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Abstract Objective: To develop a determination method of ten resin residues in total saponins of Panax Ginseng
by headspace GC. Method: The sample was dissolved with 10% DMF and analyzed by headspace capillary gas
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chromatography. The temperature program for the column was as follows: initially heated at 60 °C for 1 min,
rose to 62 °C at a speed of 0.3 °C * min™'; then rose to 140 °C at a speed of 10 °C * min™', lasting for 5 min. The
inlet temperature was 220 °C and FID detector temperature was set at 250 °C. The split ratio was 10: 1 and the
flow rate of the carrier gas (N, )was 1 mL * min"'. Headspace conditions were as follows: the temperature and the
time of balance for the sample were 90 “C and 30 min; the temperature of quantitative loop and transfer lines was
110 °C and 130 °C. The sample volume was 1 mL, with low—speed shaking. Result: Linear relations between peak
area and concentration of ten residues were good, average recoveries of n—hexane, hexahydrotoluene, benzene,
methylbenzene, p—xylene,, m—xylene, o—xylene, styrene, 1, 2—diethylbenzene and divinylbenzene were 102. 65%,
100. 96%, 103. 34%, 104. 69%, 96. 14%, 96. 83%, 96. 81%, 103. 78%, 94. 69% and 102. 64%, respectively.
O-xylene was detected in three batches of samples from market ( the content was 1.51,1. 18 and 1.48 pg- g™,
respectively ), and the other nine residues were not found in the samples. Conclusion: The method was suitable for
detecting ten resin residues in total saponins of Panax Ginseng.

Keywords: resin residue; total saponins of panax ginseng; multi-component analysis ; n—hexane ; hexahydrotoluene ;

benzene ; methylbenzene ; p—xylene ; m—xylene ; o—xylene; styrene; 1, 2—diethylbenzene ; divinylbenzene
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[ 5EAH, 30 m x 0.32 mm, 0.25 wm ), FEla A FEF THE
FIRIREE 60 °C,{44F 1 min, L 0.3 °C *min™' J+Z 62
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SRBEASUE 5 mL, B 100 mL S HT, B 10% DMF # B¢
N PEA] R ELS mL, B 10 mL T as gERE R
s 2 B, RIS

2.3 A A R &

PSRRI 0.5 ¢, Ki%HE, B 10 mL
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FE R RS, B
2.4 WEE

3 K 2 et BBOKT Rt Y VR R ot Y AR P T
AR mL, AR AT, WE , RIS
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Tab.1 Effect of solvent concentrations

on peak areas of residues

DMF ¥ ( concentration of DMF ) /%

sl
(residues ) 10 25 40
IEC %% ( n—hexane ) 4.921 5.781 5.550
LB S7NaN 3 8.425 10.066 9.103
( hexahydrotoluene )
% (benzene ) 0.749 0.879 0.805
F % (methylbenzene ) 9.543 7.573 4.446
X Z H 4 ( p-xylene ) 9.929 7.570 4.120
i) —H % (m—xylene ) 10.044 7.656 4.138
4B — 12K (o—xylene ) 9.099 6.454 3.308
ARG (styrene ) 7.505 4.682 1.936
1,2- —Z3% 9.845 6.889 2.713
(1, 2—diethylbenzene )
DMF 1370502  4107.911  5484.420
R (divinylbenzene ) 1.642 0.347 0.231
0.930 1.308 0.300
3.004 1.755 —
3.967 1.593 —
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5 mL, & 100 mL i IA 10% DMF #2212
FEA) RS mL, 3 4y, B TS HEREI Y, i 5 2
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25 G I T R AR P AR 90 CI IR B K, il
JBE D ey 8 AP A2 AN ) T 180 o0 B8 0 7, S e 25 18 T 90
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Tab. 2 Effect of equilibrium temperature

on peak areas of residues

SR (equilibrium temperature ) /°C

pagii]|
(residues ) 85 90 95
1ECHE ( n—hexane ) 8.352 9.384 2222
LR O e 4715 4.934 4263
('hexahydrotoluene )
% (benzene ) 3.709 3.889 2.003
FI 2K ( methylbenzene ) 26.611 27.901 11.955
XFZHIZK (p—xylene ) 29.021 30.072 13.348
8] =2 (m—xylene ) 29.282 30.294 13.570
LB 2K (o—xylene ) 26.611 27.555 12.823
RN (styrene ) 21.279 22.226 10.940
1,2- “ZHH 30.091 31.018 14.223
(1, 2-diethylbenzene )
DMF 1481746  1709.828 1611518
27K (divinylbenzene ) 2475 2.456 1.928
2258 2.244 1.839
7.642 8.197 4347
4.406 4.178 2.640
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i, g5 R W3R 3, RIS RE W, A T
i B 14 S 4, 45 7% B8 A A 06 T AR 80— o A 1
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Tab.3 Effect of equilibrium time on peak areas of residues 2.6.1 (kKSR GEMN K R Lk

57 (residues )

SR (equilibrium time ) /min

AR E, BLE EE AROBE IR g T 5 R T 50 000, %% IE

10 20 30 Lt JE A e B R 41 — H 2R X — R ) —
TE B4 ( n-hexane ) 1.718 1.784 2227 A R 1, 2- T L 2R i 4y s
AL L 326 aen s3s (R > 1S)MRFAESR. ASMHRR B AR ;
(hexahydrotoluene ) £ %52 2.788 min. FF HL 3R 20 45 3.112 min. € 4.200 min;
A (benzene) 200 AdIs 46 I 2 5.640 min % A1 4 8.043 min; ] = 1 % 8.253
HH 2 ( methylbenzene ) 26.542 29.546 33.450 min; /?\IS: EF] K 9.564 min; ﬁz‘% 11.480 min; 1 , -
M (poxylene ) 28991 32583 3729 ZHEH 12,977 min; DMF 13.243 min; M55 14.924,
8] —H 2 (m—xylene ) 29.376 33.030 37.803 15.090.17.055.17.375 min ( VL& 1),
B (o-xylene ) 28.085 31.738 35.678 2,62 LEMEEE XSS E T . i
LB Cstyrene) BT 26594 29041 LRI IR S VTR A R R
1,2- ZZ 30.400 34.646 39.913 DL RO S VA, e R T0L s SR 33 2% 4 43 il
12y tbensene) RS ILIE 1, Pl ST LU 5 BT TR T,
o USRI 322171349 g A ah (A LR
257 (divinylbenzene ) 2.334 4336 3.569 2.6.3 ARAERNZE RS S5 RO M S AR A WOE
2:926 3378 2197 53 M B 2R 5 A AN [R) vk B2 1 8 e ot Y TR, A4
8.882 10315 11.067 o VA TEIEIETTRL (pA « s ) AGNAATR , XT BR Stk B2
4.823 5.608 5.952 ( pg-mL™ ) AERAARHIARHE M e, 2558 W35 4.
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1. IEE%E ( n-hexane ) 2. FIFEFFCUE ( hexahydrotoluene ) 3. 7K (benzene ) 4. 2K (methylbenzene ) 5. X} —FiZ (p—xylene ) 6. [0] - HIZK (m—xylene )
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11. — @7 (divinylbenzene )

Fig. 1 GC chromatograms of blank ( A ), reference substances ( B ) and sample( C )
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Tab. 4 Linearity of ten residues
L dit i LMLFR M (range )/
(residues ) (linear equation ) ' (pg-ml™")
1EE#E (n-hexane ) Y=6.928 x 10" X - 141.230 0.990 9 2.346~11.731
HBEFR L ( hexahydrotoluene ) Y=1.004 x 10°X - 167.170 0.994 8 2.322~11.612
# (benzene ) Y = 9.446 x 10* X - 5.9204 0.994 8 0.224~1.119
2% ( methylbenzene ) Y=1.085x 10" X - 48.786 0.995 7 2.159~10.794
X % (p—xylene ) Y=1.081x 10" X - 37.468 0.996 2 2.285~11.427
[ —H 2 (m-xylene ) Y=1.150x 10’ X - 38.677 0.996 2 2.334~11.671
AB—H 2K (o—xylene ) Y=8.784x10" X - 11.485 0.996 2 2.285~11.425
AR (styrene ) Y'=7.705 x 10* X + 12.246 0.995 6 2.229~11.144
1,2- 2% (1, 2-diethylbenzene ) Y=1.175x 10’ X - 15.906 0.996 0 2.210~11.048
27K (divinylbenzene ) Y =5.903 x 10* X + 48.570 0.996 9 2.340~11.700
2.6.4 AHE K XTSRS ST O BARSD, AR LK S, AR5 ATLUE T, & AiE IR
T A8 6 B SRS oy, M, T A B I IR T RSD 33 < 5%, RIAA O R GRS % R AT
£5 HEELR
Tab.5 Precision test
TR S WETA R ( peak area )/ (pA s ) FHE RSDY/
( residlues ) (average )/ %
1 2 3 4 5 (pA-s)
1ECU %% ( n—hexane ) 697.864 746.405 711.003 725.094 724.496 720.972 2.51
I HEFR L% ( hexahydrotoluene ) 954.038 1022.820 971.561 990.278 990.159 985.771 2.60
% ( benzene ) 81.335 85.383 81.517 82.360 81.962 82.511 2.00
F 2 ( methylbenzene ) 915.861 965.378 915.358 926.989 922.283 929.174 2.24
X 2% ( p—xylene ) 975.838 1036.778 974.045 988.416 984.956 992.006 2.60
8] - % ( m-xylene ) 1061.055 1128.207 1059.655 1075.252 1071.752 1079.184 2.61
ZB—H1 2 (o-xylene ) 812.297 857.218 811.243 823.701 820.532 824.998 2.28
AR (styrene ) 719.359 747.310 720.019 730.897 725.308 728.579 1.57
1,2- ~Z3% (1,2-diethylbenzene ) 1041.498 1119.488 1037.044 1057.866 1056.639 1062.507 3.12
247 (divinylbenzene ) 612.952 637.275 615.759 628.318 623.496 623.560 1.41

2.6.5 KBRS EEIR %A BT SR OT
e, IS AT g (5 8 e ol S/N=3 IS, % o o) Rt ik
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x6 WNRSEEMREE( pg-mL™")
Tab.6 LOD and LOQ

2.6.6 [IWCRELL 7 XS ARG " Tk
w0 BT AR A R OGS IR A A 1 mL, B

SRERY) il SRR 100 mL 3 HT, i 10% DMF % B: 2 2058 4550 AEN
- ;residu;as ) (LOD) (LOQ) TN
J5t ( n—hexane 02355 23552
“ ﬂ:‘ N N Y3 / I ” N | ﬂ:‘ »“_\_6 7A%
FA LA b ( hexahydrotoluene ) 04331 2.1657 o E /f/\]/it_’mil{ﬁ' {:ﬁl E/J ﬂ]:J %;_’ ﬁ(iiﬁﬂ;%,f/\_ﬁt{& {]L;
}r‘;( benzene ) 0.007 6 0.025 4 ﬁ’ﬂ”ﬁ:":]ﬁ&l L#*:"é‘}ﬂiqj ’ %ﬁﬁﬂ/\?ﬁ'?ﬁl@ 5 mL ) ﬂ}ﬁ)—'—'
HI % (methylbenzene ) 0.044 3 0.089 4 1 2 FE TR 5T, Hae BRI ZS SRR S50, 0 45 51 D
I (p-xylene ) 0.0479 0.074'5 7o R TEEHRF BT TR0 7 IR SR AR
] 2% (m—xylene ) 0.049 5 0.099 0 94%~105% =[], RSD /N T 5% , 3¢ B % 00 5 )7 132
P2 (o—xylene ) 0.045 4 0.090 8 2
B Cooxylene fry iR BT
AL (styrene ) 0.040 5 0.080 9
NlFIEE=N > =R
1,2- ~ 23 00449 00899 J!U’f%‘l‘i _< #%W#E‘ X
(1, 2—diethylbenzene ) ' . [E[LI&K E%ﬂ#%ﬁﬁé\% )
e b g X = x 100%
TR divinylbenzene ) 0.483 8 24190 j]n)\xj. Hﬁ Iﬁli
x7 EERFRER
Tab.7 Results of recovery
A ST (1, ElEs
532%7% }[] LA ()JMFJ‘EE ( found )/ug ﬂ'l\*ﬁtlﬁ:lg% qi? RSD/
(residues ) (added )/ ( Y (recovery )/ %
residues e 1 2 3 4 5 6 T content )/ jug % o
IECHE ( n—hexane ) 11.05 11.37 11.34 1129 1133 1136 1139 11.35 — 102.65 0.28
LB SANER 10.74 10.89 10.83 10.73 1080  10.87 10.96 10.85 — 100.96 0.72
( hexahydrotoluene )
% (benzene ) 1.50 1.57 1.56 1.51 1.54 1.56 1.56 1.55 — 103.34 1.46
F1 7 (methylbenzene ) 16.33 17.38 17.23 16.60 1691 17.13 17.31 17.09 — 104.69 171
XF 2R (p—xylene ) 10.02 9.82 9.72 9.36 9.50 9.62 9.77 9.63 — 96.14 1.79
[H] 2 (m—xylene ) 12.78 12.63 12.50 1201 1220 1236 12.55 12.38 — 96.83 1.88
4B H % (o—xylene ) 15.01 15.58 15.42 1479 15.08 15.24 15.48 15.27 0.73 96.81 1.93
LK (styrene ) 14.77 15.64 15.50 1483 1519 1528 1550 1532 — 103.78 1.90
1,2- 3K 8.28 8.08 7.91 7.59 7.79 7.83 7.84 7.84 — 94.69 2.04
( 1, 2—diethylbenzene )
T LIER 23.06 24.78 2378 2274 2400  23.72 23.00  23.67 — 102.64 3.08

( divinylbenzene )

2.7 e
I3 HEAS SR AT PR, #e Ul i v i
#8774 R T A SR 2R, W
TS 1 mL, SEREIN A, 2558 L35 8.

*8 HEMIEREZ

Tab.8 Determination results

E

SRS Sl TN B i
No. ( peak area of o—xylene )/ (concentration )/ ( content )/
(pA-s) (png-mL™") (ng-g")
1 1.784 7 0.151'1 1.508 7
2 1.397 4 0.1183 1.182 6
3 1.745 8 0.147 8 1.477 6

LIRS IRER, 3 HETTE A S SRR T
Aot AR R B ) A R A — O, B e FREEAE
1.5 g g ek, /NT ESGARMENE BRI, sk
BA A AN I OV R IR CU e S R R R ]
THIE KK 1, 2- IR T LR AR A
IO I A A B g
3 itig

AN [ B 5 TR AL T RN A % P8 0 B 4 1)
VA BE AN —FF , DR 5 L B E AU 7 AN R
PLrF ISR B W g . AR EE T 10% . 25% il
40% 1Y) DMF X 5% B8 W) 10 0 5 i P, 45 2R 10% 19

AR S



M 4 W 22 E ChinJ Pharm Anal 2017,37(9) ‘jPA

1686 -
DMF VA f i BKALBEIEATHLEE B s [) ], o e 25446, 2015, 40

P TR T 25 8 G B B A R A O, LT
258 PERE SR T 2 AR Xk IR o B e A1, o o 1
R RSD H I EBS> KT 3%, (HA74 v [ 25 it 2015
AERRAS KT 109 FYESR Y, [l ke k7 e o6 R 8%
BI7E 0.99 LI k.,

T LA @R R B 4 gt A
2 B ek R A B AT R LA R TR
I L, 4 AR A T

Wil v 2453 24 TR R R SR I R W 2 e FLB
IR B2 SR L PR AR ZER (1CH ), A7 % b
37 HVER 7R b LB 25 24 T RO iR gl Ak T AR
JIE 5% B AN 2 T ik, A B R IS L, N
il e MR PR AL T A (R

Sk

(1] ko S v 2552 5 43 1 2l Ak 326 A AL Wi 6 A% Jig 17 45 o [ EBY

OL J. [¥] 52 T il 24 il % 4 083 Js) 245 it 3 e, (2006-
08-04 ) [ 2016-11-17 ]. http: //www. cde. org. cn/dzkw.
do?method=largePage&id=203.
ZHANG YW. It Should Be Careful to Choose Macroporous
Adsorption Resin for the Purification of Traditional Chinese
Compound Formula[ EB/OL |. Center for Drug Evaluation ( CDE ).
(2006-08-04 ) [ 2016-11-17 ]. http: //www. cde. org. en/dzkw.
do?method=largePage&id=203.

(2] AP E S UMM AR, AL IR S i R Ll it &2

WAL EB/OL J. [ 5 £ il 24 ity I B 48 B R 25 1 I v .
(2001-12-16 ) [ 2016-11-17 ]. http: //www. cde. org. en/dzkw.
do?method=largePage&id=1253.
Management and Coordination Department of CDE. Meeting
Minutes of Macroporous Adsorption Resin Purification Technology
Workshop [ EB/OL ]. Center for Drug Evaluation ( CDE ).
(2001-12-16 ) [ 2016~11-17 ]. http: //www. cde. org. en/dzkw.
do?method=largePage&id=1253.

[3]  FESLL, AE AR, A5, TS BN M gL I 2 S R
P Y R S IR ER W L) ). A R Tk 240K, 2014,
45(9): 880
CHENG ZH, SONG DZ, HOU HM, et al. Determination of solvent
and resin residues in Alisol extract by headspace capillarygas
chromatography [ J ]. Chin J Pharm, 2014, 45(9 ): 880

(4] BRSO, BHKIR, TR, 5. 2 BAE R @Rl e A v
ORI IRER I [ ] AR HOR - 25 3L, 2014,
16(8): 1772
LIANG WL, XIE DW, DING G, et al. Determination of macroporous
resin residues in Ginkgo leaf tablets by headspace capillary gas
chromatography [ J . World Sci Technol Mod Tradit Chin Med,
2014, 16(8): 1772

(5] FI50G, /Rl s, 45 ARG 24 D JFORE A LI 7 5k P A

hhiHE i

[10]

[11]

[13]

[14]

[15]

(10): 1960
WANG QH, YANG XL, XIAO W, et al. Determination of residual
organic solvents and macroporous resin residues in Akebia saponin
D[ J ]. China J Chin Mater Med, 2015, 40 ( 10 ): 1960
RIS, AT, R, A5, TS SR G A D H R AL
W B RR SR A [ ], PSSR TR, 2015, 21 (06 ): 41
ZHAO HT, YANG ZX, LU SW, et al. Gas chromatography detection
of organic residues of macroreticular resin in liquiritin [J]. ChinJ
Exp Tradit Med Form, 2015, 21 (06 ): 41
hRid, TR, B . GCIRIE =& =R b 8 kAL
W BB RRTER BRI [ ]. SEVH227 2438, 2016, 31 (2): 202
MA RJ, WANG L, YANG HR, et al. Determination of eight kinds
of macroporous resin residues in panaxatriol saponins by headspace
GC[J ]. West China J Pharm Sci, 2016, 31 (2 ): 202
WIINEL, EWEAl, REL. TR E LR IR B e [0 ).
=2, 2015, 18(3): 515
HU LX, WANG XX, ZHANG H. Quantitative analysis of five
macroporous resin residues [ J]. China Pharm, 2015, 18(3): 515
2588 2015 AFRR. PUERLS 1. 20151 105
ChP 2015. Vol IV[ S ]. 2015: 105
B, WA TR, A, TS O (i ik ] I 7 R i T
b 7 PR YI [ ] e, 2013, 32(5): 570
HUANG ZP,HUANG CC, PAN ZH, et al. Simultaneous
determination of 7 residual benzene series in resin crafts by headspace
gas chromatography [ J ]. J Instrum Anal, 2013, 32( 5 ): 570
TN G TERR W8, 45 BRI ALK B 5k 4
TS S ERRENE [) . W2 EEEEZY, 2014, 25 (12 ): 2831
FAN XL, YANG DS, YANG M, et al. Determination of organic
residues with macroporous adsorption resin in extract of Cortex
Albiziae[ J J. Lishizhen Med Mater Med Res, 2014, 25 ( 12 ): 2831
SRS H, BT, E s, AR M TR AL Rk R 4
PN LD ] B ZG4ER , 2013, 11(27): 300
ZHANG ZY, WANG HN, WANG KY, et al. Determination of
macroporous resin residues in Ginkgo leafs tablets by GC[J ].
Guide China Med, 2013, 11 (27 ): 300
SRAEHR, TORE, SR, 5. =L TR R ek Al T2 R
WNEER EPIETE L) 1. szl 2013, 35(3): 499
ZHANG HL, XIANG H, GUO J, et al. Purification by macroporous
resin and resin residues of antidepressant constituents from leaves
of Panax notoginseng [ J 1. Chin Tradit Pat Med, 2013, 35(3): 499
WO ML, XBL TS ORT (R B G 25 S iy bR AL
MRS [ ). SR A4E, 2013,19(16): 153
CHANGZR, FUXT, LIU Y. Determination of macroporous resin residues
in extract of Swertia pseudochinensis by headspace gas chromatography
[J . Chin J Exp Tradit Med Form, 2013, 19( 16 ): 153
ILIE, 25y, I 2, . 1125 B U R FLAR i 2k BR 0 ) Tt
ZEHRERE AT L) . i ST 244, 2015, 21 (1): 14
WU YX, LI X, FENG JA, et al. Analysis of benzene series residues
in Chuanxiong rhizome extract by headspace~GC[ J |. Chin J Exp
Tradit Med Form, 2015, 21 (1): 14

(ARSCF 2016 4F 11 1 17 Hls))



