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Preparation and Release Mechanism of Tacrolimus Oral Self-microemulsion Matrix Sustained-release
Pellets

LIU Jianging', ZENG Qiping?, LIU Zhihong?, SONG Hongtao® (/.Quanzhou Medical College, Quanzhou 362000,
China; 2.Department of Pharmacy, Zhangzhou Hospital Affiliated to Fujian Medical University, Zhangzhou 363000, China;
3.Department of Pharmacy, No. 900 Hospital of Joint Logistics Support Force, Fuzhou 350025, China)

ABSTRACT: OBJECTIVE  To prepare tacrolimus self-microemulsion matrix sustained-release pellets and investigate its the
release mechanism. METHODS Optimal formulation of tacrolimus self-microemulsion was screened by the central composite
design-response surface methodology, and then the tacrolimus self-microemulsion matrix sustained-release pellets were prepared
by extrusion spheronization technology with microcrystalline cellulose(MCC) as adsorbent and filler, ethyl cellulose(EC) and
stearic acid(SA) as skeleton materials, 5% hypromellose(HPMC) solution as adhesive. Tacrolimus self-microemulsion matrix
sustained-release pellets were prepared, also, their dissolution profiles were investigated in vitro. RESULTS The optimal

formula of tacrolimus self-microemulsion was Crodamol EO : Solutol HS15 : Transcutol P=15% : 52.5% : 32.5%. The optimal
formulation of the matrix sustained-release pellets was 45% MCC, 3 : 2 of EC : SA and 12 mL 5% HPMC solution. Tacrolimus
self-microemulsion matrix sustained-release pellets met the in vitro release standards of commercially available tacrolimus

sustained-release capsules. The release mechanism was a combination of erosion and diffusion. CONCLUSION The optimized
formulation of microemulsion matrix sustained-release pellets is stable and feasible, and its in-vitro release fits the intended

purpose.
KEYWORDS: tacrolimus; self-microemulsion; matrix sustained-release pellets; drug release mechanism
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Tab. 1 Solubility of tacrolimus in oily solution
4pK i L/
mg-g!
Crodamol EOHER £ i) 2.70
- Capryol 90(PN LR ETRTIR) 12.59
Labrafil M1944CS(IER S £ — Rl ER) 3.04
Lauroglycol 90(PN [ B H 4 158 Hr i fig) 11.10
Solutol HS15(38 Z 78 15 F2 A8 fE R AR 11.38
FLALH Cremophor RH40(F 2, 8% 40 Ak B FRIH) 6.67
Cremophor EL35(3R A 20 35 HRRIH) 1.89
y Transcutol P(—.Z 5. 2, 3 i) 317.19
YU ‘
Glycerol(H i) 7.73

YRR 1 hEmEINE SR, A 5e s /] 7E
#H Capryol 90 5 Lauroglycol 90 H % fif i 5 i
1B H Tl 5 5 ) AR S g2 300 500 B A 300 s A/
T EHR BN, TR MAHEAT T — 20
B SE B 5% . Solutol HS15, Cremophor RH40
YERBEFLAR] ;T 52 5 R FE Transcutol P 7
() V5 e B2 W I T A B FLAR R, PRk
Transcutol P 1 A BIZL AL .
2.3 ficfhidse

SRS ENHAR © LA (—FEU LR
RE) - BiRmEMA Ry 2:6:2, 2
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HIFHOEIRG, =R TE 24h, NEEHEIE
BGEY . Y —REYHEC 0.5 mL, fTA 50 mL
ZEIRK Y, HE 37 °CCIREE T LA 50 rmin ' BELRE T
it 2w e, BRI FLASN SR 4 A5
K, A W E W SR AT A IR TG
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Fig. 1 Pseudo-ternary phase diagram of different oil phases, emulsifiers and co-emulsifiers
Shadow represented micro-emulsion region which not included the point on the left fringe.
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a3 1.

F2 HEFEKFX
Tab. 2 Table of factors and levels

KA
ZES
~1.414 -1 0 1 1414
Xi 10.00 12.93 20.00 27.07 30.00
X 50.00 52.93 60.00 67.07 70.00

2.5.2 fRAIZH4A FH Design Expert 8.0.5.0 %13 3
T I B 1) 2 e e e AR LM AT LS, RS
FEHRE r e KH F REAH EN, S5 707
AR, G5 ATHLLT RS ml
Y1=23.12-0.88X>+0.57X12+0.12X2,-0.38 X1 .Xo—
0.19X12X>+0.059X1.X,%(7=0.998 1, P<0.05);
Y2=0.032+(4.950x1073)X;+(6.718x107)Xo—
4.845x107)X124(9.925x107%)X2>—(8.250x 1073) X1 Xo—
0.015X,2X>-0.015X; X>%(=0.933 9, P<0.05).

F=3 RBRRIR AN EE R 0=3)
Tab. 3 Test design and measurement results of each index
(n=3)

T X X5 Y, Y,
1 27.07 67.07 26.5 0.017
2 27.07 52.93 29.4 0.050
3 12.93 67.07 19.0 0.053
4 12.93 52.93 20.4 0.053
5 30.00 60.00 30.0 0.024
6 10.00 60.00 18.5 0.010
7 20.00 70.00 22.1 0.056
8 20.00 50.00 24.6 0.037
9 20.00 60.00 22.8 0.035
10 20.00 60.00 23.6 0.036
11 20.00 60.00 23.3 0.027
12 20.00 60.00 22.7 0.031
13 20.00 60.00 23.2 0.033

2.53 #Ovimifiik KA Design Expert 8.0.5.0 X
ezl DA SE ROV T . 25 LA 2,

Rifi 5 YR AH 3, R K . B 3Lk
R SE I, RLAR A A e ms b R 1S R . DLk AR <
50 nm, FifE5A<0.1 MZ&M, B Design Expert
AR 3 AR S AN F AR T, b 1
Xi=20, X=60; AbJ52: Xi=13, X;=56; AbJ5 3:
Xi=15, X»=52.5,
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Fig. 2 Response surface of mean particle size and particle
size distribution
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Tab. 4 Solubility of tacrolimus in different formulation

AeFis ahAR-FLARH- B EL AR TR /mg-g!
1 201 60 : 20 36.3
2 13 : 56 : 31 37.2
3 1515251325 38.0

HH 2% 4 R, 3 N4 T Gt e B 5] 1) i e
2RI, FAb B w50 B WAAS 1 mg 1t
B, WYY 28 mg MAS AL A R R 2 TR
RTINS A At v S s AR A R S
() B I o gl /b b Ty iR, B At e B E) 5 A
SMEDDS H# R 1 1 35,

2.7 fbFERFE]-SMEDDS ‘B4 B ALY il £
271 WOLHIES TAEEMAL  DIHOURIEERE | i
FRTTHARPR, BEEET I | VR R R R B B
B8] 3 T ZHEREXRALT R, G5R0L3%K S5,

ST ZHRMFZRER, vhe LiEf& T2
2. 928 rrmin!(22 Hz)AUHF 3 &, 830 r'min™!
(20 Hz) Wy iR R 2, VR B[] 6 min.
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Tab. 5 Effects of extrusion speed, spheronization speed and
spheronization time on pellet quality

HER HRE KA [52]# iz / /%

B B Hz 20 18.2 67.45
22 15.7 73.46

24 16.2 63.14

VRGP /Hz 18 18.4 65.03
20 15.7 73.46

22 147 61.23

FRIBI ] /min 3 19.8 63.85
6 15.7 73.46

10 14.4 66.43

2.7.2 AJTFE SRS

2.7.2.01  ECIEEIT FERT I R S A A
fith e T I A B i R IR K-
FERLEE 1 mg, WAAMALSEEMEHEZ
LA 1 2.5, SRR 2R AR Y 3 AR &R
B MCC H#(A).EC 5 SA FH#&Z H(B).5%HPMC
HE(C), BAMHEERTH 3K, k6,

Fo FRAREEEEAF

Tab. 6 Factors and levels of the orthogonal experiment

S
IR
A% B C/mL
1 40 341 10
2 45 3:2 12
3 50 1:1 14
2.7.2.2 VR RARAOIREE  DABOLAY RUER PR

L) SRR N PRI AR . S Al v 5
F BRI RERIM e, DL 3 AW R] S g R AR
i : P(0.5h)(0.5h RS . P(1.5h),
P24 h), HILL 30%, 58%, 85% MAnifE, H:ZE
4845 P=| P(0.5 h)-30% | + | P(1.5 h)-58% | +
| P(24h)-85% | , P f940lAIk, IS5k mps
HEaR AT . XK MER T ZE G0 0, 256
W F=A18-24 HIHOLICR)-2 & (b IR, h
2 MEIME A BT8R, B EARAEYN 1,
Sy S=F-P, BArEE, BIHOILISOR S l%
FERAT . 25RO T T B AR
2.7.2.3  IESSIREETR 7 A R R, AL
B. C 3 MHEZLK VR R EMN 2SS, 28
A%Iﬁ%.i, WA E N ABCa, Bl MCC

M 45%, EC : SA 2 3 :2, HPMC &i& 7
Ejﬂ 12mL. Z5H L3R 7~8,
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Tab. 7 Results of the orthogonal experiment

SES
Frs P F S
A B C

1 1 1 1 252 27.0 1.8
2 1 2 2 20.8 39.8 19.0
3 1 3 3 12.6 30.9 18.3
4 2 1 2 12.0 40.4 28.4
5 2 2 3 4.0 29.7 25.7
6 2 3 1 8.7 26.7 18.2
7 3 1 3 9.4 27.4 18.0
8 3 2 1 13.4 29.3 15.9
9 3 3 2 16.1 38.5 224
Ki  13.033  16.067 11.967
K, 24100 20200 23.267
K; 18767 19.633  20.667

R 11.067 4.133  11.300

RS FENMER

Tab. 8 Result of variance analysis

iR 22T OTRL A By F P
A 183.787 2 91.893 6.775 >0.05
B 30.127 2 15.063 1111 >0.05
C 210.140 2 105.070 7.747 >0.05
R2E 27.127 2 13.563

H: Foos(2,2)=19
Note: Fos5(2,2)=19:

P T RO R, R A B R At B
BERICS HEL . EC. SA BFESIR S, R IR
IR ok ] 5 SRR RETIOAL , i  HARTIOAL(18~24 H),
LI 3,

B3 fh% 35 SMEDDS & % & & # A4
Fig. 3 Picture of tacrolimus SMEDDS sustained release
matrix pellets
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HUfth 72 55 &) J5UR 25 5 MCC 255 RHE &, 1
Fl e, AR M 1.0 mg BT
DR BT BRI | mg)&E TUL
B o 275 T A s B8 W) 92 RS e 3 11 24
MARAENO, RIA 0.005% RN ILLF4E RS 0.10%
T o B R N 1 V[T 6% M Tl TR VA VR O T
pH % 4.5]100 mL R B AT, % # 4 50 r-min !,
1£0.5,1.0,1.5,4,8,12,24 h 4 BIBUAMK 5 mL,
2% 0.45 pm LU B NE T, I B2 76 AH B AR
Was B B 5 mL, 4 K 95 BRSE B W
20 uL, FEA SR ARG T . S5
B il v B ) 5% B I HE 1) A4 A1 B IR ME (0.5 h:
20%~40%; 1.5h: 48%~68%; 24 h: >80%), H
il ftb 78 5 F) 2B BEOL IR AN IS AT B R . 5
5 5 R JEORE 2GS A BOAR L, b s 5 R AR A
WHEO R s, R 4,

100
/ g
80 o /i
< —
60
= —e— TR
£ ol —a— AR
Bk —a— TR R
RN B
20
pd L= M LML D
0 T T T T 1
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t/h

B4 HWESEREEZE(XLs, n=3)

Fig. 4 Drug release curve in vitro( X s, n=3)
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HCI, pH 6.8 B2k 27 1hil LA S Hm e F e i B
A T 25 W REAT M RS, SR LI S

H LS AT, NIRRT RBEOA SRt 2 BTl TR
A—ER5Em, 7€ pH IRERE, 239 rmiies
R, TITE pH SRR, SRR O
2.10 {7 EEiw]-SMEDDs B2 B LIRS EEZY
Pl E VeSS

ARSI ISR AR 9 LIS ) SREURE
Q) S E () AR I B2 B s A T L A 0,
L REIURR M

A5 T R A A OC R B0, AHOC R B - g
1, RUIARCRERL . 3R 9, AfZR

v E AR FH 22 2023 4F 3 55 40 555 5
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Fig. 5 Influence of medium on drug release( x s, n=3)
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Tab. 9 Release equation

AT Iy r
Zero order Jj M,/M.=0.018t+0.496 0.840 8
First order Jj 2 In(1-M/M . )=—0.0647+0.666 0.929 2
Higuchi J5 & M/ M==7.358t,-2.364 0.924 7
Ritger-Peppas lg(M/M)=0.2311gt-0.345 0.938 6
Hixson Crowell (1-M,)1/3=-0.014£+0.797 0.919 2
Weibull In[1/(1-M)]=0.3991n7+0.293 6 0.977 2

WO MREZ Y LT & Ritger-Peppas Fl Weibull
JifE, XFTRERAVEIF], Peppas SEU2FEH, A [A]
i ¢ FERCAOEE SO, Y n<0.43 I, AT R
AT AR Rick 975 24 0.43<n<0.85 B, 150 (1B
WCHLEI AR Fick §7 8L, BIZ590 A B LA SRR 1k
RGBS A 24 n>0.85 B, HIFIBC B
B HLE . M Ritger-Peppas 7 FR4bL4 45 40T,
n=0.231, ASLH VR Ritger-Peppas FEELE il 5
SRR (0) 5 ] (0~1.5 h) e 44 1B i 5 4
HATILE, AT #n=0.568(=0.979 3), XUiHft 5
B 4G IO T I RO fh TR AR A RN 2
Yy EE 5 R R B AR ICR (0) S ]
(1.5~24 h) IR S B 24 B B0 e AT 90, n=0.167
(r=0.995 5), FHHZGYILE 1.5~24 h BREHCEH T 24
WP A . SEEITE 24 h BB RE T, 25
BIfEAEy o2y, (BRI s Ak i E A

H TR DL R R, S RULE TR B
i BOR RV ] s SO =0 T T,
TEAGUH I R 9\D), SR . 5 H X i
VT AL WU (B A 0 ) B b AR 5 (AL 8 1T
by, FEEAFME AL TS 4, M)EE
FHM RS WL, 45RLE 6.
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B 6 R A EREZEpAMREH BETE
Fig. 6 Scanning electron microscopy of cross section of
sustained-release pellet in different time

M B T LAE 1, OILAE 0 h B DD
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;24 h LIS 1.5 hAR/ LG, FLIRGE 2R 4k
AR, EUATE 1.5~24 h JEH, B2REATLE
T, 29 R IO
3 iWig

JEBIE T 5 SR VAR 53 B A X Ath 5 5 ) 3
sy, RRALTFOR, % 8 e 5 w]JE T BSC
262458, HOKEEMBEEY 2%, SMEDDS
AURT LASE I 250 A B, 14 v i) 2 T 3 2 )
W T ELA “mkYE” e, A BTl
s R, it Ah, SMEDDS HiRE Al fEfETE
XF PR M RIERT, LR AR ik FLBE fOR:
Gy, HEMAR 2 2k B S U R
AHFFE 35 Fl SMEDDS 1E A b 7 30 7] i) 771 2 4

HoAth A 3 FLAL Iy Ptk LLFLAR I [R] R 38 bR a4 7
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PRI MURIAR S A AR AR A T AL T I R B4

WFFER, A ve 5w Y S G AE /N
A FRUOIS S A S R IR L, TR A T 5 ]
2 8 2 4 BOR AT R OB (1.5 h B 48%~
68%), FIBESILLWCEAIA K B RGO
BERIRIIILL EC S B BARL I 2 oL , (R A 259
RS , JOERFIRIRER . % B S HAb 2
FORHBC 2 25 W i R R, BEIR TR R — 2
MZERACRI, A BRI R, &
YR SE 4, P IAS IS 3 o I A TR
5 EC HI & HORIAF BT 2R

AHIE ST 1 1k B BN, i DAL B AL
F YR S ve 5wl VAR (37 mgrg ), LA
MCC AR ECH SA BB bHEHR 3 A 1
FUBBRGRERIL, H M7 A5 T &5 L 52
5] RS 1 2 S TR UE . ARIFFEAL5E AR
PRINEERAAS: , WP 2 — 20 B I% I 7 Beagle
RN G375 H

REFERENCES

[1} ONG S C, GASTON R S. Thirty years of tacrolimus in clinical
practice[J]. Transplantation, 2021, 105(3): 484-495.

[2]° MANSOURI A, ABNOUS K, ALIBOLANDI M, et al.
Targeted delivery of tacrolimus to T cells by pH-responsive
aptamer-chitosan-poly(lactic-co-glycolic acid) nano complex[J].
J Cell Physiol, 2019, 234(10): 18262-18271.

[3] XU X Y, XIE Q Q, ZHENG D M, et al. Optimization of
self-microemulsion containing total saponins from Lysimachia
capillipes by central composite design-response surface
methodology[J]. Chin Pharm J(H'[E2j2:243), 2017, 52(22):
2012-2017.

[4] ZHOU W, LI X F, XIANG Z Y, et al. Combined application
of self micro-emulsifying drug delivery system and liquidsolid
compact technique in insoluble traditional Chinese medicine
formulations[J]. Pharm Clin Chin Mater Med('Zj 51 /K),
2016, 7(2): 87-89.

[51] ZHAOB X, GU S F,DUY, et al. Solid lipid nanoparticles as
carriers for oral delivery of hydroxysafflor yellow A[J]. Int J
Pharm, 2018, 535(1/2): 164-171.

[6] LEIFANG. Study on tacrolimus sustained release capsules[D].
Shenyang: Shenyang Pharmaceutical University, 2012.

[77 PANDEY V, KOHLI S. SMEDDS of pioglitazone:
Formulation, in-vitro evaluation and stability studies[J]. Future
J Pharm Sci, 2017, 3(1): 53-59.

P E AR FH 22 2023 4F 3 A4 40 555 5




[10]

[11]

[12]

[13]

[14]

CHOU Y C, LI SM, HO C T, et al. Preparation and evaluation

of self-microemulsifying delivery system containing
5-demethyltangeretin on inhibiting xenograft tumor growth in
mice[J]. Int J Pharm, 2020(579): 119134.

YUAN H Q, JIANG S G. Optimization of felodipine
self-microemulsifying drug delivery system by central
composite design-response surface methodolog[J]. Chin J Mod
Appl Pharm( E IR FH2452%), 2021, 38(6): 710-714.
JX20100019, fth 3o 5 ] GERERLBEIE 1 25 i IEMHARAELS].
ZHANG K, WANG K, XU Y N, et al. Study on the
preparation and drug release mechanism of hawthorn leaf total
flavonoids sustained release capsules based on solid dispersion
technology[J]. Chin J Mod Appl Pharm(F E B F24527),
2017, 34(3): 378-384.

PEPPAS N A. Analysis of Fickian and non-Fickian drug
release from polymers[J]. Pharm Acta Helv, 1985, 60(4):
110-111.

XIA F, CHEN Z J, ZHU Q G, et al. Gastrointestinal lipolysis
and trans-epithelial transport of SMEDDS via oral route[J].
Acta Pharm Sin B, 2021, 11(4): 1010-1020.

KIM D S, CHO J H, PARK J H, et al. Self-microemulsifying

drug delivery system (SMEDDS) for improved oral delivery

v E AR FH 22 2023 4F 3 55 40 555 5

[15]

[16]

[17]

(18]

[19]

and photostability of methotrexate[J]. Int J Nanomedicine,
2019(14): 4949-4960.
HAN B, GUAN Y B, TIAN Y D, et al. Preparation and
evaluation in vitro of self-microemulsifying drug delivery
system of berberine hydrochloride[J]. J Chin Med Mater("F 2
#1), 2018, 41(10): 2398-2402.
XIE'Y H, HU Y, MA Y S, et al. Preparation of metformin
hydrochloride sustained-release matrix pellets[J]. J Hebei Univ
Sci Technol (AL FHE K 2244), 2013, 34(3): 224-229.
KAGAYAMA A, TANIMOTO S, FUJISAKI J, et al. Oral
absorption of FK506 in rats[J]. Pharm Res, 1993, 10(10):
1446-1450.
PAN Y H, LIU J E, LI Z H, et al. Effects of tacrolimus on
serum creatinine levels in heart transplantation recipients in
postoperative early stage[J]. Pharm Today(%~H 252%), 2021,
31(5): 388-391.
TAMURA S, OHIKE A, IBUKI R, et al. Tacrolimus is a class
II low-solubility high-permeability drug: The effect of
P-glycoprotein efflux on regional permeability of tacrolimus in
rats[J]. J Pharm Sci, 2002, 91(3): 719-729.

Wi H 1. 2022-06-10

(R3CTE%: BRiAO)

Chin J Mod Appl Pharm, 2023 March, Vol.40 No.5 - 645 -



