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TGP IE 70 AR SERMIE T/ 2o, SR T Sl L B8 BB v 12 35 i % 2 70 7% 8 e G ) i) R0, 0 A b R 1 1 ol L 00 1) ik — 25 F
Ko BICHRAE CrEL 843 A2 S5 A8 RN 2020 47 R 24 M) DU B RRah i) 2 0 5 125, SR AR 83575 (gas chromatog-
raphy , GC) AR FIX GG 16 CrEL A& BB RRIER 7P G 1 1 45 D7, B TR A3 BT P & 19 360 580 3R 88, O LU SR A 1R R D7 vk b 22 3 ik
VS L B, D0 5 S A o B PRI R P i 5 2, i PR L N R BO T BRI A ML IR BUR P GEL B, 45 R,
CrEL B #4573 0 1 mol - L™ KOH-F B 10 mL,60 °C /K I 7 BF ] 15 min, = F AL B 2. - FF B ( 1:3) %5 10
mL,60 COKVE M FERE 15 min, iF O AL 2 K, CrEL 8% E A2 L 20. 84% BRI R FH I |, 4 IR B R4 3 M5 4
FLPRBOR P CrEL SRR EE I E R 11. 94 mg-mL ™", SHFLEECHIES CrEL BT 11. 57 mg-mL™' BB EFHER  RFZHR
ST B I RE T R R T, RO R AR R T TS A L AR IO Y SR SR T S O Ho S A CREL M 25 i
RS %
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Establishment of a quantitative method for GC analysis of polyoxyethylene
(35) castor oil in microemulsion extracts
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[ Abstract] With the continuous exploration of microemulsions as solvents for traditional Chinese medicine extraction, polyoxyethy-
lene (35) castor oil (CrEL), a commonly used surfactant, is being utilized by researchers. However, the problem of detecting resi-
dues of this surfactant in microemulsion extracts has greatly hampered the further development of microemulsion solvents. Based on the
chemical structures of the components in CrEL and the content determination method of castor oil in the 2020 edition of the Chinese
Pharmacopoeia (Vol. V), this study employed gas chromatography ( GC) and single-factor experiments to optimize the preparation
method of methyl ricinoleate from CrEL. The conversion coefficient between the two was validated, and the optimal sample preparation
method was used to process microemulsion extracts of Zexie Decoction from three batches. The content of methyl ricinoleate generated
was determined, and the content of CrEL in the microemulsion extracts of Zexie Decoction was calculated using the above conversion
coefficient. The results showed that the optimal preparation method for CrEL was determined. Specifically, 10 mL of 1 mol-L™" KOH-
methanol solution was heated at 60 °C for 15 min in a water bath. Subsequently, 10 mL of boron trifluoride etherate-methanol (1 : 3)

solution was heated at 60 “C for 15 min in a water bath, followed by extraction with n-hexane twice. CrEL could stably produce
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20. 84% methyl ricinoleate. According to this conversion coefficient, the average mass concentration of CrEL in the three batches of
Zexie Decoction microemulsion extracts was 11. 94 mg-mL™", which was not significantly different from the CrEL mass concentration of
11. 57 mg-mL™" during microemulsion formulation, indicating that the established content determination method of this study was highly
accurate, sensitive, and repeatable. It can be used for subsequent research on microemulsion extracts of Zexie Decoction and provide a
reference for quality control of other drug formulations containing CrEL.
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4 FL ( meroemulsion, ME ) &yl AH 7K AH  F= T
7 1A ) R B0 2 T A R 7 3 24 L A3 T )i KR
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R L (35) BRI ( polyoxyethylene 35 castor
oil, CrEL) /& H ¥ 5 Z ¢ ( ethylene oxide ) F1H ¥ EE
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J0E A B F — T ot 3R A A Tk 2 Al 18 - 3R T 1
), e TR R H R 25 R T AR
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CrEL "PAE7ER B — BRI R IR 2R 2R < Btk
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7890A HY S AH €4 15 AL ( 35 [E Agilent 2 ] ) ;
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IXESA R ) 51011015 RUHE R KB4 (L X T
AR A R TAT A ) 5TY2002 R HL T (Lo
FAERL 2= AR A PRAF]) 5 98-1-B 7 H, 7 9 Ji fL
P (R T RR AR AT BR 22 | 5 WB2000-D 7Y
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Xof B BERR VTR TP R (it H2112152, 4% =
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AU 50 Fw IR FHECAT BR A B ) 5 = ALl £ 1t (23 A
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(drrat, Rt KOS ) 5 & e (A prat, Jb
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KAbZF S ] S 0000881168) ; A LM (35) B
JRIH (2 FH kL, £ B R Ry A AL it
14026224U0) ,

VETS AR Y0 T 001 8 far 46 250K R 1
A BRA ] 26 [ v B B2 g v 25 BF 5 i 4] 75 o
FAR LI 458 530 R VS FHEW TS Alisma planta-
goa-quatica Linn. 1) THHZE SHRHEY AR Atrac-
tylodes macrocephala Koidz. fA)T MRS
2 k54
2.1 ML SE

K BRI IR 28 5. 17 g, CrEL 29. 06 g,50%
LI 10.76 ¢ THEAR Bt 2%, InA £ B 7K
5 B 28 200 mL, i FHAEFERS LA 600 r-min™ 54 % 30
min , KEEFE G BRAARS- Y9500 3 0, A KB 0K
R FR B 966 773 773 mL, 2 BIVE R 1.2.3 Ik
Tl P U
2.2 FISHHMELAR R A H

HRE A 5 i) 1 A IR A0 285 5 PR 3T 69 g
FAR 27.6 ¢ # 2 000 mL BEER P, A ZS FISFL
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U, A3 NP R 1.0.5.0.5 h, A IFHEBUR ,
A, BRI PEYS i LA B
2.3 &M
K Rix ® -WAX 4354 (0. 25 mmx30 m,0. 25
pm) 5 Kzl & FID >R FHAR P A d2 4515 22 190 °C
PL1°C -min™' FFZ 240 °C 4545 20 min; 2 04l
AR E 1 mLemin™ ' BTSSR 250 °C ;i
FERREE 220 °C ;MR 1wl o0l 511,
2.4 X HR VAR
2R BERRI R H R 15 & T 10 mL &R,

BT CrEL Az B RRIMR 06 (4 ] 5 07 i B 20

B IE C be a2 25, #8402 0.22 wm o FL 38 B,
HIFE
2.5  CrEL A= LB BRI R B R 1 il 25 7 ik % 48
CrEL 2 —FhE 2R G, Rk 5 b i
PR TH T Tl 215 285 ) T 5 P 2 A At I o A= ol I PR T
R g (525 [0 Y KOH |, B A1 = Jel AL Al £ Tk
{14 FH 2 B i o7 i [v) 45 357 25 5 i 1 JRR T TR R I 119 A=
BT HCR B R R, LA PR I R T IS A
ST FRAT , D035 BRI R Y R 1) 1 45 vk, S50
TFE LI 1,

Fig. 1  Flow chart of the investigation of the preparation method of CrEL to generate methyl ricinoleate

2.5.1 KOH-HEHARIKE FEHERELN0.1 g1
CrEL T-HEE R N 5 0, 43 0KE 2% I AWk B2 Ry
1.5.1.0.8.0.5.0.25 mol - L' Ay KOH-H BEV WK 5
mL,60 C /KPR 30 min, Y58 BEE BERS 25 0
A=A £ BE-F B (1:3) 10 mL, 60 C /K%
TR 30 min, A2 10 mL 1E & % THEE
ARG R EI RS IR, A 10 mL #0 A S AL N iR
THEEHN IR 5, 255 2 0 Wi N, 48 3 Ik
JIA 10,10 5 mL f A ACEATS G A HEIE L, JT 4%
B0 R B, #1015 min, B VE RS &
TARE N, A 2 ¢ ToKBREREMIEK , P, G %
BEWER 1 mLF S mL 2N, HIECKHERE
ZI5E 457,35 0,22 pm ALUERRE, 75 CrEL {3 5

VW SEATHRI S 2 4y, H2 2.3 TR (Al S HERE 30
ST T PRI T2 FF TR P 0 i R, 3 IR Y R P TR 1
R EE R 1, 2 KOH-HT 7 W e ik 21 1
mol - L' B}, B JRR T iR HF M 199 A= A i N PRl %5 KOH-
FH TS5 YR VA 1) 8 AT B, e KOH - Y st R vk
FEHEN1 mol-L7',

2.5.2 KOH-WESAWHE  #M 2.5.1 BT AH[H
HRET ¥, %8 1 mol - L' KOH-H B 5,10, 15
mL X B BRI R R 2 R A 52 ), 25 R LR 1, 45
SR 5,10 mL 9 KOH-FF B9 i A= B 1Y) B R
TR H R A, G g 24 5, 15 mL A A AR
AR, 25 83 S 6 F5 30 0B ) £, 5 2 KOH-H
BV & 10 mL,
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Table 1 Investigation of single factor experiment
- BRI T R
H#E K e S %
KOH-F B R % /mol - L7 0.25 17.20
0.5 19. 98
0.8 20. 98
1 20.97
1.5 21.33
KOH-H B ¢ FH 4t/ mL 5 20.97
10 20. 85
15 11.75
KOH-F B WK 5 11 G B+ [/ min 15 19.55
30 19.92
60 19.71
SR 2 - A AR B /mL 5 2.31
10 21.56
15 20.22
25 18. 89
ZHEACHN k- T B BRI B E]/min 15 19.76
30 19. 98
60 19. 66
KA 1S BT/ min 15 21. 17
30 20.25
1ECREAIOEL K 1 20. 04
2 21.72
3 22.08
4 22. 14
5 22.14

2.5.3  KOH-H B W 09 /K 7 Il g st 8] 432 Bt
2.5. 150 F ARG AR 72, 42 1 mol - L' 1
KOH-HEEH Y 10 mL, 5371 60 C /KM IMFATI 15,
30,60 min X B RRIH R P B AR R0 RE I, 45 8 L3¢
1, 45 5 7S S [] 70 [ 37 ) 28 R 3 2 Y 1 A
R WENE2ES It CrEL 755 P51k, KOH-H
P35 T 0 7K I I3 s 1) 7 22 4 30 min,

2.5.4 —HAMCEE-FEE(L:3) W AR %
2.5. 1 50 F AR AR 7 25, K2 A 1 mol - L™ 1
KOH-H B W 10 mL, 60 °C KB M 30 min,
= AL L k- B (1:3) % 5.10,15.25 ml
XoF B IR R iR 2B R I R ), 25 R L 1, S5 Rk
24 = A0 - PP (1 :3) AR U &2 o8
10 mL B, A o5 Ay B JRR Vi 752 P T 55 o e s, 50— LML
W CmE-FBE (1 :3) B A FH B 10 mL,
2.5.5 AT EE-H B (1 :3) TR OK A R
FE] B 205, 1 3R AR )RR 7 3 R %A 1
mol - L' 1) KOH-H A 10 mL,60 °C 7K Jin#i [l
it 30 min, ZEANA = AL L BE-FHBE(1:3) B
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10 mL, 5351 60 C/KIEIIFAME A 15,30 ,60 min X B
JRR IR P TR A R R, S5 R L3 5 S5 R R =
FALTN 2 Bk - P 2 (1:3) VS VROV I A ] 3 AN (] s ]
Xof A R T R FY I T B M

2.5.6 KW S S i T KOH-H BRI
HALHN k- (1 23) BRI A R AN ] B
()Xo A S B PRI PR P T G 3 PR S ) S R (]
AN 7853 P 7% &, i 8 KOH-H B 1 = AL il
CT5E-HVREE (1 :3) W8 WK Vs i B4 I 3 B 1) 24 15, 30
min J_#’/ﬁ‘ttiﬁzo

PR 2. 5.1 TR AR TR IR 7k, B 2K % A
1 mol- L™ KOH-H EE¥ ¥ 10 mL, 4351 60 °C /K
TR 15 .30 min, WiV 58 BERS 25 A = S AL
CTE-FEE (1:3) ¥ 10 mL, 2351 60 °C 7K ¥ k[
it 15,30 min X B RRH R P I A ORI 2, 45
LR 1, &5 53 W 7m A hin A4 ml 3 sk 8] 44 2k 15,30
min X PRI R FH IR 1) AR e TG 0 3 P S ) R
E 2 PN IR B [ 448 15 min,
2.5.7 IECKEABIREE S MM 2.5.1 WA
[ RIARE DT RS A 1 mol - L™ Y KOH-F 2725 W
10 mL,60 CAEANHAFR 15 min K EMA =1k
W 2B FR R (1:3) 7% 10 mL, 60 °C /K I #Aal 37
15 min, 738 BIMd I IE C %% 10 mL BELE3EH 1 ~5 IR, &
PABIRHIE S b E A E 50 mL HEIHLA, & H:
BRI FH R 19 5 ot , 5 8 AN [m] 2 B BSORT B IR Tl
i H BRI SR A, 25 R L3 1, Pl &5 SR T 25 i 2
YR RV AT B RR IR P R A B8 4
2.5.8 il TSR E S HEERED 0.02,
0.05.0.1,0.2.0.5 g iy CrEL T4EE M M, % M
2.5. 1300 F AR HIAE vk R % A 1T mol - L7 (1)
KOH-HI %5 10 mL,60 °C /K I 15 min,
TR BEE RERG 55 A = UL STk FH B2 (1 :3) W
10 mL,60 C /K IIFREIFE 15 min, % 8N [R] B & 19
CrEL XF B RE i1 2 FH T8 (9 25 50 2R 10 52, &5 5% I
2,

LI CrEL BPREES (g) R AL A, LA BE R AR
ik e T AR Ry A A A A7 2t [l I, A5 [l 7 B Y =
2 767X+11.633,r=0.999 4, & CEL 7£ 0.02 ~
0.50 g 5 B pRIMER FH Fis e i AR A R AR SC R, AR
D 7 ik mr s A
2.6 CrEL A= BB BRI HR B IR 19 36 UE 1A 55

FEHPREL CrEL 29 0. 1 g, #2082, 5 Wi R ALk 4h
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Table 2 Investigation of reaction adaptation ranges

CrEL FReEH PRI R H 1 0 BERRIM R P
/g TR AR %
0.023 82.62 24.65
0.056 155.05 21.58
0.104 288. 18 20. 65
0.208 607.79 21.72
0.517 1 437.10 20. 31

Rl CrEL Bl iAW 6 0y, 74 2. 3 T T (i 214
HERE TSR BRRIH R P TR A 06 1 AR, THR CrEL AR
BURRIMER R T X1k % . 453 IR, 6 i CrEL
P3RS VA VR A BB PR T TR R R 0 A Ak R S (E
20.84% ,RSD 4 2. 6% , KWzl s L EEMER
U FRE ATAT  # BRI 775 CrEL 5 BRI R
TS (4 2B R 20. 84% , A] F T A BF 98515 1 1
FLIRHUR T CrEL B2 SAG
2.7 AR v v A

HRAE 2.5 T T % 4 45 5 iff o At 3k 7 9 1+
I A WIS A LR UK 10 mL T78 %
AP, Z2&8F A 1 mol- L™ A9 KOH-H 75 10 mL
Vs i It TR AL ZHEIE N, 60 CoKIE MR 15
min , {58 BEAE BEXE 26 A = AL 2 k- FH EE (1 :3)
W10 mL, 60 C /KM EN 15 min, K5 %M A
10 mL IEC R THORHR N, k3, R 2=, A
10 mL M FE LRI W T HEOE N, IR 92 91 230 %
2R, 7 3 IKINA 10,10 .5 mL fFI5EfL
PR RAIE I, 748 2 0 R S N SRR,
15 min, B EEREER E 50 mL BN, FEMA 10
mL IE CVBE, PRER P2, I VW R 2 13k 50 mL
N, IECPERBZE, 25, A 2 ¢ ToKEL
FREAE K 3520, 3 0. 22 wm JEME RIS,
2.8 EsERE
2.8.1 LEME BOT RS CEL R E )
FIETE 0 it FLAER OB A3 ot U W, 9 2. 3 T 1 3%
ZAFVERE C S AIEIE  GC LK 2, 25 BN, B
DB A3V TE R AT, JC A T, A3t ot v 8 ) B BT
T FF 1 P B s 18] 55 5% B s YR AR A TR) , 2 BRI
TR R RAT
2.8.2 ZMEXR KERE 34.13 mg ERRIMIRH
5T 10 mL SN, IE ORIt 2, 3250 1R
R BRI, 2 WA [l (A R R 0 HEE ot B Y 3 o T
I, 1E O Be A B 2 25 e i Bt o vk B 43 51 ok

A BERRIHITR TP X IR 5 B CrEL A2 Sy W C. B S iAW 1. B
JRIHH TR P PR X HR A VA
K2 HEMHERE cC K

Fig.2 GC chromatograms of specificity test

8.533,34. 130 68. 260 , 341. 300, 682. 600, 1 706. 500,
3 413.000 g« ml™" 14 BERR I ER FH TR X JR A A L, 4%
HE 2.3 T (a3 2 R A 10 5% B RR Vb HH 1R A e 1T
P DL RR I 198 FH T 0 T B () %o JRR Vi 2 P T 1
WRIE (X)) Mk 1m0 05, 75 mA )5 F2 Y = 764. 02X -
2.981 7,r=1.000 0, 3 B B JFR 7 R H i 7€ 8. 533 ~
3 413.000 pg-mL™"' LMK R B,

2.8.3 AIBRAE AR K BORRIER Y X R
AN RS, LA R BRI 3 A5 (S/N=3) Wk:
JBR (limit of detection, LOD) , 6 i A A FE £ % 10
f5(S/N=10) A& PR (limit of quantitation,LOQ) ,¥%
2.3 T RS SR R 2 SR I A5 PR T 1R H R G
FRM 3. 413 pg-mL™"  EEFRN 8.533 pg-ml™,
2.8.4 KEEEHEE 2.3 R @&, E
SRR EERR IR P G X HE S VA TR 6 WK, B PR TH R
Bl T ALY RSD A 2. 5% , & BACES ARG 2 5 AT
2.8.5 fasEtE% g fR0R 2.7 TR BE T A
BRI, 2 FE 0.2.4.8,10,12 h KP4 IR 2.3
T A €0 T 2 (A R S5 SRR T R I P 1
THFR RSD 4 1. 8% , R W W AE 12 h (R
EPERAT,

2.8.6 EEMEL RIR 2.7 WUNLIETT B &
P SR 6 1y, Hie B 20 3 3001 (0 3% AR PR, T S

AR T R VR T B JRR e TR P TR A D TR 2R

71,6 A ARG it VR B BRI R YR 110 - 24 B vk

&4 2.45 mg-mL ™" ,RSD N 1. 1%, R A,
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2.8.7 INFERIMCRE L AR RE S B
EIAMFLIEEE 5 mL TZRLIL T ZEE 2T %R
2.7 TR kil A A A VR, OFE SR 1 IR AR AT
T AR5 2t 1) B IR THh 798 FY T T FR & 43 W s <
ATl 6 4, 5 IR 2.3 TG €0 3% £ 1R
JRIH R FH R A e AR 25 R L3R 3, S5 AL R, UM
THIR H R 9724 B 99. 49% ,RSD 4 0. 68%,
PITERLE J0 L, TR 2 I S A%

3 HURIMER B R A T e 4%
Table 3

Investigation of the recovery of methyl ricinoleate

spiked samples
XA IA R/ mg WER/mg WICR/ % FH IR/ % RSD/%

11.92 24. 15 99.75 99. 49 0. 68
12.55 24. 65 98.75
12. 41 24. 66 99.90
12. 45 24.73 100. 18
12.38 24.62 99. 82
12. 50 24.58 98.52

RSP ECT 12,26 mg,

2.9 3HLFEGHMILIEBOR T CrEL By 7

S TS LA IO 3 b (S1~S3) , #& iR
2.7 TR ikl i A R, 2. 3 T T gk A R
P S AR B RRTE R F I P i AR R 2.6 T T CrEL
ARG A A 20. 84% BERRINTR H TR (1945058 248, TTRLIE
AR CEL (35 25 R 4,

B3 mfE AL s e S i 7 A X

Fig.3 Equation of base-catalyzed ester exchange reaction

KOH RAEMREAL T, AN S5 R, (H A5 B A
FAAE 0. 3% LA L 1 7K 53 85 A A 1t (05 W R I, K
SR RAR S, A R R AR 15 -, AP JRRM 7R PP
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F 4 3HESHMELEE ORI
Table 4 Determination of the content of three batches of sam-

ples of microemulsion extracts of Zexie Decoction

Eilne2 B PRI R lélilﬁﬁ/mg' mL! CrEL/mg- mL™!
LI - 11.57
S1 2.44 11.72
S2 2.53 12. 15
S3 2.49 11.95

SRR 3 SIS BOE P CrEL
e B P R 11,94 mg - mL", 5 5 45 3L v ) i
CrEL [ R e 0 35 M 22 5% RSD 2 2. 4%, 3 it
B EE AR, R UIZIT I E TR, BE MRS
3 g

CrEL 2RI IR G W), ok B4 e i, Hogi
KPR IR AW 83% , B RRA LN H
BT S E KRR R (glycerol polyoxyethylene rici-
noleate esters) . % Z ¢ B FR 71 2 55 ( polyoxyethy-
lene ricinoleate esters ) 17018 A< 5 W 19 BE BRI H 1K)
TR VBRI R N2 /D S AR AR TR , 2R K PR 2 o
17% , £ 0 5 & It il (glycerol polyoxyethy-
lene ether) 3 Z I ( polyethyleneglycol ) F11i# &5 )
ZmE RN R L 3, CrEL 5K PR 43
HOFEAE R B B RRITR RS 454 (18] 3 Bngl sy , ]
DATEGS AL 5 P st A A I e S 0oy A s B JRR I R
F g 1415

(P T 2 -
W7 O H AR B T 30— 20 i A
LU
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ARBFFE T 3R W F 2020 4F i [ 2 i)
U B JRR T Y 7 10 s, B 5B LA CrEL R AT
X4 R CrEL AR Bl B PR i R R s 1) e A ol 2%
PR 5 R, SRS AR R 5 vk b 3 3
HEFE A LR DO 19 28 T FF &, 00 5 A= Bl ) B
SRR IR TG 1 5 i, $5 PR CoEL 5 B JRR il R FPY 8 A1)
o 2B, SRS A M EL IR OB P CrEL e i,
SERFIA  CrEL A= 5 BRI R H 1R 04 e A i 25 7 vk
4 1 mol - L™ KOH-H BE4 K 10 mL Jf 60 C /KA
LA E] 15 min, = 5000 2 BE-F BE(1:3) %W 10
mL Jf 60 C /KA E T E] 15 min, 1F O 5 FEHL
2 K, CrEL figfa e A2 i 20. 849% BRI R F ik , 3 it
B MELIRBOR T CrEL 19 & 3N 29.77 ¢,
5 CrEL BYIAR 29. 06 g FeA—3 iz )y xf i
15 A LR P CrEL 1Y 58 S5 HER

A S5 e BE AT KOH-FH B 3 I vk J3E 2% 28X i
PR, B RRIH R P R 119 7 B B KOH - R 2 Y0k B 119
BN, 4T KOH 78 H Bt i g B A BR, HL
0.8.1.1.5 mol-L™" Yy KOH-H By V& Ak il 1Y B R Ik
i H i 2 o G e 3 MR 22 59, i KOH-H B3 1Y
WEEN 1 mol - L' 3 TG A ML U & A K
7K, % CrEL Az Bl B RR T 2 HF IR A IE %t 19
AR M A K, WO TS 7 L SR U k17 2%
T 25T 2 g RERCAIZE T 105 CHE 2 h AYHiTAL
A AR IR 3 RO 2 BB IR IR A BTG
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