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Quality consistency of Liuwei Dihuang concentrated pills was evaluated by

high performance liquid chromatography combined with stoichiometry *
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Abstract Objective: To establish a quality consistency assessment method to evaluate the consistency of product
quality of Liuwei Dihuang concentrated pills ( LDCP) among different manufacturers. Methods: Firstly, high
performance liquid chromatography ( HPLC) was used to determine the content of the six index components in
LDCP, and analyze the content differences between different batches of the same manufacturer and the current

product quality of different manufacturers. Secondly, quality consistency parameters, i. e. , intra — batch content
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consistency differences ( P, ), inter — batch content consistency differences ( P, ), and fingerprint similarity
(P.), were constructed to assess the consistency of product quality among the different manufacturers. And last-
ly, the consistency parameters were taken as the variables and subjected to the principal component analysis
(PCA) to classify the consistency of the LDCP samples of the seven manufacturers to be fitted and differentiated.
Results: The contents of the six index components in thirty — five batches of LDCP samples from seven manufac-
turers totaled 1. 48 —2.99 mg per pill, the RSDs of the contents of different components were 4. 9% —29. 7% ,
and the consistency parameters of the seven products were 4. 2% —-15. 1% for P,, 26.4%—-49.5% for P, and
92.9%-98.2% for P.. There were some differences in the homogeneity of contents in samples from different
manufacturers, and the contents of the product varied significantly between batches, with P value of 64.5 —75. 8,
indicating that the difference in the consistency of samples from different manufacturers was relatively small. But
under certain conditions, the seven manufacturers can be classified into three categories, with B and J as a catego-
ry, Z and R as a category, and X, F, and S as a category. Conclusion: This study provides a simple and effec-
tive method for monitoring and distinguishing the quality consistency of commercially available LDCP products,
and the experimental results can provide a reference for the sample quality homogeneity of LDCP manufacturers.

Keywords: Liuwei Dihuang concentrated pills; quality consistency; intra — batch consistency differences; inter —

batch consistency differences; principal component analysis; quality classification
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Tab.1 Manufacturers and batch number
I Zgi's its
(No. of manufacturers) (batch number)

B 17073471 * 20073206 ,20071827 20071816 ,
20073109

J 202101120 * 202103032 202101130 202012018 ,
202101120

F 20A34* 20031200782 .19F384 . 19K536

S 2011121 * 2012126 2101121 ,2102051 ,2103035

V4 180229 * 180427 210125 21010802 201021

R 210203 * 210508 ,210519 210520 210602

X 200705 * 201005201007 201211 ,210410

T (note) « [A])] 5 = it SR AR EEE D ny (0 =5) 5 AR R
e ICSERL S KE  ny (ny, =5) [0y (ny =5) mean the quantity of sam-
ples collected with # batch number from the same manufacturer; n,
(ny =5) mean the number of batch numbers collected by different manu-

facturers |
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1. B TR (gallic acid) 2.5 — 2 HI ELBERE (5 - hydroxymethylfurfural) 3. ZLi%H ( morroniside) 4. Zh4%4F (loganin) 5. A2 ( paeoniflorin )

6. 1Rz ( paeonol )
1 BEE&XRB&(A)F LDCP(B) 53kiE @it E
Fig.1 HPLC chromatograms of mixed reference (A) and LDCP(B)
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Tab.2 Linear relationships and ranges of six components

oy ke E=qd ¥ ehi
( component) (linear equation) ' (linear range)/(mg - mL~")

WA TR (gallic acid) Y=105. 48X +124.6 0.999 1 1.45~185.19
5 — B FLAEES (5 - hydroxymethylfurfural ) Y =85.45X +0.254 5 0.999 8 12.37 ~197. 89
L044F (morroniside ) Y=19.01X +13.531 0.999 6 1.29 ~164. 80
TR 4F (loganin) Y =19. 40X +21.039 0.999 6 1.75 ~224. 33
A4 ( paeoniflorin ) Y=15.57X-1.439 7 0.999 2 0.26 ~16.30

F 1 3 ( paeonol ) Y=59.72X +112. 74 0. 999 2 3.77 ~241. 12

HHRKRETFIRE 6 P ilr & /i RSD, 45 Rk
BFR.S - FRH SR s 1 ST AT T
R i RSD 435124 0. 50% .0.90% .1.3% .1.6% .
1.7% 1.2% , 25 RERWIZ L T ik m R R AT

2.2.5 fERPEIRER  REFRBORE IR 6 R
AN R 3 o, I BLEE 1 mL S R 399.2 g,
5 - FRHPLPERE 554. 8 g BLifH 356. 8 pg B
444. 8 pg AH1F 162. 4 pg FIFF R 1 495. 2 peg 19IR
B B PRELC F0 5 A 200705 54 5 0. 25
g, J 2. .27 U gl s ki s A 6 . e 121 4y
SRS % AR B 0T B VAR, 2. 1. 37 I (a3 2

WSE A3 BIFEE 6 A B B I [Tk & RSD, 6 A4~
A SRS R AT 99. 4% ~ 102. 2% 2 [8], 25 5%
W23,
2.3 FEPRALOTE A

35 HEU A R B 5 B 6 A48 FR AR 43 1 3 Lk
1.48 ~2.99 mg - L' (W1F 4 PiR) , Hoh S8 fn
B RMITAE0.37 ~ 1. 18 mg - HL 7" (L7 0. 14 ~0.71
mg « AL, BT 0.19 ~0.47 mg - AL, PR B
£0.32~0.81 mg - AL WA FEASETE0.24 ~0.53
mg + H',5 - B H ILRERE & B 4E0.09 ~1.26 mg -
AT R A 0.05 ~ 0.20 mg - L.
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Tab.3 Results of recovery rate of six components

o TpORE TR S T Il gl e R RSD/
( component) ('sampling quality)/ ( content)/ (detected) / (added)/ (recovery)/  (average recovery)/ %
g mg mg mg % %
H B2 (gallic acid) 0. 251 0.39 0.77 0.37 101.9 102. 1 0.6
0. 251 0.39 0.77 0.37 102.2
0. 251 0.39 0.77 0.37 102.9
0.251 0.39 0.77 0.37 102. 1
0. 250 0.39 0.77 0.37 102. 1
0. 250 0.39 0.77 0.37 101. 1
5 — PR BLp 0. 254 1.09 2.30 1.22 99.2 100. 1 1.1
(5 - hydroxymethylfurfural ) 0.252 1. 08 2.29 1.22 99.3
0.254 1.09 2.32 1.22 101. 1
0. 254 1.09 2.32 1.22 101. 1
0. 255 1. 09 2.30 1.22 99.0
0. 255 1.09 2.32 1.22 101.0
B (morroniside ) 0. 251 0.30 0.63 0.32 99.7 101. 8 2.0
0. 251 0.30 0. 64 0.32 103. 4
0.251 0.30 0.63 0.32 99.7
0. 251 0. 30 0.63 0.32 101.5
0. 250 0.30 0. 64 0.32 104. 6
0. 250 0.30 0.63 0.32 102.2
T4 (loganin) 0. 251 0.48 0.95 0.45 103.9 101.9 1.1
0.251 0.48 0.94 0.45 101.6
0. 251 0.48 0.94 0.45 102.7
0.251 0.48 0.94 0.45 101. 1
0. 250 0. 48 0.93 0.45 100. 8
0. 250 0.48 0.94 0.45 101. 4
A5 253 ( paeoniflorin ) 0. 254 0.10 0.20 0.10 98.3 99.4 3.6
0. 252 0.10 0.21 0.10 103.5
0.254 0.10 0.21 0.10 102. 4
0. 254 0.10 0.20 0.10 100.9
0. 255 0.10 0.20 0.10 93.7
0. 255 0.10 0.20 0.10 97.8
F} 52 i} ( paeonol ) 0.254 0.48 1.02 0.52 102.9 102.2 1.4
0. 252 0. 48 1.01 0.52 100. 8
0.254 0.48 1.03 0.52 103.7
0.254 0.48 1.02 0.52 103. 1
0. 255 0. 48 1.01 0.52 100. 1
0. 255 0.48 1.02 0.52 102. 6

$it 8 2020 ARRRC R E 250 O B0k LDCP B YR IL AR T 0.32 mg, BT AR B A 7
MEEH BT, BAARDT 0.37 mg G dhe F50, @ X HEAA T ke & i (2 £ RSD) , &
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IS LT S BATEAN I — 7 AN R 55
RIS R RSD 24 6. 8% ~23. 2% JF)7 1 RSD Jy
6.0%~19.5% JEEFIEH RSD Hy 7.2% ~20. 8% .
ATEGHE) RSD K 8. 7% ~29.7% ,5 — ¥ H LM 1)
RSD 4 4. 9%~26. 6% .

Hok FAHT R 5 ASASTRIHE 54 1 A )
oy AR R LT K% & & (2 £ RSD)
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WO SRS - BRI AR R K2 R

P g R (1.02 mg - L), S TR P AR
(0. 12 mg + A1) 2 AN FAHZE 8 A AR AT T
EHERRZ, 2 FK 017 mg - ) H XK
(0.05 mg « HL~") P 22 4 4%, SE AT AR
S R ) F K (106 mg - L7 SRR
RT7Z(0. 44 mg - HL7") 2 2.4 £ JF R WP 30
A2, R TIPSR 2555/ (S5 0.48
mg - LR 0.31 mg - LT REG LS
) o H L ACEE i — B ) b 2

x4 354X LDCP 16 IS E
Tab.4 Content of six index components in 35 batches of LDCP

£ (content)/(mg - AL, 7") (mg per pill)

o
(man);.im) (batffmbm S + T P BT SE S-pIENEE b
(morroniside + loganin)  (paeonol) (gallic acid)  (paeoniflorin) (5 - hydroxymethylfurfural) (total)
B 17073471 0.57 0.32 0.37 0.06 0.55 1.87
20073206 0.55 0.37 0.42 0.15 0.80 2.29
20071827 0.61 0.36 0.4 0.11 0.56 2.08
20071816 0.56 0.36 0.40 0.10 0.51 193
20073109 0.65 0.51 0.38 0.12 0.4 2.10
Pt ( + RSD) (average value) 0.59 +6.9% 0.38+19.5%  0.40+7.2%  0.11+28.1% 0.57 £23.7% -
] 202101120 0.55 0.46 0.36 0.13 0.46 1.97
202103032 0.56 0.47 0.36 0.14 0.66 2.18
202101130 0.68 0.51 0.43 0.13 0.54 2.29
202012018 0.38 0.37 0.24 0.10 0.40 1.48
202101120 0.42 0.38 0.30 0.10 0.40 1.61
Py{ti(x + RSD) (average value) 0.52 £23.2% 0.44+14.2%  0.3420.8%  0.12+16.1% 0.49 +22.0% -
F 20A34 L03 0.40 0.36 0.15 0.17 2.11
20031 1.10 0.40 0.37 0.16 0.11 2.13
200782 0.84 0.35 0.28 0.12 0.14 1.74
19F384 118 0.35 0.38 0.14 0.09 2.14
19K536 1. 14 0.37 0.33 0.15 0.12 2.10
Py{ti(x + RSD) (average value) 1.06 £12.9% 0.37+6.0%  0.34+11.3%  0.15+9.6% 0.12 £25.2% -
S 2011121 0.60 0.40 0.53 0.20 0.30 2.03
2012126 0.67 0.48 0.46 0.15 0.31 2.06
2101121 0.66 0.49 0.38 0.08 0.29 1.89
2102051 0.66 0.43 0.48 0.16 0.32 2.07
2103035 0.58 0.43 0.53 0.17 0.29 2.00
Pffi (5 + RSD) (average value) 0.63 £6.8% 0.45+8.1%  0.48=13.5%  0.15+29.7% 0.30 4. 9% -
z 180229 0.62 0.75 0.51 0.18 0.76 2.82
180427 0.53 0.69 0.4 0.18 114 2.9
210125 0.4 0.63 0.41 0.17 .26 2.93
21010802 0.48 0.70 0.41 0.14 1.26 2.99
201021 0.71 0.81 0.51 0.17 0.70 2.91
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F4(2)
% (content )/ (mg + AL™") (mg per pill)
)—%{ *H:% TR TR S sy e N a2y
(manufacturer ) (batch number) B + R bavdi WET]R APt 5 — FLH L Bt
(morroniside + loganin) (paeonol ) (gallic acid) (paeoniflorin) (5 — hydroxymethylfurfural )  (total)
(i (x + RSD) (average value) 0.56 £19. 6% 0.72 £9.5% 0.46 +11.5% 0.17 £9.6% 1. 02 £26. 6% -
R 210203 0.56 0.52 0.34 0.11 0.73 2.26
210508 0.45 0.52 0.33 0.11 .04 2.45
210519 0.37 0.42 0.27 0.11 1.16 2.32
210520 0.41 0.43 0.32 0.14 0.95 2.25
210602 0.42 0.39 0.30 0.10 0.91 2.12
HI{H(x £ RSD) (average value) 0.44 +16.9% 0.46 +13.3% 0.31 +8.6% 0.11 +14. 5% 0.96 +16. 6% -
X 200705 0.73 0.45 0.30 0.05 0.4 1.98
201005 0.78 0.46 0.35 0.05 0.54 2.17
201007 0.78 0.51 0.38 0.05 0.48 2.20
201211 0.78 0.438 0.39 0.05 0.54 2.24
210410 0.54 0.50 0.26 0.05 0.49 1.84
(i (x = RSD) (average value) 0.72 £14.3% 0.48 +5.6% 0.34 +£16.6% 0.05+8.7% 0.50 8. 1% -
1.5
HE B
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Fig.2 Contents of six components in samples from seven different manufacturers
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Tab.5 Consistency differences of contents among samples

from seven different manufacturers

J7 % ( manufacturer) P,/% Py/% P./%
B 11.9 43.1 96.9
J 15.1 48.8 98.2
Z 10. 1 37.3 92.9
R 11. 4 38.0 94.7
F 4.2 31.8 97.6
S 6.3 29.5 96.7
X 9.4 26.4 96. 4
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Fig.3 PCA distribution of samples from seven manufacturers
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Tab.6 Seven factory — variable factors and P

J~ K (factory) pl p2 P
B 79.9 68. 1 71.8
J 86. 1 66.3 75.8
Z 73.3 67.0 66.9
R 75.4 67.9 68. 6
F 68. 4 74.9 65.3
S 67.8 74.1 64.7
X 67.6 73.7 64.5
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