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Determination of four constituents and establishment of characteristic HPLC
chromatograms for Bushen Jiedu Granules

TAN Zhi-bin, XU Jun-hong, DENG Zhuo-yan, LAN Hai"
(Shunde Hospital of Guangzhou University of Chinese Medicine, Foshan 528300, China)

ABSTRACT: AIM To determine the contents of four constituents in Bushen Jiedu Granules ( Rehmanniae Radix
Praeparaia, Dioscoreae Rhizoma, Psoraleae Fructus, etc.) and to establish their characteristic HPLC
chromatograms. METHODS The analysis of 50% methanol extract of this drug was performed on a 35 “C thermo-
static Thermo Acclaim TM 120 C,; column (4.6 mmXx250 mm, 5 wm), with the mobile phase comprising of
acetonitrile-0. 1% phosphoric acid flowing at 1. 0 ml./min in a gradient elution manner, and the detection wave-
lengths were set at 240, 246 nm. RESULTS Morroniside, loganin, psoralen, isopsoralen showed good linear re-
lationships within the ranges of 2.481 8 — 124.087 6, 2.328 5 - 116.424 0, 1.064 8 — 53.239 8§,
1.528 3-76.416 0 pg/mL (r =0.999 9), whose average recoveries were 102.43% , 98.61% , 92.02% ,
96. 93% with the RSDs of 3. 75% , 5.79% , 3.46% , 5. 80% , respectively. There were six characteristic peaks in

the characteristic chromatograms of fifteen batches of samples with the similarities of more than 0. 997 —0. 999.

CONCLUSION

Jiedu Granules.

This simple, reliable and reproducible method can be used for the quality control of Bushen

KEY WORDS: Bushen Jiedu Granules; morroniside; loganin; psoralen; isopsoralen; characteristic chromato-

grams; HPLC
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U, UEak, W UE W, VR 48 2 OAH X% E 1,10
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BT 10 mL B, 50% FEEEAZZIE, HE
1 mL 205055 1.0 mg _LaRBL RO 45U, A %% L
W, BFRF—25 mL 8T, 509% H e A £ )
JE, W 1 mL S EAH 120 ng, SELH120 pg.,
HEHEER 50 pg. FAMVEEER 80 g WA, BITE,
2.3 MRS RA A BUBRE SO, KRR
Bl g, BTHEHIEHS, K%MA 50 mL 50%
M, B (B3 300 W, #i% 40 Hz) Ak B
30 min/F B, A =R, 50% F AN R
i, $E5), i 0.45 pm FLUERE, RPAS,
2.4 MMEASRERE EPRLATMTZE,
FERIL A BN IR I PERE S, B 2,37 T
Tk, RS,
2.5 &5 Thermo Acclaim TM 120 C 0354
(4.6 mmx250 mm, 5 pum); iz HE-0. 1% W
M2, BEEEVEML (0~3 min, 12% Z5; 3~ 15 min,
12% ~18% ZJiE; 15~20 min, 18% ~25% ZJi&; 20~
25 min, 25% ~38% ZJiE; 25~28 min, 38% ~40% Z
f; 28~36 min, 40% & fiF; 36 ~ 40 min, 40% ~
100% Z )i ; 40~50 min, 100% ~12% Z. 0% ) ; ARF
1.0 mL/min; A % 4 240 nm (0 ~ 25 min) |
246 nm (25~50 min) ; FEiE 35 °C; @R 20 pl,
2.6 FikFER
261 ZLPEXRRFZE B WO BRI R
0.10, 0.20, 0.50, 1.00, 2.00, 5.00 mL % 5 mL
B, 50% PEERMRBERZIE, 76 “2.57 T
SRR o DAV R TR B R A AR (X)),
WA MRS (Y) #EATIRNE, Z5RLE 1, AT
IS A FEAS FE B NG R R AT,

£1 BROEMXZR

Tab.1 Linear relationships of various constituents

WS CIEpes B
(pg-mL™)
B Y=0.576 0X+0.276 4 1.000 0 2.481 8~124.087 6
kT Y=0.539 0X+0.2495 1.0000 2.328 5~116.4240
WEIEE Y=2.424 0X+0.884 4 0.9999 1.064 8~53.239 8
SAMTIEE Y=2.4455X+0.991 1 0.9999 1.528 3~76.416 0
2.6.2 LEPEHEE AEE WO IS A

FITERE SR AT 20 pl, 7E “2.57 %R
PEREI A, S5ARULIE 1, Bk mr g0, HERUE . X
VA VRCEA) E R () BB ) R B b BT T
o, TIAZ LR R,

2.6.3 REHEEIAL RS WO R 20 pL,
FE 2,57 HATESE T EREIE 6 vk, AR B
. BEHE . AMEFIEER. FAME IR R R RSD
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Fig.1 HPLC chromatograms of various constituents
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NHEREDE , DR . eI AVEIRE . B
B K W T AL RSD 43 A 0.80% | 0.61% |
0.58% . 0.59% , FUIEWAE 24 h WRGEMERLT,
2.6.5 EEMIRE KEREE—HAES (S
190304) 617, % “2.37 Wi F Jy kil 45 st i v
W, 76 “2.57 WAL TR, A
1, B AMEFIEER. FAEIEER A & RSD
I35k 1.24% . 1.00% . 2.38% . 1.58% , #£Wi%
HkEEERL,

2.6.6 JMAERISCRIKES ORS8RI Lo A
AR 6 6y, H0Y 0.5 g, 4% 100% K FEH A%
SPRE SRR, R “2.37 TR 7 kA AR
W, 76 “2.57 WEGEAE T IR R, A L
HOGRNE2,

2.6.7 FESMEAHENE W15 HEORL, AEALTAT
24y, ¥ <2.37 WF kGG AR, 7E
“2.57 WM R IR, MR A R, 4
U3,

2.7 HPLC #/e B 5

2.7.1 L@tE%g [F “2.6.2" Wi,

2.7.2 EIRMEELE R R B A R 20 pL,
FE 2,57 T TESIF T AR, I LR AR
FER 1 AH AT A AT R, A5 R LI 2, bRl
I, FE 50 min 5 G HA TG, R k&R
PERAF,

2.7.3 FEEEIRAE  OAEE R 20 pL,
FE 2,57 TGk SRR R E 6 Yk, LIANE IR

0.75% , =HA{Y
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R2 BHOMERWKERAWER (n=6) H;l;(‘f
Tab.2 Results of recovery tests for various constituents 200

(n=6)

wpy L AR AT Wi i %ﬂ”& 100 .
g mg mg mg % (RSD/% ) 154 6

B 0.5036 0.3755 0.3728 0.7835 109.44 102.43 0

0.5023 0.3745 0.3728 0.7611 103.70 (3.75) -50 ¢/min

0 20 40 60 80 100

0.4990 0.3721 0.3728 0.7486 101.00
0.5002 0.3729 0.3728 0.7432  99.31
0.5018 0.3741 0.3728 0.7436  99.10
0.4994 0.3724 0.3728 0.7527 102.03

DEFF 0.5036 0.2395 0.2717 0.5349  108.75 98. 61
0.5023 0.2388 0.2717 0.5160 102.04 (5.79)
0.4990 0.2373 0.2717 0.4987  96.22
0.5002 0.2378 0.2717 0.49%41 94.33
0.5018 0.2386 0.2717 0.4957  94.63
0.4994 0.2375 0.2717 0.4975 95.71

HEFAEE 0.5036 0.0903 0.0897 0.1775  97.22 92.02

(=}

0.5023 0.0901 0.0897 0.1737  93.19 (3.46)
0.4990 0.0895 0.0897 0.1697  89.42
0.5002 0.0897 0.0897 0.1691  88.53
0.5018 0.0900 0.0897 0.1713  90.58
0.4994 0.0896 0.0897 0.1732  93.18
SAME 0.5036 0.0843 0.0764 0.1660 106.97 96.93
[ 0.5023 0.0841 0.0764 0.1566  94.88 (5.80)
0.4990 0.0835 0.0764 0.1541  92.29
0.5002 0.0837 0.0764 0.1539  91.86
0.5018 0.0840 0.0764 0.1576  96.34
0.4994 0.0836 0.0764 0.1594  99.23

=3 BRHPESEENELER (mg/g, n=2)
Tab.3 Results of content determination of various constit-
uents (mg/g, n=2)

it O B tHEREE FHMETAER
181213 0.613 7 0.417 5 0.129 3 0.123 1
181225 0.716 4 0.471 4 0.138 6 0.139 3
190304 0.745 6 0.475 5 0.179 4 0.167 4
190313 0.751 8 0.481 6 0.1526 0.144 3
190319 0.756 7 0.474 7 0.153 5 0.1459
190410 0.744 7 0. 466 5 0.133 3 0.1219
190424 0.753 9 0.472 8 0.163 2 0.1420
190508 0.717 0 0.5128 0.152 4 0.143 0
190521 0.747 6 0.491 5 0.133 7 0.140 0
190530 0.737 8 0.4850 0.1370 0.120 6
190604 0.738 1 0.476 8 0.134 7 0.116 5
190614 0.738 5 0.478 5 0.134 8 0.116 3
190624 0.741 5 0.475 4 0.137 7 0.1196
190628 0.749 6 0.483 1 0.149 4 0.138 7
190703 0.745 7 0.478 9 0.137 7 0.121 4
SEHME 0.7332 0.476 2 0.142 0 0.130 9

RRNS MG (S), A& 55 16 A0 X 07 B B fa]
RSD 24 0~0.23% , AHXFUETIFL RSD h 0~ 1. 42%
TG B B A

2.7.4 FROEMEIRE KGRI R]— 0y B R
F0, 1,2, 4,6,8 24h7E “2.5" Wit

LOBEET 20 DERIE 5 (9). AMEAER 6 AMEARR
1. morroniside 2. loganin 5 (S). psoralen 6. isopsoralen
B2 BEMSEEEEEE

Fig. 2 Integrality chromatogram of various constituents

THERENE, DIANEIRR M S IE (S), A&
FRAE W AR KR B INFR] RSD Sl 0~ 0. 22% , HH X 04 1
FLRSD h 0~1.35% , R 24 h WEE T
RA4F,

27,5 #wHEMWRKE  BRE—H PR (5
190304) 6 o, Fit “2.3” TR 7k dl &k i g
W, T “2.57 TGk RO TR e, LA RR
RERS Mg (S), MIAF 45 550 06 AH X {2 B B[]
RSD 25 0~0.20% , AHXFUEMHIA RSD 2y 0~2.71%,
KNk EE R,

2.7.6 Kigwie  BC1S #HEEUR, % “2.37 TR
Tk ml s R E R, 7E <2.57 WAkt
FElE, DAMEIRR S IRIE (S), W & FR1E
WEEAFGT AR BE B R AEXT O TR, ST RRAE RS A

MREE, SR 3~4, K4,
. A PR
A
\7~A~—)—A\ R P —
A A
| P — | U | U ——
A ]
B e——
— AA;, R S — —
A 1
30.0 40.0 50.0

t/min
B3 15 #t#Fm HPLC $EE %
Fig.3 Characteristic HPLC chromatograms of

fifteen batches of samples

0 5 10 15 20 25 30 35 40 45 50
#/min

B4 &5 RER
Fig. 4 Reference chromatogram of various constituents
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R4 BEEEBEXRBEE, HXTERTR
Tab.4 Relative retention time and relative peak areas of various characteristic peaks
AR B2 ] AFXT U AT AR
: = : : = :
M5 i o owes owa ORI b wes ws R R
(S  IEE EXC) g%

181213 0.231 0.370 0.477 0.512 1. 000 1. 032 1.015 0. 673 1.478 0. 128 1. 000 0.170
181225 0.231 0.370 0.478 0.512 1. 000 1. 032 1. 098 0. 704 1. 651 0. 134 1. 000 0. 165
190304 0.232 0.371 0.479 0.513 1. 000 1. 032 1. 061 0. 666 1. 606 0.134 1. 000 0. 163
190313 0.232 0.371 0.479 0.513 1. 000 1.032 1. 058 0. 661 1. 601 0.134 1. 000 0. 162
190319 0.232 0.371 0.479 0.513 1. 000 1. 032 1. 059 0. 648 1.598 0. 135 1. 000 0. 162
190410 0.232 0.371 0.479 0.513 1. 000 1. 032 1. 179 0. 721 1.780 0. 139 1. 000 0. 147
190424 0.232 0.371 0.479 0.513 1. 000 1.032 1.012 0.619 1.531 0.133 1. 000 0. 159
190508 0.229 0.368 0. 475 0.509 1. 000 1.032 1. 029 0.715 1.246 0.133 1. 000 0.174
190521 0.232 0.371 0.478 0.512 1. 000 1. 032 1. 180 0.756 1.391 0. 132 1. 000 0.174
190530 0. 231 0.370 0.478 0.512 1. 000 1. 032 1. 145 0.733 1.397 0.135 1. 000 0. 156
190604 0.232 0.371 0.479 0.513 1. 000 1.032 1.163 0.732 1.416 0. 136 1. 000 0. 153
190614 0.232 0.371 0.479 0.513 1. 000 1.032 1.162 0.734 1.419 0.136 1. 000 0. 152
190624 0.232 0.371 0.479 0.513 1. 000 1.032 1. 146 0.716 1.395 0. 135 1. 000 0. 154
190628 0.232 0.371 0.479 0.513 1. 000 1. 032 1. 078 0.677 1.273 0. 130 1. 000 0.170
190703 0.232 0.372 0.479 0.513 1. 000 1.032 1. 157 0.724 1.39%4 0. 140 1. 000 0. 156
SR 0.231 0.371 0.478 0.512 1. 000 1. 032 1.103 0. 699 1.478 0. 134 1. 000 0. 161
RSD/% 0.35 0.22 0.21 0.19 0 0 5.59 5.54 9.93 2.30 0 5.16

2.7.7 RS

2.7.7.1 FARIEESAr FIH 24 683 45 S RS A

RUETENEAE (2012 4ERR) , DAV LS A 58X

S MREE, BRI TRMEEICED, Je ARk

THEAHRUE, Z5RWER 5, RILmTH, &AMz

2B, RAHIE T 2R0E, EEMHERIF,
F5 15HtERBLE

Tab.5 Similarities of fifteen batches of samples

ElIR=3 AHARLEE EIIR=3 AHABLEE
181213 0. 999 190521 0.998
181225 0. 999 190530 0. 999
190304 0. 999 190604 0. 999
190313 0.999 190614 0. 999
190319 0. 999 190624 0. 999
190410 0.997 190628 0.998
190424 0. 999 190703 0. 999
190508 0.997 X ] 1. 000

2.7.7.2  FERSrAr il SPSS Statistics 19. 0 &
HitAT ESr T, SRR 6~7, HILATH, Wi
2 FE WG BT 22 TR 87% , HEASET LU
RWAEERER; #MEIEER . DEE X ERNS 1 5T
BREBESR, WL . SEATXT R 2 K,
2.7.7.3 RI4rMr B SPSS Statistics 19. 0 %X
i, LI ml B . F 75 Euclidean J5 B i B
X 15 HEAE S AT RIS M, WL 5. HR LT A,
M 0<E<5 BF, BRiLS 181213 S HAbFE R A
—2, it 181213 i il T 4 Pl e & A R 22
1430

F6 ERMSEFEEMSEREKE
Tab. 6 Principal component eigenvalues and variance con-

tribution rates

o WIHRFEE HPLECE T MZRA
&t WE% BRU/% A %% BFU%
1 2,437 60.922  60.922  2.437  60.922 60.922
2 1.059  26.477 87.399  1.059  26.477 87.399
3 0.325  8.135 95.534 — — —
4 0.179  4.466  100.000 — — —
KT ERHDWER
Tab.7 Results of principal component analysis
e DiYiINES
i A T2
BLUET 0.759 0. 541
BERH 0.776 0. 491
HEIRER 0.838 -0.420
S EIRR 0.745 -0. 591
SRR R —2, R EFRS 5, R
WA T EFR0E
3 itig
3.1 &M ARSCRCR BN, K

PEME 50 min YIS 4 T3 2 BEROR R 4f, AR
PR, PR S REIEZOR i A B ARG SCIRES &
VWD 58 AN 5 2 8078 58 il i 52 A molie, &
BB DR ORI K 35 240 nm!
EIEE . AT IR ER 246 nm' Y Ry ik E|
FRAE A5 S di AR i 5K, A i 1 e
240 nm (0~25 min) . 246 nm (25~50 min) , F3h
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I R, TMERAE, TR
190604 11
190614 121 SE k.
190624 13
190703 154 [ 1] ¥ . #MNERRE TR YT 2 M B REIR A I PR T R % 52 5
190530 10 MLEIBFZE (D], M TR R 25K, 2017.
190410 6 (2] B WS, Rl R 3&, & MRS IR B LI iR £
190304 3k KA BRI R 16 BIFRCMEE[T]. FHHEE, 2006, 38
190313 4 (8): 24-25.
190628 14 [ 3] Mitsiades C S, Hideshima T, Chauhan D, et al. Emerging treat-
190319 5 ments for multiple myeloma: beyond immunomodulatory drugs
100424 7] and bortezomib[ J]. Semin Hematol, 2009, 46(2) : 166-175.
190521 oM [4] =B REESEEGIRIT 2K aER 18 BlyrRongE[1].
181225 21— SEPH AP BE 2R 2A R, 1995, 17(3) : 39-40.
190508 8 [5] Palumbo A, Falco P, Falcone A, et al. Melphalan,
181213 1 prednisone, and lenalidomide for newly diagnosed myeloma:
kinetics of neutropenia and thrombocytopenia and time-to-event
5 15HtERBELWH results[ J]. Clin Lymphoma Myeloma, 2009, 9(2) . 145-150.
Fig.5 Cluster analysis of fifteen batches of samples [ 6] KumarSK, Rajkumar SV, Dispenzieri A, et al. Improved sur-
vival in multiple myeloma and the impact of novel therapies[ J].
FIHEE T O H6-0. 1% W . -0, 1% B, A& 8L Blood, 2008, 111(5) : 2516-2520.
DU B VU A 8 Y SE R I8, AR BE R (7] Wvh, M, 20365, 45 IRSRRmER 1 b o ey
SHPELR, PREAT AR | R T AT 1. P IEATGS, 2018, 5201
KHATE (1.0£0.1) mL/min, (35.0+1.0)°C . ;Si;f;&m%"‘q:%mmﬁ*a@aﬁwwu] ki
ST, 7T R i o 0. ase
3.2 #BRGARAC IRBAEIOTSRIL, BN o) w2k AR E RS
i P B LS IR T XA R BR B, & W[ 1], FRZE, 2015, 37(5): 1036-1040.
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