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ABSTRACT: AIM To prepare the thermosensitive intestinal gels of Houttuynia cordata Thunb volatile oils
hydroxypropyl-B-cyclodextrin (HPCD) inclusion compound. METHODS  For the gels prepared by cold dissol-
ving method, poloxamer 407 consumption and poloxamer 188 consumption were taken as influencing factors, to-
gether with phase transition temperature as an evaluation index, central composite design-response surface method
was applied to optimizing the formulation. With 2-undecanone as an index component, the gels’ dissolution rate and
in vitro release rate were investigated by non-membrane dissolution method and dialysis bag method respectively,
whose stability was then evaluated by high temperature (40, 60 C), low temperature (4 °C), strong light
[ (4500 £500) Ix] and acceleration (three months) tests. RESULTS The optimal conditions were determined
to be 20. 61% for P407 consumption and 3.03% for P188 consumption, the phase transition temperature was
36.5 °C. Within the time range of 30 — 150 min, the HPCD inclusion compound gels exhibited higher accumulative
dissolution rate than the volatile oils gels, which tended to be consistent in 150 =210 min, but the former exhibited
higher accmulative release rate (0 =50 h) than the latter all the time. The obtained gels showed good stability at
low temperature, whose appearance, characteristic (except for high temperature) and pH were stable at high tem-

perature, strong light and acceleration with obviously decreased 2-undecanone content. CONCLUSION  The
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thermosensitive intestinal gels of Houttuynia cordata Thunb volatile oils HPCD inclusion compound should be stored

at low temperature (4 °C).

KEY WORDS: Houttuynia cordata Thunb volatile oils; HPCD inclusion compound; thermosensitive intestinal

gels; 2-undecanone; central composite design-response surface method; cold dissolving method
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2.3 ABEEAME RABAITEMEE . KE
A ARTRIHE PAOT F1 P188 (145 FHBEIR A1 HPCD 414
PIBEIE S B B TP, AU S TR IR T
ANBEREHS W, ARS8 0.5 C iR 2218 7t
R, TR 10 s WURHE MO 60°, LIEERE AN
Tt SIS Bk A AR AR L

2.4 R Eakit-zomak RN RRE, ki
P407 FHHE: (X,) H1P188 R (X,) YEREsmA
£, MHAEREERIEN TS (Y), BEKFR
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F1 EEKE

Tab.1 Factors and levels

K
PR
B -1.414 -1 0 1 1.414
X, P407/% 17 17.88 20 22.12 23
X, P188/% 0 1.03 3.5 5.97 7

SRIG, KM Design-expert V8.0. 6 ¥4 il 13
MR, PR R IEAT KW IH 4, 45
R 2, JrzZE M WL 3, I oA UL IR T
FHREN Y =130.619 95 —-7.345 62X, +5.367 51X, -
0.052 381X,X, +0.109 44X> - 0.242 04X, (R’ =
0.9940),

F2 HEIGHTRER
Tab.2 Design and results of tests

o R bR L
X, X, X, /% X,/%
1 0 1.414 20. 00 7.00 46.5
2 -1 -1 17. 88 1.03 39.1
3 0 0 20.00 3.50 40.3
4 0 -1.414 20. 00 0.00 26.5
5 0 0 20. 00 3.50 39.3
6 0 0 20. 00 3.50 40. 1
7 1 1 22.12 5.97 38.0
8 0 0 20. 00 3.50 39.1
9 -1 1 17. 88 5.97 51.5
10 1. 414 0 23.00 3.50 30.7
11 1 -1 22.12 1.03 26.7
12 0 0 20. 00 3.50 39.4
13 -1.414 0 17.00 3.50 50.2

B AT 20, P407 . P188 FH o X AH Ay B ¥ A
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Tab.3 Analysis of variance

KR BT AME ¥Ir FE PA

s 714.19 5 142.84 230.62  <0.000 1
A 357. 48 1 357.48 577.17  <0.000 1
B 337. 80 1 337.80 545.39  <0.000 1
AB 0.30 1 0.30  0.49 0.507 2
A? 1.69 1 .69 2.72 0.142 8
B2 15.29 1 15.29  24.69 0.001 6
Gk 4.34 7 0.62
ESVSIER 3.22 3 1.07  3.87 0.1122
gl 2: 1. 11 4 0.28
AR 718.53 12

Ll

B: P188/%
w
w
(=]
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FHARWREE/C
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Fig.1 Response surface plots for various factors
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pH 24 6.93, f54 /718 pH 23K,
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123 °CH4%4F 3 min, 30 °C/min J} & 280 °C H{%4F

10 min'"?)
2.5.2 WM

2.5.2.1  XPHESAUASVR RS PR ECHT 2 OE T R X R
i 0.1 mg F 25 mL @)D, IECkieEREZE,
FEA], RS, AT R 2 R A B
2.5.2.2 HHASEW  AEFERGEK 1 mL THEE
b, A S, 3 mLIEC A AR 2 ¥k, 1F
CREZERE 10 mL ZiffH, 0.22 wm FLIERET
uE, EN1E,

2.5.3 EHlEMHEgE GC AIEEILK 2, KIAEAH
[ 2, H 6 OE T 4 S 04 B 8] 2k 19. 03 min,
M25 FEE AR R AL TC s i, RWZ L L I8
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Fig.2 GC chromatograms of 2-undecanone
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WAL TR 3 R BRI, AR (2.5.17 W
FPFT R, W43 H RS % B RSD 20 5104
2.53% | 2.43% . 1.83% , H []K5% B RSD 4> 5l
N 2.48% |, 1.37% . 1.54% , 2 WA 2% A )Y
R4fo
2.5.5
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VW, F0.4.5,85, 11.5,22.5h7F “2.5.17
T 1% S5 A T ERRI A, AS RSD 2330k 2. 29% |
2.32% . 1.61% , FFAEWIE 22.5 h &k
RAf

2.5.6 EmEMIE RSB, S
Oy, By 1 mL, $ “2.5.2.27 TR 5 P4 Akt
PRUAW, AE “2.5.17 WifaiE AR BERE G,
2 RSD 4> 51K 4.26% | 3.61% . 3.14% , F£WiZ
TR EEM R,

2.5.7 KMRFERFHE WHEIETLMARE, EC
P B A 4.49. 9.61, 24.99 . 49.98 . 149.93 .
449.79 wg/mL XFREG W, T8 “2.5.17 Wik
PR HEREIE o DA iR B B A AR (X)), IO
JER A bR (A) SEATZRPERIE, 15 00577 R
A=76 406X —265 178 (R* =0.999 9), 7F 4.49 ~
449.79 ng/mL JEH N R R

2.5.8 AR A U Y T AN DT
80% . 100% . 120% fxf B SHES TR, IS4 4% T
TAHBRCHMEERE W T, £ “2.5.17 i@k
PR SEFED 5, D A5 7 X 00 R 10k 32 55 5
98.50% . 97.46% . 97.10% , RSD 433k 2.75% .
0.83% . 2.35% .

2.6 HRFRN LI T A 40 g TR .
3 b EE R (4 25 mL, dit5 4 %) 8 20170301
20170302, 20170303), [al, 64 1 4154k 7 &=
AH A /9 oK 28 HPCD 43 & 19 45 & i B g 30 mlL,
#H.
2.6.1
Y,
2.6.2 MARERE. pH. W EEIE M & A & E
3 HEEECAHASIREE . pH ., F 3L IE T & =50 5 A
(36.6+0.58) , (36.6+0.10) . (36.5+0.58)%C;
6.9 +0.15, 6.9 £0.45, 7.0 + 0.38; (86.7 =
0.44) . (86.9+0.36) . (86.9 +0.35) pg/mL,
2.6.3 WHRME R IME LT HE
L HPCD & EEE (Hit5 20170301 ) | #4 4 i
e A3 mL B T OAREMTEMIE S, A 36.5C
SRR A TP S min, YRR 5 AR 2
PRI, A 2 mL &AM A T, HiERS
(100 r/min) , %ERF 30 min B, 57 RPN T
WOT PR E PUMIRTT R, PR LA A E R R
Vi P S min, [RISAFEAN THE 2 mL, HE
R ERAE, 43 FRE 30, 60, 90, 120, 150,
180, 210 min A PYARIF T iE, AHERAS ] o 22 [ 1) 7Y

SMURPEAR T AR 1) 2 8 1 12 P 9 TS

MO 22 B BRI th i, R LI 30
IR, 7E 30 ~ 150 min B, HPCD {34 ¥ 5EHE 5
B 3w THE RN BERE; AE 150 ~ 210 min [,
Ry =i €
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Fig.3 Accumulative dissolution curves for gels

2.6.4 BOHCRIE RALENASE . R
“2.6.37 TN 2 FEEMEAS 10 mL BT 2 BT AE
W, Wl B ARSI, MASEOE T, R
AR IRIR D 4% Th A S min (i FL R Ry 2 [ A BE G
B2 SO 50 mL B0, %A 30 mL AR AT
Wi, KBNS B LE T, BT 36.5 TR
HRMEZ#T (100 v/min), T0.5,1,2,. 4,6,
8. 12, 24, 36, 48 h ZHUEE3 mL, [RAIAT4M%E 3 mL
I o 5 2 RSO Y 3 mL A B4 A
5.3 mLIECKEER2 K, SIFECk)Z, €5 %
10 mL S, 98 5 R O I T A =, R
HCEZ WL 4, A AT, HPCD 4 W5t i B
B (0 ~50 h) —E i THEAMEER
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Fig. 4 Accumulative release curves for gels

2.7 BRAREMER e 3 HEEER, RS0 mL,
HEE43 514 20170323 | 20170324, 20170325, Jf5 [
—HEHIR (A5 R 20170323)  Hf FEERE T 5 i
4% Bk 86.72. 87.34, 86.75 pg/mL, pH ¥k
6.93, AN R I 3 VRS o

2.7.1 iR PGS SEER E T B PO
WG A 60, 40 °C 25 fae Mk A 10 d,

FEH 0, 5. 10 REGE M. S5, BEA I (a4 4
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FEAMILAN pH R KRB RS, PR S e 2
AR BE e, AH W R OE TR S A R AR,
60 C i 43 3 K 86.72, 74.74, 58.97 pg/ml,
40 CHf 433k 86.72, 74.03, 67.11 pg/mL,
2.7.2 RIS IBOE B E TR E TR,
A4 C2iyfase kA& 10 d, 7550, 5,
10 RIBFEII Mo G528, Bl i) [A] G4 H AR L, 1
R pH ¥R KA W0, AR IE T & A & A
AREGE, 49k 86.72, 85.79, 83.53 ug/mlL,
2.7.3  spoGilE HOE R BE E T E UM,
A (4500 £500) Ix 25¥fa e vk &b 10 d,
TEER 0, 5. 10 RIRFESM AT, Z52R, Bl I [A] SE
HAMIL ., RIR . pH Yok & AR B Wk, (H T JEE
TR & A B AR, i 86.72, 76.92
61. 80 wg/mL,

2.7.4 fmECE: B3 BRI E TR E MO
AR (30 £2)°C | HHXHRE (75 £1)% 259
FUEMER AP 10 d, 7E550, 1, 2, 3 DA KRR
FEOTMT . GE2R, B I ) ZE AU, Mk . pH
WK G U] W s, (B TP R TE T A A W
%, 4394 86.94  72.29 42.23 37.45 pug/mL,
2.7.5 ¥H—EE HES 20170323, 20170324
MEEIE T 1.5 mL B0, 4 000 r/min 850>
30 min, WEERAFELORE, SRIAES,
FURHAE S IR R WA, TAE 36.5 CF AR A
g, e ek R BERE o

A.225TC B.365C

5 BEH—MERER

Fig. 5 Results of homogeneity investigation for gels
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