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Noninvasive study of Drug Delivery Systems
using Nuclear Magnetic Resonance Microimaging

D.H. Lee, R.K. Ko, S.H. Yuk*, Y.B. Kim**

pH sensitive polymers have long been utilized as one important type among many interesting drug
delivery systems. This is due to the reason of different pH environments in human organs, which re-
quires different pH control mechanism depending upon the organs. In the present study the pH sensi-
tivity was investigated for both pH sensitive and pH insensitive biopolymers using the diffusion effect
along with the swelling effect. IN\MR microscopy was performed along with optical microscopy. For
the analysis of diffusion effect, NMR Microscopy was performed to measure diffusion coeffcients for
various liquids such as distilled water, acetone and DMSO(dimethyl sulfoxide). Also, this technique is
expected to contribute to the studies for many pH drug delivery systems.
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specimen and pH insensitive AA specimen

Eteto] Swt% CaClell §3A1A Al=tgch. o|uf sodi
um alginatet calcium alginate® W3}lod 322} net
workE A A8k AAAE #4383, polyacrylic acidi~
semi-IPN(interpenetrating networks) 2 @3} %% pH
Halel] wmel Bewstel ARAS FA Ve dge &
t}. SAAR.9] 79, sodium alginateZul o]F o]z 9jc},
pHell w178k A)gel AA2l A9, sodium alginates}
polyacrylic acid®] semi-IPNo 2 o]Fojzx glow, pH
7} 4 o]ste] A4 & el 43= polyacrylic acidel] 4~
7t A Eel A5 AA e Fgo) s}, wbwHe) pH
7b 791 F48A A= polyacrylic acid7b o]-&3} = o]

st BHG Bl Fge] S

=2 A2

=H7TE 94 23,

(spin echo pulse sequence)$- ©])&-3to] matrix =77}
128 x 1289l FxtedAt(axial image)S dgic). dAre] A
Al =Z7]9) AAA]ef(field of view-FOV)Z 12mmel] 4]
30mm7hA] WA A Fiz] WSl wE FaiHE
#E3} i}, ¥kE-A|7H(TR ! repetition time) /| Z A1 7H(TE:
echo time)=2000/60ms, <A (slice thickness)=
lmm, A|8F 9] 25+ 175C2] =08 A3t}
2EA A Bl e AT AT g 100% FF
=9} o}AE, ze]32 DMSO(dimethyl sulfoxide)ol] o 3)

QES TR

[

A Al 2] w)a} 3] el

(b-1)

2 3. pH7 e SAL e DEX}

(a-1) 12mm A4l (a-2) 20mm Y4t

pH2 T Zufo| DX}

(b-1) 12mm E4, (b-2) 20mm WA

Fig. 8. Polymer in pH7 buffer solution
(a-1) FOV of 12mm, (a-2) FOV of 20mm
Polymer in pH2 buffer solution

(b-1) FOV of 12mm, (b-2) FOV of 20mm

(b-2)

A= Ay
3

2- K
He) 484

A

ATl A o]gx Ay

abol ¥7] gigte]gir}h. Al 71A] A8 &g

W7ol 24mmel Felgel Wi Shb Fofx] ri-gh Aol
AN AT, FHHE 2AL 2T AA4I T Gl 4

spin echo sequence® ©¢]&3lo] <dAFX|okE 8mmel 4]
50mm7bA] HEFA] 7] 2] 256 x 2569) FrhodAbg-
E]’- o] EH TR/TE: 600/60ms, °§ /‘C}I,“——”ﬂ =3mm o] %1\1:}

e
53

A5 deNA 2 A9 dAG Ao g Az
o A7IE FAsE, A3 AE7h el Gl Fe

Al% (background signal)& A Azl 43 A} A5
@ Ak o7& 9% (normalization) X7 Ao =)
ol Ase] A7)1E Ak o HolEE o] &38le], HEo
A AdFIHRE BaE I =g aexn Ageks
(linear fitting)& 3}ed A¥AHq BAY 7|75 T3}
I Zpzke] gatAleE S48t 100% FF5, oFAE
3} DMSO2| #atAlg=9] ZAo 9lojx oln] AxE
Ay Aot viwstgded, w3 Ao ER48 veydfe
th&3t zbo] :FshebA (rf probe) ¥ AAAr AT AL

:

-175—



(a)

3% 4. 75, OtME, DMSO S

AYPEA A EF Aztsgct.
1. RF(radio frequency) EtElo| H|Z}

e AdE A7 SldAME dutde® aEaRe)
dde H53olof stu e oFgakalek(field of view)
S a8k ok ol $1ste], A Alge] AT A
g

A2713Y doldgg wEshd A Ao o

A7) AE AP A zolt Fe

Feluh o} 2o}

G4 we) "ol HARREe) Az Arke AS
wrh vlebstA B3 1 wE FEm WolxA ek whs
e ABel e GAUSE A4 Ame) slahstaa

27]Rch AR o F #3E AAEHY, R A el
A AEE AlEe 7oukg o) 1“1 ol F5H <
Ao 2HE AAFEE HEE 3astA Dol webs,
3 AzE dedH Agd AR sirle] & ¢
HA Aol Aejd T} AB(3L A5 #A <)
Tf]).} A7} vk (F, &R 9] filling factorE
oo}gh) g} 7.8].
et o] el saddle ZA[9]¢lv} Alderman-Grant
ZA[10]53 722 oW o2 gejo] 2AE B} o o}
< AEE e Fdkols FdYPew Azt =i
g3 718AQ FARZE 12 T, 259 thekdt
7)ol wA Zd BEurg A = oA At 2w
g3 BE FES FeEgeR FuRal olmd Axtel
$o] A (shielding) A7l e 2% BH a3 7H4e H4a2
gk o] =H3e] FA U (quality factor & Q&
AME7t AWl 9ds o 750]a g 3lo] wleigle u) 78
o]t

2. DPMRZ|ER AL HIFH

0:1_4 0.u.4

r
s

O

i rlr

7)1 AujdibfelAE dakel $1xA- Ane o
7} Sl A aFsbedk A (rf-probe) ol 23 dAtod e el A

o] 5-8F 3] 7] 1 A 18 A,

(b)

Ml ZEX] YA AlZof ChSt 2RFH Pah Pake Alote 247
Fig. 4. 2D images for the three liquids such as distiled water, aceton and DMSO. FOV(field of view) of (a) 30mm, (b)
18mm, (c) 12mm

A 2%, 1997

Zk2} (a) 30mm, (b) 18mm, (c) 12mm

APH ]l AAA71gE AT AR AR de] 2
a3t ®leh 2E Al lem® A=) 22 A|8E JAks)
dob dtE2 22 AXANAE DA TIE AARIH
FdE ook Hrt o)F f1gte], WAe] 6emal UB
of NeFxl Golay H[11]9] ixp7]g™ Au)ddg x
AN AR DS b3 Ze AES a8jste] AA ¢ A
2k 3A, A¥Hel AAR7)IRE fAso B =
A, FEHFA N o]FojA Agel Wt vhekg As
skl TS AAgeh A, Gl d AR wF
g3e] AR 1g R Wil AEa AR Ay A
frE&d #ast g

0

ol oft

N
ic|

B RE 4|
FH53bdch. SAx R AA
]

AEZ pHZ §ojo) Wil A)7ko] A3} ol whel =4
Wole] st U2e|As) ok F 4R Alg nE 7
AR g A #7) asl BEE L, Bgaste] o
g w3 W Hgwon pHel WzHgel WAA o}
& Zol e T AR 29 Aole =A) sor] A9
FAY PP Zivh WA, Bgael T paw
3% B¢ pHel R4S B2/ A7 e & 4
alek.

FEAHPGAA L APl F2d ME) == pHol| Wz
AATEA ] g pH AL AL g8 AR
718 akA o] WskE HAYc). o|u), xbr|EakAS
EA3L7] A A7) EH Foldabge] o]4Eg)
. 218]3% zbzt pH73} pH2 w549 (buffer solution)
oA FAA|oH(FOV) 12mm, 20mmE 7zt TE2} A5
BERE AL Gate|r). FE55 JAEe Fatastr) e
T G oz A o) FAIR-9e) A Al A7) e W

£ fo

—176—



JEE o) WA T ArlAAHE 08T B ARAAL AT

.g . ; 77.7;

E s
S« '

% s DVBO

= 20 o Water

: 4 Aceton

i T T "R TP " M S
1ipixel area (x 10%cm?)

&l 5. DMSO, £, OtM|Eol| T3t In(relative intensity) C§ 1/
(pixel area)

Fig. 5. In(relative intensity) vs. 1/(pixel area) for DMSO,
water and aceton

1°°j <y : =g

90
80

70 ]
60
50 ]

40 ]
30]
20]
10

0
20 40 50 80 100 120

1/pixel area (x 103cm)
% 6. pH7Z} pH2 S Liol|AS TEXfol CHEE In(ALHA
HE) o 1/(3x 27()
Fig. B. In{relative intensity) vs. 1/(pixel area) for poly-
mer in pH7 and pH2 solutions

In(relative intensity)

5}'1‘ Ssto] AN s vk F, Az A7e B2

2 H3 2% In(S)ek 1/((8x))* Akele] #AZE A2 A
6323%1-% w83t Ayt (linear fitting)& 3}o] A&
zk7ke) 77|25 ~nR i AeE SA YU

AA Aol B AP7IHE A48y Ao A7
HAAE AFs7] sl AEg AE o FATE
A e A 7ER Ao A gk 54 Ase o
&3 2} 294 100% 55, ob4lE3 DMSOe]|
s 934A)eFE: 30mm, 18mmet 1Z2mmE zHAA 7] H A
de dAEolrt. 25 I ZRE Y HARE A3
In(S)ek 1/((8x))? Afele] #AE 2 zefiolrh. A¥
2% (linear fitting)$ 343l 7t2te] 7] 87| 298 Ax®
shak A5E et el AN, olxe A7 ZAet
vlwgch FFFE 2.88+0.51(ecm?/sx107°), oFAELS
5.42 +0.34(cm?/s x 107°), DMSO% 1.86 £0.68(cm?/s x

E 1. 83, OIME, DMSOo|| Efgt Xr|gtatAle X gint
Cl2 oATEloM UHEE Hotete| 8w

Table 1. Self diffusion coefficients measured for distilled
water, aceton, and DMSO and comparison with the previ-
ously reported results

Preeem work(cm?/s :

M(at@rial _ Present Wi
' ..(ai 175C)
water (2.88+0.51)x10"° 2.31x10" s(al‘. 283C)
Acetone (5.42+0.34) x10™* 4.47x107%(at 27.8C) "*
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