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[Abstract] Objective: Based on the supramolecular "imprinting template” theory, the autonomous
action law of the component groups of Shentong Zhuyutang in the preparation process of medicinal materials-
decoction pieces-formulas was studied to clarify the quantitative transfer law of its quality attributes. Method:

Ultra performance liquid chromatography (UPLC) fingerprint of Shentong Zhuyutang was established with
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mobile phase of 0.4% phosphoric acid aqueous solution (A) -acetonitrile (B) for gradient elution (0-2.5 min,
100%A; 2.5-6 min, 100%-96%A; 6-15 min, 96%-92%A; 15-25 min, 92%-88%A; 25-35 min, 88%-75%A;
35-50 min, 75%-65%A; 50-60 min, 65%-50%A; 60-65 min, 50%-30%A; 65-70 min, 100%A) and detection
wavelength of 235 nm, and the total statistical moments, information entropy and primary feeding amount of
fingerprint of medicinal materials, decoction pieces and benchmark samples were calculated. Dry extract rate of
the benchmark samples, the transfer rates and the addition parameters of medicinal materials-decoction pieces-
formulas were calculated. Result: Similarities of the total statistical moments of UPLC fingerprint of 15 batches
of medicinal materials and decoction pieces were>0.89, the relative standard deviations (RSDs) of information
entropy of UPLC fingerprint of 12 medicinal materials and decoction pieces were<10%. RSDs of total first-order
moment(MCRT,) and information entropy of Shentong Zhuyutang (medicinal materials) were 5.5% and 2.3%,
while the RSDs of MCRT, and information entropy of Shentong Zhuyutang (decoction pieces) were 4.8% and
2.6%, respectively. The dry extract rate of 45 batches of Shentong Zhuyutang was 17.2%-20.2%. The transfer
rate of medicinal materials to decoction pieces was within the range of data fluctuation, which was 70%-130% of
the average value. The overall transfer rates of medicinal materials to decoction pieces and decoction pieces to
benchmark samples were 101.8% and 83.0%, respectively. Conclusion: The quality properties of Shentong

Zhuyutang benchmark samples can be studied by total statistical moment analysis and primary feeding amount

analysis, which can confirm the supramolecular "imprinting template" theory to a certain extent.

[Keywords ]

Shentong Zhuyutang; benchmark samples; supramolecular "imprinting template"; quality

attributes ; total statistical moments; information entropy; ultra performance liquid chromatography(UPLC)
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Table 1 Dry extract rates of 45 batches of Shentong Zhuyutang

No it HTH No b HTR O
CORH/g /g R /% CORH/g /g /%

1 94.38 21.58 18.52 24 93.04 21.28 18.26

2 95.37 21.23 18.22 25 95.29 21.00 18.02
3 93.92 21.45 18.40 | 26 93.90 22.12 18.98
4 93.55 21.50 18.45 27 93.26 21.30 18.28
5 94.26 21.69 18.61 28 93.25 22.05 18.92
6 92.89 22.20 19.05 29 93.68 21.50 18.45
7 93.27 22.19 19.04 30 92.90 23.02 19.75
8 94.03 21.09 18.10 31 93.82 22.13 18.99
9 93.56 22.10 18.96 32 94.56 20.18 17.31
10 92.03 22.24 19.08 33 93.98 21.58 18.52
11 93.71 23.53 20.19 34 93.26 22.13 18.99
12 94.03 21.23 18.22 35 94.00 21.46 18.41
13 93.28 22.35 19.18 36 93.02 23.14 19.85
14 95.10 21.18 18.17 37 94.28 21.57 18.51
15 94.87 21.35 18.32 38 93.29 22.48 19.29
16 93.28 22.05 18.92 39 93.48 23.13 19.85
17 93.76 21.14 18.14 | 40  93.25 23.40 20.08
18 94.10 20.02 17.18 41 95.04 22.27 19.11
19 93.99 21.48 18.43 42 94.03 22.30 19.13
20 94.82 23.40 20.08 43 93.26 22.18 19.03
21 95.85 21.15 18.15 44 9448 23.04 19.77

22 95.30 20.12 17.26 | 45 95.89 21.18 18.17

23 93.03 21.32 18.29

S45

S1

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
t/min
El1 45#tHFEZMHEEHBI UPLCIELIE
Fig. 1 UPLC fingerprint of 45 batches of Shentong Zhuyutang

benchmark samples
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Table 2 Total statistical moment parameters, information entropy
and information content of UPLC fingerprint of 45 batches of

Shentong Zhuyutang benchmark samples

28 - HH o 14 i 25 RSD/%
W B0 A 155.38 10.35 6.7
AUC, 7.31x10° 1.64x10° 22.4
MCRT,/min 25.34 2.03 8.0
VCRT,/min’ 361.76 28.15 8.5
15 B 4.16 0.22 5.3
5B & 3.33x107 1.55%107 46.6

BEERE S BT AR
5 it

AR SCHIF 9 65 S W R, 45 B S 5 1 o RE
B R R AL T 17.18%~20.19%, F ¥ {E 18.7%;
UPLC #§ 80 &1 % MCRT, {5 B9 1 S 359 08 55 51 A
25.34.4.16,RSD #J<10% , ¥ 4 4 B0 &5 558 (318
1 70%~130% ) , it B 45 #1b JE o A 5 T i AR a2
H1 2% 3~3% 6 AT A, AN ] 25 Bk (IR R ) 22 [a) 9 6 it 4 1
FEZ W] WO TR AT DAEAT 245 0K (IR ) =2 ) 24 4 1
X3, 47 RSD<10% , 3% W] 25 Wk 55 24 Wk 22 (] 7% B[
B A ARL | B3R e R e, 24 B T sl 3 0 1 A
oL, AT Ay il PR S5 5o F 90 2 AR 9 5 ) Z RSD=10%,
2R (IR R ) 22 ) 4 A i © B3I S AR 7 AS AL, 7T 147
2 T il 1 N RO =R s N DA R
Wk E , B Z 5 (258 ) B MCRT, {5 B 4 /Y

RSD 735l 7 5.5% . 2.3% , B 9 B 58 1 (AR F ) B AR
KK 4.8%.2.6% , Ut B 15 4t B 95 1B 5597 25 M4 500k
AR R B VAR A . L BRI AL L AUC, .
MCRT, . VCRT, {5 B4 5 5 & 1 -F B {E 5 HIR IR
A EEEXT A T REEA LT, B E K R
il Ao A A A A R A R R R L (R R B
Ii 2 IR W 25 M FIR R 9 & % L AUC, . MCRT,,
VCRT, 5 B E X L AT BT T B, RIS o0 A3 i 2k, B
TSR WP I 25 S UM B 43 4002 BEHEAT 25 M BAR R R
fiE &5 5 D E J5 TSR B R Re AR N, B G S
Gt m A S BT . FEARYE 12 0k 25 b Sk
B B B R AN A Ty AR B — R Ra s
B, R BR KM R — KRS R AR
DTG IR o b g R R B — IR R A HROR
I K TR AL R, TERE A DR 25 M LIk R LAy
13— FaE

FH 15 4t B 98 22 537 245 b1 UK R - ERE T Y R A
G M B S (3 it RRBRE I bA E ) AT R, 25 0 K Y
B R (Y ) H B LT R e AR A
Tl R AE S B-1 B {51 B | e JIE Bl B R
NED) A R IR |« o-Fr BB 1) 5 78 R 7
YIE N 97.6% .95.5% .46.6% .87.1%.99.2% .79.3%
35.3%.85.7% .87.6% .89.0% .95.9% .82.7%,RSD
7.1%.7.8%.13.0%.7.0% .10.5%.6.3% .5.9%.6.3% .
11.5% .8.2% . 6.1% .3.6% ; Tk F -3 i #f 5 1 5% 75 %
Tk 58.2%. 59.8%. 109.6% . 5.2%. 3.3%.
48.9% . 66.6%. 19.5%. 86.1%. 49.5%. 120.4%.

R3 SHSBEERIRERGMBYLEENSEEZTESH FRBMEEEGLs,n=15)

Table 3 Total statistical moment parameters, information entropy and information content of UPLC fingerprint of 15 batches of Shentong

Zhuyutang and medicinal materials (x+s,n=15)

P R/ A~ AUC, MCRT,/min VCRT,/min’ 15 B 5 B i
EYE| 113.87+25.48 (9.71+4.48)x10° 22.56+3.53 339.47+78.55 3.51£0.27 (3.51£1.76)x10°
Ji= 65.07+15.08 (2.69+0.60)x10° 27.36+0.72 430.57+35.22 3.11+0.37 (8.50+2.79)x10°
o 102.87+6.74 (4.27£1.10)x10° 33.91+0.65 266.49+33.37 3.4240.10 (1.45£0.33)x107
iy 70.27+5.60 (8.28+1.27)x10° 12.28+0.83 398.99+27.54 2.91x0.05 (2.4140.38)x10°
PG 121.13+1.73 (1.7240.04)x10’ 30.37+0.12 143.9242.75 2.93+0.02 (5.04+1.32)x107
B 104.53+28.90 (1.00+0.64)x10° 19.90+0.79 106.35+14.76 2.4140.35 (2.61£1.90)x107
Hezh 123.20+12.80 (4.86+1.33)x10° 42.85+4.03 288.25+74.63 4.11£0.19 (1.98+0.49)x107
H RN 110.07+2.74 (8.83+0.36)x10° 22.44+0.35 209.70+7.20 2.91+0.03 (2.57+0.12)x107
B bt 142.93+2.84 (5.26+0.27)%10° 30.00+0.82 442.58+20.69 4.39+0.04 (2.31£0.10) %107
fawia 114.93+4.99 (5.54+0.10)x10° 23.77+0.52 292.74+35.83 3.71£0.16 (2.06+0.04)x107
He1 78.33+20.81 (2.92+1.19)x10° 26.06+4.63 530.11+106.64 3.53+0.23 (1.05+0.47)x107
2R R 50.33+15.02 (2.53+1.46)x10° 16.33+4.19 469.55+105.00 2.34+0.10 (5.98+3.61)x10°
233137 176.60+7.99 (4.13+0.84)x10° 25.87+1.41 240.95+25.40 4.62+0.10 (1.91£0.42)x10’
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Table 4

RSD of total statistical moment parameters, information entropy, information content of UPLC fingerprint of 15 batches of

Shentong Zhuyutang and medicinal materials and primary steady-state feeding amount

i (374 AUC, MCRT, VCRT, f{5EH (58 Bl A Ak Jy Pl ik
RSD/% RSD/% RSD/% RSD/% RSD/% RSD/% Boflilg —WREEEHkg B/ —WREASEE kg
E 7| 22.4 46.1 15.7 23.1 7.7 50.0 10 29.20 11.19 61.69
i 23.2 222 2.6 8.2 7.8 32.8 10 12.58 7.46 41.13
Hw 6.6 25.8 1.9 12.5 3.0 23.0 10 6.15 7.46 41.13
H 8.0 15.3 6.8 6.9 1.8 15.5 10 2.82 7.46 41.13
e 1.4 2.6 0.4 1.9 0.8 2.6 10 0.08 3.73 20.56
Z#H 27.6 63.9 4.0 13.9 6.4 72.7 10 61.69 3.73 20.56
] 10.4 27.4 9.4 25.9 4.5 24.8 10 7.15 7.46 41.13
R AR 2.5 4.0 1.6 3.4 1.1 4.8 10 0.27 7.46 41.13
b 2.0 5.2 2.8 4.7 1.0 4.5 10 0.24 3.73 20.56
Fawia 43 18.1 2.2 12.2 43 19.9 10 4.61 11.19 61.69
el 26.6 40.9 17.8 20.1 6.4 443 10 22.85 11.19 61.69
A4 i 29.9 57.8 25.7 22.4 4.1 60.4 10 42.52 11.19 61.69
122032337 4.5 20.4 5.5 10.5 23 22.1 93.25 65.71 93.25 514.10

x5 SUSHEERAREKRRFIEYEIENEERTESH FERBMEREGLs.n=15

Table 5 Total statistical moment parameters, information entropy and information content of UPLC fingerprint of 15 batches of Shentong

Zhuyutang and decoction pieces (X+s,n=15)

P30 WA AUC, MCRT,/min VCRT,/min’ 1% B4 (E3=8
EE| 107.40+15.54 (6.89+2.97)x10° 20.85+3.74 409.53+100.65 3.68+0.19 (2.54+1.12) %107
= 122.80+6.20 (9.37+0.99)x10° 22.99+0.80 333.75+22.47 3.46+0.17 (3.25+0.43)x107
H 169.87+3.85 (3.25£0.08) %107 29.54+0.32 215.02+2.74 3.7340.02 (1.21£0.03)x10°
iy 62.27+1.67 (6.79+0.78)x10° 11.32+0.67 392.13+25.95 2.98+0.07 (2.03+0.75) %107
FEIm 131.80+3.03 (1.98+0.04)x107 28.29+0.15 168.49+3.53 3.1540.05 (6.23+0.02) %107
SN 145.53+8.49 (5.16£1.79)x10° 18.75+0.41 106.27+3.18 3.11+0.25 (1.65+0.69)x107
w2y 123.33+6.25 (5.40+2.04)x10° 41.88+2.10 296.43+77.57 4.12+0.02 (2.2240.83) %107
AR 103.27+1.71 (6.3240.13)x10° 22.10+0.26 215.72+3.18 14.69+0.11 (1.7540.06) %107
T B 127.67+2.38 (3.59+0.22)x10° 32.48+0.65 416.23+25.99 4.34+0.05 (1.56£0.09)x107
[awia 151.27+9.07 (2.67+1.14)x107 22.35+0.42 200.85+33.00 4.11£0.12 (1.11£0.51)x10°
Bei 45.93+4.68 (1.71£0.37)x10° 35.51+3.71 653.21+37.41 2.89+0.10 (4.96+1.23)x107
4+ 64.33+3.85 (3.77£0.20)x10° 20.09+1.83 588.154+26.42 2.514+0.09 (9.48+0.08)x10°
20303377 152.53+10.17 (6.97+1.67)x10° 25.88+1.23 363.94+27.97 4.21+0.11 (3.61£2.50)x107

55.2%, RSD 43 % A 11.8%. 9.9%. 5.3%. 8.6%.
21.5%. 9.3%. 2.7%. 11.7% . 11.0% . 15.6% . 3.8%.
3.2%. B A T BCHE P s B o (B E B 70%~
130%) , Horpr S gE S BA 1Y WU (B-16 e HS B | B 20
R (%) JRILE TR o-Fr BT ER 75 8 R ta e, 4 1A
T (%) BT B R e B8 R A T B, T R n AR 5 | R Y
KoHFEH TR FIEAEZ, RRHEBR
TR A R R AR AT
AL, TR R BIE RE T R T KR . BB
- 176 -

Vo 258 TR B0 5 1 2 K (R s i R B n 4 6 )
AL, G A AR RO M E T B B R A
S A A BE (280, AT AR IS S 4, 45 R 2
BN J5 (R AR AL 355 2% 101.8% , Ik 7 B & 7 (1 4k
1% 14 2 83.0%, 3 i B G RIS ES B A5 &
i E A% 138 AL 2 AT, AT LA 4 TR 3 R W 25 - TR -
R dh 9 I R R A% G & S B v 25 & 5 i 5
FEERE b 1 AR

i AR L 2 T HE R A A BT A2 2 24 6 T A
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Table 6 RSD of total statistical moment parameters, information entropy, information content of UPLC fingerprint of 15 batches of

Shentong Zhuyutang and decoction pieces and primary steady-state feeding amount

- W% AUC, MCRT, VCRT, f(58M (584 BeAE Ak Ty i
RSD/% RSD/% RSD/% RSD/% RSD/% RSD/% Bftilg —wRas#kit/ke B/ —WBEF R /kg
E7E| 14.5 43.0 17.9 24.6 5.1 43.9 10 22.43 11.19 61.69
i 5.1 10.6 3.5 6.7 4.9 13.2 10 2.04 7.46 41.13
o 2.3 2.5 1.1 1.3 0.6 2.5 10 0.08 7.46 41.13
i 2.7 11.5 5.9 6.6 23 13.5 10 2.13 7.46 41.13
JE T 2.3 22 0.5 2.1 1.7 3.2 10 0.12 3.73 20.56
B 5.8 34.7 2.2 3.0 8.0 42.1 10 20.64 3.73 20.56
W 5.1 37.7 5.0 26.2 0.6 37.5 10 7.15 7.46 41.13
H RN 1.7 2.1 1.2 2.1 1.7 3.7 10 0.16 7.46 41.13
Wt 1.9 6.1 2.0 6.2 1.1 6.3 10 0.24 3.73 20.56
214k 6.0 42.8 1.9 16.4 3.0 45.6 10 4.61 11.19 61.69
BeA~ 10.2 21.4 10.4 5.7 3.5 24.8 10 7.15 11.19 61.69
4 6.0 5.2 9.1 4.4 3.6 8.8 10 0.90 11.19 61.69
122037337 6.7 23.9 4.8 7.7 2.6 69.4 93.25 56.24 93.25 514.10

Wil # T8 VF M O, R M AL A R Y
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