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Preparation technology of recombinant hirudin-2 nasal nanoparticles

CHEN Ming-xia, ZHANG Yu-jie, LI Wei-feng, PAN Ji-yang, MA Xiao-hong, WEI Ling-yu
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100102, China

Abstract: Objective To optimize the preparation technology of recombinant hirudin-2 (rHV2) nanoparticles for nasal drug delivery.
Methods Nanoparticles were prepared using chitosan (CS) and sodium tripolyphosphate (TPP) by complex coacervation. Taking the
rHV2 encapsulation efficiency (EE) and drug loading as the evaluation indexes, the influencing factors and technological parameters
in the preparation process were investigated by single factor and orthogonal tests. Results The results proved that not only the CS pH
value, CS types, and the final proportion of CS to polyphosphate quality, but also the stirring speed in preparation had noticeable effect
on the EE and drug loading of rHV2 nanoparticles. The EE and drug loading of optimized formulation could reach over 70% and 8%,
repectively. Conclusion The optimized technology is stable and reliable, and could be used for the preparation of rHV2 nasal
nanoparticles.
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HP—1100 F 41 =y RCAH €% A3 CRLEE DY o B2
Vel R 40, AE A BSHL, DAD LRI 45, Agilent
e AR, 77251 Fahdbbeds, SEM B A H]D;
HI—3 TR S PEas Qe 8 TS PR A FD;
XL—90 i & 250 8L (3 E Beckman A ] )
ER—182A AUREE 1 RF (HA A&D 7)),

tHV2 (bR A REE B, T 70 50> 98% )
FOIRHE (CS, JK¥EYE, WO N 84%, HIXT
JEE R 5X10% B IE, i 90%, HIRE
ST RS 5X10%, 1X10°, 2.5X 10%; F i
VU AEY) TREA AR =R (TPP,
JEattb2RFN AT LG EREal, KA,
HAb TR A et

2 JikFngs
2.1 rHV2 gohian &

B @ BRI IE CS 0.2%BE R, M 1
mol/L NaOH ¥ 15 pH {H, #— & & rHV2 %
g CS wrh, EIREE WA T 0.8 mg/mL
TPP %, A HEFLG=4, B rtHV2 99Kk,
2.2 rHV2 # HPLC U E®
221 MiE4AF  Kromasil Cg fBiliFE (150 mm X
4.6 mm, 5pum); WENFHAN 0.1% =5 LR LA
(A) -0.1% =5 LIR/KAEH (B), BHFEEUENL: 0~30
min, 10%~48% A; /AR & 1 mL/min; 41 23 °C;
R 214 nmo AERLEGESAE T, GRS X
rHV2 lE G T8, &5 R W 1.

2.2.2 PSR BRI L AR,

t/ min

*rHV2

1 rHV2 3E&E (A). #il& (B) fZH (C) B HPLC &itE
Fig.1 HPLC chromatograms of rHV2 reference substance (A), sample (B), and blank (C)

100 000X g &0 71, 10 CIILMT, HBEE0 1h
Jeis WL ETE W A A R

223 ZVERRFL RS tHV2 &&, K
43 AR T B R FE 4 0,064 0.124 0.18. 0.24. 0.30
mg/mL IR, AE AR 73 3R 10 pL,
M AR, DA AR 0B tHV2 iRk
FERATERPENNE, 3TN A=4 887.25 C—
10.725, r=0.999 8, k124 0.06~0.30 mg/mL.
224 KEIEAR ERLEEHENE. PG 3
FlB R JE (0.304 0.18. 0.06 mg/mL) rHV2 %,
W R Bl & F AT I e, 45 H A RSD 4
3.27%- 2.52%- 1.73% (n=5), HI[i] RSD 4 2.82%.
2.73%- 2.46% (n=5),

225 FUEMRE B HV2 W, 25T )R
0. 1. 2. 3. 8h, HKEME rtHV2 (R, 458
RSD 4 2.08%, # W] rHV2 #HHI4 5 8 h WAE
226 HEMAE K EN—EE HV2 99K80
B L6 4, IMANGER 1%EERRKER, A S
YRR TE A GRS, LFLE), iz e

rHV2 [, 458045 rtHV2 %1% RSD 4 2.52%.
227 IR ORESAREC 9 4 tHV2, 43l
NIE B I AKRLE, B m . e R 3 AN
IR (030, 0.18. 0.06 mg/mL) (15 2544 KHivs
W, #5340, HaENE, THESFIEIER Y 99.65%,
RSD % 2.89%.
2.3 FNaRALH] & ERAE R
231 BEEMIARMNE | “2227 HF
J7 AR R, HPLC W2 7 25 rtHV2 1)
JFURIREE, 4 B iAo 25 ks R R 2 i
WEE=NA rHV2 F5— BER HV2 f5) /
A tHV2 (&
= tHV2 M — LT (HV2 i) /i
NI
2.3.2 pH{EXT rHV2 CS gkkitut & psgm  H
JEIRIE R 1 mg/mL AEKETE CS CHX 475
B 1X107) 02%BEMR%, F 1 mol/L NaOH ¥
WO pH E 2054 4.5, 5.04 5.5, % rHV2 %800
2 CS W, =i HiFE RN 0.8 mg/mL (1)
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TPP ¥, A EOFLE™ 4 (LI CS 5 TPP (1)
B R 30 1), B rHV2 gkRi”, ARJE pH E
1) CS il g Kb 24 5 (25.56 £
3.76) %, (66231+1.14) %. (46.63+2.74) % (n=
3). nfLUF H pH EXT L E R g mii ok, Horp pH
h 5.0 WAERE S, RARTAYNAE, W
ZIEFERE CS WY pH E 1Y 42 5.0,
2.3.3 CS X rHV2 CS 4Kkt I K i 5m
BT FURS (MK €S CHIXT > Tl 5 X
10%) FHEKHETE CS CGHEXS 4 TR L5 1k 5 10°%,
1X10°, 2.5X10%), #/KEME CS FHEEE Kk
AN TR BE () CS W R pH {ED; KAk
P CS FI R /K AT 1SS ) IR BE 1) CS
I BRI pH AE 2 5.0 J5, % “2.17 Tihfl%
TIN5 SN R B ST T Kb
BRI, SR NE 1. 45 RRUIHX S T E
S 1X10° 125X 10° ) CS H4J fig ik 545 i (R A0 2,
HIERFEZER. HPrxaFiER 1X10° {11 CS
FEFERIREE A 1 mg/mL I, 4 KRS
(Mt M2 TR 2.5X10° [ CS 7B iR
FEH 1.5 mg/mL I GRRR R A . T PR X
Oy F iR CS HlE MK 25 B AN, M1
Tl 1X10° [ CS il % 1 20 K 2 24 B AT 38 v
N 12.37%; XS T B A 2.5X10° [f) CS 411
YRR 2 BATXS A, hy 8.42%; MOEFE T FHAHS
TR 1X10° ARKEE CS 1Nk F kL.
2.3.4 CS ¥+ CS 5 TPP [M#)IH R EIKJEEL . CS
5 TPP W& im tbiibit  RAIEASIRE 15
2 X TESEATIE D E . JEFIARN 41
HoH 1X10° IEK%E CS, [z pHAE N 5.0,
X EE CS W RIRE (A). CS 5 TPP [
WGk JE LG (B). CS 5 TPP & & Lk (C)
i 3AEERE, HAKRFEAHNIER 3 K, K
JH Lo3*) HuHIEA R . FIZAERNE 2.
AR AR RE S, CS IR IR AN,
CS 5 TPP FE35 51 gl Ko i () o L Al 25 5 i AR
1, BRI 1 mg/mL ) CS 765 TPP )5
KT 2.8 11 I, W RLERIAIMK Rk R
TR LR I, 2tk DU e loh, A dsh AR
NF 2.8 D LB, TERIGRRIA S, A7 AHR AT A
kT, BUEARRGE, HRELBLERTE; [
FEMIILG, X TR EWREEA 2 mg/mL [ CS ¥,
AR LAE 3.7 11 A

F1 CSHAX rHV2 PRKBEHFRHM (n=3)
Table 1 Effects of CS types on EE of rHV2 nanoparticles

(n=3)
CS #! CS Rk E / CS 5 TPP @R /
(mg'mL™) At %
KEstE  sx10t 1.0 417:1 3796
1.5 41711  17.24
2.0 6.25: 1 5.93
2.5 833 :1 0
JekgtE sx 10t 0.5 268:1 1502
1.0 37501 4251
2.0 938:1 17.24
2.5 833 :1 6.70
1X10° 0.5 250:1 3270
1.0 288:1 7051
1.5 341:1 3895
2.0 37501 39.99
2.5 536 1 7.71
2.5X10° 0.5 221:1 0
1.0 242:1 13.83
1.5 313:1 7250
2.0 536 : 1 5.08
25 - &I
JRITVE

R IEAS IR B R R, o B 5 AN RE AR A
KRiy AR GORRA) SRS L,
B ARG &5 BT VPN AT S, AR
BB R R EZ 3 AN
IV ERCE G AT SR G VRS, SR 3 TR Aox
I LG RIAT L (LA =BEEX04+32)
X004+ & X0.2, Hrh i 2 f 2y 8 o0 F 2%
NE, BUERRE N 0.4, BABGERE N 0.2).
iR WK 2, TEHTIE 3.

AR KL 3 ST R B o AN TR S5 4, FL ol
YRR A H AN 1, KEREFILH 0.5, Dy
TN 0.6, HERE R i#d R 0.7, K
ZURF LN 0.8, FEARWE HRARRAE LN 0.9,

SRR, HE C R RA EEEN (P<
0.05), gLl 311 (Cy) W2 B
gL, AR E AR B2 AU g KRE
FEA: & AL B LR E 2.

RIG IR BRI CS (TR % R 1 mg/mL
i, 755 TPP LA 3 11 WREE S, B
KRS, BRI, N 65.8%; i CS (1)
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Table 2 Design and results of Le(3*) orthogonal test
RS A/(mgmL™) B C D(#%E) AHE /% HAw /% BE  GEES
1 0.5 (1) 1.67:1(1) 40:1Q) (1) 24.4 0.65 1.0 0.212
2 0.5 (1) 125:1(2) 25:1(2) 2) 32.7 7.79 0.6 0.282
3 0.5 (1) 1.00:1(3) 3.0:1(0) (3) 59.4 14.85 0.7 0.437
4 1.0 (2) 1.67:1(1) 25:1(Q) (3) 37.6 4.48 0.5 0.268
5 1.0 (2) 125:1(2) 3.0:1(Q) (1) 65.8 8.22 1.0 0.496
6 1.0 (2) 1.00:1(3)  40:1(1) 2) 19.2 2.57 0.9 0.267
7 2.0(03) 167:1(1) 3.0:103) ) 72.7 4.55 0.7 0.449
8 2.0(3) 125:12) 40:1(1) 3) 36.5 243 0.9 0.336
9 2.0 (3) 100:1(3) 25:1(2) ) 26.0 1.55 0.5 0.210
K 0.931 0.929 0.815 0.918
K, 1.031 1.114 0.760 0.998
K; 0.995 0.914 1.382 1.041
R 0.100 0.200 0.622 0.123

x3 AESH

Table 3 Analysis of variance

FERI BT A AmE FH BEE
A 0.001 72 2 0.667

B 0.008 19 2 3.172

C 0.078 90 2 30.557  P<<0.05
D (iRZ%) 0.002 58 2

F0A05(2, 2): 19.00 F0A01(2, 2):9900

JUEWAE N 2 mg/mL ), 5 TPP LL3 1 ittt
SEEEUNAE, S EROKR R R ORI, TR
WEATRE, BUEZAUEEAER; CS MR N
0.5 mg/mL A3 RBH%, Mok CS 1 L i e
A 1 mg/mL (Ay),

CS 5 TPP M4 i i i i L6 45 A 5% i AN
W3, (14 CS 5 TPP ()it & LLl#E i, TPP 4]
WEEBR/IN, TN TPP ARRURIBRR, K45 KA I 4
KL G K — 2 (IR AE, TPP I K
1 TPP fi N CS i I 2 PR A Joy 38 sk B L v

PAELD S A R e 311 B AL P S RPN
EME, RAERET CS 5 TPP VI EIKRIE LA
125 11 (By)o MIEASIRES 45 K B 2 #r 45 H
ABCs g R ffE
235 skl (hHV2 5 CS i) *f rHV2
KRB R (R EEUR > 1 i 11X 10°
PAEKEEE CS, BCH SR E A 1 mg/mL ¥ CS
0.2%BE R /K ¥, HH] 1 mol/L NaOH ¥/ 15 pH
fH4 5.0, 23 5I7E CS EE T IMAA[F =1 tHV2 il

Hakhi, CS 5 TPP &by 311, HEA
FZ5W5EIEE 12154 1264 1224 15 1 X4k
BB M M 45 R 58 (66.62+£0.42) %
(66.761.44) %. (66.68+0.75) %. (68.76+
0.335) % (n=3), ALLEH, I HREE 2N
NEALE—EJEH N AR S, AR RS
FUE MY I

2.3.6  ZWNINAE U (CS H0D A INAE EESE A
(TPP #80) HX) tHV2 GKRELE R 52
IR 7oA 1X10° AR YE €S, il R
HIRIZ A 1 mg/mL ] CS 0.2%EE M /KW, I 1
mol/L NaOH ¥ 117 pH {H4 5.0, 251 LLZ54
78 CS R AT INAE TPP 9 PRl X 4% tHV2
KK, CS 5 TPP & iattt o 301, HEREMWH
il 45 T BRI . 45 AR R
(65.98£1.23) %. (72.08+2.7) % (n=3). AW,
UM INAE TPP Wi LB R 5, WO T8 294
JNAE TPP b 1 2% 77 i

2.3.7 WL AP tHV2 g0Kobifds 2 1 5
PEEUA G 23 75l 1} 10° (aEKytE €S, Hicikl
TR E A 1 mg/mL [ CS 0.2%BE R KWL IF
H 1 mol/L NaOH ¥ ™Y pH fE4 5.0, 73 7I7EAIG
HiL 7 (200, 800 1500 r/min) 3 FAS[AIfE 4t
RN tHV2 9Kk, 25 84N A B H1 5 0] 4
KA H W . 5 B RS h (66.55+
1.25) %. (74.394+1.49) %. (60.03+0.29) %. wJ
DL, S 2000 g0 KR4, 35 2 1 g e W A
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PG EH PR B EEE . TR+
PEFE RIS, TPP &5 CS Hafil, AZHEIE gk
ATV A 176 S SV S U =111 IS AR EZL P S & A
I, ARRIERR L AR . BRIt
FIPEPEH R (800 r/min) FEAT KL R4S o

2.3.8 PSR rHV2 Gk R ik
AR T 1X10° AR K e ¢S, Bl il
JUEIK N 1 mg/mL 1) CS 0.2%B5 B2 K i, 1
1 mol/L NaOH ¥ 17 pH {E 4 5.0, #l4 tHV2 4
KKLJT,  DIAH R3PS R R S P A R 1] O,
5,10 min), 25 2 45 $F I [R) X6 44 2K b A0 Jf 26 (1) 52 0 o
g RAE KRN (58.67£1.83) %. (66.58+
1.27) %+ (67.00£2.54) %. W] WLEEFE )AL dsf
KPS G2, W TPP & sr B -5k, ok
RO, X 0] 682 A B 5 W i) TPP K
CS NS, Wi Ak 4k 2Lt 5~10 min.
239 IfE T EMe LBAERE: T LS
M 2P AR, 358 2 DR 38 15 52, i B A % T2
iR R, RN TR 1X10° 1EKE T
CS, Bl TR R 1 mg/mL 1) CS 0.2% R 7K
W, JFH 1 mol/L NaOH ¥~ pH {84 5.0;
L rHV2 IO s B 0 0.8 mg/mL [¥] TPP ¥,
e RE SRR (800 r/min) FAHAHMIM T CS %
W 2R TPP Y9002 5% i INAE CS FRZK ¥
Thnseke, GREEE 5~10 min, EI5 rHV2 44Kk
IRV -

FRARE AL T T A% tHV2 gk, S
ST 3 LI UF RIS - 45 T AL H 5 514 72.70%
79.70% 76.55%; #HZiEArM 8.81% 9.03%-
8.56%. WL, Ziil& LA ENEE, WEFnA
B 70%LL_E. A1 rHV2 SEERRN KR 2 A S5 IH]
I ERAE, RN 213.2 nm (n=3), 4KKki
W E AT, Zeta AL +30.61 mV (n=3), f&
FARN RS E PR
3 g

SEIBEAN KL ()46 7 VL B DTk S5
TS BT FLRMER SRS, SRR
BRI, NORRERERVE, RIE CS W, n
A TPP B &1, FIH CS il &35 TPP B &1
KA FE T AR Y, il CS BRBk
AREERS o 1 TS50 RN A AR, AT A BLE
7, BRI —. nER4E (120~1 000 nm)

KR, PIIAE CS GURRI 26 h 1521 2 MY

ﬁﬁ[9-10]o
KRR MBI 5, KR W] CS ) pH

fH. CSZA, CS 55 TPP s it b Hithkidi%

X KR ) AL R 2 R AR B . L

EASREG R BN 2%, 4R o CS 5 TPP 1Y

A PTR A LI S R B . CS 55 TPP K

Fe 2 o LR AR FI I IR 55 CS FR TRl B2 AT K

CS M PTEWR A RN, XBAm A E R CS 5

TPP iRt LB AR . CS 5 TPP [ i

LLIE EH LS R RRLH L, TPP sl /b, Wil

T, MELOE A KR TPP it 2, TRk

RREAEIE K HAR S R D 0iE, RAEE. 1

ANFE M AR RDREAR IR ik — 0 TR B TIE R B0 T

B4n TPP AT B T RE R R

SE 3k
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