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Abstract: Objective Based on the classic prescriptions and the commonly used Huanglian (Coptidis Rhizoma, CR)-Kushen

(Sophprae Flavescentis Radix, SFR) herb pair in the clinical prescriptions of masters of traditional Chinese medicine (TCM), the
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quantity-quality change correlation of the characteristic components of the herb pair with different ratios was analyzed, and the
quantity-effect correlation of the herb pair was analyzed. and clinical application to provide a reasonable dosage ratio reference.
Methods HPLC method was used to establish nine batches of CR-SFR herb pairs with different ratios (5:1, 4:1, 3:1, 2:1, 1:1, 1:2,
1:3, 1:4, 1:5), establish the HPLC characteristic fingerprint of the herb pair and the content determination method of its characteristic
components, and analyze the differences and correlations of the components of the nine groups of samples. Results A total of 16
common peaks were determined in the CR-SFR herb pair of nine ratios, and ten common peaks were identified for matrine, sophoridine,
oxymatrine, magnoflorine, columbamine, epberberine, jatrorrhizine, coptisine, palmatine and berberine. The content measurement
results showed that after the pairing of CR and SFR, there were significant differences in the characteristic components compared with
CR and SFR. CR-SFR (5:1) has the highest content of matrine, sophoridine and magnolinine in each ratio, and there is a significant
difference compared with the extraction of single medicinal materials; CR-SFR (4:1). At that time, the contents of African fanghepine,
epiberberine, coptisine, palmatine, and berberine were the highest in each ratio. Compared with the extraction of single medicinal
materials, there was a significant difference, and the total alkaloids of CR had the highest dissolution; CR-SFR (1:1), the total alkaloid
content of SFR is the highest, and the content of jatrorrhizine is the highest among all ratios; the CR-SFR (1:3) condition is the highest
oxymatrine content among all ratios. Conclusion When CR-SFR is mixed in different proportions, the correlation between the quality
indicated by the number and content of characteristic ingredients and the quantity used for compatibility is more obvious, showing a
certain mutual solubility-promoting effect of the ingredients. The dissolution amounts of the three components in SFR showed a “U”-
shaped distribution as the proportion of CR decreased, while the dissolution amounts of the seven components in CR showed an overall
decreasing trend as the proportion of CR decreased. Compared with CR and SFR alone, the dissolution of total alkaloids in SFR was
improved to varying degrees at each ratio. The total alkaloids in CR were in CR-SFR (5:1) and (4:1) ratio showed an increase in
dissolution, while other ratios showed a decrease. The dissolution pattern of alkaloid components in the drug pair is positively correlated
with the ratio of the herb pair used in clinical prescriptions. This study determines the material basis for further carrying out the “dose-
effect” correlation analysis of this drug pair, and also provides a reference for determining the appropriate dosage when preparing
clinical prescriptions.
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Fig. 1 HPLC fingerprints of nine batches of Coptidis Rhizoma (CR)-Sophprae Flavescentis Radix (SFR) and control

fingerprints (R)
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Table 1 Relative retention time of nine batches of CR-SFR drug pair

HE- X ER B B 1]

i

WE 1 W2 g3 g4 &S5 g6 k7 I8 IE9 K10 I 11 IE 12 1§13 K14 K15 1516 (S)
5:1 0106 0.113 0.119 0.128 0.141 0.147 0.383 0.484 0.490 0.638 0.763 0.779 0.795 0.809 0.968  1.000
4:1 0105 0.112 0.118 0.127 0.140 0.146 0.384 0.486 0.492 0.640 0.765 0.781 0.797 0.810 0.969  1.000
3:1  0.106 0.113 0.119 0.127 0.141 0.146 0.384 0.485 0.491 0.640 0.766 0.782 0.798 0.812 0.971  1.000
2:1  0.106 0.113 0.119 0.127 0.141 0.147 0.383 0.485 0.491 0.639 0.765 0.782 0.797 0.811 0.970  1.000
1:1 0106 0.112 0.118 0.127 0.141 0.147 0.382 0.484 0.490 0.638 0.764 0.781 0.796 0.811 0.972  1.000
1:2  0.107 0.113 0.119 0.128 0.143 0.147 0.385 0.485 0.492 0.639 0.764 0.782 0.796 0.812 0.970  1.000
1:3  0.107 0.115 0.121 0.129 0.144 0.150 0.388 0.488 0.495 0.641 0.768 0.786 0.800 0.816 0.974  1.000
1:4 0106 0.111 0.118 0.127 0.141 0.146 0.382 0.485 0.491 0.638 0.764 0.782 0.796 0.813 0.972  1.000
1:5  0.105 0.112 0.118 0.127 0.140 0.146 0.384 0.486 0.492 0.641 0.770 0.788 0.802 0.819 0.977  1.000

¥IE 0.106 0.113 0.119 0.127 0.141 0.147 0.384 0.485 0.491 0.639 0.765 0.783 0.797 0.812 0.971  1.000
RSD/% 0.570 0.765 0.733 0.666 0.894 0.854 0.432 0.212 0.271 0.175 0.260 0.314 0.258 0.380 0.287  0.000
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Fig. 2 HPLC profile of mixed reference substances and HPLC overlay of SFR single decoction, CR single decoction and CR-
SFR (1:3) sample
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R2 IMBE-TSUWNHBERAE. ESRAMENIEERR (Xts,n=3)
Table 2 Common peak of 9 batches of CR-SFR and relative peak area of single CR and SFR were observed (X £ s,n=3)

RS

EE 15U

2 g

3504

4 Sl

5 g

7 S

8 Sg

1:0 1.000

5:1 1.236+0.017"
4:1 1.197£0.010"
3:1 1.016%0.014
2.1 1.426+0.010°
0.983£0.011
1.085+0.005"
0.982+0.007"
1.300£0.010"
1.008£0.010
0:1 -

8.952+0.141%
7.567+0.050"
6.597+0.107*
5.16310.063"
5.445+0.058"
3.066+0.005*
2.456£0.043"
1.604 £0.006"
1.527£0.006"
1.000

- 1.000

2.17240.015" 3.795+0.010% 1.444+0.131* 0.401 £0.008" 0.971+0.004"

1.931+0.013%
1.619+0.015%
1.543+0.011%
2.00340.012*
1.326£0.004%
1.158+0.002%
1.333+0.014%
1.270+0.010%
1.000

3.21940.007*
2.301+£0.005"
2.888+0.006"
1.672+0.019*
1.692+0.010*
0.989+0.013

1.482+0.008"
1.352+0.008"

1.000

1.388+0.061%
1.137£0.103
1.651£0.059%
1.173£0.053"
1.297£0.006*
1.331£0.039%
1.407£0.008"*
1.126 £0.004%
1.000

0.44340.007" 0.980+0.005"
0.36940.007" 0.872+0.009"
0.5731+0.012* 1.229+0.006"
1.035+0.006* 0.92240.007"
1.297+0.009% 0.92740.006"
1.402+0.011* 1.0634+0.005"
1.226£0.009% 1.056+0.008"
1.167£0.010* 0.91940.005"
1.000 -

1.000

1.020+0.013"
0.996 £0.008
0.915+0.007"
0.953+0.007"
0.978£0.015
0.958+0.009"
0.958+0.011"
1.017£0.009"
0.862+0.010"

AR XU T AN

w5 9 Fig 10 514 11 S

12 51U

13 S 14 Sig 15 54 16 =g

1.000

21 1.05140.006"
1.095+0.010"
:1 1.776 10.008"
11 1.39440.016"
1.054+0.009"
1.10940.0.05"
1.03340.004"

1.000 1.000

0.8334+0.013" 1.08740.017"
0.716+0.016" 1.12540.005"
0.67010.009" 0.95540.006
0.64740.014" 0.949+0.008"
0.54440.004" 0.984+0.012
0.33340.009" 1.008+0.016
0.22240.007" 0.9501+0.016"
1.22040.008" 0.188+0.012" 1.056+0.016"
1.076+0.010" 0.11740.005" 0.879+0.016"
0:1 - - - -

1.000

1.14340.006"
1.186+0.005"
0.996£0.007
0.974+0.006"
0.945+0.006"
0.993+0.007"
0.891+0.005"
1.020+0.006"
0.803 +0.005"

1.000
0.937+0.007"
0.968+0.007"
0.824+0.007"
0.810+0.006"
0.997+£0.021
0.842+0.005"
0.919+0.012°
0.825+0.005"
0.682+0.011"

1.000

1.030+0.008"
1.07740.007"
0.906+0.008"
0.904+0.008"
0.912+0.007"
0.867+0.006"
0.832+0.006"
0.841+0.006"
0.698 +0.005"

1.000

1.093+0.009"
1.113£0.009
0.960+0.007"
0.927+0.005"
0.952+0.007"
0.956+0.006"
0.871£0.008"
0.935+0.008"
0.710%£0.005"

1.000

1.01440.005"
1.03740.005"
0.91140.005"
0.883+0.006"
0.931+0.007"
0.862+0.006"
0.850+0.009"
0.844+0.006"
0.673+0.007"

FIFGELMILE: "P<0.05; [FIEZHMLE: "P<0.05.
*P <0.05 vs CR; *P < 0.05 vs SFR.
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E o M TR BRI o) 35 B KR K

222 IRAXTHEMIER S S K 2127 TR
T ¥ ) 4 TR A o R R A

223 SRS KRR “2.1.37 TR 7L
il 2% 9 AL 1) 350 - S 2 IR TR, AT
il 2% 3 A HER A RAE AT X

224 LYEXRRFEELAMR . EER X5
W] BGE 20, PEm. AR, A=
et ARINBE OBk R/NBERR . ZARTR. B
LT /NBEGXT R S, A E T 10mL &

Eg
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I EEE R A, R R R BRI
3514 0.98, 0.40. 0.85. 0.35. 0.31. 0.35. 0.36-
0.36+ 0.35. 0.81 mg/mL F¥J5% I8 S .

USSR SRRV, SRR RE 04 24 4. 8. 164
32, 64 fiF, HZHR “2.1.17 TR @ISR TIE .

DA 22 S 1 A0 () O B R P D AR AR (XD DETHIAR
YRR (V) xR th 2k, HEATZRYERIE, 153
TR, R NEK 3, RASH LR R
i s, RO S/N A3 01 K SIN N 101 %)
B IR BR B2 s B RREATRLIN, 25 R 3.

R3 BMXFZTEREER. WNRENLER

Table 3 Investigation of linear relationship and limit of quantitation and detection test results

3% 2R 2k 7 MV E/(ugmL™)  EER/(ugmL™)  FEIIR/(ugmL™)
R Y=16 886 826.560 4 X+10 004.5771  0.999 9 1.5~980.0 0.341 0.116
1 5E il Y=16348 470.267 7 X+4056.0495  0.999 9 6.3~400.0 0.683 0.192
ATTBH Y=10641413.0821X—30872.8557 0.999 8 13.0~850.0 0.536 0.153
KREFEHL  Y=56710506.995 6 X+20302.3966  0.999 9 5.5~350.0 0.544 0.185
LB OB Y=46 667 712.106 2 X—70 859.293 1  0.999 9 4.8~310.0 0.372 0.131
F/NEER  Y=20765321.994 1 X—23687.7811  0.999 9 5.5~350.0 0.675 0.201
2R Y=49936729.542 1 X+15238.8333  0.999 9 5.6~360.0 0.488 0.147
N Y=44851208.381 9 X—74294.4483  0.999 9 5.6~360.0 0.451 0.159
BT Y=47 666 723.217 5 X+50 583.9453  0.999 8 5.5~350.0 0.417 0.166
INBERH, Y=44 826 532.136 1 X—104 334.551 7 0.999 9 13.0~810.0 0.756 0.220

225 MEERE KEEESHESHE1 3, K
BRI FEZ MK 3 g S S UMK 9g, 1%
“2.1.37 TUR 7 iER AR, % “2.1.17 TR
P S SLIERE 6 YK, 0S5 22 et Bl Ay R U T
Mo GRER, ESW. Mem. fESm. K
ZACHR. AEPNBE OB RANEERR . 2RI T
B YT L ZNBERR U TH B ) RSD 43514 1.40%-2.13%
1.37%-2.11%-0.91%- 0.69%- 1.25%- 1.19%- 0.17%-
0.14%, Z5RFPIEHNG LRI

226 FEtill KREESHESHEL 3, K
BB IEA MR 3 g LSS AMMAR 9g, 1%
“2.1.37 TR 7k AT, TEIRBE 0.
4. 8. 12, 16+ 20. 24h, % “2.1.17 Ti F ik 21
BERE AT, 0% = TR B TR . 25 R EOR,
B BE. B S AR ZEIEH. AEINE
Ol R/ANBER. 2500, P, By, hEE
TRUETIAR Y RSD 203N 1.57%- 2.24%. 2.22%-

2.46%-0.22%- 0.16%- 0.65%- 0.05%- 0.14%- 0.20%,
R K22 T TR RACE 24 h 9 FRE MR
227 EEMRE KEEESESWE 13, 8
BB EZ MK 3 g MES AR 9g, 1418
“2.1.37 WUREPAT RS IA W 6 1, %
“2.1.17 TUF B S AR AT, SRS 2E RS
PUETHIRY, FFAREPRUHE IR T & 8. 45 R ER,

TS E. S S RZIEm. AEINE
Ol R/NEEDR. Z9MRA0. P&, YT, /hEE
Bl =7 2% RSD 2370108 1.16%- 1.24%. 1.33%.
1.57%- 1.05%- 1.19%. 1.42%. 1.30%- 1.21%. 1.22%,
K ZEEE R

2.2.8 MFEEIGERRES  KIBTOE S 2] 1
3, WEMBGELAMMAK 3 g KBS 4K 9g,
SPATRREL 6 43, S AN E A 208 0.31 mg W&
B 0.20 mg. EALTF B 1.52 mg. K2 1EH# 0.07 mg.
BT 2% 0.08 mg FK/NEERK 0.27 mg- ZjHR Bk 0.06
mg. I 0.22 mg. ELEYT 0.21 mg. /MNEERK 0.79
mg G AW S mL, $I8 “2.1.37 IR ik
BAEA AT, B €217 TR iSRS
Mr, eSS bR G BT AR, PN
FISCR . S5 ER, WS e, A S,
ARZETEH AEPNBT OBk R/NEEDR . 29HRM. T
B ELER YT o /N BEGE IR ST 25 0 R [ iR 43 S
100.2%- 100.1%- 100.3%- 100.2%- 101.2%- 100.7%-
99.8%. 101.1%. 100.60%-. 101.0%, RSD 4} %A
0.67%-0.97%- 0.89%- 0.97%- 0.56%- 0.70%- 0.57%-
0.71%- 0.99%- 0.85%, K HIZ 7 IEHERIE RIT.
2.2.9  AN[RIHC bG35 2 245 00 K B4y 2 =
SEMEE B 9 AMASFE LG 3 -5 S 250 2t
MR, RERRE, IR “2.1.37 TN ksl &4tk
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SRV, FHE “2.1.17 TR A HERE T,
S A% 22 PR Ry [ ﬁﬂ,ﬁﬁﬁﬁ@%%ﬁﬁﬁ
S, PE. BE S R, AEE O
Bl FR/NBEBR. ZGARE. BEEmL. VT, NBER
B R LU 2N B S N AR 2R DA
B SRR AR A R AR, B R — U
&=, THTESREMES S & 2. @ik SPSS 27.0
o, AR AT B R O 22 4 A L S A 5 24,
S5 R WK 4.
X B B R 45 SRAAT R G M. BEIE-T S LA
N4, FTEEEMBE O RANEERR . YT
ANBERR S B Ly, FLEE O S AR R B

MR AR RENEER (P<0.05); 3
1;5%%%%5.1w,%%%§wxmiw\*
AT S RS R, SR AMIRIAE B
PEZER (P<0.05); HIE-ESHHEIN 113 B, &
WHE S 'S R, SHRAMENER R
FMER (P<0.05); HiE-HZHEIN 101 1,
WS BV B NS . SEIE. E5%
i BARARLE, & LU R S S A R )
WA AN FEFRREEE ST, S B A oy
EEEES S 1 41 el Fis RN,
oA b AG 2 IR A o B 55 24 0) P e LU A8 ) PR
FE AR S 2R . xRSt

T4 IMRE-ESHNRRE. HSRHMTD 10 MEHEER IS EBNESER CUAMNAMIT, X+5,n=3)

Table 4 Determination of ten different components in nine batches of CR and SFR (according to corresponding medicinal

materials, X + s, n=3)

- RS EU(mg-g ™)

B e H 58 il AL ST PN LB IR F/NBER
1:0 - - - 4.3940.04 4.71£0.08 17.08 £0.05
5:1 21.71£0.06" 7.16£0.05% 8.23+0.11% 4.48+0.07" 5.1140.04" 19.52+0.03"
4:1 18.35+0.227 6.37£0.05% 9.09+0.09% 4.381£0.05 5.29+0.08" 20.26+0.05"
301 16.00+0.04* 5.344+0.03% 7.59+0.10% 4.02+0.04" 4.49+0.07" 17.02£0.09
2:1 12.524+0.08" 5.0940.04% 11.76+0.21% 4.19+0.04" 4.46+0.08" 16.63+0.04"
1:1 13.20%+0.10* 6.61+0.06% 21.26+0.15% 4.30£0.08 4.6310.04 16.14+0.07"
1:2 7.44+0.13% 4.37+0.05% 26.63+0.07* 421£0.05" 4.74%0.05 16.96+0.04"
1:3 5.96+0.04% 3.82+0.05% 28.79 +0.04* 421£0.06 4.47+0.09" 15.21£0.05"
1:4 3.89+0.06% 4.40+0.02% 25.17+0.07% 4.47+0.04" 4.97+0.03" 17.42+0.08"
1:5 3.70+0.05% 4.19+0.03% 23.97+0.04* 3.79+0.07 4.14£0.06" 13.72£0.04"
0:1 2.42%0.04 3.30£0.05 20.5310.12 - - -
- RS EU/(mg-g ")

wHE iR D EEyT /NBET, i ISVt O B AR
1:0 3.71£0.05 14.68 £0.06 13.39£0.08 52.60%0.11 - 110.56£0.46
5:1 3.47£0.05" 15.13£0.03" 14.63£0.03" 53.324+0.12" 37.10£0.22% 115.674+0.36"
4.1 3.5940.04" 15.814+0.04" 14.91£0.03" 54.55+0.11" 33.81£0.36% 118.804+0.41"
301 3.06£0.05" 13.30£0.09" 12.85+0.10" 47.91£0.08" 28.92+0.16% 102.65+0.45"
201 3.004+0.04" 13.27£0.08" 12.41£0.07" 46.46+0.17" 29.36+0.32% 100.42+£0.47"
1:1 3.70%+0.11 13.394£0.03" 12.74£0.04" 48.96+0.19" 41.06+0.31% 103.86£0.52"
1:2 3.124+0.04" 12.734+0.04" 12.81£0.06" 4536+0.15" 38.44+0.25% 99.93+0.38"
1:3 3.41£0.02" 12.21£0.03" 11.661+0.03" 44.69+0.31" 38.56+0.10% 95.86+0.52"
1:4 3.06£0.04" 12.35+0.06" 12.53£0.04" 44.41£0.12" 33.45+0.14% 99.21£0.39"
1:5 2.33£0.09" 10.25+0.05" 9.51£0.05" 35.41£0.19" 31.86+0.12% 79.14+0.36"
0:1 - - - - 26.041+0.21 -

IS EAM AL "P<0.05; F®ZAMALE: *P<0.05,

*P <0.05 vs CR; *P < 0.05 vs SFR.
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7 5 VA THEAT LU, B 24 00) T B B A8 ) AR
WS BLE BRTE 25 VA R, A S
BRI T, 3 B B “U” BOAE, R 3
2 A AE FLREMA 0 &R o
3 Wie

AW e SRR —8, %15 S 240 1%
PR R EEIGE, R B AR S O G - R —
SR R, R e G- S 2N ) £l %A
BEATARAL, FEAE 190~440 nm #AT2 KR, T
220 nm R EAT i SCEITE 37 DASR A T AR AR
M2 S BEAT I E . S5 R, ARFTT LK)
P S PR AU EIE R A AL, WA T R E B
B S bR EPE R

KESCHRIFFE I, BEE- 5 S 2R T i 2
KH 1552501 XEEL, HoERFEmAR 9 AMEC
LE AT B - AL T LUV 7T o AR B R A B
B S YN E ARGy, TR AR R T
FE4 7 AR R I 2 5, AT U IR FH 2
PPt S MR i Fr gy AT AR,
T AE nT IR AR oy, FERRYE “2.1.87 T
TEER, ERESTESH. MeEm. S0
JFEERARZACHR . BB OB RNEE. Z5AR
Bl TN YT NBERGEAT I 7L R5-200,

AT FAE B AERUCA R, RBE- S 20 AN
FRCEE T 10 NSRS #T S NE, 2=
SRR TEAFIRC LG N Vs 8. w5 3 FhiE
S L R B B T LU I BRI 2B U7 B 4y
A, MEIEH 7 P2 5P o SRl B 0% L1
PR RULRGES . EE-S S0 H,
e LB T 25 Gy AR i 0t b 22 VR R I . WD
ST, M-S AN R EOE SRR, ATRES
It AR T pH E . BRI, 6=
S R RS PR ARSI, AR AT AR R R A3 A
AP AR E A, AR AN RRIRA T
Fio BT S AR S %R R & 07 IR
250 7 7R 27281, HLJC A TR X PRAS [R5 97 1)
BN AT R IR N T o

AT T UK B - S AR N S T R R
LI TNABAREE, WAERER 4EER S
i REIRIRTT R R . FE-ESHBR 5 0 1R,
FIT A5 200 MBI AR 00 & o 25 LBl i v
e Ol R/ANEERR . 2RI T YT,
ANBEGR S R, M LS M AR S A AT

5 AMIRI B BEE 2R (P<0.05), 5 (¥
DEOT) AU, HARERET MU, K
R SERIZR, BF] “TERER” FER. AL
ESMEAATUREEN, HEESHEN 1:3

I, I EIA BRI M IR B

Z5 (P<0.05), HlmpK A2 AT

45 HL g R RO T U7 3 8. 2RI AT A F

WEVEH], fEiEmSHbl 11 NEERm, 5§

] [ K T2 T 3R 7 T R I SR FH 77 7 v 3o -

U B LE — B UERT 1 05 0 b B 2 H

Z LI B & R A
L35 EPIR, AT TR R I AT T e s - 2

2yt ROk AW TR SR SCEE, IR IR AN R

i K 20038 BLC EE A & F R SOE - S 250 5T

FHRHEAEE o
HBEAR PAEHFARELEF YR
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