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Preparation of cefditoren pivoxil supersaturated self-emulsifying drug delivery
systems granules

JU Xianting, WANG Ying
Xianyang Vocational College, Xianyang 712000, China

Abstract: Objective To prepare cefditoren pivoxil supersaturated self-emulsifying drug delivery systems (CEFP-S-SEDDSs) and its
granules, and to evaluate their properties. Methods The composition and proportion of CEFP-SEDDSs were determined by
solubility test and pseudo-ternary phase diagram, and HPMC-ES was used as a precipitation inhibitor to prepare CEFP-S-SEDDSs.
The CEFP-S-SEDDSs granules were prepared by using aluminum magnesium silicate as a carrier and mixing with other excipients.
The physicochemical properties (thermodynamic stability, self-emulsification effect, dilution stability, microstructure) of CEFP-S-
SEDDSs granules were evaluated. The in vitro dissolution of ceftoren pivoxil granules and CEFP-S-SEDDSs granules were
compared. Results The formulation of CEFP-SEDDSs was composed of Maisine CC as the oil phase, Solutol HS15 as the
emulsifiers, and Transcutol HP as the co-emulsifiers, with the ratio of 6:2:2. The microemulsions formed by CEFP-S-SEDDSs and
its granules diluted with pH 1.2 hydrochloric acid solution were spherical and well dispersed. The particle size of the
microemulsions formed by CEFP-S-SEDDSs and its granules were (104.6£3.7) nm and (139.543.8) nm, the PDI were (0.174+0.009)
and (0.208+0.012), the Zeta potential were (—13.6+0.6) mV and (-13.4+0.3) mV, respectively. The dissolution rate of CEFP-S-
SEDDSs granules in pH1.2 hydrochloric acid medium solution was equivalent to that of cefditoren pivoxil granules, however, when
the pH value of the medium solution increases to 6.8, the drug concentration in commercially available CEFP granules sharply
decreases, and a large number of drugs precipitate in the form of precipitation, and only a small portion of CEFP-S-SEDDSs

granules precipitate in the form of precipitation. Conclusion CEFP-S-SEDDSs granules can effectively inhibit the precipitation of
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CEFP caused by pH changes, which is expected to promote full drug absorption and improve drug bioavailability.

Key words: cefditoren pivoxil; supersaturated self-emulsifying drug delivery systems; granules; pseudo-ternary phase diagram;
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BZ WK 71 (Cremophor RH 40) . 15- 32 FE 1 iR R 2% 2. —
i Ji5 (Solutol HS15) « 58 % & M BE JFK il (Cremophor
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Table 1 Equilibrium solubility of CEFP in different pH
medium solutions (x+s, n=3)
PAMDIREaRT(Y P iR B/ (ug-mL ™)
pH 1.2 EhFR 1AW 896.9+10.2
pH 2.0 EHFRIF R 583.4+15.6
pH 3.0 ER R IE 35.3+0.8
pH 4.5 B 1% £ 2% 11 i 3.5+0.2
pH 6.8 T 2 £h 22 il 3.340.3
K 2.4£0.2

S 45 R R, CEFP [ IA i 2 pH A <1
TE T M A 5 s A R TR K, T B pHL B 0, 254
VAR B PR AR .

2.1.2 CEFPEAR A SRR Pl E R RAK
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Table 2 Equilibrium solubility of CEFP in different oils,

emulsifiers and co-emulsifiers (x+s, n=3)

SRk R 5 FEHME/ (mg-g™

Peceol Vi 98.5+3.8
Capmul MCM C8 TH 125.6+8.6

Maisine CC i 353.5+12.4
Capmul PGS ih 67.5+4.7
Miglyol 812 i 206.4£9.2
TR i 37.57+1.1
Tk i 14.7+0.6

Labrasol AL 397.8+10.3
Cremophor RH 40 FALF 136.8+9.3

Solutol HS15 FLAb 7 426.5+13.5
Cremophor EL AL 98.4+4.6
Tween 80 FLAk 94.8+5.3
Transcutol HP WAk 398.5+8.7
PEG 400 WAk 15.740.3

T BN 24 W S A e R ) A L FL AR
A B LA AE  SEDDSs f 2 B 4y » i B de K 3
2y 11, WG 2R R T DT o VAR
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13.5mg g™ s 7E T 1% B B L AL 55, Transcutol HP %
CEFP [ fift 1 e 4, 9 (398.5+8. 7)) mg-g"'. AHf
FLA) i '€ SEDDSs (1) &b 77 28 B : Maisine CC1E N
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ZERE S, TR A S min, # & 24 h, 5 000 r-min”!
20 10 min, iR A VIR s BUHER S 03B TR
G g I EGe R H1 (37 °CARIE PRI 5 1]
TN pH 1.2 [ £ 2 ¥ W 100 mL, [A] i 3 47 1 0 3¢
F£ (50 r-min™) , 10 3% T BCFL R VR B TE) K2 A W 5 2%
MR 3 S i AT B AL RO PP, e AT A 25 1 i
W RNEA4.
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Table 3 Self-emulsification effect grade evaluation
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B B ORI R SE AR, T E MR I,
U B & ARk (] AH 25 P 547 5 T BH Maisine CC/Solutol
HS15/Transcutol HP 14 Ji () H L4644 2 75 A [
E TR A BB 2, H AL AR R 5,
Ik, 1 '€ CEFP-SEDDSs [f] i /4 Maisine CC, L {b
#1124 Solutol HS15, B #4754 Transcutol HP .
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DL T,



<2168 -+ 5465 FE10H 2023F 108 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 46 No. 10 October 2023

x4 REBEFEIEER
Table 4 Compatibility between different excipients
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51312 H5)iEW H5)iEW C

41313 ) 505 B 15733 W] B

31413 BAEW 95737 W A

Maisine CC/Solutol HS15/Transcutol HP 6:2:2 Y1513 1 Y5132 W A
5:3:2 ¥15)3% 9] B 51 W] A

4:3:3 B 5135 W B 513 W A

3:4:3 BB BB A
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E1 #h(0)/s, /7K (W) M EIH=THE
Fig. 1 Pseudo-ternary phase diagram of oil (O)/S,, /water (W)
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AR R AE 5 S, R L 6140 B 284
5& CEFP-SEDDSs [1] i #H >4 Maisine CC, L1k 7l N
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H6:2:2.

2.4 STUEHIIEIFIE R

22 B8 Bff 52 1Y Ak 5 BE BB FR BX Maisine CC 30.0 g
Solutol HS15 10.0 g Transcutol HP 10.0 g il A £ &
FERE T, WA IEIR A 5 min, 13345 (1 SEDDSs ¥ ,
FARBUCLIE G ULES 10.0 g I B R s, 9
JEASE 240 78 43 43 B, W D100 4 R AT, 15 3
¥1%513% WPk CEFP-SEDDSs. # CEFP-SEDDSs 1~ )
I3RS A7 B4 43V 4 il I N Y R U 2 3% (R T
# #l # (HPC-EXF. HPMC-E5. PVP-K30 A
Soluplus) , ¥ iE VR & B 2 56 2R R , 13 2 4 Fp i 40

#1711\ CEFP-SEDDSs (CEFP-S-SEDDSs) , Jf LA pH
6.8 1E ¥ A 3 25 58 245 W03 AT ™ 1 DL 4
HFIRIE, 25 R L 2,

7 A AR, oK N Ul G #0177 ¥ CEFP-
SEDDSs, 7£ 10 min N 25 ¥ Al 35 ] 95% L EiE i, H

—e— AT DLHEMHS] -2 -PVPK30 —a—Soluplus
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Fig.2 Effects of precipitation inhibitor on the dissolution
profiles of CEFP-S-SEDDSs
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It 5 N [) S K, 24 Ak B I B SR BRI, IX R i T
CEFP 7 pH 6.8 ¥ H A [ A ¥ fiff P 35 AIG, i H T 00
VE 3 TN PTUE #0155 ¥ 4 Ff CEFP-S-SEDDSs, H,
SR 2 W) FE A 35 3% IRt B I %5, (B A L CEFP-
SEDDSs, H £k £ 35 % i , JGH L HPMC-ES5 fF
SR UE $0 ) 5571 1) % 1) CEFP-S-SEDDSs , 254 %5 J& %
i/, PRI AS i 0 1 326 2 HPMC-ES /E N Ui
151 74 % CEFP-S-SEDDSs
2.5 CEFP-S-SEDDSs Fi7H &

PL HPMC-ES 1 Ui vE il 771 , $% B “2.47 R
75 V2 %] % CEFP-S-SEDDSs, %k Bl CEFP-S-SEDDSs
50 g NN B REBR 585 150 g o, it FE 3450, B 45 )
CEFP-S-SEDDSs [&] 44 i ki . HU I i& CEFP-S-
SEDDSs [l {4 ik 28 30 H i WX 24, I 5 38 5 il
BER S ERINEREGWE, pBEEEHRT .5
F| CEFP-S-SEDDSs ik 71 .

&5 CEFP-S-SEDDSs FiHi 4k 75 285K
Table S Formulation composition of CEFP-S-SEDDSs

tablets
Aab 5 28 % B HEE WRHtHEe  (EH
CEFP-S-SEDDSs 2.4 480 RS
] s A (Fkfizt
VLHg 0.1 g
FEBE 0.594 118.8 AR 71
PR A b 0.006 1.2 LSl
S 3.0 600 /

2.6 CEFP-S-SEDDSs & H Bk 714 FRIEM

2.6.1 #HIjEFREE#E % HUCEFP-S-SEDDSs %)
5 g N PG AR, 28 % 5, e i E A5 (5+2)°C
VKA 3 d, B EAAEGOED CRER T34, &
I R/ R T S A R 3 U, FH R A 5% L
ARUST, SzE6 45 B 5 R, CEFP-S-SEDDSs £ 1% i/
B3 IRIECE , B S5 R 5 3% BRI, A H B
S IZIG AR ML RN 25T TEHT Y, 15 B CEFP-
S-SEDDSs HJ# 1 2 e e P R Ut -

2.6.2 HIAMKEHEE  HUCEFP-S-SEDDSs 600 mg
JHTRLF 3.0 g, 43 AN BB AR A, 1) H 3 i pH
1.2 ) #: B2 ¥ W (37 °C ) 100 mL, [A i 33F 47 4 /7 4k
$£(50 r'min™), it 5%t CEFP-S-SEDDSs A fiki 71 (1)
FLAGKT E] o 525G 45 3R &R, CEFP-S-SEDDSs 1 DL
1E (38+5)s N il 3l #L. , CEFP-S-SEDDSs i i 771
FE(45£3)s WK UL » H A A RO ¥ 8058, T
2.6.3 FiRfaEt#%se  HLCEFP-S-SEDDSs 600 mg
KR 3.0 g, ) HR N pH 1.2 () R IE W (37 °C)
100 mL, [A] I 347 4 71 56 4E (50 rmin™) , JE BCRICEL
J5 B B, 4> BIAE 0.6.24 h BURE , 44 K kL B He fir
A AR R K47 Zeta FELAE < 4y BIUME 5 B (PDD)
SR WK 6.

S 45 B 7 , CEFP-S-SEDDSs Jii i 751 28 i B¢
Ja T FL , 2 Zeta 4 5 CEFP-S-SEDDSs 2 A<
— 0 EMALRAR A — e RG] RE 2
t1 T CEFP-S-SEDDSs 7t [#] 14 B fiRL i #2 55 Ak 77 o
(5 BT BUMCELRLAR I RN 46, 2 00 B i E R
24 hJ5 , iR Zeta AL 5 0 h AH LG A HI LB &5
A5, , %2 W] CEFP-S-SEDDSs M Bk 71) (1) i #¢ Fa & 1k
LE§/Io
2.6.4 ML AH%E  HLCEFP-S-SEDDSs /% i ki
7, 15 H R N pH 1.2 1 35 B2 3% W (37 °C) 100 mL,
[ IF 3E 4T WL 77 BEFE (50 romin™) , B R R, B
B 10 min, B 5 W 4 000 r-min™' &0 10 min. 235
2 B2 53 kL Y80 I 21 400 B 4R WY T Bk 5 HE i %
1], ¥ 5150 R, I8 AR L 2R R K 4, 4% 1 3
17 T 03 T /K 9 T B3 B 9K B O 20 mg-mL) , i
B 10 min 75> Yo o, 7035 BT B 7 B A N MR HE40
HECE 3) . ik 3% 5 B I AT A1, CEFP-S-
SEDDSs K& F5Uki 751 Bt T2 B () T L35 S ERTE , 3550 43
B, oI AR WiAR K43 43 A 7E 50~150 nm.
2.6.5 RSN HE S T AR AN SR R 2
CEFP-S-SEDDSs ik 7] 5 7 8 CEFP $kL 7 i1 2547
TR . Jo DL pH 1.2 B ERVA AR NI A L Ak

%6 CEFP-S-SEDDSs J Bkl 7| # IR 18 14 45 B (ats,n=3)

Table 6 Stability results of CEFP-S-SEDDSs and granules after dilution (x+s, n=3)

CEFP-S-SEDDSs

CEFP-S-SEDDSs ik 71|

o KEAZ 53 A /nm PDI Zeta A/ mV KEAZ2 3 At /nm PDI Zeta B4 /mV
0 104.6+3.7 0.17440.009 -13.6+0.6 139.5+3.8 0.208+0.012 -13.4+0.3
6 105.7+3.9 0.169+0.012 -12.440.5 143.6+4.3 0.213%0.009 -12.8+0.3
24 105.243.3 0.170+0.011 -13.740.3 142.9+3.6 0.205+0.007 -13.8+0.4
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3 CEFP-S-SEDDSs(A) R EFHIF (B) B AIRZLAYE
SHEERE

Fig. 3 Transmission electron microscopy of microemul-
sion formed by CEFP-S-SEDDSs (A) and CEFP-S-SEDDSs
Granules (B)

1 700 mL, I B A (37.0£0.5)°C , &
9 (50£ 1) rrmin™, 435l ¥ CEFP-S-SEDDSs ifi. 71l]
K517 65 A I R ORE 770 I N 2103 AR o, 3 AT I
H 2 525120 min J5 F AV AR O ON IR B R
0.5 mol-L ™ 7 2 £ ¥ ¥ 200 mL (37 °C) , 3 Il 4% pH
H% 6.8, kLR HHATIF Y, SLIb I R P E R e
(YIS ) st ek O A S5 S L CTR) s I o [ 3 ) A AR
X B pHAE A JRIE D » 28 0.22 um T FLE R gL , 38
T2 BN A AR RO 24 1% $05 1E 4T HPLC R U 43 47
HEAGYE R, IFew E i L E (B 4.

—— (i t5CEFPEIFLF —= CEFP-S-SEDDSs ik 7|

100

80 |
,>3
260 |
&
§ 40

20

0 il il 1 1
0 50 100 150 200 250 300
t/min
4 CEFP-S-SEDDSs Hi#i 7 5 1€ CEFP BRI A 259
1 28 (a:ts5,n=6)

Fig. 4 Dissolution profile of CEFP-S-SEDDSs granules

and commercial CEFP granules (x+s, n=6)

PRAINEE H S8 45 S 7R , CEFP-S-SEDDSs #ifi
7155 i 65 CEFP kL 776 pH 1.2 EhFe A it h ¥y =2
2 P e A v, HIAE R R — B T Y
WA pHAB T £ 6.8 5 , T 8 CEFP ki 7] th
() 245 409 P T 4 28 R B, 76 180 min J5 25 Wik
BN TR, 4T P, ol 2 3 K= 249

PLYTTE T 20T H 5 [FlF , CEFP-S-SEDDSs HUi 71 7E
T A 0T pH ARV 1 & 6.8 J5 29I BE A L LR B
1B AR S5 BN TS Hgz F0 5 i A% U B A 2D 5
o VAT E T 30T o AR 92 3% B CEFP-S-SEDDSs
TIURE 77 BE 4% A7 240 i) 8] pH A1 22 46 11 5 2 CEFP #r
HUTE , A B AL 3k 25 78 7 Wi, 32 v 25 M AR A
i gL,

3 itig
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