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2 Agilent DB-WAX %48 % 42 (30 mx0.25 mm, 0.25 pm) , #2 5> FH i s &0 & T m 2208 & 4 250 °C, #E4F v i3 4 250 C; H A
HRA, AR A 1.2mL/min, 57 A 10: 1, T #HFEET A L mL, T P48 EH 90 °C, 470518 4 45 min, 28R 9 A4 a5
B2 W0 5 B R R T 15, R GEA (109%N-F R k& b2 B KI5k ) T T3 Al R 3R B 6 058 Bl A1 4 0.16~1.21,
0.80~6.03.1.61~12.09,1.62~12.12.0.16~1.21.,1.60~12.01,0.81~6.11,1.60~12.03,0.80~6.03 png/mL (r=0.999 4) ; & & &%
#] 24 0.162 08.,0.201 08,0.080 6.0.080 768.0.161 92.,0.400 36.0.040 712,0.026 736.0.013 395 pg/mL, # ] FE 21 4 0.040 52,
0.040 216.0.026 87.0.026 9.0.040 48.0.080 072.0.013 57.0.008 912.0.004 465 pg/mL; 4 25 & X3 (n=5) . & 4 M X% (n=6) 8
RSD 3N F 5% ; T39I H£ 4 99.41% ~111.27% (RSD<9% ,n=9) , 333 FKIE L HEARIRY FRAE S P R Lk 94
RGN, S PTHE S AR VEA TS, TR T3 B R R R T O A A LA 5K F 69 R BT
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Simultaneous Determination of 9 Kinds of Organic Solvents Residues in Total Flavonoids Extracts from
Abelmoschus manihot by Headspace GC

ZHANG Qinghua, ZHANG Zhiyun, YANG Haixia (Shandong Academy of Pharmaceutical Sciences, Jinan
250101, China)

ABSTRACT OBIJECTIVE: To establish a method for simultaneous determination of 9 kinds of organic solvents residues in total
flavonoids extracts from Abelmoschus manihot. METHODS: Headspace GC was adopted to determine the contents of 9 kinds of
organic solvents residues in total flavonoids extracts from A4. manihot, such as benzene, acrylonitrile, methyl methacrylate,
toluene, 1, 2-dichloroethane, xylene, chlorobenzene, styrene and divinylbenzene. The determination was performed on Agilent
DB-WAX capillary column (30 mx0.25 mm, 0.25 um) through temperature-programmed route. The inlet temperature and FID
detector temperature were set at 250 °C. The carrier gas was nitrogen with the flow rate of 1.2 mL/min. The split ratio was 10: 1.
The containers of headspace injector were in equilibrium at 90 °C for 45 min and the sample size was 1 mL. RESULTS: The
separation degree among the peaks of 9 components was greater than 1.5, and the blank solvent (10% N-methyl pyrrolidone
aqueous solution) had no interference. The linear ranges of them were 0.16-1.21, 0.80-6.03, 1.61-12.09, 1.62-12.12, 0.16-1.21,
1.60-12.01, 0.81-6.11, 1.60-12.03, 0.80-6.03 pg/mL, respectively (#=0.999 4). The limits of quantitation were 0.162 08, 0.201 08,
0.080 6, 0.080 768, 0.161 92, 0.400 36, 0.040 712, 0.026 736, 0.013 395 pg/mL; the limits of detection were 0.040 52, 0.040 216,
0.026 87, 0.026 9, 0.040 48, 0.080 072, 0.013 57, 0.008 912, 0.004 465 pg/mL, respectively. RSDs of precision (n=5) and
reproducibility (n=6) tests were all lower than 5% . Average recoveries were 99.41% -111.27% (RSD<9% , n=9). Above 9
residual solvents were not detected in 3 batches of total flavonoids extracts from A. manihot. CONCLUSIONS: Established method
is simple, accurate and reliable, and can be applied for simultaneous detection of 9 kinds of organic solvents residues in total
flavonoids extracts from A. manihot.

KEYWORDS Total flavonoids from Abelmoschus manihot; Headspace gas chromatography; Residual solvents
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1.1 =8

689ON FUAH (TN, fU 45 7694E RITh 25 YERERS VR
4 25 T4 (FID) Rl 25 (32 [ Agilent A F] ) 3 XS-205 Y HL
F R (Fii -+ Mettler-Toledo 23 7)) s KQ-50E Hi#H /5 Ik 15
veas (Rl A (A R AR o
1.2 #ARE5IEHR

BB 25 A G B S ) (A TR A L S 20 )
20091212 ( B8 AF ) A1 20170115, 20170223,
20170225 (H KR b ) s B 25 M 27 B TL OR8N, &
TESRIBYIAR Y TAE 24 28.6 gl R (o ral) (1, 2- S ki
(fagkal)  —H 2R (fagkal) K 200 (fagkal) (V- Lt
LR (NMP, (834l ) Y0 [ REE TR B
BRAF] TG (fh2zal) (SR (b al) . 2078 (fk
2eali) IR (@i al) Y [ E 2 4 B F a0 A BR A
Fl R L (R, 354l BT T A bR I A
RN 5 BB R R R (o0 Br 2, e T b 24k
) s AR o biral, K i atik .
2 FiEEHR
2.1 ‘LG

0, 318% 4%+ Agilent DB-WAX T 411 4 £ (30 mx 0.25
mm, 0.25 um) ; F2)37 FHlL R AR TEE 32 °C, ££4% 6 min, D4
10 °C/min /9 3 FHE 2 150 °C, FFLA 20 °C/min [ 308
THE 2 220 °C 4545 2 min; FID Kl #3I6LE - 250 °C 5 gERE
P BE 2 250 °C 5 AN AU, Tk < 1.2 mL/ming 433
Eb:10: 15 A HERE, IO AT : 10 mL, T4 P Al 2
90 °C, PG : 45 min; #EFERE: 1 mL.
22 BRHIE
2.2.1 WIRER FEEFRICE 26 100.27 mg, & F 50
mL I (G IAGE 5 NMP) , Bl NMP # B £ 41
B REA) K%L 2.5 mL, B T 25 mL &P, i 10%
NMP KRG 2208 3850 AE N NI & W%
FBGZ I 45 W0E &, I 10 9% NMP 7K % B0Rs Bethl i 2
ik S Fe e 240 4 pg/mL TR, EVAS .
2.2.2 XRSREE (DREFREIUR10.13 mg . 1,2- 54
ZBE10.12 mg . 4G 50.27 mg 544 50.89 mg, — 2
7% 50.23 mg ., B 3 7 45 2 H B 100.75 mg ., B 7K 100.96
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mg. — H 4 100.09 mg. % Z. 4% 100.26 mg, & T [F— 50
mL 5 (FSEE I ALE 5 NMP) , L) NMP B 2 %
PEA] KGRI 2.5 mL, B F 25 mL &), il 10% NMP
I R B 20 5T A X IR & T . (2) 4y
K A O BRI A0 T AN 2.2 17 300 INAR I 45 Tk
I8 HE L N 10 9% NMP 7K B VAR BRI LS 28 (1, 2- 5 L e
3252k 0.4 pg/mL, F MG CEOR ORI 52
R 2 pg/mL, & HIEPVIRER R R L T HIOR RO
BB CNFR) 4> 2498 4 pg/mL IR AT AR %t IR
i AR T o (3) B B 55 A6 B R i $E ) 0.4 g, RSB FR
FE, BT 10 mL T0ZS i RS 25 A RS I 28 11020
mL, %35, A (.50 W, 450% . 40 kHz, N [A]) AbBE 2
min AR, RS, BT
2.2.3  fHXSER BOR RS R 0.4 ¢ K
FFRE , BT 10 mL IZS A RS A 10% NMP /K%
2.0 mL, 5], A AL 2 min (A7 , RS, BT,
2.3 ZRGEAMIKIE

Buas 7751 (10 % NMP K80 I BE SH A, 235
Fi 2.1 00 F s SR RN 2 L Il SR g R . 45 R T
71N, X Bt VA T PP A AR R DAL AR U R R TR
fis LN MR IR G A 1, 2- A ks . R (R
PUIg) IR IR TR LR OR (B ), H.
A5 RE I 0 22 (] 11 43 5 B X R T 1,55 28 IV DN R g
SARENTE T, SRR L,
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T LR 2 N MG 5 3. SE N I R FH G 5 4. FR R 5 5. 1, 2- 50 2 bt
6~9. ZHIR (DY) 5 105808 1L AR OH 12 K 2k 13~16. — 2 K
QU]

Note: 1. benzene; 2. acrylonitrile; 3. methyl methacrylate; 4. tolu-
ene; 5. 1, 2-dichloroethane; 6-9. xylene (four peaks) ; 10. chloroben-
zene; 11. styrene; 12. phenylether; 13-16. divinylbenzene (four peaks)

Bl MESBERN=ARHSHEGIEE
Fig 1 GC chromatograms of control solution and
blank solvent solution
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1.0.1.5 mL, 2305 '& T 25 mL I P , B A “2.2.17
TN BRI £ 4 0.5 mL, DL 10 % NMP 7K 17 1 i Ff 2 %)
B FRA) AR LeME 2R 8% IR SR (G5 B A DB
@DE)) ., KEEFREE B2 D BRI 0.4 ¢, B T 10
mL TSI SPATHAE 5 0, 0 KGRk &
GIXTRE SR 2 mL, 2 B R A AR, H 2.1 R
TESAFUEREI A o 7 [A) 25 A8 AN IR BE S b 438 L
FEHIRE AL 0.4 g B T2 AR A SR i, [R)2 000 2 (1A
IR o AT BE S A 40 o VR (x, pg/mL)
SR AR X B R P A T s 43 TR R (5 1B
JERE iy H X R P TR, LR TR R | R
L A AN A 06 TR 2 RN HAED) 55 AR 04 TR A HE A
(V) AR TR A 25 R WK 1,

Tab 1 Results of linear relationship test

PRl ElEY r SRR, b g/mL
3 y=0297 1x—0.006 4 09997 0.16~121
Pl y=0.125 20—0.011 1 09997 0.80~6.03
i i 3=0.168 0x—0.033 5 09998 1.61~12.09
(b3 y=0376 v—0.1376 0.999 6 1.62~12.12
1225k y=0.102 1x—0.006 3 09994 0.16~121
ib s y=03823x—0.1212 09995 1.60~12.01
EFS y=02623x—0.025 8 09997 081~6.11
34 y=0.374 8x—0.0673 0.9997 1.60~12.03
ZLA y=0.133 7r+0.125 8 0.998 8 0.80~6.03

2.5 TE=PRINENREE

B E2.47 T Q5 Lk B8 SR, LA 10%
NMP 7K A T3 A B, 44 2.1 T €0 3% 45 13t
FENGE o HefsME L 10 1 BEOE IR, 25 1  NIa g  H
FENEER I R 1, 2- TRk R AR KL
I IR AR R R 43924 0.162 08,0.201 08.,0.080 6,
0.080 768, 0.161 92.0.400 36.0.040 712, 0.026 736.
0.013 395 pg/mL; #{F M b 31 1 B EAGIIBR , 455 LA FE
I 4 B4 6 I B 43 51 547 0.040 52,0.040 216, 0.026 87 .
0.026 9. 0.040 48, 0.080 072, 0.013 57. 0.008 912,
0.004 465 pg/mL.
2.6 BEELRE

Ko 2.2.27 00 X RGEIE45 7 1 0.5 mL, B F
25 mL IR RSN C“2.2. 1750 F NARIE 453 0.5 mL,
L 109% NMP /K % 00 B 2205, 5850, /8 W IE &I
il 2 FR U ) 25 AL B R R ) 0.4 ¢, 5 F 10 mL T 28
A PATERAE 5 4y, A BIRE AR 45 2.0 mL, %5
B A, 2. N g A SRR E L i
SRUETRIAN . 2550 2R NG SRR R LR L1,
2- "R LNE WK FOR RO ORI TR LS
PN A U THT AR LB RSD 43514 0.80% . 2.98% . 1.63%
2.60% .2.69% .4.92% .2.56% .2.88% .4.42% (n=5) ,%
AN SRR 5 R A
2.7 EEMHILE

R B ) 25 AL B R A FE L) (5. 20091212)
0.4 g, B T 10 mL T2 i, 2L 6 47, 43 510KS % I A
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“2.2.17 T N AR WL 2.0 mL, 25 &), BB VAR, 125
Fi22.17 B i AR REIN 2 |, T SR TR, i I AR I
TR R o 255 AR H SR R H B . —
IR RO\ Z O R 38 5 4304 0.000 032%
0.000 015% . 0.000 009% . 0.000 053% (RSD 4 %Il }y
3.95% .2.84% .3.42% .2.51% ,n="6) , M # . N4 . H
A1, 2- O FORWAKS H o
2.8 [ERKE

Fh 2% 22,27 TR X RE S IE 459 1 0.4.0.5.,0.6
mL, & F 25 mL i, 4 kG & A “2.2.17 3R PR
P45 0.5 mL, LA 109% NMP 7K %5 Wi i B 22 Z0 B L 325,
YER80% . 100% 120 % [F1 6T HE SR . B9 52 10 mL
T2 (G5 1~9) , 23 I L A5 45 20 43 1 1) o
B ZEAL SRS ) (L5 : 20091212)0.4 g5 1~3 5 Ti
ZE I 43 A 80 % [ESCX BRI 2 mL, 4~6 5 Tl
253 A 100 % [N B SR 2 mL, 7~9 5T
23 53 N 120 % [T RE S5 2 mL 68 75
fife , FR5D HE 2.1 S A AR AE |, T SR TR,
Fe NARIETFROR (OIS IR R H g H R L, 2-
TR K IR RO RO ORI IR
SIS, SR, IR AR 43 1) SF- 357 [T 43 S
101.76% . 99.41% . 99.71% . 104.12% . 111.27% .
105.70% . 102.95% . 102.61% . 101.72% (RSD 43 5 K
2.88% .3.27% .1.21% .3.57% .8.16% .5.37% .2.97% .
3.09% \4.50% ,n="9) , FERHA I I R B KL Uf.
29 HEHEELLHEMEIYHSRFEZBAFNSENE

B3 it Ay 25 A R B O R R o (HE
20170115,20170223.,20170225) i & , $%“2.2.37 3 F )y
RS, P 2.7 TR Dy iR AE 9 Rk BRI N
SEIL SHURESL A IR ER R VA
3 Tt

B ) X AL R SR U AE K R R T e 4 2 A
FE K 10% NMP 7K WA 17 1), o] BT HL s A A o o
2 R AE A 22 R SR N, N- R
W N, N-—H 3 2 e 7K \NMP 10 % NMP 7K % 1 7
RS . S5 HR AL, KON BESE S MR U, T —H
FAPR N, N-— F R H R N, N- L 2R 3 A ot
B ZH 53 77 A= 4 s NMP B3 RE 48 47 M v f 4 B0 , (B2
FEORANL, 2- G B W AR A , AS R A I T
3K 5 2R 109% NMP /KR R I, AN BB UT i
ARSI, X A L At e T4, i HLARR 1, 2- &
I R i 1 (P 8 1R

AR ZH SR FH 002 S0AH 0 1k (] B 0 % 4 25 48
SLE PR AR IO R R PG L IR YA R F R LR
1, 2- Okt . WK EOR RO . OIRRE I
MUERI & 5. SRi e et 25005 R AR FHER
RRE SIS RR I AL A 1 R Ao s . o, RO (2
SR AA Ry HAR A X TR T LIRS SR IR A
7/ = SN I e S IUTE SR S ] D R 3]
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4T VAL AR P EEIRAE A E EIAR, A LB R RS AR L SRR BRBORAF R R E R R E R e b
KA Lo(3") B3R AL AP B BRI RIR T Z . &R F THAMNR R ELMTEE A 8~48 ng/mL(r=0.999 7) ; £ Z Ik
0.54 pg/mL, #% M F& 4 0.18 ng/mL; 45 % & AL M F F A K569 RSD 3 ) T 2% ; i #F =L & % 99.61% ~102.38% (RSD=
1.15% ,n=6), RAKRITEH T0% LB FHik b 1:20(g/mL) A2IEFA] 45 min JRIBUKHK 2 K, EEHT L& T LI
A FA 274 mglg. b P ES TN E kR B TR RIR T AR TAT.
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Optimization of the Extraction Technology of Total Flavonoids from Typhonium divaricatum

WANG Mengmeng', XIE Dian', ZHOU Yufang’, LI Xiaojing’, XU Bubin', ZHOU Bin' (1. School of Pharmacy,
Jiangxi Science and Technology Normal University, Nanchang 330013, China; 2. Comprehensive Agriculture
Station, Luohe Town People’ s Government in Guixi City, Jiangxi Guixi 335400, China; 3. Naval Logistics
Academy, Tianjin 300450, China)
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