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(ULl kA k) 550k Bl RIS . 4 R 7 A SLALH (RTF A @ & A - 2L 2L A5 80 sb ) 1:2) A8 3% .25 5 4.5%,
B -i& g T 6:5, T4 ADV-NLC #)-F 34 4212 % (48.83 + 2.65) nm, % #4540 <0.3,Zeta v A% A (—28.7+ 1.8) mV, &3 £ %
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Preparation and Formulation Optimization of Nanostructured Lipid Carriers of Adefovir Dipivoxil
SUN Shanshan, WANG Huiyun, WANG Feifei, DING Lin (School of Pharmacy, Jining Medical University,
Shandong Rizhao 276826, China)

ABSTRACT OBJECTIVE: To prepare nanostructured lipid carrier of adefovir dipivoxil (ADV-NLC), and optimize the formula-
tion. METHODS:: Using stearic acid and glycerin monostearate as solid lipid, oleic acid as liquid lipid, Gemini surfactant and. poly-
sorbate 80 as emulsifier, sodium dodecyl sulfate (SDS) as stabilizer, solvent dispersion ultrasonic method was_used!to| prepare
ADV-NLC. And using particle size, polydispersity index, Zeta potential, encapsulation efficiency as indexes { single factor test was
conducted to screen Gemini surfactant-polysorbate 80 ratio, emulsifier dosage (ratio of emulsifier-to Water phase), drug-lipid ratio,
solid-liquid lipid ratio. RESULTS: The formula was as follow as 3% emulsifier (Gemini Surfactanf-polysorbate 80 ratio of 1:2),
4.5% drug-lipid ratio, solid-liquid lipid ratio of 6:5. The average particle_size/of the prepared ADV-NLC was (48.83 £ 2.65) nm,
polydispersity index<<0.3, Zeta potential was (—28.7 + 1.8) mV, encapsulafion efficiency was (77.65+0.03)% (n=3). CONCLU-
SIONS: ADV-NLC is successfully prepared, and the formulation is reasonable and feasible.

KEYWORDS Adefovir dipivoxil; Nanostructured lipid carrier; Gemini surfactant; Formulation optimization

YR AR FRA D) s R T 1AL (b st 1R i S 6 AY
g MR ] ) 5 5 4% (32 [E Union Carbide 24 A1) , B 70

] £ 45 = T (Adefovir dipivoxil JADV) 2 H ifilfi R
FHFIRYT R W (B i 15 1UR 8 E I RS

F AR | AR TR S5 A BB 8 DA, gk
Jig IFi 784 (Nanostructured lipid carrier, NLC) & 7E [# /& ig
JBT AN KL Y it b SR R B BT — AR 2 A, s 7
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F:8000),
1.2 #AR5RF

ADV FRES (RIEECEVFHARFRAFHS .
20130710, 4l . >98% ) ; ADV J5URI 245 GRNAESCAL T4
PR H] L, 5 : 20140923, 46 B - =97% ) 5 LA IR 2 H i
fis (P24l ) B 1AL 80 (fh2r4li ) R IR R (/r#ral) i
g (43t 26 ) ¥ B R e T i Ak A R | O
(Gemini) A IE TR (2,4,7,9-VUF BL-5-38 b4, 7-—
SEEALY, = MSDS 23w 5 R TGk LB | H #E i
R Al IE N B b b R R 4 (SDS) L R &
(PEG) 1000 #5 fk 2240, 20 H R ik ali
2 HiEE&R
2.1 ADV-NLC % &

SRR 53 #8875 74 1 4 ADV-NLC, A5 25 FR
Aib Ty B B BARE IR R H SR BB IS R AT ER L K ADV, 43
BT NIR- L BEIR SVERI (1 1, /), T 60 CokiGH
S RIAE SR I AH 5 o K AR AL J7 1 1) Gemini 2 171 17 M
-2 11 B4R 80 AN e I 1E N EE . PEG1000 ,SDS 43 #( T
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20 mL 7K A 2 A0 [ AR K AH 5 SR J5 FE S 1 0 2%
PR W AR S 08 1 AKAH b A5 21 14 TR B T 1R R
FifE PR 60 CARSEEEFE 30 min, BRI=ATHLIE A, TE L
¥IFL o B2 4 FLE A AL B (T . 600 W, (1] B
[B]:3 s, TAENE] :5 s, OBL: 50 ¥k J5 , 15 B R i (i 1
#EHIH ADV-NLC /K /3 HiA £ .
2.2 ADV-NLC By BRRAE

¥ ADV-NLC /K5 Bk 2 B — e i 50Us | BUE &=
T ZEN3690 K7 B 43 A SURE b it b, 25 C45 4T DAt
PRSI A% 0 22 43 WG 505 55 BRGE 1 F U BRUAE it
FRRGN Zeta HL A7, AR EE 4 90 ©,
2.3 ADVHIEZENE
2.3.1 ADV bR#EW B 655 K 2 R L ADV A5 i i
0.010 73 g, B T 50 mL S, ARSI 205 -wh iR ik 52
MR (PBS) (40 : 60) 3% fi# & 45 % 50 mL, 15 5] 0.214 6
mg/mL () ADV bR EIR 25 o /0 5 kS % 5 0.2, 0.4,
0.8.1.2,1.6 mL ) ADV Fr#fEIN 45, B T 10 mL & Jffi
i S 25 R 20 B, 1951 4.292 ,8.584,17.168
25.752.34.336 pg/mL i) ADV ARifEW .
2.3.2 ADVRIMPEA BERE R UV-2450 £4h-1] I,
I3 66 THE 200~800 nm K 7 Bl 4 X 8.584 ng/mL
) ADV FRUER A THIHE . 4558 B/, ADV 7E 258 nm %
KA A Fe R, k32645 258 nm i ADV (RGN
2.3.3 (g4 @iEH: . VP-ODS(250 mmx4.6 mm, 5
pm) ; WA : ZJE-PBS (40:60) ; i : 1 mL/min; 4 U}
H K 1258 nm; EFE R 20 pLs AR 25 °C.
234 TIREEEEL HOAH G L BT HE R
7, ADV g TR FR () 15 ot SR HE (o) 19 [RT 01 5 2 oy y=
17 468.002x+14 6161947 (+=0:999 71) , ADV £&PE 5 [l Ky
4.292734.336 \Wg/mL; “F- 15 5] i 2K 4 96.13% (RSD=
L.2%\n=6) ; #& % i th I AL RSD 0 1.8% (n=
6); F B I & EARSD K 2.1% (n=6),
24 BHEHNE

HUADV-NLC /K43 AR 2 1 mL FB A8, i al
JKAME % 3 mL, $ 2 A 47 mL [RI Rl Z4lK b, BekRrp
A FEF PR B FE , AT 9. 43l F0.5.1.0,1.5,
2.0,2.5.3.0.3.5.4.0 4.5 hEUH BT, FHIERAM-1T W43
G HE TG 45 35 BT ADV W GRS | 2 1 WY JEE -1k
L T S A PR I (% ) = (W = W)/
W:x100%]. ADV-NLC W' R - Rl e WL 1

il 1 Al H1, ADV-NLC B 2 h e ph ot 2%, %
Wi 125 ADV B4 HIOEAS TR B , I 2 2 holy
5 M ]
2.5 bFATFIE
2.5.1  Gemini 2% 1A 1 74 77 - 5 11 B4 5 80 Lt 51 % ADV-
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Fig 1 Absorbance-time curves of ADV-NLC
&1 Gemini 3 H & T4 7 - 3 1L 5L EE 80 Lk fI 3¢ ADV-
NLC B SR #Mm (x +5,n=3)
Tab 1 Effects of Gemini surfactant-polysorbate 80 ra-

Abs

tio on ADV-NLC physico-chemical property

(xts,n=3)
g IR it om SOOI Zensb iy K,
0:1 77.60£4.09 0.644+0.067 -244+29 7243%3.06
1:3 60.55+5.81 0.220+0.049 -20.4£2.1 72.01 £2.54
1:2 49.77+£4.12 0.178£0.0567 =24.1+327.73.12£2.35
1:1 73.14+3.57 0:616%0.061%, -22.5%18 73.04+1.76
2:1 81.834435 0.583£0.048 -239+23 72.88+2.83

1 2L 1, ) B 191 Gémini 2 1 1 1 0] - 5 111 BL
i 80 ADVANLC 11443 3 5852 Ml A B it | EL XD A2 F 22
I BIEBOE AT . 24 Gemini 22 1115 17728 L1 B4 80
Fe sl g 1= 2 BF, Bl 45 i ADV-NLC ki 42 1 2243 s %
fe/N, HORLBE A3 A3 5] Gk £ Gemini FRTAITE PEF-2R 111
FUME80(1:2) FLALF
2.5.2  FLALFI X ADV-NLC BALPE R B 52m [
Gemini 2 [T {5 1557 - 3R L AL TR 80 L8 1: 2 258 oA
4.5% [ -WHR R 6:5, BEAAFI AE[2% 3% .
4% 5% 6% 7% (FLALF] 5K M Z L, m/V) % ADV-
NLC FALME BT sz, 25 R L3k 2,
#2 FFIHE ADV-NLC IB{L 1R

n=3)

Tab 2 Effects of emulsifier dosage on ADV-NLC phy-

sico-chemical property(x+s,n=3)

G0 (x £ 5,

AR % Rife.om  ZAWOEH  ZewbhLmv (LR, %
2 71.08+6.75 0.303+£0.054 =251+22 7571+223
3 51.51+£6.83  0.161 £0.040 -238+3.5 77.84+3.11
4 83.161£7.97  0.147+0.043 -253+28 77.44+329
5 1124+£9.04  0.124£0.037 -222+3.1 72.17+2.18
6 129.0+£8.93  0.186 £0.065 =222+29 73471245
7 355.84+9.51  0.488£0.063 =20.7+1.7 69.73+2.76

w1 2 Al Bt LA SR IR N, ADV-NLC Rz
WK B s N . 2 FLARTR R O 3% I, Bl 45 Y
ADV-NLC ki s/ Al 5w, e #f L A0 &
3%
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2.5.3 2§l L X} ADV-NLC B AL PE TR i 2 i [
Gemini % [ 15 7577 - 5 L AL R 80 LU 122 FLARSHIH]
N 3% ([E-BIRIR LN 65, BEZGNR L (1.8% .3.2%
4.5% .6.8% .9.1% ,m/m) %} ADV-NLC BRAb 1 5 i) 5
BERILA S,
%3 ZiRgLL3t ADV-NLC LR
3)
Tab 3 Effects of drug-lipid ratio on ADV-NLC physi-
co-chemical property(x+s,n=3)

JRME (x +5,n=

il % HifE, nm EZNi it Zeta B, mV K, %
1.8 4842+5.71 0.333£0.069 -22.1+238 75.40£2.03
32 43.19+5.42 0.189£0.046 -232+25 7743 +3.21
45 4522+6.13 0.189£0.031 -20.9+33 77.88£2.15
6.8 47.19£5.74 0.220 £0.047 -224+3.1 69.97+1.01
9.1 49.99+6.09 0.194£0.038 -202+1.6 64.72£2.76

1 2¢ 3 AT, 24508 He X ADV-NLC kA% 52 i A i
FLEXEE R E . M5 4.5%0],
ADV-NLC )3 38 i i 5 25 LL AR S35, Ao 8 38 S i
W/ ORI E L 4.5% o
2.5.4 [ -V X ADV-NLC FEALPE R 520 U
AN 2R B AN A, ¥4 i NLC ikifz L 243k
FEECFREA T AR U [ Gemini 2 TRIVE PR 77)-2R
124G 80 LAy 1: 2 FLALFKI A 3% Zilg LN 4.5% ,
A - (3:1.,2:1.6:5.6:7,2:3.3:5,1:2.3:
7,m/m) % ADV-NLC AL BT 5200, 25 R W3 4,
x4 E-BAERLEX ADV-NLC B MR (x+s,

n=3)
Tab 4 Effects of solid-liquid lipid ratio“on ADV-NLC
physico-chemical properfy (x % s,n=3)

B-BIRRE R nm o Z0MURRY Zeaifi,mV  @HE %
3:1 4360 14.95 | 10.292%0.051 -219+25  70.07+4.12
2:1 435715867 0.266+0.063 -225%+23  7320+351
[N 4410+547  0.254%£0.057 -22.7%2.1 77.36£3.47
6:7 4538+4.89  0.34210.061 -26.6%£3.8  77.60+4.09
2:3 60.52£6.73  0.538£0.082 -356%+3.5  8120+3.97
3:5 67.84£591  0.509£0.076 -353+42  89.36+2.82
1:2 71.52£735  0.234£0.049 -30.8£2.7  88.92+3.39
3:7 87.20£6.89  0.276£0.055 -282+3.7  89.52t4.11

F 2 4 AT, BE TR ARSI, ADV-NLC fkife
B K A BRI 5 224 [ -V R o HL s 3 30 5 1), Ak SR N
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PEIE -G L EE ol 605 R fetE , ILIF ADV-NLC [k A2 45
/N AR
2.6 FIERXIE

i 15675 #1) ADV-NLC #94b J7 R #L AL 5] (Gemini 2 Jfi
TEE R -SRI BLHS 80 el 1:2) i 3% , 2l H 4.5% ,
-G L 65, Ak Jr il 45 3 #LYk i) ADV-NLC, il
15 HOF- 4045 2 (48.83 + 2.65) nm, £ 43 Hl48 %1 <<0.3,
Zeta L A7 Ky ( —28.7 + 1.8) mV, £ £ % Jy (77.65 +
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0.03) % (n=3).
3 g
TEFLAL R RO e rp & B, 5 B 2R 1L AL 80 1

R FLACH FEH , Gemini 2 1115 P55 -2 LI ALE 80 L7

1= 2 Al AR ) R BRI VE T, AT 8 25 2% ADV-NLC
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