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Online control of percolation of Fufang Kushen Injection using near infrared
transflective spectroscopy
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Abstract: Objective To develop a fast analytical method for determining the multiple components in the percolation of Fufang
Kushen Injection with near infrared transflective spectroscopy. Methods The contents of oxysophocarpine and oxymalrine by HPLC,
total sugar by phenol-sulfuric acid method, and total solids by baking method were used as reference values. Multivariate calibration
models based on PLS algorithm were developed to correlate the near infrared spectroscopy and the corresponding values, and the
unknown samples were quantitively determined. Results The root mean square errors of cross-validation in calibration model for
oxysophocarpine, oxymalrine, total sugar, and total solids were 43.5, 135.4, 1 255.7 mg/L, and 150.7 mg/mL, respectively, and the
correlation coefficients were 0.926 6, 0.954 6, 0.953 9, and 0.974 1, respectively. External validation with external samples indicated
that the root mean square errors of prediction were 32.5, 191.7, 1 461.9 mg/L, and 164.0 mg/mL, respectively. Conclusion The
presented method is fast, accurate, and reliable, which could be used as a process analyzing method for the percolation process of
Chinese materia medica.
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SRR 7. L4 AMGIE (near infrared spec-
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SN B A ' AR Sk mT DA [R] B 3R % 5 R R A G AR
KLy SREE NIRS A& 145 KU 4xii, PRIk 2 0
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AT S IE B 2 M e AT, JeE AR
P RE R e L W,

ENSW 52 SSURAR A Svi9 8 | Doy xs 2% NVASE I B =W Res
SRS T RE R oy b, ARSI R I 2
WORE I 40 A7, R I i B 7 — 3% (partial least
squares, PLS) 'Vt 7 7959 1 Bk (1) NIRS
JE RS IE AL, 0] [ I B 2 P o 1 i
2B R S I PR A T AT SE R
VAR IWIRrS
1 UE5HH

Antaris {8 B AR H T 21 486 15 (32 [E Thermo
Fisher), BUAYGLFRAFRSE, il RAUAT Result
AR 0 AT A TQ Analyst s H 4 Ak 3 4K 4
Unscrambler 8.0; & 2 m B4 90 S A 4EiE ]
Rk (32 [H Ocean Optics) s TH M IFAE T i HE 4% (bt
MR BHIATIRAHD; Agilent 1100 = A (1%
{3 (3E[E Agilent Technologies), Hi#H G1311A P4t
BREEAE, GI1313A HEhEEMEE, GI316A AL,

G1315B ARSI, LC ChemStation; T4
AAENL R TE A BRI A D

ka2 (FEEERTO); BRI IRERIR (fE N
Efb); gk (Millipore); VKESIR (VL FR 5840
T); KMy (Bio Basic Inc. BBI); [R&thfiliil (J&K
Chemical); A AL AT BE S (iS5 200301, Ji
HIM L 98.0% LA I, T E a2 iR E AR s AR
5 S I (IS HO081, i )%t 98.0%LA
by BAREAREAIRAFD. % Sophorae
Flavescentis Radix (#t5 20090327. 20101004 .
20090512.20090604.20101123)F1 {1 +-1K%5 Smilacis
Glabrae Rhizoma (#lt5 20090425. 20090428 .
20090813, 20091004, 20100306) il PGHc 4124
JBA AT BR A R B, Ay K24 20 A B 9 i
M2 B B %58, o3 A SR S B Y S
Sophora flavescens Ait. TR FN &R & # 8 Al
Y331 Smilax glabra Roxb. FTAR 2%
2 FESHR
2.1 HmisE

B bR A= T2, e B S E +
RZ LI R e ARy, 23 I RRIGE 24K 70 g A
FARZEHIKY 30 g, B0 1200 mL 1% FR- /K B0 1
24h G, K2 NS R, RS, JFREBIE.
WA 600 mL 1% BERR/KVL, B [ £ FR4E 24
h, AR R 0.48 mL/min. 7EVSIELFEPAEREZ 1 h
HURE 1 IR X 5 RS IS AT HURE , JEe e 21 120
MFEAR . KT 4 OB IR B IR A SR AR, 3R
5 BT BIIAE A R UEEE . SR TQ Bfhh
() Dixon F 4V FFLATAE 558 725 ¢ A5 ) 50 RS
S SEHRENG, BOESEREGIFE AR L 1.

F1 KRESFBIEEFEREN

Table 1 Sample composition of calibration and validation sets

& ¥ FAMED, / (mg L™ HAES / (mgL) SO /(gL AR /(gL
BAESEREA 11.3~522.4 11.6~1948.9 0.622 4~15.620 4 95.0~2 660.0
BAERFEA 205.5~436.6 362.5~1197.9 0.5169~13.104 3 127.5~2215.0
BAESEREASL 99 99 100
I AEERFE AL 16 13 20

22 HRmEENE

2.2.1 EWER HPLC sEiE (i gepkt, il
#:24 Diamonsil Cig # (200 mm X 4.6 mm, 5.0 um),
FENAA 0.04%MB5-10 mmol/L [AEhs IR 4 /K i
(A) -2Ii5 (B, BHIEVENE: 0~35 min, 3%~7% B;

35~50 min, 7% B; 50~60 min, 7%~10% B; 60~
70 min, 10% B; AR & 1.2 mL/min, i 30 C,
Ky 210 nm, #EFER 5 uL.

T HE SR AT £ s R S AR AR A M AR B R A A
TS A IE B, 0 50% o Sl 7 SR AR
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JBk 2.002 g/L FIAAAL T S8 5.414 g/L %] J S

P VAR T £« RSO B RS IR T D
iR T A

D5 k2R 8% % HPLC T RGN 7kt % 5%,
g B AR B LR VS 10.25~640.6 mg/L, ]
J7FE Y=8 030 X+14.83, =0.9999; }%5 % RSD
7 0.22% (n=6), FEME RSD 4 0.40% (n=6),
FaEME RSD  049% (n=5), MkEBEIE Y
101.9%, RSD 4 0.79% (n=6); LTSkt
Yol 25.99~1 624 mg/L, [T Y=6 416 X+
38.78, 1*=0.999 9; K% & RSD 4 0.66% (n=6),
M RSD 4 0.43%(n=6), 52E 7 RSD 4 0.36%
(n=5), LR 102.2%, RSD 4 0.77% (n=
600 I RIS 1) A P iE S € J5 A A g BT
MEsk, HAREIHERTE.
222 BREOME SR E S ok AN
KPR 0.25 ¢ To/K M%7 8%, & 50 mL &), 4l
KAEFS, &M alk%ER 0.1. 0.3, 0.5,
0.8+ 1.0, 1.2, 1.5 mL M RCE 25 mL &),
TC ) S — 2R 1) O B R S8 () T 26 BV T R e TR
R 1 mL B HZEHEE S, A 1 mg/g 2R
My 1 mLo FEREJBEFE T VRIRESZ 2 M 10 mL
WAL . BRIRINC )5 FEHE 2 min, ZJ5F#E 1h,
7t 490 nm AL E FLAMEOCRE (4D {8, L A4 {EX] )5
R BERATEAE R, A3 [EIETTR

K2 B UBTEFE i | mL B IEME T, 1]
AT R T, B O IAEIREA 1 mg/g
PRI 1 mL” 2, ke 4 5, RN,
FEVEEAE i SR I BT R L
223 [fASENE AR ENE SR (hEZ
i) 2010 SERRTVEN: R R ARSI
T A S R B R R, EEAET T
105 CHtzfEE i, 4% .

C,=100W/V
C, AR IR S E A R (g/mL), W kB WERE i
SEJE TR (@), VBRI AR R (mL)
23 KiERE

IR AN RER G . REIEIM S
B PR Sem |, FIHIKE 64 R, HEEN 4X,
FAHE G K F 4 000~10 000 em ' o AR FIFE
JHRCE T UM, RSk A R, SR
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WeH /em™
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Fig. 1 NIRS original spectra of percolation sample
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241 EBPBUNIESE R PLS A LIFE A VLT
WA, (HIXFEZ SN ZT0RAE R 0 B B
BEATRL, AT AP RUE B, e nT ARt
BEIE . K PAETZLAMEIX ) 1 440 nm (6 941
em ) 51940 nm (5155 cm™) T BRI,
T A 737 PE B B AR WA N e, BRI, 6
FES AT T LLAN AN, T BB th K 23 74l
UNHLJ T AN T 7 =t il ab T a2 3
SE 5388~6 572 cm ' N HEBE L
2.4.2 OGIBTACIETERER: AR LLANE SO
R R, RN i . W
S5, BEATLIE PR NIRE i T S5 TR A5 R R AR 2o i
R, SEURIEL R IUmZ, KIEXT NIRS
BEATI0 AT 1, NS SRR IR S AR 06 1% AT 06 ) i
AL F o ARSI 7 1% E IR B, LAAH K 2 2] (correlation
coefficient, R*) FIAZ X% 74 /7 (root mean
square error of cross validation, RMSECV) A#g#x,
AT AN (R AL BE VAR BA VERE IR 56, 45
WA 2. ATRLEH, AP TR FH 2 B U E
(multiplicative scatter correction, MSC) 4bHE 7 5]
DG BRI AT, ST SR FH B v T T A 4
(standard normal variate, SNV) yEACBEZ J5 ()63
SRR AL, T W R ] A s ) s DA D' v A B
JiiksE MSC 55 Savitzky-Golay T #E¥ (13 £ 2
B> BEEAEH .
243 EROBUREISL 1R PLS A I e
Hh PR A IE I B O A T 8 o R RUE S
Fem B T EE . T EuE D4 B EUE BA
4, W2 KT IE SR B . A SR A
SRR A 7 S A R R R S A 5 2 AR 23 ) e £
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HoE 4, TRE S ROEAE A OC K WL 20 B IEAR A 0 4

244 ROEBAES. RO MR R T PR, TSR, SORRIE AR R 4 R S )

A Unscrambler T84, L ANF GG AR RMSECV {4354 43.5.135.4.1 255.7 mg/L A1 150.7

&, KH PLS 7 AT AT, @ E B IEREA,  mg/mL, R* 4514 0.926 6. 0.954 6. 0.953 9. 0.974 1.
£R2 FEMAIESEX PLS KIERE 4RI ST

Table 2 Effects of different pretreatment methods on performance of PLS calibration models

b ziumﬁ%@ai 2?&%%7256)& : b : I A e A
R RMSECV R RMSECV R RMSECV R RMSECV
Bar 0.886 5 54.1 0.923 1 176.3 08410 23317 08616 348.4
FRUAEIEN A (SNV)  0.926 4 43.6 0.954 6 135.4 0.9440 13837 0.968 8 165.3
1D'+Norris® 0.862 9 59.5 0.9162 184.1 0.8812 20152  0.9021 292.9
2D*+Norris® 0.795 1 72.7 0.851 0 245.4 0.7758 27687  0.8055 4129
ZEEGHEE (MSC)  0.926 6 43.5 0.954 1 136.3 0.8593 21931 0.969 4 163.7
MSC+ 1D+ Norris 0.924 4 44.1 0.953 1 137.6 09407 14240  0.9696 163.1
MSC+2D+Norris 0.839 8 64.3 0.8822 218.2 0.8603 21857  0.8846 318.1
MSCH+SG* 0.920 0 454 0.9349 162.2 09539 12557 09741 150.7

1-—Br 24 2-ZBr 240 3-Norris P8R, BN 9, BEEEN 5; 4-Savitzky-Golay “T-HIEH, KM 2 k2 13 S FE
1-first derivative; 2-second derivative; 3-Norris smooth filter, with segment length 9 and segment gap 5; 4-Savitzky-Golay smooth filter, using two-order

polynomial and 13 points smoothing

2.0 1
0.6
A .
05 - 0.6
04 T )
2 2 12
o g
=~ 0.3 A i
o = 081
B 027
» - 0.4
0.1 {e' $=0.920 0 x+0.023 2 =0.942 3 x+0.057 8
0 T T T T T 1 0 ., T T T |
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.5 1.0 1.5 2.0
KIEAE /(2 L7h KIEME /(gL
3.0 7
c
25
204
—
g
2 15
=
;3 1.0 1
$=0.957 7 x+0.067 6
0.5
0 T T T T T 1
0 0.5 1.0 1.5 2.0 25 3.0
BEIEA /(gL BEIEA / (@mL™)

B2 SHERE A). SLESHE B). 24 (C) MEMKEE (D) WKIEEHS NIRS N{ESKIEEZ EBIHEXE
Fig. 2 Correlation between NIRS predicted and measured values for calibration models

of oxysophocarpine (A), oxymalrine (B), total sugars (C), and total solids (D)
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Fig.3 Curves of oxysophocarpine (A), oxymalrine (B), total sugars (C), and total solids (D)

in percolation process predicted with NIRS
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