)
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i E BN ZLRNNEEFTRBEIEER T AL RBME RS S WA ZH IR E - $kaﬁwi(UPLc MS/MS)/% fm‘
B B R AR S AT R E R0, 0 IR A 6 R E AR R A . iR R Agilent SB-Cw &35 44 5 , 14 0.2% T 82 (A /KA pH £
7.5)- TR A RS ABBEAT AR B SR, ik 4 0.3 mL/min, 4238 4 35 °C, #A£F 4 1 wL; R R A AJS ESI*% FR 5B B,

VASMF R R B SR ATH R 2 E R, B AT UPLC-MS/MS iE 2k 8 3 R4 = &k 69 64 3 AE 5 o 677 2 ks R o (6L4E 1 3k
B Ry SR %fr%%m?)ﬂxxﬁa&iwmmdwt1%%/%’75»& R BE R B KRR T AT %%Jﬁ?m:&ﬂsﬁ@aii%ﬁmaﬁ SEit
Frml 2 s SRR R KL 5 M Kruskal-Wallis H#36 | E %5247 (PCA) #= Spearman #& 48 % 54 45~ 5 7# N Sk K oo 09 -2 5
R A E S 2 F RS LA AR, R ML kMERSELE A RBTRIZCAANREX Z E'd%(ri’a xF
0.99) ;4 3 B T Sk A8 H B RSD 3/ T 5%, 77 = 694l FR A= 2 8 R4 31 R % T 0.003 ng/mL #= 0.01 ng/mL; 34 At =1
W 4 96.43%~102.30% ,RSD 1 0.35%~4.92%, 64 FtHf o0 o HBs B A M 5 8 509 %2 (39164 0.034 9 mg/ K ) A 2% T W B
A S aa ko o % E (3484 0.002 2 mg/ 7 ), 3 PR T BEAT B Sk R A4S E R & (39184 0.031 0 mg/ )l ), A4 5 AP a8 3 BUK,

HEEFER;RRAAEZ SRR E RS T L2 F AL FEL(P>005),PCAKRETHRREELE HRyROZAHLS
FARKME(P<0.05), 51 PFi UPLC-MS/MS 7 ik 7T Fl By Heig EHN T B 5 ERECE R 7 LR 6 7 5 kK a4 ;
S PR ARV T A Z A 0 R B AR R A

;ﬁglﬂ 5_77— hlﬁxﬁr}"ﬂ"‘%—ﬁ ﬁ]?"lﬁk%)ﬁh o in»’(&#ﬂém $ﬂfﬁ13 /%, = sl ;{ Fﬂ'%,)ﬁiﬂ—‘{

Content determination of six Aconitum alkaloids and quality evaluation in Compound chondroitin sulfate
tablets

ZHANG Lulu', YE Jia*, ZHU Xuemei', YANG Enci’(1. Dept. of Clinical Pharmacy, Wenzhou TCM Hospital of
Zhejiang Chinese Medical University, Zhejiang Wenzhou 325029, China; 2. Medical Device Center, Wenzhou
Research Institute for Food and Drug Control, Zhejiang Wenzhou 325038, China)

ABSTRACT OBJECTIVE To establish an ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)
method for the simultaneous determination of the contents of six Aconitum alkaloids in Compound chondroitin sulfate tablets, and to
perform quality evaluation of samples from different batches, thereby providing a reference for the quality control of this
preparation. METHODS Chromatographic separation was performed on an Agilent SB-Cis column using gradient elution with 0.2%
formic acid (adjusted to pH 7.5 with ammonia) and acetonitrile as the mobile phases. The flow rate was 0.3 mL/min, the column
temperature was 35 °C, and the injection volume was 1 pL. Mass spectrometric analysis was performed using an AJS ESI" ion
source in multiple reaction monitoring mode, with quantification by the external standard method. Method validation was
performed. The established UPLC-MS/MS method was applied to determine the contents of the six Aconitum alkaloids in 64 batches
of samples from three manufacturers, including three diester-type alkaloids (aconitine, hypaconitine, and mesaconitine) and three
monoester-type alkaloids (benzoylaconine, benzoylhypaconine, and benzoylmesaconine). Descriptive statistics, the Kruskal-Wallis
H test, principal component analysis (PCA) , and Spearman’s rank correlation analysis were used to evaluate the content
distribution of Aconitum alkaloids, differences among samples from different manufacturers, and correlations among the
components. RESULTS Good linearity was observed for the six Aconitum alkaloids over their respective concentration ranges,
with correlation coefficients (all 7>>0.99). The relative standard deviations (RSDs) for precision, repeatability, and stability were
all less than 5%. The limits of detection and quantification were no higher than 0.003 ng/mL and 0.01 ng/mL, respectively. The
mean recoveries ranged from 96.43% to 102.30%, with RSDs
ranging from 0.35% to 4.92%. Among the 64 batches of

AEETE 5B 28 MR A 25 T AR T AR ke B

(No. [P B 25 N\ HpRi(2024 2555 5 N T 3kl A 25 RHIF DT H (No. .
samples, the total content of monoester-type alkaloids (mean

YZOZiO;f)i){lE% SR WL, WEFE T AR R value of 0.034 9 mg/tablet) was markedly higher than that of
FEA . E-mail :jesial@126.com diester-type alkaloids (mean value of 0.002 2 mg/tablet).

#ABEVEE AN, Wi, WF5E 7« 2580007 I 30 B T Benzoylmesaconine showed the highest content, with a mean
o E-mail:yangenci2011@163.com value of 0.031 0 mg/tablet, whereas the other five components
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were present at relatively low levels and showed considerable inter-batch variation. No statistically significant differences were

observed in the contents of the six components among samples from different manufacturers (P>0.05). PCA showed no obvious

clustering trend, and significant correlations were observed among some components (P<<0.05). CONCLUSIONS The established

UPLC-MS/MS method enables the rapid and accurate simultaneous determination of the above-mentioned six Aconitum alkaloids in

Compound chondroitin sulfate tablets. The quality evaluation of multiple batches of samples provides a reference for the quality

control of this preparation.

KEYWORDS Compound chondroitin sulfate tablets; Aconitum alkaloids; ultra-performance liquid chromatography-tandem mass

spectrometry method; content determination; Aconitum carmichaelii; quality evaluation

ST IR R AR 3R J— P v 25 52 5 5], R
BERW AATRE TR SRR T, R
FHF XGRS 5 SR JA R S IR )T, 3R
BAise Bum LA s (Y . Horb IR
LB RS SLE Y 5 3k (Aconitum carmichaelii
Debx.) BTN Tt o JRURHR U] 98 mis " s 2= 4%
BHERORT, HBCE BRI IRZ IR I SRR S 7 B R 5k
RTINS SR B R A R Sk
BB O T il A A (% S YK % Sk B BT % Sk Bl
85 BE OGS RN, R e R T 0 %3k
B HIRYT R S TR R AR O R, A A
P SCHRAIE , F1IR 2k 6 0.2 mg BRI 5 | & P8, 2~4 mg
APELAET It PR R ) A 4 e o el P = B i g
JER™T . BT M i n T T XU LA P e T
A g BE AR 1Y B R 28 A Ay (R P gt % K D R
P B U0 12 Sk Dl A Y BT 1% Sk D A58 ) , 3 S B4 il
ICEEHIAZ AL

ST B SRR 0 3 BB IKURE , [ A AR 24 i
LR 55 55 Sk IS 24 b4 50 A4 I 42 ) B B 1 1™ A
TR BUAT (b [ 2 30) K 1 52 24 il s B0 HR o 5
AL T L SRR i A AL 0, (H B 7 ik 22 R AR (13
¥ AFE RUEAR L o 1 22 SR ) B — 15 S B Al
SRAE Y ST B ARCE R R T Sk e R A
A IR )2 @35, LS S X Bl T e
H I FERSHE RN, HEA T REVE e R e T 2025 4Fhi
(i 2 ) (— 50 ) SR e Z80AR € i i 5 B 1 Th 5
SRARIE o B Y B T BRI R A AT I R
7% , R P I 7 I8 ) 32 B ol b A B~ 0, X DA 5
W E BRI AR . R, ST RE AR [R] I R o
205 Sk BB oy (U H R P e i ) XU 2 A ik
3 ) BT O 1%, TR E AL B 5 Sk 5 R 7R
(2 Al e H I AR HAT H S

7 fe ARV €235 - R K T3 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/
MS) kA 2 BACR R BUE S R R, UGS
T2 2 b R M o RS T AT SE T,
AW T AR 527 SRR 2R 6 Bl 3k
BZE B4 (¥ UPLC-MS/MS ¥ , R HI3Z 7 15 X 64 LA

TEZED; 2026 455 37 5 19

Al AT SR E , Rl 455 200 gt 7 i ARl ver:
sty FH 5 Sk BRI B0 ) 35 A 3 A AN TR A 7 Al TR i 22

S B 2 (G B AR SAEREA T PR, U izl 5 o 2 3k
BRS04 o P ) S P Al

1 #F#
1.1 FENE

AT 5T BT 3 EAL AR A1 45 « Agilent 1290/6495 LC-
MS T A 8 3% - — T DUAR R I S 056 A (32 [ Agilent 24
F]) . XS205DU B3 53 Z — 3 Hr K- (G £ Mettler To-
ledo A H]) \CF16RX I B .00 L ( H A HITACHI A Al )
Milli-Q Integal 5 %4 8 4fi /K %% (% [&] Millipore 24 #] ) .
SK5200HP 7 75 ¢ 1 YA (iR 75 A g A7 PR
F]) Multi Reax EU B4 RERUR 4% (T [E Heidolph A H] ) .
1.2 FEHRSIAF

XF RO 23k B (It 5 MUST-22041410, 4 JF
98.61%) . X 1% 3k fd (4t %5 MUST-23030319, 4f
98.59% ) A H 8T % Sk Ji el (415 MUST-22102410, 46
B 98.37%) A H R YR 553k U (L5 MUST-22121912,
42 99.94%) A 55 3k J e (45 MUST-22102110,
4l 99.69% ) I [ RCER = BARR A IR A R /5 8
13 3B (#1655 110799-201608, 75 12 98.5% ) W [ H [ £
iR E MR B . OGS EIE S, R A BTk 2, KA
EBAtK , HoA iR 2R A 4t

64 IR B TRl 2 R R IR T 3 KAk (A wlt
SN A B.C)., Hb, ANFIREN 36 (45 S1~
S36) , £ I IE] Sk 2021 4F 8 H %= 2023 423 H s B A wl A
i 23 it (i S37~S59) , A= = I} [A] A 2021 4F 10 H &
20234F-3 H ; C/A FIFE S 54 (45 S60~S64) , A = fif 1]
1 20224F 12 H % 20234F2 A
2 AEEHER
2.1 LIEH
2.1.1  fAis&m

L Agilent SB-Ci5(50 mm X 2.1 mm, 1.8 wm) Jy 2,3
K, R 0.2% W iz (& K7 pHIEZE 7.5, A) -4
(B) M shAHEA T80 B e 5 (0~10 min, 30%B—75%B;
10~11 min, 75%B—90%B; 11~12 min, 90%B—30%B;
12~15 min, 30%B) ; i 4 4 0.3 mL/min; #: i A 35 °C;
1 pl,
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2.1.2  JEiE&AF
KT AJS ESI' B 15, DL 22 5 iy W A G 5+
i SEEE SR 200 °C, i N 17 L/ming 254656 774 30
psi; 855 BE R 350 °C, Jiis Ay 11 L/min; W05 HL 2 0
V(+); BN HLTE R 4 000 V(+) 7R R 380 V., 5E
P B T R RE R L 1,
x1 EHEEETRAHERE

. i ‘ FEF (mlz) fERE eV
g AR HEF (mlz) wm kR Wk
B35 CuHNOy, 64632 862 149 40 76
WK CHisNOy 61631 5563 1049 36 60
FEDS CyHaNO, 63231 S4 149 36 76
RS CoHNO,, 60431 1048 768 64 80
AR S R C:HaNO, 57430 5403149 36 76
KRB 5, CuHNOyy 59030 1051 583 60 40

22 BERHTE
2.2.1 X RS AEETA HAs

PRI 34 6 b 2 3k B 28 i o0 o) HR 4518 o, 5 10
mL 2 B, S R - R (L 1, V) IR AW
VIR E 25, F840, B4 HR S A 2 VA T (o v B
1Ay A R BT 12 Sk R 1.412 6 mg/mL 2K H Bk vk 1% 3k
Jrihik 1.952 8 mg/mL 4% Bt 24 3k Ji i 1.956 6 mg/mL By
537§ 1.110 1 mg/mL K &3k 58 2.013 2 mg/mL , & 3L 5%
2.159 6 mg/mL) .
2.2.2  HRiERINE I HA

53 SRS 88 W R R 60T % 3k T 28 Y Ik 12 3K it
2R H D Sk SR I 5 S B L TR S S L 5 S
WA W 1.2.0.2.0.2.0.1,0.1.0.1 mL, & T-[/— 10
mL i, OG22 550 % 1 mL, & T
20 mL 25 s, B 45, A TR A %t R v (]
W o 3 R 5 W BUR A X BE S HP RS 1.1.,0.5.,0.1
0.1 mL, HHZ 4% 10.200.,250.100,200 mL %5 &
S A ARRE RN
2.2.3 PRSI A

HURE i 40 F, ZBRBEACS RSB ARE R A0 R % B
W (2920 ), BT 150 mL #EIE R, 4 50kS 2 m A
20 mL 2 B 1 mL 20, FR e i i, v 7K e A $R
30 min, F & #b 2% B9 BT i, LA 8 000 r/min 5.0 5
min, BV 0.22 wm GLFLUE BRI U8 5, 0 25 LD
W1 mL, ¥ T 50 mL &5, M2, RiAs
23 HiEFEE
231 LJEM%EE

HR“2.2.27 10T f5 i o o VR 1) B o R TR T 4%
“2.17TR S SR AT AT . G OR 6 Fh g Sk
WA RE R 8, HLAs s FI G T, 6 Fk 23k
FERL o SR B T R L 1
2.3.2  FRAEM RSG5 5%

B2.2.27 TN ARE RSV, #52. 17 I 5250 25
HEATINSE | LAAS 10 R 15 1 X 1) 06 T AR (o) %o L Jo i
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X10°

counts
o
5

rrrrrrrrrrrrrrrrr

05 15 25 35 45 55 65 75 85 95

#/min
12 2R Y BET 0 S Do 5 2 - 2 FHY G 1 3K JUt 5 3 - 2 P PR % 3k ik 5
4B 85 52 L35 6 - XS Sl
Bl 67h5LmEMTrIHREETFiRE

WP (x,ng/mL)FEAFLME RS, Brfs R 5 2 ety el
MrfEWER2,
R2 MELFERSEEXEZEERETE BE

, S TR ERMHN Bkl
g MR SR (ngfmL) R —
B35 J=SUT6TAMGIIA9T66 053991079780 09999 454 459 466

05033~1006604 09999 197 492 43l
02196~553920 09999 140 414 011
FTBOLRE =387 8030139958 09914~198.2834 0999 152 482 48
AFEREHERE y=5 LT T 637916684 09764~1952828 09999 307 384 430
HHBTEKER y=1409995 7334230636958 104 42378~8475559 09954 285 420 367
2.3.3 KEEEELL
R 2.2.27 0 T IRA X B R L mL, &
T 10 mL A5 i, O IEF B 2 20 B, RIS 5 % B
AR . BOZVS W, Fe 2.1 T SEBG AR 2 2 6
WG . S5 R W, & 0 I T AR Y RSD /)
T5%(n 420 6) , KRR BRI, 4P2RILE 2,
234 HEMEE
HURE i (S61) , 4% 2.2.37 300 T J7 1517 1l £ 6 O it
T, He 2.1 T SEER SRR A T I , LA TA T
ARG R PR IR, & U S I RSD B/ T 5%
(n¥326) , RINZITEEEIER L, 45 RW&K2,
235 faEtELR
PR (S61) , 422.2.37 350 7 vk il 8 I T VL
SrAIE IR T ACE 0.2.4.8.12.24 hif42.1 700 F 5L 46
SRAFHEATINE | THAR T AR o 455 W, £ S W T AR
1 RSD /T 5% (n 3178 6) , Fe WA HE IS A AR & 0 T
HCE 24 hINRREPE R I, G5 IR 2,
2.3.6  JIAEISCRIAES
WRRE AT (S61) 100 1, EBRBEAS K&k E , b4,
KB PR BGE i (2910 ), 2264y, 2351 F 150 mL #EJE
T, A 2,217 TR 4% X R B R U RS i,
“2.2.37W0 N Jr kil s IR, 4 2.1 R SE e SR A
AT , LAAS o i T AR e e . 455 R, 5

R =6 0432429324546, 882499
M =5590.014 100x—194.760917
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SR RSB B 5 Sk Ak R R Sk SRR R TR
33 S 2R I % S T A S 34 DA 43 531 R
98.81%.101.98% .99.54% .98.79% . 102.30% . 96.43% , I
I RSD 43 51 2 0.35% . 4.89% . 4.68% . 2.69% . 4.92% .
3.41%(n¥°h 6) , RINZ I IEME B R 4f o
2.3.7 KU PR R PR

S3 A B 2.2, 17 T A0 BE A VA RO
BT F— 100 mL 25 &I, FH O REEZS , Bl B for i
LAY T MR B 4 0 10 pg/mL IR SRR . K B
BOZ AW 0.5 mL, BT 100 mL &5, H G 2%
FELAFTAS B W [R) 2 1 19k, RS B i ik 2 24 0.25 ng/mL
FITR B AR IR RS o R 3 W IBOZ IR A i — R
TR 3 mL, BT 250 mL &, H MG E %, 15
Jo e Y 8 R 0.003 ng/mL F) A6 0 BIR 25 4345 W5 o s 2% T
BUZIR G PR IR BV 1 mL, BT 25 mL 25 &2
OGRS TR E 4 0.01 ng/mL ) 5E & R %
LWL o F“2.17 TN SE50 25 , LAE MR LE (S/N) ~3
FI1S/NA= 10 43 54 A AG I BR N 2 2t BR A0 e AR AT, &5
W, 0.003 ng/mL % A S/N>3,0.01 ng/mL i 1)
SIN>10, AR J7 32 (RS I R N 5 2 FR 43 51 AS #8117 0.003
ng/mL #10.01 ng/mL,
24 BEFEUVHERSENERSERESHT

H 64 A S, 20 B <2.2.37 T F J7 ikl g s s
W, F 2.1 TR S SRR TN , DAAMR IR TSR i
Tim AR 3. AR R SR MRS A DL
SRR RSBl B S B T, B yE A 0.000 2~
0.005 3 mg/F 5 FALFR Y A= WImg S Al o3 DA AR P G 15 S J
A PR U 3K S S R BT Sk SRR R T T,
4 0.024 4~0.293 4 mg/F .
#3 CAMEFHRBRB R P 6 TS SLmEH 2 NE

ZR(mg/F)
TUERHIA: Yms, HRERI Y

o I Te— T
B onam ko moam g T KREKOREE

GXER GHEH GMER
NI 00005 00007 00005 0.0017 0.0008 - 0.036 5 0.0373
S2 00004 00007 00005 0.0017 0.0009 - 0.0309 0.0318
33 00004 00010 00007 00021 0.0012 - 00295 0.0307
S4 0.0004 00009 00007  0.0020 0.0011 - 0.0283 0.0294
S5 00002 0.0007 - 0.0009 0,009 8 0.0001 0.028 6 0.038 5
S6 00001 0.0006 - 0.0008 0.0093 0.0001 0.0296 0.0390
S7 0.0002 - - 0.0002 0.009 6 0.0001 0.0262 0.0359
S8 0.0002 - - 0.0002 0,009 § 0.0001 0.0250 0.0350
S9 0.0002 - - 0.0002 0.009 4 0.0001 00255 0.0350
S10 0.0002 - - 0.0002 0.0097 0.0001 00249 0.0346
NIl 00002 0.0006 - 0.0007 0,005 1 0.0001 00228 00280

SI2 00001 00005 0.0004 00011  0.0050 0.0001 0.0244 00295
SI3 00001 00006  0.0004 00011  0.0051 0.0001 00230 00281
SI4 00001 00006 0.0004 00012  0.0047 0.0001 00234 00281
SIS 00001 00036  0.0004 0.0042  0.0045 0.0001 00258 00304

S16 0.0035 00010 00045  0.0056 0.0001 00202 00319
817 - 00037 00011 00048  0.0054 0.0001 0027400329
SI8 - 00034 00012 00046  0.0052 0.0001 00258 00311

—oRfEH .
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HR3
TR AR
- v . KW RWEK RMEE
URNET 15T . e B
BER  ORER  BREH
S19 - 0.0031 00009  0.0041 0.005 6 0.000 1 00235 0.0292
$20 - 0.0016 00004  0.0021 0.0028 - 0.0222 0.0250
S21 - 00025 00011  0.0036 0.006 4 0.000 1 0.2869 02934

§2 00001 00023  0.0006 00030  0.0055 0.0001 00253 00308
§23 00004 00021  0.0005 00030  0.0061 0.0001 00263 00324
§24 00004 00021  0.0005 00031  0.0056 0.0001 00206 00323
§25 00004 00008  0.0005 00017  0.0058 0.0001 0.0270 00329
§26 00003 00007 0.0001 00012  0.0061 0.0001 0.0244 00305

1
§27 00003 00008 0.0001 00012  0.0067 0.0001 00276 00344
§28 00002 00009 00001 00012  0.0012 - 00250 00202
§29 00002 00008 0.0001 00011  0.0011 - 00257 00268
§30 00002 00008 0.0006 0.0016  0.0010 - 00255 00265
S31 00002 00000 0.0006 00018  0.0010 - 0027300282
§32 - 0.0000  0.0008 00018  0.0010 - 0.0300 00301
§33 - 0.000T 00007 00018  0.0010 - 0.0319 00329
§34 00002 00008 0.0001 00011  0.0011 - 00251 00262

§35 00004 00025  0.0004 00033  0.0051 0.0002 0.0473 005206
$36 00004  0.0006 - 00000 0.0019 - 00300 00319

§37 00004 00030 0.0009 00042  0.0022 - 0.0248 00270
§38 00004 00029 0.0008 0.0041  0.0024 - 0023300258
§39 00004 00021  0.0005 0.0030  0.0016 - 00293 00309
S4 00004 00020 0.0005 00029  0.0014 - 0.0283 00297
S41 00004 00007 00001 00012  0.0006 - 00297 00304
S42 00004 00007 00001 00012  0.0006 - 0.0290 00296
S43 00004 00026  0.0007 00036  0.0021 - 00255 00276
S44 00004 00002 0.0001 00007  0.0003 - 00265 00209
$45 00004 00002 00001 00006  0.0003 - 00257 00260
S46 00004 00029  0.0008 0.0040  0.0024 - 0.0308 00332
S47° 00004 00009  0.0001 0.0014  0.0009 - 00201 00270

S48 00004 00029  0.0009 0.0042  0.0024 - 00270 00295
S49 00001 00024  0.0006 00031  0.0055 0.0001 0.0246 00302
S50 00001 00023  0.0006 00030  0.0058 0.0001 00272 00331
S5 00001 00022  0.0006 00029  0.0060 0.0001 0.0249 00309
§52 00004 00020  0.0005 0.0029  0.0060 0.0001 00200 00321
§53 00004 00008 00001 00012  0.0053 0.0001 00233 00286
S54 00004 00008 0.0001 00013  0.0056 0.0001 00272 00329

855 00002 00008 0.0001 00011  0.0026 - 00218 00244
856 00002 00009 00001 00012  0.0030 - 00202 00292
857 - 0.0000  0.0007 00018  0.0027 - 00296 00323
§58 - 00030 0.0008 00038 00025 - 0.0283 00308
§59 00004 00016  0.0004 00024  0.0012 - 00257 00268
$60 - 00040 0.0012 00053  0.0065 0.0001 00252 00318
S61 - 0.0040 00011 00051  0.0066 0.0001 00272 00339
S62 00002 00008 0.0006 00016  0.0012 - 00256 00269
S63 00002 00008 0.0006 00016  0.0013 - 00302 00315
So4 00004 - - 00004 0.0002 - 00263 00265

Z:7% 2025 4F R e 25 30) (—30) B4 30 T B
R CRIGER | F B R ) “ K2 o S BURR 26 RN PR 76 A5 )
174 PR 3 R (3 RO 2 2 A LA I 5 Sk B UK 1% Sk ik
I S B s, A5 0.020% 5 75 PR R 12 Sk B LA
R T % Sk D 2 R D % Sk T A R PR R 5 3k T
B Ay A, AT 0.0109% ), 456 E T IR ACE £
FBAL T BORk R FIARREE AT T, 45 1 000 A
B 1~ 250 g (BI4E & BT 0.25 g) YT, XLTE 79 A= 4 i
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(AT 3B K 5 S S i Y S i ) A S5 R
FI AT 0.05 mg/ -, BRI A B (AR P R 3k 5
il 2R H I R % Sk T el A A FE I % Sk D P B T ) Y
BH BRI T0.025 mg/Fro WA RAEIRAT 7
TR BR K 78 [ 5K 245 b b v v A 12 Sk il v 2 B A
R X S R — o BR A T, S P
29°40.041 Tmg/ o LUASHESEINE S Bk 305 [)
BE % — LOXT, ATV R T B ERFCE 2 R B S il
1) JoT T A I O

Fe BN E S5 T 7R, 64 AR i o SR 50 A= ik e
BIIETF 0.05 mg/F, B3kl — o S KT 0.041 7
mg/ b 5 HLTE R A 1) AR £ R S55 LA i BEIG T 0.025
mg/FAh, AR 63 HFE Y M T2 S H IR,
25 SHRHRESEHERSEITHT

¥ H1 SPSS 24.0,GraphPad Prism 10.1.2 %4 %} 64 4t
IR IR E 2 R A 6 Bl S S o 1 A T
Geitorr . Horp SRR PEG T TN 2 S ikl
IS B SR FH Kruskal-Wallis H GBI A ) 4E 77
Al (B4 o 2 57 L >R 320023 (principal component
analysis, PCA) J Spearman FXAH G T VAT 14322 18] 1Y
AHAE
2.5.1 fEidEg

RIS L3R 6 b L5 s il & 1 A
WEZE die/ME KA M RSD, 4391583 A B .C 354
FEARMEAE b A 6 R R o B E SR E S . 4
S, 64 HURE S AR B A= 2K a0 Y R (RN
0.034 9 mg/ ) BH 15 T XUFR LA At e 4 e (R4
490.002 2 mg/Fr ), H R B 2 Sk SR B o A e (1
B4 0.031 0 mg/F) , Hodr 5 Fh it 7 7 i AR, 3840 1
YTEAS IR R 6 i g S B2 40 (1 RSD A
T 68.09%~106.90%, B/~ H AR WL AR S5 o 454 7=
N EGE R, B A=l A 1 HERE S (S21) Hr
I P T 12 Sk SRR & ik 0.286 9 mg/H, AL A I RE
i 2% 0 0 AT B v b o 2 B I A KA A i o
ETEAS A B A A E AR
2.5.2  Kruskal-Wallis H K5
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2.5.4 WO HHIEAES AT

HH T* Shapiro-Wilk £ 95 i 7= ¥ 53 BU A3 B s A AN AT
BIES A (P<0.05) , ANl /i Pearson A5 73 B X AR
SEIEAM A R ORI SE R F Spearman FRAH G 225
XiF 6 i S I B o 3R A T 9 TR R G AT, 22 i AH G
PR (B 2B) o S5 BR , 6 Ff 2 L2 o 2 A7 1
AR B2 A AH DG o Herp , YR S Bl 550 2 Sk B 2 Al i
IEAHSC (7=0.815 9, P<<0.001) , < F ik 2 3 JE s 5 2%
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T LR BT TERE S i AR A S B — B 2k
R 306 (r=—0.273 9, P=0.028 5) . #7 Z  b (r=
—0.320 1,P=0.009 9) 2K H i 1% 3k Sk (= —0.374 3,
P=0.002 3) K¢ A Bk U 1 3Kk L (r=—0.334 7, P=
0.006 9) ¥4 52 55 = v BE AR OC , #2878 3kl 5 i il o
1T s AR AR o A Z R AR DGR Y TSt
2 X (P>0.05),
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