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Research on effective components compatibility of Alismatis Rhizoma resisting
calcium oxalate calculus in vitro based on uniform design
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Abstract: Objective To investigate the inhibitory effect of six active triterenoids and their compatibility from Alisma orientale on the
formation of urinary calcium oxalate calculus in vitro. Methods A uniform design method was used to design the different
compatibilities from six triterenoids. The inhibitory effects of the six triterenoids along with their different compatibility groups were
evaluated in vitro using a standard seeded crystallization technique. Results The six active triterenoids and their compatible
preparations could significantly inhibit calcium oxalate crystal formation in vitro (P < 0.05), and the group of alisol A-alisol A
24-acetate-alisol B-alisol B 23-acetate-alisol F-alisol F 24-acetate (2.2 : 3.8 © 1 { 3.5 2.2 [ 1) was the most efficient with an
inhibitory index of 188.29%. Conclusion The triterenoids in A. orientale play a key role in the inhibition of calcium oxalate calculus
formation and compatibility of alisol A, alisol A 24-acetate, alisol B, alisol B 23-acetate, alisol F, and alisol F 24-acetate can inhibit the
calcium oxalate calculus well in vitro especially cooperated with each other, and the best compatibility proportion is 2.2 2 3.8 I 1 :
3.5 2.2 1 1, respectively.
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VEVS Alismatis Rhizoma M¥PEVSFRETS & FEYIPE
15 Alisma orientale (Sam.) Juzep. T HEE2E, HA
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AT W AR Y. A B I i s
K HTFANT B R B DR A o A 45 Ay BB TR 45 T B RT
Heth i sgmy, R BLPRYS K BRI REAT 2 i /D HE R
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BRAH], #55 563-73-4; SALEE, VUBkik TR
FRAA, fib5 10025-70-4; X RFEERE A (LS
MUST-16032402, JiH45340=98.0%). 24- LIRS
¥ A (b5 MUST-15022104, Ji+4>%0=98.0%)
MPFEEE F (LS MUST-15052014, JRE)$=
98.0%) I A el 2 Bk R IR A | X
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73 IR 10 mg (15 RE A 24- LIRS IE A
FEISIE By 23-L RIS EE B FEISIE F AL 24- 205t
FEIEIE F AR AR, MM, BT 10 mL &)E,
FH B AR, BB R IR B 1.0 mg/mL FIEW, LA
%M.
2.2 MEEERELE R IKSNE R HNHIE S A E

HY pH 6.5 Tris 22 48 mL, JIA 0.03 mol/L
SAES AT 0.03 mol/L HPRHM % 1.0 mL, JRAJ13 0.6
mmol/L F & R85 W At Ay I50 mL. HX 50 mL %
PR AR, MR 1 mL, £ 37 ClH
KGR 10 min, HUFE 3 mL AL pER £
FLA% 022 pm FALIEREIE T 20 W, ARJE A
0.5 mL JFiHME 5 mg/mL 19— /K B L LR R
(CaC0,H,0) HitdE 30 s, kB EIR KB HIR Y
W¥E 1.5 h, PRI 3 mL W FIFEL 0.22 pm ALIE
JBE, HECERAE RSO N o 20 IS8 0.5 mL T
THMUELEN, RIEEIIA 0.25%5 0 4.5 mL
CFRRE 10 4%, 1 FH -7 ROBe 0 D't 01 B8 1 5 Tk &
BTG 2 B0 BT Ca® ikl (o) Bl AR
2 AT SR AT 2 i A IR £

RS =1—(Co—C)/C,
Co A INEHRTIER P Ca® W E, C, JyInFh s E 1.5 h JE I8
b Ca* ik i
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B, o P<0.05 RRBAGIHR . WIS
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2.4 EFIBRRE A RIMNAERR$E L RIE TR

S R G AT I PRISE A 24-CEERRISRE A
FISIE By 23-LWBERE By FSIE F ORI 24-409;
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F2 “2.27 WU J7VEN 8 B BARAN TR T ik B AR Ak
PUELRRAS 25 i (A, SR M 97 HH S5 i 45 1R 5T
R PG F AT A Sy AT

XPAN[A] BT IR E 6 PPy SRR AT B IR AT, 25

pnVEHEEATIE, RN 1o RIS/ FARAE
10 pg/mL F1 100 pg/mL 8RR B (1), 11 200
pg/mL IR e T =i 2 DR 5T SR v 1T A /N
ST RO, R, TR IE 10~100
png/mL [ IS FEAE R 250 Yo vt S5 1) 77 B Y
2.5 BRI ITRBAS AR
251 HAREEIE R 24-ABERTEIE AL PRS
B AL 23-LFEPRV5EE B PRVGEE By 24- LW BT I
F HIBEIEEE F o6 PPt R 45 G I 1 o 1 b 25 5%
2, BN AEE RS S A &5 12 K
o i DPS Wit AI R (K 2), A 12 F
77 (NT~N12) o BN T T A D 4% 2.2
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Table 1 Effects of Alismatis Rhizoma with different concentration on resisting calcium oxalate calculus in vitro (X £s, n = 3)

SRR A/ ke E0%

(ngmL™) %[ (T FEEEA  24-4BFER A WHERB  23-LB0XEEE B BWERF  24-LWFER F
10 67.33%£5.14 112.00+ 9.12" 10233+ 742"  87.67+ 6.93" 115.00+10.92" 77.67+8.65 106.33+11.28"
100 115.67+£11.27" 133.00£10.08" 7533+ 6.11 9433+ 8.06° 83.33+6.54" 110.33+ 9.257
200 161.67£15.26" 84.67+ 7.53" 104.33+£12.74" 8833+ 937" 88.00+9.01" 119.67+£10.33"

gtk 'P<0.05 TP<001, TH
*P<0.05 “P<0.01 vs blank group, same as below

£2 Up12% GRS BRRER (X+s5,n=3)

Table 2 Disposition and result of U;2(12%) uniform design experiment (x +s,n =3)

B/ (ugmL ™"

415 —— TSV E—— STV —— — PR £ %
BB A 24-ZBRIERE A WRIERE B 23-LBHREEE B BHISEEF  24-ZBRFISEEF

T — — — — — — 62.33+ 6.24
N1 18.18 75.45 83.63 18.18 4273 34.55 128.674+21.83"
N2 75.45 50.91 10.00 10.00 75.45 59.09 139.00% 3.00™
N3 83.64 10.00 67.27 26.36 50.91 91.82 149.33+17.47"
N4 67.27 26.36 100.00 83.64 26.36 50.91 138.334+27.64"
N5 100.00 83.64 42.73 50.91 18.18 67.27 126.67+17.78"
N6 26.36 18.18 34.55 59.09 100.00 4273 133.674+21.78"
N7 10.00 42.73 59.09 100.00 67.27 75.45 156.67+£16.50"
N8 91.82 59.09 75.45 75.45 83.64 18.18 124.00+ 7.00™
N9 50.91 91.82 91.82 42.73 91.82 83.64 139.33+11.727
N10 34.55 67.27 18.18 67.27 34.55 100.00 145.334+15.017
NI11 59.09 100.00 26.36 91.82 59.09 26.36 186.00425.06"
N12 4273 34.55 50.91 34.55 10.00 10.00 153.67426.00"
PH 2 0 1 — — — — — — 130.33£10.15™
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Table 3 Analysis results of each method

SRS A % B+ K HAETE S A e ml e Z R JE I g A Al
P{A 0.8450 0.082 6 0.8450 0.0315
;! 0.000 0 0.993 8 0.687 6 0.999 1
d 1 2.056 3 2.049 6 2.056 3 2.005 4

By AT BT S8 R £ 2 TN 1 ST Tz 5 ]
Ho M7, fHUAIE TR R Y=102.463 3+2.036 2
X;—0.446 7 X,+1.503 4 X;—1.380 5 X,—0.107 6
Xs+0.096 3 X,—0.018 7 X;*+0.005 0 X,°—0.014 8
X5240.014 6 X,* (X, N BIEHE A IR, X, J 24-
LTSI A JRERIE, X; WEERE B RRIK)E,
X4 N 23-LEPRISIE B Rl BE, Xs IEETEIE F )5
HIRE, Xo N 24-LBEPRISEE F TR, JifEi
IS 25 r=0.999 1, P=0.031 5<<0.05, [A]]
HREAG g% 5 X, Durbin-Watson 41l & d=
2.005 4, £ 2.0, $en i RELGBAE, HoOT 2001
SR WAL 40 RS Rort rARE AL o e AR AL
FSMEA X1 =59.0 pg/mL, X,=100.0 ug/mL, X;=
264 pg/mL, X,=91.8 pg/mL, X5=59.0 ng/mL,
X,=26.4 pg/mL, BIffEdlorfc b AETERE A-24-
LWEPETETE A-PEV5RE B-23-LWEETSRE B-PRTG I
F-24-Z WP 50E F (22 :38:1:35:22:1),
FLHDHIEECAY 188.29%.

x4 HESH

Table 4 Analysis of variance

AR S A s Ryl H F 1l Pl
[l )5 3154.399 4 10 609.808 7  0.0315
W 7E 0.5173 1

SR 3154.916 7 11
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35 et SEIG I 25 R AT s 0 A, % DPS
Bt gs H A A HEATIUE, 6 s Al )
DA SEMME - TRl B R
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T SR A B P2 M EEE R (B D, 4558 W
THIEA 3. I HW AR 1 S A R AT LA
(B TIRUE LS, %M “2.5.37 TR L FS(E
SR E AT 3 IR, LR £ A
179.21%- 185.37%K1 193.04%, &5 Hi% )5 B vl {5 i
B, HSE S v e .
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45
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Fig.1 Line chart of calculated and experimental values

3 i1ie
3.1 AHEAH SRR ESEE /LR

T, AERE 12 DK A W 20T, ARSE
BXF 6 Bl =il ey AN AR CRERIZED ST EVE
WA, BN FARRE T 104 1004 200 pg/mL 3 4>
R AT, 2R IS SAATE 10 pg/mL
F/E 100 pg/mL BRI R AR, mikE
200 pg/mL I HAR MG PR R I R 1 R RL
B, AR T a8k, DU RS 4
PRZ A DR KT H S BT SR P HE R PR AT 5
PERBE: JFH %51 100 ug/mL K25%05 200
ug/mL AHLE, BRTPRISEE A F1 B 14k, HAh 4
MG BEFEEZN, 2R ATEE RIS
CATRESHTH T 5, Rk, R4 6 AR
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2, B 12 AN IKF I8 A Yert BTt ik B i il oy
10~100 pg/mL.
3.2 ANEARIRZAM L

M 1R 2 TR, PRV s RGP
FRAE VT PEIN IR ECN 88%~133%, Ml 41/ fic fh
Jo S B S PEFIRFE SO 124%~180%, 24X
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PEZGAHLE, B — 2o RS — i B 0 4 ot (1)
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DIRRIE KR e 2 1A S, BRI HAR 0 B L 1E
LB SR, S ot R S S T2 R
Z KV IARES, PRS0 Pl s £ P A R AR
WS, ARG T AT A FIEAS T, Ask
Wi REM HRE S HIA . 25 & HARLUE
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NI A 55 2 HE VR AR A/ 0 IS 45 o P e 4 50
(=

22 23 AR OO rh 2 AT (K T 1)
B, BRI SR BT S0 I HO I RIS
IEREAT R4 o 245 40k 77 s LR v 2435 1 s o) B DG LG
A%, DA RS T 288 NS 2 BRR 1R F K U
BB RA R A H I, YU A
WAk F s R R A b G T A 2 U7 AL, (R 2
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REaS

TR B BAHEARIR DR, wr s 2R
TEBCATL A a7 IR S5 A AR S T 7, W2
RS . AR B IS B R 45 0
FAT A A BES IR Z e AR, BRI 25
FR A SEAT G, ARSI S TG 6 A = hi K
5% S HAT RAMI RS 45 i AVE T, SRR

V5 RGP A A ) T, JF H

AR R ST A I 6 B =Rk
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SrBCA, WIS VRSN RS ], ik

6 T =hZE o AL A 22038 118

3512201, O R A AR b B IR

S5 I B R

S 3Rk

[1] PR, XU, ARG R, &5 hgysE M) dest:
e r e 2 H kL, 2012

21 &L, N AR EdRTh, S SR AR > K
H G ANGR N AR (7. P& 2, 2015, 46(22):
3420-3426.

B3] EW), £ W, E O S WIRREARNRAT Y
wrsat e [ AW At R, 2016, 16(3):
597-600.

[4] BB, FHAEM, XN4Rar, 4. V5 K BRI bR B RS
e el A Tl 7 RS M v U1 T 1 s e == R T
2010,13(12): 1701-1704.

[51 XU, PRS0 WA IR 2 45 408 25 IR R BT AT 5T [D].
D P RHCRAE, 2010.

[6] DR, 78 A%, BAIZE, 4. PR =R R
BV PR AR IR ES S A TR KT [T]. R R R
e BEEAR, 2011, 40(6): 634-639.

[71 JTUE, FHEAR, BrplR), &5 Bl R RS 4 A
TERGHTER ST 2D NMR 3 AT [J]. 3222408, 2005,
22(2): 195-200.

[8] JinHG Jin QL, Kim AR, ef al. A new triterpenoid from
Alisma orientale and their antibacterial effect [J]. Arch
Pharm Res, 2012, 35(11): 1919-1926.

[9] Liu X, Li S L, Zhou Y, et al. Characterization of
protostane triterpenoids in Alisma orientalis by ultra-
performance liquid chromatography coupled with
quadrupole time-of-flight mass spectrometry [J]. Rapid
Commun Mass Spectrom, 2010, 24(11): 1514-1522.

[10] ¥ 3¢, 4RI, BOTH, & PSRRI =58
TEMEH T ] 4P B2k, 2015, 35Q2):
210-217.

[11] 1% WL, B, SMSK, 55 BES R s XY
TR (0], P EBE 2R, 2015, 12(27): 53-57.

(12] Fg W9, Ja77 M, XEHE, 55 gy L4 oA 4
GAER R SR [J]. T E 2 F @R, 2013,
29(2): 153-156.

[13] M2, Bz, kiR, & EFRAA0m “415
gk MR TP EURCROERTY [7]. TPy, 2015,
46(8): 1103-1110.



22

Chinese Traditional and Herbal Drugs

F47% F238 20016E£ 12 5 © 4165 «

[14]

Zhao W L, Huang X Q, Li X Y, ef al. Qualitative and
quantitative analysis of major triterpenoids in Alismatis
Rhizoma by high performance liquid chromatography/
diode-array  detector/quadrupole-time-of-flight — mass
spectrometry and ultra-performance liquid chromate-
graphy/triple  quadrupole
Molecules, 2015, 20(8): 13958-13981.

BT, s/, VP S, 4. RP-HPLC-DAD [A] i il
EVES T 11 A= [, hELZy, 2016, 47(16):
2933-2937.

£ DU A R S BT FEOIR I D e SR IE 1
IR S ICHLHIWESE [D]. MR SRIETL 2y

mass  spectrometry [J].

[17]

[18]

K2%, 2015,

BRI, ki, EHZE, & PS5 RMIIR Y
IGD PC-NMR R S0 [0 &2y, 2018,
46(21): 3131-3136.

OF @, K B, fMRSE. RS- AL S
TE AT VT R 5 B vt 1 Bl A B L AE 29 70T 58 v 117 1
[0]. #2422, 2011, 23(2): 18-20.

T, WE, T, 5 ERSATEEHA%R
T AR R EEAT L AT W ) & T AT [J]. ThBE
24,2016, 47(10): 1682-1689.

T 0 BT R 4 C BT IR K
HA AL [D]. KA HHRKAE, 2016.



