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LA - ek A2 X, 2P R 2 i B S FACH BATIR AL, £ 785 nm 3K (31 % 90 mW ) AR 4-BF1E] 10 s
T AT X SERS M ; GC-NPD 7 i W i@ 1 T = #4649 7 X, KA HP-PLOT Q &3%4% (15 m X 0.32 mm x 20
wm) BAT 5 8 A2 TR (468 30 °C, 445 1.5 min, A 35 C *min” R F£FF £ 190 °C, 445 | min ), &R:
SERS #o GC-NPD 2 7 i3 a6 A TR £ F 25 7 i B SN 22 M, M ER AR -, 2 ERE
HJE 0.1~2 mg L' (r=0.997 0) #2 0.05~50 mg - L' (r=0.997 9 ) 6. Bl N 2 RAFHI L&KM X A, sTILRE ) RAIK
938 F BT LA | R A RR IR B AR 25 RE AR KA P R I B SR, R RS A 24 S TR
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Determination of free cyanide in Chinese patent medicines of cyanogenic
glycosides based on surface—enhanced Raman spectroscopy and headspace/
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Abstract Objective: To separately establish two methods using surface—enhanced Raman spectroscopy ( SERS )
and headspace/gas chromatography—nitrogen and phosphorus detection ( HS/GC~NPD ) for determination and

* o ESOF G DHT E A LI R 22 2 e RN R S AR MEIFT” B B0 H (20147X09304307001 ); [H 5K & KBHEUER BT & L
51 ( No. 2011YQ03012411)
o GEEEE 32 2 Tel:(010)66930630; E-mail : gongying@bmi.ac.cn
2 F Tel:(010)66931650: E-mail : guolei@bmi.ac.cn
H—EE X 5 Tel:(010)66863031; E-mail : liuyi5100@qq.com
% £ Tel:(010)66930621; E-mail: chen_jia315@163.com

hhiHri i

| S |



| T

——

m - mnssll

Chin J Pharm Anal 2018,38(7) -1203 -

LWA HY WK

comparison conformation of free cyanide in Chinese patent medicine of cyanogenic glycosides. Methods: SERS

was combined with online lysis—purging and trapping approach. Cyanide was extracted and transformed from
cyanide glycosides in Chinese patent medicine. Cyanide was then measured by portable SERS at 785 nm with laser
power of 90 mW and integration time of 10 s. Meanwhile, GC-NPD was coupled with headspace sampling. The
separation was performed on an HP=PLOT Q column ( 15 m x 0.32 mm x 20 wm ) by temperature programming.
The initial temperature was set at 30 °C for 1.5 min, and the temperature was increased to 190 °C at 35 °C - min~',
then maintained for 1 min. Results: Both SERS and GC—NPD methods could be used to determine the free cyanide
in Chinese patent medicine of cyanogenic glycosides with similar detection results. The linear relationship was
good in the range of 0.1-2 mg * L' (r=0.997 0 ) and 0.05-50 mg * L™' (r=0.997 9 ) , respectively. Different types
of Chinese patent medicine, such as pills, tablets and oral liquid, were compared. Free cyanide was only found
in the pills, of which the highest dose was equivalent to 0.18 mg of cyanide ( based on HCN ) per administration.
Amygdalin did not affect the accurate determination of free cyanide under the sample pretreatment condition.
Conclusion: As for the free cyanide in Chinese medicines of cyanogenic glycosides, both methods are accurate,
sensitive, and can be mutual corroborated. The SERS method is more suitable for the on—site rapid detection. The
data of cyanide in the Chinese patent medicine of cyanogenic glycosides provided fundamental basis for the quality
control and optimization in the process of the related products.

Keywords: cyanogenic glycosides; secondary metabolite ; amygdalin; linamarin; lotaustraline ; sarmentosin ;
cyanide; Chinese patent medicine; surface—enhanced Raman spectroscopy; gas chromatography—nitrogen and

phosphorus detection

H BB ( eyanogenic glycosides ) & FRBH, J&
R U A=A, 2 ol SUBEATT AR ) S 4 5
B, AR AT R EUE A DR TR AR
A, AR R WA —,
SRR WG AU E S €17

B AR 28 B — ) % W 1Y I ol A 14 il 0
M2 (HCN, pK,=9.7 ) Z4%/EH, i 9 HON AT LAZkfift
Pz ik, B B 1k W VR, B9 HON U 2%
RN 0 ZR A A ST, 0T A R, e 2 B
R RRIRAE T . NN S S rh 30 i 0.5~
3.5 mg* kgfl[ﬂo SR, AXNAR N FETE B - i A Hil
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P A ik, DT AR 2 B B AU DR, e
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B IE AR, AT EUE 2 A R A
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o T wAL W TR RE BT, KB R
T E ] E T R B ARE, 2017 4F 2 WK K A
G/SPS/N/EU/197 5 il 4l , HL5E £ A9 A5 7 il dy

HCN PR 4 20 mg - kg™, A TAHLL(WHO ) L
S 9 K PP AL B ARV R 70 pg - 171
2 E B )R (USA EPA ) XX —F8 b7 1 BR 2 i
J2 200 g+ L7 TR [ A £ 3 RO K B BR SE (A
50 e L HAT, B A i R W R R 2
T B A FAL Y & e S B T R RE . AR
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D e B 24 v i B8 S A SRR, 3K B E R 36 IR A AR
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F] [ ) ; HP 7890A I S AH €4 3% 4, i ¥ NPD A% il
%% (Agilent 2% ] ), MH 01-00B £ i A€ @ 3 #F k¢
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3 ( MettlerToledo 23 ] ), MSC~100 18 i % 1% 4 )& &
( Thermo 27 ), 16M =3 .01 ( Spectrafuge N,
800B &5 ELOHIL ( iR 2R ), KQ-250E
R PE VA (R R S A BR A ).
1.2 k5]

FALE (NaCN ) H T 422 R 2 B9 B 2 ) 24
YR FE BT e R 2 s B L O (4l ) I H F Merck
OS] SE FH K AR AEK (18.2 MQ + em ), HH Mill-Q
A10 # 4l K ML (Millipore 23 7] ) il % s D— 35 5 1 FF
W 7 TCI 2\l HAR R 2 0 2 v 4, 1 [ T 24
2 A b mU Ak 2F R 2 Rl T 5 R I SR AL (e
5 4015108.4015417.4015321 ). T & J4 8 = P il
K 2L (HE 5 3035187.3035188 ). T /it fifl 3 ‘& B fili
A (L5 14121170, 14120648 . 15121723 ). T & i
B IR W (45 3260210, 4260074 . 4260065 ).
D& o H OB L (HE 5 4190039, 4190043
4190046 ) B A, ¥4 TA RG], T A
#H.
2 FHiETER
2.1 W
2.1.1 X REA AR

K& 5 X B NaCN £ 10 mg, F 0.01 mol - L' &
AL BNV T E 2 2 100 mL, A5 BT A 100
mg * L WU, RIS, T 4 COKREIRAAT .
2,12 MIRER

WeH 7 pL 2T 10 mL S b, A alik f B
B REA] L RE TR 200 WL F 50 mL B,
MLl K A 25, BIAS R BV B Ry 2.18 mg - L' AT,
HIFE
2.1.3 XA
W5 s 2 T AR i T AR IR S R, FR IR
K1 g, ALK S mL,#B7 (250 W, 40 kHz ) $#EHL
30 min, 4 000 r* min~' B.{> 10 min, £ H 2 BOR , [F]
AR 2 K, A IFRRBOR, B F 10 mL 2, DO
alizKE 7, BAS s X AR RE o, OG0B,
M E .
214 BRERIAM (12 mol - L")

= 50 mL M 4 /K F 200 mL & i P, &
133 mL W BRIRZE I T EA  FRA IR R 255, LU
aliZKEZs, B,
2.1.5 D- - HER (1mg L)

FREL D- 328545 29 10 mg T 10 mL 1, LA
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FRAHKIEAE 2%, BHFRRE 100 52 1 mg - L7, BIFS,
2.2 SERS it
221 FELAMR - WHEERE

SERS 7E4 24 - i E R & (B 1) th3 1
15 mL B0, i S 3 HB L AE,
SESHOAMESRE S, A%ES R 3
a3 A R R B Ok B AR RO 4
RAEEPEIN T mL ARG A 4 mL BRI TR (12
mol « L), W5 Ar 25 5 2 AW e s & ip A 5 mL
AAEMANAER (0.1 mol - L7 ),

Ny HON

TR e
Co

=il

ERER W E
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Fig.1 Scheme of online lysis—purging and trapping device
2.2.2 SERS U+ 4&4%

i FHA LSS R R4 e 40 KT (pinSHINs ) -7
YEN SERS 5 5L E , BUZK T 1 mL, 5000 1+ min™'
B0 5 min, BRI, A 200 pL AR RIE A
BI5)E# A 96 FLEGbR AR T, E4T SERS R, 3O
)# 90 mW , FHAMFIE] 10 s, FEHIE 7S 2 135 cm™
Ak T UELF B R B FUR ( CNT ) RefiFiég
2.2.3 SERS F¥sfsT
22301 ZMEXRFZE PO IR A8 RIS 2
F10.01 mol « L™ & 42 Ak B V5 Y80 A% T8 A 0 22 vk B 4
M H2.1.0.5.0.2.0.1 mg- L™ {25 % B8 5 14 W,
2292217 TR kAL B, #2227 TR 4R
17 SERS M 52 , LA W55 FF Y S A AR B, NaCN Jofi £ ¢
JEXCpg - L70) B A bR, 226 br o il 22, 75 21 8115
T
Y=16X+3 849 r=0.997 0
NaCN JF i BEAE 0.1~2 mg - L7 WG I N 6 &
RAf

2232 AEH AL UK P s 3N EE (0.1,
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0.5.1 mg- L") AXTREShA, 48 “2.2.17 TR 5 ikAb
L3 92227 TR SRS 6 IR, @At s T
BERSD. S5 3 /U BE X HE ARG B 1Y RSD 43
HHR 2.2% . 1.2% . 0.91% , F W] J7 Pk % 5 R AT, s
b G E T

2233 BB BT SR E B AL, 1%
“2.1.37 T ik CPATHI A 6 e S [) i
FE 3 SER CNT &M 4.56 pg g ', RSD N 1.6%, %
Wz ik EE R AT

2234 AR RO AER SR T
i WL AL 9 10, AR 29 0.5 g, T4 RS 2
AKH YT 5 B 80% . 100% . 120% B X I8 5 R T, 1%
“2.1.37 U Jy i A RN TR
TEE DR, 25 F L3R 1, FRBZIEHERR B R AT, I
EIRTEE

# 1 SERS FHiEMEERRIRIGER (n=3)
Tab.1 Results of recovery tests by SERS

J e A IUEES T s
BaKiIRY| . RSD/
(original (added (measured ( recovery )/
(‘analyte ) o
amount )/ g amount )/ g amount )/ pg %

CN™ 1.21 0.97 1.89 87.1 10.9
1.21 1.21 2.28 94.3 7.7
1.21 1.45 3.18 119.5 5.1

2.3 GC-NPD Jii%

231 (@i

2311 DA FEM CFAFREE 60 °C,JREE 5 min, R
PEHR 500 v min”, SEREET IR E N 85 °C, FoAE
400 wL s, FEREFEE 100 wL s, FERE S &k
VEFEET 2 min,

23.1.2 GC% 1 R JH Agilent HP-PLOT Q &
BEFE (15 mx 0.32 mmx20 um), 23N A X, W
2.5 mL - min”', JERE TR BN 220 °C, SERE R
1000 pl, Aorabee s Cis Rz 30 C, fFF
1.5 min Ji7, B4 35 °C »min™' F2 % 7HE 2 190 °C, f#
1 min; K EEIR B 320 C 10 £F 10 mL TiZs
I AR AW 150 pL, INFRA 50 pL, 50%
BERR VA 200 pL 5, %, R4 78 Lk s &
T, HCN 5 2 (PR ) 4385 R4, 35 E LA 2,
232 GC liksfEssg

2321 ZMEXRFZLE PO RS S, H
0.01 mol » L™ & 4Tk 594 V5 YR A T it o0 o2 VA 3 4 1) 4y

600 —

500 — HCH

400 4 CH3CN(18)
300

200 —

IR (intensity) /pA

100 +

0 -

‘ \ ‘ \ ‘ \ ‘ \ ‘ \
2 3 4 5 6 7

& 2 GCillZ HCN L&

Fig.2 GC chromatogram of HCN
50.40.25.10.5.1.0.5.0.1,0.05,0.025 mg* L' {4
ZH) N B SR 4 <2.3.17 TS SRR 2
PLHCN 5 Z 5 P brig i B Y Ak b, ot vk
JE X (g« L71) A AR bR 2 il b o il 28, 45 3 [B10H
.

Y=2.308X-0.030 r=0.997 9

NaCN Jii £ 1 JE 7E 0.05~50 mg « L™ 478 FBl P9 26 1 6
AR

2322 K% BT BUEK. PR 30,
10,40 mg - L") (A5 B8 S VRV, 4% “2.3.17 T3 5%
P SEHERE 6 YR, 33 HON 5 PYFR 9 U6 8 AR LU AR
BRSD. 455 3 ANV VW A HON 5 P A 0 1 AR
FLIERY RSD 205K 1.2% . 2.8% H1 1.6% , £ XA
T R4 P T HE

2323 EAMEEE BT &R E S B L, %
“2.1.37 WUR s, AT 6 A i s e, 3ol 4%
“2.3.17 WA S5 R I A 5 45 R HON 1Y & 228 4.99
ng-g ', RSD N 2.1%, FWZ ik EE R
2324 FoE RIS BT SR A BB, $%
“2.1.37 W R A AHA S AT, T 0.2.4.8.24 h
A3 “2.3.17 TR S A T A , T HCN 5
T B W TR R LU AR, 45 58 RSD N 4.5% , 6 B BE i %
WAE 24 h NFRAE .

23.2.5 GRS BEVAIE Y T ARG R
AL 9 1, B2 1 g, S IS AR b & 3 Mk
JEE AR T Bt S o, T A, 5 2,317 TR,
TELAEAr BN A , 45 5 WL 2, Wk v B R4,
HUEEAE I
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F2 GCHELWERLER(n=3)
Tab.2 Results of recovery tests by GC

ok J i A HURGS S [l .
STl . RS/
(original (added (‘measured  ( recovery )/
(analyte ) o
amount )/ g amount )/pg  amount )/ pg %
HCN 4.99 0.05 5.40 107.1 2.6
4.99 5.3 9.36 91.0 2.1
4.99 21.2 27.33 104.4 1.9

2.4 EACATTERE S A S AR AR E T
2.4.1 SERS Zf#kR

S BUR  rh m 3 R EE (0.15.05.2.5 mg - L)
FOXT SR 150 L, ILATRAS R SR BN s
W 100 WL LUK HEAEK 150 Wi, TRAT, BV A X AR s

Wes [, DL 150 pL i 1 mg - L' D- S8 1 A W
B SlK ARATHE T 5 BRI AE 2R AR — AT
FERTALFR AR, 43 IR AN 4 AR FRBRBR YA (12 mol
L) G 92307 TR GC AR, 2R
L3R 3,
242 GCTizsk %R

WG, @ 34 R (0.20,.0.5.2.0 mg - L)
() HE A P 150 L, AT ZS S A, 0 S s iy
FREET 100 pL MR 4tk 150 wl, TR 27, B k5 BR
FE W TR, BL 150 pL 9 1 mg - L™ D—- 1545 1=
T VA VR o A Al K AR AR RE S TR A WS
X BERE it 5 T v 4 0 S I 50% B TR 1 WK 200 pL,
BB RS, HE 2317 BUF GC AR, 455 I
%3

®3I EHCHEHGATLEITREPORERE(n=3)

Tab.3 The stability of amygdalin under sample pretreatment

Sof B RE 5 X B T IR AR A T
] HAL AR S ! in spi -
f = . ( reference sample solution ) (‘amygdalin spiked sample solution )
( reference sample solution )
( analyte ) ( pretreatment system ) 1
C/(mg- L) C/(mg-L")  RSD/% C/(mg-17") RSD/%
HCN SERS ZYi# 14 7 0.08 0.07 33 0.08 6.5
( SERS lysis system )

0.28 0.29 3.6 0.29 3.7

1.38 1.28 35 1.24 32

GC =R A 0.11 0.13 0.65 0.12 1.6

( GC headspace

system ) 0.28 0.28 2.7 0.27 0.38

1.10 1.07 2.4 1.03 1.7

243 (ELRYRFNE T AR RIS B350 C.

15 HPLC-UV-MS B I & 481 0 T 764 20
AT CREDL “2.2.17 T00) 95 454 B A 7 i A 7 %
Eo OIS R Agilent ZORBAX SB-C,q {0 i A
(2.1 mmx 100 mm, 1.8 pm ), L ZJE —10 mmol « L™ H
PR /KIS A I BhAR , B FE DRI ( 0~5 min, 10% )i
5~10 min, 10% ZN5— 30% M ; 10~20 min, 30% £
Ji5— 80% N ; “F- £ 6 min ), I # 0.2 mL + min™', 4%
AR 4 210 nm, KT 25 °C, EREER 2 pL; BRI
5 ESIE TR, IE & FHEMBL, 5 s 571 172
kPa, TS5 10 L min™", IR 350 °C, T4 0
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ZERFZWICE 3), D- S A HAER & P i
fifp 7 ) R B LR L A PR 2R B R
A B o FRE A6 Bt S IO B ] R 384 0, D— i 485 4
TR — WA R PR AL L 353741,
] AE LR ST PR B i MR, oS 2 — A A R
FIE 45— RN B ff it B2 o 20 min Z4MREETRE N, w5 A
{ZAF R R T R (HRR A (919 ) 15 FEEE N 1 IE
Ao XU T R A B T SRR, (A AE
JEI R, o A A A R T s T A 4
E &
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@ D-EHLH (D-amygdalind

100 98% A L-EHFH (L-amygdalin)
1 F#8# (prunasin)
B fmAkE (mandelonitrile)
75 HKHE (benzaldoxime)

61%

AAXIEEFR (relative peak area)/%

MR [E] (reaction time)/min

B3 FELAB-WHBEEGT D- EECHEE~WILFELE
(EERIEA—KE)

Fig. 3 Variation on degradation product composition ratio of
D-amygdalin by lysis—purging and trapping treatment( area
normalization method )

2.5 FailE
IBUAS [i) 750 284 %y 5 B RN ] ) 52 7y e 3
Jifi AL, $ B8 2,137 TR Jy il 25 45 B 0 R
W, 43 il SERS Al GC 2 Fh 5 ik il 430 %2 5 LA C x
Vim 2 x 100% ( C 24 HCN 5 i 3% B, mg- L5V
FARFR, Ly m MR &, o) THR ALY 1 5 2 (LA
HCN it ), 45 L3 4,
3 itig
3.1 SERS 7EZZi# — AR EATAL 3

P pinSHINs 7 A JE A K 4 & R i S AL A
BLAF ) SERS MR S8, {F Hp Bl 24 465 4 2 i o % G
SERS £ A7 76 7™ 5 T4, Mk DL B A I (1] 4-a ),
PRI, AR AR S X A2 22 58 s A ) i e 2 R4 — i
AT AT AL B B 1 e VR R IR AL A i, K i o
H R EAL AL A% - HON AU 3l a0 i

x4 ARFKBEEMA( R )FIROKRKRDHEESSELDHEE(n=3)

Tab.4 The content of free cyanidein Tongxuan Lifei from different manufacturers

and formulations ( pills, tablets, oral liquid )

b ALY & B (content of free cyanide )/( pg-g™)
FE i (sample ) 5174 ( dosage form )

(brand ) SERS GC
1t B BT AL ( Tongxuan Lifei pills ) KE I ( big honeyed pills ) T 4.74 5.18
I8 PR AL ( Tongxuan Lifei pills ) JK#E L (water honeyed pills ) T 0.99 0.29
38 E PR A ( Tongxuan Lifei tablets ) Jr7 Ctablets ) T — —
B P AR ( Tongxuan Lifei oral liquid ) IR (oral liquid ) T — —
38 B P AL ( Tongxuan Lifei pills ) K# I (big honeyed pills ) D >10" 14.64

* WEECAFR B 2 £5)5 FRTE | 45 SR T BEA7AE— € i 22 ( the value was from the determination of samples with 2 times dilution, and the results might

have some deviations )

N, H5 HON A WA B W ke B e, A vk B2 Y
SEACHRR AT, 2k T R X AT B AT
SERS Kl ( 8] 4-b ), 1% B A ROt R g T 25 R
dn RS T G AR (&) 4—c~g ), 1
20 min NELE - WA AR YIRS 6]
3.2 W EREALAL B AR AR E TR

TH Y 5y S R, INTERRTIR B Al REZK i A
TOU o FEIHENS , 4K M1 A D9 1 (R ) AHCN i 78
WA R H T 19U 5y AL ISR R T 7 A e 7
To I, FAEHIIA 2 FHTAL B PR 2 B EURH
O RS ALY, TSI E S5 5R . A5 i
SEAS A AT FO I DA SR R 25 A ™
PRSI E , 0125 T X — Al

£ SERS 24yt (32 3), 5 rp AU BE R as A
T A AR B A e 45 5= AT O3 ik
2 1 251 SERS ML I VA 2R 25 58T, RE L
FUITTE SERS 24HAAE T , FEASE A 25 AL 11
WERfPE . 7E GC TSI b, ¥ A A e T s 451 X
T S AL E S5 RN (2 3) s Ff ik 2 44
W) GC k2P R I s SR, GC s &4
REE ALV I A M 25 S5 A e

A BF 5% ik % A1 T HPLC-UV-MS ¥, % % £
SERS 7F £ 4 fift — WA 4l 45 1R R il & 18 A 1
TE AN [R) S5 7 Fsf (6] ) e i =y Je Fa e Mo 5 SR R W
(P 3), 24 A F B T 5 IR , E7E I A B (R P, 5
AT A BRI A i g UL 1 1 BT

AR

S

(T
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HXIGRE (relative intensity)

a. AL BT ( before treatment ) b, A5 (after treatment ) c~g. 4351 4b
#10.5,10.,20.30 min ( treatment for 0, 5, 10, 20, 30 min, respectively )
B4 7RI -RARERELETERNRTFRPRARNEH
L

Fig. 4 SERS spectra of extract of cyanide in Chinese patent medicine
of cyanogenic glycosides befroe and after lysis—purging and trapping

treatment
3.3 HEAIE SR b

i SERS FITH 25 ~GC/NPD $5A , 70 B &E 1
AT ) G AN [ 7] 5 ) 2 A BB S 11 IR (3
4), SRR AR R R R IO S H IRV T
A7 A DN 2] i 8 A A A, A AL R B A
TS TAY, KBNS . FEFRAT
HARE ST R, AH R 700 IR o A i
G ALK T R PR AT REAE TR R T
SRy TR B, AE N T A R o R BBl 20 T A S 4 K
T, T T B8 S 207E 11 R i 42 B 25 W ik, v i 2 h
T FE A B EG/E R, P B 8 HCN 78
A B ALY, I S8 A BT S AR,
DL D i B %) 38 AL R B, 45 IR GO 25 SRt
B HAL R HON S A0S T 141 mg - kg™ o R4
IZEE AT MK B o8 A B HON PR AR I
20 mg - kg ( G/SPS/N/EU/197 53 ) ), {H % J& 5] %
2 E IR KR A RRIR 12 g, AR A HCN
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0.18 mg, H 2l — e i R A, AR IR
BEPERONANEE Z A
4 Zig

RS 3 SERS FITHZS ~GC/NPD 2 77 v 52 30
T b2l i S A AL A DR AR A, 2 Bl ik
K25 FLIEAAH AT, SERS ik B A EH v, R
TCRE A7 SR PR R SRR A, JU RS 3 SERS K I 152 A%
fETHET  AE BRI B B AR T TS -G/
NPD J7 3 B ) o0, B v, & I P, 45 SRS E
AIEE . AHIRST EEST Y 2 PRI Jr i3l 2o 3 24 119 24 A
FRALARFE , SR T X 2 v 2 B O rh i B 2
FALDI IR, Ay 52 Z 5L b A 0 I 43t TR
SR o[RS SR G i B2 7 i ) B e S TR T
AL PR

SE 3k
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