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Abstract: Objective Tanshinone II, polymeric lipid nanoparticles (Tanll,-PLNs) were prepared for improving the solubility and
drug concentration in brain tissue to increase drug brain exposure. In vitro release, pharmacokinetics and brain tissue distribution
were studied. Method A high performance liquid chromatography (HPLC) method was established to determine the content of TanlI,,
and the preparation process of Tanll,-PLNs was optimized by taking the encapsulation rate and particle size of nano-preparations as
indexes. The proportion of Tanll, to Egg-PC, Egg-PC to polylactic acid - hydroxyacetic acid copolymer (PLGA) and organic phase
to water phase were optimized respectively. The prescription validation, stability and in vitro release of Tan II,-PLNs were
investigated. To establish a method for the determination of Tanll, in plasma and brain homogenates by liquid - mass spectrometry
(LC-MS). Six SPF male SD rats were randomly divided into two groups, one group was given 25 mg kg™ Tanll, suspension, the
other group was given 5 mg-kg™' Tanll,-PLNs solution. At 5, 15, 30, 60, 120, 240, 360, 480, 720 min after administration, about
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0.5 mL blood was collected from orbit, and pharmacokinetic detection was performed by LC-MS. Four KM mice were selected and
Tanll,-PLNs labeled with iv DiR were sacrificed 30, 60, 120 and 240 min after administration, and the distribution of TanIl,-PLNs
in tissues was observed by fluorescence imaging. Twelve KM mice were randomly divided into four groups, fasted 12 h before
administration, and treated with 2.5 mg-kg™" TanIl,-PLNs solution in tail iv. The mice were sacrificed 30, 60, 120 and 240 min after
administration. The intact brain tissues were stripped, weighed, and the level of TanlI, was detected by LC-MS. Results Egg-PC/PLGA
(5:2) were used as membrane materials of Tanll,-PLNs nanoparticles, and the volume ratio of organic phase to water phase was 1: 15. The
particle size, zeta potential, entrapment efficiency and drug loading capacity of Tanll,-PLNs were 272 nm, —4.93 mV, 88.2%, 18%
respectively. TanlI,-PLNs freeze-dried powder is stable under dry conditions (room temperature) and away from light. Pharmacokinetics
showed that the AUC ,, and ¢, ,, of TanII,-PLNs were 2.8 and 1.5 times higher than free Tanll, even the dose difference of administration
was 1/5 times. The results of tissue distribution experiment showed that the liver tissue showed fluorescence at 30 min. The brain
tissue showed fluorescence at 60 min, the fluorescence was the strongest at 120 min, and the fluorescence became weak at 240 min.
The plasma concentration of Tanll, reached 235.5 ng/g after 2 h of Tanll,-PLNs administration. Conclusion Tanll,-PLNs were
uniform and stable, and had a higher entrapment efficiency. /n vivo pharmacokinetic parameters showed that the application of

polymeric lipid nanoparticles improved the concentration of Tanll, in brain tissue and increased the exposure of the drug in the brain.
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JF'5  Tanll,:Egg-PC  Egg-PC:PLGA A HLF 1/KH
1 1:1 5:3 1:15
2 1:2 5:3 1:15
3 1:3 5:3 1:15
4 1:4 5:3 1:15
5 1:5 5:3 1:15
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Table 2 Mass ratio of Egg-PC and PLGA of Tanll,-PLNs

optimization
J¥%%5 Tanll,:Egg-PC  Egg-PC:PLGA AN /KA
1 1:4 5:5 1:15
2 1:4 5:4 1:15
3 1:4 5:3 1:15
4 1:4 5:2 1:15
5 1:4 501 1:15
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Table 3 Volume ratio of organic and aqueous phases of

Tanll,-PLNs optimization

J¥%5 Tanll,:Egg-PC~ Egg-PC:PLGA  HHLH /KA
1 1:4 52 1:10
2 1:4 5:2 1:12.5
3 1:4 52 1:15
4 1:4 5:2 1:17.5
5 1:4 52 1:20
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Fig. 3 Particle size and potential diagram of TanlII,-PLNs
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Fig. 4 Invitro release curve of Tanll, and TanlII,-PLNs
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Table 4 Fitting table of release equation of Tanll, and
TanlII,-PLNs

TS 5t LA B W& T R

TanlI, Zero order Y=1.5366 X+35.62 0.7 400

First order Y=71.51X(1—e ") 0.4 487

Higuchi Y=16.39 X** 0.7 425
Korsmeyer-Peppas Y=29.40 X** 0.93 798

TanlI,- Zero order Y=0.16 X+17.69 0.9 969

PLNs First order Y=96.48 X (1—¢ ") (.8 444

Higuchi Y=3.973 0 X** 0.9 407

Korsmeyer-Peppas Y=4.24 X% 0.9 409
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10 mine HX_FJZ VAW, 40 °CHET- . BRI I 500 pL
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Fig. 5 Specificity of plasma and brain homogenate samples
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FE il ¥ ik &) S FE B R TR A5 4 1.0410.0.
100.0 ng-mL™" (19 o % & o B3 FE 0 & S
$2“2.5.27 T N ik 4, %925 17 00 A& AR AT
W5, W T AR T A A B B R R A K,
F42.5.27 0N J5 a4, HET Ja FMK s R
£ 1) Tanll, 5 K FH S BV A W0 & 5 0y, W TH
N 4,5 B Tanll, 5 B3 P SR A B W% 50
42517 U B 26 4000 € , 0 T AR R 4,0 H
R 2 = A, /4,, BN, = Ay 45. WK S5 PR,
Tanll, A1 B P+ 2 B 75 1 5 R0 i 20 2% A (1 ] ig 2 0 2
JRBUSEAS 5 M W 5E

2.6 Tanll,-PLNs #]$#zh%¥

12.5 mg, il 4 mL [ 0.5% & H 2 £F 4 % 41 (CMC-
Na) , HE 75 VA, il B35 ) TR B W, ig 4525 2 mLs
FR & Tanll,-PLNs# T8 33 mg( & 5 mg ) TanIl,), Il
2mL AEF KB, Eiv 0.5 mL.

2.6.2 [M¥2Zyzh2¢  SPF St SD KB 6 2, BEHL
SYN2M L EZET 12 h AR, —Hig4h %25 mgkg!
[ Tanll, ¥ &, T4 25 )5 15.30.60. 120240 .
360 . 480+ 720 min AR HE B Ifl , 27 0.5 mL. 7 —4
Fiv 5 mg-kg f) Tanll,-PLNs V& , T 4525 )5 515+
30,60+ 120240360480, 720 min AR HE HY I , £
0.5 mL. I & 2 EOE Y, 4 000 rmin ' &
> 10 min, B _F3E , -20 °CLRAF o K “2.57 T )5 vk
HEAT I 2 96 R, 40 ] 63 6 BT /R, Tanll,-PLNs
] AUC,, 1 t,,, /& TanlIl, ] 2.8 A1 1.5 %,

2.6.3 A% M %E Tanll,-PLNs [ ZH 430 A7 B
KM /N 4 1, 2 iv DIR #310 ) Tanll,-PLNs. 252}
3060120240 min J5 , AbFEARH] . 1 I 5 6 BAF F2
AW % Tanll,-PLNs /EZH 3 (1 0 Al ol . Wik 7
FrR 30 min B A 2R R % , 2900 8 Je e R AR
5 60 min B il 21 2R R H 98O, 245 W7 v b R B
120 min I i 2H 23 5% 5t 55 5 5 240 min I [ 20 2175 '

2.6.1 23 25 FF &) & PR B Tanll, J& oK} 25 ARgY.
%5 Tanll, I3 F R LR s LC-MS H #i 77 £ F1E M (n=5)
Table 5 LC-MS analysis methodology evaluation of plasma and brain of Tanll, (n=5)
Feah R/ (ngmL™)  HAAEZRSD/Y%  HIAKE % B RSD/%  {EMHEE RE/%  HREURICER /% JE AR/ %
il 4 5 3.12 3.92 1.44 70.19+1.42 101.07+5.87
50 3.29 3.15 0.67 71.33+4.88 100.19+2.58
500 5.42 5.33 0.14 75.97+3.52 98.92+7.34
i 53 3% 1 2.95 3.26 1.13 72.66£2.07 104.22+2.63
10 3.53 5.70 0.96 74.34+2.16 101.95+1.97
100 6.28 6.58 2.77 78.4142.66 102.91+3.00
= 1.5 £6 BTESIMEF Tanll, WEETHES M (xts,n=3)
T._El Table 6 Pharmacokinetic parameters of of Tanll, in
g 1.0 —#—TanlI-PLNs plasma (;:I:s, n=3)
g - Tanll G SH B fir Tanll, Tanll,-PLNs
E - i min  167.68+30.66 254.08+55.47"
= Conax pg-mL ! 0.27+0.12 1.29+0.09"
g /\i\i\’\‘ AUC,, mglL "“min 6540£542  180.55+2.46™
0.0 R S T T AUC,, mgL "min 69.1143.45  202.38+4.21""
0 200 400 600 800
t/min MRT,, min 222.60+£0.97  194.49+0.04™
B 6 Tanll,-PLNs A ¥ Tanll, JE 25 F9 25 B Bl £ MRT,., min 262.27420.76  291.66+36.03

Fig. 6 Drug time curve of TanlI,-PLNs and TanlI,

5 TanlIl, 40 HL#%: " P<<0.01 ™" P<<0.001
*P<0.01 ""P<0.001 vs Tanll, group
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Fig. 7 Tissue distribution of TanII,-PLNs in mice
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2.6.4 WA A A BUKM /NG 12 2, BEHLS 1Y 4
H, 52501 12 h &2 &, & iv 2.5 mg-kg™' 1 Tanll,-
PLNs ¥ ¥, T4 245 )5 30,60+ 120 240 min &b 3F /)
B> 85 /N B e B K I 2L 41, BRI 2 i B 4l
IKEJHK =20 °CORAF o« R “2.57 T 77 V% 14T Tanll,
Kol . B 5% 2 B2 1R 25 25 Tanll, VR 20, 78
15 min Ji5 i 2H 23 7 5 A A W £ Tanll,,, A2 B 1k
Tanll, (I AEY R A . WiE 8 IR 7w, B iv
Tanll,-PLNs /&5 120 min i 5§ 41 23 o Tanll, 1) & &4
235.5ng'g s

300

200 %/i\i

100

Tanll, N 259K B/ (ng-g ™)

0

T T T 1
0 100 200 300
t/min
8 JREiv Tanll,-PLNs /5&£H 4 Tanll, NS E T
Fig. 8 Content of Tanll, in brain tissue after Tanll,-PLNs

injection

R7 AEREF Tanll, WA FSE (n=3)
Table 7 Pharmacokinetic parameters of Tanll, in brain

after administration (n=3)

S8 AL Tanll,-PLNs
Croae ng'g ' 235.50
AUC,, mg-L "min 49.58
MRT,, min 1.94
3 g

H1 T+ Tanll, % fif FE AR, I HL& P-HlE &R F AR
PRl A A 3 A AN HEAE TS I R St e

VIR B AR, K29 3.5%, [A] B Tanll,, (1 1fi 2%
EEESERE, N92%™, 5k EALEEN
Tanll, A §e¥% 12 , By CAE LLIZE if M fi B f5 .- Tanll, fi§
i A B AR T AR ) A v 0 i 24 3R R E R TR L K
P DL 3 if i R ), B DA S ) 45 9 K i 7)ok 2]
Tanll,, i 35 5 82 1) H (1 . A2 56 R et it 9K ki
DUSE VL %% SR AW RE A KR, DL DA R/ R A
A HUARSE 0 Tanll, (325 &, K G VARV R R A
YIFI 254 LA IR R 0 28— PRV N KA [ B R
F ¥ SRR A R AR 35—

%} bt Tanll, 5 Tanll,-PLNs 25 %1 2h /7% 3% b
NG FEAH R 1) 2 iv 25 2577 e IR I Tanll, H
Y2y, M BAE 2 v 2 R R P IR R A R, A&
FLAvEA 2y PR I Tanll, fifh B2 B 5 7 0 ik 45 24030
7 2, {H Tanll, i B2 £ 15 Tanll, K] 25 14 A [7] 1) 5
FAREAL A [F, 2 T 5 550 5 i Tanll, (94K
MU RE— 3, MOR IR 45 25 CMC-Na Bl %
Tanll, V& £ 7% . Tanll,-PLNs 1E A 44K #l 7 , a3 4T
FURR 25 24 , 76 T8 4038 16 pH IR 5 SO LB I AE R
YK ) ) 2 R AR B AR RN K IR RE T, BT LAIE B R
Ik R S 00 5 2K, A SR AR T SR X Rl 45 2
jjﬁ[%]o

B f ig 45 24 11 Tanll, 57 & /& /& iv Tanll,-PLNs
[ 5 £i% , TanIl,-PLNs 5 > B 8] 5 (0 10 25 9 B C s
T~ AUC,, 33 5 F Tanll, , [F]i , 45 24 Tanll,-PLNs /5
TE M0 213 HronT BLSE 1 5 = 2 Tanll, , G 53 45 0408
Tanll, 3#F A i 20 23 32 ML 2> , 3¢ B Tanll,-PLNs 7] P4
75k i v B R, S 3E B S Tanll, 7F x5 0 5 5%
AUC, 3K, 2K T 254 7E ML 06 3 A (st (], 38
T 2 I ) B A X 2 BT RUIR P R G R
B DKL R R fi AR R R AR YR T
i} [7] A 24 h, Tanll,-PLNs #F N i 4140, J:E2 h N
Tanll, 75 I w38 8 R 43 A 9 18 3 i i W R, T
Tanll,-PLNs B A ZRAEH , FraRe oA I TR e 5
A UM 25

RAWIRE AN KL, & — i 5T e T2 1 9K 3R
RS, 5REYKR T AH b, B A 5 G A4 A1
RMEMBEARI R T, 5 — 7 A EN A YEN
KL AR TE , [F) I 2 A 2454 () R ST (]2, ARt
T i) £ (1 58 A W R o 9 KR ) B R T 9ok R
R I A A2 ) #H 25 14 B B9 RE R i £ 1) Tanll, -
PLNs ¥ — Fas@ , J@id f 7 1 7% QAT B 4l i 3k
HE— 20 34 0 Tanll, 75 i HF 1) % & , 9 Tanll, 3 — 20
TR T R AL 1 A T S| R A AR R R R R
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