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[ Abstract] Objective To discuss the effect of Anemarrhenae Rhizoma with different
proportions on the dissolution of 6 inorganic elements (K, Ti, Sr, Ba, Ca, Mg) in Gypsum
Fibrosum under different compatibility based on grey correlation analysis and technique for
order preference by similarity to an ideal solution (TOPSIS) method and to provide reference
for clinical application. Methods Inductively coupled plasma mass spectrometry (ICP-MS)
was established for simultaneous analysis of inorganic elements K, Ti, Sr, Ba, Ca, Mg in Gypsum

Fibrosum - Anemarrhenae Rhizoma. The gray correlation ananlysis and TOPSIS method were
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used to comprehensively analyze the changes of six inorganic elements in Gypsum Fibrosum
under different compatibility. Results The findings of the ICP-MS determination of inorganic
elements in Gypsum Fibrosum - Anemarrhenae Rhizoma were good in terms of linearity,
precision, repeatability and stability. The average recovery was 81.78%-104.13%, and the RSD
was 2.10%-4.62% (n=6). The dissolution of six inorganic elements in Gypsum Fibrosum after
compatibility with different proportions of Anemarrhena Rhizoma was significantly higher than
that of Gypsum Fibrosum single decoction (P<0.05). The dissolution scores of six inorganic
elements in Gypsum Fibrosum were the highest when the compatibility proportion of Gypsum
Fibrosum - Anemarrhenae Rhizoma was 30:9. Conclusion ICP-MS is a sensitive and accurate
method for determining K, Ti, Sr, Ba, Ca and Mg in Gypsum Fibrosum- Anemarrhenae
Rhizoma. The best compatibility ratio of Gypsum Fibrosum - Anemarrhenae Rhizoma is
30:9, which can effectively improve the dissolution of six inorganic elements in Gypsum

Fibrosum, and provide the basis for the further compatibility study of Gypsum Fibrosum and
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Anemarrhenae Rhizoma.

[Keywords 1Gypsum Fibrosum; Anemarrhenae Rhizoma; Inductively coupled plasma
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ideal solution
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THPR AR EZS R BRI
2.43 MRS A BRI R

BB - FBEZGRE, sem B BRI
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(n=6) , FWULIHRHEE R Af
253 ETHEMHRE
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Table 1. The detection limits, limit of quantitation, linear equation and correlation coefficient of
6 inorganic elements

LI (ng » mL™)

KRR (ng- L) iR (ng- L)

JLE [ )77 7 r

K Y=407.91X+3 647.21 0.991 0 40~0.5
Ti Y=5371.16X+1 135.13 0.998 0 0.001~1
Sr Y=20161.35X+913.1 0.999 0 0.01~2
Ba Y=6 319.02X+1 299.98 0.991 0 0.05~5
Ca Y=0.049 1X+16 235.04 1.000 0 25~375
Mg Y=123 4.15X+2 399.24 0.999 0 0.2~20

0.9 29
3.1 10.2
0.8 2.8
1.1 35
0.9 3.0
0.6 2.0

254 FEMRE

KGR — 0y [ A8 — HBE (30 :3) A,
T 0, 2, 4, 8, 12h$& “2.3”7 Wi F SMREN E
4 Mg, K. Ca. Ti, Sr. Ba 7 & A9 RSD 43 |
H3.23%, 2.52%, 2.02%, 4.75%, 4.70%, 1.72%
(n=5) , FHAHLLSEIAE 12 h W
255 e EDi R GK I

FEEFREL [ A8 - HBE (30:3) 1 HEA 0.5 ¢,
AT 6 0y, KEEIMA—E mIERT, & “2.4.37
WUT gy kil s i s W, R “2.37 WU SR
HEREIE, AR, 455 Mg, K. Ca. Ti.
Sr. Ba 7t Z °F- 4 i #E [ R 4 51 R 87.39%,
99.03%, 99.16%, 81.78 %, 93.63 %, 104.13 %,
RSD 5350 4.12%, 3.12%, 2.10%, 4.53%, 3.63%,

4.62% (n=6) .
2.6 HFmillE

PEH Ge. In. Bi PR, $& “2.43” TiTHJr
il AN R B A A B — JRE 25X S A
T B SRR S, #5237 TN ARk
e, W3 B~ 31E, AR bR &5
AENERE 8 ST v B, TR A I A B 1 ) A
ARV, P14 KL Ti. Sr. Ba, Ca. MgJC
ZHE R R Miscrosoft Excel 2007 B4k H 5
GREE, SPSS 20.0 B TGE 2400, TR
B X 5 Fon, R ¢ KXt EAS R A e A
B - HEE 2 A B LT R & S A B
ITHICE S, P < 0.05 NESEG 5L,
ERWA 2.

®2 AEARMAILGHI TABTHMENYTEZSENESER (ug- kg, X+s5, n=3)
Table 2. Determination results of 6 inorganic elements in gypsum under different compatibility ratios
(pg - kg, x+s, n=3)

A F B LY Mg K Ti Sr Ba

30:0 0.03 +0.12 1638258  3029.00 + 106.41 0.51 +0.02 1.29 £0.07 1.46 +0.08
30:3 0.56+029"  1899+1.74  2292.88+109.62°  0.40£0.022"  1.19+0.08 1.53+0.19
30:9 1217 £045  3268+7.17° 237879 +158.61"  0.41+0.04" 1.06 + 0.06" 3.33+0.24°
30:15 4.79 +0.78" 8.02+3.79" 34326612663  0.55+0.04 1.40 +0.13 2.52+0.09"
30 : 50 847+039"  13.63+£1.94" 170272+ 53.49" 1.34 +0.03" 0.74 = 0.03" 3.45+0.14°

E: 530:0kk3k, “P<0.05

R B, BALE A F T Mg i E
WE R TAFRAMNN, Z25A%IT#EL (P
< 0.05) ; AFEEAR EEEIXT A FEH K, Ca, Ti,
Sr. Ba ¥ 2R HJGH WA, A Bt
BCAR LB 30 : 9 B, A7 T K Ba 1 th e K.

T E R S A - R R AR T
AFTLHICRE 2R, DLW A A BT
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k=1, 2, 3--n; fEARBIFEH =5, k=6) .
272 JRIGFIFENAEACL L
BTN EAR R 28 B0k, 70 R R i
b i, IR E ], A0 Y=XdX,
(Y RS AAL B B8, X, R IR IR B, X,
e m AR kN ERRIYIIE ). ARV 3.
*®3 AEBMAELLGHITAEPMENY TR S LB LE
Table 3. Data normalization processing of 6 inorganic elements in gypsum under different compatibility ratios

=3 o0 o

0: 15
0: 50

& = &
a & A

Bl AREELG TAER6MTNY TERERE
Figure 1. Heat map of 6 inorganic elements in
gypsum under different compatibility ratios

A F B LY Mg K Ca Ti Sr Ba
30:0 0.006 0.934 1.422 0.873 1.276 0.733
30:3 0.107 1.084 1.076 0.685 1.181 0.767
30:9 2.247 1.737 1.049 0.677 0.990 1.539
30:15 1.029 0.466 0.653 0.476 0.817 0.232
30:50 1.612 0.778 0.799 2.289 0.736 1.729

273 XREEFHAE
R SCHRBE FEATIFAN I, N R S H P
G E 2 2% e 90 Rl i 26 275 )5 50 43 R (X
Xy (k=1, 2, 3-n) . RS HFIHA
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2275 P B TR bR 2 n A R R 4 B Y
f/MEL, B XY TR PN B OTAR TR A
RZSEZ PN RK R B X T RIS % 75
RISCHR R BO TR AT
EL(SF Amin+ pAmax
Y - Ysx

(1)

+ pAmax
A, Amin= mi}’l‘Yik—Ysk‘ , Amax= ma)dek—Ysk‘ s
(i=1, 2, 3=m) 5 p NIPPEREL, —BIEN 0.5
RIAT . HX T 22257 P 91 0 DGk R B0 T A
LU
A'min + A" max
Yic - sz| + pA' max

i
Ek(t)=| (2)

=, A’minzmin‘Yik-Ytk‘, A’maX:mMKk-Kk‘,
(i=l, 2, 3-==m) 5 p HIPHERE, —BHUEH 0.5
RpaT

2.7.4  RIRJE Aeraxt KB

A TEN BRICHIN TRl . 225 %75
BRI, RISREERE S L n TPEMN FE AR SCER R
BIME . AR TS 2 P 0 SR -

|

Fit) == D &) (3)
n

HER T 22 275 7 47 B OCHREE N -

ri(t) = lzzzl &L(t) (4)
n

UNSRPFH 0 e S 17 ) SRR fe K
11 ) 5 B 252 25 P 1 SRR BE A/, WU E Y
PR BT A R A5 R AL, iR ST
MR A BT 7 91 [R] I AE N TR 225 R 41
W ZES75 P AR B E LA (5)
AR A AR SC B B 1 R /N PEAN B 1 41 R AT HE
F, MEIRAIFHER . PO IR R OCHK B

Vi(s)
vi= (5)
Vi(s) + Ti(r)

AR AR X IR E (8 /NS PR BT 7 S AT
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HEY, A9 8RS TP a3 . A SCHR R
R LR AT B, S5 R R 4. AF - M
30 : 9 LB N A E AT R i B AR Sk
FER 0.518, LA T e
2.8 J@INTOPSISH#i

FIAY TOPSIS ¥ J2& — i {87 {5 15 280 1 2 45 b 25
BV, e KRR B AR S RE R 1, DA
TOPSIS KT A F - FRX A E Th &R TR
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281 BIEFREEE

BAH m AREA (1, 2, 3, --m) , 81T H
Frf n NoEIEYE (1, 2, 3-n) o BEAR 4, (1, 2,
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X, WIHGEHIBOHERE VAR AX T
_Xu X2 X |
X0 Xy . X

V= X}] X32 ...X3n (6)

Xml Xm2 .. -an

2.8.2 FEI)a—fLkFIES

WA Z R PRI R RE S M, X8R C; IE
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5, PRIHCRE 20 JRUR B S HEA T — (e ab 2R, Ik
SERREAC DR B, TR AL (7)), Bl Ab
PSSR IR 5,

- Xij —min(x;)

! max(x;) — min(x;y) (7)

283 JREEH T ZIRATIEMAE

ZARBR IR 3 P PPN 5 A A A 23 5 Wil i
LLER R 2 A, DTG EEX A R P4
BbR e T & BEAL . 5 B2 RGP R Y
i, WURIEIEARAAE B H BN, WS braEde
RS B2, LG PR R 2 RV T st Be
K, BB - PR AR 015 B8 H e SChal(8),
5 j DAEPRIEA @ BN el 5E O (9)

1 n
Hf:m(zﬁl in fiy) (8)
1+ xif
fi=or————
zj:1(1+xy‘)
1-H; m
w=——"— 0<a<,Y o= (9)
m—3 H, N

2.8.4 RFREHEMMBERRKLOE. RE
18] = 09 7
R IMBCERE LA (10) , Hd i m &
RZ, EZENENZ .
ZZ(@oxg)mxn (10)
7= (2, Zo» 2,y HHPZ] =max(Z\,Z2j, - Zn)
Z=(Zs Zyy ~Z» BN Z, =min(Z)j,Z2j, - Znj)

x4 AEEMELLG TAERHINY TREREMEX KEKERREHSF
Table 4. Relative correlation degree and quality ranking of 6 inorganic elements in gypsum under
different compatibility ratios

AT -RIBHIC RIS H I wESHIFH X SCHR B B HEF
30:0 3.594 3.537 0.504 2
30:3 2.901 11.560 0.201 5
30:9 4.150 3.855 0.518 1
30:15 2.183 7.201 0.233 4
30:50 3.752 4.102 0.478 3

R5 AEEALLGI T AT RN TR &SRB — L b2
Table 5. Raw data normalization processing of 6 inorganic elements in gypsum under different
compatibility ratios

B AL B Mg K Ca Ti Sr Ba
30:0 0.00 0.37 1.00 0.22 1.00 0.33
30:3 0.05 0.49 0.55 0.12 0.82 0.36
30:9 1.00 1.00 0.52 0.11 0.47 0.87
30:15 0.46 0.00 0.00 0.00 0.15 0.00
30:50 0.72 0.25 0.19 1.00 0.00 1.00
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285 HHENFMAT L ZL T EHE 2.8.6 BRI E
A2 EC, R C XN G THER o G 7R [0, 1] XA,
MR R, SRAAZ (1) AT BESE 1 R R A, B 0
ZEXT I iR A R D2 R T B, R 2R B VT B
oo D (11) B SRR 6, AH - B30 9 KN AHE
D +D; HICHLIC R & S MGIEE B 0.61, HZRETT
Hihoy =[S~z , b =S oz-2) . it .

*6 AEEMELLHI TAEHMENY TESEREHF
Table 6. quality ranking of 6 inorganic elements in gypsum under different compatibility ratios

T L TEHRAE AR I Bl
30:0 1.04 1.00 0.49 3

30:3 0.96 0.69 0.42 4

30:9 0.90 1.41 0.61 1

30:15 0.73 0.16 0.18 5

30:30 1.16 1.23 0.52 2

i AE - R, A CFER )T ARG,

3 g

XA - FORERE S B RTAR B AT B 4R
BT RMETINE (1, 2, 3, 5mL) Xf6
AT & AR, S5 R A, SRR
FHE 3 mL I, 6 FICHLITR CHEAR UL 42,
RPRIER R, SOk 5 mL SRR AT
Tl 5T £ SR PRI I AR 07 30, B
W IH % 6 FRCHLICER AT H R i T4 SR TR A
IR L PR A

FIHT, 2 B PPAN 2 AR AR I3 3%
SEVFOT . RS0 FRIE RS PEOY L BEROC RIEN
LA o KRR 0BT 5 TOPSIS A7 LA
AR TALAE B B 2 0 T 2 A T R A
IRESCIRFERI I R EGE” ) AR B2 2y
PSR, TR h 25 B Y 2R 5
o TOPSIS ¥ "PHURARE PPN H b 5 #AR AL H AR
AT JEE BEAT R A —Fp o T D7 ik, T LA i
b2y AN I ZHEAR AN — BTl

GRS 82, MBS By o &
%%, WA E R R MR HE I, AT HEE
BB AT - B R R LT R &
s, R 2 HE bl IS PR AN B AL AL 1
NERGIRR, BRI L= e, e T
I FTRIRLE S R, SC T XA - FIREA
[FIBCI L) T A8 P CHLC R & R ZR AT,
IR AT - ARERACBCEE .

SEIRITIIE S LN AE - AR
BT (30:3, 30:9, 30:15, 30:50) 4%
i K. Ti. Sr. Ba, Ca, Mg 6 fP EHLICR & i
LR (30:0) fAfE—m 255, TR ATRE N EHE:
R R 2R A S TEHLT R RS 1, Sk
EETCHLIC R, 55— J5 il st 6 H
SRR T OK AT pH, #Emk s 1 e dlot
ENIN NI E N

RE (HFER) R H KRG AT - AR
tbh30:9, A8 AF - MY
30: 10, A — F0REIG RN AL LG, 20k
30: 9 B, i ASIRK . ACERER, AF
SEEZG N e 30 1 9 BF, A7 E T 6 B HLIT
R HAE LR 5 FPECALEL B s e A, 1APA
PIMC LR, S REARSEA B T LT R I
GEIRIE— IR T AE - FEEIE R BN FH 0 &
PR BB R OB E G0 R 2 i
()R = S N o R R =2 AN 3 s A
SR R ARAE KA AR e — R, TP 2R
AR E— A AR K TR R U SR EHLIC
R AR RS RIfETE, H2GROa 75 2 —
WIS B

ABFFEHEST T ICP-MS 2 [R] I 2 78 —
BE2xtrh 6 M AT R T, ik EE N,
W SRtk R, oI A - AR 20
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