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Preparation of schizonepetin polylactic-co-glycolic acid nanoparticles and its stability
SUN E!, DING An-wei?, ZHANG Li?
(1. Jiangsu Provincal Academy of Chinese Medicine, Jiangsu Engineering Research Center for Pharmaceutical
Preparation, Nanjing 210028, China; 2. College of Pharmacy, Nanjing University of Traditional
Chinese Medicine, Nanjing 210046, China)

Abstract: Objective To study schizonepetin polylactic-co-glycolic acid nanoparticles (ST-PLGA-NP)
and optimize its formulation. Methods ST-PLGA-NP was prepared by comparing with solvent evapora-
tion method, solvent diffusion method, and solvent-nonsolvent method through taking particle diameter,
dispersity, encapsulation ratio and loading dose as indexes. The orthogonal design was used for seeking
the optimum formulation and preparing technics in solvent-nonsolvent method based on single factor tests.
The stability of ST-PLGA-NP, which was obtained with optimum formulation, was observed at 4 ‘C and
25 C. Results The shape of ST-PLGA-NP with solvent-nonsolvent method was roundness, size was
well-distributed , the mean diameter was (80. 3+1. 75) nm, the dispersity was 0. 014 4+ 0. 006 25, the en-
capsulation ratio was up to 52. 53% +0. 97%’, the ST loading in the nanoparticles was 27. 56 % 10. 91%,
which were remarkably higher than other two methods, and its stability was good. Conclusion The sol-
vent-nonsolvent method used for preparing ST-PLGA-NP has the advantages of simple technics, small di-
ameter and dispersity, higher encapsulation ratio and loading dose, and good repeatability and stability.

Key words: schizonepetin: polylactic-co-glycolic acid nanopartlcles (ST-PLGA-NP); solvent- nonsol-
vent method ; orthogonal design; stability test v
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(schizonepetin nanoparticles, ST-NPYBEZE . KD
IR 2406 L ST-NP B EHETE %
HETHERETZH AR ST-PLGA-NP EAREE
AT R EE, ANTIFREBREZNER, RB
ST WA K,  Birh R EHYHRIITH.

1 B 5HE

Shimadzu AY220 B F R F(HAHBA
)3JY92— I B B A UM R A (T B HT 2  d
BEREBEBRATD;JI—]1 BTN S shi 8 ¥
M E 28 H R A7) ; 55P—7 KUK I8 A % B0 Bl
(HZ B LA al) s Zetastzer—3000HSA #6H. & 4
X (FEE Malvern A 7)) ; Hitachi—6000 & 5 &5
B(HZ B A7) ;Bio—Tek BB AH A (E
H Bio—Tek /A &) ; UV—2401PC B 45N 4y 6
(B4 8 ®AF);DZIF—6050 WEZ THRE(E
BRELRREARATD.

ST(E#, %A HPLC £R 4 H &M BEE
R4 BN 99.69%); PLGA (H %, PLGA50/50,
My=10 000); )43 V118 (F-68, Mw=28 658, B 7 Bk
RUCTHERAT) ; ZE P 5. XK ZBE . W R
o, A EOh ik,

2 FAEE54R

2.1 ST-NP %1%

2.1.1 WHERED HEHR 10 mg ST 7 50
mg PLGA B TER _E P HEH P, mA—E &
R 1% AWV BB B KB ESIA 2 min 5, BE
AEEBEEPRE, I XHBRYBEBEST 50 mL
BiR$, B2 ST-NP WA B BRI,

2.1.2 BMYBED HEFEHFR 10 mg ST H 50
mg PLGA B TEERES . BFREPRHNERX
KZ B, lRAVAE. SURBERT A VHES
BB 1%EE VD BAME S, EEHP 5 min J7,8
E#RBERASBARBANILKZE, 1 %HEDH
BBEATFSomL BP.BBEBAINEMN ST-
NP A% .

2.1.3 HFA-FEENEY HHEKRR 10 mg ST
50 mg PLGA S TEEBFRM Y . WRAE M., BEH
1% 3% U WA, M Bk M . AR VLSR8
ATHEHEA DL — S 3 B B H B KA P, kR B — B
ARG, BERRRENR, SERETSomL &
R, KA E 2B #l48 ST-NP R & F B
Bk H. BRILE L

®1 IMFFEITEOLEE r=3)
Table 1 Comparison of three preparation methods (=3 )

MEFE $i42/nm S aSHE/% | ORER/%
WRERE 420.541. 54 0.189 0+0. 011 50 14.7240.55 2.86+0.68
BRY#HE 250. 441,77 0.074 14£0.006 34~ " 23.6610.35 4.5240.44
Frl-dE Bk 154.541.23 -~ 0.026140. 004 89 36.904-0. 29 6.87+0. 33

2.2 ST-NP #yE14E ' * A
2.2.1 SR AWME B ST-NP BB HuE &, in

FEAKO. 22 um B ERBRE, ARBRE N ~

1 5B M A et W F B B M |, BT o 18 36 s4 72
B ETASHETNE. AR, xwmeﬂwrxm i B
Es. )

2.2.2 RABKNFIA AW BGE B ST-NP BB ] .
PR A L L, TR OG A Y £ B 90°, B v e
TR A7 X L 0 5 P R 40 B BB s

i

2.3 HEHEMBHRHNE

2.3.1 A& %4 . LRI Lichrospher Cyq
(200 mm X 4. 6 mm,5 pm) ; k98 :30 C; FshAa .
BE-7K (60 ¢ 40) ;R BIH B :1 mL/min; K 3 K.
220 nm, BFELE I,

2.3.2 FRMEMZAH S B ST X B& 5 mg, EH
FroE, B 25 mL B, mARBKEZE,8 0. 201 2
mg/mL X B G&EEE. FHEERRKO0.1,0.5,

* -schizonepetin
1 HFAENRROAATAERLRZNR
4k (B) ) HPLC E i
Fig.1 HPLC Chromatogram of schizonepetin reference
substance (A) and schizonepetin polylactic-co-
glycolic acid nanoparticles (B)

1.0.1.5.2.0 mL F 10 mL B+, MAWKEZR
BE, A BURERE 10 pL,iC R E R . Mm%
B, REEE IR RLHRERL, HEREAY
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B A=10 400-917 C—6 604.09,r=0.999 9,7 8§
ST 7£0.020 12~0.402 4 pg 5% ERAA RIFH
SEXR.

2.3.3 HEARBBAOHE KRB ST-NP BFH
FEAR B AR 2 B0 40 000 r/min B> 30 min, BE
G4y B EH B AT, AEBERPHEERR1
mL B 10 mL &+, AR KB BZEZE, PS4
RBEB. BREINTREY, ARBKCER YR 3
KCORAEE TRAEFRBRTR A TERERR,
CAW,AFItERAE.

2.3.4 MEFRRHH KR 0.020 12 mg/mL
ST *f HE ARV 10 L, EEFHH 6 K, B REGHEH,
HE, ERERSD N 1.28%.

2.3.5 REHREWE—RX&HE®R, 43T 0.
2.4.6.8,10,12 h #4E 10 pL,ig % ST B E R, HE&
HRSD ¥ 1.69%, RHMKMABEWE 12h HEEE.
2.3.6 ERHRR.BE—A(HH, FITLE6 4,
B S PR 2 BIBERE 10 oL, it ST BER,
HHEBHRSD ¥ 2.13%.

2.3.7 ERFERR . BRFE—HAA LR ER 0.5 mL
F1omL BIEF, T 64,24 1 4,845 5m
A 0.020 12 mg/mL ST ¥ BE& B 1.1.1.4,1.7
mL, MABKEZE, HE6R R B |, B 10
pL, D R W B, B ST FHYE W RN
95.95% ,RSD % 2.18%., '
2.3.8 AHRAMRGEHITES % HPLC WA
HHABRBRRSTEHRERARAGEHZTE,. B8
LHEBF ST HRERE  HACHRNRLR.

%= (ST HZH/— L WBH ST |/ ST HHREX
100%

R B = (ST R/ — LW ST B)/ WX100%
2.4 BERNEE-BIAALNHBYBOKE.
PLGA FIE.ST AR . mHENEAHE. KHAHE. 8
AR NN ENEE . ENARS N EEE
1%.50 mg.10 mg.8 mL.50 mL,1 000 r/min, 30
min, 30 #/min. 7", RABHFE - REH#TH
., ARVBEFESFIER 0.1%.0.5%.1.0%.
2.5%.5.0% 5 Fh ¥ ¥ ; PLGA F &% % 25,50,
100,150,200 mg 5 Fh A& ; ST B %% 5.10.15,
20mg 4 FHE; HEAR%%5.8.10,15.20mL 5
Frf B 2k A B % 2 20.40,50,60,80 mL 5 Fifk
B B Pk 3 B % 500,1 000, 2 000 r/min 3 #4%
B ; B PR AT E] 2 22 10,30.60 min; P 5T E £ 15,
30,60 % /min 3 B; HEH LB EE 4777973 F.

ZRETPEAEFE 1 000 r/min, H Y} E 30 min,
A HE 60 #/min,
2.5 EXRE .
2.5.1 HESKF.SERERERLER, RA7
BE 3 7K 49 IE 32 B3 2R A, 4L R0 B Y 1 A0 vk BE
(A).,PLGA Fi&(B).ST AR Q) . MHHENHAR
(D) KM B E) LB E)X ST GoKB # kL
BOBE AHENRGBHYES, LHHERERN
#1%. HEEHEKTRE 2.

%2 BEXS5XE

Table 2 Factors and levels
‘ 5
A/%  B/mg C/mg D/mL . E/mL F
1 0.5 25 "5 5 20 4*
2 1 50 10 10 50 7®
3 2.5 100 20 20 80 9®

2.5.2 EXRRETRBEI - RAZHHER
SR AP AT KA TR  FEINBUF A B 5 PR BN
RS BN, T @A R MR RBKBLT
HCHE B 1 53 R0 BE ) B /IMELRE S 100 53, S 3R AN
RABRPBAEE R 100 57 REFHFHERHE,
RE R BT 51 0.3.0.1,0.3.0. 3, LAy 2eal, i#
AEXRBORBLBRTEMRE 4.
EWMAHAH,AB.C.D.F RRMERER
EwwW,.MERXEMABE BHESG &
HERET RN AR 2 RN R EHRE RN
KFH C>B>F>ASD; HAA BN LBERRT
£XF RS BATH, FERNBAKFHEN
A;B,C;DF, ‘
FEMTEREN.B.CHRY PEAHNMT
0.01, % B.CHARXMNARARARBENER
WA FERE P ##/ATF 0.05, %8 B.C HER
S RRERA BEERW; T D BRMGREWA

AT

'iie

BAEMMFHG BANER, A ZR, BE
BHARHETE R A B,CDEF,, BFALRAE P BEK
B 0.5%,PLGA Fift 25 mg,ST fiik 20 mg, WA
{8 10 mL, KA 20 mL, EHALE 47,
2.5.3 BETEHRIERE. RAETRRAENS
BIEEAHE I MR, ERERNE, ERAEKS.
EFHET ST gk 2 REE, X/MNYS), TRERM
BHg, A 2, BOCREM T EL TR
(80.341.75) nm, 4B R 0. 014 440.006 25,8
R IF 25 43 A » BLBE B P 43 M6 7E 34.9~178. 0 nm, &3
AREEsE, LA, HPLCH AR FHAHEY
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Table 3 Results and analysis of orthogonal design

F5 A B C D E F G H&/mm  AHE  AHR/K RGR/K SZEFH
1 1 1 1 1 1 1 1 136.7 0.1100 44. 41 8. 157 58. 86
2 1 2 2 2 2 2 2 141.8  0.0112 40.16 7. 435 62. 97
3 1 3 3 3 3 3 3 128.1  0.039 1 35. 00 6.543 54.21
4 2 1 1 2 2 3 3 117.2  0.0354 37.43 6.964 58. 54
5 2 2 2 3 3 1 1 143.2  0.1320 50.13 9.113 62. 44
6 2 3 3 1 1 2 2 236.7  0.1450 52. 04 9. 427 56. 16
7 3 1 2 1 3 2 3 184.6  0.087 6 43.44  14.800 62. 76
8 3 2 3 2 1 3 1 197.5  0.0216 37.58 13. 070 59. 52
9 3 3 1 3 2 1 2 178.7  0.1740 29.95 1.475 35.73
10 1 1 3 3 2 2 1 175.8  0.1840 32.96 20. 860 65.57
11 1 2 1 1 3 3 2 159.0  0.079 8 12. 29 1.214 27. 83
12 1 3 2 2 1 1 3 162.2  0.0104  43.28 4.148 58. 26
13 2 1 2 3 1 3 2 93.8  0.123 0 27. 29 9. 843 60. 73
14 2 2 3 1 2 1 3 188.7  0.1230  41.61 14. 270 60. 27
15 2 3 1 2 3 2 1 163.5  0.0438 9. 788 0. 487 25.93
16 3 1 3 2z 3 1 2 142.5  0.1310 =~ 32.35 20. 560 68.76
17 3 2 1 3 1 2 3 143.7  0.072 2 13.23 1. 306 30. 53
18 3 3 2 1 2 3 1 317.9  0.057 4 22. 36 2.187 26.70
K, 327.72 375.23 237.42 292.58 324.08 344.33 299.03
K;  324.08 303.57 333.87 333.99 309.79 303.93 312.19
Ks  284.00 257.00 364.50 309.22 301.95 287.54 324.57
R 43.72 118.23 127.08  41.41 22.14 56.79  25.54
R4 FENN '
Table 4 Analyses of variance
FERR BHAZPHM AME HE Fli B¥%#
A 196.1696 2  98.0848 7.2134 P<0.05
B 1182.2900 2 551.145 0 43.474 5 P<0.01
C 1466.0430 2 733.0215 53.908 6 P<C0.01
D 144.7229 2 72.3614 5.3217
F 284.7497 2 142.374 9 10.470 7 . P<C0.05
B|EEFG)  54.3900 4 13.5975
Fo.05(2,4)=6. 94 Fo.01(2,4)=18. 00
%5 REHERR
Table § Resuits of reproducibility test
#tw BB /nm a4 3 aHR/% BRIHR/Y%
1 78.6 0.021 6 51. 82 26. 63
2 82.1 0.010 4 53. 64 28. 44 B2 STHRESENAREES
0.3 0. . 27.
3 8 0112 52.13 762 Fig. 2 Transmission eleetron microscope
52.53%1+0.97% ,REGEN 27.56%10.91 %, photograph of ST-NP
3 BEENEER
& & ST-PLGA-NP RIEBER T HIEF 4.25
CHBTHE 6 MA BB EN. WEDR E XSt
W B AEE O ENRAGE, SRR EK6.5T-
PLGA-NP BB T 4.25 CEHTHE 6 A
S BT BAL, EUIEMA WS @,
HB— BEMEBRRIER, FRABMS B
BAERK ENEMBLRBE TR H4 CRET ) ‘
BRI ESF . %REY,ST-PLGA-NP i 0 S0 010 0100 300
REETE 4 CHREHMT 25 C, B BAHFHE R /om

B3 STHXNNEAHE
Fig.3 Size distribution curve of ST-NP.

VL

77 . Bt ST-PLGA-NP Bk %5 W R AR 18 18 BE R FE
4 itig
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Table 6 Results of stability test

ERAEF 4C 25 C
) BRECEBHREBR RECEEVBRERR
B2 /nm 82.941.46 88.741.22
B 0.017 74-0. 002 11 0.018 140. 004 38
aEE/ % 51.3940. 47 50. 51+0. 85
BHR/% 27.0240.73 26.5940. 61

RIAMZERPLGAEHARMZ ER(X
BEEZB URRE LAKBILRMTRMOE LT TH
kB, EREFRMHEEMBHEE RERER
EVEYEE . AT RENE R E TS
A, Hit,ALBRA PLGA fERFIKMH, I
K25 4E A BT IR, 3R B 25 M BT L

Xt F RS TR SO H &, — BT
URABRNELE BAY 8 BR-EEMESE.
BARERETERSEMMUR _ERRH =/
BRRERARAKRETWER, EE=EBREN
B MEA Y 8RS EN B KM AT H
Wi AR BEEWERRE Hik, A ZBRAR
F-JE AR AT AR R LR 2 BRI (ST
PLGA-NP), Mk ZE R FAHRBEH G S REGLK
B, TR, ARG T HREN N ; R 688
ST-NP HR 2 #5& 76 100 nm YT, FECFES
SOME, B8NS, A ENRARLER.

EEXTZEMREF AFEHHTADER
(MHEREEBOME BROCKHEEBONRBRE R
BAHBEWREW, LRI P - NKPERREE
#, ERBPEA, MERBHBEKRD . 2FHPLGA
MSTREBMB.EHEIBRPEHHRBERE. G
HESRHGBHSHEZRE:TAHEREZLEH
)45 F0 ] ik B (R BE K, B R BR K, BT RIS AR PLIE
71 %% B 5 B3 ot e A R AR B B 10 mL, MK AR
B 26 45 , % 58 B 3 4 F K AR 20 L AL R IR 98 U 8 BY
AE.UREHHAN T ZHETRETRERNE, B
M FEKMEER R 20 mL,

*oF T 3825 44 R B9 - SR 2 K/, W] LLE S
SEERA AR ER MR R ERMAEAERE,
W] DA BORR BT X E WS EERP A,
HEERFHEBSANBEERLFNBRER 1/2
LA, REER FEMLCELBY B THHEAN L

SRR 7R TR TR R AR &R . Bk, AR
BEA BT IS B B R AR B TR, EMIRE DB
HEEXH.

o5 K B 9 43 B BE (dispersity) R B JIR B K
/N SR8 B AR, SLAELRR /N R B BT o 4 0 S RORL
Retasys, EEESEEDNT 0.7 WHKNEYE
o E N EEERRR AHEMRARX 3 M ER
B, BT DAY A E R BGRR 0. 1.

AHERAKRBIAHNARSEHENL
8, RERZYA R TTRZG BB HNART
SHE SRR SRR A, RERYORMRA
FRMEBE, EA/NMIT kMR R REG W
H.HERREA BN . BAEELRRANREQH
RABRGREDEH IR EERENLE. PE,
ABA R

ChEZHOMELRR NS HRAET 80%,
AR &1 ST SRR E RN 52%,8F
HTFRE. R, ARENTZ 46,5 & MIEE
YRR G K L, WA R E A 0% E,
BiZ%E ST A BE X . THEEN ST R—FK
BRELEY. HE5KEREAE . BESTAZERT
gk A& B PRANEER ML
FEE W, X ST &£ MBEER  ATRHEH
EAE.
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