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Preparation and characterization of baicalin PEG-PLGA nanomicelles and tissue
distribution in rats with acute myocardial ischemia
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Abstract: Objective To prepare baicalin-polyethylene glycol-poly (lactic-co-glycolic acid) copolymer (PEG-PLGA)-loaded
nanomicelles, and study its in vitro drug release properties and tissue distributed in rats with acute myocardial ischemia. Methods The
preparation process of baicalin PEG-PLGA nanomicelles was optimized by orthogonal test. The optimized baicalin PEG-PLGA
nanomicelles were characterized by particle size, Zeta potential, and TEM electron microscopy. The in vitro release assay and tissue
distribution of the acute myocardial ischemia rat model were used to evaluate this drug delivery system. Results The preferred
preparation conditions for baicalin PEG-PLGA nanomicelles were a mass ratio of baicalin to PEG-PLGA at 1 . 10 with a rotary
evaporator rotation rate of 80 r/min and a hydration temperature 0of 40 °C. The optimized baicalin PEG-PLGA nanomicelle particle size
was (18.5 £ 0.5) nm, the zeta potential was (—10.9 + 0.7) mV, the drug loading was (7.9 + 0.3)%, and the encapsulation efficiency was
(86.2 £ 2.5)%. The critical micelle concentration of PEG-PLGA nanomicelles was 3.8 pg/mL by oxime assay. TEM showed that

baicalin PEG-PLGA nanomicelles presented a spherical shape with uniform particle size, In vitro release test showed that baicalin

kS EHEA: 2018-04-12

EEWE: WirE PIrEEESRPHHE (C201800141)

&I BRE, WL, FEHNM, FENFRLENERS XHHIFIT R Tel: (0571)87068001  E-mail: 779229498@qq.com
«BIEEE e, BEE, WL, ETRNFEYPRES TERAEZYITF . E-mail: zhoudingrongl1@126.com



* 4270 ¢

¢ 3% Chinese Traditional and Herbal Drugs 35 49 % 25 18 #§ 2018 £ 9 A

PEG-PLGA nanomicelles had obvious sustained release characteristics; Tissue distribution test showed that the order of distribution of

baicalin PEG-PLGA nanomicelles in normal rat organs was liver > spleen > heart > kidney > lung > brain, while the distribution of

baicalin PEG-PLGA nanomicelles in acute myocardial ischemia model was liver > heart > spleen > kidney > brain. Compared with

normal rats, the drug concentration in the heart of rats with acute myocardial ischemia showed a significant increase trend in all time

periods, and the highest drug concentration at 120 min could reach (2 897 + 135) ng/mL, the highest drug concentration of the heart in

the normal rats was (2 411 + 89) ng/mL, which indicated that the baicalin PEG-PLGA nanomicelles had good targeting in the acute

myocardial ischemia zone. Conclusion Baicalin PEG-PLGA nanomicelles have good drug-loading properties, slow release in vitro,

and can accumulate drugs in the ischemic myocardium, which has good cardiac targeting.
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Wz, IRAHE, MANRSHTRY, T37 C
LS AR MLl T et ARG — R 5 T
W, PR SR AAIF B A2 10 h BRRFR A A HL
WA, MG R PBS {RAEHEKE, BT RERK
WRE R /KA 60 min f5, FEF 20 min, =R N
B 1 hJE, KA 0.2 pm FFLIEMRET 3~4 R %
DU, RAERARIER—, HAKRTE 240, B
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ZS YK A FL AN 58 FRAR AT | Zeta HLAT; TS
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B AE X 2370 & 3 000) HR 48 1 304 VR B0 AL 12 000
r/min KBS0 10 min, 2 RIRNERZGKIER, N
N\ 10 5 BV R A 9K R SR ) L 25440 A2
MBS S R, 22 HPLC W52 99K 5 o v A
MZiaE (M, RAFRFT 022 um fFLIERE AT
400 pL #5 % 1F PEG-PLGA 40K a, [FyEmse, af
M DZ5E (M, THEEHER, BERIGES
1 PEG-PLGA 90K THiE s, R wy,
NIE R PBS BURH, FEAIA 10 AR A EE A A A
W, R BRI R 2 (wy), ATy
R (hEZE ) 2015 SERR—HB Ak g4,
FEE-K-TEER (47 1531 0.2) NIRBhH: Ak

24 EXR
HELE
IR 1 BT IEACIRES, YRR A i % i
R 3 AN, BZYE S 5844k PEG-PLGA
Eefil (AD. Bl (B) FIKALIEE (C) Wgkmi
R MR AGeRRifz. AR, BE RN
HVEFER, 2 100 éj\, HAorgkkifg b 50%,
PLE /MBI 73 50 05 #ZE 25%, DLEsRME
NS 25 3y AEF L 25%, PAERCKE NS 25
4%, Bk E1F PEG-PLGA 9K KR 1 % T2,
SERNEK 1. R 2 HESWR, RESRER
BREREIH /NN C>A>B, HiX=#HEA L

JIRIE IR EZEH PEG-PLGA KR ERAY

280 nm, ARG EL, EMEE S MRAGEIKTP 25 RER AB.Cy AT
AET=M o/M : %, I 5 PEG-PLGA ML A 1110, jiE
HegR=wyw, AR RAUEHN 80 t/min, KALIEE N 40 C.

F1 EXRWRITRER
Table 1 Orthogonal design and results
5 A B/(rmin')  C/C D(®H)  gokbifEam  BAE% GEHFEY% GEWS
1 0.5:10(1) 60 (1) 20 (1) (1) 26.0 7.2 68.2 77.2
2 0.5:10(1) 80 (2) 40 (2) 2) 20.3 8.7 66.3 91.4
3 0.5:10(1) 100 (3) 60 (3) 3) 20.6 75 80.3 90.5
4 1.0 : 10 (2) 60 (1) 40 (2) A3) 214 8.9 85.3 94.0
5 1.0 : 10 (2) 80 (2) 60 (3) 1) 19.5 8.6 80.9 97.3
6 1.0 : 10 (2) 100 (3) 20 (1) 2) 21.8 7.2 76.2 86.7
7 2.0:10(3) 60 (1) 60 (3) ) 20.3 7.7 72.9 90.5
8 2.0:10(3) 80 (2) 20 (1) A3) 22.7 6.4 87.5 86.1
9 2.0:1003) 100 (3) 40 (2) (1) 19.7 8.4 81.1 95.1
K, 259.1 261.7 250.0 269.6
K, 278.0 274.8 280.5 268.6
K3 271.7 272.3 278.3 270.6
R 18.9 13.1 30.5 2.0
K2 HENH Zeta FAf N (~10.940.7) mV; TEM M %245 R K01
Table 2 Variance analysis ﬁf“‘ PEG-PLGA Qmj{ﬁxﬁﬁyl\x =% j(/J\ = d ?F)(i’]
WERIE  WZETFA BHE FAd TEM —HIEERRY, Horad bl . 4 HPLC fail, 25
A 61.740 0 2 926100 P<0.01 %8 PEG-PLGA 9K #EZ &N (7.9£0.3)
B 32.246 7 2 483700 P<0.05 %, FIFEN (862+2.5) %, BEEMMIETE W
C 192.886 7 2 289.3300 P<0.01 AT BT o
D (X %) 0.666 7 2 2.5 IRFRBEHRIKE (critical micelle concentration,

Foos(2,2)=19.00  Fo(2,2)=99.00

eI BRI %A 45 ¥ 5 PEG-PLGA 44
KA, S55RWE 1 Frs, 5 H PEG-PLGA 49K
JEHk/NA (18.540.5) nm, PDI{E N 0.1240.01,

CMC) ME
K2 B e, H47% T PEG-PLGA 45K
A7 50T pH 7.4 PBS ¥, K 1~10 pg/mL &
H i 2R E PEG-PLGA 9K EOR S IR G, I
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Fig. 1 Particle size (a), Zeta potential (b) and TEM image (c) of baicalin-PEG-PLGA nanomicelles

6 h, KA LG IEELE 3737 374 nm T
IR SRR T (L3 Fl 304), RIE R Y Loy/lys 1H
A HAF KR M,

E TR Rt ks, B ZE T PEG-PLGA
YUK AR IR E R AZ S, BB 2 aers, B
PEG-PLGA KU SR 3G, IR k% (1)
R AN, MW T R R A B I I B K
WP AZ A, 3555 4015 0 PEG-PLGA 4K IRH )
CMC, K#14 3.8 pg/mL.

2.6 {RINEERY

KHABENTEHE L E S PEG-PLGA 9K K
BIREN J1AT A, K 0.5 mg T PEG-
PLGA #i KK (& 05 mg #EFH) A
Spectrumlabs 7 AT 48 (i B AHXS 731 B & 2 000D H,
B, 35 E T 200 mL pH 7.4 PBS B i,
£ 37 CARBIAEE AT RN BRI 9T . 4%

FRBCERINE A 1. 2. 4. 64 8. 104 12, 18, 24,
1.30 4

1.26 1

—_

N

[ %)
L

Lyo4/I373

0 2 4 6 8 10
plugmL™)
2 PEG-PLGA KSR CMC
Fig. 2 CMC of PEG-PLGA nanomicelles

48, 72, 96 h HUFF, BEKEUFE 0.5 mL #EFERI 4347,
[ FE AR AR PBS, 5 55 IR BURE O 25 %
FREWREE, FEHE R

M 3 MM 3 5 R BoR, AR 4R,
18 h WEEARE I 4, BRI IAR] 93.5% /i 44,
RN 50% KRS 18] (Tso) N 3.8 h; T35 %4
PEG-PLGA 9K AE 24 h N 2 ILERE IR
A, K% 68%, 24 h B4 LRSS, HFI96h R
FOBE N 92%, Tso M 16.7h, HIMLERE, EEHF
PEG-PLGA K B A B 2 I G2 B AIE
2.7 EZEH PEG-PLGA KR RAEAME OALERM
R KRN BIER 2
2.7.1 @i Agilent Zorbax SB-Cjg filift:
(250 mmX 4.6 mm, 5 um); LLHEE-0.2%M R K %
WARA TSR BEAT B L Ve, PeAE PN 0~6
min, 5%~20%HE; 6~11 min, 20%~70% FEE;

100 1
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X
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3 BEHF5EZHE PEG-PLGA RIMEH
Fig. 3 In vitro release profile of baicalin and baicalin-PEG-
PLGA nanomicelles
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Table 3 Fitting equation of in vitro release curve

B y=22416+812182 (1—e 1245 0.991 6 3.8
# %1f PEG-PLGA y=0.026+91.519 2/(1—e *%28x) 0.997 2 16.7
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11~13 min, 70%~5%HEE; FEi 30 °C; Ky
£ 280 nm; A E 1.0 mL/min.
2.7.2 RN SRS EARAE A AR B 70 A
SD KE, FZHBEHALAE IRk 2 4, F54H 35 A,
YRUTHTEE R 12 h, ¥ E BT PEG-PLGA 90K IKREC
BUE R BRI , KRR iv 454, FIE
N 30 mg/kg, VEHTZZH S min J5, B 41K
DA AL e ik (1 77 2 & S O U A 3L CBLGH
Bl 11 3Bk ST BedtmfE A & s A 6D, )
Sh—HBNIE R KRR CRGEFLIERD, 2 AT 4524
J& 30+ 60, 90, 120. 180. 240. 300 min ZbFE K
5, EEBHLG. L B M. B AL, R
FH PBS Yed -4 ZUIE RS, B2 i b, ek
JRE IR M2, STHIE-80 C FAEIRLE.

2 HKRRAE RS HEUE =, I pH 7.4 PBS %
JREARFH LB 0.4 g/mL FIZLZS1 3200, Ry 25 L
A1 200 L, BT 2 mL &% EP B0 T, Fin
ARGV AFRE OfEKEN 1 pg/mL) 40 uL,
AN 1 mL A% R VR 2] 5 min, YOEEH,
BRI EOHLEL 15 000 r/min B0 5 min ERE
F, KRB AT 5 800 uL, % 1.5 mL
HEHFEOE T, KBESR FRT, FREZMA 50
L E R F RV A, T v B O L IS VR 30 pl #EEE
273 JjikEEE

(D LTJEtk: BuEE KR HOMHSA S KK,
BRAIN-R SV ARsh, R “ AR
AL TR, R RS KBS
AR R PP AR — R S EEM KR A
ONFHZUAT A, [FVERRIE, SRIFAH LR & 38 55
ARG ANARIORE S s BUKR v 45 TR
PEG-PLGA 9K H G 90 min f.CoIFLH LT 2)
o MANWARER, FEEE, BEIGHE KRG
AL ZRE o AR I BTS2 R, 453
4, FEXFFHIEN N 8.2 min, K LPEF AR
R A] 9.8 min, WA 5 RS IU-FIEEXTFR, 708
JERAF, A B I 5 B AR AS X B T
R, RFATTEL B R AT

(2) MK AT TAE 60 CHETI 4 h
B0 R, AR, 0 R A B
X5 200 pg/mL X BB AT, FRAS 2L 100 uL
TR R A A IS IR R S LA R
900 uL, JEK 20 pg/mL & 25 4HZASI M, LA ZE
SRMMKIKATRRE, RS & B I A St

0 25 50 75 100 125

t/min
B4 =HOEELE A EEOFELS+HESH+HEIR

F (B). EZH PEG-PLGA FURERTHE VAR (K
FERSEMFIAEF, C) B HPLC

Fig. 4 HPLC of blank heart tissue (A), blank heart tissue
spiked with baicalin and carbamazepine (B), and heart
tissue sample after administration of baicalin-PEG-PLGA

nanomicelles (containing baicalin and carbamazepine, C)

W, FUEIMREESr BI04 10 000 5000, 2 500, 1250
600. 300. 150. 80 ng/mL Fffh, JOA 40 pL K5
VG- ARTE TR, PR IROE & S AT H0E, DA
HEVRE S B S T EIR B (O, %
5 N ARG T AR LLAE A AL bR (YD 3EATZR1E
[E1UH,  BEATIR1G A it 2k .

HE 4 AT, HEEREKREL 80~10 000
ng/mL B, KESHRMLEHERRRL, o] U2
ARG S S R E

(3) FEHEAEM LS. KR 5 16k
BWEEARR, SKRTAHALIRS, RflRE
W N 2500, 600, 150 ng/mL K% (QC) FEf,
PR E 58 O S A I AT AT, TR S I EIRE AT
5 4%, BEREHT, THEHNREE; LSRR
JE TR RAERESIE 3 d, R HIEEE, FNHE
R .



* 4274 ¢

¢ 3% Chinese Traditional and Herbal Drugs 35 49 % 25 18 #§ 2018 £ 9 A

x4 BESHEXREALAERPRIRE#RZ (80~10 000
ng-mL™")

Table 4 Standard curves of baicalin in different tissues of
rats (80—10 000 ng-mL™")

FEEEAY i SR r
L Y=8.49X107>C—3.95X107°  0.9916
Jis Y=10.57X107° C—4.69X107° 0.9957
i Y=4.51X107 C+3.09X10°  0.9972
Jii Y=7.52X1072 C+4.03X10° 09983
(=1 Y=7.13X107 C+4.77X10° 09923
i Y=5.11X1072 C+2.07X107°  0.993 4

JREEFERAG L &3 AN ERE N H A%
JEE % TR 55 BE 43 IAE 7.6%- 9.8% LA, [HUStZRAE
85.3%~106.8%. ZiHRFKW], & FHEFE SIS
FIERA FE I LU, P& T e 225K

(4) FasEtE%gs. WUl L3 NMRERERRE
FEdh, 0 AR S H AR 7R IR T CE 120, 4
HJE 4 CHUE 24 h, EEERE 3 UL AE-80 C R
AR 2, NS R LKA RIS &, AR
EME. QC FEMIE=ERNE 12 hy 5 4 CiRE
24 h. EGRRL3 RELRT-80 CUKAETINE 2 4
J, EEH QC KA TES LU M2 R Bk E S
PR T EIRE R Z SN T 10%, HtRE, 3%
HAEH LA P BONFRE , FF 6 75 e K
2.74 HLUpAn KE5EREY, BWEH PEG-PE
YK R ALE Bk i A0 LA BIE 2835 20 A, IR KR
R 254 53 AT R /NI D9 T > R >0 > B > il >
o, T S L R I ASE R KRR o B DR AN I g
JIF >0 > B> > it > i . 5 IER KR b, 2k
o L Bt i A2 R KRR I H 245 40 Jo AR EE AE 45 I 1)
B I BT m S, JCHAE 120 min AL 5
YR E IS (2 897+135) ng/mL, &3
fo T 1E KRR A B E % B TR 1 B v 25 R IR
FE (2411+89) ng/mL, %45 R KW, FHE1F PEG-
PLGA #K o 7E &bk 0 LSk i X 38 B A KIF 1
B, AN, Stk LB R R K B A A 2R
YRR R KEARL, KfE B2 R KE
B, FAEICH R IR R E, B 25900 &K
(4 4524+127) ng/mL Ff&ZE (3 5184+106) ng/mL.
ZEA N, B O LR I S 2 K R L A U 2% ek D (1)
2T e 1A O LR A7, 0O B R 1 259
BIREHET .

A 50001
EEE 30 min
El 60 min
= 40009 Il 90 min
2 I 120 min
&0 3000 B 180 min
£ 240 min
i EEA 300 min
& 20004
iz
e
1000

B 40004
B 30 min
_ B 60 min
7~ 30004 EE 90 min
Ta' I |20 min
& 180 min
£ 2000 240 min
i EEEH 300 min
®
il

J}ﬁ
(=3
(=3
(=}
1

H Jisi

bm,ﬁﬂtwuﬁﬁm
E5 HEZEHPEG-PLGAPKRAEEE KRR A) 584
DAL IMARR KRR (B) RHIELR D

Fig. 5

PEG-PLGA nanomicelles in normal rats (A) and acute

Tissue distribution profiles of baicalin-loaded

myocardial ischemia model rats (B)
3 iie

PEG-PLGA &1 & ~lF-RAMMEF: LML
RV TR CRTE R B, 4 PEG A A
RAFHIKIETE . AR BNERTC e S5 e, w] LY
A A G AR G A TR P B AR G R S IR
Al INZ HRI>T RAF 45K, NS48 /NeRpnigd
BEAA Y TT A A ER , T HEK 2540 1 2 3 111160,
W% PLGA BA RIFHIZRIRNE, TEEH N1 5
A —E g KYE, A8 4 T DURR & A2 B KPR N R
PLGA .

MIEZ Rk TZ 0¥, WEH S PEG-
PLGA HIFRH . A I AN s 22 1 S i 44y oK
AT 1, AR ZE I3 M, KA TR S M R 3 A K
IR, DK ACRAR AN B, T RETR R
BT, i 7R R A HE ), A 1R
BRI ERAE, (HIRFEK S, 7TRES PR )
R, MR T 28 40 C; HIk, B
E WS PEG-PLGA [BCRFELAGHE TN, B E R
WK G Y, ATRETTURNT B AR I AR AZ NS %5
H AR ARBAT, 1Bl 5 2 R 2 th TR
Wil P B 2 T BT A ST ORI 257
KL, ph I SO SRR 1 T8 R ) Ry TR R
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BFEMEE, RN FBEAEFK. HILRARR
-2 6] 1) 7K AR B AR P R 7K 24 40 RORE T TE =&
MESES SRR BARA =R IR R H
M, dEmiAEAEERELYBRESE, Ff
SRR AR, HAN, R A R e
AR R TR, A& MR, el
35 0 K Js SR 5 B 3ok AR R 38 — B A
7, ARFYRRHR SO ELY) . R RER T
BB, H& ST PEG-PLGA 99K i o 4k
BHR/ANK (18.540.5) nm, Zeta LA A (-10.9+0.7)
mV, SIS R ERS i, R RAE K/
B —Ma kKRR . TEM 4 R R, HEH
PEG-PLGA 9K oK RHLI R I B ERPELE M, Rifs
KANAEH I — , 5 T IR SOREAR AR I 45 SR LA AL
YT 51F PEG-PLGA ZKIRATRLARIR /N, WA 18
IE S B RN E B A RIS R iE, B RE
7 AN BB I B P PR AL, 184 04 M B 3t 3
PE, @2 NA LML, WA BT R4
gy 2 U, AR AR SE I S R R, R
PEG-PLGA KRR 2GRS, EAmEH
PEG-PLGA 4K fist A T 950/ 2 7E Ak A 96 BA T 2
YRR, AT A B8 2 R 25 ik B 380 .

o SCHR IR, e UL X S8 A A B R 1
FEANARIRE, M P BOEE M T R, MR
[ AFLE SRR AL R (BB, PEG =i 4 T4k RBETE
i O JL RS A7 EL AT R 1 v O T R R AR
(enhanced permeability and retention effect, EPR).
IEH AL M B s 1 e e, HAHRI AR R,
it PEG-PLGA KR ALE IEH A UM 3 B AL LF-
A, BELHUEINL X K PEG-PLGA 49K HK
EIRVYIN e N ORI = r o A= e N %]
PEG-PLGA PRI AT 2035 I, JREETELIL
R VAN ) | W ke =i VAN b3 S
Lukyanov 252272 & BLR 2 —BEAT A AL B AR L 2
fEfle (PEG-PLGA) 4K R 3 ER A FEFF 0
WL, HARARMIEX O 8 fif. AWFFrss
BRI, W PEG-PLGA KA A AL Sk O UL ER
IR RS K B HP 25 - Bl 28 R TR AUC M IER K
B 1.8 £, iZSRI0gs B 5 SOk S A —
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