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Preparation and in-situ intestinal absorption study of Rhei Radix et Rhizoma-
Astragali Radix components loaded self-microemulsion

HOU Yu, ZHU Lin, ZHANG Qi-bin, YE Xiao-feng, KE Qiao-ying, XU Zhi-shi, WEI Ying-hui
School of Pharmacy, Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective The present investigation focused on the formulation, preparation process and intestinal absorption
characteristics of Dahuang (Rhei Radix et Rhizoma, RRR)-Huangqi (4stragali Radix, AR) components loaded self-microemulsion.
Methods The composition of the formula was screened through the solubility test, compatibility of the oil phase with emulsifier and
co-emulsifier, and the quasi-ternary phase diagram. Particle size, polydispersion index (PDI) analysis and transmission electron
microscopy (TEM) studies were used to evaluate the prepared self-microemulsion. Intestinal absorption of the microemulsion was
characterized using rat single-pass intestinal perfusion technique. Results The optimized emulsion consists of Capmul MCM NF as
an oil phase, polyoxyl castor oil EL-35 and ethylene glycol as an emulsifier and co-emulsifier respectively. The droplet size of RRR-
AR components loaded microemulsion was (33.01 + 0.12) nm with their PDI (0.10 £ 0.02), zeta potential (—10.10 = 1.00) mV. As
revealed by the observation under TEM, the microemulsion exhibited homogeneous dispersion and was a spherical emulsion droplet.
The content of RRR total anthraquinone and AR total saponins was 6.29 mg/g and 8.80 mg/g, respectively. The microemulsion was
stable at room temperature, without stratification or droplet change. The K. and Papp of RRR total anthraquinone in duodenum and
jejunum were significantly higher than those in ileum segments. AR total saponins was well absorbed in all of the small intestine
segments. Conclusion A newly developed microemulsion exhibits high emulsification efficiency with high payload of RRR and AR
components. The high intestinal absorption of RRR-AR components in all of the small intestine segments was observed by

encapsulation in the emulsion, which is expected to improve the oral bioavailability of RRR-AR components.
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(250 mm X 4.6 mm, 5 pm); FiEIAHA F EE-0.2%/
FRIKIEI (85 1 15); Al KA 250 nm; AR
30 C; #FAEE 20 pL; AR E 1.0 mL/min.
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Fig. 1 HPLC of blank solvent (A), mixed reference
substances (B), blank self-microemulsion (C) and RRR-AR

components loaded self-microemulsion(D)
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Table1 Solubility of RRR total anthraquinone and AR total
saponins in different excipients (X £ S, n=3)

. Y5k {‘E%E/(mg-g ")
KEOER HEAST
THAH FERBEER AN MR 6.1940.01  0.24+0.23
TN 5 R T i 5.9340.01 -
AR 5.3940.01 -
MR 2.1 8.0740.01 -
FUbs FREE 20 17.534£0.01 0.91£0.07
% 1L A4ER 80 12.0040.02  0.71£0.24
REZIERM 35 122742001 0.73£0.10
B R EE 3.78£0.01 0.48%0.06
H=HE 1.17£0.01  1.23+0.07
B2 400 18.9240.01 3.70£0.10
1,2-79 4.71£0.01 13.38%0.06
L 4.0240.01  6.994+0.06

F2 BARIAMFIHIREZER PDI(Xts,n=3)

Table 2

different emulsifiers (X + s, n=3)

Particle size and PDI of emulsion containing

FAH /AR P RRLAR/am PDI
REA LI 1:9 11.87+0.18  0.08£0.03
HRRIE 35 2:8 12664023  0.1240.04
3:7 19.9240.10  0.1040.01
4:6 41374027 0.1940.01
F 13 20 1:9 18.27+0.39  0.31+0.01
2:8 80.76+0.06  0.600.00
3:7 73.98+0.07 0.2940.01
4:6 11.14£039  0.2240.02
% 1L AL 80 1:9 10.78+£0.26  0.19+0.02
2:8 13.6640.26 0.2040.02
3:7 17.5440.03  0.1840.01
4:6 42.8040.15  0.2740.00

RIFHIRA LIm BRI 35 NFLALTH
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WL 50 pL T-W4 /33 dE N nZE 5 mL &4k,
Mg H FL A DL I LR R AR K A R
(polymer dispersity index, PDD). # H FLALIE 4% 18
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WEVESR, RWEAM; o) AEW, EAGmE; O
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PAZR A4S 20 N FLAL IR, S AH/FLAG R LR 4
6~ 3:7.1:90, BIAABERII N a . tsh, LU
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BUNRIAR K PDL, 455 WA 2. R, iRk

S= (41.00£0.45) %

S= (46.33£0.03) %
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4:6.3:7.2:8. 1:9tLlRES, FErRS
PR BSUCH R SR A FLAGT 0 AIBL 9 D 1.8 1 2.7 -
3. 614, 55 LLBERIES IS G WEUE &1
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H Origin 8.5 B2 th = oM. 455 WL 3.
SRR, VL BB AR, BRI L
FLX IR, IR 2 ZBEVE MBI LA
224 A AMARRS  EO=JoHE ALY
FS X AT 36— AR J7 BB i) 4 K 2 e R - B S AL
HEMAL. I =R RA O ER 35 &4
TREERT AR, IR R S R B,
A 2h, JREIE); HFREUE T R RS IR R UH
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S= (62.00£0.31) %
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Fig. 3 Pseudo-ternary phase diagram of emulsion containing different cosurfactants (PEG400, glycerol, ethylene)
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R, ZIRFA N BRET, T TEM ISR
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SAENS), RNE, KN —RBRIEHARE . TEM K,
K 4.
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Fig. 4 Morphology of RRR total anthraquinone-AR total

saponins-loaded microemulsion

2.3.2  EMAORHE SRR A S B E e
SPAT A 3 LA oy B, 434 “2. 117 F“2.1.2”
TR I & s v, 4 “2.1.17 i “2.1.27
T R S AR REI S, VAT AL KB S
BRI B BN (6.294+0.07) mg/g, 16 B
JRESHCN (8.80+0.11) mg/g.
233 HMIAVILRENE BTH &N EMIL 3
By, SRR R E A KT, ARG,
SYATF 04 20 44 8. 124 24. 48, 96, 144h J5ill5E
IR, PDI & ¢ AL, 2530k 3 Fox,
H ALY S LA f5 7R 2 B 8] Y R4 PDI 5 ¢ ML
BV, R E R LT
24 RKEEFBEEFERLRE

R SD KR 12 H (SZIGHT 12 h 28 A2k
KD, BENL A 3 A (8. =i Fing) .
ip 20% 43 (1 g/kg), RIS [EEESLR & b,

%3 AEMEFREIRHELKAZ. PDI & (BAL (X+s,n=3)
Table 3 Variation of particle size, PDI and ¢ potential of
RRR total anthragquinone-AR total saponins microemulsion
on different days (X s, n=3)

BA/A PIRS/am ¢ HA/mV PDI

0 31.64+0.95 -7.13+035  0.13£0.01

2 32.39+0.35 —-6.55+0.32  0.1220.00

4 32.90+0.35 -8.234+0.65  0.10%0.02

8 33.86+0.19  —7.80£0.17  0.11+0.02

12 32.32+0.25 —-8.54+0.62  0.10%0.01
24 32024020  —6.76+£0.16  0.14%+0.01
48 3226+036  —7.77£0.15  0.15+0.01
96 32.69+0.55 -8.46+0.36  0.13£0.01
144 32794019  —8.89£0.73  0.13£0.02

WP R BI T IR, S5FLARE, ENE e T RIE
k(37 °C), FARBINEIEIE LI GRS, K
TN E KR35, . Bafd,
a3 TS I B U) 1, R FHAH 2R 4540
HE Ui I BRI B 2R, e O 0 T R ) B 0
FE AL DA B S /KR 20 A5 7 56 PRI, HAREE AR
o SR AEBEER K IiE B e e, S
FT#E 37 CIH K-R LA 1 mL/min 77 EL
P47 15 min, KA AR LE S8 30 min 5, AT
R EA 0.2 mL/min BEATE R, 5 HI7E 0.
15. 30, 45. 60. 75. 90. 105. 120 min 5.0
FIWEER B, eSS R RS, BUH 0.5mL #
TR, NHEE 0.5 mL, R BEVRSIE T 4000 r/min 7
O (AN 7 em) 10 min, EiEWGT 0.45 um
PAALIERS S, 4% “2.17 J5UF € 26 1 20 3l N o R
WP RSB R RS SR, s AG,
B RERMBIFCRERLKE, MEHKESHE
K, E 3 EKIFETFHYRE. AR (1D Q)
TR IOE R HE R (K MERICREL (Pap) -
Ka=(1—CoutVou/CinVin) Q/27r1 e
Papp=0In(CinVin/ Cout Vour)/2mrl 2
Cin~ Cou 5 BN TUE P 259 R BRI S Vins Vou
SR M R O RE AR VR B AT
7, DRMERIGEKEE, O RIS (0.2 mL/min)
HHRLAX +5 KR, KA SPSS 22.0 FA £ d
BATIEAS 3 A 7 255 MR 50 R FH SR R R 7 224
Mr, ZHiE bR LSD-t /3, P<<0.05 HlwE N
S RA S EE
Hor BMILE KRR &SRS NE 4. B
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®4 AWATARLER. ARSESHETEMERMRE O A BRI /B 21O &k B L D & —

B (X+s,n=3)

Table 4

Absorption parameters

segments (X £ S, n=3)

of RRR total

anthraquinone and AR total saponins in different intestinal

o B

%)

Kao/(X1073 min!) Papp/(X 1072 cm-min™")

TRl EREE 16.4240.02%

4.10410.001%

PN 8.45+0.01% 1.878+0.001%
KREER 25.36+0.06™ 7.458+0.003"
PN 17.68+0.03 4.446+0.001
KIEE TR 31.2140.07 12.300£0.006
KREDEE 21.2840.04" 5.69440.001*
R ETF 9.8840.02 2.2500.001
&l PR 14.0410.05 3.63640.002
R 10.73£0.02% 2.46610.001%
NS 13.4540.04 3.3120.001
PN 12.36+0.04 3.06040.001
KIEE T 32.66+0.06% 11.376£0.003%
Kk EEE 18.53+0.01% 4.76410.001%
BB 8.53+0.05 1.932£0.001
E)i7] FLERIEE 10.4940.02 2.38840.001
R 5.97£0.01 1.284+0.001
RER 12.1140.04 2.88040.001
PN 17.040.02 4.20040.001
KEEHEE 23.7940.04 6.85840.002
KR 14.5240.02 3.49240.001
HICHEH 10.8140.03 2.478£0.001

T =48 vs B "P<0.05; + =48 v BIE: fP<0.05 #P<
0.01; =Mz vs [Fll: 4P<<0.05
duodenum vs jejunum: “P < 0.05; duodenum vs ileum: P <0.05  *P

<0.01; jejunum vs ileum: P < 0.05

TCPL HR K B B e i B AR B N i B
BRGNS Hh KEBBERE+ 55 h
BURAE B BRI B (P<<0.05); B EE BT
165 /N BLRISTE B35 M 22 5o BbAL, R R R
CE YN ¢ YN AL e St =) 75 4=F
KIEIR S KB 2 AR LA i B s s KA 7R
/N B R SOTG ¥ 2 1 2 S
3 g

H L AT 5 e B 1 456 TR RCGHLBE SR fe a8
TEMRE RGN MEAEER, 0 mT DL B et 4 i 5%
PRIEAE M b R 20 BN I AR DGk EL A R 9 A A
Mt NIEMRE RS, Rk, nRER AR
W 1R ZE ) 129300, AKHE 0 K B - B TG 4

D RRAE DR B LAR T 22 45 RAE D RIAE A
RIARE T, 2% KRR R 7 R 53
AR A REPOERS &, AP AETSE,
WE T KELAERSESS2HHE (1060 1:
1.0.1:1.4.1:2.0.1:5.0), % NRK-49F &% HK-
2 HMEREAY, HsE T & hEILL, DRk, AREEFAT

2 B MA P K E LS ERE S AR EL
A1 1.4,

AL, PRIR B A TR A B4R £ 0 B RR it 35 ()
IR, WMIERBEA L R TET —
FAE A AR RS, TR R B AL ) 5
KA TR R B R R A BRI T RE O
EERR 35 RO ZREH, B ST IR G 6] &
TZ. 85REW, Prilfem B iELsr s . &,
AAETE L k2N (33.01£0.12) nm,
KiEE A 345], FRsEtE RIT.

TEPR ) i HE A R fE A2 . I AT
i RGN SRR AR A, AR — R AR
PR E G A AR RS, DRIk, ARSI SR A AR Y
AT RIE-TE R A 2y AL SR I B 7T 72 i e
WS EF, SHEBAM RN ZGY), R 2RI
G 7KGy s T FRE TR B AR B, AR 5T R
M EESPEFATRIE, TH RIS i HE Sk
IS ah J e s TG N A I A B X 25 A B R
W B, WA TE SR EE A A R K T R ST
] AT E T H IR BASE 7 B i,
GERRE, 9% B LS K R AR KR 4R
Wirlt) Ko J2 Papp BB B SR ) Ko J2 Pagp 175 31X
5 250k IE 25 A — .

— AN, BRI S e
WAL, AR RES N R T . &
DI WIIE SR I SR SN AN WS o 2 s it 171704
Wk, JRERATREE UMFLBIE T =38 E, <l
WS A IHRRER . MRS RE . GPR% AR S5 o3 IRV ) 43
AR B AR ISR 0, AR T EA, A
e+ AR R, Hoxk P-HEEE BE R+
—W. . BpRREAROSE N, WE—E
FREEE B4 1 B el R s R AE /N R B
AT o DRI E A B ) YR SIE B0 2SR 25 W) AL e TR
TR o B e o T B AL 0 AR B 7E K-R VA
A, FETEHATE S ARSI G sess . At
FLAAZ KRR KR, KR, KEm. K3
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PO E SR bR, AR EBCE R AT H RO
S BRI Ko 5 Papp (EHEAT LUAL, (840 45 R AL
A E,

ZRLPIR, AHE U] 7O R R R
240 B, IS BMFLEA R EH 2
ZHTIIRETT, BWEL TR R SO R e
FER BRI B R4 T AT A 28 —
I RAEDA R IR AL, s T R A B[R] 0
L AEALAE R
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