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Fig. 1 Nanoparticle functionalization, characterization, and drug controlled release ir vitro and in vivo
(a) The variation tendency of mean size and encapsulation efficiency with the different HA-GMS: MD-CPT(m/m) ratio. The corresponding ratio of the
blue point was nearly the optimum ratio, 4 : 1. (b) In vitro release profiles of MD-CPT/HANs and MD-CPT suspension in PBS (pH 7.4) for 8 h (n=3).
(c) The variation tendency of the cumulative drug permeation with the different HANS: MD-CPT (m/m) ratio. The peak marked by the blue point was
4 11 correspondingly. (d) Drug plasma concentration curve within 48 h, mice was treated with H1 (MD-CPT, 10 mg/kg) every 12 h, intravenous
injection and intramuscular injection of MD-CPT aqueous solution (1% DMSO, MD-CPT, 10 mg/kg). After 24 h treated, all treatments stopped. Data

represented the x + s, n=3, P < 0.05.



2014; 41 (12)

SR, ¥ ZRABHHKH MD-CPT ERREBAKRIALMABREESEKRARPNETAR

* 1269 -

I3 A v g T AE PBS (pH 7.4) 1A &R
HANs %I MD-CPT (1) & &8 25 0% . AN [] 771 284 1)
HANs BRI H RAF R 251k, Rl & H1~H4,
WHE 1 h, BRI 20%, KB K AWIKE,
2t 8h, BB 85%, MW & T X4l
MD-CPT B VFH(37.18%). b, HI1. H2 ZER7 2 h
IR RE, AR TAR N %%, T H4 5
B RO, T LA S 254 0 Fe e R R
(K 1b).

2.2 HPKEL ARSI R EREI 2R

RN B IR AT 4 21 i (HSF) AN T bk 9 52
S MI(HUVES)E Ay 1E 57 5 JUR A= 48 10857 7 48 i o e
B, J2 N T ARIMERL YN E R fE . i AR
T 4 40 i (KF) 5 N 5L 40 M (MCF-7) 45 o 4%
T2 S AR, LA B s () R R K L R
Wi 225 g BRI 45 (18] 2) )k T 2 MD-CPT
PUKFLSZIL T AR AE,  HASIR A #N A) 40 i
FWER R, ANFERZE AR I T L
AR A AR AL #, 0.5 h JG 4R &% ETF, 1h
KBTI, 2 J5 FFE. TEAIMRES R, 40ty
WS — AP R, R TR . R
B T AR AL A A D AR R AR i
s B2 S 4 B (8 X 53 W 2= R A e 1 A
PEIR AR (RS e M, T A AN e TR e
R i 80 AE] AL 20 SE L2 N T 254
PR TE TR, FEEEAR, E9KRILT S RG%) M
T A AR 1 (0.5~ 1%), 15 40 o 25 11 A e 384
i, SEEERTRE. (WEAS RS RS, Kl
PR AT DA I s SOk A o2 e 1, I H I K I
Z, MM W SR AN L PR PR ] LA R SR 2 1f
TEBOUKGRAEE, Wy 25407 1 B Ik e B gt A A4

i

HSF HUVEC KF
Cell lines

Cellular uptake ratio/%
(=) —_ \S] w N LV e 2

MCE-7

Fig. 2 Cellular uptake ratio of different cell lines
include HSF, HUVES, KF and MCF-7
x + s,n =6, P<0.05. The cell lines were incubated at 37°C for 0.5,
land1.5h. (J:0.5h; : 1 h; W: 1.5 h.

M HA R 22— MRS B IE R, RN
I S o ik 8] 1 2 9 P 7R B OKPRAIG, 4t i
PEHBAR T RSN SEG . AN F 41k, HUVEC %)
DK FLIR A0 M A e A A a3 b TR T B
Mg, DAA LA P B A 0 SO AT 45 v e i R 11 4
Wiz —, UM SR T AR R ik, %
PR, 2N 52 A

CLFEA L KF A0 (1 3), 8 Hot LR 4 W
LWL 5% 31 20 M AW (1) U Bh Ak 72, MD-CPT 7R %8
RCHOR T R 96, W T KF 4 Xy
MD-CPT/HANS 5 A\ S I [A] 134 22, MD-CPT
RN, BRI, A
BN, BAEREAE ThER. FEAKNK
MD-CPT #t 7] LA 5 Topo I #1 DNA 1, JEME &
Yy, BEMFLAT DNA S0, SR e G
23 IKINZRREEMRR

ORI, ORI I LOE I
KA, HASRN T 299 SR (Qn) Bl IS [R] A2 4k
#, 4h i, CEIEARBEM. HET, ERFoT
Fenb b, DURRIR A Gt %, AEMIF 451
4 h I, W9 HA-GMS 5 MD-CPT A [ Jit &2 11 bt
T8 15 280 1R 28 24 AP K FLON L R IRy 3% 1 RE TR s i
WK 1c frion, Bi% HA-GMS 410 188 hn, o &
SR E LTHES, Eh 40 18, I
(83.7345.22) pg/em?, AR Jss=(29.93+0.09)ug/cm?’,
FWMIBIERB Kp=(22.93+0.09)x10~ cm/h,  Bifi 5 1)
BEFREWP<0.05)(Kl 1c). & RE2EARN kB
FEEfE L ERZ BRI G, SEARME. )
PEL AR SER R . WAR, Bk B
N AR AYBIESERRE. 85520
JT R TC LU T A8 AA ORI R 24 ) 4 R 1 S
RBNFARBLLE 4 0 100 R, XS5HIMNEA . B
JRIB L S 45 R — 2L

PRI (B 470l B 7R T 825 9k 5L
76 2 h A1 4 h (PR IRZEIRAS, MD-CPT 14
ok B 9¢ %, 1T Rhodanmine B [ 4% 6 i &k HY
gLt MYV I, 2 hl BT R
. BRI ANSIELNBIELRE, HAM
KALEH AT BB JE. 4h i, BARZY
WA B R B AT AR S (R B (), HEE 82y
PRI A BIRE YR, SEMOER . LR A
I ATREAR B, BRI 29I B A 77 B
HEMATSIR LB 2 G KL TS AR ALE.
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(2) (b) (c)

20 min 40 min 60 min

Fig. 3 CLSM images of Keloid fibroblasts with HANs loaded MD-CPT incubated at 37°C for 20 min (a),
40 min (b), 60 min (c) under different magnification (400x)
The blue fluorescence was from MD-CPT (A,=367 nm, A.,=405 nm). The yellow arrow points to cell nucleus, and the red arrow points to the

cytoplasm. Keloid fibroblasts were observed with time (100x).

) (t) ()

Dermis

Fig. 4 Penetration of rhodamine labeled MD-CPT/HANs into the mice dorsal skin
(a) The blue fluorescence was from MD-CPT. (b) The red was from rhodamine labeled HA-GMS and (c) The skin images was under the white light of

the fluorescence microscope (200x).

24 HRINFHR B T BARGOKRFLAER N AT DL, T3 259
WAGKILEL B ke, FELBAMMAEEEN AR SRS 29 7E R IR BB b, 2504
MEAEFAIEANARA . K MD-CPT (I 253 E . AP IR ERE S N ] T A2 4L
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T k1 20 A 0% Y0k (HPLC) SR #3111 U5 7
y=0.006683 + 0.005725C, M FRH r = 0.9428. 1E
AR, AFWEERT 3 I M3 o MD-CPT

(R B AR A I 2 24 1.0 g/ L. IR FZIE 100%,
HWKE %S H IS EY < 15%(€ 1), RIET
HPLC A3l MD-CPT [PJIfiL 24534 5 TRy ERf 14

Table 1 Tests of recovery rate of plasma sample and precision test of HPLC

n=6
Sample concentration/(pg*L™") Recovery rate/% RSD/% Within-day precision/% Day to day precision/%
2.65 102.32+0.17 4.77£0.87 7.41+0.25 11.89+0.13
103.78 109.84+0.33 6.42+0.92 4.28+0.23 10.73+0.44
1529.13 107.81+0.45 9.25+0.51 6.55+0.67 9.01+0.33

Data represented the x + s, n=3, P < 0.05.

Wistar K0 2 RIFIESESS 2y, % Hm 253k
FEREATATIN, 433 F35 1 25 B2 - Ipie) ih 42 (& 1d).
MR AR = 254030 ) AR, 8 &40 i HANs
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Moo, ArAn WA, MM RE 2. &
I HANs i& e 4525, 29 6h, 183250, Sl
PITES FRIA I IR H) T0(2.71820.151) h 422, 1H
ST T,(17.1951.719) h HERkA:51(4.77240.263) h
AL 7 5F(10.8251.35) h AL, 289 (P <

0.05), HHHLILIN G 1 AT HE i DA 30 0 24 K 3L 1 B
A 25 2533 NAKN, MD-CTP [RAR N 3 A 2 B 4
K [FINF, GUEKRFR Y BAT R DIRE, RN FrEE
PERE IR 25 RE A 2GR A (R RE INF ). AR, de
KIMLZH R Coe(0.417+0.1717) mg/LAK T ik vE 5F
(5.812+0.511) mg/LAILIAITE 25 (3.077+0.278) mg/L,
HRE 2 J 5 2 25 R PRV 22 S/, e P22,
Wi W ZE B 5 24 e ORIk I 2434 B8 S I ) 2 (R R e vk

Table 2 Pharmacokinetic parameters of MD-CPT after transdermal administration

of H4, intravenous injection and intramuscular injection

Parameters Intravenous injection Intramuscular injection H4
AUC,y4¢/(mgeL") 24.853+3.417 28.624+4.662 5.380+0.992
AUCy./(mg-L") 25.557+2.833 29.135+4.516 9.774+0.944

Cw/(mgeL") 5.812+0.511 3.077+0.278 0.417+0.171
T /h - 2.718+0.151 6.312+0.519
Ti»/h 4.772+0.263 10.825+1.350 17.195+1.719
Kq/h™ 0.145+0.039 0.092+0.038 0.058+0.012
Relative bioavailability/% 100.0 115.2 21.6

The data presented in this table as x + s, n=4.
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HANSs, X5 RS IRAL 2040980, oK £L 8
FRCR /D, THERAR. &5 WoR TR
B4y, 2ol 24 h, BZGYKFLZEM ) JE I 4124
BTG AT BRI FmiE, ¥ o
FERON GG, HRZ RN R, 43 25 XK
B, IEARR R g 2.
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Fig. 5 The biodistribution of MD-CPT/HANs with
whole body imaging was seen using the non-invasive
imaging technique at the 24 h
(a) At the beginning (< 5 min), the dorsal local area of the rat was treated
with MD-CPT/HANS, and yellow to red demonstrated the fluorescence
intensity from weak to strong. (b) For the same rat, MD-CPT/HANs had

spread to the whole back after 24 h.

KRR, 228 2 B BCEAE RO &

(b)

WA, ISR EHT MD-CPT F# 4K HANs 75 2% &
o0 Am . TR 4% (5% 6(GF) Rl RSkl MD-CPT
& m (K 6a), U4 AME (NIRF)J Rhodanmine B 5
iC ) HANs(/E 6b). 24 h Itf, 254 B 4E 45 24
IR N, JLOGR R, PR T 25
SUNMBEIES, Z5ENMHEEAS. 48h )5,
M IR T 25 e A, b DU
DMEAR AT i or A . TR, HANSs (& 17 5
MD-CPT WA AR, B WERIELLAMN OG5 5 — A
9, Ut HANs 7285 b & SR 4 55, /1 48 h
INf,  JHERERT AR A B> o A, SEAR AT B
B RALA . R, HUES 24 h A48 h N IR IR EE,
FH 2 SRRSO HANSs 3% 49(211.22492.74) wg/L
F1(599.62+23.61) weg/L. VLYK EAME K452 )5,
TERNREIRZIY), 58T JRiB e 2 AESs o, ok
HENT MLBAEER, Z 50N IR, S pkE
HARAS,  ANSis B Y R LA 57 4.

Fig. 6 GF (a) and NIRF (b) imaging of isolated tissues at 24, 48 h after administration of rhodamine labeled HANs
H: Heart; Li: Liver; Sp: Spleen; Lu: Lung; K: Kidney; M: Muscle.
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MD-CPT( 3), It RSN, AN ERN.

Fig. 7 GF imaging of MD-CPT concentration of tissue
homogenate include lung, stomach, spleen, liver, muscle,
kidney, brain, heart and intestine after 48 h
Sp: Spleen; Br: Brain; K: Kidney; Li: Liver; H: Heart; Ly: Lymph; Mu:

Muscle; Lu: Lung; In: Intestine; St: Stomach. n=4.

T K HANs UKTEFLIIA NBE SR, K
L 252 48h J, UGS B, B9
SIS ) (K 8), W] LI EE F] MD-CPT
(892 ) A HANs(ZL (9¢ 6. 78 K BRI T
BEAE RRAERNZS 253007 5 R LA AL, BRAFELER
BRI 2OEE S, X5 E Mg RMHY S,

Kidney Liver

Table 3 Tissue distribution of MD-CPT was measured
with the fluorescence intensity (emitted by MD-CPT)

after 1, 2 days treatment

Drug concentration in different organs/tissues/(j.g*L")

Organ 24h 48 h
Lung 74.68+3.12 226.87+0.95
Stomach 16.74£1.09 196.51+5.11
Spleen 17.08+3.33 288.91+2.25
Liver 15.67£2.59 513.33+0.88
Muscle 1906.39+78.57 2206.48+36.30
Kidney 1013.59+35.34 833.55+62.43
Brain 133.01+£12.16 124.89+14.25
Heart 172.36+14.58 115.1949.12
Intestine 33.17+8.87 17.02+7.31
Lymph 366.21+5.33 351.97+2.65
Lung 74.68+4.67 226.87+11.18
Urine 173.56+49.11 393.86+97.01

Data are represented as x + s, n=4.

MD-CPT = ZEAEAE T4 BRI, & T M )2is.
PG TE B SCRAR ], HEMDEA 5 A A 25 1)
WAYKTIFLIC A A L I BR A 2. dE— 2k
1T HANs #8025 49 K 7L ox) MD-CPT B AT Jaj # 7€
BERAER, kT HANs fE NG 2, 21k
A R S HUR B 7K 1 258 MD-CPT 3#32% B4A P .

Muscle Spleen

Fig. 8 Tissue accumulation of MD-CPT and HANSs after 48 h through transdermal delivered

to rats measured by fluorescence microscopy (100x)

Kidney, liver, muscle and spleen. The blue fluorescence was from MD-CPT; the red was from rhodamine B labeled HAN-GMS.
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Cellular Uptake and Pharmacokinetics of MD-CPT-loaded HA
Nanoemulsion as Transdermal Delivery Carriers

GAO Yuan-Yuan", WANG Zhi-Guo?, JIANG Chang-Qing", KONG Ming", CHENG Xiao-Jie",
WANG Juan”, BAO Zi-Xian", SUN Guo-Hui”, HUANG Yu-Hua®, LIN Cheng-Bing?,
YI Hong-Jun¥, CHEN Xi-Guang"*
(" College of Marine Life Science, Ocean University of China, Qingdao 266003, China;
2 Department of Plastic Surgery, The Affiliated Hospital of Medical College Qingdao University, Qingdao 266013, China;
? Technology Center, jifa Group Company Limited, Qingdao 266221, China)

Abstract Our previous study prepared loading 10,11-methylenedioxy camptothecin (MD-CPT) hyaluronic acid
nanocarriers (HANSs) as a transdermal delivery system. The further study targets to value the cellular uptake and
pharmacokinetic analysis of MD-CPT-loaded HA nanoemulsion as transdermal delivery carriers. A
sustained-release dosage formulation was obtained with good skin permeability by optimizing the preparation
conditions. The cellular-uptake of keloid fibroblast for nanoemulsion was observed with CLSM, drug eventually
into the nucleus. Phagocytosis was time dependence, and different cell lines include HSF, HUVES, MCF-7 and KF
were slightly different. Rhodanmine B labeled HANs performed desirable skin permeable capacity across stratum
corneum, and the drug was transferred to the dermis by fluorescence microscopy. The optimized HANs
formulation was verified with the highest effective drug permeability. The plasma concentration of MD-CPT was
analyzed by HPLC, showed an almost 3.6 and 1.6 times increase T, respectively compared with intravenous and
intramuscular injection; moreover, the curve of transdermal delivery was smooth continuous. /n vivo imaging
system intuitively reflected the distribution of transdermal drug in mice and the drug content of various
organs/tissues. The rest of MD-CPT and HANSs entered into the blood circulation, eventually excreted through
metabolism without body burden. The longer drug residence at topical area with treatment could provide a
continuous and controllable, extended efficacy, which was beneficial to superficial lesions therapy.

Key words hyaluronic acid, nanoemulsion, 10, 11-methylenedioxycamptothecin, transdermal delivery, cellular
uptake, biodistribution
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