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Preparation and in vivo pharmacokinetics of rhein nanosuspensions
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(1. Huanghe Science & Technology College, Zhengzhou 450005, China; 2. Henan Provincial People’ s Hospital, Zhengzhou 450011, China)

ABSTRACT: AIM  To prepare rhein nanosuspensions and to investigate their in wivo pharmacokinetics.
METHODS The nanosuspensions were prepared by high pressure homogenization method. With PVP K30
consumption, homogenization pressure and homogenization frequency as influencing factors, particle size as an
evaluation index, the preparation process was optimized by orthogonal test on the basis of single factor test, after
which the morphology, drug loading, particle size, Zeta potential, and in vitro drug release of nanosuspensions
were detected. Rats were randomly assigned into two groups and given intragastric administration of the 0. 5% CMC-
Na suspensions of rhein and its nanosuspensions (50 mg/kg), respectively, after which blood collection was
performed at 0. 083, 0.167, 0.25, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0 h. HPLC was adopted in the
plasma concentration determination of rthein, and the main pharmacokinetic parameters were calculated. RESULTS

The optimal conditions were determined to be 75 mg for PVP K30 consumption, 100 MPa for homogenization
pressure, and 15 times for homogenization frequency, the spherical nanoparticles demonstrated uniform distribution
without adhesion, whose average drug loading, Zeta potential , particle size and accumulative release rate within 40
min were (32.14+0.92)%, (-31.90+£1.34) mV, (170.86+3.07) nm and 95.73% , respectively. The
AUC,_, and AUC,_,, than the raw medicine (P<0.01), and the

relative bioavailability was increased to 2. 02 times. CONCLUSION Nanosuspensions can improve the in vivo

nanosuspensions displayed higher ¢,,, C

max

absorption of rhein and enhance its oral bioavailability.
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AR SR, KB IR N Y [ OE 7E B
KU HETEME KRR, BABR, B
MG, BEILE . PRI, PUipR S5 25 BG4 ) aF
EMER K, %5 78 37 °C B A9 3% ff B AU R
3.89 pg/mL"” | AWR FHEEHAUA 16. 4% 1

YRR B R MEA MR 25 S5 A Rl AN [
il AR A — R Al 259 A 4y UK
R HaRgh Rk, g T AR, n{EdtZhy
PRIy, B O R R R, PRl AR
(44 Ryanodex, J<[E Norgine 2y H]) . 430 (7
44 Theodir, H 7S Mitsubishi Tanabe Pharma 23 7))
TR BRI TR, AR TR R
YRIREN, IFBEHARNZ B, U HAbAR
KR RS
1 &

AR2140 BUHL 7 KF (i A 4R B R 2 2
Fl); Agilent 1260 %I w5 20 M (% AL (£ H
Agilent A F]) 5 ATS BUF AL (INE K Seeker 23
Al); DF-101S BUAE P IE R ARG S e dEas (O
MR TR A FRAF ) 5 Master-sizer UKL BE 43 #7
I (BEE IR SUER A PR A F] ) 5 VORTEX-5 %4 if
BETR G A% VT AR DR A AR il s A PR A R
AP-40-110LA AUGSBIRUKFT (W2 T A A B
Nl 3 TYH-2 BURAMREA (7770 K= M E Rl 2
IERABRAFD .

KR 2 (45 H160515, 4 98.0% ,
BEVURR B B PR R ) 3 RERR X A (I
5 110757-201504, ZiiE 98. 6% , Hh[E £ 525 Sk
ERFGERE) s KRTONBENE (45 AL-PC-98T, Hfii
W EEEARHEARAR); R IEF 4R
(CMC-Na, #t5 A1706-32, EiEKEAN A REA
FRATHE]) 3 RO LERR K30 (PVP K30, it
25000240379, WAT2EEWIAF); FERM (M5
201605118, B i) FHAE LT ) .

THIEH SD KEL, iR (300£20) g, W H
WA S 256 ey, B A 7= V8 THIES SCXK
(#) 2016-0001,

2 HERE4ER

2.1 XKFmAAEME (HPLC &%)

2.1.1 {aiE4f  Agilent Plus C A4 (4. 6 mmx
150 mm, 5 pm); VzhAH 0.2% @ fR-H BE (35 :
65); HAMViE 1.0 mL/min; ¥ 25 °C; #03%
2830

K 254 nm,

2.1.2 ZAEXRRFE FEEWE10. 14 mg KER
YRS, T 10 mL HEEH, 5E] 1.014 mg/mL
W& W, AR B2 507, 253.5, 101. 4,
50.7, 5.07 pg/mL, fE N X BB W, TE
“201.17 TSN BRI, DAV VR T R
FEARE AR (X)), WEHBCANA SR (Y) A7 M
T, 155FE K ¥=0.501 1X-5.3221 (r=1.0000),
£ 5.07~507 peg/mL JE I NEME R REF,

2.1.3 JFEtEEEE BUL 0 mL KERACKIR S
£ 10 mL i, HESHEARRE S, FR bl
IR, T4, 8,12, 24, 48 h7E “2.1.17 Tifn
TSR ERE I A, A5 K B R 04 TR AR RSD A
0.57% , #WIHEWAE 48 h WHaE MR I, B
“2.1.2”7 TR 5.07, 253.5, 507 wg/mL X} 08 5%
W, £ <2117 BEGEAMToERE e, WK
BR H NKE % B2 RSD /NT 0.63% , H [H1 K5 % i
RSD /NF 1.03% , FREAZ T IENG % E R, A
TRERM A APOKIRENE R, FEIKKERE
50, 100, 150 pg/mL, A5 A /2 i A [m] e %k
99.36% ~100.07% , RSD /T 1.54%

2.2 RFEFBMAAREMNFE BUKHM 50 mg,
KEUIBENG 25 mg, HIA 30 mL FIER, 45 °C NG
itk 3 h B, WURKRAEEL S mL, 1ERH
LA, MHEIZEER; BGER PVP K30, N3 50 mL
RIBK %, VE /KA, FE5E 3 1 000 v/min,
— 2 1l £ U BT R A LA 22 08 % i 2K A
45 °C T JEHYE 20 min VISR LA, 7£—E WK
JEJT RGBT —E B, #MInZEIE 7K 2 50 mL,
I

2.3 FRARE

2.3.1 PVP K30 H& e &EE 15°C, ¥K
JE 7180 MPa, ¥JRVEL 10 ¥, %% PVP K30
25. 50, 75. 100 mg XTRiARAY M, 25 R WA 1,
AT, PVP K30 N 75 mg BHRIAZ /)
2.3.2 {il&WEE  [E%E PVP K30 i 75 mg, ¥
JFE 7 80 MPa, HJFORE10 K, HEHI&HRE O,
15, 30, 45 CXPRifefsgm, 258 0K 2, fiknr
A, ST N 0 CHRPRIAR /DN,

2.3.3 HFES  [ExE PVP K30 FH& 75 mg, il
UL 0 °C, WFBTREL 10 K, HEHFIET] 60,
80, 100, 120 MPa XPHRif2Aysm, Z5R UL 3, H
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Fig.1 Effect of PVP K30 consumption on particle size

350

300

250 F
Ezoo -
f;: 150

100

” J
0 0 ' T 30 45
il &R/ C

B2 Hl&REXNREERIT

Fig.2 Effect of preparation temperature on particle size
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Fig. 3 Effect of homogenization pressure on particle size

2.3.4 HFKE [EE PVP K30 R 75 mg, il
FIRPE 0 °C, YIRIE T 100 MPa, HEIRUCHS |
10, 12, 15, 20 XKW, 2558 WK 4, |
AT, PIRRREL 15 IREPRAR /N,

350

4 HRREITHIZEBI RN

Fig. 4 Effect of homogenization frequency on particle size

2.4 ERE ARREEZREIER L, DL PVP
K30 il (A) . ¥R (B), ¥R (C)
AN, Kiie (V) IO RS, IECE
el T2, WERAKPWE L, ZRE2, E
Il 3,
x1 EEKE
Tab.1 Factors and levels

K- APVP K30/mg B HJiJES/MPa € HIRKEB/ K

70 90 13
2 75 100 15
3 80 110 17

F2 AWEITS5ER
Tab.2 Design and results of tests

JER s A B Cc Y Kif%/nm
1 1 1 1 209.2
2 1 2 2 178.3
3 1 3 3 185. 4
4 2 1 2 183. 1
5 2 2 3 186. 8
6 2 3 1 195.0
7 3 1 3 191.3
8 3 2 1 186.5
9 3 3 2 190.2
le 190. 967 194. 533 196. 900 —
sz 188. 300 183. 867 183. 867 —
Ry; 189.333 190. 200 187. 833 —
R/- 2. 667 10. 666 13. 033 —
xR3 FHESW
Tab.3 Analysis of variance
HIR GRSl H F1E P1E
A(IRZE) 10. 847 2 1. 000 —
B 172. 667 2 15.918 >0. 05
c 267. 807 2 24. 689 <0. 05

2 T, KRR E/DNERIE T.Z R A,B,C,;
R 3 A, HE C BAREZm (P<0.05), i
BICREZW (P>0.05), mAHE, KEMRAPK
TR AT 28 5 N BOR B R 50 mg, K S BP#ENE
25 mg, JIA 30 mL AER, 45 C FREH#HEFE3 h =
TR, WURWAEY 5 mL, fENAEM, %
HEZEIR, B 75 mg PVP K30, A 50 mL 7&K
TR, VEROKAE, TEFEEE 1 000 v/min, 64
FE 0 C A VAR B KAHT, 45 C T
JEH 4520 min ABRZSN IR, 7E34 5% 7 100 MPa T
PTEFRIAIT 15 Wk, #MINZEMK 2 50 mL, HIfS, %
AL T 28 T 3 LIRS, MY RAE R
(170.86+3.07) nm, FHZ )7 kfaEn] 5,

2.5 REMR4AKREFN KA
2.5.1 #HZE RS mL POKIEER, A
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BT R RN TR E T, FRERE M, A
100 mL F EEVE f#, 10 000 r/min &5 .0> 15 min,
0.45 pmf FLYE AL 2 8, WZLUEW, 7 “2.1.17
Wi s 2 F e, IR R M,, F17 31K,
IR R, AN 8= My/M x100% , 45
B, iRl (32.1420.92)%

2.5.2 KifR., Zeta IV FEPUAL T2 FATHI4 3
MR GOKIREF, &M 0.1 mL, ZEWKRE
50 5 J5 M E RiAR |, Zeta HAL, Z5RILE 5~6, H
IR, GKIR R kA2 (170.86+3.07)
nm, Zeta LV A (-31.90+1.34) mV, PDI K
0. 124+0. 016,
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Fig. 5 Particle size distribution of nanoparticles
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Fig. 6 Zeta potential of nanoparticles

2.5.3 B BUOREMRIOKIRE G, ik 50
R T AN L, JRAR R KR AT, BT
BEHTHAE (TEM) e XEh IR, 51 IR 7,
AT AT, G4 R IR BH R AR R R BRIE I A 4
&), K Z [ JoRE

7 KEEF TEM B

Fig.7 TEM image for nanosuspensions
2.5.4 {RAMEEZS BUORBERIVKIRER 4 mL, i

A 5% H &R, 1E-60 °CHAGE VKA i 48 h i
2832

ey, E T -25 CRE TR 12 h,
T 6 h NEEFHRZE 25 C, 453 h JFEUE, EfS
W, BUK R M AR BT (LK
WIRTT 10 mg) I, A 2 mL 875 RS K§ &
REW, HBRImLENRD, MLy, &an
HAGRE N (37+1)°C, %3 K 100 t/min, %
A TR 900 mL HRFE MK, TSI a] g5 4% BORE
3.0 mL, FFORFFE A TIRBIAAE ) 0.45 pm AL
PEREIENE, AE 2. 117 TSR IR E,
iAok, LIRS, Hb A, YKIRE
40 min N B B 95.73% , {H R 24

90 minN{ K 16. 13%
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Fig. 8 In vitro drug release curves for rhein

2.6 HHFHR

2.6.1 4ydl, A RCRM 12 HREBENLA M 2
A, a6 X, HZiaiasid 12 h, B AT RER
KA KR BN AR T 1) 0.5% CMC-Na TR B WK
(25.0 mg/mL) , A58 R 50 mg/kg (LAKEE
f%it), F0.083, 0.167, 0.25, 0.5, 1.0, 2.0,
4.0, 6.0, 8.0, 10.0, 12.0 h HRHE ¥ ik M\ i 4%
270.3 mL, BETFHRMAHLED (f£6 h N
i AR PR K DA 1k A PR SR I0) , 2 500 1/min &
> 2 min, EF-20 CrKFHET,

2.6.2 IMIEFESALIE S0 [4] HEEMITE,
MIRFESTEZ IR T AR AR 100 wl 2808
LA L5 mL HEEIRHE 5 min J5 12 000 r/min &
L35 min, BT, 40 C FZET, 100 wL B
LTSRN

2.6.3 &MXR, TEMELK W <2.1.27 T
TS WIS i, W B M B & 1268, 6.34,
3.17, 1.585, 0.317 pg/mL, FAEH 0.4 mL,
45 CRAEMEWREAIEREIMA 0.4 mL 25 FH Il
W, AER ISR R B VR, A K B I 100 pL,
2 “2.6.27 WU AR E 2,011 WAk
ST IR , DAV TR TR B R A AR (X)),
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WEEBUCA G br (Y) #EATRIE, Bl Y= 12

2.5237X-2.208 4 (r=0.9913), 7£0.317~12.68 ~1or

ne/ml. S YR AR R RAE. S38h, K MR AE Ll

7.68 min B 104 (R IR TOR THRIE , % ég

%)y e A B g KR
2.6.4 Tk WA ZG)E 1.0 ho IR EE A, 2

FRTFTM%ER T 0,2, 6, 12, 24, 48 h 1E 0

“201.17 AR ST SRR, A5 K R I
I RSD 4 2. 14% , RIAEAE 48 h N ETE R
Ufo B “2.6.37 K 12.68, 6.34, 0.317 pg/mL
M FRER W, Rl —RAE “2. 1,17 T &k
THREIE 6 ¥k, A5 KERR H NAE% B RSD 43
WA 11.38% . 7.62% . 8.27% ; fRMIE 1 WX,
B 5 d, MK H R % E RSD 2 58
10.93% . 8.44% . 9.63% , XML FEREE R
I, HC100 wL 25 (IS, FBEHOR R BEZ 12. 68
6.34. 1.585 pg/mL, f£ “2.1.17 Hii%&4T
PRI 6 WK, W45 K BEHR 5 vk i 3 (A5 o
WU, VIR TR B L (E) A 92.87% ~
97.14% , RSD ¥J/NTF 5.96% ., BL “2.6.37 Wi F
12.68, 6.34, 1.585 pg/mL Ifil 3% %F BB Sh A, F%
“2.6.2" WU R JFIRALEESAE 2.1, 17 T A SR
TFHEREINSE 6 Y BEC “2.6.37 TN ANES L
W) b 3 Pl v BT RS AT, FE “2.1.17
T S T RN AE 6 Uk, A R B R A6 R Tl
B (MR AN 0 B O A e 1 R ) HU A )
M 85.37% ~ 91.61% Z IA], RSD 43 %)M 9.91% .
10. 48% . 8.43% .

2.6.5 HTEER R 3P9T BFSHHEA AL
FEIESE, SRR 4, 2 vk B -a
B £, WL 9, ML, R EA ¢, .
Com~ AUC,_,. AUC, , 1 TR K24 (P<0.01),
Lo BA FTRTTHZE R LG22 E X (P>0.05),
AT AR W R £ e 22 2. 02 1%,

F4 KEBIEAIZSH (xs5, n=6)

Tab.4 Main pharmacokinetic parameters for rhein (x+s,

n=6)

28 A KRIETR REEFRYAK IR AL
Lna h 0.55+0. 13 0.44+0. 18
tys h 3.49+0. 48 4.29+0.72"
Cas ng-mlL~! 4.661.17 8.92+2.03*
AUC,., ng-mL™'+h  11.24%1.83 22.71£3.57*
AUG,_,, ng-mL™'-h  12.49+1.95 25.36x4. 06 **

5 REER L, ** P<0.01,

0 1 2 3 4 5 6 7 8 9 1001 1
t/h
9 MM Zh R - B 18] ih 4%

Fig. 9 Plasma concentration-time curves for samples

3 itig

AU SE B0 R L A4 TE 80, R LM, iR .
TS VD 188 S5 Faue MIHEAT T 5%, KIS0
KIBBFIIFEAERARTE K PDI>0. 3, FoE 22 5%
fR gL AR Sz K PVP K30 SRR NS,
AR T LR R, LR AT RESR PVP K30 43
T4 B —E AR E, AT IR A As (] BH g 1 B 40k
A EE 5 P i IR RP S e Y
THLAE, AR A HE R R AR e AR e
PR E, KEMALE 70 C FTA7E 3 h WIEH#E
SEOT ARSI B ) A5 A5 (45 °C R HE 1 B
3h) AexFREmEEM ™ EHERm, 55,
FERI AR Z I ACK GBS RR AT B T2 = K R 1Y
FaEtE

RINZG AP 25 R BN, KRR IR E
RTH e, R EMES AR, MR EXER, H
TPEZSEIIE, BAE 0.5 h NiE 4 1R
K BRTB 0, C. AUC, . AUC,_, BF & T
JEOREZY AT AE P R R & 2. 02 i, R
AT AR GOR TR AT 1 ARIE MRS P34 55 25 90 %5
R AR, AT BRI T] (AR i 25 i
e, IR 2y s S 5= A i Ll
KRG Y AT AEIR R GS h KR AL, il ik 25
f M. 4R A IR B, DT 02 T 245 4 W WAC ik
BRI F LR A, KREBRKEYE. IR
FIREAR D) 40 K IR B 0 0] AN AR 1% B 0 i
P GERE) MR B A Y R H B, AR
RIRS ST (WNZGREES) B3t =Y,

Sk
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