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Preparation and pharmacokinetics of tolvaptan loaded nanostructured lipid
carriers
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Abstract: Objective To prepare tolvaptan loaded nanostructured lipid carriers (Tol-NLCs) for improving the oral bioavailability of
tolvaptan. Methods Based on solubility, excipients were screened, including solid lipids (precirol ATO 5, campriitol 888 ATO,
compritol HD5 ATO, glycerol monostearate, maisine CC), liquid lipids (labrafil M 1944 CS, peceol, gelucire 44/14, capryol 90) and
surfactants (tween 80, cremophore EL, solutol HS15, poloxamer 188). Tol-NLCs were prepared using an emulsified ultrasound low-
temperature curing method and the formulation was optimized using Box-Behankn effect surface methodology. The prepared Tol-
NLCs were characterized by electron microscopy (TEM) observation, particle size distribution and Zeta potential measurement, and
differential scanning calorimetry (DSC). At the same time, the in vitro drug release characteristics and transmembrane transport
characteristics of Tol raw materials and Tol-NLCs were compared. Compare the in vivo pharmacokinetic characteristics of Tol
suspension and Tol-NLCs after ig administration in rats. Results Based on the solubility, the optimal formula for Tol-NLCs was
determined using glycerol valerate as a solid lipid, glycerol monooleate as a liquid lipid, and polyethylene glycol 15 hydroxystearate
as a surfactant. Through optimization, the total lipid concentration was 40.0 mg'mL ™", the surfactant concentration was 25.0 mgmL™', and

the ultrasound time was six minutes. Under transmission electron microscopy, the prepared Tol-NLCs can be observed to be
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spherical in shape and evenly distributed. The average particle size of Tol-NLCs is (106.2 + 14.7) nm, PDI is (0.196 + 0.004), and

Zeta potential is (=26.6 + 0.6) mV. The drug exists in an amorphous form in Tol-NLCs. Tol-NLCs exhibit faster drug release in the

early stage and slower drug release in the later stage in pH 6.8 phosphate buffer. The results of Caco-2 cell transmembrane transport
showed that the P, ,, .5, value of Tol-NLCs was (11.16 £ 0.58) x 107 cms™, and the P,y ..p value was (4.51 + 0.46) x 10 cms™".

Compared with Tol solution, P, ., .5, showed a significant increase trend, while P, .. showed a significant decrease trend,

indicating that Tol encapsulation in NLCs promoted drug absorption and inhibited the efflux of P-glycoprotein (P-gp). Compared

with Tol suspension, the bioavailability of Tol increased by 2.5 times after ig of Tol-NLCs in rats. Conclusion Tol-NLCs prepared

according to optimized prescription can significantly improve the bioavailability of drugs and have important value for the

development of Tol dosage forms.

Key words: tovaptan; nanostructured lipid carriers; bioavailability; emulsification ultrasound low-temperature curing method;

pharmacokinetics; cell transmembrane transport
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Table 4 Property evaluation of mixed lipids (x+s,n=3)
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X/(mgmL™") X/(mg'mL™") Xymin Y/nm Y,/% T (P<0.05), B %t ¥, 45 55 3 5400 , o 4 H 0 15 % v,
: 00-0 200 O IR TS g N (P>0.05), 3D AT L 2.
o e A U146 1 Tol-NLCs [0 R 8L M , 6158 % 3
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14 40.0 20.0 6 1132 846 2.6.1 W IE A H B (TEM) W %2 HLUi&E & Tol-
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Table 7 ANOVA results for effect of X, X, and X; on Y,
b S V5 H P54 Fii P1H BENE
TR 53 048.15 9 5894.24 14.250 0.004 6 e
X, 11 197.56 1 11 197.56 27.070 0.003 5 B
X, 35 738.01 1 35 738.01 86.400 0.000 2 B3
X, 2708.48 1 2708.48 6.550 0.050 7 NS
XX, 118.81 1 118.81 0.290 0.6150 ENE
XX 517.56 1 517.56 1.250 03142 NGEC
XX, 30.80 1 30.80 0.074 0.795 8 N E
X7 128.86 1 128.86 3.120 0.137 8 N E
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W% 2068.14 5 413.63
R AT 65.74 3 2191 0.022 FNGE
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I
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Xn/(mg'mLﬂg 30 25 %g/(mg-mL") Xl/(mg,m‘iqlpo 2079 87 6X3/min Xg/nfin6 7 8530 25 ,2(3,(mg.mﬁ)
B X,.X,H0X,F ¥, 2005 3D 255w =
Fig.1 3D effect surface diagram of influence of X, X, and X; on ¥,
=8 X, X, X3V, MMM E S
Table 8 ANOVA results for effect of X;, X, and X; on ¥,
b3 - J7 H Hi FEIME F18 P1H B
it 1 847.64 9 205.29 84.35 <0.000 1 W
X, 1190.72 1 1190.72 489.24 <0.000 1 wE
X, 20.80 1 20.80 8.55 0.0329 NS
X, 368.56 1 368.56 151.43 <0.000 1 wE
XX, 4.41 1 4.41 1.81 0.236 1 N
XX 1.00 1 1.00 0.41 0.549 7 ENTES
XX, 0.002 5 1 0.002 5 0.001 0 0.975 7 NGRS
X2 152.62 1 152.62 62.71 0.000 5 ENTES
X2 6.77 1 6.77 278 0.156 2 ENES
X2 128.71 1 128.71 52.88 0.000 8 s
B 7 12.17 5 2.43
PN 7.92 3 2.64 1.24 0.474 7 N
afiin 22 4.25 2 2.12
SR 1 859.81 14

&2

40

Xi/(mg-mL) 302079

20

7 i sT~—g 7
8 X3/mm Xz/(mg,mLfl)ls 109 8

X, X, FX, 3t ¥, %06 89 3D 3805z 1
Fig. 2 3D effect surface diagram of influence of X, X, and X;on ¥,

R824 5~7 mg, I B8 BT S, % 8, JF
DA > e 2 A T B0 A D et T A P 22 75 41 3
B HAXAE 30~300 °CABEAT # BT, WA B E

A 50 mL-min™, F+ i & & 4 5 °C ‘min’',

LIS,

g5 R

I8 45 R WoR , Tol J5UkE245 5 Wy 3R & W 1 4E

221 °C H 3 — A B S 1 W A0 R 122 G AIE Ui g 24
Wi R, UGB JORE 2 35 R 45 @R 4S5 i Tol-NLCs 1
221 °C T (1) 254 W 8 ) R e 15 2k, T 4D Tol & LA
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Fig. 4 Particle size distribution and Zeta potential of Tol-NLCs
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Fig 6 In vitro drug release profiles of TOL-loaded NLCs

and Tol in pH 6.8 medium solution (x+s,n=3)
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FE4sL 3 W, T 1) Caco-2 44 ff 7 i HBSS (pH 7.4)
TEEEIRIL BB PER LIRS . B Caco-2 4H fill LL&F
FL 5.0 X 10° 4™ 4 B 1) %5 B2 42 50 21 0.4 mm LY 12 mm
Transwell 5k 8 6 58 2 1D , 76 F2 M Ji5 56 S R Ja B 46k
BRI (4500 1 mL, 20t 2 mL) , B2 RS 4 1
W, BHA 21 d, 15 3] Caco-2 2 i B )2, Wl & b Jz ey
FH(TEER)H , 1% # TEER fH K T 400 Q-cm’ 1) 1. J2
JELH T 40 fu s i s is w7 e & A S mgmL ' =
I35 IV B () HBSS (pH 7.4) B 1] Tol ¥ ¥ , 1#
HBSS (pH 7.4) Hi B Tol-NLCs , 2 13 25 Wit it 22 25 4y
J IR B 248 1.0 mg-mL™ s 43 B B b3k 2 Fh 24 7 %%
1.0 mL I\ 21 41 g I 1) T30 CAP) , 1 9 i 453t , 7§
HUHBSS (pH 7.4) %5 4% 2.0 mL i\ 21 41 g i 3 Jg
AMU(BL) , /E A #e Wit , %5 52 AP % BL [ 1% JlE i
IZRE ST s FIRE T 30, 40 BV Ok 2 Fh 2459 4% 1.0 mL
N 4R BL A, 4 9 45 i, FFEX HBSS (pH 7.4)
A 2.0 mL in N 2] AP, 1 Sy B dicith , %5 52 0
BL % AP (115 5% 12 68 77 5 76 1 I 8] 5 A2 0t
U EOR E SRR R R Y & & TR
MBIELRP,,), EHR WK,
P, =dQ/dtX 1/4X 1/C,

dQ/de Ny FAL I (R 259 e 12 B (uges™) , 4 N Transwell B iR
g B T AR (4.67 cm®) L C, 9 4 W h 2 W W) 4G IR
mWRE (pg-mL™")

%9 Tol#1 Tol-NLCs 7E Caco-2 A i P, ,, B (x+s,n=3)
Table 9 Apparent permeability coefficients of Tol and Tol-

NLCs in Caco-2 cell (x+s,n=3)

P,/(x10 “cm's™)

20 51
Papp(AP*'BL) Pz\pp(BL*’AP)
Tol ¥ i 3.26+0.16 5.47+0.37
Tol-NLCs 11.16+0.58 4.5140.46

Caco-2 2 i %5 55 % 32 25 2 7, Tol ¥ W 1
Pooe sy 1H A (326%£0.16) X10° cm-s™, 1M
P M8 (5.474£0.37) X 10 cm-s™, & B Tol Hy
P-H# 2 1 (P-gp) (11 JE W , Tol 4% i 41 W i i L4 4k
He 22 18 P9 5 110 Tol-NLCs [ P, p o TH N (11,16 £
0.58) X107 em's™, Py ap 1 N (4.5110.46) X
10 em-s™, 5 Tol W VRAH L , P,y up oo, 22 30 HH W 23
T, Py oary 28 I BH 2 B 2, 15 B Tol £2,
FETENLCs R EE T 259 Use, #0 T P-gp B A0
TER X FEZEIRFE T 24 J5 M : Tol-NLCs (1) fi
RIS, AT B 40 20 0 55 e 18 3 N AR TR 3F ; @ L 2

7E NLCs PN 5 (19 2P0 7E 3E N4 N J A 2 4 P-gp iR
5l BEAR T P-gp XF 254 B ARV FH
2.8 Tol-NLCs ZARF MR

B 12 2 SD KR, MR 252, 7 A S, R &
190~220 g, SEEGHT 12 h AR B ALK, S5 1 1) 25 6
2K KR BBENL N ABAL, BT 9n 5. AHigh
T Tol R (FH 0.5% R LT 4 N E N BN D . B
“Hig# T Tol-NLCs, Tol FlIFE38 30 mgkg ™, 73 il 7E 245
2455 0.5.1.2.4.6-812 h MK B HRAE /5 i ik A\ EC
27 0.5 mL 2 ZRZME0E  , FEES 000 rmin™!
TS min, 40 B E 2 IR B 20 °CIRAT . K
I3 T80 A 2 R R R, R R R RS I S
200 puL 2 B0 E L IIAK SRR EE 10 pL Ot &k
J£ 8 100 pg-mL D AE NN FR, i iE R A S min, F 1
NS R £ B 2 mL A& S8 AL B4 3 T 40 pL QIR FE
N1 mol-L™), i igJE & 5 min, L5 000 r-min™ & >
10 min, 77 B AWEBRIKE O H, £ 40 °CHA
W T4, R B R 100wl 7 5 A 1, B35
30 pL HEAE = OB AR (1 R gk M 2 & &, 6
il 2% A - 0 B 22 516 Eclipse XDB-C, i (150 mm X
4.6 mm, 5 pm) A, BN O -7K- B8 (55
451 AR A 1.0 mLmin™, A0 K 9265 nm, k
17940 °C. 253 % Z# 4l i} WinNonlin 2 3 7 X
PEREAT IR 25 R LR 10,

%10 Tol # Tol-NLCs X ik N #5315 5 8 (x5, n=6)

Table 10 Pharmacokinetic parameters of Tol and Tol-

NLCs in rats (x+s,n=6)

ZH Tol IREK Tol-NLCs
Cox/ (ng'mL™") 176.2+45.6 436.7+57.9°
[ 4.6+0.6 2.3+0.3"
t,x/h 6.3+0.9 73£1.2
AUC,-,/(h'-ng-mL™") 986.5+124.6 2 452.94498.7

5 Tol Y B L #% : "P<<0.05.
P <0.05 vs Tol suspension.

K 5 ig Tol i 2 ¥ Al Tol-NLCs J I IfiL 3% ¥R Ji -
1] 1 28 40 8] 7 B, 76 25 5 8] £, Tol-NLCs 2H K B
1L 5 H Tol W B2 35 . 35 5 T~ Tol IR B AL s R 1045 HH
TS B35 250, 4S5 R 0T, Tol-NLCs 4H 1)
2 il 28 N TR (AUC, ) & Tol Vi B 4L 1) 2.5 1%,
2B Tol-NLCs A #& 1& Tol i I IR AE P FI FH B
3 g

H &0, Tol D# T KT LR 25 240, b )™
H4 Tol il & B K dm 1, A i S5
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Fig. 7 Mean plasma concentration-time profiles of Tol sus-

pensions and Tol-NLCs (x=+s,n=6)
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