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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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tHV2 (LR A RHE B, T 7 50> 98% )
FOIRHE (CS, K¥EYE, BB N 84%, HIXT
JEE R 5X10% e NE, i LS 90%, MK
AT RS WA 5X10%, 1X10%, 2.5X10%; FFrgi
13 VURPEEY) TR BRA T R (TPP,
JERb 2R A DD LG EREal, ALK,
HA R A /et

2 AEINLE
2.1 rHV2 gxkipgE &7

@ BRI E CS 0.2%BE R, 1 1
mol/L NaOH ¥ 15 pH {H, H— & f& rHV2 %
s CS v, =W e S 0.8 mg/mL
TPP %W, A HEFG=4, WIS rtHV2 99Kk,
2.2 rHV2 iy HPLC JUE®
221 a4t Kromasil Cg ok (150 mmX
4.6 mm, 5pm); VAN 0.1% =G LR LG
(A) -0.1% =5 LIR/KEH (B), BHFEUENL: 0~30
min, 10%~48% A; /AR & 1 mL/min; 1 23 °C;
R 214 nm. RSN SAE T, FlREEE 0t
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Fig. 1 HPLC chromatograms of rHV2 reference substance (A), sample (B), and blank (C)
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223 LMERRFEH EMI HV2 &5, K
43 B BB A 0,064 0.12+ 0.18 0.24+ 0.30
mg/mL IR, AE AR 3 3R 10 pL,
M W TIAR, DA AR A (B tHV2 iR
FERATERPENE, BEHTFE N A=4 887.25 C—
10.725, r=0.999 8, £k 4 0.06~0.30 mg/mL.
224 REEEREK EFLMEENE. B g3
FhR W (0.30. 0.18. 0.06 mg/mL) rHV2 ¥,
WM R Bl e 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 FoEtERE B rHV2 W, TS
0. 1. 2. 3. 8h, MEMIE rtHV2 [FUETRIFL, 258
RSD 4 2.08%, #W] rHV2 ¥ %)5 8 h WEE.
22,6 HEEMEAK KRN E rtHV2 9PK0
B L6 4, IMANER 1%BERRKER, A A
YRR R GRS, LI, Mke

rHV2 [, 45845 rtHV2 %1% RSD 4 2.52%.
2.2.7  [BIERAE OREEARE 9 4y tHV2, Zrnilhn
NI KRR, Bl s e AR 3 AN
IR (030, 0.18. 0.06 mg/mL) (15 2544 K
W, 25 3 0, HAEME, vHRAFEICEER A 99.65%,
RSD 4 2.89%.
2.3 EMKRIF & E RN EE
231 BEFMEZAEMNE  ER 92227 TR
LIRS, HPLC W52 i tHV2 1)
IR L, 4% Il A X 2 ek R R 2 &
BEE =N rHV2 §5— BER HV2 f5) /
A THV2 {5
W= tHV2 B — LT (HV2 ) /7 i
N B
2.3.2 pH{EXF tHV2 CS 4Kt i sgm iy
JUEWRIE R 1 mg/mL AEKETE CS CHX 4> 75
BN 1X107) 0.2%BEMR%, F 1 mol/L NaOH ¥
W pH AE2> 54 4.5 5.04 5.5, % rHV2 %800
£ CS W, =il BiFE RN 0.8 mg/mL (1)
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HIEREZER. Hp xS FREN 1X10° 11 CS
FEFERIRE A 1 mg/mL I, 4 KRS
(Mt M2 TR 2.5X10° [ CS 7R IR
FEH 1.5 mg/mL RFGRRR R 2R . i PR AT X
OrF TR CS Hil& MK 25 B AN, M1 i
Tl 1X10° (1) CS % 1 20 K 2 24 B AT 4 v
N 12.37%; XS T B A 2.5X10° [f) CS 41
YRR ARG, h 8.42%; WUERE T FHAHXS
O T 1X10° BIEAKWEYE CS MRyt +48L
2.3.4 CS W+ CS 5 TPP (WG W E L. CS
5 TPP W& im tbiibit  RAIEASIRE 17
% M LESEOMMTE— Dk . A 1R
HoH 1X10° IEK%YE CS, [z pHAE N 5.0,
Y EE CS W R RIRE (A). CS 5 TPP [
WIE i JE LG (B) CS 5 TPP & & Lk (C)
i 3AEERE, HAHRFEAHNIER 3 K, K
1 Lo(3h) HuHIEARK. HEAPRILE 2.
AEHIS AR RE S, CS MR AN,
CS 5 TPP JE 3551 gl Ko i () o Lo Al 25 i A%
1, BRI 1 mg/mL ) CS 765 TPP 15
KT 2.8 11 I, WIS MK Rk R
R UL R, 2tk DU e oh, A dsh AR )
INF 2.8 D LI, TERIARRIAYI S, A7 AR AT A
kT, BUEARERGE, DRELBLRE; [
FEMBLG, 0T RN 2 mg/mL (1) CS %,
AR LAE 3.7 11 A

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

(n=3)
CS #! CS ik / CS L5 TPP iR /
(mg-mL™") At %
K 5x10* 1.0 417:1 3796
1.5 417:1  17.24
2.0 6251 5.93
2.5 833 :1 0
JEKEE 5x10* 0.5 268:1 1502
1.0 375:1 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 5361 7.71
2.5X10° 0.5 221:1 0
1.0 242:1 13.83
1.5 313:1  72.50
2.0 536 1 5.08
2.5 - W5 T
JRPTVE

DRI IEAS IR B R R, o o 2 7 AN RE AR A
KK AR AR S FERZ I, HAH A
L ARG &5 BT VPN AT S, AR
BB R H R R IEZ 3 AR
IV ERCE AT SR G VRS, SR 3 TS Anox
I LG RIATH L (LA =BEEX04+32)
HX0.4+ & X0.2, Hrh i 2 f 2y 8o L 2%
ENE, PBEEBBEN 0.4, TEENEKEN0.2).
iR IR 2, TR 3.

AR KL 3 ST R B o AN TR S5 4, JL ol
YRR H AN 1, KEREFILH 0.5, Difs
RAEH N 0.6, AL FH LN 0.7, I
ZURAE N 0.8, FEAWE BHERARRNE I 0.9,

SRR, E CHRIRg A BE P (P<
0.05), Hh A 311 (Cy) W& MBI
gE, IR E R B2y a AU gk R
A& NE A, B LEE .

RIS R BRI CS (TR % R 1 mg/mL
i, 755 TPP LA 3 11 WSS S, B
KRS, ABEREWE, N 65.8%; 1Ml CS 1)
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Table 2 Design and results of L9(34) orthogonal test
RS A/(mgmL™) B C D(#%E) fAHE /% HHE /% TBE  GEEVES
1 0.5(1) 1.67 © 1 (1) 4.0:1(1) (1) 24.4 0.65 1.0 0.212
2 0.5(1) 1.25:1(2) 25:1(Q) 2) 32.7 7.79 0.6 0.282
3 0.5(1) 1.00 - 1 (3) 30:1(3) 3) 59.4 14.85 0.7 0.437
4 1.0 (2) 1.67 1 1 (1) 2511 3) 37.6 4.48 0.5 0.268
5 1.0 (2) 1.25:1(Q) 3.0:13) (1) 65.8 8.22 1.0 0.496
6 1.0 (2) 1.00 1 1 (3) 4.0 1 1(1) 2) 19.2 2.57 0.9 0.267
7 2.0(3) 1.67 1 1 (1) 30:1(3) 2) 72.7 4.55 0.7 0.449
8 2.0(3) 125:1(Q2) 4.0:1(1) 3) 36.5 243 0.9 0.336
9 2.0(3) 1.00 : 1 (3) 25:1(2) 1) 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

R3I AESW

Table 3 Analysis of variance

TERE  BYHZEEM . BHE F{HE BEM
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%E) 0.002 58 2

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

JUEWAEE N 2 mg/mL ), 5 TPP LL3 @1 [JiiE Ll
SEEERUNAE, S EROKR R R ORI, AR
WEANTRE, BUEZAUEEAER; CS PR,
0.5 mg/mL L3R BH%, Mok CS 1 L i e
A 1 mg/mL (Ay),

CS 5 TPP W4 i i e i L6 45 S % i AN
W3, {14 CS 5 TPP (Wit & Ll i, TPP [##%)
WEEBR/IN, TN TPP ARRUREBR O, K445 KA I 4
KL IR G K — 52 (IR AE, TPP I K 5
1 TPP i N CS VA 23 PR Ay Jo il o e vk 5 0 s
ISR (R AR, b 1T 5 i KR () T 45 AR
EPE, RAERET CS 5 TPP MM EIKRIE LA
125 11 (By)o MIEASIRES 45 K EH M 2 # th15 H
AByCs 45 R fifE .

2.3.5 29kl ((HV2 5 CS JlE ) X rHV2
YRR AL B R (R EHUIR > 1 BN 11X 10°
(PAEKEEE CS, FC BT ER A E A 1 mg/mL ¥ CS
0.2%MB5 TR /KW, 7 1 mol/L NaOH ¥ 77 pH
fH4 5.0, 43 5I7E CS # T IMAA =1 tHV2 il

Bakhi, CS 5 TPP &ttty 311, KA
FZ5W5EIEE 12154 1064 1524 15 1 X% gekh:
BB 45 R AR (66.62£0.42) Y.
(66.76 £1.44) %. (66.68+0.75) %. (68.76+
0.335) % (n=3), ALLEH, I HREE 2PN
N O H N AR, AR IR
TUE MY I

2.3.6  Z9MINAESHIH (CS ¥ HORTINZE FESE A
(TPP %) X tHV2 gK R G 2 sgm EHL
IR 7oA 1X10° AR YE €S, Bl R
EIRIE A 1 mg/mL 1) CS 0.2%M85FR K, R 1
mol/L NaOH V&35 pH 184 5.0, 735l LAZ54in
78 CS R A INAE TPP 90 PRI X 4% tHV2
giKRL, CS 5 TPP &kl 3 11, HEEPF
il 45 T BRI . 45 B E R R
(65.9841.23) %. (72.08%£2.7) % (n=3). AJ I,
UM INAE TPP Wi LB 0 5, WO Tk 294
IRAE TPP i i il 25 ik

2.3.7 WL SBEEEE R rHV2 AR ) 2 ) 5
PEEUAG 23 7 J5tie Sl 1X10° (aEKyEtE €S, Hicikl
JTEIRE K 1 mg/mL [ CS 0.2%BE R KWL IF
H 1 mol/L NaOH ¥ ™Y pH fH4 5.0, 73 A
Hi. (200, 800+ 1500 r/min) 3 FiAS R R Sy 4tk
RN tHV2 4Kk, 25 84N A 1 5 0] 4
KA. 85 RAE RSN (66.55+
1.25) %. (74.394+1.49) %. (60.03+0.29) %. W]
DU, 3t 2000 g0 KRG ) 2 1 g i e W X
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EPEGIEH PR A EEE . TR h T
PEFEHR I, TPP &5 CS #:fil, AZHEIE gk
AT VIR A 176 S SV S U =111\ IS A OEZL P S A A
I, ARRIERRLF AR . BRIt
TR R (800 r/min) BEATYHAKL 55 o

2.3.8  BEREIFIEIXS tHV2 KRl Rpsgm 1k
WARRE 27 1X10° AR KsbE ¢S, Bl
UK N 1 mg/mL ) CS 0.2%B5 B2 K i, 1
1 mol/L NaOH ¥ 1715 pH {E N 5.0, #il#% rHV2 44
KKLF,  DAAH R ERE R GRS PEAS R 1] O
510 min), 75 245 P I [R) X 24 2K b A Jf 26 (1) 52 ) o
i RAE RS H N (58.6711.83) %. (66.58+
1.27) %+ (67.00£2.54) %, w] WLEEFE )% AL dsf
FI WA G35, N TPP J& Sr RIS -3k, Aot
RO, X 0] 682 A B 5 W i) TPP K5
CS RIVFTE, W 2k Bak s+ 5~10 min.
2.3.9  IpfE T EME LEARRE T LA
S AR, 5] 28 DR 3R (0 2 42, i e A 4% 2
HiE N, AR TR 1X10° 1EKE T
CS, Bl TR 0 1 mg/mL [#) CS 0.2% R 7K
W, JFH 1 mol/L NaOH ¥R ™Y pH {H 4 5.0;
HUrHV2 IR FE 4 0.8 mg/mL ) TPP %,
LETPRE I EEE . (800 r/min) RIS T CS %
W 2R TPP Y9002 3k i INAE CS BRZK ¥
Thnseke, REEE 5~10 min, EI45 rHV2 44Kk
TR ARV -

FRAL AL T LA tHV2 gk, Xt
ST 3HLIGUF I o 45 R0 200 51 K 72.70%
79.70%- 76.55%; #HZiEEA0M 8.81% 9.03%-
8.56%. WL, Ziil& L ERENEE, WHFniA
B 70%LL_E. I rHV2 SEERN KR 22 o S5 IH]
EIERAE, RN 213.2 nm (n=3), 4KKki
W E AT, Zeta HAZ{E N +30.61 mV (n=3), 1k
FARN RS E PR
3 e

FEIBEAN KL ()46 7 VL B DUk, 5
LW BT ARRBNE. FLMR AL, ARSRRA
BRIk, NORREEERE, RIE CS Wh, n
A TPP &1, FIH CS if &2t S TPP &+
KA FE T AR Y, Tl CS BRBk
REERE o TS50 RN A A, AN A BLE
7, BRI —. nER4E (120~1 000 nm)

KR, PIAE CS GRRL 25 h 1521 2 MY

ﬁﬁ[9-10]°
LR SRR 5, SR CS 1) pH

fH. CS KA, CS 5 TPP M kLl Hithkidi%

X KR ) AL M 2 R R R S . L

IEASREG BN 2%, SR W CS 55 TPP 1Y

AR O S S R B . CS 55 TPP K

I 2 Jpr i LB AR FH I [RINE 5 CS I BT B2 AT K

CS M TR A RN, XBA A E R CS 5

TPP (2 it bt AN A . CS 5 TPP (28 i

HUIE BB R BN AR KRR, TPP it /b,

T, LB A KR TPP i 2, TRk

R K HAR S R D TiE, RAEE. 1

ANFE MK RDREAR I K ik — 0 T D CIE R L T

B4n TPP YA B T B R AR
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