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Large-scale Preparation of 5’-Cholesteryl-phosphoryl Zidovudine Self-assemblies Freeze-dried Powders
for Injection

CHEN Wenyuan , LIU Xlaoyan QIU Halymg CHEN Xiao'?, MA Pelpezl1 2 DU Lina'*, JIN Yiguangz*
(1.School ofPharmaceutlcal Science, Shandong University of Traditional Chmese Medicine, Jinan 250355, China; 2.Department
of Pharmaceutical Sciences, Beijing Institute of Radiation Medicine, Beijing 100850, China)

ABSTRACT: OBJECTIVE To study formulation and process method of large-scale preparation of 5’-cholesteryl-phosphoryl
zidovudine(CPZ) self-assemblies freeze-dried powders for injection and their characteristics. METHODS CPZ self-assemblies
were prepared with an injection method, where the ethanol solution of CPZ was slowly injected into aqueous solutions followed
by rotary evaporation and high-pressure homogeneous process. For the sake of inhibition of CPZ dissociation and improvement
of self-assemblies’ stability, optimization of formulation and preparation methods involved phosphate buffered solutions with
different pH, acetate solutions with different pH, and addition of mannitol. Furthermore, the content of lyoprotectants and
sterilization method were explored. CPZ self-assemblies were observed with the transmission electron microscopy (TEM). Size
and Zeta potential of them were measured with laser scattering size analyzer. RESULTS The optimal formulation and
preparation method included a ratio of mannitol/CPZ (2 : 1), 0.05% acetic acid solutions as the water phase, which made the
large-scale (more than 300 mL) production of CPZ self-assemblies possible. The product could keep long-term stability. The
self-assemblies were sterilized by filtrating through 0.45 pm membranes. The re-suspended CPZ self-assemblies had the particle
size of 75.17 nm, the PDI was 0.48, and the Zeta potential was —41.2 mV. CPZ self-assemblies were spherical vesicles according
to the TEM. CONCLUSION CPZ self-assemblies freeze-dried powders are prepared in large scale with the optimized
formulation and preparation method. This study provides a basis for successful development of the novel self-assembled drug
delivery system.

KEY WORDS: self-assembled drug delivery system (SADDS); injection method; human immunodeficiency virus (HIV);
lyophilization; sterilization
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Fig.1 Mechanisms of CPZ
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Fig. 2 Structure (A) and self-assembling process(B) of CPZ
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Fig. 3 Features of drug self-assemblies
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WAL ] 4 KK # 1 25, N AIDS 397 34t —
Pl
1 MR5E%
1.1 95355

CPZ(E I, #t5: 20150624, & H: 99.9%);
b = W IR (CTAB, Jriral, 25417
WEERFNA IR A D) oK OEE. UKESER (4 Hr 4,
] 24548 B4 220 IR 4 7)) s KoHPO4 KH POS (53
Mrad, KAl THERAR); B iR Hrad,
Rt i TAHRAR): KOG Hral, wpiih
TAHRAR); FlE. FHEEGIEZE, Fisher AF]).
1.2 {43

New Classic MS + Ji 70 2 — K *F (i +
METTLER TOLEDO); Zetasizer Nano ZS Z K¢
W FEA (T B B /R AR A R A F]): LGI-30 ¥ %
TIEHLEE IR RH A R A F]); Agilent 1260 15
RO A (SEE Agilent); HI2221 ¥5%25 pH it
(Hanna {X#5H R A#]); H-7650 &4 H48E(HAH
37); Nano DeBEE & 345 (3£ E DeBEE A #));
SENCO HZh#ii#:28 ( Ll AR AR A R);
ISPO1-1A FE VI IR (TR E Z M TEIE A IR AF).
1.3 CPZ W€ J5 i ST

KX F HPLC % CPZ & &, itk
Diamonsil® Cjg (250 mm X 4.6 mm, 5 pm); JEHAH:
FIAE @ S P9EE=90 : 10, fIA 2 mmol-L™' CTAB.
2%Z IR 0.5%%K; WiE: 1.0 mL-min"'; Hi:
30 °C; #IEK: 266 nm; FREHEAE: 8.7 min.
1.3.1  AruERRZERIEEST  AEEFREL CPZ 10.04 mg,
BT 10 mL &%, MmshEmIites, R
£, 4y IR EL 0.05, 0.1, 0.2, 0.4, 0.8, 1.0 mL
BT 10mL #2HiH, MahtHCE, 85, BJRWKE
BN 5.02, 10.04, 2008, 40.16, 80.32,
100.4 pg-mL™" [RIHRESA T, SRR D it & .
DA E C(ug mL HAFUETHAN 4 BEATERAE R, 15
FIFRUE Hh 2% o
1.3.2 FEEE  KEMI CPZ 1034 mg, BT
10 mL &, MRENHER, ®&. 2B
0.4, 0.5, 0.6 mL BT 10 mL 2+, M E %,
BA), BENRE 233N 41.36, 51.70, 62.04 pg-mL™!
IRE SR, 2 HHiE N A, B, CRESIEWR. FHEL
HI&MZ) 2 mgmL™' CPZ HAMAK 2mL BT
10 mL &3, #1434 400 pg-mL™" ) CPZ i 7IkE
PR . EIRVEWRLE 4 CHERL T 0, 3, 6,
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9 h #EAE, i3k CPZ il AR, B X br Ak
Z(RSD), 13EIHNREHE. A L#E, F£RIER
grT 1, 2, 3 dEFE, il CPZ (il

TH A B v O 22 (RSD), #5331 H [a) kS 35 % .

1.3.3 [Higx B CPZ 6 mg, {EHiKE, BT
10 mL i, B2 mL CPZ H 43T FiRk &
W, BN E R, RRAT, AR R AR R
W HEFEI G, TOSRUETA, TR EICE.

1.3.4 RNREEER 0.1 mL CPZ &
F 1omL =, WAMER, BE, #3H
10.04 pg-mL™" ] CPZ X & 5. 43 BIFEEL 0.2,
0.5 mL f] CPZ X HESEH T 5 mL &4, Wish
FHESR, R4, 74183 A, B FEmIEH. BHL
0.5mL B #EMEWR T 5 mL B, WshiEs,

Bol, 183 C FESER. B A, C FEMVER D5
BERE, R HE . DL CPZ il g i 5 e 35 (L £k
PRI ELAE N 10 1 IR FE AR N B e B
PR, LEAE N 30 1 B (R B A s A DU P

1.4 CPZ HHZERETH i & T2k

1.4.1 #H%RERHRE  FHENER S CPZ B4
BRI, B 0.25 g CPZ THEZGH KT 50 mL kit
s, &8 TKOEEER, ©%, B 20 mL
RN CPZ LR, FIH 8 T 498
o B 100 mL 7K JIN 250 mL PE#iUgesH, ff FaE
BRI E ERH CPZ LB v 5
A5 170 g FBE R 1 i 26 o ] 5 (v S AR T Sk, WA
4A, 4B. 7 600 r-min~' B FEAAE T, 4 Bk
CPZ ZBEVH LA 0.5 mL -min~" FrIHE: 8 2 v N3
K. VEANTERE, BEIFLAME CPZ B4R
TRE, WK 4C. B IHEER 2AEM Y, 1£ 60 C
IR IE R R R 5 . KB 2B HAFIN CPZ
4B AR VR B AT e R 4R, #E 200 MPa [ /3 R
PEIR 4 I, 1538 CPz HAZEK, NEBIRE G
FUOCHIEEW, WHE 4D. EHE G, W
181 d NIESH| #1535 CPZ H 41344 300 mL LA .

Bl4 HEENEHE CPZ A RKEEE /5
Fig. 4 Device for preparing CPZ self-assemblies with a
continuous injection method and the products
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1.4.2  FHEE BRI 25 5EKOM B 3 (500,
600, 700 r-min Y&} CPZ H AL AR . 423K
HILLBIN 122, MARHERAEE N 0.5 mL-min,
il # CPZ EALZEMK, WERAE K Zeta HAT
1.4.3 RS E LA R RE . B 2 MO EEE
3k 4.5 (4% 210 pm), 5*(R4% 232 um)* CPZ H
BRI . AR EEBIN 102, Sk HEE
fEJ9 0.5 mL-min~', % “1.4.17 Wi F 7vEH] % CPZ
H 2, MERAE K Zeta HLAL .
1.5 K L2k

SR i 0.45 pm JE B IERE AT ©Co v B 281
U2 ROTE R, MR KERTE CPZ S, ki
1% Zeta AL HIAEAL .
1.6 CPZ HH AR TR b T7 itk
1.6.1 HHARPFIHEMNRE A2 crz B4
FEMRGR T, FEENEF FIRE A I 25 B
TERGT -5 . CPZ 5H BEELLGI 4514 10 :
1, 5:1,2:1, 1:1, 1:2(F1), #%E2MET
2R T . R¥E CPZ HAZEME TR IIES, K
HEOEE M, KifR, Zeta HIAIZETEhR, TRikH &
it g A L A3
R1 FEANEHECPZ AT HEEAENM I
Tab. 1 Optimization of additive mannitol in the injection

method for CPZ self-assemblies
50 mL ZFEE

CPZ : H Ll 100 mL /K3

i CPZ/g R H R g
10:1 0.126 9 0.0143
5:1 0.126 6 0.026 2
2:1 0.126 9 0.063 7
1:1 0.126 1 0.1259
1:2 0.1255 0.256 5

T2 CPZ HAXARAETWNET M4

Tab. 2 Lyophilization curves of CPZ self-assemblies
freeze-dried powders
X Bt AL/ C i [ /h
-25 1
TR B -40 4
=30 28
N UIEY ° °
40 7

1.6.2 JK¥EW pH X CPZ [ 42441 4% 1 520
CPZ &5 A i e 3 b 1 32 05 T At 25 15 30 e T 47 2
T, HTHEMEMF, &R CPZ B HZEERATE .
SRR AL AT REHN ) CPZ (AR RS, Y85 H A2k

PR E AR 255 2018 46 1 45 35 B55 1 )

ket 2% 8 pH 6.5, 7.0, 7.4, 8.0 MR
P (PBS)IE /KA, FHIENERI% CcPz B4
PARGRTHr, MAAE TR0 5 RAE 2 Zeta HEAL AR
tb, #EAE pH X CPZ MBS .. A4
SEL 0%, 0.05%, 0.1%, 0.15%EEER /K IS AT K
L, HI4 CPZ A4LEME T8y, R %%, ik
&AL pH 1E..
1.7 MEFURAE
1.7.1 JESRAE BUERE CPZ H SRR T-Hm
IKE P BOMRE R EEIWRE, 100 pL & T4
W F, 1 min J5H 2% 485 RS R (pH=7.0) 1 4%, 1E
1% S HA. B (transmission electron microscopy, TEM)
T CPZ 4584,
1.7.2  FifEA zeta AL BUE R CPZ H 34 TR
T K B B MR RS B, RAK
WO KL E SO 72 KL AR & Zeta FEAL, WREH
25°C, &M 1 mL.
1.7.3 HEME B 5mgCPZ, HEHRE, BT
10 mL &, WahtER, %5, FHR 1 mL
Mike® 10 mL &, #85), Hl15 CPZ X M.
P CPZ HAH BT 5 mg, HEHiIFRE, BT
10 mL B+, WalESR, %5, #lfF CPZ H
HBARPE IR, HEFENE CPZ BAMARTI & 2.
2 FERE5FR
2.1 CPZ & EME LR

CPZ 1t HPLC " ) {& B i} (]9 8.72 min, JLUE
TEXIHR, A sear, TARBETI, RETE
LlEERL, WHES.

0 2 4 6 o8 10 12 14
t/min

5 CPZ# HPLC €%
Fig.5 HPLC chromatogram of CPZ

PAVRE C(ug-mL - )WFUE TR A4 %t dEAT £ (]
I, 265 FE N A=13.404 0C-23.956 0(r=0.999 2),
VRG] Y 5~100 pg-mL™", R PEE RET, AT
& CPZ & ENMEE R, CPZ M CPZ H 43 4415
MHN, HIEFEZE RSD<2%, FEERK. RIK
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ERMRN 8 ng(fFMEEL 10 1 1), HARKIIR N
2 ng(fEMet 3 1 1),

[FISCR (%)= CPZ 1) H H2ERFE S CPZ
wE-A4 %A CPZ &)/ CPZX100%. i
1B INREEICE R 95%~105%, 76 W11% 77 V2 Al % i
If. RN 3,

R3 CPZ MR MBI E LR
Tab.3 Recovery of CPZ determination

PRt &/ WE EYiEs R/

FE mg U THI A gL mg o
CPZ B4 %k - 63.33 0.51 5.11 -
JnEE 1 6.09 140.47 1.12 11.16 99.34
JnEE 2 6.18 145.70 1.16 11.57 104.53
JnkE 3 6.11 139.70 1.11 11.10 98.03

HIL T RLAR N BRI ST DL o

*4 HEBAEMNATHE CPZ B ARKSHKE D
Tab. 4
potentials of CPZ seclf-assemblies before and after

Influence of mannitol on the sizes and zeta

lyophilization

JR~F/mm PDI Zeta HLAL/mV

H R Rz

TR GTE HRTHE KTE HTHE HTE

CPZ: H=10:1 87.86 11.12 0238 0.761 247 -10.7
CPZ:H=5:1 8574 5717 0243 0445 -184 -12.0
CPZ:H=2:1 7812 3428 0267 0270 -25.0 -8.0
CPZ:H=1:1 9121 4327 0295 0.198 -28.0 -4.3

CPZ: H=1:2 8224 2863 0236 0351 -268 -16.6

2.2 CPZ HAHFMRMEmAER& T2

FEFENZEH % CPZ H AR RE S, UM
PEPE A A FE 125 I3 AE 500~700 1-min”' s
TS AR SL RS ST CPZ B4R IIRIAE S Zeta HE
BRI K . S EEEECE 700 r-min B, #A4
RERGH MM, HHIFEE S N ikd,
BT UABR R 14 7 600 romin' o HiAth e £ ] £ L 28
035 5" SL(A 42 0.232 mm), CPZ Z B 14k
VE N 0.5 mL-min~', 55 A/ K AR AR L
M2,
2.3 CPZ HAEKRMERHELTT
231 mEHEEHE SBEREEL, T4
R CPZ 4y TR T M i) B A R AR T 45 1),
CPZ HHZEMRETB TN TR . AHF T
TR T AT AN A R AR AR TR
CPZ [ 4 34k 1) 75 T ¥ 75 7K 8 43 BUS 1R A% K
Zeta FEA LG VR TR0 J5 46 20 25 VR B A B 2
BoKF¥) B2 N %, (2 PDI {4 CPZ © H &R :
DAAL, HAKHBMWETRE, WK 4. XA
K2 CPZ HHFMAG LR, CPZ WA TRk
AR, TEKEFE, N T EERBAS,

CPZ: HERE=5:1

BEl6 AR thflty CPZ/H B8 AT CPZ B ALK WA TR
Fig. 6 Appearance of CPZ self-assemblies freeze-dried powders with different CPZ/mannitol ratios

CPZ: H#EE=10:1
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CPZ: H#EmF=2:1

Ve H=TrEEm.
Note: “H™ refers to mannitol.

M CPZ: HEmEFEL N1 21, CPZ T
KA, HERAS , o TR R, WK 6.
TKEF UG, 170 4 AosoEFE it A
DLURL, T CPZ @ HEREE(1 © 2)ZH 0 ik, TRE
. itk CPZ B 42344 b J7 1 H 5 I L 7 oK,
5T K B A0 VB T B b TG, 43 HCIE BE A
R AHE BB E N CPZ | HEERE=1: 2,

H B IR R R T Ry Ry H g e

iR E, H 2 oulg sk B A BAOK 5 N5 1=
PSS ISR B RR . TEARE AL, HERRERE S CPZ
H 2 AR B B S T e S s AR T R A K
KB, REMEFERR. ABFT b H R )
WK, CPZ H ARG T8y A Wi T B AL YL ,
IKE A BELE, B T LR AL .
232 EEKEW pH H  EFENESE CPZ H
AR R, KIEW pH R EESH. K
A pH 225 AT B3 CPZ 7 TR B, MM
M CPZ H 2H 25 R i A e M AT R b 2123 U IR
SENE. AFFE H R T W H N BRE N, I
FEFIEA Bt — B0 5T T A [F R B Y T R K
W, X CPZ A HEEMN VR T8 52 .

CPZ: H#&HE=1:1

CPZ: H#ERE=1:2
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ANFl pH B ) PBS 1EA/K M #1311 CPZ T
WMESHUS, AT CPZ /> T, CPZ 4y
FIRF S, RifR/NF 10 nm HEEFE /N H 0%~
0.15% 4 5 5t [l PRI B R v LA'E /KA, 5 %84 CPZ
BRI . 24 0.05%EE IR 1A WRAE 9 7K AH I,
CPZ HHBEARIE T JGRifE, PDI EAANAE, Zeta
AR R, 450 IR 5. RILERE 0.05%06; L
AN pH WAT5, AIE 230 CPZ 7 F
RS, 1921FE K CPZ H A3,

2.4 CPZ HABEMRMKE

Fl HPLC Wl 52 i JE F4m B xS CPZ H H 2% 4
CPZ ST EMFEM . RKKEH CPZ ZEN 9.51%:;
T 0.45 um 75 JENE G CPZ &8N 9.50%: 17 “Coy

®S5 BREEX CPZ B ARMWAE T #E 528 (n=3)

SRR G CPZ &8N 7.5%, A% CPZ &4
RN Z R, WE 7. & el 0.45 um
TG TR PRI R K B 7

FIASE A Az 7= B et 918 KR 2 R A 1) 551 6 A ) —
A NTFBP, CPz B R Tk g, ki
2215 100 nm A A7 . 0.22 pm 6 B i 8 K R
PRI, A AHE, Akl
% . “Coy HHEE RS K i £ 5142 CPZ F4ff. [H It
AHE 0.45 pm JCHEIEIAE S CPZ H 4 344 &
{1 K 1 75 1240,
2.5 CPZ HABERKINER
2.51 MEER 7F TEM TR CPZ H 431k
NEEWLAERY, Rif% 100 nm A4, £IERIE, WHE S,

Tab. 5 Effect of acetic acid solutions on the parameters of CPZ self-assemblies (n=3)

) pH Rt /mm PDI Zeta/mV
Qg@i&}g/% v RV v v . v v Ry v v Dz v
5T TG URTI HTE Tl TG R HTE
0 3.73 3.82 104.7+10.96 119.8+15.44 0.15+0.06 0.41+0.04 —44.77+1.33 -33.77+1.33
0.05 3.49 3.66 80.77+10.88 88.40+10.83 0.13£0.05 0.20+0.02 —42.50+1.14 ~29.43+0.90
0.1 3.38 3.66 71.84+3.93 88.40+10.83 0.14+0.01 049+0.09 —44.07+1.81 -37.77+1.72
0.15 428 457 48.59+9.62 40.39£17.0 0.15+0.02 0.28+0.04 —41.1740.32 ~36.27+0.61

OCoylE I

0.45 umJG B JE 5L DE

t/min

7 CPZ H 4 %Rk T4 K# /& HPLC 3% [

12 14 0 2 4 6 8 10 12 14
t/min

Fig.7 HPLC chromatograms of CPZ lyophilized powder before and after sterilization

B8 JEAHTZH & CPZ B4 %K TEM H F
Fig. 8 TEM images of CPZ self-assemblies prepared with
the optimal formulation and preparation method

2,52 RiARAI Zeta HLAL KA EARALTT T 214
(1) CPZ HH ARG Ty, KEH 08U kAT R
(80.77 £10.88)nm(n=3), PDI 1 0.20£0.02(n=3),
Zeta FLATN—(29.434+0.90)mV(n=3), i
30 mV, WJ3EGE A R AR R E M

253 ZiW)& = RH HPLC W& CPZ H 4135k
o [E AR T 24 %% 2018 4F 1 58 35 4558 1 3]

HIZ &R, RSN — ML H S 2] CPZ H
HEIER G TR o CPZ &8 8(15.43£0.39)%(n=3).
3 g

KRG H%E T CPZ [ 450 T8 (A
el T2 MK 7. HRTA S = O 3% 18 ik
il % T 2R K 7 iERAT T H il sl &%, faoe
PRI EEdE T, RRIETES—DIFRHZY
B EE NG A VEVEANY o AR FLN AIDS ¥RIT AL T —
FloBT I+
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