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[Abstract] Objective To evaluate the effects of different solubilizing techniques on the in vitro dissolution and in vivo
pharmacokinetics of Sirolimus (SRL). Methods Solid dispersions (SD), inclusion complex (IC), self-micro emulsifying drug
delivery system (SMEDDS) and nano-structured lipid carrier (NLC) were selected as the solubilization technology for SRL. SRL-
SMEDDS and SRL-NLC have obtained the optimal prescription in the previous studies. Additionally, the formulation process of
SRL-SD and SRL-IC was screened by using inclusion rate and dissolution profiles as indicators. 0.4% SDS, water and buffer
solutions with pH 1.2, 4.5, 6.8, 7.4 were used as dissolution media. The dissolution profile of the commercially available
formulation Rapamune® and the lab-made solubilized preparations were investigated. The in vivo absorption of the above
preparations was examined using a pharmacokinetic test in Beagle dogs. Results In 0.4% SDS, the dissolution of each preparation
exceeded 80% in 2 h. In the medium of pH 1.2, the dissolution of SRL-SD could not be measured while the dissolution of IC,
SMEDDS and NLC increased first and then decreased. In other media, the dissolution of the SRL was reduced. The SRL-IC showed
the best dissolution without a significant decrease. The relative bioavailability of APIs, SRL-SD, SRL-IC, SRL-NLC and SRL-
SMEDDS were 9.1%, 18.7%, 33.2%, 78.0%, and 97.6% respectively in vivo pharmacokinetic tests. Conclusion SD, SMEDDS,
NLC, and IC can improve the in vitro dissolution and in vivo absorption of SRL. Among them, SMEDDS has the most significant
improvement in the bioavailability of SRL.

[Key words] sirolimus; solid dispersion; inclusion complex; SMEDDS; nano-structured lipid carrier; dissolution;

bioavailability

[E€TH] M ARREEA R FIH (2018101347); i ERFRF R ATEEATH (2017XQ1202); A AL B BEBE i Wi H (2017Q06); 4
ARG T E (2019Y0071)

[1E&EfRifv] K5, B384, Email: Caroltingg@163.com

EREE] M 3, 10, 82000, B985 1) 299301 8 5 IR R, Email: pleciestao@163.com; ARt i, i+, EAEZ900, f+4: %
Ui, A5 77 [0l : 258058080 5 R8T R, Email: sohoto@vip.163.com


https://doi.org/10.12206/j.issn.1006-0111.201910022
https://doi.org/10.12206/j.issn.1006-0111.201910022
mailto:Caroltingg@163.com
mailto:pleciestao@163.com
mailto:sohoto@vip.163.com

ek 2020 4F 9 H 25 B 38 4547 5 MW
442 Journal of Pharmaceutical Practice, Vol. 38, No. 5, September 25, 2020

P4 % 5L 5] (sirolimus, SRL), MR EHEIA® X, &
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A= FHBE AR o X S e R L SR ) i 2 fke
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i, SRR T 17%57),

1 1 Y A R BOR S SR A B il iy
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microemulsifying drug delivery system, SMEDDS) .
[ {73 #5044 (solid dispersion, SD) FIIZ4A4 K 2544 i
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PGP AR %

1 EE5F

1.1 BE

Agilent 1200 % &5 50 AR 6,753 (3E F Agilent
/Nl ) Starter 2C A pH 3 (g B ZEHT{UAR A A
RCZ-6BZ RIZjWpis AN (11 B 25K AL AR 2 7 )3
B R TR (b a1 B R 56 A AR A A );
NS1001L2K 75 F A BT #l (B2 K H| NiroSoavi 23 ] );
UV-2800AH #I284h ] UL 435656 BEAY (i AL Je Bt
AERA BR 2 7] ); WRORA £ 3% - B ik Bk FHAY (32 [l AB-
SCIEX £ FRAH]),
1.2 &5

SRL XJ FR i (& & 99.9%). SRL JFikIZh (& &
99.6%), W A # 2Rt 245k A BRA 7l TR RN
M (Vs AL TR A PR 7], Rapamune®™(3€
I H2Y). B2 B 6000(PEG 6000) . 3 2.4
M ot i (PVP K30) 240 [ ] 24 4 A Ak 23 A
RS Al RA L -5 AN s 3 B W) (Poloxamer
188). A LM 35 EFRIM (Cremophor EL) . %/
7 A AL B BRIl (Cremophor RH40) 2 ) [
BASF 78 w5 i R R & — & H i i (Labrafil
M1944CS), —. 2, —fE ¥ Z, L ik (Transcutol P), =
TR Z$ TR 5 £ I H i E (Labrasol). A 2 i 5 iR
H il (Precirol ATOS). H H: R 3R & B H i fig
(Gelucire 44/14) ¥J1t) B ¥ E GATTEFOSSE A Fl;

HP-B-CD. DM-B-CD. SBE-B-CD(LLI 75 I JH 5 Y5 £F
YWRHEA R AT,
2
2.1 SRL &= Z 7 ik

K FH i SO (2 1% A (HPLC) I 58 FE & B9
SRL & &8®, {634 K Eclipse XDB-C4( 150 mmx
4.6 mm, 5 um), Ji A~ Z NG -H BE-K (45 @ 34 ¢
21), PN 1 mUmin, K200 R 278 nm, AR N
50 °C, #EHERDN 20 plo FCHIVEEE R 2. 4. 8. 12, 16,
20 pg/ml 1) SRL X B8 % W, 15 b oE il 28 Ky
Y=54.712X+1.221, 7=0.999 9, F B TE 2~20 ug/ml #
FEJLRINE MR R R, HAN FEE R RIRCRAT
HER
2.2 SRL %7 %
22.1 SRL-SMEDDS |4

S AT FE), FREC 1 g SRL JERLZY, A
19 g ) Bh 2L 4655 Transcutol HP, # 75 %8 4= ¥ % it
J&, A 22 g JlAH Labrafil M1944CS & 39 g 1k
7] Cremophor EL, #4 i 1R 27, 19 ¥R 8 0 5 15 i
%, Bl SRL-SMEDDS.,
2.2.2 SRL-NLC (¥4

SRS B Gelucire44/14 #1 Crodamol
GTCC 7£ 75 ‘C /Kixhoe&at)m, in A SRL J5ikt
2P0 PE A 5T B BT, PR R IR 80 K
VO 8 A, LA 300 t/min BE$E 30 min i £
WL, T2 KA AL 90 MPa L2 5 ¥, B f5
SRL-NLC 43 HUi#, HiHh SRL A 0.21%, Gelucire44/
14:Crodamol GTCC(1 : 2.1), IR JF s 10%, it
=80 2N 7.33%. FfiJ5, K SRL-NLC(42.6%) A
T 2T 2 R N 2R M ML e R (50%, 4+ 1), AF
VR A I S LA FE 4 W B, I AH 88 B (R T
PRI, 3%), LR VR THR 1, Frfs EHAR R
PRI N 2T 45 2 (A5, 4% ) il — 484k
RECHIAA, 0.4% ) BIAS [ fLAK i BT
2.2.3 SRL-SD Hyiil4

K ) - Rl ) 4 SRL-SD. FREER AR A1
B, T80 C AU INFAE R, A SRL LEEHH, 78
SHRAY, Rf CREFE R St 4 5, IR HARTE] T ok 45
PPN AR RGHE, 4k, 15718 C i 4 h
Je , B AR HUA MASEE IR 8T, B A TR
W, Rk iE Ean, i 80 H U, Ei#3 SRL-SD.
DI IARFP S | 2503k LU B 5 &R, DL 0.4%
SDS HIEE HEE AR, X} SRL-SD FHf 7R 20T
2.2.4 SRL-IC il
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FRIUGE 2 B-PIHIS T A T A8 1ok, &
P2 N SRL &AW, 76— i E N 1tk 2
WEEW, WEHER 4 h, i OBAE R 5E A, HET
4 °C VKFHVRHE 12 h, F#AK SRL A7, MM i
B SRL & 45N . 42 0.22 um fFLIE I I8 KR
FooE R, TR UR TR 24 h, AR VAR S AR Ak,
it 80 HFF, EIF5 SRL-IC,

FREL— B9 SRL-IC & 10 ml 2553 P, fin
A 50% FEE KW, #B B i, € 524
B, 3R F HPLC il %2 SRL % &, R4 A,
F (%) =[( SRL $ A #& -SRL illl % )/ SRL # A
I ]x100%, ST . IR A P FRs | vk
BE IR CREARRBURE 2 B IR R, A
FHFERR, X SRL-IC BEAT A K047 .

2.3 RSN R

22 (P E 24588 )2015 4R R PUERIE ) 0931 3 |
W RS RO I 1, 548 SRL JERLY | i
( Rapamune®) . SRL-SMEDDS, SRL-NLC. SRL-
IC J2 SRL-SD (i ihZk . BrmiiEs ok, Hoapte i
B N rh, B 1 mg SRL, RAI%
2%, BEPEHEE A 100 r/min, 3 H A RREUA 250 ml,
ALk 0.4% SDS. /K. pH 1.2 FHFRIATR . pH 4.5 i
FRERZZ WP . pH 6.8 WA LR 2% vl . pH 7.4 BETREL
GEPCRTS A BT R R S el 2 e B TR AR
Hh, AR A, 7E 10, 30, 45, 60, 90, 120 min,
W H 2 ml A 5T, I #b 70 A5 R AR I 4 i, R
HPLC Ml FE S 2 & fe, il 4k
24 HRABHRI A FRE

VEH LA R R S5 34, R 6 JAlH 6 28 X5t
i it, #47 SRL 52 | 18 F (Rapamune®) |
SRL-SMEDDS, SRL-NLC, SRL-IC &% SRL-SD f
BN 2R . A 25550 1 mg SRL, L5 )
PRI 46T 12 h 2R AREK, 4425 4 h 5 H IR
K, 2 R 2y e b 2 R DL L B eI . T4 2T,
0.25. 0.5, 0.75. 1. 1.5, 2. 3. 4, 6. 8, 10, 12, 24,
36. 48 N 72 h 4w BN VKGR I 2 ml, BT
T IHFFR A EDTA W$iEEE H, —20 C fRAF&HH . I
FEAL PRSI0 2 71k S B R ol

3 #R

3.1 SRL-SD #%] &
311 #ARFRE

WA 1A FTRs, A [A] 2644 61 8} il £ 19 SRL-
SD Wi M4k Won T B A0 22 55, ¥ R o
PEG6000>F68>PVP  K30>HPMC606>HPMC-AS-

MF. [F B, £ 2R 00 kA 7 B 8 R AR (<
50%) , PRIk — 20 2% 225k F — e 44 i 45 SRL-
SD.

1E#E PEG6000 B4 F68 1l 45 — I0 20 Mk [ {4 43
AR mELF N 31,21, 11, 1:2,
1: 3, Bl PEG6000/F68 Ll {38 A, | SRL %5 i
JE B IERHY, 7E PEG6000/F68 g 2 = 1 I Ay ¥ i
FERFIRAK(E 1B) .
3.1.2  Zj-gik s

1£ PEG6000/F68=2 : 1 fy3Eali I, ik —4 %%
245 W) -8 A L 9 X SRL-SD %t iy s i . 245 ) -
PEG6000/F68 # AR LL il 1:2:1, 1:4:2 %
1:6: 3Tl A9 SRL-SD A i i Ze A AL, & B
225, 2 h W R 100% (& 1C) . itk
Pk 38 25 i e ok, BN 245%)- PEG6000/F68 % 14 Lt i)
M1:2:1,
3.2 SRL-IC #94]4&
3.2.1  B-MRMIREATAE M ARSE

A A5 AR R A 1 &0, HP-B-CD., SBE-B-
CD Al DM-B-CD % SRL Ay £ £} 4351 4 (11.21+
3.35)%. (8.24+3.11)% F1(31.86+3.26) %, ULIK] 2A.
(K, 1% DM-B-CD il 45 SRL-IC.,
3.2.2 REE

¥ JH DM-B-CD 7l % SRL-IC, % £EA ] i B8 ot
FEPRAGF . 25 8K (B 2B), TREE AR, fdt
iR, 10 'C & M4 SRL-IC LB g 3%
BT 30 °C A1 50 C(P<0.01), M (58.61+4.16) %,
R, 3% 10 °C 4% SRL-IC.
323 HWIRETTAEYIHRE

DM-B-CD A 200 mg/ml #4KZE 300 mg/ml,
SRL 4 0 1 % 1 (52.1244.17) % 14 K Z (58.61+
4.11)%(P<0.05, |4 2C) . #—HK DM-B-CD [
W 2 600 mg/ml, L E %A B WA 6 (P>0.05) .
I, f 3% DM-B-CD 14 ¥ £ 4 300 mg/ml il &
SRL-IC,
324 CLFEHER

CZEERFH 0.5 ml 3K ZE 2 ml, bR B
i (E 2D) . I, Piik LBEARF R 0.5 ml il &
SRL-IC.
325 s

SRL f#2h i 6 mg HY R % 8 mg, W4 1 %
F#MI%, 6 mg SRL fELERR1(95.21+1.10)%, WLA 2E,
M, 1% SRL AOE25 00 6 me.
33 IRsNEEE

4% SRL-SD, SRL-IC, SRL-SMEDDS } SRL-
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NLC fEA R B s it th 2. gl 3 oo, 78
0.4% SDS 1, 256l 7E 2 h A% ) BE 34 1 80%,
JuHJE SMEDDS il NLC i HUE AT 100%.

1E pH 6.8 F7KH1, SRL-SD YA H BRI/, 2 h
FR s L BE 23501 R (65.00+4.90) % F1(76.70+1.95) %,
£ pH 4.5 1 pH 7.4 B4 Jiirh, SRL-SD AU HI7E 1 h
I8 B 5 KAE, 43 51 M (53.20+4.34) % Fil (5520
4.34) %, W5 i EE BRI . 7E pH 1.2 YA T
Hp, RN E] SRL

TE/K . pH 4.5, pH 6.8 Fl pH 7.4 1, SRL-IC 7£
40 min P AT BT/, {H 2 h 1) R
WeAT I ARk, Y97 80% LA L. 7E pH 1.2 B4 5
i, SRL-IC 4 % B 7 30 min 1k 2 5 KAH, A
(49.84+7.21) %, BE5 ¥ th BE A

SRL-SMEDDS #l SRL-NLC 75 T4 SRL-SD
AL Hh ka3, RIAEZK R pH 6.8 Fh iy i Hh BEAIK
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S S
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S
I
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e

SRR E 24 (%)
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60- ¥
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20l 1F N
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100- : . SR -
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60

w0l

SRR 4358 (%)

20+

04 i
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T 0.4% SDS, {H KT 80%. 7 pH 4.5 Fll pH 7.4 A
AT, U AR B (R (29 80% ) Je B Wi fAIK.
3.4 WA RIKA B FRE

SRL Ifil 25 ¥ B -Bf [i] il 26 UL (& 4, 28 DAS
3.2.6 AL S, BARSHOLE 1.,

PUERE2G 02 Uil SRL-SD., SRL-IC, SRL-
SMEDDS. SRL-NLC. Rapamune®fi¥ A %} 4= ¥ %1
BE 4 510 332.8%. 522.9%. 1 228.6%. 1 537.1%.
1 574.3%, KW L W45 T SRL #924E
YR

AT YK i F Rapamune™ A2 il 3], SRL-
SD. SRL-IC. SRL-NLC. SRL-SMEDDS {1 #H X} 4=
VIR 4350 18.7%. 33.2%. 78.0%. 97.6%, Al
ULTE 43875 )7 v, SMEDDS X SRL 4% 4 I Wit /)
YER B3, ST SR

4 g
B 100/

S 80 x i
& " N
& 604 o
: ke
= 40 il e
B 20{ /

. o

0 20 40 60 80 100 120 140
B &) (#/min)

D 1004 I TSR
£ 80 —=
~ o <1
ﬁ o . g _____ s
=1/ L
= A
g 40
jucg i
He
B 204 7
S
0 20 40 60 80 100 120 140

B &) (#/min)

--0.4%SDS ¥
-G pH7.4 Pl
-8-pH6.8 B0
-2-pH4.5 ZE i
-=-pHI1.2 ZZhii
—— K

3 AEHGFHIFINE S EREBE N RPN LK E (=3)
A. Rapamune®; B. SRL-SD; C. SRL-IC; D. SRL-SMEDDS; E. SRL-NLC
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1.4+
—e—SRL
—a—SRL-SD
1.2
——SRL-IC
L0 —4—SRL-NLC
’ —+—SRL-SMDDS
€
an
=
e
®
=
g
40 80
it (¢/min)
4 BEHEIF 52K 257K E - E 2 (n=6)
F1 FEEERBEAANFESH (s
S8 SRL SRL-SD SRL-IC SRL- NLC SRL-SMEDDS Rapamune®
AUC_,7,(ng-h/ml) 0.70+0.13 2.06+0.79 3.66+2.64 8.60+2.03 10.76+1.57 11.02+2.73
AUC_,(ug-h/ml) 0.73+0.15 2.07+0.81 3.78+2.84 8.67+1.95 11.1542.11 11.75+3.13
ty), (t/h) 16.53+1.50 14.504+2.15 20.64+5.45 8.97+6.87 12.97+5.67 14.54+5.67
trax(/D) 1.04+0.25 1.25+0.28 1.04+0.25 1.13+0.31 1.50+0.38 1.83£0.26
Cmax (ng/ml) 0.160.05 0.36+0.05 0.53+0.13 0.90+0.09 1.23+0.07 1.28+0.13

AL ) i 25 AT LLES T SRL 1Y 4 i 5 il
R, ¥J R T RAFPIRSNE R o [RIAT, 2% i 508
PEE T SRL WA= I EE, (EL44 PRy IR AC R B A A
RS

T4, SRL 7S B M JoT 2 52 e R Ay IR A 1) B 722
. ERALER T, SRL 78 HL MR R VA TR T &
AT KA, o R A S R AL A5 1 T, R Ak
R ERMM, YA B U7, SRL JE M iE N
CYP3A4 [ Fl P BEER AR, Xz B RO Bk
Sl

LR, il T AR B 0 R s X AR 9 R A
M . SMEDDS F1 NLC ¥4 1] J& J 40 K 9% 1) g o sk
Wr, 75 8 P A SS TIE BLLBE B R0 M T
B W W) pH X SRL (1) B f#AE H, itk SMEDDS
H1 NLC Xt i 53 SR oh i SRL B — &2 1Y P/ 377 4F
. MHEZF, SD H1) SRL PLd B ilUs , 2441
BHR 2T X5 0 b 2 R 4P VE L 530 SRL FEK
RE RIS E] N R A . D3 A0, FRARG 1 2 s ] DA%
2 T, NS T SRL MR, i HLR%E
ik 7 HF OHXf SRL (VEFHMER, Il 2% T SRL 1Y
Rt o A5 A AR SIS LR a0 IR 5 T A (] 35 %5

HlFI T SRL A& PR 25 5%

[ Bf, SMEDDS A4 %k} Labrafil M1944 CS Al
Cremophor EL™ ! FI NLC H i i ot B FLAR i =
YIRERZ A CYP3A4 BN P EER (1AM, 1
UAS AL EN S SUI BB R N b7 Xl /L NG N
e T AR R D,

F34h, T SRL o FHEEK, 40 F45H 1T B
BB ARG 2 b . PR, A PR 4
= T SRL My B, (B & e g 22, kA
B IiE G, 259 P8k 8 B i O B Y, S8k
SRL Jink FRfre ok & A= s i, i A= R B TR

(2% 30ik]
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