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Quality study on Liuwei Dihuang series preparations via network pharmacology
and active ingredient determination
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Abstract: Objective According to the thinking of research on quality control of traditional Chinese medicine based on “components
reflect activity, activity points to efficacy”, the active ingredients obtained through network pharmacology screening were used as
evaluation indicators to conduct a re-evaluation study on Liuwei Dihuang series preparations (LDSP). Methods The network
pharmacology technology was used to screen out LDSP, such as pills (big honey pills and concentrated pills), capsules (capsules and
soft capsules), granules and oral liquids for the treatment of type 2 diabetes, hypertension and nephrotic syndrome of the common core
active ingredients, and the amount of 13 active ingredients (quercetin, kaempferol, B-sitosterol, alisol B, alisol B23-acetate, taxifolin,
hydroxygenkwanin, stigmasterol, cerevisterol, hederagenin, catechin, diosgenin and ethyl linolenate) with higher degrees was used as
an index of investigation, the HPLC method was used to simultaneously measure the wavelength by switching, the determination was
performed on Waters 2695 Supersil Cis (250 mm x 4.6 mm, 5 pm) column with mobile phase consisted of methanol-0.08% phosphoric
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acid (gradient elution), volume flow rate was 1.0 mL/min, column temperature was 30 ‘C, sample size was 10 pL, detection
wavelength: first measurement was at full wavelength 200—400 nm, then maximum absorption was switched to detect wavelength
according to the reference wavelength; The principal components analysis (PCA) and cluster analysis (CA) method were used to
comprehensively evaluate and compare the quality differences of LDSP. Results Under the same crude drug amount, the content of
ingredients in LDSP was significantly different (P < 0.05), and some ingredients were missing in some preparations. Quercetin and
catechin were not detected in soft capsules, B-sitosterol were detected only in big honey pills and granules . In the correlation analysis
results, the similarity between LDSP was 0.170—0.897, and most of them were concentrated in 0.500—0.600. Big honey pills had the
highest similarity with granules, concentrated pills and capsules, soft capsules and the oral solution showed a very significant
correlation (P < 0.01), and was significantly related to big honey pills and granules (P < 0.05); The PCA and CA results of LDSP were
classified into two categories, big honey pills and granules were classified into one category, and concentrated pills, capsules, soft
capsules, and oral liquids were classified into one category. Conclusion There are certain inherent quality differences in LDSP, which
reveals that the phenomenon of completely consistent functional indications in the instructions of LDSP may not be reasonable.

Key words: Liuwei Dihuang series preparations; network pharmacology; content differences; quality study; big honey pill;
concentrated pill; capsule; granule; oral liquid; type 2 diabetes; hypertension; nephrotic syndrome; HPLC; principal component

analysis; correlation analysis; cluster analysis; quercetin; catechin; B-sitosterol
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e rn B YRR A

KEHM 9 g/H (Jit'5 18011726, 17012504
17012473, %i'5 S1~S3); Kk4EH. 0.18 g/H. (5 8
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AR EN 1.0 mL/min, MK SEESEK
200~400 nm FMUE, SRR d RIS
DIHAS e K, A Ay (i Y 1 -0.08 9% % iR /K 7
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Ll 5%y 824.00 pg/mL. B-75 6§ 703.60 pg/mL. ¥
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I ZEMy . B-A ST FIEEE B, FI5EE B23 LTS
M. BRIESEN R, SEm. MR, W
FREREIG. LR, EHE . WHKR L8RP
BIhnkE B R B TE 95.0%~104.6%, RSD<3.03%.
225 FESIE ¥ “2.2.37 TR H AR R
WA “2.2.17 WU kA RR I A .
3 SER55HH
3.1 MEHBZFNER
311 NARHRIE 7 S T R A3 P 07 B T s TN
50 M TCMSP Hdis 2 ks 2= /S R Hh 38 77 HH 7S ok
i 2y, AR I OB=30% /% DL=0.18 i
ebrdE, MBRE S, 15 20 M B AR A T M
43 o FI A Unitprot 4 & Chttps://www. Unitprot.org/)
RIS I M o X B [ #E bR . 7E GeneCards #i#iE & 4>
L “type 2 diabetes mellitus” (2 704 FR 5% )
“hypertension” (/& 1fiL% ) “nephrotic syndrome” ('
TWREEEAE) BATRIZR, 70 BRI — P B i 0
1351 7 828 /> T2DM HHpi #E pii . 6 284 A ML 50
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f-7,22E- " 4%-3p-lF . M SIS EY) . £ 1L-5-
W-3B-FE THR BE 24-H L AHRK-5-)7 3B-O-MLi
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BN G) 8 MR OIS LAY A, HARBIE YT NS
(RIAZ OV PE R AERD AR EECHIE], MR(E R
W 1. 7£ STRING %4 % (https://string-db.org/)
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Fz 1 ARKMEFIATT T2DM. BILE. NS HBZOLEMER S
Table 1 Common core active ingredients of Liuwei Dihuang Formula in treating T2DM, hypertension and NS

7> ID &M AFR Yk kIR

MOL000359 % {{EE Csitosterol) 2B, BEE . 4EPRE
MOL000449 & {7 (stigmasterol) eI 3
MOL001559  ®E#T* (piperlonguminine) %
MOL001736  {Effiir R [ (-)-taxifolin ] RE
MOL000322 g X\ i (kadsurenone) RE
MOL005430  LLiffid C Chancinone C) %
MOL005440 5% #:lelE Cisofucosterol) gy
MOLO005458 #1152 C (dioscoreside C_qt) %
MOLO000546 T2t (diosgenin) %
MOLO005465 ~ AIDS180907 HiEz)
MOL000953  JIH[EE (CLR) %
MOL000422 (L% (kaempferol) YR
MOL000492  (+)-JLZZE ((+)-catechin) PR
MOLO000098  #t %3 (quercetin) YR
MOL000273  (2R)-2-[(3S,5R,10S,13R, 14R,16R, 17R)-3,16-dihydroxy-4,4,10,13,14-pentamethyl- %

2,3,5,6,12,15,16,17-octahydro-1H-cyclopenta [a] phenanthren-17-yl]-6-methylhept-

5-enoic acid

MOL000275  ZfbFa%:H2 (trametenolic acid)

MOL000279 M i (cerevisterol)

MOL000296 ‘%t It (hederagenin)

MOL000831 V5K B23 Zfkfs (alisol B23-acetate)

MOLO000849  16-methoxyalisol B monoacetate

MOL000853 5 B (alisol B)

MOL002464  1-monolinolein

MOL000862  [(1S,3R)-1-[(2R)-3,3-dimethyloxiran-2-yI]-3-[(5R,85,9S,10S,11S,14R)-11-hydroxy-
4,4,8,10,14-pentamethyl-3-ox0-1,2,5,6,7,9,11,12,15,16-decahydrocyclopenta [a]
phenanthren-17-yl] butyl] acetate

EEEEER SR
B H B H T & 4 4

MOL001494  +/\F%-6,9 — %L Z W& (mandenol) B
MOL001495  WHKER & Cethyl linolenate) thZR B
MOL002879  diop B
MOL000358  B-%+ S (B-sitosterol) 2B, BEE . 4EPRR
MOL005481  2,6,10,14,18-pentamethylicosa-2,6,10,14,18-pentaene thZR B
MOL005503  Ji# ki 4:4- (cornudentanone) e Bd
MOLO005531  imfEiEikfE (telocinobufagin) hiZEed
MOL008457  VUSMGIATS (tetrahydroalstonine) thZR B
MOLO005530 #4542 (hydroxygenkwanin) hiZEed

iR A I E R AR SR P S RN N E R TR RN ASHE SR E 4 13 PP R o N AR A
PR —BONARYE T 2 T RE IR BE TS IR 45 Tk B R 7R 48 2 3 A 7 rh R 0L L S SRE) G s

HTE RSy, T LDSP (KIThAE VA NEERAANE SEA T I 45 R M OCHREEE, IR 13 FhiE k4
K . T2DM. @il NS S92 N5 AIRKIEST T2DM. miflE. NS Fi% O,
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Fig. 1 Core protein PPI network of Liuwei Dihuang Formula in treating T2DM, hypertension and NS
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Fig. 2 GO analysis of Liuwei Dihuang Formula in treating T2DM, hypertension and NS (only top 20)
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Fig. 3 KEGG signaling pathway analysis of Liuwei Dihuang Formula in treating T2DM, hypertension and NS
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Fig. 5 Ingredients-target-disease interaction network of Liuwei Dihuang Formula in treating T2DM, hypertension and NS
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1-cerevisterol 2-catechin 3-ethyl linolenate  4-stigmasterol 5-B-sitosterol 6-diosgenin 7-taxifolin ~ 8-quercetin  9-kaempferol
10-hederagenin  11-alisol B 12-hydroxygenkwanin 13-alisol B23-acetate
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Fig. 6 HPLC chart of 13 mixed controls
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Fig. 7 HPLC chart of kaempferol, quercetin reference standards and LDSP sample

%2 LDSP # 13 AR S ENELER

Table 2 Content determination results of 13 active ingredients from LDSP

iR (mg-g ™)

iy PEISEE B23 VSR B MR IRM LR B Y GHRE EEUE EIAER R RIS WA M

LR §EVH 4lE  fExR BT
S1 0.35 1.15 006 183 0.50 1844 013 0.85 1.60 076 0.81 3.77 0.44
S2 0.38 1.18 006 161 045 1815 014 0.82 1.57 074 0.72 3.78 0.40
S3 0.39 1.15 006 263 0.67 1729 013 0.86 1.54 072 0.79 3.68 0.42
S4 0.39 1.08 002 056 0.64 — 011 0.82 1.49 071 0.77 3.34 0.41
S5 0.38 1.09 003 069 0.78 — 0.06 0.83 143 071 0.84 3.38 0.41
S6 0.75 1.55 002 057 052 — 0.07 0.85 1.46 0.73 0.86 3.51 0.40
S7 0.79 1.63 — 0.10 — — 031 171 1.06 005 1.66 4.22 0.06
S8 0.79 1.59 — 0.09 — — 029 1.80 1.16 0.07 1.68 4.23 0.06
S9 0.77 1.54 — 0.08 — — 028 1.86 112 005 1.68 4.24 0.06
S10 0.40 1.09 004 109 0.22 — 0.08 0.84 1.34 070 0.74 3.50 0.39
S11 0.39 1.15 003 095 0.28 — 0.08 0.81 1.34 0.75 0.76 341 0.38
S12 0.40 1.10 004 113 0.17 — 0.06 0.85 1.35 077 0.84 3.35 0.39
S13 0.37 1.15 004 105 0.59 1495  0.07 1.02 151 071 0.80 3.44 0.42
S14 0.37 1.08 004 112 0091 156.2 0.08 0.85 1.54 072 0.79 3.45 0.42
S15 0.37 112 004 115 096 173.3 0.08 0.89 1.52 0.70 0.82 3.42 0.42
S16 0.80 1.48 001 015 0.90 — 0.05 1.82 0.56 0.38 1.66 4.03 0.12
S17 0.79 151 001 014 138 — 005 184 0.67 037 170 4.20 0.14

S18 0.75 1.50 001 016 1.06 — 0.04 187 0.64 039 1.69 4.29 0.13
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%3 LDSP & 13 #iiEMEM S S 2R
Table 3 Comparison on 13 active ingredients of LDSP

FiE S # (mg-g ™)

W PEVSHEE B23 VSR B MR (R m LR B EEY ST EHUE TR WRER FRIESE WS MR Ry

7RI It s fexm B
KEHN 112 348 018 607 1.62 5388 040 253 471 222 232 11.23 1.26
kL 1.11 335 012 332 246 4790 023 276 457 213 241 1031 1.26
Mk 2.34 449 003 045 3.34 0 014 553 187 114 505 1252 0.39
i 1.19 334 011 317 067 0 022 250 403 222 234 10.26 1.16
WRTE  2.35 476 000 027 0.00 0 088 537 334 017 502 12.69 0.18
WaER 152 372 007 182 194 0 024 250 438 215 247 10.23 1.22

AN AR AR E AR (P<<0.01), iR 4 Fdil 7
R L ok 2 B E M (P<0.05), ZHRILE
&y TE M K B 4% 2 2 AR DL 43 28 B [ 1)
KRR, AHFFILAE LDSP (% 3 4ib) H 13 Rk
SRS B2 R BT 2, AU DA —Fhak
H VR A TCIHAT 72, R4S, ik
FI~F- 75 Euclidean P PEZIEE, FARDIR BT 20,
¥ LDSP HHT R KM, ZARIE RE B W %
WA S AN R A 2 2805 0, WL 85 R
K7 Wit AT ey e, 2 A FE R B 7 1) 2

PRCHE . R J IR B B IX 43 FF, WL 9. 10.
TS MIMEDMT e RGBT R —5, ¥
LDSP 730y 2 2K, KZEH. Fkik I h—2, 13
B ZE AR RN R L IREE . R FE. TR
WA RN —2K. R MM RIS AT
DA 4 TR A 57 R 25 5 o 13 Pl ooy Tl
SER K 3 M4 T 15 LDSP AL R % o
M EATAL, dE S ENE. MR R
gESL, AT LDSP ¥GIT 2 R IRR . miiE. E
WA IEIRIT MR AR ES, K& ks T -

FAJT ZTTHRF A 91.310%, KE . BRI 46

IR A BOR T REBCH A 4 R 74T

4 LDSP XM
Table 4 Relevance analysis of LDSP

HFRAZ &

il 71 Kendall’s tau-b #A12< R 5 KE R AR Jling IR EJiha 1R
KEH FHRRE 1.000 0.513" 0.564™ 0.170 0.897" 0.256
Sig. (RN — 0.015 0.007 0.425 0.000 0.222
N 13 13 13 13 13 13
WYL FHRRE 0.513" 1.000 0.846™ 0.562™ 0.513" 0.744™
Sig. (RN 0.015 — 0.000 0.008 0.015 0.000
N 13 13 13 13 13 13
i FHRRE 0.564™ 0.846™ 1.000 0.562™ 0.564™ 0.590"
Sig. (UMD 0.007 0.000 — 0.008 0.007 0.005
N 13 13 13 13 13 13
L/ 3 FHICREL 0.170 0.562" 0.562" 1.000 0.170 0.667"
Sig. (UMD 0.425 0.008 0.008 — 0.425 0.002
N 13 13 13 13 13 13
L KR HL 0.897™ 0.513" 0.564™ 0.170 1.000 0.308
Sig. (UMD 0.000 0.015 0.007 0.425 — 0.143
N 13 13 13 13 13 13
AR KR HL 0.256 0.744™ 0.590™ 0.667™ 0.308 1.000
Sig. (UMD 0.222 0.000 0.005 0.002 0.143 —
N 13 13 13 13 13 13

"P<<0.05

“P<0.01
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Fig. 8 Dendrogram of system cluster analysis on of LDSP
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Fig. 10 Breakstone chart of LDSP by PCA
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