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Research on Tissue Distribution of Novel Curcumin Nanoparticles in Mice

YU Tingting', ZHENG Ying', DING Zhishan?, GUO Shengcai', FU Zailin', JIANG Fusheng® (1.The 117th
Hospital of PLA, Hangzhou 310004, China; 2.Zhejiang Traditional Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To prepare the novel liver-targeting Cur(OA), nanoparticles (Cur(OA),-NPs) and investigate the
tissue distribution in mice. METHODS Cur(OA), loaded mPEGsq0-PLGA nanoparticles were prepared by the modified
emulsion solvent evaporation method according to the optimized technology and the Cur(OA),-NPs were characterized.
25 mg~kg’1 of Cur(OA),-NPs was intravenously injected. At the 0.05, 0.25, 0.75, 2, 4, 6, 8, 12 h after administration, 200 pL of
blood was taken through the eyeball. The organs(liver, heart, spleen, lung, kidney and brain) were harvested for the measurment
of Cur(OA), and curcumin(Cur) with HPLC method after extracting the drug by liquid-liquid extraction method, then analysized
the tissue distribution and drug released in vivo. Nanoparticles were prepared by loading DiR and Cur(OA), into
mPEGso0-PLGA. Normal and H22 cancer model mice were injected at a dose of 25 mg-kg ™' of Cur intravenously. At different
time intervals, the mice were anesthetized and scanned by using an in vivo NIR optical imaging system with an excitation
bandpass filter at 785 nm and an emission filter at 820 nm. Studied the tumor targeting characteristics of nanoparticles in normal
mice and H22 cancer model mice. RESULTS The nanoparticles were spherical with uniform size. The average particle size,
drug loading and encapsulation efficiency of nanoparticles were (93.39+1.71)nm, (19.35+0.12)% and (92.32+3.13)% respectively.
After intravenous injection, the Cur(OA), in the plasma reduced from 310.33 ug-mL™" to 28.94 pg-mL™" within 4 h, and 90% of
Cur(OA), was cleared from blood vessel rapidly. The results in the tissue distribution showed that Cur(OA), was found in other
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organs besides brain. Cur(OA), reached the highest level of 368.93 pg-g™' in liver. There was no Cur detected in plasma, lung

and brain, but only detected in the liver(125.72 pg-g™"), spleen(33.60 pg-g™") and kidney(16.81 pg-g™'). The peak value was
found at the 2nd hour after intravenous injection Cur(OA),-NPs, and the Cur(OA), and Cur in the liver were greater than the
other organs significantly. /n vivo NIR optical imaging system provided evidence that Cur(OA),-NPs were accumulated in the
liver and tumor, the NIR signal reached the climax at the 2nd hour and decreased slowly as time went by, and we observed a

strong NIR signal in the tumor mass at the 8th hour after the administration of nanoparticles. The signal intensity reached the

climax in the tumor mass at the 12th hour and decreased follow, and it was stronger than liver significantly. CONCLUSION
This research completed the evaluation of Cur(OA),-NPs and laid the foundation for research on anti-tumor of Cur(OA),-NPs in
vivo in future. Meanwhile, it can offer some clue for developing a new drug which is insoluble, easily metabolic or toxic in vivo.
KEYWORDS: Cur(OA),; mPEGsg-PLGA; nanoparticles; tissue distribution in vivo
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AT AR Th 2B mPEGs0-PLGA A #EA¥4 Cur
ZMBREMEENR T EZERZ-(MKR), E&Y
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w7 Cur WAREM:, HIAERS, BN HE
Koy HARAN 24 3022t 50 45 SR 3R B B i) & 1R g0 oK okE
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Mk — 258 3%} Cur(OA),-NPs PR o
1 #MH
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Marlven A #]); HEPA CLASS100 Z 4 fitd CO, }%3%
6 (5[5 Heraeus A #]); OLYMPUS 18] & %% &1
Bi(HA OLYMPUS A #]); Odyssey ZLAMNS&AE R 5t
(32 LI-COR A ).
1.2 25

HOER (BTN AR AL TR, T
Q/YSH09-93); #%ig#(3EH Sigma AF], #t5:
293963); L HEIE R 4 - FLR- LEER)ILE
) [mMPEGs000-PLGA , mPEGsge #H Xt 4> F i & A
5000, mPEG5000 4%, JLI&- LB (LA-GA, 55 .
45), RN EEVRHAR AR ] EK HCEE
FIEAEDRIE A IR A F); DR 44kl DilC18(7)(3E
Gene A, #t'5: FP-69084A); JUS LN (THF,
KRBT K R ZERGT, fitS: 20130229).
1.3 5k

EWM/ANR, &, HFE 18~22 g, WHWIL
R RELR T L, BHIES:
SCXK(7)2013-0016; H22 41l [ HF [E R} 27 B gn
P
2 FAESH#R
2.1 Cur(OA),-NPs [l J2 FAE
2.1.1 Cur(OA),-NPs [l & f&dd: T2 M H &
R PR 77145 il & Cur(OA),-NPs.
2.1.2  HRRIIRIAE K Zeta BAALHIIE  BUEE
YRR B, ] Nano ZS90 52 4 K i 42
M Zeta A7, EHE 3 IRHCEFIS{E. Cur(OA),-NPs
S35 RLAR 43 A B RE S L AUBR T A KR 1 T
SEWE 1, Kt £ 5 #E E (polydispersity
index, PDI)1 Zeta HLAV ILE 1.
2.1.3 GAHEHFMEAEMME  5HBORA TG
KRR BGE , FH THF VAR, E40 00k
T E S S EmV). AEAKRIR RS T
20 000 r-min~" FEHE A B0 40 min J5 (1) -5
T, 1S AW, SRR NER 3
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Fig. 1  Average size distribution and morphology of
Cur(OA),-NPs

A-average size distribution of Cur(OA),-NPs; B-morphology by
transmission electron microscopy(60 000x).

F1 REH)E Cur(OA),-NPs By ki42. PDI. Zeta W.{i.
R EMEHE(XLs, n=3)

Tab. 1 Properties of the Cur(OA),-NPs before and after
condensation(x + s, n=3)

Zeta HT/
mV

WHERT 93.39£1.71 0.037+0.011 —23.23+2.33 19.35+0.12 92.32+3.13
WHERG 91.02£1.56  0.036+0.009 —20.18+1.49 18.41£1.02 91.76x1.11

HHl Riffmm PDI BEY% AR

T WREERTE P>0.05.
Note: before and after condensation P>0.05.
2.2 NRUHG Y SRR AL

BURNR 24 W, AR5 & 18~22 g, P43 % 8 41,
4 3 Wy A H/NRI% Cur 71E 25 mg-kg ' 4424,
RIS, TS E 0.05, 025, 0.75, 2,
4, 6, 8, 12 h B 1 H/NR, FERBEREUM, BT
%% EP &, 3000 rmin”' 550 5 min, HUM,
—80 CLRAT, SRJGSAMERLFIALFE, MU O
R B BRI, AR E ISR, —80 CLREEH

HY 200 pL M3 N EP & H, JI 400 pL &
BT - =3 ZEEZEY), # 1 min,
RS, 10000 rmin™', B 5 min, B I,
BUTEE NN _EIR 5 400 pL Pe%, B 1 min,
10 000 rrmin~', B0 5 min, &3¢ B3GR, JUEE
KT, HL 200 pL(THF @ HEE=1 @ )& W,
12000 rmin”', B0 5 min, HL FiEW, HPLC
SEAEVIREA T Cur(OA), Al Cur & &E. #A4H
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ZI B N 2 mL PBS S (pH=7.4), 1% Ei&TT
TEEEIURE
2.3 HPLC &L SR 250 & =
2.3.1 ikt HPLC JIIE Cur(OA), K& &
Acclaim C,g 1% 44(250 mmx4.6 mm, 5 pm), ¥i5))
KA W -2 216 (70 @ 30), W#E 1 mL-min ',
HEFEARAR 10 pL, R K 400 nm, AEiR 30 C.

HPLC J%E Cur B & &: Acclaim C;g B iftE
(250 mmx4.6 mm, 5 um), I ANFEE-0.1%4
B2 K ¥EW(70 © 30), P 1 mL-min~', BEREAAFR
10 pL; A& K 424 nm, FEiE 30 C.
232 LREM R LR E SRS, R
JG#1 9.5 min HIL Cur(OA), ik, %) 11.0 min
HIL Cur i, M2k LR S ALY A
T4 Cur(OA), 1 Cur FIIE
2.3.3  Cur(OA), Al Cur BE B AR HEAE i 1
fil &  Cur(OA), BE BB #]: FEHL 50 mg
Cur(OA),, HIHEELES EHE, E4A%E 50 mL,
39 1.0 mg-mL ™ BE . TAEVR AT : B 1.0 mL
B, MBEAZ 10 mL, 153 100 pg-mL™" TAEW.
FROERE R FE 7 AN MUK AR A : 22, 44, 87.5, 175,
350, 700 pg-mL™'s FFAESIS: 2.75, 11, 22, 44,
220, 350 pg'mL ™' OMEAIRE: 275, 11, 22, 44,
88, 220 pg-mL™'s WMEAISK: 2.75, 11, 22, 44,
220, 440 pg-mL™'; fili. B 2, 8, 16, 32,
64, 128 pg'mL™'.

Cur BEERIECH]: FREL 50 mg Cur, HF B
fi, ERES0mL, FHE 1.0mgmL ™" £, T
YERRPITC ) < B 1.0 mL 19 BE, #4508 € 8 %2 10 mL,
#3100 pg-mL™" TAEW - bRAERE S IKE : 2.00, 8.00,
16.00, 32.00, 80.00, 160.00 pg-mL'.
234 FEAEARLE 1 HIE®E/DR, MR
BRER ML, BN 1.5 mL B0 (P,
4000 r-mL™", B0 10 min BUMYY, 4. /R
FALFE, fR, BUF. O B . B, 4 BIEK
#H, /2 mL PBS &M1& (pH=7.4)5) % .
235 AREMLMEY B ERZFDIKEN
Cur(OA), il Cur AR#EFESH 200 puL 5 200 pL %5 [
I DA O JH Bl B A0 i “2.2”
TN FEAR G TR EIE W . HPLC I 5E
Cur(OA), F Cur FUETHIAR, LUK REALFR, LA
W AR LA AR, AT LR PR B3 05 F2 L
2 ME 3.
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T2 Cur(OA,FE/NRIL. R &y BB . Wb Aod i 4
Tab. 2 Standard curve of Cur(OA), in blood and different
tissues of mice

M P E /g mL ! [ =75 2 R

13 22.00~700.00 »=200.810 0x—5.151 7 0.9915
JFF M 2.75~350.00 1=639.550 0x—9.794 4 0.994 9
O JIE 2.75~220.00 $=0.063 1x+0.128 9 0.996 1
JLIE 2.75~440.00 $=0.050 1x+0.109 4 0.999 0
il ik 2.00~128.00 »=0.180 0x+0.149 9 0.996 5
{=gili3 2.00~128.00 =0.066 8x—0.087 0 0.997 1

®3 Cur B/MRAT. B Bimbds

Tab. 3 Standard curve of Cur in liver, spleen and kidney of

mice
AL BT E /g mL! EYEp R
JHF Rk 2.0~160.0 y=1.198 0x+0.553 3 0.999 5
JUR 2.0~80.0 y=1.137 6x-0.156 7 0.992 6
I 2.0~80.0 y=1.642 5x-0.383 2 0.998 5

2.4 FEEL[ELER

23 BB Cur(OA), Al Cur ik o & 3 NI,
B 3 AMARAE i 200 pL 5% AR A (i 28 DA R 7521
WIS, RHL Cur(OA), 1 Cur, F] HPLC
MILA R, BANRESE S M. HIEER 3
AR EE IR, FRNEIE & . BAEMIN
g T 5 [ A5 R R A 440 i B Ach 5 P e v o U T AR
ARG, TEEAE R . AR R=A41/4s,
R NZEERELE ; Ar A2 £ 4b B 5 1 U T
s As ARG &AM, SRILE 4 F
x5,
2.5 Cur(OA), Ml Cur M5E 775 B H A A H 8] 25
JEE W

H RSD(RIHEN RSD): &£ [E— 7 Hritbik
WEIE 4SS, 53 RSD fH. HIE RSD(RIit
[i] RSD): EFEAF S HHERAEA, T H S e
S5 IR A1) RSDo Xf [ —MEWIFES, WAk, .
w3 NREE, RENREEN S k. e RTE/N RUM
WA O B B ALK T Cur(OA),
EJNERIH NI H RS %, DAA/NRIF. B
B ZR515H Cur W€ 7309 H AT H )RS %

ARSI ZAF T, /N BRI SR & 2H 28 B
Cur(OA), M H W A1 H | ¥ % & 7 5 &
0.98%~9.06%A1 1.89%~8.67%2_[a]; Cur [ H Al
H 18] 4 %5 3 S TE 0.88%~4.32%F11 2.76%~6.98% .
Cur(OA), H YA H [A]HS %5 FE il i 7 i B e 45
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BIAE 93.5%~111.5%F1 88%~101.5%75 N, Cur
H g AT H i)k 25 B2 16 5 325 81 Wi 26 43 il 18
94.5%~105.5% 1 88%~100.5%, F&% & RSD<
15%, J7iE R =70%, T 37 (1) 77 V2 1A B v
HEEMRL.

R4 PRMEABLLZE Cur(OA), B FE B (n=5)
Tab. 4 Extraction recoveries of Cur(OA), from plasma and
tissues(n=5)

WA FRRHE /ugmL ! B (X £ 5 )% RSD/%
22.00 87.1242.3 7.8
¥ 87.50 90.23+4.2 5.4
700.00 85.44+4.5 8.0
2.75 80.3448.7 9.2
i3 44.00 83.1346.5 24
350.00 85.2247.5 6.5
2.75 90.34+9.1 7.4
T3 44.00 92.17+8.4 5.4
220.00 91.78+7.8 42
2.75 86.78+7.6 7.1
JWL i 44.00 89.43+7.7 5.6
440.00 83.65+6.8 7.8
2.00 79.89+8.9 8.1
i e 32.00 82.14+7.0 2.5
128.00 75.90+6.8 6.4
2.00 79.45+3.2 5.7
(=i 32.00 77.26+4.1 8.6
128.00 83.34+6.1 6.9

£zS5 MROFFELLF Cur By FEIRE K E (n=5)
Tab. 5
tissues(n=>5)

Extraction recoveries of Cur from plasma and

EREAR BRRIRE /g -mL! B (X £ 5)/% RSD/%
2 89.12+2.3 8.9
393 32 84.78+4.6 4.4
160 80.67+6.9 6.3
2 90.45+8.1 2.5
T ik 16 89.47+6.1 6.5
80 85.33+7.2 7.9
2 88.85+8.1 9.0
Ak 16 85.76+9.3 2.4
80 92.14+3.2 4.7

2.6 EEE

/N FRKTE ST Cur(OA),-NPs 1 s B H %
WAL AR, WS AR, % “2.27 TURNAY
FE AR b B U7 v 4 B AL # S 4 0 3k R,
Cur(OA), A Cur 7N FRAA P Ifil 2% A& 21 23 R B
SRR 6 FIk 7.

o E BAC R 252 2019 4E 2 H 55 36 555 3 )



R 6 FHOE S Cur(OA),-NPs 5 /N R ANEL F Cur(OA), Wk E(X s, n=5)
Tab. 6 Mean concentration of Cur(OA), in the plasma and tissues after iv nanoparticles injection in mice( X * 5, n=5)

Cur(OA), ¥ /ug-g™!

T e T T T T i
0.05 310.33+£25.90 209.83+32.21 6.33+1.13 9.91+1.25 95.10+4.89 48.02+3.67
0.25 245.18+28.39 238.94+43.37 10.94+1.00 32.47+£11.58 73.57£17.52 68.22+0.03
0.75 158.60+8.75 299.754+9.35 23.954+2.82 105.33+£8.53 65.60+£29.01 81.744+3.88

2 88.36+8.90 368.93+23.82 13.02+1.72 233.41+£9.98 88.36+9.90 87.34+9 .95
4 28.94+1.55 227.80+6.42 10.48+2.20 174.63+8.89 109.75+9.59 28.20+1.14
6 26.14+0.04 182.83+£3.41 6.35+0.90 143.39+6.99 77.46£5.67 22.394+6.72
8 25.78+0.04 177.80+£10.73 2.89+0.23 102.26+£5.97 72.88+4.37 18.10+£3.01
12 15.78+0.07 162.14+10.23 1.98+0.42 66.43+6.90 55.04+7.46 15.52+1.24

%7 BFGEA Cur(OA),-NPs J& Cur /N RAF. B K
R E(Xts, n=5)

Tab. 7 Mean concentration of Cur in the liver. spleen and
kidney after iv nanoparticles injection in mice( X + s, n=5)
Cur ¥ /ug-g™'

T T i I
0.05 4.12+0.76 2.96+0.47 19.44+0.24
0.25 6.14+4.20 6.96+1.98 24.78+1.77
0.75 23.68+12.44 8.43+0.69 28.40+1.30
2 125.72+7.91 16.81+£1.71 33.60+4.39
4 101.46+8.88 14.94+0.28 10.56+0.84
6 62.00+24.63 12.76+£2.03 9.04+1.65
8 48.83+4.93 9.43+1.89 8.39+1.28

12 5.14+1.69 8.32+1.29 5.75€1.24

2.7 ARG AT E I E

Yo BT B 2% A — B R S A S EAL R
100%, 4 A S AN R 28 TH 259 o5 A5 2590 16 B
43 te Cur(OA), il Cur HIFHXT /o Ai R &5 R 2,

£ 6000

E’r 50.00 o i
& 40.00 = IFE
= 3000 s
*520.00 i il
S 1000 = Ik
S 0o0d ke

i I RN aN R
0.05 025 075 2 4 6

S

% 7000(

£ 6000 | N

3 g

= 30001 || L
|

© |

2 ¥ AnE REE Cur(OA), fn Cur #AH XA
Fig. 2 Relative distribution percentage of Cur(OA), and Cur
in the plasma and tissues

2.8 Cur(OA),-NPs 7E 15 Fl 7 I8 /1N BR A Py 3 1)
v

2.8.1 VAWAECH D-Hanks WECH]: FREU NaCl
8.00 g; KC10.40 g; Na,HPO,-7H,0 0.06 g; KH,PO
40.06 g; NaHCO; 0.35 g; B34l 0.02 g, HKIKIET
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27700 mL MZEKH, EA A 1000 mL, 7857078,
SHEENI, AL, 121 CE &K E 30 min.

RPMI 1640 5 7% [P C ) < KR35 72 2L 5218
HINZ) 400 mL W zEKH, Kilk 15 Ch4, FEA
IR 2 W AR, [FIREIIN 2 g NaHCO;5, HIARL
Pi(&LWHEANFHER 100 UmL™" FEH X
100 U'mL™"), e ERE 1L, H 022 um MfLIE
B DR RR B, OB 2 R NI, —20 CUKAR TR
7% R . B In R4 i (LKREN
10%~20%).

RIEFEF: 10%7K A ABEE, BRI 10 g K
AR, EHEKERZE 100mL.

2.8.2  H22 fap AL (A 20 ) 2 ST

2.8.2.1 H22 ZMME T MZEHEUE H22 4iH
HAEE . BEET 37 CHRAKPAWHES . 157
EHRRAAYAE 1 min WML, FTHFGAE, B
MERREZLEDH. 1000 r-min”' 2.0 10 min,
e BIEW. UTIE 2 mL B3R, WATIA), H
B0 10 min, FF_EIEW. W& 2 IR 5 A
R, 37 CHiFE, 56 2 RW S0 L
FEAE L o

2.8.2.2 H22 gffideil  AHPRE IR A 3 KEF, £
FR AR, FIIFEE TR, R4 B 2
LV F, 1000 rrmin~' B0 10 min, F25 EIB W
DUVENN 2 mL 359, WKATIE], IiE Uit ie
WA BRI, 37 ChE%.

2.8.2.3 JEIsEE KA MOE RO B B0
1000 r'min~' 80> 10 min, # % FiEWw, FEMER
KR EEE] 0.6 mL, HU3 H/NR, &R IEEE
SRR 0.2 mL, WS/ BRIE s 85 7R 1 I
2.8.2.4  BER U N R H22 48 Rk 8 d /)
R, LA FH S mL ES 2% 1~2 mL 415
Ry BEPMAEAK, e 0.4%E M E M, G

Chin J Mod Appl Pharm, 2019 February, Vol.36 No.3 - 265 -



Y >90%, P F [ 40 B RR BT U1 B9 40 54
S8 5 DA AR 38 ER KO R RE R RE iR 4 IR B N
1.0x107 -mL™", /N A7 Al JBE M 58 % T B b AR
0.1 mL.
2.8.2.5 [DiR+Cur(OA),]-NPs [l & K42 1%
8 Cur(OA),-NPs [1) il £ 77 721l % [ DiR+Cur(OA),]-
NPs[F DiR fll Cur(OA), Bt Cur(OA),], 43 7IHL 1
HOEH AR /N, BB B RS B R 25,
W& R VE B 10% K & SV W, i i K %
2 mL-kg ™" S igh IEH /NRAN H22 AR /N B S
[DiR+Cur(OA),]-NPs 0.2 mL, ZKKid Cur WKE
N 25 mg-kg o G AR E] L K BRI G IE
/INER AT H22 fai 88 /N BRAE 785 nm BK AT 820 nm
R T AR LA R RS N R A4S
WK /N BRE A I AR BE
283 I 4R EHANR . fEEY
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Fig. 3 In vivo NIR Fluorescence images of normal mice in
12 h after injection of [DiR+Cur(OA),]-NPs

266 - Chin J Mod Appl Pharm, 2019 February, Vol.36 No.3

500
450+
400+

£ 3501

E 300

3:3 2504

13 200

= 150

=
100

50

7005 025 075 2 4 6 8 12
t/h

B4 /N B BE A x5O0 58 R
Fig. 4 Relative fluorescence intensity values in liver of
normal mice

BEl5 0,8, 12, 24 h F47/8 /N BUF L A0 k88 #0450 B %
Fig. 5 In vivo NIR Fluorescence images of H22 tumor mice
in0,8,12,24h

7007
iR A
X 5001
=
55 4007
X 400
S 300
o
< 2001
1001
oA

Bl 6 78/ BUATBEAn i 708 35 G A X HOK 38 B
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