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Preparation and evaluation of sirolimus sustained release tablets
based on mesoporous silicon loaded self-microemulsion
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Abstract: Sirolimus self-microemulsion-mesoporous silicon sustained release tablets were prepared in order
to improve the dissolution of the insoluble drug sirolimus and reduce its side effects. Firstly, sirolimus self-
microemulsion was prepared and cured with mesoporous silicon. Secondly, the suitable excipients were selected
according to the appearance, hardness and in vitro release rate. The sustained-release tablets with hydroxypropyl
methylcellulose (HPMC) as skeleton material were prepared by powder direct pressing method, and the
formulation was optimized by central composite design-response surface method to investigate the drug release in
vitro. Finally, the pharmacokinetics was carried out in beagle dogs using the commercial sirolimus tablets as
references. The final formulation of sustained-release tablets is as follows: 162 mg of sirolimus self-microemulsion-
mesoporous silica (1:1, ww), 80 mg of HPMC K4M and 80 mg of carboxymethyl starch sodium, the
microcrystalline cellulose is 168 mg. The results of in vitro release test showed that the self-made sustained-release

tablets released slowly within 12 h, which conformed to the Ritger-Peppas model. The in vivo test results showed
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that compared with the commercial sirolimus tablets, the C,

max

of the sustained-release tablets decreased by 49.47%,

the T of the sustained-release tablets was prolonged by 5.1 times, and the relative bioavailability was 105.81%.

Sirolimus self-microemulsion-mesoporous silicon sustained-release tablets have good sustained-release effects in

vitro and in vivo, which provides a reference for the solubilization of other insoluble drugs and the research and

development of sustained-release preparations. Animal experiments and welfare processes were reviewed and

approved by the Animal Ethics Committee of the 900TH Hospital of the Joint Logistics support Force.

Key words: sirolimus; self-microemulsion; mesoporous silicon; sodium carboxymethyl starch; hydroxypropyl

methylcellulose; sustained-release tablet
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Figure 1 A, B: Results of scanning electron microscope (SEM) of SBA-15. Scale bar: 1 um (A), 100 pm (B). C, D: Results of transmission
electron microscope (TEM) of SBA-15. Scale bar: 50 nm (C), 100 nm (D). E, F: N, adsorption-desorption isotherm (E) and pore size

distribution (F) of SBA-15. STP: Stander temperature and pressure
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Table 1 Influence of the dosage of filling agent on tablets. SRL:
Sirolimus; SMEDDS: Self-microemulsifying drug delivery system;

MCC: Microcrystalline cellulose

SRL-SMEDDS-SBA-15:MCC Weight/mg Hardness/N
1:1 <400 <50
1:2 450 - 500 50-120
1:3 > 600 > 150

2 I, ¥ 5 SRL-SMEDDS-SBA-15 & 75 & A
162 mg, 5 MCC [ EEH 9 1:2, v 29490 mg. 1T
X E R T RN R, 0N G A g Rk s A R a2
MCC ) FH & DA € 1 2

T Ab 77 BRI R B, R AR e 3 45 R Kk
B, 4 [ E HPMC K4M H &2 8 7 1 12% B, 3
ZERE T 12 hJE R4 B, TR BRI s, B 12 h(W
BB 7 %N T 60%, FERERE AR /S 58 VL.
B 7591 1DAN: 2 il
53 BERFIAMA %A CMS-Na.L-HPC.PVPP {E
N AR, R 2 N 10%, 1A SR 21 I 45 R R
(E12A), CMS-Na [ i i B 25 RCR Bt o BRI, o 711
% H CMS-Na.
54 BMTIMAZE HRUCMS-NafiE N E
[ 10% 12%- 15%- 17% I 22 R A AR AR 24515 00, &5
REIR (K 2B), YHE N 17%8, 12 h BRI E 4
H>90%. SR, 2 h (1) RBURE TR E 4 % 21T 30%,
R, AHERERMHE, LM KAERRE. 4L,
CMS-Na [’ E & NGB B 1 17%.
55 BREEERMBNES  [EE HPMC H &N 15%,
#% 22 AN [6) 2 5 43 %) HPMC K4M. HPMC K15M.
HPMC K100M.HPMC KI100LV, # %% 45 i & 75 (&

A 1007
& -~ CMS-Na
§ 801 -= PVPP
8 4l -+ L-HPC
<1
L
Z 401
=
£ 20
O
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Time /h

Cumulative release / %

Time /h

2C), HPMC K4M IR U B A, 25 FERe 241 Il ml B
5 AR 845 1 & BEAH OC, & RE K /N i S HPMC
K100M > HPMC KI15M > HPMC K4M > HPMC
K100LV. A I, #ff 2 &R B 228 KL 1) AL 5 28 HPMC
K4M.

5.6 BREEBEMBMAEZE 7505 % HPMC K4M
FH BN R B 10%- 12% 15% 18% I 22 8% Fi 44 41
Bzgts i, 45 R Eor (B 2D), 24 HPMC K4M [ &4
15% B, 2R R B R B tE o BT A, e 3k
HPMC (1) 58 NERE S E 1 15%.

g B PR, I R R B A5 R, YIP 1 E SRL-
SMEEDS-SBA-15 & % Jv f] 4t 77 25 : SRL-SMEDDS-
SBA-15 [f] ] & N 162 mg; MCC ] Fil & ¥ 170 mg;
CMS-Na ] Fi§ & A 84 mg; HPMC K4M 1) il &~
74 mg, £ 490 mg.

6 EmigiHdE

R B 5 R 25 25 42056 45 SR AT %1, HPMC K4M Al
CMS-Na ] F &, %22 B 7 IR RE 5080 R 5 e 350K
I, ¥ HPMC K4M 1 & (K13 A) il CMS-Na [ H &
(FHEB)ENEZE, MESHEN I mg/h, FER
490 mg, MCC #h & R &, LR /£ 2.6.10 h i A
BECE 5 N RNAE, A Design-expert 8.0.6.1 8 14,
BATPIR R =PI R AGRI 3. R R KPARS
DL 2, 5l e 45 R AR 3.

Table 2 The level code of each factor and operation value of

each test. CMS-Na: Carboxymethyl starch sodium

-~ HPMC K4M
-# HPMC K15M
-+ HPMC K100M
-+ HPMC K100LV

Level
Factor
-1 0 1
HPMC K4M 12% 15% 18%
CMS-Na 12% 15% 17%
B 100+
© -o-10%
2 80 - 12%
1723
3 15%
% 604 ke 0
L - 17%
L
2 404
=
£ 201
o]
T T T T r 1
0 2 4 6 8 10 12
Time /h
100+
© - 10%
> 804 - 12%
2
< -+ 15%
L
2 604
2 -+ 18%
o
-Z 404
S
£ 204
~
O
0 2 4 6 8 10 12
Time /h

Figure 2 The release of sustained-release tablets in vitro. A: Influence of different disintegrants; B: Disintegrants in different dosage; C:

Hydroxypropyl methylcellulose in different types; D: Hydroxypropyl methylcellulose in different dosage
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Table 3 Test design and results of each index (n = 3). 0,, O, O,
The percentage of cumulative release at 2, 6 and 10 h ; K:

Comprehensive scoring index

No. HPMCK4M CMS-Na 0/% 0Q/% 0J% K
1 -1 -1 25 56 75 24
2 1 -1 18 51 67 44
3 -1 1 38 76 90 24
4 1 1 28 61 82 9
5 1.414 0 23 53 70 34
6 1.414 0 21 58 77 24
7 0 1414 15 49 65 51
8 0 1414 33 69 88 10
9 0 0 25 60 80 15
10 0 0 28 63 84 5
11 0 0 26 61 82 11
12 0 0 29 66 87 4
13 0 0 27 63 85 5

IS FH A %o 2 3 B R AT LA, LR (P <
0.05) fF A % 3 bk, 45 8 oR, =k 2 T U Y i)
GRETEAE, ZRE W KW R RA B G TR K=
8 — 1.144 - 11.62B — 8.75AB + 9.384> + 10.12B* (** =
0.913 2, P<0.05).

AB VIR F PR L2 A 48 AR 1K) 48 2 I S = 4
SN B I S5 SR LE 3, A A R 4 X AV FEAR K
B )5 Z M85 3R, P < 0.05, HACTUIUAS 8.3, 0 i A 7Y
v, BRI EE L

i1 & 3 A1 3% 4 v] 40, HPMC K4M K CMS-Na [t i
BEATERE 2,610 h 1) RAUVB A 70 2 1 K /MFEAE—
SE FZ MR, CMS-Na H &2 1) 45 R 75 22 0 i B 3 %
5, Bl CMS-Na H & 5% i K T HPMC K4M H & 1
AR
6.1 ALK FIGUE I B X 3 AN R8T A X 3
HEAT 3 M, ARk 45 W B 4L D7 v SRL-SMEDDS-
SBA-15 4 162 mg; HPMC K4M 1 [ & 80 mg; CMS-
Na [ F £/ 80 mg; MCC #M e 4% &, Bl 168 mg, firiil &
SR Fran & 4.

P AT A ) B AL Ak T ) & 3 LSRR e, T
E Oy 0 O, LEBTIUINAE 5 S0 B 1R AR 1% 22, 285 31
327 I R] 5 ) SR AR TECE 23 S 1 T A - S Y
AR U 72 35 < 5%, 2 Wi AR 1) Fotll 44 R o, A 1tk
o BLAh, BT AR B AL T7 55 T e B AR 1R 2R o R A

B: CMS-Na

1500 1600

A: HPMC K4M

B: CMS-Na
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Figure 3 The response surface and contour lines of the percentage of cumulative release at 2, 6 and 10 h
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Table 4 Analysis of variance. *: P < 0.05

Table 5 Release equation

Sum of Mean P-value
Source df F value

squares square Prob > F
Model 2 569.67 5 513.93 1472 0.001 3°
A-HPMC K4M 10.45 1 10.45 0.3 0.601 3
B-CMS-Na 1080.72 1 1080.72 30.96 0.000 8"
AB 306.25 1 306.25 8.77  0.021
A? 611.41 1 611.41 17.52  0.004 1
B 713.15 1 713.15 20.43  0.0027
Residual 24433 7 349
Lack of fit 152.33 3 50.78 221  0.2297
Pure error 92 4 23
Cor total 2814 12

Figure 4 The SRL-SMEDDS-SBA-15 sustained-release tablets
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sustained-release tablets
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Figure 6 A: The X-ray diffraction (XRD) pattern of SRL-SMEDDS-SBA-15 sustained-release tablets. B: The differential scanning calo-
rimetry thermograms (DSC) of SRL-SMEDDS-SBA-15 sustained-release tablets
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Figure 7 Blood concentration-time profiles of Rapamune® and
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Table 6 Pharmacokinetic parameters after oral administration of
Rapamune” and SRL-SMEDDS-SBA-15 sustained-release tablets.
AUC: Area under blood concentration ; MRT: Mean retention

time. n =6, x 5. "P < 0.05 vs Rapamune®

SRL-SMEDDS-SBA-15

Parameter Rapamune sustained-release tablets
T,./h 1.25+0.25 6.42+1.17
c,,/ng'mL" 6.55+1.33 331+1.26
AUC, ,,/nghmL"  57.00 % 15.56 60.31 £ 6.69
AUC, , /ng-h-mL" 96.82 + 43.19 111.61 + 16.70
t,,/h 39.04 + 17.92 41.81+8.27
MRT/h 1636 +1.39 19.84 +1.37
Fr/% 105.81
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