e
of 7HA L Q& ARG ol F89 EHo] B Q
ANE =9 ¥55 24T F gl A 24
gt} (1]

35 (Skin)= ] (Epidermis), 13| (Dermis), ¥ 3}

A% (Subcutaneous fat) &2 T4 5 o] gl 354
/\}0194 % = (intercellular route)& 53l o] ol 3
E4o] Zt4Z (Stratum corneum)< FHE F
7}% A2 g Aol v 02 FoH =
ot

zEAAE 2ol Fio A
3}7] skl R T2} vl ARY S ARA
(MTS, Microneedle Therapy System) 7] % T

EsnA

&=

(
il

Jo xo
M e rlroe

%Qh /\] X H L

—n=

=)
@ 1O

[

: :

ol
==

Il E&2
LI N T—

21 1o 2% Y 7|5

¥ 5-(Skin)& A 9] 9 F-E 91 o= 7HE 712
A I EA 7|, A9M, 259 W}, 57], |
A &9 YR&A I HE HA Fo A& 54
ol ARE JAZ wolTy w2 ‘i—% Ueffof Wy
BA7E BRE3E 223 98S w1 9th 499
73S w5 FHAL F 16~18moln FAE BF
A9 o 7~8%E AA Feh. o BT} ¢ o 1] 57} 7

791 B stA & of o] G ET TR [2]
3R & #E9](Epidermis), %13 (Dermis), ¥ 3HA%

&
s
R

(Subcutaneous fat)9] 35 0.2 FA = 0] g1
of A st= 22 olH - T3 7] Ho|th,

2.1.1 EI|(Epidermis)

39| (Epidermis)= 718 #1250 H 9] 787 3} 2|
Aoz HEste] 34 =2Ho ok 2= 714
% (Stratum basale, Basal layer)Z =% (Stratum

% (Stratum

N
]

4
spinosum, ~ Spinous layer), Fﬂr%‘
granulosum, Granular layer), 3 (Shining layer)
121 ZHE % (Stratum corneum) & E ¥ 579 O

2 745 it [3]

1) 7|XZ (Stratum basale, Basal layer
JAZe g5 }A ol Z o2 B
glow Az 2L 9 BsA ] o3
EAAol o9 FH AT o
A uhE o)A = gkl o] 4o} okl o3

ﬂf{
ith)
e =

o o in
M o2
o o

ol
=

of
1 ot
‘4,
=

N
2
omr [
=2

—[11

IS
oxl
A,
=
=)

Zd P4 AZ A Ao EoA Hepd S TtEE
Zgo| 27| g M F& JFuie 5 FAol

o2 2ol [4]

RSN FHE 242G AZTEAA A A
5 4ol H&= #4& 243134 (Keratinization) | 2}
gt o] A2 F 28U HE AQ AT

(2) =% (Stratum spinosum, Spinous layer)
27AF JJrJJr /\]-o]o]] J_XHO]._‘:Z;OE

(3) I}&!Z (Stratum granulosum, Granular layer)
TR Holde APZTAE AGEINLH
(keratohyalin)A] 7} 2~57] 5. % o] Fo 4 gleof Z}

- 128 -



ok AY AAHY YEYF AT nfo|A2YEY B

stanrt s Ao At ARE Az 4
°] HAp ghastal o] g H 7| AAskA R ¢
A2} (Barrier zone)o| EAJste] JFEEHH o]
FHAY I F YHREREHY TE FEE %

nau

N
=

A
=
m
EI
0I>|
—
(7))
=
=1
=1
«
)
<<
D
=

oo Hﬂw SNEE

(5) Z+AI= (Stratum corneum)

550) Hoi25d EASE Aol gl F&
AEZA T4 A 2T} 16~24F 0.2 B0 %
oj9lth.

17 glof 5870 f_—%ﬂ—a wg— lﬂlié}% aq—g—
S ot 4% 4ne TAE =
B
FHRA 2228 usd) 98 Lol T
woh A9 Ak

]

2.1.2 £l (Dermis)

&y vtz o o] FAE o2 35 9%
< AA s, 2930 FAEG 20~408) = T4
o). M ek A2 9] 714 (Entra Cellular Matrix, ECM)
= 7450 e Az 71de Arot iz 7
A= gtk FeHAA fr(Collagenous fiber)7} oF

70~80%% A3kl B4 fr(Elastic fiber)= oF

2~4%% AA 3k, 1 9]¢ 7]4 (Ground substa-
nce) A & 28] ZA] =2 27 (Glycosaminogly-
cans), 3% 4 (Glycoprotein) 522 T4 0] 9l

T A Atolol= 84, s, gA, By, AN 5

- S8.8 7S 0] 2o itk

(1) = (Papillary layer)

AMEZE ok o Z3 S FH=H &3

gz Wiz FHoig U} o A frAte]

Lo] 61-0510-] glom §E=0] FHO

Aexde AF0 5vee o

[¢]

=)
lo

40
all
N O

2

(E= T e A S e,
ruE

=2

-4 ox
of Mr o

o

=

&

o &

2 =

re

2 019‘_‘

ot ol

2o
X“j

r

-z Ho
o ol
2,
rr
td
X
ek
rJ
21
>
td o,
ofN
1=
o
=5
e
S
3

Mr n

o
Ho
—n
M 11T~

> 2
rr =

=

°
[}

M
>« FH
do in
4n <

o

2

ofN
ne
o

gg

(Nervous papilla)

—
no
~

2t At (Reticular layer)

2 °ﬂ HX] SHAT 73 FEg
& %(Papﬂlary layer) o}-2f i
ZA o7 199 o

%ﬁ%ﬁl} 277t v A g e

O

(O (<2
- 01.
=
s -
o\

[o

ol
=
i
=
™
r&'ﬂ
1121‘

o 12 BN X ofr o
o © o rir Hr
§m1n§§gﬂrﬂ”°£‘
M o 4 > L g o
) Q@ o
B3
e
o

15
)
rx
o
ol
ofr
o
J
o
p‘L
N
S
[
A,
2
%0
o

[\
—_
w
Fl
[e]
Ral
ox
Ol
—_
wn
c
o
Q
-y
—
Q
=
D
o
c
(7]
—
=]
2
@D
=



s R B G

it AI8A A23 20134 4€

m?l(J
e
>,
2
lo
Ho
ui)
o
it
ol
ol
ol

>,
=)

ool
18 ox
o yo e >
A
B uTes
ol
ox,
o
)
rr
o
o
g2 rir
o
— d

Ho ox
=
rr
& o
-z
£
=
ry

L oo (P
= -
(N
i
o
Y
ol 9
-3
i,

fo nut X e
ot o
ot Rl

S,
i
-,
i o
o

N
N
12
Mo
>
ua
>
|>
i

%%Ol‘% M 22 vho] Lo efFE o e
Ao HAES HAadlaiH H 49
1 ZIE Yehlz] A8 okEE A9 Ak
o A FIUEF e les o
& (Drug Delivery System, DDS)°] 2} &
A A2 HY T, FA, viol g 2
Aetol =, Al o2& Hio] L9 FEFEE TFT
A 2EE o] 83} EFM* SR A #
ez oAe Yirlesdt AEH +871€
A ALY, [1,5]

FEHEA 2H Y 2 19608 A5 07 o] &
35 o] W 7] A#stS Tt Takeru higuchiz 1961
d[6]7 1963[7] =l A thE A HEZ 2 14
9 & FUs FEd WL B2
ATk o] A|ZEE LA 07 g HEH
ol A, AA WA o] AHstA =45
HAAY AL HA Rk &Aool ATk [8]

FEHEA 2 Foke] WAT v Hho] 203}
sto] oz & e, st 39, g, =41,
s} &oke| HetAtEel s 1980t HEH Ad=E o A

ARgon, otz AL A 2FE Aol we} Wt
€ Holx St} 1980 Fwtel YEEIZAY
(nitroglycerin)# o] 2 E 2}t] & (estradiol)o] 3] -2
AN F< FHshs A2A = AAol = 7] Al2st
A ABEEE Aokt st 73S T o

= A4 EEvs A Fe o ALAT} A
7] er%}%it} 196013t o Hell= A7, 601
FUFH, 1970 o= 24, 198013 T

N
o iy
to (o
©

\a)

o 2

= do off ox
w2,

o

_114

g O e o

)

N
l>

[ l
Ho
>

)

=
o
)

M

ATFEA, 19049 = #, 37 E 3 FE
e mol 223 S o] &3 FEAD A
shahal gl [89] 3, FEHEA AH
ojuf FTol Yot Folo a&H 0

S oo
ol
(o]
o 2
™

il
el
e 1o
ilat

ool
mil ]
=z . rlo
N o :
q L
(e}

o
ot
N
>
&
o
=
—m
_‘a
ot
o
=

ATEY o2 AY A28 S HaA ke BF
E5 37717 93 34 BE o WelA, A

)
BN
a3

| 52 /18 ol 485 s o HY
ol 4 Loh5 3 2N A FHEE AL 5
J 89l ol o 54 A B2 A
A40] Ytk A ol SR} A B B
o) %E AT A7} #9529k [10]

it}
9,
g

Mo gt 1o o o off
a2
™

TUY AN 2H 2 =S =2 FYNA A
gt PO R Satoly AstE A B O
g oF 5] A §-0] 7hsdtal oFEAREo] A&ttt 1
U S5 2T A ARl Algto] glom Hof AT
e 470 ofETo] FrEte 9o Atk A4l
=773 H FEFo] E(GLP-1, glucagon-like-peptide

19} Q148 So g A 2xdo] ATH T 9t} [11,12]

223 FAKY



12

2 A Azde YED AF: vo2RUS 13

w2l
Ni=)
m
2
ofk
19
4
R
g
>
[
o
o
H
Hr
-
o,
SENP.)
ol

o X
T om
I 2
> o
ot o
o op
P
e )
e g
>

o
i
o

™ 12 ox
j=if5]
=2

2 oo ®

S

J X

[‘-?L _‘m

> 2

o

-~

== Olr

9#

i)

rir

ol

o

=2

o,

o

1o

o
o
oy
SN
P
|o
fru

N
N
()]
o
]
o2t

o2l
12
4
21
gt
>
[
o
Of
(> 1o
4
o
offt
i

3
=
%

i)

o
L R

-
o
o
o

o HE
o
rr
o
E{N
o
%9,
°

>,

o
12 &
> il

"{E —Qi e oy
o,
rr
ol

ﬁ |
° 4=
o
=

1® o p

e

ap e b

QL

=

©
)

—m
I
o
lo
o,
K
n:[o\r
B
1B

offt |
@
o Ay & -

>
o
o
rlo
4
4
lo
ich FU;VL olt
ﬂ,‘ A
>
ﬁ o
o 1o
et
2
o i,
)
Al
fr e |

cE offt off mu & Jz
lo N

N

>

N

N

o

ok

=2 Al

[UI==)

oFR | 5| $EHEL %07 93] 3ol
!

(hydrogel)oltt 3] B E(fibrin glue)s <

ol
—_

(

2l
N
oX
=
|
1
Py
=]
&
g
=
>
&
wf o2t oo (rf
o
do rr o orr

(o)

1] 55A 282 78 A& &

PR @ 2Fohd A7E

FEY UAE Fole 7IE @ PlolaARYES

g 5249 P& o] 83 Ve @ AEFT S AAE

e BRET

19799 128 "= oA A5 o= A9& 3FH7}

43157] AZstEA B FEAGA2HY FAHS

HAT ¢ A= Ade Moz A3 F AATL A

& ddeta vk @A A (patch), A(gel), =A

(lotion), Z ¥ (cream) &= ©]-&3to] T Fo &S 4
23t7] Y18 W Eol dE I gl

ol

,
N
Ai_’
o

C

oft o®
Of¢

¢

1

ox

23 AWy ASMUAAHCZMO Ojo|32

o] (MTS, Microneedle Therapy System) t & U] &<
[ NI

nfo] 2 U S0l plA g S o] &3 %79} 11
Atolof u Al 79 (Microhole) & FA 8l F=olut fr&
e FE &olst AU HFUe AdAd
5 A4 4 (Wound healing process)ell 2]l 1] 5
AZE AYAIY. <2E 1>

g1 ofo|22Y =
Fig.1 Pictures of microneedle

2.3.1 O0[32HF9| FAtel JHE B

5 g 71de ad ol FE Aol A A%
A 10001 0] e AZbEe A2 v
AZE 9575 ABA717] He o2 2=
Wt FFelgol A vA uhE Xk

rlo
o
>

go] g3, 923, =43, 43, AN T8 £
o AFEE Sl oH, Ahacid), T Z (mineral) T 4] &
A FE FIA 2 A 2
A5E& 715 g 25 F9 I (peeling)ol B}
T 20417] 24 54 3 &)

t}. [15]

- 131 -



&7}

Z

=< A4 FER FAANL F o A A g v}

A8A A2z 20134 48

|

E’j = Eﬁii it

(2w

T

i)

A R

%

3

i

2|31 o] 2 QI3
°o|&

iz

199530 BA A 0 & A %53t}

FAlE

3]
yal

REESEVE

i

5

H

A3 5

232 Oj0|3 2L E9| AH

=0 wehM vlEE

ek Wy

%/

A 422

c‘)l_

=i
=]

L

[¢)

71 7¢

pol, =

5

FANA
o 2 o] "t} [17.18]

L

.

}

9]

SkEgo] A o] FojAA geth 7R HYL
ANE A

[e)

=

w
=

Aol

EaY

o| A7t $Ap-E 0]

7 150 23, 4§ A AEHY

™ 13 T A Ha 1500 A

=90
-

H

fEAY F+4 =74

o
ake]

\=]

U

FaL kg #oloiM 713 Bol o] &5

g

O ARk &:3}24-g-of 2|3

L.

0

03~05%% oj

)3

ol
ol

ze)

Jo

A

AR 5ol AT

=

}7] ol & &

o

o,
ko2 HgdE 7L A 7Y

of Ao Az HEH =, Ao thA} 28l 9
A oFE o] =T AR SobAA At Aol F

)

i

i

o

7} o Het. uhetA

o &ol= 7

o+
=

o

Kfo
=T
jers

i

n3l

Ay

o
cy

LR

QoAN AL A

|

A A

Ho

o

o]

EQo
2=

2 opg} vo] 224

T

SR DECBEYE BERER EE

SR

A ol A ehd o

the Zloth. [16] vo] 22U

yl
=}

N

o
)

Tl

stk ol =M AU o) of

A~
o
1

rve)

10004) %

ok
o

]

ze)

A

E3}

- 132 -



o2 A Az YEYD AF: volARUEH 7Y

AzdS Bl ik 5139 E3)5) 37 A5
A 358 45A G AL 1] AT HAEE
Aol oA 357k A H 0.2 A §¥o] w55
U AR BA% SRS A AZE 922 AYA

2 Sl [20]
2 FDAY| R1® nlo] o5td nfo]32YUE Al A
2 Hago] A9 glu e3d¥ IFY FAE

8~10% = S/ AL 3t [21]

. 22

r

FEAGA2H ] T HHE oFEo] A
AWM Ash= AP T 9 ol ofFA 24
of AgE ufel 9 9ltt

FRE B3 FE AGE G&HOE §}7] 3|A

5o wlolAZ2PE(um) ALY WA+
(mmdma°dﬂﬂﬂﬂ%wSmwmmTﬂ4
ISHA JEste] R ow FEs AT S £ 9
T o2 nfo]A2U S tig AAlo] MAA =
b glom, Ao &43t g AAo] S 1
A2 g AW e A5 5 9l
P A glom okE AEA 28 F
Fi F2go] gl molazU s AR 9
Totuzt 39 I} SHAFY SEAFL
}imﬂ-lﬂdAJAﬂ“ﬂ4N4%%
g3t &0l SEAFY Lol gEof
‘%%ﬂﬂiiwgﬂwﬂﬂ%@d
ATAEE AEdto o] Fope] AT
ey

ntel 22U S TR/ 9 AL
g AFE 7IEstL ol ARZY S
o] &% 5 A=A &8 A7 tat

3]

Flil

e o i rir
g Ol?l g
ol

g2 3

o 1o
m{n
=

ON

—

}

2
N

r
)
of

P
fE

2
[ (=
lo o

ofr

=

:J‘:[EE
0
—.~—-l>4

o
Bl ro

o
o

lo

H:E ﬂiﬂrHUOPOJQ‘J
J _
~olo£1g0é
e b g
ME
=2 2
éi—{ﬂ
errlﬂ

>
I
iy T
PL
=
Y
=
o

2
N

i
rok

=

[1] TM,. Allen, and P.R. Cullis, "Drug delivery systems:
entering the mainstream," Science, Vol. 303, No.
5665, pp. 1818-1822, 2004.

[2] R.S. Bressler, and C.H. Bressler, "Functional anatomy of
the skin," Clin Podiatr Med Surg, Vol. 6, No. 2, pp.
229-246, 1989.

[3] P. Xu, and Y.W. Chien,
for transdermal drug delivery: physiopathological and

" Enhanced skin permeability

physicochemical considerations, " Crit Rev Ther Drug
Carrier Syst, Vol. 8, No. 3, pp. 211-236, 1991.

[4] Y. Mishima, S. Hatta, and Y. Ohyama, " Induction of
melanogenesis suppression: cellular phamacology and
mode of differential action," Pigment Cell Res. Vol.
1, pp. 367-374, 1988.

[5] A. Puri, K. Loomis, B. Smith, and J.H Lee, Yavlovich
A, Heldman E, and Blumenthal R. "Lipid-based
nanoparticles as pharmaceutical drug carriesrs: from
concepts to clinic", Crit. Rev. Ther Drug Carrier Syst.
Vol. 26, No.6, pp. 523-580, 2009.

[6] T. Higuchi,
ointment bases containing drugs in suspension," J.
Pharm. Sci, Vol. 50, pp. 874-875, 1961.

[7] T. Higuchi, "Mechanism of sustained-action medication.

"Rate of release of medicaments from

Theoretical analysis of rate of release of solid drugs
dispersed in solid matrices," J. Pharm. Sci, Vol. 52,
pp. 1145-1149, 1963,

[8] A. Nicholas, "Historical perspective on advanced drug
delivery: How engineering design and mathematical
modeling helped the field mature," Advenced Drug
Delivery Reviews, Vol. 65, No. 1, pp. 5-9, 2013.

[9] J.Y. Rodney, H. Jenny, and Y. Chien, "Drug delivery
trends in clinical trials and translational medicine:
Growth in biologic molecule development and impact
on rheumatoid arthritis, crohn’s disease, and colitis," J
Pharm. Sci, Vol. 101, No. 8, pp. 2668-2674, 2012.

[10] P. Fonte, J.C. Andrade, V. Seabra, and B. Sarmento,
"Chitosan-based nanoparicles as delivery systems of
therapeutic proteins," Methods. Mol. Biol, Vol. 899, pp.
471-487, 2012.

- 133 -



s IR B S

it AI8A A23 20134 4€

[11] M. Nemoto, Y. Hiki, K.Shimada, N. Nakai, K.
Fujimoto, S. Inoue, N. Sakurada, H. Kaneko, M.
Sugita, M. Okabe, and T. Sasaki, "Novel hormonal
delivery method using the ink-jet technology:
application to pulmonary insulin therapies," Diabetes
Technol Ther, Vol. 13 No. 5, pp. 509-517, 2011.

[12] M. Hohenegger, "Novel and current treatment concepts
using pulmonary drug delivery," Curr. Pharm. Des.
Vol. 16, No. 22, pp. 2484-2492, 2010.

[13] V.V. Ranade, "Drug delivery systems. 6. Transdermal
drug delivery," Clin Pharmacol, Vol. 31, No. 5, pp.
401-418, 1991.

[14] RK. Subedi, S.Y. Oh, MK. Chun, and H.K. Choi,
"Recent advances in transdermal drug delivery," Arch
Pharm Res, Vol. 33, No. 3, pp. 339-351, 2010.

[15 BXK. Lee, "Acupuncture," Needle korea Press, 1" ed,
pp-19, 1984.

[16] CL. Stevenson, JT. Jr. Santini, and R. Langer,
"Reservoir-based  drug  delivery  systems utilizing
microtechnology," Adv. Drug. deliv. Rev, Vol. 64, No.
14, pp. 1590-1602, 2012.

[17] Y.C. Kim, JH. Park, and MR. Prausnitz,
"Microneedles for drug and vaccine delivery," Adv.
Drug. Deliv. Rev, Vol. 64, No. 14, pp. 1547-1568,
2012.

[18] SH. Bariya, MC. Gohel, TA. Mehta, and OP. Sharma,
"Microneedles: an emerging transdermal drug delivery
system," J. Pharm and Pharmcol, Vol. 64, No. 1, pp.
11-29, 2012.

[19] MR. Prausnitz, "Microneedles for transdermal drug
delivery," Adv. Drug. Deliv. Rev, Vol. 27, No. 56 (5),
pp. 581-587, 2004.

[20] RF. Donnelly, TR. Singh, and AD. Woolfson,
"Microneedle-based drug delivery systems:
microfabrication, drug delivery, and safety," Drug.
Deliv, Vol. 17, No. 4, pp. 187-207, 2010.

[21] HS. Gill, and MR. Prausnitz, "Pocketed Microneedles
for Drug Delivery to the Skin," J. Phys. Chem. Solids,
Vol. 69, No. 5-6, pp. 1537-1541, 2008.

A Rt 7H

8HM8 (Jung-Hyun Park)

2010 WAL ko] 9 o] 478 5 5}

2010~ A A ek vho) Q.- o)A 253}
% T Bof: Ba e} o uTst

Aol (Yewon Shin)

2010 AR Hlo] Q.o st}

2010~ FA) ATt o] oo 4 gt
s ARk BATAES, R3S

0|42 (Sung-hoon Lee)

2011 HATh B A B
olatA}
2013 AT Bz A 3

Y B

2011~ 341 Ahoh Bk o) & - ol )
¢ Aok AR BT ALLE, B 0

- 134 -



FE A Axd YEYT AT nfo]a2YEY M1

51l (Hahn-shik Kwak )

AX ek A8tk w) o|shulA
1= =Y 2.2 9 Visiting Fellow

0|Z{& (Chae Hyun Lee )

KAIST xH _‘EJ_%'—;]— J,]. ._\_3]—131—}\].
Aol o) e

1993~ A WA sh A AR A B8k 4
¢ Aok A3 2 27714 e

0|H 1t (Jeong-gyu Lee )
992 St 351 o] 344}
1992-2002 j;la]—/\" G318 e dta A
0]0:]

. 2003-2008 *‘%‘H}omzﬂ 71404}

20095 HA 63 22 oA}
s Aol vlo] 22U S ) nlo] 9 ek 1) 24

0|=¢ (Junwon Lee)

2001 A thekw A F8tak(Eahbal
2006 i star o FHeh et A7-ar

- @A) A ch B vho) 9 | B F SIS}

Aok A BAAEE, = AW ofA A

- 135 -



