5550 4 4 130
2023 4F

JEEAE TR 2R (A ARBR2RR)
Journal of Beijing University of Chemical Technology ( Natural Science) 2023

Vol. 50, No. 1

SIRMESCIERIT, 2Ra, BOUKME, 45 2ORBRIRES 4 0 il kAT WA SERE I RIAT ST [ )], JE Rt TR 4l ( A S8R}

i) ,2023,50(1) .79 - 88.

WANG ChunJiang, LI ShengYuan, HUANG YongPeng, et al. Inhalable sustained-release preparations of nano-calcium car-
bonate loaded with octreotide[ J]. Journal of Beijing University of Chemical Technology ( Natural Science) , 2023,50(1) ;

79 -88.

1y K BB 45 £ 25 B 1 B T TR N 2B R 6 0 5

EA EFRY kam' E OB REE O HOHY
(1. B RAZEAR EGIPEFE SIS, b5 102205; 2. dbatfb TR fh2 TREpE, db5t 100029)

OE. R AT T 3 MO RO S B AR SRR B SE T ES AR R AR IR ( PAA) FILER KA MR A
(PASP) 75 | A BRIR B IOWL I S50 R R 205 K40 1) S 00 5 AN KT T 55 A R Ay 245 ) AR 38 3 358 3 R T — ¥ 1 1
T2 Rt I AR T T A RO ) 5 DI T BRI S A Y BEAL P RE BN LR RO, B R T
Ryl R B OIE A B2 i RSB PERE RSN ATURRIERE . S5 5RR B B0 (4 7 LA AT LSS BT BRI B R A% |
TROMIES S50 RN AR A5 A PO 42 3 A R BRI 5 280 T RE A6 A 280 S0 L O, e o 5 O Rk o 590 R 5 17 38 T T 0L 5 7
JIr il £ 1) 3 FhARORBR R G A AL v | ol BRI 5 BRI TR PR A0 R ik R 515 28 A o 6 194 Bl o 790 9 25 PR RE B 1, G
WEGH N 31. 3% A RCRALTIRAGK R 429 SR 1A R 48 h, BA BAF Y AN A DLRRPERE A AN B 254
AE s BOE S IR IRARGUR IR IR X THP -1 A JCH 5, IR B I AN 22 5 DS JAE RN, F HL AT LUK 25 ) A 2t i

& RO F AL B 7 o, HATAE AT A SRR A AR T T
KR GORIRIRYS ; B ROCAZMREN; WA SR

HhE 45 KS: R944.9

B K (octreotide, OCT) & H1 8 2 FE R 41 A
PR Z IR, e —Fh AR KA R 2L 25, REAE PR ED
il AR KR BRI R S R, 2w R A
I oo N JE (1 B 3 259, e AM e W] TR T IH AL
T L PR R AR RS Y. OCT il T B K
WIS, H O IR 2y As e e 22, BT 2R A 25t
NIRRT B TS, RIS A T4 BUR
FWMPERRAR, T4 2 5 & Al 24U | R tkaa ]
T B AR AR 45 245 75 U8 5]

A6 — 7 20 ot A DX 3 P R S T R K L

B SCHRIE B T R FH 5 DR O S 4 2

Wk H . 2022-10-21

HBIH . FAERHESEA A F44 (202184001 )
. 55,1998 4EA4: B

* BFEBRRAN

[ 2 L ,E-mail ; zhangjj@ mail. buct. edu. cn

418 E-mail : NBC_BoChen@ 163. com

DOI:; 10. 13543/j. bhxbzr. 2023.01. 010

IR Z RGP BAR 3T B 25 2577 L Horp,
AW AR A A B B IR A R
P 0B e 245y 188 16 2 i o8 1) ) 00 0 50, BLA 85
Jr il AR TN R A 2R E T AR
JHZR G |3k 5 v A0 A, DRI 24 o ) 25
WU 2l H . FHR, NS OCT A5 1
MW OF B TR BB, AR
MR R M I R T 0 IR A OKAE 1 TG 48 1A
OCT T B ARIFIBTFE , 45 R OCT M A5 fiE
5 3R B55 Be S JLF- R ] B4 2R 0 R BE i B i
MBI 25 2y 5 d e XA Al Ak (R T
RO 5 B A SRR DR 2 o S
Jat7 R AR R B8 OCT il 4% T WA 22 il
FR, REA [R] I 4525 WA S 550 760 2 o 590 1) I A, 7
AR ANELS 25 (14 [7] i 28 1 25 W) 1 I [8] 20 45 2

UTAFR KRR IR S (nCaCO, ) T 25 2dA
(AR DGRBS R T B 5E 3 1 Ok ) B T ok ik
R 1) 245 1) 338 3% 2 S R A% A 28 B /N T 25



.80 - AEEA TRAE2AR (A ARERR)

2023 4F

SR IR R R TR AUR (R4 2R AR A
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Al 94 Kk A AL (nCuO, K742 40 nm, BKIE, 4l )&
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99% ) N-J2HE 3% FH I 0 % (NHS, 26 FE 98% ) \1-4
Fe-(3-THRE N ) ik — iR R (EDC, 46
J&¥ 98.5% ) | L-I & R ( L-tyrosine , 4L ¥ 99% ) 1,3,
4,6-T05E 30, 6a- AR FEH MK (Todogen, £l 44% ) ,
T2 SR AR AR A A R T s Na'® 1, Jb 5t i
TR AT R R THP -1 40 /i \RPMI -1640 5%
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K A T IMT — 3 ) 27 18 2% 90 09 43 < 4%
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7590 BUZH KL B F A6i AN, 0 ] IR SCA AR AT PR 2
H];U—SPECT +/CT %! SPECT/CT §i1% & 4, 14 2=
MILabs 2 7] ;371 T 241 i %ﬁ%ﬁ,% Thermo Scien-
tific 22 H)

1.2 MHERSHEMNH &

PIAEASTIGS IR (04 2508 il 28 B R 5 A 1F
Jgxt b, I e PAA i PASP 1R a0l & 1
3 P RITEOUIE 300 B AR K B R %5 , I % S8 R B[]
TINTHRE SO R R]  0s Bf IE) BE A AR AT T A AR, A
ARSI .

ZITERRIRES A FCil 0. 1 mol/L B RN A T
F10. 1 mol/L S Ak 45 75 ¥, e 12 M 175 Y 0 S Ak 5
VSIS 20 mL, ZEBEHE TR BRFREMIA LA 10 mL/min
R A0 T 0 A S A B U W Th . T N &5 R S AE
1000 r/min (%55 RV 12 b, [N 45 51 k77
TEAE 12 000 v/ min F54 3R 250 30 min, 7K F1 2B
VR BLJE L IES50 C R TR faE,

BRI QUK IRIRES B 16 FH PAA 1R A ¥ 7 m
AR R BN 75 W, B 0.1 mol/L B R 4 7% W AN
0. 1 mol/L S ALFSH WA 20 mlL, [7) B BR G4 74 8 o
A 53 mg ] PAA FH4EFERE R 30 min, SRS EREFE T
PO PAA BYBR R 4N 7AW LA 10 mL/min A9 2 B i
mERASmBFER T, WG KE T % RE
1000 r/min A6 SOV 12 h, 52045 o 8 B 7
WAE 12 000 v/ min A 3R 250 30 min, FIZK AT £
YRR BSOS E50 CF PR E,

BRIEORIRERES C 2 PASP 1E Mm-S
FALESEEHE . BLO. 1 mol/L BRERENIAVR AN 0. 1 mol/L
FAESIAMAS 20 mL, [ S ALES I 666 mg
) PASP F45 £ 32 16 30 min, 2R 5 76 858 £ T 65 B iR
BN LA 10 mL/min (Y38 B2 N 2 U8 N PASP #944
RES W, NS RS T E IR AE 1000 1/min Y
el N RN 12 h, Jz N5 R JE K B TR TE
12 000 r/min F5E3 N 2.0 30 min, FH /KA1 £ B 66
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A IR 25 C
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240,720 .1 440 2 880 min BUREFF TR0 A 12
AT HPLC XPFE S EA T T, R (2) 15
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0= —— 5 x100% (2)
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(%7 10% FBS) 43 1 Fie i i 2 ok Bl 12.5.25.50,
100,200 pg/mL FIAOKRERFRES D FIA0K A AL A B 77
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TGRS A LR A AR I AT AT 00 490 %) 240 B Ay
23 R R D20 B B 1 AR 58 10 290 K SR AR A A BH A %o
HE 38 2o 40 3 1 0 BT A KBRS D A A 2
1.6.2 KMz

I 40 L2 1 P AR I 4 ) E B BT, A
Yy SRR 25 s (40 e ok BB RREAE ) I, 2 e
T Toll FEZARELIE , 28t NF-«B i 45 5 mRNA (1)
B, TEARAZAS S A T (A F 1L -6 1L -8
KBRESRFEIN F TNF - 58 ) 195 B, 7225 G053 40 it
WP, PEFE IL-1B FI TNF — o WRNZH LR 51 g fie
JERIE ARG, FFEAUORIRFRES D 51 & A Il &
PR . KEBE ] A AR R RS D B 77 -5 4N i g
B 48 h Ji , WCHRARAE S W T H ELISA A7) &
K ) TNF —o F1 IL-1B &5,
1.6.3 HhhANAH

IR HA 5 1 R i 2 2, 7l iz A Todogen
PG HCGHE T AR C AR R 2R 1w, BRI bR g R
BEANE 1 R, TETH VERLIE B Y 1 )5, B C57 /)
ﬁﬁiﬁ%ﬁiﬂ,4%*2%%%166@%5?*1%@5&%%&%%@
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2 #R 5%
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TR R TR B, 5 R A R R S TS
TE A0 Ttk 12 5 - 410 <) JH ) G A 5 B A% 4k . PAA 2
B AR KRR ES 5 F A I, A AL IF 5T 5
RER D PASP Tl B I BHIR ), BERS S5
BEETFE A RIS ER 4535 L PASP AE S B
G A TR ES C Ayt B WK 2 B, filk R 45
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Fig. 1 Nuclide labeling strategy for nano-calcium

carbonate
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Fig.2  Preparation process of nano-calcium carbonate C

K1 AFEBRBRES BRI R 7 BPRiAe e 27y s 8
Table 1 Z-average particle size and polydispersity
index of different calcium carbonate

carrier materials

BRTR T 414 EylliEl 7 ¥pRife/am  ZAYHEEEL
TRFRES A T 1544 0. 456
KB ERES B PAA 230 0.270
R BRERES C PASP 372 0. 137
YOKBRIRES D PASP/PAA 317 0. 148

2.2 ERERSSEHMEHMBHIRIELER
2.2.1 TR
T B R 05 A AR ) OURES B3 A ] 3 s
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TEARTLAE . ARBRIRES B 8 0 T 1R A G Al 750 F 5 - 83

BRIRES A FORIARZ) 2. 4 pum B S0 225 T A R 65 41
B KRBRIRES B K2 487 nm 584 135 nm FIHE
TR TS A B, M T R R 85 Hh A e FLIE 451 5 94 K Bk
M5 C FORIAE 2 430 nm BRI BR R EG 2 W, BRIE Bk
251 F B 240 /N P BORE 5 ME BRI B, 0K 22 W) A7 7
HE B ORARFRES D HRIA2 2 230 nm [ BRIE AR R E5
K2 280 nm | 5524 90 nm BT BRIRES R4 2H I
DL S5 RR BTSN 5 | A BLE SE3L T % 94 K ik i
B ATE S

G

7 e €
f‘fﬁ(‘ 2 Vs, 4
(c) HIRBRARESC (d) YRBRIRESD

K3 AEBRERESEARAELY SEM 5]
Fig.3 SEM images of different calcium carbonate

carrier materials
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AR BR S 2 AR B XRD %18 an &l 4 s
4 POERTRES HA R P ARSE A SR AP i Bk iR
B L5 ff AT B SO R A TR A S 2 A
AT, Horp oy g e e s i AL, 22 I 2 O i
AT BRI AE T A A ) 0T A 52 e S i R G 2
PAJT A S UAEAE . BRTEA 2 I 2 RN FRaE I B IR
5 LA BRI AR AR A JC R T R A 1
AR R L i AL R T 25 i gk, vl A
MEEE 2 R R, BInE S
5785 R BRI ARR FR S 0 A I, S S0 AR Y i
BRI AR 5 Y BN AR IR TR R, BRI 2
EREA M IATE AL, 4 FPERIRES T RS A AYRL
RAER AT ST i O 4l B 5 A1, X XRD %
EHATAG 16 5, Tt Jade6. 5 B0 347 M0 A0 40 1843
B, 25 R 9OKRBR RS B AL 36% (JR i)
B, TR BUERFAT R 64% B 5 A7 5 K BRIRAS C

HAL T 77 % FOER B AT T 23% BT AT 3 A KR PR A5
D LT 57% WIERTECA A 43% W7 41, 304 HT
B YIABZE R LU AR, MR 5 | A D SE 3 T
X G R e P 5 A ) AE 25 ) () TR 2
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o BREA
Ly ¥
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a SRR
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e PR ED
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Fig.4 XRD patterns of different calcium carbonate

carrier materials

2.2.3 Zeta wH R @HRAILILE

ARV PR S AR AT B Zeta HLH | LU THI AR AN
WAL IR 2 froR, S5 RATLUE 1 T A iR 55
AR BLHEY Zeta LI GUE ; 5 AR INAG N AH
LU, TR INFA 5 L B b B8 35 1 i IR 15 A8 A4 B ) 1 L
R AL B FRES A AYE X FLAR R K, il i
SR ZE T WBRTR S 2[R AH B HE S T8 i 4 B T 3.

2 ARIRRES B Zeta FF
LRI AL
Table 2 Zeta potential, specific surface area and specific

pore volume of different calcium carbonate

carrier materials

. Zeta By HREB Py HALZ/

rm i FH/mV (m?-g") fLAB/nm (mL-g™!)

TRERES A -5.85 0.134 47.7  0.00160
YOKRTRIRAS B -0.304 85.6 14.1 0. 302
YORBRFRES C -2.92 75.7 4.89 0.092 6
PIKBRIRES D -18.1 27.2 18.8 0.128

2.3 AR\ ZERRGUB I B9 R L R R 1 e
2.3.1 TR

TELG R B TR, BRERRES A Ah, SRR
PR RAF e v D, UR T IR A5 21 A ok 5
P R R R TR A BB TE 25 TS Y
TEM EIANIEL S iR, 5802 Al A R IR E5 AR LL
iR R 515 A8 24 J Wy ol 790 O P 25 TG S 3 O R 5 T
JEA TS5 SOk i 70) 01 vh OCT Bt 7 AR RS A
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(a) BRBRDGA (BT (b) SRy I (25 )5)

R 100 nm

(d) fckr R0 I2(2025 )

() BRBRERES B2 HI)

100 nm

(6) Wk RIFRI3 (32h))

() GRBRERES C(ARZIRT)

b 100 nm

100 nm
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Fig.5 TEM images of different calcium carbonate carrier

)

materials before and after drug loading

2.3.2 #H=E

A [R] it 1 815 80 A i) 8 1) B0R 1) 70 7 280 24 i dn
K6 FTR, 4 PR phRHS oy B 425, b il
Kl J4 (282t , A 31. 3% 5 3R J1 Bk
Rk, N 3.25% , M, OCT IKIEW Y Zeta HL
P IEAH, R IRAS B ARG Zeta HLEH T, I LR

FRESEAR IR T 38 L FLIE R OCT LASb, 38 vl LL3d i
FHEAVEFIXT OCT HEAT IR BB 48, T 2R ik R 45
A JLPARELAFLIE S5, OCT H A 8 i # fo A/ FH
Bk AT, DR e 30 01 Y 2820 R BRI 4 oK )
FRARBRIRES B, C D 1 FLAE 2 35 DL K i el W B 0y
[FI/E R T OCT #E47 7 4%, P AR L T ROk 22k ik
WRIRES A HA T w42,

35

N

I 12 13 14
[Eerikl

Bl6 A [l Bk IR ES 2 A i (0 Ty ol 70 ) 2 24

Fig.6  Drug loading of micro-powder preparations prepared by

different calcium carbonate carriers

2.3.3 RIME B WA

AN [ e i 505 28 A o 86 P B89 1 700 RO AR G118 1
AN T iR ORI 01 s Al 2k S 4l ocT
s Hh 4 AR — B, R BAT G RBEAE 5 w571
12 .03 J4 BARGER T s ] R — e R
ROR , HTHIF J1 A 25 e A AR AR R B
A PRI, PRICAERS H A T v i OB 2Y | Rl R
T2 03 J4, w52 I3 04 th 2GR Tk IR
BHERAR NS, ARV A BT R R A T A
J2.J3 J4 7E 48 h INHFZLEE ), 78 48 h Whig i B 43 )
iLF) 98% 100% 99% , LA L4 F 3% WA 44 K 9 ik i

120

=]J1
-2
-3
- J4
—;:;’1//;:—‘ —-0CT
10 20 30 40 50 60

T FE %

0

0 ‘ 5(I)0 ‘1(;00I15‘00I2(;00‘25|00I3000
Hif ] /min
P7 AS[RVBR IR ES AR Tl 46 14 Tt o 700 FO (A S i 2
Fig.7 In vitro dissolution curves of micro-powder
preparations prepared by different calcium

carbonate carriers
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2.3.4 HERFH LR E
HE2s 3 B T PP Ak 500 DA ' bR Y
AT, A RBEBALTURRRE F TPl 5 550 7 A A4 fiti 58
HEATIRITCRIRE TT . 38 3 AN R %5 48 A ] &
AR IR E R F SR R ) J2 04 /Y BB E
100% , 2% AT LA DAL A 256 85 v 2 1 5 0080 il
FILJ3 0 EFS/N ABAF] 93% L, il 12 /Y
F /N AR 7.95% RFR 53 TR T o7 25 de R
JE R AT B2 R TR A B PR E5 B 4824 I UKL AT 2R | 36 1k
T BN MEREA , DATTAE T8 7 225 2 B 5 i 700 03 F 34 1Y
F YRE]409% L1 L350 13 5 F g/ T30 54 il
F 14 FER ARG RBRIRES D (RIAR /N 76 ACT ik
PR ZG 2 NI F o155 J1 89 FL(34.9% )
FE/NTIFR) 03 R0 34 D R 2R AR TR R 5 A 1Y Ri AR
BOR TR IR) S5 1) =t B T T sh e 2%
3 RIRIBRER G AR A OB R B 2s 2R B, A
ARBOLTUBUR F|
Table 3 Emitted dose and fine particle fraction of
micro-powder preparations prepared by

different calcium carbonate carriers
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Fig.8 Cytotoxicity of nano-calcium carbonate D
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mice at different times
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Inhalable sustained-release preparations of nano-calcium
carbonate loaded with octreotide
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2. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Three types of nano-calcium carbonate with different micromorphologies have been prepared by metathe-
sis methods. The effects of adding polyacrylic acid (PAA) and sodium of polyaspartic acid (PASP) on the micro-
morphology and phase structure of the calcium carbonate were studied. Using the nano-calcium carbonate as a drug
carrier, the drug octreotide was loaded by an impregnation adsorption —freeze-drying process to afford an inhalable
sustained -release micro-powder preparation. The physicochemical properties and in vivo biological effects of the cal-
cium carbonate carrier materials were tested. The micromorphology, drug loading, in vitro release performance and
in vitro inhalation deposition performance of the micro-powder preparations were studied. The results show that the
addition of additives can control the particle size, microstructure and phase structure of the calcium carbonate. Oct-
reotide can be effectively loaded on the nano-calcium carbonate carrier, and the resulting powder maintains the o-
riginal morphology of the carrier. Of the three types of nano-calcium carbonate carrier materials prepared, the mi-
cro-powder prepared using a mixture of spherical and rod-shaped nano-calcium carbonate carrier particles had the
best overall performance: its drug loading was 31.3% , the effective site deposition rate reached 42% , and the
continuous release time was 48 h, with good in vitro inhalation deposition performance and in vitro drug release per-
formance. The mixed spherical and rod-shaped nano-calcium carbonate had no toxicity to THP -1 cells, did not
cause any inflammatory effects at low concentrations, and can effectively deliver the drug to the lungs and be re-
tained in the lungs for seven days, showing that it is a potential carrier for practical inhalable sustained-release
preparations.

Key words: nano-calcium carbonate ; octreotide ; sodium of polyaspartic acid; inhalation preparation; sustained-re-

lease preparation

(AR, F V=)



