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Study on the equivalence of different decoction processes for a shell-based traditional Chinese medicine
drug pair based on rat model of hypertension with liver-yang hyperactivity

LI Minglu', CUI Yuhan*, WU Fan', HAN Kexin', WU Li*, FANG Zhuyuan', SHU Yachun' *(1. The First Clinical
Medical College, Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing 210029, China; 2.
School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China; 3. Dept. of Pharmacy,
Jiangsu Haibin Rehabilitation Hospital, Jiangsu Lianyungang 222042, China)

ABSTRACT OBJECTIVE To investigate the equivalence of different decoction processes based on rat model of hypertension
with liver-yang hyperactivity. METHODS Inductively coupled plasma mass spectrometry (ICP-MS) was used to compare the
dissolution differences of inorganic elements in the powder-directly-decocted decoction versus the pieces-decocted-first decoction of
Ostreae Concha-Haliotidis Concha-Margaritifera Concha drug pair. Six SD rats were included in the normal group. The
spontaneously hypertensive rats were given Aconite decoction for six weeks to induce the hypertension model with liver-yang
hyperactivity. After successful modeling, 48 rats were randomly divided into the model group, the captopril group [positive control,
8 mL/(kg-d)], as well as low-, medium-, and high-dose groups of pieces decocted first or directly powder decocted [2.02, 4.05,
8.10 mL/(kg-d)], with 6 rats in each group. Each group received the corresponding drug or equal volume of pure water

intragastrically, once a day, for two consecutive weeks. After the last administration, the degree of irritability, facial temperature,

AESTRE 2026 4 HEIT I 4 TP B 25 A P B4 A B A (No. pressure pain threshold, blood pressure, and pathological

PDJH2026028) ; VLA SR =B 441 (N0.GI20231160_01) changes of the thoracic aorta were observed in each group.
* E—EE WLOE . BT P 2EH S5 0. E-mail: Serum nitric oxide (NO) and plasma angiotensin Il (Ang
huangtangwqs30@163.com II ), renin, and aldosterone (ALD) levels were also
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macroelements Li, Na, Mg, Ca, Mn, Ga, Sr, Mo, Cd, Sn, and Sb, between the powder-directly-decocted decoction and the
pieces-decocted-first decoction (P<<0.05) ,the elements P, Cr, Fe, Ni, Zn, Hg, TI, and Pb were not detected in either decoction.
Animal experiments showed that after two weeks of administration, compared with the model group, the facial temperature, and
blood pressure decreased in all treatment groups, while the pressure pain threshold increased; plasma levels of Ang Il , renin and
ALD, as well as the serum level of NO were all decreased, and thoracic aortic media thickness was significantly reduced, most of
the differences in the above indicators were statistically significant (P<<0.05 or P<<0.01 or P<<0.001). Pathological observation
showed improvement in thoracic aortic pathological injury. CONCLUSIONS The powder-directly-decocted process for the Ostreae
Concha-Haliotidis Concha-Margaritifera Concha drug pair significantly promotes the dissolution of key elements such as Ca, Mg,
and Sr without increasing the dissolution of harmful elements. It is equivalent to the traditional pieces-decocted-first in alleviating

liver-yang hyperactivity syndrome, lowering blood pressure, and protecting the vascular endothelium, and even shows better

performance in some indicators.
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W, I BH b T R DGR 2R Y, i PR Rk k2= H
[FANTTEANE P UIY 278 S 3 D0 N e 3 1T (7 et R P21
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NexION 350D # ICP-MS 114 F #1435 /R BRI 3
P (E) 47 BRZS H s BSA224S-CW 8 B 720 RS- [
RGBSR A PR ) s RRH-A1000 B T4 2 1)
RERYREAILIA [ 7K FE T 20 R BEAILFL AT RS ] 5 6319 ALRD
B VT VG A4 RRET B B A AT BR A F] s HWS-24 AU H 4

thEZ 2026 4E55 37 4245 103



TH IR K i —fER A PR 7] s DG5033A
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W AV e AR A IR s A 7V Al e S
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2.1.1  RWE- A P BH S BRRE 24 XK R ]

R SERE T2 FREUE WG A B BB Bk BRI R 4%

5.00 g, Z: MG R AL 7722329 30 min, Kk 906 J5 7 /)N
KGR 30 min, BB 5 AT 2 Y- (— BT 30 min, —F1 20

min) , & I P BB, N4k 2 25 2 150 mL, RIASER A
JEHI T ZOKR . MARER T4 SRHF R ZT6E0h
WEHLAT BIRG LI A DB BB EREEIR R #1823 100 H i
(FFLNAR 24 0.150 mm) , 4580 5.00 g, FHAR A (052 5
T2 30 min, P K W 5 e /N KR 2 IR (— 130
min, —F 20 min) , & I PR PEV , I 2K E 75 % 150
mL, BI5 R K B AT T 22K A

2.1.2 KBRS R A%

285 W BC2.1. 17 J5T T 7 R R A T2 K R A
1.00 mL, JIl A 65% i 1.00 mL, fHil e  EA R
25.00 mL, JRFEH A1 IF B0 B L3, BIAS B A R & T
2K B A
2.1.3 2SRRI ) %

B AN IK B AN, 321,27 30 F 75 100 45 28 kR
AR 8
2.1.4  RIVGRUESE A 5

PR FERG B Li (B ) \Be (8%) Na(4) Mg, Al
(57 (Si(hE) P(BF) K(HF) .Ca Ti(%k) . V(L) .Cr(4%) |
Mn(4f%) Fe(4#:) .Co(4h) Ni(%) .Cu(4i) .Zn.Ga(%%) .
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As(fift) Se.Sr(58) Mo (4H) .Cd(%%) .Sn(%) .Sb(#) .
Ba(®l) \Hg(5K) .\ TI(4%) .Pb(4F) 3 30 FhoC K (IR A
WEVE TR AT B, 20 9B T 50 mL & 5HH D, I 5 % iR &
25, RIS R G0 BRE AT

2.1.5  INFRIE A EIAS

B Ge . Rh . Re N5 WS fiE , 028 7K e il B¢ 25.00
pg/L IR -
2.1.6 Al ik

BOE ICP-MS AR #1450 W, B FiE5i
JE R 3.06 X 10"V, 45 B S Ky £ 4 17.0 L/min, §ii By
AP 1.20 L/min, 250 4 0.92 L/min, 556 =
TR R 2 °C, AN 4.80 mL/min, 542 YRECK 27K
2.1.7 Jrikegdssg

(DM REEE I 21,475 F RV BRES AT
Fi“2.1.6" WU 7 kg RE , AT R W BN R AR bR, REI T
R H5WNPRICER MBS E 5 NE R by, 231 30
FROCR bR TAEMZ . Z5RB/R, K0 R MR
0 F R 0.990 0~0.999 9, Ze PRI v , & W% 07 e
i 2 A5 UM R K

(2) R BRFR 2 BRI - AT 11 A0S FURE A i
Fi242.1.67 T F I kb RE , DAV SR A2 25 FURE b I Y [
TELI) 3 A8 b o O 2 FIr X 17 1) AR50 6 38 R B 1 A R B
DA% S0 5 25 R it 5 VR 7 {14 1O A% s 1 i 22 e %o
MR TR MR AR R et R 25 R WR & TR A
I FR J FEL 4 0.001 3~867.034 3 we/L(n=11) , WL 2%
FAPE R %07 AT B i A e R B E T oK

(3)FarE M B 2.1.27 R /K BV A S A R
ARECE 0.2.4.8.12.24 h i “2.1.6 7T J5 e AL
E0FEHLICE S, SRR, FICENRSD Y
/NT5.00%(n=06) , &WIZITEAE 24 h NEA REFHER
FEPE,

(4) TS MEIREG H%“2.1.27 101 F I A7 45 6 37K
PRI S VA, PR 2. 157300 R 7 v 22 30 AP eHLIC
REiEa, 458 B, £I0E 1 RSD H /N T 5.00%
(n=6) , RUIZITLEE R

(5)AE R BRI U 2.1.47 R RANBRIE AR , 4%
AN TR B E 6 K . 5B BN, £ TR M RSDE
/INT5.00% (n=6) , F WAL AAE B B R A, 7] T AR i
W5E o

(6) e [T S50 A B BRI 0 H AR TR & i Y
JK T 6 153 , B 0.50 mL, 43 HIHERR IS 1 R 51 Ar i
ARVATR 42,167 T T 7 i 30 Fh AT R I i .
iR R, A Je R 1Y [ 89.6%~101.5% ,RSD
90.02%~0.15%(n=06) , FRWZ 5 B 1 IR B AT
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PR T iR, 45 0 R LR E e A R 8 ke
BBl G0 R Rk PR 45 SR T A SO T R A R
R R R AR 1 e R R EE AN A
% J3 RSD (BRI [ 0503 T 45 75 B ikt R Al e
M2,
2.1.8 KD TCHLITE ICP-MS 737

Fi22.1.6 " TR J5 PEAG I AT 55 - 1 P B - BB 2 5% o
SR R BRSO e B T 20 F K O P i e &
(9% & . SR FH SPSS 26.0 A E AT 5 43 B, TH iR
5 e IEZS A A I DA x + 5 om , Z2 41 18) LR I 2545
BT, 325 T T LA {6 FH LSD-¢ A6 56 s NP4 TE 24345 I
Ph M (Pus, Prs) 7, 22 41 0] L #5R AR 2 50 Kruskal-
Wallis H 5, i —20 W P LR Mann-Whitney UKy
5o KB KIEa=0.05(GiH L TR . 4558 8w, B
KEM TR E MR TR R T2, B
R ERDK B -5 0O Se RUK BT H Li.2Na Mg .Ca . Mn
Ga.Sr.Mo.Cd.Sn,Sb & & L 2 T ¥ G it 2# 2 X
(P<0.05);P.Cr.Fe Ni.Zn Hg Tl .Pb ¥JAK Hi . 45 5%

IJ—[L%% 1 o
Rl AHAMERIZTKARMETZSESNERLL
BR[x £ s/M(Ps,P:s) ,n=3,ng/g]
TR T EAkiR WA BADKiR AU P
Li 3.184740.1183 25550200568 3.19 <001
Be 0.186 30,000 6 0.1868£0.0003 258 0.19
Na 2713769173332 555499 1£9.0670 0.14 <0.001
Mg 157868 91243513 496.3558£96.105 1 139 <0.01
Al 234993 811346233 1626133519189 212 043
Si 2485930£82.2833 1714049740157 0.08 0.29
P 0 0
K 45.5656£202796 80.139 1148.759 4 290 0.25
Ca 698.378 4224800 6 14942.928 613873037 11.85 <0001
Ti 10.8773(102076,10.8948)  10.9780(9.1175,11.1142) 3.00 0.70
v 0.2955+0.0107 0.2759£0.0059 141 0.05
Cr 0 0
Mn 0 3890342113264 1581 <0.05
Fe 0 0
Co 0.0025+0.0026 0.008 9+0.0062 1.36 0.18
Ni 0 0
Cu 9.9092+1.0898 9.0010+2.0180 0.68 0.53
In 0 0
Ga 0.5084+0.0432 0.1949+0.0580 0.3 <001
As 0.264 70,0048 0.2520£0.0063 0.59 0.05
Se 0.6744(0.6728,13285) 09613(0.8271,13285) 2.00 040
St 21.0402£1.8535 712860244990 2.69 <0001
Mo 0.2759£0.0033 0.256 1£0.0043 049 <001
Cd 12111£0.0003 12145200017 44 <0.05
Sn 1.3598£0.0048 1.2650£0.0073 0.74 <0001
Sb 1L1871£0.0018 1243800067 551 <0001
Ba 1133075(113.2967,1155130) 37565 5(35.576.6,37.992.2) 0.00 0.10
Hg 0 0
Tl 0 0
Pb 0 0
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22 FEIZENEMIYEIRHR
2.2.1 YRy

RFE I AT WA i A - BBGE et RG] AR
Wy SRR FRAE , T SEK BE i 05T 129 B 6.25 mg/mL (1Y
VSR, BT 4 CCORFIORAE# FH o BT I i 2% - U B
F1000 g, ¥ B AR EL 1210 Im A 447K 3596 30 min
Jei, B 3 UK (BEYK 30 min) 5 45 25 YR e 4 2 & A 255 0.2
g/mL, BT 4 “CUKF IR o
2.2.2 B SrH S

PEHL6 H SD KRR MIEH 4L, F HHEE 4k, &%
A& SCHR™, B 48 L SHR, 4 H VE B Bt 17 (o 2 vk
0.2 g/mL, # 8 7 & 10 mL/kg) , #¥2E 6 J& LA il iF FH -
TURNET IR SRR IR < 2B ) AR BEVE 43
ik I 2% X UL b, H W46 J& (systolic blood pressure,
SBP) >150 mmHg (1 mmHg=133.322 Pa)"™, 8
Trty 48 HK BRA% i AR BEHL 7> Ry 8 2, B2 6 L, 2
PRIT 20 A B2 AR 6 CBH M X BED) 20 IR e i
(I F e N a9 e e == 2 N 9L O = B i e G
K E R A BRI - R A R R R - = A
WA, GENIE IR, EE A SR KR A H
TEH 4K, RS AR B RHEE AR i 8 mL/(kg-d)];
TR SE AL 43 BIVE B AR R S BT 2 8 A - A
W1- 22 TR BE 250 7K B, R oK B2 43 S0 75 M AR BT
T A8 A - 7 P BH - B BE 20 K R AR P
FH2H R AR 2.02.4.05.8.10 mL/(kg+d) , 1]
SRR I R AT OG0 i SR IS R 2 R . 4R 2T
AOMAEEH LK, ESE2 1,
2.2.3 FBRYERE LR

Fi242.2.2" WU R Pk Ty MR 2 . T A
Be (RPZG 2500, R (4525 2 il e, W R R B ) I i
JEVEATIE . S5 R BIR 5 IE W AL A ALY K A
RS A4 25 2 JA IS 1) 5 AR BE Y 43 1o 3 T (P<
0.01) ; SRR HAE 4524 2 J8] ) , 4% 45 25 40 K BRUAY) R e
Dy AR BEVE 3 Y P T B 0 22 RG22 58 L (P>
0.05), Z5HRWFEK2,
R2 BRAXRHERSEBEEESLRIM(Ps, Ps),

n=>6,%]

ik bigi il R B AR

EF4 0.00(0.00,1.00) 0.00(0.00,1.00) 0.00(0.00,1.00)
fAI 0.00(0.00,0.00) 200(2.00,3.00)* 200(2.00,3.00)
REEA 0.00(0.00,1.00) 2.00(2.00,2.00) 1.00(0.00,2.00)
R Aep-ml A 0.00(0.00,0.00) 200(2.00,2.00) 1.00(0.00,2.00)
R SRl 24 0.00(0.00,1.00) 2.00(2.00,3.00) 2.00(0.00,2.00)
ok SRR A 0.00(0.00,1.00) 200(2.00,3.00) 2.00(0.00,2.00)
AR RA 0.00(0.00,0.00) 200(2.00,3.00) 1.00(0.00,2.00)
WA AR R4 0.00(0.00,1.00) 200(2.00,3.00) 2.00(0.00,2.00)
ARG EA 0.00(0.00,1.00) 200(2.00,3.00) 1.50(0.00,2.00)

a: SIEHH E, P<0.01,
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2.2.4  THIHRIBE E
Fi242.2.27 00 FOP R T AR 2 AT
BLJE 224 2 J e R 2T IR A L B 0 % 2H K B
W £ 55 2 22 1) (4 G SR, I O B TP U, AT
M 3 RBCFIAME . 25 on , 5 IR 8 4 i, BAIg] R
BRZE X AR5 2R 245 2 J1 S 1) T 8 3l 3 2 J 3 T v (P <<
0.01 5% P<<0.05) ; 5HAIL LA, 4525 2 i e, RICEA
S N7 O oy =0 = U i N W U RN 5w e )
7 R 8 B 3 R (P<<0.01 5 P<<0.05) , 4%

L3R 3,
F3 BFAXRBRHEIPEEILE (x+s,n=6,°C)
4151 begi i) il 5] B
g 35284040 35124043 35.03+044
fiAg] 34704048 35.98+0.56' 357840210
BRI UI5E14 3592406 3480£04%°
R FeA-mRl R 3493+051 35.85+031 34.95£0.80°
-l 458+127 35854010 3524077
B SRR A 35024028 35874058 35254107
WK AR 3505027 3600£0.58 34924026
WA A EA 34951046 3598061 34974027
WA HH-IR A 3482£037 3583025 35004033

a: SIEFH LA, P<0.01;b: HIEH A ILE, P<0.05;c: SHEMIZH
FAE, P<<0.01;d: SHERA HHg, P<0.05,

2.2.5 7 (A I

F2“2.2. 2" WU Nk AT oy AN 24 . TR BT (1
BG EA2h 2 G R R B A s i B T T R
PR, DAMEE SR 7, R B BRI e 5
VAR S, 37 RIS 1h it T S S ASCRS S s B (B
KRNI BE . 25 WIS IEH AL g Rk
B 7 15 55 I R 25 24 2 8] 19 R e R (Y f 3 T B
(P<<0.001) ; SHBI4 b4, 4525 2 i, 5 A 2 K R
1) 0 B (B4 o 3 8 (P<<0.001) . Z5 R L3R 4.
x4 BAKRKBRMENZEBRELR (x+s,n=6,MPa)

it T iliin) B

&4 1912442382 1700.7% 1744 18162£1669
f 133281078 TM.9+96.1° 958.6:+85.6°

TR 14652%1214 8309+973 14189+ 1048"
ek R-mRl R 134742075 889.7£1673 13020£1727°
TR FeAT-h AR 1426941330 898,54 130.1 [ 44181857
KR AR A 136641389 886.1+1274 1 4355£99.1°
WA HA-RAEA [ 441042387 §73.0£162.1 1485041298
B ER-RIEA 1443741503 882.8+ 1324 14608+ 138.7"
R AR A 1407441226 86224703 1303241386

a: HIER AL, P<0.001;b: AL AL, P<0.001,

2.2.6 I

2,227 TR AT NG 2 . TR RIET 1
BiE h2h 2 e B KBS TR dedh  fE R R A
e 5 A I ke IR AT N . SR AR
Seik KBRS B 5 min, B >R H 0 H 30 K B 30
ik B9 SBP &7 5K & (diastolic blood pressure, DBP) M 1)
B[k J& (mean blood pressure, MBP) , 5 42 il 42 3 Yk B F-
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i, SR ER, SIEWA R, BRI K REER S
M4y 25 2 J% f5 19 SBP. DBP. MBP {8 ¥ & 3 T} &
(P<0.01),

SBP 45 R R, 452 2 Ji i , SRR A thas,
FEA I ZH DA SR 5 R 2R LRI A ARG | rho) a4 K R
i) SBP 4 I 2 AL (P<<0.01 3 P<<0.05) . A5 2L AHY
B, TER 7 SERURUR R BLRTAAG b Rl sz (6], 1
SISO T b Rl s A R R
AIREAEAE IR R ROC R . S5 IR 5,

x5 BHKXRHISBPELE (x+s,n=6 , mmHg)

it 4} TR LY
&4 138.7242.80 137,94+ 13.05 1344449
B 1923941342 2211£10.71° 2057241251
MR 186.11£ 13.60 209561891 184,06+ 6.73°
KR AR 192674997 204734799 19483+ 1440
Bk R A 18734580 2029341215 18933+ 7.15°
Wik FeR-IERI B4 1905121061 203.96+11.13 18561 £ 1107
BRER-FREA 1986749.83 2061141157 193.39+7.34
BOR AL 193.89£5.58 2071741002 1917241519
WA AR 18606+ 13.14 206771478 18600 13.70°

a: HIEHALE, P<0.01;b: SHIAIL L, P<0.01;c: SHAIL
LAz, P<0.05.

DBP Al MBP il % 45 5 o, 45 25 2 Jl 5, S A4
Fb A, AR LRI A 0 e 2 R R R S R v AR 2R
FLAY SBP {H 4 i FFEAK (P<0.01) . BR TR IR, 441K
5% DBP Fll MBP ZZ {045 R Al 494 A S0 ol — i & F
“HE5H R BRI 3 BRFER 4
2.2.7 I NO LA Ang 1T \renin , ALD £

Fe 2.2 2" WU N LT A LG 2 . RIRGR 24552
UG, KRESEAEEIK 8 ho RIS 2008 3 sh ik B, &
F 4 cCHEE R, BEJS LA 3 000 r/min .05 5 min, 435
75 5 M2 FF 8 T 20 °CAAF T & ki ELISA Kl
PRI B LA, 43 BIASI If7 NO K- LA K 3K Ang 1T
renin ALD /K-, 255 IR, S51EH 41 Fb e, BRI ZH KRR
IML3E NO KA 3% Ang 11 (renin, ALD /K34 i 2% T
i (P<<0.05 3 P<<0.01) ; AL LA, 4 45 25 2H KB
IM7E NO K (BREK A Je B L4 A0 ) A 2% Ang 1T
(BRI SRR AT ) renin  ALD 7K F-34 8 2 F#AI%
(P<<0.058 P<<0.01), fHARIEAYIE, M AR BRG] i
219 111 2% renin /K- E AR TR R JE BE-MIR) 4, ALD
IO AL T RIEEFIZH (3 P<0.05) . 255136,
2.2.8 MFEKEA UL

TE“2.2.77 W, &8 F s kB |, 7325 K B 3=
Bk, FH 4% 2 5 B [0 s e A s 90 v S B 7K
FEAbFR)E SR FH HE Y (i et 76 27 WA SR K
BN 3= B0 ok s BRUE 2 22 A8 4k, IR Slide Viewer 2.6
BAEAY W o IR . HE Y (0 45 51 o, IE 3 4 KR
MG S5 F 588 5 55 10 41 b, B 20 K RS P s mT
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#*6 H[AXRHKIIMENOFIIMIE Ang I  renin, ALD
KFELER (x+5,n=6)

il NO/(umolL) ~ Ang Il/(ng/L) Renin/(ng/L) ALD/(nglL)

FE4 2134429 152155153 135151 13.84 191842374

f 369841118 22249£21660  18630£1886"  30196%2533
FHCEAA UIBES0E  19347£729° 1566542738 26153+ 138%
kARl B58TETAY  ITASIE2495  ISLITEI305 2414243408
kAL UESETEE 18504226560 1448E18160  245.94£2975°
R AR R A B84 2080912033 15668415005 234563652
WA HA-RAEA VA6 154451805 14667420540 2507243501
AR A BATE654 1809451678 1363431341 265.034274%
WA AR BOLTTF 19504£3304 128804189 2174143329

a: SIEF AR, P<0.05;b: 5IER 41, P<0.01;c: 572
Lb#, P<<0.05; d: SR [LEE, P<<0.01;e: SRR Je (5 Lu gk,
P<<0.05;f: 5 RIEEFILL AL, P<<0.05,

LI R TS S LA 2 50 2 HLAHES L, H
R JEE B f 5 B R (P<<0.01) 5 SRR HUER , A 4 2541 R
B 2 ik P IS 1) S0, S5 R AR AT B IN RS # B
B A TR 25 S A5 BN [ R B it , o L B dd 2 A0 il
(P<<0.01). Z5SRILE L, PRFR0R, 25 4R B st
JEL48 BT A A SO R I R A o 0 R AR
IR 5,

Vi’

A IEH BRI  C: RIS FIA D AR A e - 37 =4 E
WOR e =T A F AR Se - 4 s G By oK TR - 5 0 e 2
H: MoK ERE-rP i 2 5 12 0K BRI 2
1 SEKXRBRMENKFELSENEREHE(HE

B, HRR:100 pm)

3 itig

A 5T K H ICP-MS EEAR 34T 1 A B b 25 4L W5 - 41
TR -2 B BE 25 X TR RO SE R S 0 R BRI T 25T Bk R
WP ICHLIC R B 25 5, DT e S FH B T e o
FER BRI, Lhi 7 PR AL E T 2055 sbE . 45 3%
W, 0k 2 1 ) AR TR IR B2 (rhfl s 4 BR A1) R
95 (L K e e T T [ 46 5] O AR LR 50K R e
RUTPROM Y UESE T ¥ AR AL AL B E A “ Se B B A 2211
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AATE . A I PR A rh 25 R AR BRI R T 24K
MPESRAL T B4 Rl 2= U

JHBH _E JCUE ) 5 AR A 3 30 B BHOT L A<l
N PO R NTTEANE I N NG G R R N )
th T A TR T R I A, A5G BRI A K TR
fiEo A2y b E L, Dl PH o by A T R 2o 34 K
PR, AR T IO R MR e R A . AR
5% ICP-MS Ml 5 45 2R R By K BLRDK B T Ca & &
ARG A JEBOK B A 2165 , Mg . St B H 7R oy
L) R G R R e K BT 3. 3.5 48, Ca i th 1t 9 f
SEVEIN AT R BB R 1T RS PN , AT AE s PH
JU7RAE T T e B 5 TR R S RIDK R S5 80 B gL Y
e XN R AR A A PN R ISR 25 20, S e ok
PR ST R thomfb T B0 2 M U R
S A EH AR TR I AR R AR A R 25 5 (Hg . Pb
KA, As 5K SERIAR Y ) IR TE AU JC 3R AR
ML AR TR R S R, W APE 58 1 L2 n 2 4tk
P,

JHFRH B TCIE 2 A | B S AN " 5
AR AT, FHUC AT BUm i EL , g g A Sk
AT R IR, 2545 25 A1 Y R 35 4 = K BRUR 0%
V) F, JH ooy 2R - 3 ) e 2 PR 2 O e A, By R LR
S e R iR s SCRAE T R B A . X4
TR, A J i 258 AR E AR U7 T AT Be A —E I
A T R AT R 5 R AR R T A DA S Mg (R SR 4% 36 i FHL
W, mT AR gt i AT v WL GE O A (K S AR
WA X,

RAAS b B 0 J2 g I & 98 1 A% O] 2 —
renin W] AL N Kk R FE AL Ang |, J5 & &M %
R E A EE A L Ang 11 ; Ang 1T 54572 K25 &
J& , AT R R S LA RIS B & R e, JF i
{23t ALD 4306 - BOK NG BR G PR I 25 538, e ¢
SR TR, NO 2 P B 20 MRk (1) 32 267 1 45 1A
+, HOKP AR AT S e i 487 P9 e D RBAR AR AR 5E 4%
IR AN K B Ang 1T renin K ALD /K3 i
FTHE L UESE RAAS RGEAL T OGRS ; A 25 2541 K
BRI Ang [T (PR R e (K5 5 41 BR 4 ) renin & ALD
IKAF-24 J B R ATG , s A 26 vh 245 Y B3 AL 7] e S5 4 1
RAAS REE BEFOE A 0% o (EASIE R MoK T
SARARGR IR I S R T RON < R AR R -G
i ZH 1Y renin 7K P 2 25T RO S BG4 (P<
0.05) , HH: ALD 7K K TR 4B A 41 (P<0.05) o
X —ZE R, K5 A A A B AT 38 Ao A1 1 SR B A
(4 Mg . SraFICE ) BH 5 & 5, ZEAKGR] i T SC Bt
RAAS RGOS HERY AR . IAh , BB ifL 3 NO 7K
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BT X AT RER LA A B v TR S T AU
SR, B SR T 5 Y 5 5 2 — SR AL RS O A
SR 25 25 5 NO KV 1 2 R 5, D) AU T B IE 1 i 47
W DIREI G o 25 A BREE A h 2% 2 25 A 2 3l ik N
JEEB A3 A B AN T FE A SR — 20 SCHF T 2P 2530 L
BRI E

WA, ASBIFSE rhoUL 5 28] A = e L 00O 2R (I 57
R ERCR D) A TRAR Y . X ATRE S P2 2k
o3 SRR BRI R DR OG : R, AR AR
J 43 FBAAT BE T 13 P A0 A RS R A Y
S it e, E MR RO £ 3L 2 A0 s 58 1) B
G X —GRAER , P2 PR 24 011 55 R
U R HERR SR A R0 3 B T A I R AR

ARWFFERY SR R - (1) Folid ICP-MS W1 L7818y
RER T ZHTHLICRE HFHIE (Ca Mg, Sr 45 i 2
A EICERFEEE I EARTH R RS 25188 2
WFSE , JCk B B X SE T AL IC 23R AR A N A e oA S HE
RAS AT 5 (2) AW T N B RO (2 A i 45 25 4
199) AU 245 109 22 APk KOG B2 DR AP 1) 22 S0 4007
Ty E— 2055 . TR BT FEIN 45 5 v AR (3% - o 1
R FHHR 5 ICP-MS , % L A R T 22 B /K B 32
B O EE R 2B g~ A D5 T R S [, O i
MO TLEY A BOR  IRARTEHAT RAAS SRR T, AN
Ang [T 1 RYSZ A4S BEGKFRFEHLAR 2 SR IR - KA AR
S5 B ) IR PEAILAR ™, DA 2 2 R BRI AU
ST 2SR B e Rk als

25 LR - A1 DRI R 24060 SR ARy AR R
T 2AE B ML HE Ca Mg, Sr &5 AT R 1A By RN, &
PEREA F T A H A A0 AR AGE AT FH B TR |
W ARR I e M PR AP L A PN B ST T, S AR GE R e T
RORAR Y 3R FE bR R B AR 5 i A E L AT A5 12 ik
Ca Mg . Sr&ETCE PRI RAAS i B2 B K
MAEFF AR REF AT G
S Lk
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