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B E B AR EFNRAREN(AP-NPs) £/ B4Rk M a9 5 A 45 E R fe e 4t . 77 ik SRR A 5 8 ILIR % ) & AP-NPs,
AR KA A EE (AP) ik i fe AP-NPs R & ik 20, & 45 R, &40/ R R E § 40 8 25 4 5% (80 mg/kg) , & #1 T 4
A7 (0 h) A% 2525 )5 0.25.0.5.1.2.4.6.8.10 h H BARER B ol 500 pL, FF T KRB G 458, B O BT I8 il B iR st, d
Fa R A BB HN AT EOG KA SERMEE N T . €84 % Shimadzu ODS-SP, 7348 4 F 8-/ (70: 30, V/V),
Hoiml ok K A 340 nm, AR 4 35 °CL Ak % 1.0 mL/min, # 4% 4 20 pL. RAEARE WK L L AP ERR &S PR ERE, KA
DAS 2.0 #4447 Excel 2010 224+ 5 AP 49 £ 225 2 3 A B (AUC o F ) bR B WA () A3 3R E (RUE) RIR & b A 5
TAL, AT B oA Rdedsfit, R . APA R EMB PAENR T REGEEEEN A 0.1~25.0 pg/mL(r3¥ X T
0.99), & T3y 401 ug/mL; B A, B @ RSD /T 15% , FEH A 94.37% ~117.48% , R IREDKFEH K T80% ., 5 APER
20 b6 45, AP-NPs it & ik 2000 R f2 3 (0.5~6 h &-A 8] &) YA B AT (0.25~8 h &-Bf 18] &) #%(0.25~8 h &k ] &) % (0.25~4 h &-Af
)AL AP RS RE Y B E 5 (P<0.05 % P<0.01), EF T4 ¥ %5 ;m M (6h) AF(10h) A (0.5 h) K
(0.25~10 h &R 8] &) 2B 27 4 5% P AP 69 5 3 3R B ) B F 4K (P<<0.05 5% P<<0.01), 4/ R /285845 P AP 49 AUC Cou b1
B, 2T R G FE N (P<0.05), BAFLL 4 ¢ RUE R & W A L s B K, 9 %] % 1.34 £ 0.40,1.99 + 0.29,48.49% .
15.71% ., #5365 AP R R R R E A G, B E oA A PTE R, L H 2 A2 ag e tE R A Pt & .
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Study on Tissue Distribution of Apigenin Nanosuspension in Mice

XU Shiyi', LYU Chang’, HUO Yuanzi’, HAO Ruoyi’, YAN Xueying’(1. Laboratory Training Center, Heilongjiang
University of Chinese Medicine, Harbin 150040, China; 2. Dept. of Pharmacy, the Third Affiliated Hospital of
Qigihar Medical College, Heilongjiang Qiqihar 161099, China; 3. College of Pharmacy, Heilongjiang University
of Chinese Medicine, Harbin 150040, China)

ABSTRACT OBJECTIVE: To study the distribution and targeting characteristics of Apigenin nanosuspension (AP-NPs) in mice.
METHODS: AP-NPs was prepared with ultrasound microprecipitation. Kunming mice were randomly divided into apigenin (AP)
solution group and AP-NPs suspension group, with 45 mice in each group. The mice were given relevant medicine intragastrically
(80 mg/kg); blood sample of eyeball 500 uL were collected before medication (0 h) and 0.25, 0.5, 1, 2, 4, 6, 8, 10 h after
medication. After the last blood collection, the mice were sacrificed and their heart, liver, spleen, lung, kidney and brain tissues
were taken. After protein precipitation with methanol, HPLC method was adopted for determining plasma and tissues. The
determination was performed on Shimadzu ODS-SP column with mobile phase consisted of methanol-water (70 :30, V/V) at the
flow rate of 1.0 mL/min. The detection wavelength was set at 340 nm, and column temperature was 35 “C. The sample size was 20
pL. The concentration of AP in different samples was calculated according to standard curve, main pharmacokinetic parameters
(AUC, cum) of AP and the ratio of peak concentration (c.), relative uptake rate (RUE), uptake ratio and its change value were
calculated with DAS 2.0 software and Excel 2010 software; the tissue distribution and targeting characteristics of AP were analyzed.
RESULTS: The linear range of AP in plasma and tissues were 0.1-25.0 pg/mL (all »>0.99) ; the lower limits of quantification
were 0.1 pg/mL. RSDs of intra-day and inter-day were all lower than 15% , and the accuracy were 94.37% -117.48% . The
extraction recovery rates were all more than 80% . Compared with AP solution group, the concentrations of AP in plasma sample
(during 0.5-6 h), liver tissue (during 0.25-8 h), spleen tissue (during 0.25-8 h) and cerebral tissue (during 0.25-4 h) were
increased significantly in AP-NPs suspension group (P<<0.05 or P<<0.01), and the highest in liver tissue. The concentrations of AP
in heart tiusse (6 h), liver tissue (10 h), lung tissue (0.5 h), spleen tissue (during 0.25-10 h) were decreased significantly (P<<
0.05 or P<<0.01). There was statistical significance in AUC and cn.. of AP in plasma and tissue samples between 2 groups (P<<
0.05). The c., RUE, uptake ratio and its change value of liver tissue were the highest, being 1.34 £0.40, 1.99£0.29, 48.49% and
15.71% . CONCLUSIONS: After AP is made into nanosus-
pension, the distribution of drug tissue is changed, especially
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targeting effect on liver tissue is improved.
KEYWORDS Apigenin; Nanosuspension; Tissue distribu-
tion; Targeting; Mice; HPLC
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FHE [ R, B 7 AP-NPs fIG PRIV R (2%

1 e
1.1 =8

2695 I =5 O AR 2% (HPLC) 1% ( 36 [# Waters 23
H] ) 5 64R B ViR 5 7 5.0 ML (75 [E Beckman 23 7 ) ;
BT25S AU H1, 1K (f4 [ Sartorius 23 7] ) ; HSC-12B Bk
W RWAL (i 5 E RS 2 A7 R F] D 5 QL-901 Vortex
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VIR A BRAA F] 5 R LIRS el (PVP, e Ak T
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TS E IR/ MEREAS P, 2 A (T (20 +
2)g, IR VT R 2 RS0 sh o3 Att  sh P fidi
VFA[ES : SYXK (2 )2018-007 .,
2 FiEEHR
2.1 &MERBPAPSENES EHET

K FH HPLC 32 A6z 0 /0N BRI 2% K 20 400 5 b AP (1)
Tt
2.1.1 %4 (A% Shimadzu ODS-SP(250 mmx
4.6 mm,5 um) ; i SIAH : FHEE-7K (70230, V/V) s K 4% -
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S ARG I 7 5 K6 4K+ 340 nm; FERL 2 35 °C; i 1.0
mL/min; #FFEF . 20 pL,

2.1.2  APFRUEVS W MITCH] A5 25 FREL AP X B i 4.89
mg, % T i 5 B i ss R A 1 mg/mL A BRUE
VW o HTHV SRR b AR TV V2 R R I A ) Joi vk
JE ) RS BRUEVETR, T 4 CORAE T IRAT, &

2.1.3  IMAEFES AL EE  BUNRZS A MK 100 pL 2 5
DA IMAHEE500 pL, W iEdk , 1741, L8 000 r/min
B0 5 min, B E I, LRSI T, 5k B
100 pL & %, L 10 000 r/min 5.0 5 min, W F 1 WO
1=, T HPLC E &4 .

2.1.4  HZFESRPALE KNSR BRI
B IG5 DAAE BRER KRG, RIS AR T4 43R 1T 5%
RO RSB PR e e, BT B0 e A
SME AR FRER K, iy A LA o i A0, s 4H.
LUSTHW o G % T B b R A1 2151 3 200 pL & 1.5
mL Z0E A EE 1000 pL, 38 E Pk 3% U UE &K
1, L4 8 000 r/min 20> 5 min, W& B3, LA R IK
T, 5% FHH RE 200 pL &2 %5, L 10 000 r/min .0 5 min,
W I b3 o, 31 T HPLC 2 S0 HT

2.1.5 TEPEHEE B (DL A O O
Jiti B 2 2R A5 IR/ A+ AP BRIE R (10.0
ug/mL) LA K /N B 15 25 24 )5 0.25 h (1) I3 /4 2R RE 4%
EEL, 2,137 8 2147 W R kA S TR
“2.1.17 I A S AR HERE N E e SR ] . S5, i
W KA AL B A R A 24 T4 AP FI |, £ ki
Oy ESHEHT, AP B B B IR] 24 6 min, UL 1~141 3.
2.1.6  PrifEMZAE R PREE KE BN S
I3 100 pL A48 FHZHZURE RS 200wl , 23 S AKH B 5
WREZ I AP RINBRAER RS 100 pL, FC il 5 AP J5 24k i
A3 24 0.1.0.5.2.5.5.0.10.0.25.0 pg/mL A I3 b5 v
FESH AN VS bR UERE i, 20 33 “2.1.3 78 “2.1.47 I
TIEABRS  FEHE “2. L1 TR gl 5 R R AT, i
Rk . DARFINA e (e, pg/mL) A AR AR | U T
FUA) P A BRI TR, 25 SR W 1.

2.1.7 KSR SR RIS 2,167 T ik il
SE B T BR T MR B (0.1 pg/mL) 4 IS /2H ZRRE o A B,
% P R R (0.2.5.0,20.0 pg/mL ) A 52 I 2% /40
AURE D, A3 <2.1.37 8 “2. 1. 47 TR A B |, R
“2.11IR S SRR AT o BT VR BT T A 6
W5 H NAE S B2 3 d, B4 H KGR .
LS 5 v B B o VR P A T A, B SRR
FE o 25 R R S R A5 SR AR R S E AT
J7 AR U PR AR DGR Y, G5 IR AR 2,

2.1.8  REUEICREEE  4272.1.67 00 F 5 vk e K
H R TR TR (0.2.5.0,20.0 pg/mL) 8 3 42 it 37 /40 4
FEMG 2 6 0), 3 4 <2.1.37 8 “2.1.4" W F b B
42,117 TR 5% 2 R UERE A0 AT e SR T AL (A4, 5
B zs (AR 100 pL A2 (1 41 4UFF i 200 L, 43 1) 3
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Fig 1 HPLC chromatograms of blank plasma/tissue

B2 =ZTHMmRAL+APIRERRESIREGEE
Fig 2 HPLC chromatograms of blank plasma/tissue+

samples AP standard solution
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®1 MRMARARFERD APWEIERGE LHEEE
FEE TR

Tab 1 Regression equation, linear range and quanti-

tation limit of AP in plasma and different tis-

sues samples

Fh W SARIH, pg/mL HRANG)  ERTR pg/ml
MF  4=73766c—12 868 0.1~250 0.9985 01
L A=85171c=6659.6 0.1~250 09994 0.1
JE A=75296c+8 2765 0.1~250 09989 01
B A=13863c-27440 0.1~250 09975 01
B A=117643c—44 979 0.1~250 0.9982 0.1
B 4=100348-47055 0.1~250 09994 0.1
i A=101820c-26399 0.1~250 0.996 9 01

*x2

BEESARERRER

Tab 2 Results of precision and accuracy tests

e B, ——— HP(n=6) . — Elﬂ(nilﬁ) ‘
Bl ;grwfﬁgm HNRSD, MR, yjﬂllﬁﬁgmi HIEIRSD, fEfif,
(x£s),pg/mL % % (xts),pg/mL % %
ik 0.1 0.11£0.01 525 10835 0.01£001 954 111.88
02 021£0.01 476 10500 023£0.02 870 11524
50 479405 520 9683 529t074 1399 11675
200 2091£1.76 842 10456 2123£2.12 999 106.62
0 0.1 0.10£0.01 1137 9864 0112001 861 11545
02 0205003 1429 10500 0.19£0.02 1033 9562
50 4991069 1383 9980 5024039 77710210
200 20451234 1144 10225 2021£235 1163 10105
Jif 0.1 0.11£001 1085 10924 0112001 968 107.67
02 0.18£0.01 556 9437 022002 870 11363
50 5284044 833 10560 491£0.36 73 9809
200 0774224 1078 10385 2035+1.06 52110145
i 0.1 0.10£0.01 569 10088 0.11£001 105 11144
02 021£0.01 476 10433 023£002 870 11520
50 4901056 1143 10205 4824038 780 9835
200 1951231 1184 97 1983+1.04 524 9595
fi 0.1 0.11£001 953 10934 0.10£001 895 100.96
02 022£0.02 909 10683 023£0.02 869 108.50
50 4841048 992 9850  478+064 1339 9967
200 1984217 1094 10045 2032132 650 10827
B 0.1 0.11£001 523 10974 0.01£001 1085 11024
02 0.18£0.01 556 443 022£001 455 11000
50 4884036 73810052 479033 689 9827
200 20231205 1003 10065 2082£163 785 11150
Ji 0.1 0.10£0.01 525 10283 0.10£001 498 10316
02 021£0.01 476 10550 022002 909 11748
50 4754026 541 9618 530036 679 11350
200 20941131 626 10454 2040232 1137 114
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0 .
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¢, min
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5 0015
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—— T
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— T T
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E.432}0.25 h i I ZURE
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G.23250.25 h JG AR SURE iy

3 #5750.25 h MR/ AR R BIREREE
Fig 3 HPLC chromatograms of plasma/tissue sam-
ples 0.25 h after administration
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“2.1.378 2. 1AV IR Jr AR BRS  In AHH INJ5  E f
AP FRUEVIR , {7 e 2 o R B 5 W 6 07, 442,117 30
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F AR R = (4,/4,)x100% , 25 F WK 3,

2.1.9 FEEMRK  $%2.1.67 W F FEE R L
J M (0.2.5.0.20.0 png/mL) 4 J3T 458 1 23 /40 2R
B 640, AR <2.1.37 8 “2.1.47 T R )y i Ab s , 5 H
ZFIRHE 24 h,—40 CHUE 24 h U HR(—40 C~%
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[FD) 4 N FaR AP RO 2= HAr, L 15 000 r/min #2500
10 min, % FIEW , /KN 2 20 mL; 82 #E 21K

®3 REEKRKIELER (n=06)

Tab 3 Results of extraction recovery tests(n=06)

FEfh SHEIAIE g/l NG £5), % RSD, % PLER 25 DMSO, Ffi 5 FITTIEDFE ] B PE MO, DL

(4 02 80284276 27 72 s, [ &2 s 4 FF 10 min, B 15 AP-NPs ( &f 2 F+
50 95261155 133 AP-NPs 5 AP J5UR 252 4.35 mg, #2555 H 43.52% ) .

. . e Y 222 PKWAAISH B/ RISESE REK 12 h
<0 01334235 1% J&  BEHLST A AP VA K AP RS IE TR G -2
200 9055338 326 Pt A B KIR G W (52223, VIvIv) v IR B T vk

i 02 80.36+252 149 J& 24 10.00 mg/mL]F1 AP-NPs /&% 2 CKf AP-NPs i& T
50 87674166 258

Az B R K A VR BT A VR B Ol 10.88 mg/mL) , 4% 45
o e o FUL 5 A/ FLUE BR324 80 me/ke Gl i

' o o B SR 19) KA VT AT TR ) . 43514
200 94444211 4 2570 h) K 4524)50.25.0.5.1.2.4.6.8 .10 h i BUIR Bk
i 02 76324594 37 B i 500 pL, B TS R AR 204 %, A5 000 t/min
50 W13 28 B0 10 min, 43I o A UL 7 BB 3504k 8 /)N
; . e o B IR JHE B A R ALY, 2 B K K 4
< 05815 105 5 LRI R SR M Ve, VS ACR T e RS B AR i . a0
200 96474234 376 0 R HHAVRE AL A B €2.1.37 8“2, 1,47 TR Jy i A B (L
fi 02 873414 44 SR AR S 2 AR R L A5 UERE ) I, P42, 1.1 3
238 zii;‘i;: ;z O TE SR AT PERE AT, 1O SR TR, AR A TR 2R

T B ) 5 A RE S R AP B TR IR B AN ] S A
U5 HU/NRAEATHAE . R Excel 2010 B4 il 4H 4
A s SR SPSS 17.0 B X B A T e it24 530 L 1

2.2 AP-NPs £/ N H R 55 7 0 35 B R w1 3E N
2.2.1  AP-NPs (il #& >R FH oot 8 75 U v v 9 il 4%

AP-NPs, H % R HCAP 2 8E 25 100 mg, fin — B JE AR
(DMSO )& F [ 7 ; 7 FRELPVP  TPGS 4% 50 mg , 7 fift
F7K 20 mL /1, F#E 75 (2% . 750 W, 4% . 20 kHz,

BRI + s TR, I LR FH K 56, P<<0.05 Jy 22
SAEGIFE X, SRS AP YRR E WK 4, AP
RILHZV A WL 4

&4 INEREE APERIZHFI AP-NPs J5 & Bt i8] A M R FA R AP HIREIRE (x+5,n=5, pg/mL)
Tab 4 The concentration of AP in plasma 1 tissue samples at different time points after intragastric administra-
tion of AP raw material and AP-NPs (X +s,n=5,ng/mL)

, , I 58
4 b 0h 0.25h 0.5h Ih 2h 4h 6h 8h 10h
APIRAL g - 530110 7791101 4822035 39510.68 3031046 2261031 1.16£0.27 -
0 - 4012031 499£046 3941092 3181 1.06 2601026 1762032 1102031 0.79£0.25
iF - 12411268 18361120 13.05+341 1151£1.74 9.5410.68 8471127 5184124 4991046
fit - 41111.04 515112 463£0.52 3274075 281£0.73 2011051 1.04£0.32 -
i - 5111073 60581125 52601110 4312046 3.1810.61 2871051 1.69£0.46 0.68£0.32
B - 796+ 1.73 10.01+141 8.5210.62 701£0.74 6.5210.67 4.8410.66 37240.63 177£0.28
i - 207£0.26 2631043 2102021 1892042 1.01£0.28 - - -
AP-NPs AL Mm% - 548+123 9.34+1.04 6.99+1.87° 4931 111" 3.67£0.38" 285£081° 1382039 0.87£0.29
L - 3661074 4362098 401£1.65 3.0241.08 2491039 125£042° 0814022 -
i3 - 2080243 24681282 23741435 21814233 1570221 12272217 831+1.06™ 339+048"
i - 555+ LI 60.59 144" 5.78£165 4791083 389£0.92 2974034 1.680.46" 0.85£0.29
I - 498£0.89 5.54+223° 51310.64 429£037 3351045 2921044 1712037 -
(i} - 6.2810.66" 8.0311.83" TUELTT 54311697 399+ 1,01 298057 1774054 1111037
i - 2631043 3431047 2.80+0.40" 239+0.39" 1261048 0981021 - -

e = R A BN I T R R 5 5 AP AL LR, *P<<0.05, ** P<<0.01
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h & B ] 5) JB8(0.25~8 h & B[] 45 i (0.25~4 h %%
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(RUE) , 3t LA BRSO FEIRFR AN AP 1E/N AR N
R, R cdfROARC, s X I AR R G) 245490 40 A AL
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