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Evaluation of solubility of traditional Chinese medicine granules based on 20
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Abstract: Objective The solubility of water-alcohol double-extraction Chinese medicine granules was quantitatively characterized
and evaluated by dissolution rate. Methods Based on the dissolution test method of granules in the 2020 edition of Chinese
Pharmacopoeia, the dissolution rate was selected as the detection index, and the parameters such as hot water temperature, stirring
speed, stirting rotor shape, stirring rotor size, impurity removal method and centrifugal speed were optimized. The optimized method
and visual method were used to test the solubility of 20 kinds of water-alcohol double-extraction granules. Results The hot water
temperature was 75 C, the stirring speed was 300 r/min, the stirring rotor size was 4.0 cm, and the impurity removal method was
centrifuged at 1 000 r/min for 5 min. Under this condition, the measurement results were accurate and stable. According to the
dissolution rate of 20 kinds of water-alcohol double-extraction granules and the results of visual inspection, the dissolution test standard
of water-alcohol double-extraction granules was established. Conclusion Using dissolution rate as a detection index can quantify the

degree of dissolution of water-alcohol double-extraction granules. Using the area under the dissolution rata curve (ADRC) as an
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evaluation index can provide an objective method for the evaluation and improvement of the solubility of water-alcohol double-

extraction granules, and provide a reference for evaluating the solubility quality of traditional Chinese medicine granules.

Key words: water-alcohol double-extraction; traditional Chinese medicinal granules; solubility; dissolution rate; area under the

dissolution rata curve
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Table 1 Granules manufacturers and batch number information
i) ki "% #te51 #E52 |FY v % fte1 s
1 X6 LB RMARAR 231217 230801 | 11 JUBRFEIGEIR  BEKEERIZIE IR A 221203 231001
2 X6 THBESERM AR AR 231001 231002 | 12 SEHARBR  WEhAZLAR A 2301254 2307012
3 &Lk IHRE R A IRAF 240304 240301 | 13 B HiFEHH UTRERREAFERAT 221204 240903
4 EETHER TRESHBGERAR 230401 240402 | 14 /N)LSEEERAGRL SAEHWETBRERAR 231081 230817
5 UL THESHURMERAT 220501 220502 | 15 -LEXEHHH  BWHA HRAHF 500746 541269
6 SWAKER  LHEZGRMAERAT 220801 220802 | 16 HIHEZLEH  SONENGURGERAR 230302 231003
7 MEBEER OTHREERGERAT 240301 240302 | 17 NLERFEFN  ZEAGEDIGHRAF 2GG2406 ZGG2401
8 EEM RS EIRAT 230401 230402 | 18 FRFHEBR DI REHZGHRAF 240102 240306
9 A\BRH TWTHEHAERAT 231104 240702 | 19 FEMiEMER  RATEAERBGERAT 241057 240327
10 £ TR IR WBEAM—EHZ) " 202212508 202301406 20 /N EEURL D911 R 25 B A ] 240156 241007
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Table 4 Effects of stirring rotor size on solubility (n = 3)
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Table 2 Effect of stirring speed on dissolution rate (n = 3) cm MEZZH XZG XG
DiFERR AR | BRI EER% 5.0 0.833 85.43 96.90
(emin)  XZG XG | (rminl) XZG XG 4.0 0.666 86.56  98.49
100 80.76  98.22 400 87.64 99.50 25 0.416 59.90 97.80
200 83.31 99.32 500 87.67 99.33 15 0.250 31.68 83.56
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Fig. 1 Plan of different types of rotors
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Table 3 Effect of stirring rotor shape on solubility (r = 3)

LS B 1% L HAEIY%
E~yit XZG XG R XZG XG

AR 81.33 98.90
BA 87.99 99.49
CHY 88.29 99.40

+7# 8783  99.36
JAN SR 87.31  99.43
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Table 5« of 20 kinds of particles (batch number 1, n = 2)

e o 75 a
XZG 0.9950 | JLBRIEIE UL 0.9800
XG 1.000 0 | UiJR¥H % R Biki 0.9850
AR b 0.9925 | ‘B Hi HE AUk 0.9900
EASRPIE It 0.990 0 | /NJLLeHIR MR 0.9875
PY&EER b 0.9700 | L= ERBHR 0.9800
ST 48 9 RURL 0.987 5 | 4 IHiAZ R0k 0.9900
I3 18 75 ROk 0.9825 | /ML F BEURL 0.9850
3= kA 0.9950 | FHbF% B Wik 0.9925
I\ kL 0.990 0 | F L35 Fof FuAer 0.9900
& UREZTESBRL 0.990 0 | /NE Bk 0.9900

SFFARFEEIRES, FTas el i AR —FE, XZG 15
F20mL JEHRFE 1h, 1l XG HFHZE 10 min, EH
PEIS T G S NI T AR &, W A 7 kB
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2.2 BRUERENFRAETT A

S SHMMASE, B ARSI TR
FREX 10.00 g 0k, &HL 200 mL #40K, #3454
# 300 r/min FiEEE 5 min, BUKIREE 75 C, HikkEk
TR 4.0 em, $FEER G BOSE EIA, 1000 r/min

mL BT OEERERZARIY, okt #
FHERE 105 CPEE T, Kl 20 mL VA & 7 &
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7 0.70%, ZERFIZ AN ELE R I
232 AN AEREBRENRERE T, W%
AN IR SRS A% 75 7 A 50, 48 Plackett-
Burman 058 B 1% 1207 v i A R AT A 03,
g ER 6 frow, HhRoKEE (75£2) C,
PEPEREE (300 10) r/min, FUKAEFR (2004+2) mL.
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12 RV A ZE A I IR e KA e /IME 5 50l N
89.47%- 83.59%, “F¥JE N 86.95%, Z K. X
Plackett-Burman S0 25 R AT 77 22504, 45 R LK
T3 MH =, RAHOKAEFRE) PEH 0.009<0.05,
B AR BE 5 B R S O N R A B AR B
XA A VRS, AR R R 2 s
BRI, UEB T 51N a BIA B .
233 FEME IR 227 TR ik, H14% XZG )
ARSI, o3 THiPE4s RS 04 5. 104 15,
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Table 6 Arrangement and results of Plackett-Burman experiment (n = 2)

. POKIREEN PR POKER e | POKIREEN  BEREEEN POKIER s
wws o wws o
C (rrmin™?) mL % C (rrmin™?) mL %
1 77 290 198 87.80 73 310 202 83.59
2 73 310 198 86.43 77 310 198 89.47
3 73 290 202 84.66 77 310 202 86.47
4 77 290 202 86.85 10 73 310 202 86.62
5 77 290 202 86.44 11 73 290 198 89.36
6 77 310 198 88.68 12 73 290 198 87.02
xRT FAEMAMERIRERNSESHT
Table 7 Analysis of variance results for method robustness investigation
RUE WETOIR B ¥ FE GEME| ORI WETHA AmE 3 i S
B IERRER 22.075 3 7.358 5.248 0.027 | #HIKAEH 16.638 1 16.638 11.866 0.009
R 90 721.891 1 90721.891 64698.911 0.000 |ixzE 11.218 8 1.402
KR 5.373 1 5.373 3.832 0.086 | &iif 90755.183 12
PP 0.063 1 0.063 0.045 0.837 [BIEJGit 33292 11
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Table 8 Particle solubility and solution state (stirring and dissolving 5 min, n = 2)

i 51 HHERN W5 R B B MTL HhEN M5 HhERwN B
MIHAERR 231217 99.49 230801 99.58  AIVA K| 4L Bk 221203 88.70 231001 89.10 HHuEMh
XG 231001 99.27 231002 99.13 AL A B 2301254 8859 2307012  89.34 EAiFEMh
NGB 240304 96.23 240301 97.62 &EFIAI|XZG 221204 87.17 240903  86.47 HiMiAM
LEEEPA 230401 95.49 240402 95.60 ARMVAM|FEIME KSR 231081 87.08 230817  85.84 WAk
NJLEEEEIR# 220501 95.09 220502 04.88 AHVAL|FR B EIR 500746 86.98 541269 8475 RiWiEi:
N LEFRFEBHL 220801 9419 220802 94.90 A\ Bk 230302 86.19 231003 6950 FiMiEm:
EETHER 240301 9316 240302 9247 A IVEL|JUMGEWEIK  ZGG2406 8295 ZGG2401 70.80 %k
22 s 230401 91.37 230402 91.85 AV 1| X f Foiks 240102 81.18 240306 8193 BRuFEMh
BB 231104 89.30 240702 88.74  EMEM| 4 VKIS BN 241057 6434 240327  63.08 VEM
JRGES R 202212508  88.81 202301406  89.34  RR{HAEMA|i5EIH ¢ R KL 240156 5346 241007  73.70 M
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Table 9 Dissolution time of 20 kinds of particles (batch number 1, n = 2)

FF il AR A /min 546 %/% ADRC/%  H Mk FE i FEfERT ) /min #4L3/% ADRC/% B 3%
EYEREEZY b 1.0 99.49 98.91 SEAIAM| &L Bk 2.0 88.70 87.01 Rk
XG 0.5 99.27  98.92 TEAEAL| S AL A UKL 0.5 88.59  86.42 RREh
AN=wiz b 0.5 96.23  96.58 SEAVAIL|XZG 2.0 87.17  85.28 RH#Eh
B R 1.0 9549 9415 SEAEAL|FE MIE RN UL 0.5 87.08 7811 RR#EDK
N LSRR # 1.0 95.09 92.67 SEATIEIL|EHRDFE B UKL 0.5 86.98 73.78  BRVE
/N LR FERIORL 2.0 94.19 92.01 SEATIEL| N\ 3.0 86.19 72.83 R
EASRIE T 1.0 93.16 90.78  SEATVAL| SR IETE RURL 2.0 82.95 7244 R
BB kL 2.0 91.37  89.30 SEATAIL|W iR 1.0 81.18 7147 RRLFEDh
B B RERURL 1.0 89.30  88.98  BRAMA I |4 DU I Rk 1.0 6434 6165 Vi
IR OB 55 UL 0.5 88.81  87.43 RN |IAIIH R R KL 1.0 5346  56.47 VEih

ood ] WO TR B AR LRI — M (TR, v LAAH ADRC
A 2Ry SR T2 RURURE 7 95 A M ot J5 2 THAIT N 1)
. ’/,—'* TACTE VAT FRUE,  RORL IV A0 2R B T A )R] 351 5
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. ol {:ﬁj ----------------- 4 %ﬁﬁﬂ%%ﬁ%&%ﬁ%o
§ ‘f 4 i y .
S K AT FURT IS T HAORARIO, AN L
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Fig. 2 Line plot of dissolution time-dissolution rate of

three varieties
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Table 10 Classification standard of solubility
AL ER X [8]/% ADRCIX [8]/% H %
91~100 89~100 SEATRAL
81~91 71~89 R

8, BT AR bR HE T, RSN T vk
T EE M. AR A, E A
WRE AT ERE; e T OB B R R,
E T 5IN a HIE B

KRR BESE SR, 38IE T3
R T RAEBRA RRE R 474, fELIRAE I,
MEE . ADRC {E AV FEFRAT 20 Fh/KBEXHE
FIRLAE AT BT, 20 FluK BEXR R,
HAB AT EIER R 2 F, G 10%, 2
ST KBRS RO ¥ R R 1Y B AL VRN FE AR S bR
HEo XFRREOR. BAEARD FIW A S, A
WRBERIEBIF ISR JT RS T2 Mk
FIALNE ST, ADRC B8 RIEBUTF IS 2%
YER o 383 VA A 28 SR W R AR R A, 9251
B, EEERLE, MEEAZFESBEREN, (F
T X R (0 A P 4 T 2 0 A S T, B U e
IR 2%

BT 52, 2N T IR FREA
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FE IS TR, FEANR 9 T 45 33— S oih )R DD i) v

figeit 1], BT ORI T 20 NSRS 1 B9VA R

o S35b, HHERE 7 RATiG seie bR I, IFA e

P FE A ROT BRSO B T, @ WAE AT VAL

PRSI I ] 52 e AR S0 1 RT .

R R ol I, R IR FE S OR AR AR (1) 5
Wi, B 2% J5 AR R AN 2 200mL, FTBASIAN T a,
BRSYTIEARA, LA =R TR E AR IR S ik
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