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Research and development strategy and practice of traditional Chinese medicine
decoction companion based on “grape-shot theory”: Huanglian Jiedu Decoction
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Abstract: Bitter and poor taste is the common problem of traditional Chinese medicine (TCM) decoction that seriously restrict the
compliance and clinical efficacy of it. This is closely related to the complex many-to-many spatiotemporal response and comprehensive
superposition between many components and bitter taste receptors in the decoction miscibility system. The effect of single masking or
flavor correction method is limited, thus it is urgent to find new research ideas and strategies. Based on the “grape-shot theory” and
learning from success of the coffee companion to develop TCM decoction companion agent, Huanglian Jiedu Decoction (25 fif &%

%), a classic famous prescription with definite curative effect and significant bitter taste, was selected as the model drug to study the
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basic formula of decoction companion. According to the taste characteristics of Huangqin (Scutellariae Rhizoma), Huanglian (Coptidis

Rhizoma), Huangbo (Phellodendri Chinensis Cortex) and Zhizi (Gardeniae Fructus), neotame, y-cyclodextrin (y-CD) and mPEGao00-

PLLA2000 were selected as corrigents by single factor experiment. And the central point design-response surface optimization was used

to optimize the formulation of the chaperone agent. The optimal formula of bitterness suppression agent was optimized as neotame-
mPEGz2000-PLLA2000-y-CD-Huanglian Jiedu Decoction with the mass ratio of 0.028 2 0.15 : 1.5 I 100. The experimental results

showed that the three taste masking agents in the chaperone formula achieved synergistic effect of 1 + 1 + 1 > 3, which is of great

significance for improving the compliance of Chinese medicine and improving the clinical efficacy of TCM preparations.
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Fig.1 Taste signal transduction pathway in human taste cells
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Fig.2 Schematic diagram of bitter signal formation mode of raditional Chinese medicine decoction
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Fig.3 Results of sweeter masking (X = S, n=12)
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Table 2 Primary screening of neotame concentration (X £ S, n=12)
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*P<0.01 vs decoction before taste masking; **P < 0.01 decoction after taste masking by 0.010% neotame vs decoction after taste masking by 0.001% neotame;
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0.040% neotame vs decoction after taste masking by 0.020% neotame; *P < 0.05 decoction after taste masking by 0.060% neotame vs decoction after taste

masking by 0.040% neotame

—— A\ CREBRAT)
e N GRS )

B

—— RIRTT HEWRATD
e R (R

hicd
NG

e
"P<0.05 ""P<0.01

4 y-CD HUHBMRER (Xts,n=12)
Fig. 4 Results of bitter masking of y-CD (X £ S, n=12)
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Table 3 Primary screening of y-CD concentration (X £ S, n=12)
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2 0.4% y-CD MR 2T 54 0.2%y-CD A ZW LLE : 4P<<0.05

AP<0.015 4 0.8% y-CD KA
**P<<0.01; %4 1.6% y-CD #1752 0.8% y-CD HEK 7T ELEL: YWP<0.01

*P <0.01 vs decoction before taste masking; 2P < 0.05 2P <0.01 decoction after taste masking by 0.4% y-CD vs decoction after taste masking by 0.2%

y-CD; **P < 0.01 decoction after taste masking by 0.8% y-CD vs decoction after taste masking by 0.4% y-CD; YVP < 0.01 decoction after taste masking

by 1.6% y-CD vs decoction after taste masking by 0.8% y-CD

PLLA2000 4 0.1%~0.2%-+ y-CD 4 1.0%~2.0%,
K H Design-Expert V8.0.6.1 A%} 85 3E R 253 1
Frwk AR5 477 34T CCD-RSM it LML ARAE

FUIECTT o EHFEL - mPEG2000-PLLA2000 1 y-CD N
MM IEMBRHERE IR M ERE R, A,
mPEG2000-PLLA2000~ y-CD &7 HIH X1 (%)
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X2 (%), Xz (%) Fom, Xis oMl Xz NAXRE,
LIk R IEMM DI OER Y () NHE
WY, (90D JEEM V3 () MJGEE Y () N

e R, HHT 3 & 3 K°F (~1, 0, 1) fJ CCD-
RSM 5256, 4 Design-Expert V8.0.6.1 {4 ¥% i1 20
HsLIhd s, WS,

BTN R SR I L In R &
A\ 178 e I L R NS Al N 177 = LS
Sk R AT VLNl
15 10 3

mPEGzooo—PLLAzo 04

mPEG000-PCL2000

CC497
»
TR VDU 188 THIR VO 407 Vb 188
HE T R
A N 15 - IR
bi N
mPEG2000-PLLA 2000 5511 AL 20

mPEG2000-PCL2goo CC497

mPEG2000-PLLA2000

mPEG2000-PCL2000

F LA 20

THI%VDU 407

*
TI& VDU 407

VIS VDU 188

VAR HOR

e\ 7 e IR
s NIl

RILALES 20

" Ccca97

JEIOUE 188 IHIETOIE 407 VYD 188 T 407

"P<0.05 "P<<0.01
5 RAVMEERSIREBRGPMEYLR (X£s,n=12)
Fig. 5 Effect of polymer on bitterness of Huanglian Jiedu Decoction and each herb (X% S, n=12)

%= 4 mPEG2000-PLLA2000 iRE#F (XS, n=12)
Table 4 Primary screening of mPEG:2000-PLLA2000 concentration (XS, n =12)

L’ iy AN
oI HERTTS il VNl
0.05% 0.10% 0.15% 0.20% 0.25%
Nk 109+1.4 8.9+0.9™ 7.9+1.3"2 6.81+0.9™"* 6.2+1.3" 6.1+1.0™
SR 11.6+1.2 8.8+1.0™ 6.91+0.8724 6.1+04™ 6.5+1.0™ 6.0+1.3™

SR A *P<0.01; £ 0.10% mPEGao0o-PLLAo0 #5117 525 0.05% mPEGa00-PLLA 000 I IHIAM LS. AP<0.05 44p<
0.01; £ 0.15% mPEGa000-PLLA00 17 TR 54: 0.10% mPEGa000-PLLA 000 M7 [K1IR LL# . *P<<0.05

*P < 0.01 vs decoction before taste masking; P < 0.05 *2P < 0.01 decoction after taste masking by 0.10% vs decoction after taste masking by 0.05%
mMPEG2000-PLLA2gg0 ; *P < 0.05 decoction after taste masking by 0.15% vs decoction after taste masking by 0.10% mPEG2g0o-PLLA2000

2,53 B ARt S e 7 R uER

(D B AR AR LA R R4
T, P RENEL IE RECNERE TR, W 2FL. 4
PEC ZWRORE SRR 4 FhBCERRL A IR A
B, GRNK 6, 4 PRI, 2FT 8 NAE H i
ER . Y1=4.390—0.460 X;—0.150 X,+0.094 X;—
0.290 X1X>+0.140 X1.X3—0.370 X2X3+0.089 X1.X2X5;

Y2=4.300+0.550 X;+0.077 X>—0.006 X3+ 0.600
X1X2+0.004 X1.X3+0.220 XoX3+0.089 X XoXs: Yi=
4.330—0.430 X1 —0.093 X>40.046 X3—0.340 X1 X>+
0.190 XiX3—0.310 X2X3—0.006 X1 XoX3;: Y4=3.530+
0.540 ., —0.001 ., +0.041 X3+ 0.350 X.X, —0.087
X1X340.410 X2X3+0.087 X1.X2X30

(2) i QI EDHTEERA, 4 AR
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EEFEIA A P<0.05, BPASZEG AR A1) 2F1
B2, WG KRB R SR E 5 T
MEAAMESR, ARSIeh 4 MG TR R0
P>0.05, LREZES, WEABEBIERF X I+ 0
RANEFN, BG5S >4, RFSLIGIRZ/N, LI
TR . 4 A NAR R RN A S5 B A T4
filf v mPEGa000-PLLA00 1 y-CD 3 FhrR5 FH = it

ITAAk, IR BE SR ir R4 T SO i R A I 2%
HRERN, HAUEW] T SEMRR 56 R E 5%
PEAB TR 38 AR DG, RO SEER S iR A B .

(3) ZRLTH A3 S 0l itk — AR Z K &K (A
HI¥ EAE A, X4 Design-Expert V8.0.6.1 3K {4 2 2FI
5 g ) P o V71 52 7% % DA 25 e 1Y) 4 5 v 2R 1A
M= dh & AT M, S5 R ILE 6.

#5 CCD-RSM LGt RER
Table 5 Experimental design and results of CCD-RSM

5= Xi1/% Xo/% X3/% Y1 Y» Y3 Ya
1 0.03 0.15 1.94 5.05 4.13 475 3.25
2 0.04 0.20 1.50 3.25 6.13 3.25 5.13
3 0.03 0.07 0.85 4.60 3.75 4.63 3.50
4 0.03 0.15 0.85 5.49 3.38 5.50 3.50
5 0.04 0.10 1.50 4.50 425 4.50 3.38
6 0.05 0.15 0.85 3.90 4.50 3.88 4.00
7 0.03 0.15 0.85 431 4.00 438 2.88
8 0.03 0.15 -0.24 3.76 475 3.75 3.63
9 0.01 0.15 0.85 5.19 3.25 5.13 2.38
10 0.03 0.15 0.85 4.14 425 4.00 3.88
11 0.01 0.20 0.20 5.80 2.88 5.75 2.13
12 0.03 0.15 0.85 4.13 5.50 4.13 3.75
13 0.01 0.20 1.50 438 3.38 4.50 3.25
14 0.03 0.23 0.85 3.70 425 3.75 3.38
15 0.04 0.10 0.20 3.88 4.63 3.75 425
16 0.01 0.10 1.50 4.84 425 438 3.25
17 0.03 0.15 0.85 5.10 425 475 2.88
18 0.03 0.15 0.85 3.60 4.88 3.63 475
19 0.01 0.10 0.20 4.43 429 443 3.43
20 0.04 0.20 0.20 3.75 5.25 3.75 4.00
=6 BUBEIASHER
Table 6 Regression analysis results of data
WERNAE A WUEE P{E KPIT ML JUE R RIERH it
Yi  2FI 0.045" Px=0.008, Px»=0.330, Px;=0.525 0922 6441  0.582 0.389 &L
A Al 0.056 0.781 0.368 0.249
TR 0.209 0.806 0.606 0.251
=R 0.425 0.982 0.726 0.131
Y»  2FI 0.018" Px=0.003, Px»=0.620, Px,=0.967  0.922 8246  0.648 0485  #HiL
2 0.057 0.656 0.368 0.249
IR 0.097 0.845 0.682 0.395
=R 0.372 0.509 0.746 0.194
Ys  2FI 0.040" Px=0.007, Px»=0.501, Px=0.709  0.933 6975  0.590 0401 X
2 0.075 0.755 0.342 0.219
IR 0.202 0.817 0.609 0.258
=R 0.427 0.960 0.725 0.130
Ys  2FI 0.012* Px=0.001, Px»=0.994, Px,=0.761 0986 9251  0.672 0.521 &
21t 0.029" 0.801 0.422 0.314
ZIRITE 0.093 0.938 0.685 0.401
—IRITHE 0.442 0.537 0.720 0.112

P<<0.05 KR 1275 B Z AT S ERUNA s Py <<0.01 271 DR FOT fy 2 (B A7 I 35 1k B

"P < 0.05 indicates that the factor model has a significant effect; and Py, <0.01 indicates that this factor has a significant influence on the response value
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Fig.6 Two-dimensional contour diagram and three-dimensional curve diagram of interaction of partner agents in taste masking effects
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PLLAso00. X EMEEEZ) 5w Ok B HIHICR, &4
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Fig. 7 Scoring results of optimized prescription (A) and correlation between real score and predicted value (B)

&7 EXESTHUNER Pearson HHXMESILER
Table 7
experimental and predicted values

e Pearson ¢ R4

TiME 1.000
HfE 0.991
TERIRAE 0.01 ZKFE G R EHK

" indicates a significant correlation at the 0.01 level (bilateral)

Pearson correlation analysis results between

WEE ORI
0.009"
0.009"
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