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Preparation of rutin colloidal silicon dioxide solid dispersion and bioavailability
in vivo
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Abstract: Objective To prepare the solid dispersion of rutin colloidal silicon dioxide (Ru-CSD-SD) and to promote the rutin oral
absorption function, in order to evaluate its in vivo and in vitro oral absorption. Methods Composition and method of Ru-CSD-SD
were investigated by single factor test; Equilibrium solubility experiments, differential thermal analysis (DSC), and X-ray diffraction
(XRD) were used to determine the Ru-CSD-SD. Cumulative dissolution rates and pharmacokinetic parameters of Ru-CSD-SD were
evaluated by drug releasing in vitro and in vivo. Results The preparation conditions of Ru-CSD-SD was selected on the basis of single
factor test: Colloidal silicon dioxide AEROPERL® 300 pharma (CSD300) was used as carrier, the ratio of drug (rutin) and carrier
(CSD300) was 1 : 2, and the method was solvent evaporation. After preparation of Ru-CSD-SD, the equilibrium solubility of rutin
increased by 2.7 times from 72.69 to 198.73 mg/L; The DSC and XRD were indicated that rutin existed in the solid dispersions at
amorphous form. And cumulative dissolution rates of Ru-CSD-SD reached (82.01 + 1.04)% in 5 min. After oral administration of rutin
ordinary tablets and Ru-CSD-SD, #12 were 1.078, and 10.899 h, fmax were 1.5, and 0.5 h, and Ru-CSD-SD of Ciax (103.45 pg/mL) was
15.46 times of ordinary tablets (6.69 pg/mL). Ru-CSD-SD of AUCo-« (170.406 pg-h/mL) was 12.20 times of ordinary tablets (13.965
pg-h/mL). Conclusion The Ru-CSD-SD with CSD300 can increase the solubility, dissolution rate, and bioavailability.
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FOT (rutin) M AEFT . BRI, 4
N 5734V RE3-E/EEN, 7PN
Cp7H30016°3H20, Z—FERFKE " Z. BA R
EPUAMNIEEN Z R A, A5 R TR
prot. prdB, IEEHARHIAREGYUE. PR
i~ U EE AL L R S AR U T2
ILEDDIEYE . B w UL R E ORI, T
W TR R H AT A TR B BT
BT A TKEMEZ. BEE SRR DIREDF
FHEERRAG, PR T A BT 3D, BR&IT =T
2 30 PR R PR N P B0, A e 2 ) L e D 7
TR TR SR AR uER, BAH
B3]l =Y

[ {4 7> /A& (solid dispersion, SD) s&485Z5%)
PAGF- TG T Bl it TR 5 v FEE 38 5 4 P [ 4R 4%
e A R0, 5 1961 AR BB AR 1 OH T
& v MV PR 25 ) () M R R 10 R AR R DA
K, WEWIFLEN SD AT T ZIRAIE T, i
— UK HME L 25 R SD A2 1 i LV A FE AN
Vs T e i BN g ik — Bl R E R
WA SD fFIE G EM. il TR M. e
BAK FUBAAE = RAE 5 2 1l

TEAEE (SiOy) TR R IE AR B
SRR Z 1 Iy NOIS-16] ply L LA R (1 FL I8 £ 44
BRI EE R IARFI A FLAR, S i 25 i 2 DA
T TEASUTIEEFLIE AW BURL TR T, X AMEH KK
3T MEPE 2SI AR, I T B L T
ZiYIERAE, WhnT SD MR ™Y, lEhiEl
ER . AR5 LA A Z A E (colloidal silicon
dioxide, CSD) 1EANHAE, V& 7IlEZ& %M % T -
A A RE A 2 Bk (Ru-CSD-SD), @ it
LA SN BRI VR Ru-CSD-SD & AT A,
RN E A Ru-CSD-SD ek 2 T 1 AR i 1
., P THIGR R R R 2%
1 XEEHR
1.1 4&5

Agilent 1200 /=300 AH L 240, VWDG1314B
S HNAT WAS I 2% . G1311A DYTT3E . G1316A KR 4H .
Agilent Chemstation 23 T{E3f, 52 [H Agilent 2 #;
Cig FEBIEA: (200 mm X 4.6 mm, 5 pum), JL5TiH
BRERHL K FEdtr: TU-1901 UG H A a] W43
FEETE, bR ETE AR A R T AR TR
S, BAEREES (L) BHIRAF; 79-1 B F14

Ay, AL EERE AR AR KQ3200DE £
Az s e, Bl A AR A
ZRS-8G HReW ik, REET R RKREFHA
FRAH]; SD-06AG Wi % T, FEaE (BHS) Bl
HIRAF s DZF-6021 BB A T4, Lilg—fER} 2%
IXERABR AT XW-80A JEimiR &4, gy
PHXERA IR A BOHL, Bl R8s .
1.2 Zm5i

P AHE S, S 141016, FRESE=97%,
IS OB I EARTF R AR AT, i
HK201601, FiEn$=98%, Mz X EvmEEA
FRAF; TKOEE, ofral, KET &
Nl A Ak AE Ccolloidal silicon dioxide, CSD)
AEROPERL ® 300 pharma (CSD300), )7 [ #%
Fefifes (i) HR A7 ; CSD AEROSIL® 200
pharma (CSD200), g X [ 25 R A R 2 7 5
CSD 244FP (CSD244). k% XDP 3050 (XDP
3050). & kkE XDP 3150 (XDP3150), dbit AAL
WREZRMAERAR; =T HER (SHHIFD,
RENERN G EHR AT HlE, Aikal, R
TRFE AL 2RI R 0 VKBSER, REETER
BHE R AR AR HFEEE, #t'5 D1503141, Fi&E
IE=99%, Fild TRAIARA R 4idK, B
FERS IS SR A IR A F]

1.3 SKIEEm4)

ERERUFER R, PR E (16.0£5.5) kg,
ZeMR, WAHES: SYXK (%) 2003-0003, L7
BBl 2E S s Ot
2 FEEHER
2.1 NI R RIUA L RNE S EMEL
2.1.1 HAMIEORE (UV) JRRIEST RS FREL
50.1 mg 7 T BT 50 mL &=, HTKOEER,
SEA, TS ARG &, TCH RO SR EE
43574 0.010. 0.015. 0.020. 0.025. 0.030 mg/mL
X IR SR, DAAT (EK ) s AXHIR,
SHHRIRTEPO 7, T 358 nm AbINE G RE
A B DA AT RRERE (O AR,
A EHADAEER, HATEYERNE . 18207
FE N 4=30.18 C—0.021 8, R*=0.999 3. 45 F K1,
P TLE 0.010~0.030 mg/mL £k 155 5 R i .

OGS R ot Vv o R FE 43 74 0010+ 0.020.
0.030 mg/mL, T 358 nm &b 1 d N4 FIESENE 3
W, Wk AME, HEHAEERE, E2:3 dE8HEA
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EME, dk AME, FEHEREEE. K P o=
3 AR IR AR H WK% RSD 415
0.22%-. 0.10%. 0.21%, HIakE% % RSD 4 5A
0.23%- 1.90%-+ 1.60%. 73 HIFEZ RS T 16+ 20+
24 mg %% 3 {1, srHlE 25 mL =, AL &=
WL & ETKOEE, EE, R, nJiKa
BEEZs, #5), FEEBI 025 mL BT 10 mL 2l
H, INEKOESESR, B, K. . mAE R
BWRERE, BMRERES 30, WE 41E,
THE R 25 BRI, PN 96.07%, RSD
N 1.4%, BIFFEER,
2,12 RPAHEBERNNE BT ARSI SRR
VIR R, FhZ% (hEZ ) 2015 FERREE B
SREM S GBI 0931 55 =33 PY, KB
fE (37+1) C, #3E (100+1) r/min, ¥ HANH
NZENREIK 500 mLo 70 AFRECS T . Ru-CSD-SD, )
S)rEL T H TR B AR T, T 5. 104 15,
30, 60. 90. 120. 180. 240. 360. 480. 600 min
I3 G 5 mL, [F]E R 70 S5 AR S I ()R B I
HAB, FEMZ 0.45 um JERIERL, FFLWIUETR,
VAL PE0E MR, DURHR A RE AT X, 3%
“2.1.17 WOTIENGE 4 186, RAARAEI TR, 1t
HAY R RIS R SRS, SfliE L.
2.2 Ru-CSD-SD Hy&#I&
ST S 4 A A AR EUAL Ty &
BT FIEAR, KT T 60 mL ATEK LB,
BIRIE, BN EA, 8 755HL 10 min,
PEFE 24 h, JiEzE, THEREWIgE, o 80 Hf, mT
.
2.2.1 SD #fA&RERE 437 LL CSD300. CSD200.
CSD244. XDP3050. XDP3150 JN#iik, #% “2.27
TR 754 SD, iS5 EAktbE A 112, I
HR“2.1.27 TR AT RS ARV H R E
SERIE 1. gRER, &K SD EA TR
R R, HLL CSD300 M#Eikr;, HEM
R AN A, B A& Ll CSD300 Ak ik
%% SD.
222 HY)-EARLLHIIES Bl CSD300 a4,
Ft “2.27 TR J7EEH % Ru-CSD-SD, 254 544k
Eef a1 s 1. 1220 103, FF% “2.1.27 1
TFRAT AN RS R e, R E 2.
SEREOR, UYL 12 K, BREH
Kl BRI, TR WA A SR A

+ 1141 »
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o\\c 60
H
{(% 40+ —a— ]
= —+—(CSD200
Bk —4—(CSD300
20 —¥—(CSD244
——XDP3050
——XDP3150
O T T T T T T T T T T T 1
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1 TEEAAFIEH SD XA T BN
Fig. 1 Effects of SD prepared with different carriers on

release of rutin
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Bk —— % ]-CSD300 (1: 1)
20+ —4—".CSD300 (1 :2)

——%]-CSD300 (1:3)
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E 2 #HYSHETELLEIFIEE Ru-CSD-SD X7 T HiK
HISZ AT
Fig. 2 Effects of Ru-CSD-SD prepared with different ratio

of drug to carrier on release of rutin

AR, PB4 LR BUAEAE T BAR S U
o, RS Bk 2, [F8 CSD300 v
KR Z FLEEM, ZiPmT geil o R # kR, 3
I3 EAEBAR N EFLBR, VA HE R 1 1 R,
ERAR K 12 i, BT DA A 25 5 384 B oy
1 : 2 #]4% Ru-CSD-SD.

223 HlRINERERE DL CSD300 N#EUE, Z9)
HEARILEIN 1 12, SRR HERIEZEE. WS T
Bk . WEER L] % Ru-CSD-SD, FH{% M “2.1.2” I
NOEATR SN BRRE AR NE, SR E 3.
SEREON, SREERIEA, SR H ATk
PR, I DL 240 58 T 5T T 253251 % Ru-CSD-SD.
224 IFREE DL CSD300 N#EE, 254 5k
Eefl o 102, RABMIEZRZESE 3 #it Ru-CSD-
SD, %@ “2.1.27 T R ik AT o B H R (1)
M, 5B IE 4, Ru-CSD-SD 7 5 min [ R
Rk S (82.01+£1.04) %, it KT JRRIZ57E
5 min ] RARE H



e 1142 ¢ ¢ 3 % Chinese Traditional and Herbal Drugs 3f 48 3% 25 6 ¥ 2017 £ 3 A
rv_/“___,”———' d
N / ¢
R b
§ 60_
5
&
;E 40+
=
204 —— Ve 7Rk a
—A— Tk
—v— B
0 . T . T . :
0 10 30 90 180 360 600 , , , , , , : . , ,
t/min 60 100 140 180 220
REC

3 AEIHIE &S & R Ru-CSD-SD 337 T B RAI #2010
Fig. 3 Effects of Ru-CSD-SD prepared with different

preparation methods on release of rutin
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Fig. 4 Cumulative dissolution rates of Ru-CSD-SD

2.3 Ru-CSD-SD HZR{F

231 CPEAEMERE BUY T . Ru-CSD-SD %4
By, BCHNAEANE R BV EAE R RIS, B
fHIR (37 C) M TR 2 P2, HUFE, FE&
2 0.45 pm MR, EUSRIEWOE UM, T 358
nm AbWE A {5, RNFRAERZL TR, THE 20
BIKE KPR . SRER, B TERZ KR
Ru-CSD-SD 7 37 “CKH i i 5 70 il A 72.69
198.73 mg/L, #l# & Ru-CSD-SD J&, 7% P
il 5 2 SR 24 (1) 2.7 i

232 ZHAfEM (DSC) i Wik %
VIt CRRESBHECNS T, SR NTER, FHEESR
1 ‘C/min, Z35%f 7T . CSD. 1 5 CSD #HiR
&%) (PM). Ru-CSD-SD 47 DSC 707, 45% W
Bl 5. IS v, =T EEZGA 1A KRR
CRZTE 176 C), CSD BAWHIE, PM A1 T )
g, (HPM FEM R T AN, S EO g
755, Ru-CSD-SD WA M Hvg, 1t B 254 LG i€ T
REFAET SD .

233 X PHERATH (XRD) HEEEWAE 2 HIES

5 AT (a)» PM(b). Ru-CSD-SD (c). CSD (d) #JDSC
Fig. 5 DSC scanning of rutin (a), PM (b), Ru-CSD-SD (c),

and colloidal silicon dioxide (d)

T, CSD. PM. Ru-CSD-SD #47 XRD 43#. T.AE
%A% Cu-Ka, HLJE 35KV, HL 20 mA, 20 JuH:
4°~60°, FAEEST 8°/min, ZEFILE 6. HE 6 7]
BIPT ) XRD BRI F 2900, JEHAE 26.29°
IVt I 5, VA 2 DL 2 B AS A7 TE ;s CSD LRI,
RNTCEAS; PM H T RIS ES, (H2 26.29°
W ARAFAEIRE, VLI 29L& DL 4 S 71 Ru-
CSD-SD HRIETH 2K, BLIAZGYI L E TE S AFLE .
24 HPLCMZEM®RAAT HENEL

241 BEZXME CisAE (200 mm X 4.6 mm, 5 um,
M), FEAE A EE-K-VKEE RS (40 159 & 1); 1k
FURE 1 mL/min; #H#E 25 C; #EFEE 20 uL; 16
M 358 nm; AR N FiE

242 RGENYE ECE AR S E
TP T XA DA+ Wb (BEED. A4
JE ML+ Wb CRERE, %I “2.527 T F ki
S HERE, I “2.4.17 WA DR EIEA .

WWMW%A d
WNWMJ# c
WMMWA b

20/(°)

6 7T (a)s CSD (b). PM (c)» Ru-CSD-SD (d) AJ XRD
Fig. 6 XRD pattern of rutin (a), colloidal silicon dioxide (b),
PM (c), and Ru-CSD-SD (d)



¥4

Chinese Traditional and Herbal Drugs 28 48 % %5 6 ¥ 2017 3 H

* 1143 °

ZERRY, fEZOAERMT, AR T A SEELE
S, MLRAE A R IE A P A =
T TR EENE. ik ILE 7.
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JJL T
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7 ERME A). EARAMER+ET B). TAME+A
1R (C)s BHARBMER+RR (D) HEIEE

Fig. 7 Chromatograms of blank plasma (A), blank plasma
spiked with rutin (B), blank plasma spiked with vanillin (C),

and plasma sample spiked with vanillin (D)

243 ZMERRFE ORI TSI R IE
&, EHIERERES AN 0.5 150 3. 5, 25,
50, 100~ 200 pg/mL 7 T 0 B8 iAW, & HX 10 pL
AN (ALK 200 pl, %8 “2.5.2” TR 5k
SEFRJEHERE, e EREIEIAR, DAMRAE ST
FR R R B R AR (XD, P T I THIAR 5 A AR i
B A AR (YD, BHATLIERIH. 534
PN Y=0.012 X40.053 9, R2=0.999 8.
SRR, M2RAE S A T LE 0.05~20 pg/mL etk
KARL, E&E RN 0.05 ug/mL.
244 JiVESERHE

(1) FEEEHELE: FEERDUE. B &3 Fm

B (1.5, 5. 50 pg/mL) (5T 0618 53 &
10 uL, 3l AN [ 200 pL, &8 “2.5.2”
TUR 7 b B fG b, e i gmm. SAmE
WREEMSE 5 %, THEH RS, HLLE 3d, 1
HHEREERE . SRER, 1K Ty &3 MRiEK
B HNFEZEE RSD 508 5.15% 11.99%.
1.55%, R 50514 110.01%- 90.60%-. 102.70%.
H [ K5 % £ RSD 7354 4.23%. 13.59%. 9.97%,
HERRE 205N 97.59%. 91.44%. 98.34%.

(2) fREtEHLE: KRB WIUR. Py w3 FR
BHIREE (1.5, 5. 50 pg/mL) A/ T X I8 S W&
10 pL, 2 ANZS H I 200 uL, 3 AN SR
FESRS 2 48, 1M ERIR (25 C) A, A 10
VKRR VR (=20 C) JRE 5 d, %M “2.527 TR
JERCER G, 3ol e F R R g . FRoE e 4
RER, SR MG B & 3 R ERE R RSD 4
BN 6.64%. 10.40%. 3.20%, VKFEHE. Fr. =3
FlBT S E ) RSD 43 314 4.24%+ 9.55%+ 3.10%,
WP T MAFELE =W AR TR e M R AT .

(3) R EES. A, AT
TR SR, AR, . s 3 B EIREE (1.5,
5,50 pg/mL) B P T R, BN BTEIRIE 5 MR,
Tl “2.5.27 WUR i B e BERE, Tl St g
o FHECE A, %I “2.5.27 TR kA G,
PINEE ST X RS, RV &R TR A
Ry 3 R EIREE (154 5. 50 pg/mL) HIbnifE
XTRERE A, [EREIE o WA P T R b R UG TR
PR B S AR B I TRAR LU, THE IR . 45
RER, AR F &3 AR EIRE SRR 5
BN (85.63+3.51) %. (93.11+£2.88) %. (87.58+
1.37) %.

2.5 AT ORREFIAEEN

251 BHTREREFEMESE ARRERFEREILS N
28, ARG 254 . SR TT 2 AR IRAE
2549, L2 HBYOK, 228 12h, SRS T
T E Fr 77 A Ru-CSD-SD i@ & (40 mg/kg). 434l
F425)5 0. 025, 0.5, 1. 1.5 2. 3. 4. 6. 8.
12, 24 h kA I, B THRERAEOEH, 4000
r/min, 20 10 min, 7> M3, & T-20 CukKFEF
PR 425 IR T Ru-CSD-SD, [FIFE 5
REUMARAT -

252 IMKFESAREE  HUMKAES 200 pL BT 2
mL HEFOE R, MANFRE (FEE 2 mg/mL)



. 1144 ¢

¥4

Chinese Traditional and Herbal Drugs 28 48 % %5 6 ¥ 2017 3 H

10 puL, HEREA 2R A 1 min, 0 300 pL $2H0R
(HEE-UKBEER 9 © 1), wfigiR#A 5 min, 4 000 r/min,
20 10 min, BCEIEW, T 40 CARBHE KT,
A1 100 pL $2HGH %, %€ 1 min, 4 000 r/min,
20 5min, F 0.45 um FUSLIEEER, 4% “2.4.17
T A 8 25 A BE R, S B ] S U T A
253 ZigiERARAAEE R DAS 2.0 fRZiBh 45y
BT BEAT R AR N 2580 22 380 o v, 7 T 38 i)
A1 Ru-CSD-SD [ Zj23)15=Z 5 N3 1. Zji) ith 4 WL
8. HHFK 1 WA, 45 TAHERIEMZY, ROk T
IR  EE (42)  1.078 hy I8 8] (tmax)
N 1.5 h; KRR Ru-CSD-SD J5, t12 9 10.899 h,
fmax 7 0.5 h, HRIMZGKRE (Cra) 98 F I
15.46 fir, MZGAFE-B T IHZE IR (AUCo-) N
ARG 122 £, FEEBE (MRTow) A
WIE IR 4.61 £5. R, 9256 FTHI43 % Ru-CSD-
SD BHE A& S 1A T 1 IR AR FE

Fz1 RORGTAETEBRTF Ru-CSD-SD (40 mg/kg)
EHNEEEHEEH

Table 1 Pharmacokinetic parameters of rutin tablets and
Ru-CSD-SD (40 mg/kg) in dogs after oral administration

ZH L2 FrTEE A Ru-CSD-SD
AUCo  pghmL™! 13.826 143.094*
AUCo—  pghmL™! 13.965 170.406*
Chnax pg'mL™! 6.69 103.45™
fmax h 1.5 0.5
tin h 1.078 10.899*
MRTo— h 2.506 11.562"

T A AL P<0.05  P<0.01
*P<0.05 ""P<0.01 vs rutin tablets

100+

o
(=]
I

A
——Ru-CSD-SD

T2 B /(ug-mL )

0 4 é 1‘2 16 20 24

t/h
8 ROMLTFAT EEFFIF Ru-CSD-SD (40 mg/kg)
BIZRT Lk
Fig. 8 Drugs-time curves about rutin tablets and Ru-CSD-
SD in dogs after oral administration (40 mg/kg)

3 iTig
3.1 SD FHiARNIEE

RTHHSEEG ARG VIR LIRMEE el . R 2 R
SRR A [ R B, 290 S, P
Wi RSN, (B2 R/, K E 221K,
W R R 4 . CSD200 EE AR A L4 200 mY/g,
kb CSD300 W LtbR AN, iR e i, =
FOA RS, HSRE RAHTF. CSD244 [
2T CSD300, [ & a4 B AR AR,
AR T J5 825256 (1933547 . XDP3050 A1 XDP3150 i
HHTEETE, (HR 2P s A SO Re 2k, B
DL JE i # CSD300 fE A # 4] & Ru-CSD-SD, {i#
HEZiaEstm, Wk,

CSD300 & —Fh&it iR s A frt, Bk
TEBRI M EARZ) 30 um, SARER AL, LR
SCHFEARE T, #0280 g/L, BN 300 m¥/g [H)
EOKELR R 1.6 mL/g LB RN, 2 s e
R 2R BRI B U T EP. USP, 1E vt
RE A EUR A, FEEA 3 HHMTEHE: ©
ey, BB N EER TN RIS T
TIRIMAHEAER 71, GFEEIER . B THER.
Fr R B K e A, MK I 25 AT o R
e, i THA, NG FHRERSE, WP
CSD 1E Rk A il % (1 [ R o iR fa e M, A5
the @FZiER. HMEFMZ 4. BERRT
RS FLBR A UG ] AR =20, oG T A
BRI R 2 AR ) . OfF T # A Mib J7 i%
i, ATHHTE R BURBEIE S . NRAR ., mHER AN
R AR KT8 T SD AEF= 1) 5 41 i F i
JRBERLBE . 25T o LA e B AU A FLTE P Bl
RLF-RI, MITIHE ST BV 2.

3.2 HIEFAERMIEE

P A SRR HE A0 3R B A FH I 7 e 28 1 ) 4%
SD #2m T4 T s . B Sk & 72
A2 ANFEEUPIR, YR A OB 51
AR . VAR hE 28 L RS A s 29 s R
K e 75 R AL . R CSD N2 fL4i, Bl
TR GG 7 T VRIS, 299 mT DURE A stk N
CSD W HBFLBR, Fekk 78 KSR, & ERIER,
CSD LI A FBFLIE T kg 2%, HBhT
RS NN ERFLIE, Bib RS B
1, 5HEBAFETIRE, W RINK T 78R,
FE T A SRASEIHESCRANGE, R R AT AR 3
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T e 25 UKL IR K /), 25 e DLE N FLIE Y
FEARE R 29I Y, Si0, 7 A H e 2 BhiR
MIVER, HAFIRGE L FEARE R IR RGN P T Vs i B2
MFER o W15 T LR UE % SD IHTHAR, Xt
B —EER, LR Mg fe i iX 2R ] A
WA 2R AL S BRI, 25T LA i
B R MIRA], HATHIE T, 4R SD #nz

Vi, (B2 CSD NANEYD, Wi% TR iR 251

I IR B 28, AN E I RETL L, F

B R, BL CSD300 1E AR KL, K

HVEFRZGZH A TR SD, 7 T LUGERIRE
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