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B E AW AIRNMNERTHFAFRERBIZEGELAT UMM ELELS TN T %, Hik  RACEBLEFE TR %
o A FA 1350 W, RAFE A 7.0 mm, HAAE A 1.1 Limin, FALERE A2 C 953 R4ER 5 #HE A 0.1 ps, F & FHRA
A A 15.0 L/min, 5408 4 & B FAL R, B 1547 (BALA B T /47) <0.5% , 847 1547 (=N B F/— WA & T ) <1 % ; ok
K RETh F A 3600 W, FHIBALSE A 190 CHR#F A8 h, A4 2 F 8, BB E 150 °C 4R 12h, 23R 48 46 48 5 o A0 JL 4R AL,
B Bh AR BB 5L A M R B R R RS 5 24 0.1~500 pg/L(#=0.999 8) ,0.5~500 pg/L(r=0.999 9) .0.1~500 pug/L (r=
0.999 9) .0.5~500 pg/L(r=0.999 9) .0.5~500 pg/L(r=0.999 9) .0.1~200 pg/L(+=0.999 9) .0.5~500 pg/L(+=0.999 9) .1~500
ng/L(r=0.999 9) .0.1~500 pg/L(r=0.999 8) .0.1~200 pg/L(r=0.999 8) .0.5~500 pg/L(+=0.999 9) ,0.1~200 pg/L(r=0.999 8)
0.5~500 pg/L(r=0.999 9) .0.1~500 ug/L(r=0.999 9); & & 35/ T 0.60 png/L, % FE35 /) F0.20 ng/L; #5522t F 40
X I 69 RSD 34 /T 3% ; A AR K % 4 97.08% ~106.65% (RSD 4 0.64% ~2.33% ,n=9) ; 4k F & ¥ 5 4% % 0.288 2~148.600 0
ng/g, BRI T FE LA T A 0.135 7~65.190 0 pg/g, %3637 ik RABUEZ EAELT, TR T B a0 £ 4k T & & 5de @ ik 3s
BELATIUABEAETGET R THESARERZBELAT UAMEALEFLTEAFEE, AR LR TEELARE AL
FAPHMELENS T LG, LA EA A KRBT FE AW R K,

XEE HTEFES BRERBER, CRBESETRRE L HELL; &F0E

Simultaneous Determination of 14 Kinds of Microelements in Underwood-cultivated and Gard m
Panax quinquefolius by 1ICP-MS

LIN Honggiang, TAN Jing, WANG Han, WU Fulin, DONG Qinghai, LI Pingya, L@ (Re arch Center of
Natural Drug, School of Pharmacy, Jilin University, Changchun 13002“\

ABSTRACT OBJECTIVE: To establish a method for simult a tion of 14 kinds of microelements from
underwood-cultivated Panax quinquefolius and garden cultlvate olius. METHODS: ICP-MS method was adopted. The
radio frequency power was 1 350 W, and sam as 7 \ m; carrier gas velocity was 1.1 L/min, and atomizing chamber
temperature was 2 °C; peristaltic pu x‘ a gas flow rate was 15.0 L/min in high-salt nebulizer as atomizer; oxide
index(CeO/Ce") is less than,0. 5@ th ble charge index(Ba*/Ba’) is less than 1%. The microware digestion power is 3 600
W, and the heating to 190 °C, maintained at 48 h, and cooling to room temperature, and the heated 150 °C ,

maintained 1 : The linear range of Mn, Cr, Sr, Zn, Rb, B, Ni, Cu, V, Sn, As, Mo, Se and Co were 0.1-500 pg/L
(r=0. 0.5500 pg/L(r=0.999 9),0.1-500 pg/L(»=0.999 9),0.5-500 pg/L(»=0.999 9),0.5-500 pg/L (»=0.999 9),0.1-200
pg/L(r=0.999 9),0.5-500 pg/L(#=0.999 9),1-500 pug/L(=0.999 9),0.1-500 pug/L(#=0.999 8),0.1-200 pg/L(»=0.999 8) ,0.5-500
pg/L (#=0.999 9),0.1-200 pug/L (r=0.999 8),0.5-500 ug/L (+=0.999 9) and 0.1-500 pg/L(#=0.999 9), respectively. The limits of
quantitation were less than 0.60 pg/L, and the limits of detection were lower than 0.20 pg/L. RSDs of precision, stability and
reproducibility tests were no more than 3% ; the recoveries were 97.08%-106.65% (RSDs were 0.64%-2.33% ,n=9) ; the content

of underwood-cultivated P. quinquefolius were 0.288 2-148.600 0 pg/g, the content of garden-cultivated P. quinquefolius were
0.135 7-65.190 0 pg/g. CONCLUSIONS: The method is sensitive, accurate and can be used for simultaneous determination of 14
kinds of microelements. There are great differences in 14 kinds of microelements between underwood-cultivated P. quinquefolius and
garden-cultivated P. quinquefolius. On the whole, the contents of microelements in underwood-cultivated P. quinquefolius are higher
than garden-cultivated P. quinquefolius. The cultivation environments have great influence on the growth of P. quinquefolius.
KEYWORDS Underwood-cultivated Panax quinquefolius; Garden-cultivated P. quinquefolius; 1ICP-MS; Microelements; Content
determination
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HEREASGRUNLLE 4 (Mn) S0 R 7T 15
R B, B TR E AR B & b,
AR A B AR S w # 2s F BUR R R Y A4 . B
PREE SR, vh 2 A 45 253805 1 O T 20840
Ab, SHA TS AR Z MR TR WA —E X R,

VUVES R HNE NS @ fHY V8 ¥ 2 (Panax quin-
quefolius L.) BT AR, NRAEES | 5= FA0 5 A
FEIBR i 300 45, HAMI IR GG VERZ 8. 5
el b A% 5% VU 2 (], B AR P T S B A R i 2 B
PR, ANSGE Z W02 R0 8 R GE R i A
ZE (HRE B AR YT S R S O TR AR I
A R, 5 IR R L2 DS RO IS LB
PSS AR, B AE R ILARIREE TR PV ESE I g
SRAE KM A, LAAS 2IACT PU e R LB
A PIEES,

AW IR FH I 5 45 2 A T35 12: (ICP-MS) [F]
BRI SE 1 ARTR PG 3 23 R el i A 15 PE VE 2 Min 8 (Cr)
BE(Sr) BF(Zn) JH(Rb) (Bl (B) R (Ni) .Cu (V) . B
(Sn) f# (As) . #H (Mo) Hifi (Se) .4l (Co) %5 14 FP s i oT
R, UGS PR A K IR TS P s o 2 1
SR, B e PR RS

1 #
1.1 {us8

7500a I ICP-MS 1Y , 046 EL25 R 40 . DU AT L Rl
R R A (25 [ Agilent A ] ) ; AL104 B By, 1 RAF- (Fis
-+ Mettler-Toledo 23 H] ) ; Transform 800 74 fik i 74 i 1%

(INE K Aurora 23w ) s FW177 7Y 238 07 GEAD (T
T BES AR ) s Milli-Q %‘%ipore
aw] A 18.2 MQ-

1.2 Rk

)

L )

B04-1736-2004) . Cr (it 5 : GSB04-
1723-2004 ). Sr (#t 5 : GSB04-1754-2004) | Zn (#t 5 .
GSB04-1761-2004) \Rb (fit-5 : GSB04-2836-2011) .B(#it
5 : GSB04-1716-2004) \Ni(#t*5 : GSB04-1740-2004) .Cu
(#t5 : GSB04-1725-2004) \ V ($it5 : GSB04-1759-2004 )
Sn (#t 5 : GSB04-1753-2004) . As (#lt 5 : GSB04-1714-
2004) Mo (4t 5 : GSB04-1737-2004 ) . Se (1t 5 : GSB04-
1751-2004) ,Co (#L5 : GSB04-1722-2004 ) s 1fE S VA T
By At s R B A Py H R BRAS vl R4, B vk BE 1
4 10.0 mg/L; 4 (In, 5 , #iL5 : GSB04-1731-2004 ) | 5%
(Rh, NF5, #t5 : GSB04-1746-2004 ) A7 1 i 14 W, ¥4 i
i EAEAE DA FR S R SR AL BT VR EE 345 50.0
mg/L; £ (Li, BTig a1 , #t5 : GSB04-1734-2004) .2
(Y, iS5 W, 415 : GSB04-1788-2004) , Co ( J5i 14
W, S BW30014-1000-N-50) 5 (Bi, J 335 8 185
5 : GSB04-1719-2004 ) b vfE i 5 9, 2 F AL st A7
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oA PR AT BRA FI S AL, o f VR B 454 10.0 mg/L; &
SR A el R R A L Rl [ (p) = 1.4 g/mL], H
s3I 2 Ry oA 4l , K R B At
1.3 ZHf

25 4EAE MR PETES (315 : W20170501 ., W20170502
W20170503) .6 4F-A= Pl bR 45 PE VS (45 : G20170501
G20170502,G20170503) T4 it , 24 R 75 MRAE P04 B G
IREREER ST A AR, 235 MO 2E 2524 B KAk
YT A R S R L
2 AEEHER
2.1 iR H
2.1.1 ICP-MS %/ ICP-MS{¥%: Li.Y.Co.BiJiiiH
WAL . SRR 1 350 W3 RAEEREE . 7.0 mm; 2
Uit : 1.1 L/min; 5540 20 : 2 °C 5 0 2h 3 5 1 3 H e
0.1 rps; S5 85 At : 15.0 L/min; B4k 8% . b %1k
a5 SE AL FE bR CRAL SN 25 F/41) <<0.5% 5 SUH fif F5 A
(A F/— I 1) <1%.
2.1.2 TOIHMRET  THAREE 3 600 W FHER T
190 CHRHF48 h, B H Z=ER , HIHE 2 150 C, ff4F
12 h,

22 FATREIHE W
221 LS Exzw&ﬁzm@@ 0.1
g, AR DU 2.0 5. @ﬂ%f‘ﬁ Eafep i A
/% 1.0 mL . ﬁ. 0 °CHL M AL HE,
ST e 3 ¥ L IMAEURR 1.4 mL filF2 1.6 mL ¥
i SN E B, BT O AR 2,127
0T Rl T AR T TN R A R = RS K T R
BERALEFESHT €A ZE 50 mL, #8555
222 RAWHEREWR 3R H Mn  Cr.Sr.Zn
Rb.B.Ni.Cu.V.Sn.As.Mo. Se. Co Fn i i 17 WK 4% 3
i, B T — 10 mL &, A 3% i PR V%5 W 38 2 i
Fe 45 0 W BE 49 ¥ 8 500,200,100.50,10.5.2. 1,
0.5.0.1 pg/L B R IR A ARSI
2.2.3 TRAWNAREI 43 BRI In  RhAR S5
A B, B TR — 10 mL B, A 3% fitf BR 1% T
Fe A9 B 24 1.0 pg/L BTRA AR
2.24 PR BRZGMAESL  FC2.2.17 T ik
il %23 P B VAT

I BIRE R IC2.2.27 TR RANIR A bR S A
TR, 42,1170 F ICP-MS SRR 5E , 10 AL R0
NAE . PAEFRMOCER B R (o, pg/L) IR AR AR 451
MTCE 5 AFR (LA In Sy AR ) A R AE Y FAE (v) 9k
ARBRIEA TERPE R [l R S 2 PV E R L 1
24 TEERSKMNREE
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Tab 1 Regression equation and linear range

1.36% .2.05% .1.94% .1.59% (n=6) , 3 B A0 A 1 W
TR TS 24 h N ARG &

RN E [ Eyiy r P, pg/L 2.7 BEEMIRW
Mn y=1.355%x10"x—1.083x 107 0.999 8 0.1~500 K BFRIUZE R S ARy (412 . W20170501 ) 3& &,
Cr y=1287x10°x—3.178x 107 0.999 9 0.5~500 « N . o e N W .
St y=1274x10%—5.085x 107 0.999 9 0.1~500 12,217 SR 5 i % K 38 6 03, FH% 211
Zn y=1.097x 107447693 x 107 0.999 9 0.5~500 T T ICP-MS Z5 4 E RN AE |, 0 s AN A AR . 25 5%
Rb p=1.029x 107x—2.725x 10> 0.999 9 0.5~500 Mn.Cr.Sr.Zn . Rb.B.Ni.Cu.V.Sn.As . Mo.Se.Co 1)(%%
B y=1733x 10:3x+6270>< 10*i 0.999 9 0.1~200 i 7 {E 1% RSD 43914 0.98% . 2.53% . 1.58% .0.91% .
Ni y=2815x10°x—3.701 x 10°  0.999 9 0.5~500
Cu Y=2.976 X 10°¢+3.054 % 10 0,999 9 1~500 1.67% .1.28% .2.59% .1.09% .2.36% .1.88% .0.85% .
v y=1.179x 102x—4.845x10%  0.999 8 0.1~500 2.65% .1.72% . 1.58% (n="6) , RIAAR P H L 1M R4
Sn y=3.677x10°x—1376x10°  0.999 8 0.1~200 2.8 IEEKRIRL
As y=1.121x10°x—1.409x 107 0.999 9 0.5~500 P R L g (i
Mo y=2167%10%—4826x10° 0998  0.1~200 \ %"La\ﬂ ALY ZY MR ah AR (L - W20170501) 3%
Se y=8.036X 10°x+5.130x 10°  0.9999 0.5~500 903, B3 0.05 g, 3 BN FHIN ST RAR o R BT i vk
Co y=1254x10x—1.007 x 10’2 0.999 9 0.1~500 FEFRUE S VA WGE , F 2.2 17T 5 B AR s
WIE B F52.1. 170 R ICP-MS 4FHEREIE e S8 W, PR “2.1.17 300 ICP-MS Z5 RN 2 |, 10 S A s
JSEARL, ATESEINAE 28 A0 BEIA IR o 00 103ty DEAEFI TR kR IR, 455 R 3,
= (10SD )Xz 851 T 28 Wk B ke B, LA ZN Fz3 MERKRALER(n=9)
B 25 U0 BRI TR A S e 1 (LA 3 AR 22 (3S D)X I ) Tab 3 Results of recovery tests(n=9)
PR P Sk R My kA 4
BT TR R, 2R W3 20 AR, AR, WO UNENCE, FANRE kD,
*2 EERSHNRERER TR ee he be % WeR% %
Tab 2 Determination results of quantitation limits Mn LS 40000 114119 98.01 10032 LT6
o 74081 40000 113605 98.81
and detection limits 73048 40000 113996 10012 m
FRmcE M, pg/L FEIRR, /L 7483 1 8.0000 156103 101.6
Ma 0.006 7 0.0019 74203 80000 15, 1036
Cr 0.1195 0.0347 73911 80000 £ ! 103.61
St 0.007 6 0.0023 7.427 3 W00 370 2 99.52
Zn 0.2583 0.075 4 { 12.000 19.349 8 99.38
Rb 01235 00361 \\ 120000 193296 9924
B 0.0416 00120 0.1929 01000 02910 98.06 9943 1.58
Ni 0.1208 0.03 - 01909 01000 02901 99.23
Cu 0.564 0 ﬂ 0.1924 01000 02897 9731
v 0.037 5 01 0.1925 02000 03895 98.50
Sn 0.0075 0.1909 02000 03892 99.15
As gggz 2 0.1929 02000 03901 98.60
15\40 01200 01963 03000 04962 99.97
o 0,003 3 0.1885 03000 04963  102.60
S 0.1915 03000 04958 10142
25 HBEEIXR Sr 27273 15000 42870  103.98 100.82 233
2,227 T F YRR S T 100 pg/L) 7 27336 15000 42785 102.99

VOE B, 342. 1. 17T R ICP-MS Z5 R4 S RN 5E 6 1K,
PO SEAFS M (R . 255, Mn . Cr.Sr.Zn.Rb.B.Ni.Cu,
V.Sn.As .Mo.Se.Co {200 {E 1 RSD 40514 0.68 % .
0.96% .1.26% .0.53% .0.17% .2.07% .0.29% .2.36% .
0.82% .1.06% .0.42% .1.83% .0.76% .1.52% (n=6) , %
AN RS 2 AT
2.6 FEMIXE

Be2.2.17 30T A5 5 (HE45 : W20170501) i
i, A6y, Al T EIR T R 0.2.4.8.12.24 h i #%
“2.1.17 TN ICP-MS 45 {4 R I A2 , 118 S5 S0 M) 1o {1
ZEHL Mn.Cr.Sr.Zn.Rb.B.Ni.Cu.V.Sn.As.Mo.Se.
Co {3 i 1 4 () RSD 43 511 4 1.02% . 2.76% . 1.87% .
0.87% .1.53% .1.18% .2.84% .1.55% .2.46% .0.97% .
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27118 1.500 0 42828 104.73

27192 3.000 0 5.6910 99.06
27314 3.000 0 5.690 3 98.63
27227 3.000 0 5.694 8 99.07
26521 4.500 0 7.206 6 101.21
27849 4.500 0 7.209 8 98.33
2.736 8 4.500 0 7.207 6 99.35
Zn 2374 8 1.000 0 33456 97.08 99.25 1.63
23757 1.000 0 3.349 6 97.39

23753 1.000 0 33481 97.28
23952 2.0000 4396 4 100.06
23730 2.000 0 43926 100.98
23581 2.000 0 4396 1 101.90
23621 3.000 0 5.366 6 100.15

23824 3.000 0 5.3587 99.21
23827 3.000 0 53587 99.20
Rb 0.746 5 0.500 0 1.266 2 103.91 10147 216
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GxR3 HR3
Continued tab 3 Continued tab 3
TR REAVEEL,  BUAGR,  INAREL,  AIREEDICR, SEIIIEEE RSD, PR RESRR,  IAGR, TSR, RERCR, SEEEERE RSD,
TR e ng ng % %% % TR pg ng e % % %
07476 05000 12688 104.28 00360 00400  0.0757 99.17
07440 05000 12690 105.01 00370 00400 00761 97.87
0.7399 10000 1.7530 101.31 0.0353 00600  0.097 1 102.97
0.742 8 1.000 0 1.7479 100.52 0.034 8 0.060 0 0.097 0 103.65
07523 1.000 0 1752 1 99.97 0.0379 0.060 0 0.097 8 99.77
0.747 3 1.500 0 22351 99.18 Mo 0.062 0 0.0300 0.093 3 104.20 101.58 1.76
0.729 1 15000 22302 100.06 00630  0.0300 00938 102.58
0.752 6 1.500 0 22372 98.96 0.062 2 0.0300 0.093 4 104.02
B 1263 1 05000  1.7633 100.03 99.40  0.64 00668 00500  0.1182 102.87
12642 05000  1.764 8 100.11 00683  0.0500  0.1185 100.46
12731 05000 17733 100,04 00678 00500  0.1179 100.27
1303 1 10000 22897 98,66 0.062 1 00800  0.1420 99.93
13017 10000 22890 08.73 00632 00800  0.1423 98.89
12972 10000 22903 9931 0.0613 00800 01421 100.97
19702 15000 27607 99.50 Se 00557 00300  0.0855 99.43 99.49 130
1265 8 15000 27637 99,86 00559 00300  0.0853 98.03
12812 15000 27562 0833 0.056 3 00300  0.0860 98.94
Ni 0.1604  0.1000 02623 101.89 10056 1.05 00606 00500 01101 99.10
01610 01000 02625 101.49 gggé Z ggz g g gﬂg ‘1‘ zziz
8121 g g;gg g gig; ‘2‘ lggz; 0.286 3 00800  0.3680 102.14
0.159 2 02000 03597 100.27 0.0564 0.0800 - 0.1364 9996
00560  0.0800  0.1369 101.11
01626 02000 03596 9849 Co 00149 00100  0.0253 103.85 4\ L
01605 03000 04635 100.99 00153 00100 0.0257 . d
0.1599 03000 04636 101.25 00160 00100  0.026 1036
01625 03000  0.4643 100.61 00155 0.0200 @ 125
Cu 02390 01000 03403 101.26 99.86  0.96 0.0149 : Oa& 102,56
02408  0.000 03408 99.98 0 20 0036 3 101.89
02389 01000 03407 101.76 \\aﬁ 00300 00468 104.16
0.2387 02000 04374 99.34 - p 00147 00300 00467 10665
02408 02000 04384 98.78
e oame o ('\ 20 BHESMETENSENE
538 Q 99, 6 A 2 B4 R b AR 4530 o, ¥ 2.2.17 TR ik
, NS Bl R 211 ICP-MS AR
00884 10050 ‘ ‘ SEATINAE 3 YR, 10 A M AR I 3108 2 B A o
. 00892 10116 JUREFa, g R IR 4,
00633 00500 01127 9876 F4 BHERTHETROSENEER (n=18,ng/e)
00635 00500 01130 99.07 Tab 4 Results of content determination of microele-
00636 00500  0.1127 98.27
00585 00800  0.1366 97.58 ments in samples (n=18, ng/g)
0.058 0 0.0800  0.1368 98.53 RS RS el Hb g B G 5
00592 00800  0.1373 97.68 Mn 148.600 0+0.130 0 65.190 0+0.150 0
Sn 00145 00100  0.0244 98.96 99.63  1.04 Cr 3.836 0+0.0250 3.009 040.107 0
00143 00100  0.0243 100.29 St 54530 0+0.130 0 26.960 040.170 0
00148 00100  0.02438 100.30 Zn 47370 0+0.150 0 31.680 0+0.160 0
00145 00200  0.0342 98.49 Rb 14.850 0+ 0.080 0 6.2770+0.134 0
00147 00200  0.0345 98.91 B 25.230 0+0.360 0 11720 0+0.160 0
00143 00200  0.0339 97.89 Ni 3.240 0+0.0320 8.2570+0.017 0
00143 00300  0.0443 99.98 Cu 4.7750+0.024 0 9.433040.043 0
00147 00300  0.0450 100.84 \ 1278 0+0.017 0 0.664 4+0.002 1
00145 00300 004438 101.04 Sn 0.2882+0.002 4 0.225740.002 8
As 0.0360 00200  0.0560 99.86 100.72 179 As 0.714 740.005 3 0.522440.002 0
00364 00200  0.0565 100.35 Mo 1.386.0+0.030 0 0.135740.010 5
00356 00200  0.0561 102.49 Se 1.229 0+0.068 0 0.983 740.004 3
00355 00400 00756 10031 Co 0303 4+0.004 5 0.218 640.003 3
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3 Tt

AMFFE R ICP-MS 1 [R] s 5 174K T P8 32 il el
i 35 75 ¥ 2 % Mn. Cr. Sr. Zn . Rb. B Ni.Cu.V.Sn.
As Mo .Se.Co % 14 P E LR IS &, 7 IRl S,
LR W3% 7 1 R AR v ERR R L, AT R T R S E A
i AR TR R

AHFFEF I, BT P RS R MR B PG S LU
Mn JC % (148.600 0 pg/g vs. 65.190 0 pg/g) & & 5 & -
HAR B VEFES P NI Cu e RS R E TR IS, 4

T PREES I 2~ 345 AR R PO ES P HR 12 Foc R
(Mn.Cr.Sr.Zn.Rb.B.V.Sn.As.Mo.Se.Co) & :»:gi’jm?

Pel o 35 POV E S, Hrp i T ) Mn St B LR
FGEHE W 245 Mot R & & NG #H 1 1045, JXU:EHﬂ
Wﬁﬁl‘ij&ﬂ 5P S PR TR & AR 2
St R PR PE S I AR B VO RS R i T R 1)

Em,ﬁzﬂ“ HER RSN P EES B A BRG]

Mn It % Al 2 5 Z R0 & S 306 R R, ge e ik
S A6 PN B I 1 AL, AT N R R s 2 1, R 1 BT
A EAE 2 B AEA 5 C Sl A i, XD IS R ST
Eﬁﬁiﬁﬁ%ﬁﬁﬁﬁi?ﬁ'ﬂ/ﬁmm AN, Mn IR A BE
NSRS, B S LR e D) RE , Hlk = 5 2 R
I 1) R A B DA DR,

StOCRTER M Iz A, ARG YE 5 B HsE
R AU O I8 2R GE 0 TR A6 AH 56, Sron %
B T B S 5 R B B A, XA OHE DL
AeRrEr s ohne AT ELAEH ; AL, Scon R b T 6| A
AR A 4 Ao WA, AT X)L . 9o 9 S5 I —
FE B A

AR R, Zn ot Z AT Bl HAh i e

M ARG AR ER TS, A2 3 1M RRIAYT A I 5
Ak, Zn B RIE S 5 M WL R AR
PRIk g W BN i AN AR K
ﬁi}"ﬂﬂ ,f /\71—\7‘:19 20]O

BHWIA N, BOCER A FE ALY P T 2R AR 0] AR
Sy JLREAR T AR N VT 2o EE B R ) 23k K A h e []
i, BICR 544 R D, &R 5 I SRRt

FEEYIMIOC, LA DUE e is PR RS ER ,

X A i e A EE R

CrIGZE REYERFHLIARIE B B RIIE AR s Ni e ]
AR TR PN A P R AT, S 8 3 i T % 41 4 B P 5 St
%%Xu‘ﬂ%n%ﬁﬁmite&mﬁw%Eﬁéﬁf%ﬁiﬁ?ﬁﬁﬁ ;Co
TR MR 225 [ B A A B i, 20 28 11 L 2R
T % B 5 1B s Rb \Cu\V \As Mo .Se LKA Z
56 BAR N Z R ARG R, S 5 Y R EEE R
iﬁ_ [23]O

25 L RTIR A i RO R ERYELE vT R
T ZE AR V8 2 R i 85 PG 7 5 T L4 RO e R 1
TGRS MR MR R TS D 4 FhE TR
W2 WA R AT TS R T R s PR VRS T i

HEZD; 2018455 29 F:4 16 1

<00

BICRIY

UL N

S

[ 1] e, sk, 265 i 0 3R 259 9 0 BUIR K i 22
[J]. ¥ B2 %,1990,1(5):24-25.

[2] EBIH, XM BOdICR I AR RE D], 16 R &
M h#%,2013,6(8):63-63.

(3] Eff UFHORIEE 5 AKEIED]. /- & s o i,
2003,10(1):11-16.

[4] BREZE ERE, TE BodoR 5 K@D
L FH,2016(24): 113,

(5] SPHm, B, &7, . AR EESANESAS
LA RO RSN HHEERTFE[I]. 25 s - AT A, 2013, 36
(5):374-376.

[6] CASE MA,FLINN KM,JANCAITIS J, et al. Declining
abundance of American ginseng (Panax quinquefolius,

T, RUTPIAAE RKIREEX PU PRSI

1. ALK IR

L.) documented by herbarium specimens[J]. Biological
Conservation,2007,134(1):22-30.

[7] FEBRAE. SEEEPA PGS S A T 50 B O[], A
AHEA, 2006, 18(3) : 8-10.

[8] ARELHR, 4, X6 F. B AR PE IS 00 A2 o
AE I SE I SR (1], R AR = A58 55 FF &, 2017, 29
(12):2157-2162.

[9] CHANDLER JL, MCGRAW JB. Va c ofdti

ber harvest on the survivalg gr@wth,\an oduction of

American gmsen a axN;l&Ohus L.) [J]. Forest

Ecolo 15 44:1-9

@ ER C MCGRAW JB. Analysis of wood

Hylocichla mustelina ) movement patterns to ex-

plain the spatial structure of American ginseng (Panax

quinquefolius) populations[J]. Ecological Research,2016,
31(2):1-7.

(111 JT208 , e &, bk, 5. 16SrDNA-RFLP 2304 A [ 7
HASNA B2 AP i d F B 25 R F F4R,2015,
27(5):51-54.

[12] TRk 7R, At Ut on R A5 B ~A A OGP R [ NP
[J]. £ EHEE,2004,21(7) :660-662.

[13] BYEER. HasF &b R B mE L% & (Mn) 89
0T R A A A HEIRAE[D]. 1 R R, 2012
[14] RIUIF,BBE , IV, . IO TR B TEHT I 6 R 2L 5K
R B e B AR R[], R B L, 2011, 18

(3):21-26.

[15] 28k, AW TR KD & AmE ot
%,2003,10(11):7-12.

[16] B4, 482 1. B e R FTE T BE 25 h i /E ). St ra b
E e 4R, 1991(1) :4-6.

[17]  ERUH. AR R T R i AFE
2005,21(2):8-8.

(18] e, whotSs, FA&. Mmoo RS AMAE VIR S
RES,2011,17(31):152—153.

[19] B Uk, PR AR BEEZ X AR SEM[T]. TAX E 25
T4 ,2014,30(7):1016-1019.

0. #4243,

China Pharmacy 2018 Vol. 29 No. 16 < 2207 -



TSR RN o R o SRR B A

A BFD R 8.4 TELARRRRNFLRMELGE S ETERAE TRAAF L+
O EE 330029)

FESES R927.1 XHEFRERS A XEHE  1001-0408(2018)16-2208-07
DOI  10.6039/j.issn.1001-0408.2018.16.11

W OB Ae. i E L okeeED A RIARR T A R g ik, AT R AT . ik R R B AR Gk ik T A &
W e, 635424 ACES Cu, 30484 T BE 5 4.32 o/L FImmk 4 7 ik (k858598 pH £ 3.0) 69 345 (50:50, V/V)- ¥ B2 (4
JESEML) ik % 1.0 mL/min, #0) 9% K A4 295 nm, A£E A 30 C,#AF H 20 uL. KA B A0 Gk ik H & fdhon, g A
YMC-PACK ODS-A, 7348 % ¥ 85-0.01% = #. T8 (40: 60, V/V) Fo P B82-0.01% = F. T8 (20: 80, V/V) , i&ik A 8 mL/min, 4
% 7 295 nm, A£B A 20 °C, # A2 H 0.8 mL. RIN kA &% B B R 34T 4 M AEN], &% 4 % Waters ACQUITY UPLC BEH
Cus, RENA8 A T BE-5 mmol/L ¥ #4275k (4-0.05% V82 ) (Hh sl ) , ik 4 0.2 mL/min, A28 % 20 °C, 4% 4 2 uL; KA def
F BT R, AR AN BT AT BT Xen g n &5, KA A sakt TSt feden, 4R 5 R%
R el A R A BB R B T E A 0.501~10.02 pg/mL(#=0.999 9) ; & 2 F& % 3.012 ng, # & FE A 1.004 ng; #4 % FiX 549 RSD %
0.2% ,#E Mefe® F LXMW RSD D T5%., AT A 1 I MM, t4m 7T R NA Vagsst, 4t 9a5 kit OE
B B AT, TR T B R BRI A R IRR A A .
KEIA B oRBREDE R XM R AR 5 B AR AR G ik s B AR €0 AR €08 B B RS R ; AUk s ik R 2 A

Determination of Related Substance and Impurities Qualitative Study of Timolol Maleate Eye Drops
LIU Heying, CHENG Qizhen, ZHOU Min, YI Qiao (Jiangxi Institute for Drug Control/Jiangxi Provincial
Engineering Research Center for Drug and Medical Device Quality, Nanchang 330029, China)

ABSTRACT OBIJECTIVE: To establish a method for the determination of related substances m Tamolol m@erops, and
to conduct qualitative analysis of its degradation impuritiecs. METHODS: HPLC method w; pte r dtermination of related
substance. The determination was performed on ACES C;; column with mobile ph is d ¢ mix€d solution of methanol and
4.32 g/L sodium octane sulfonate (pH adjusted to 3.0 with glacial acéti ai Vi ) -methanol (gradient elution) at flow rate
of 1.0 mL/min. The detection wavelength was set at 295 nm perature was 30 “C. The sample size was 20 pL.

Preparative LC method was used to prepare pure purities® determination was performed on YMC-PACK ODS-A column

V/V) at flow rate of 8 mL/min.
was 0.8 mL. LC-MS/

ve ength was set at 295 nm, and column temperature was 20 °C. The sample size

with mobile phase consisted of methanol- 0 cetrc actd (40:60, V/V) and methanol-0.01% trifluoroacetic acid (20:80,
gte&

hod adopted. The determination was performed on Waters ACQUITY UPLC BEH Cis column with

mobile phas thanol-5 mmol/L ammonium formate (0.05% formic acid) (gradient elution) at flow rate of 0.2 mL/
min. temperature was 20 “C. The sample size was 2 pL. The electrospray ionization source was conducted, detecting
patient 18h by MS full scan and fragment ion by daughter ion scan. The structure was confirmed and speculated by 'H-NMR and

“C-NMR. RESULTS: The linear range of timolol maleate was 0.501-10.02 pg/mL (+=0.999 9). The limit of quantitation was
3.012 ng, and the limit of detection was 1.004 ng. RSD of precision test was 0.2%. RSDs of stability and reproducibility tests were
all lower than 5% . The structures of impurity [ , II and Il were confirmed, and those of impurity IV and V were speculated.
CONCLUSIONS: The method is rapid, accurate and specific. It can be used for the determination of related substance in Timolol
maleate eye drops.

KEYWORDS Timolol maleate; Related substance; Degradation impurity; HPLC; Preparative LC; LC-MS/MS; 'H-NMR;

“C-NMR; Determination; Structure speculation
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