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Fig.2 Raman spectra of the four drugs ( a) and their standards ( b)
A: ; B: ;G ; Dt B
A: Astemizole tablet; B: Amlodipine besylate tablet; C: Terazosin hydrochloride tablet; D: Cetirizine hydrochloride tablet.
3.1.2 4 NRS .
( 3A) 0.9483 0.9512 0.9626  0.9878
o NRS
o ( 3B)

0.9746 0.9718 0.9566  0.9595

10000
S
:L%

2
ﬁ M«M’\
5 c
Mwh
400 600 800 1000 1200 1400 1600 1800
Raman shift (em™)
3 (A)

=
s
5
5
<
2
2
<
I | 1 1 1 I 12
500 1000 1500 2000 2500 3000 3500 4000
Wave number (cm™)
(B)

Fig.3 Raman spectra ( A) and infrared spectra ( B) of weak active pharmaceutical ingredient ( APT) signal drugs
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a: Astemizole tablet; b: Amlodipine besylate tablet; c¢: Terazosin hydrochloride tablet; d: cetirizine hydrochloride tablet; e: lactose.
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Fig.7 The enhanced intensity of Ag NPs-paper at different soaking time ( A) and its scatterplot ( B)
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1
Table 1  Characteristic peaks of weak API signal drugs

Astemizole tablet Amlodipine besylate tablet Terazosin hydrochloride tablet Cetirizine hydrochloride tablet
a b c a b ¢ a b c a b c
1606 1605 1606 1652 1650 1648 1630 1626 1624 1604 1599 1600
1382 1381 1379 1591 1589 1590 1492 1495 1496 1183 1182 1183
1282 1281 1281 1496 1481 1478 1460 1436 1440 1157 1156 1157
1245 1246 1248 1383 1380 1381 1402 1394 1396 1093 1089 1091
1177 1177 1180 1209 1205 1208 1264 1269 1266 1044 1031 1032
1123 1117 1120 1160 1156 1160 930 926 926 888 889 890
1035 1028 1030 1127 1124 1124 761 755 755 809 806 807
848 848 848 1035 1035 1034 705 702 702 758 758 759
830 824 824 999 998 997 665 659 659 726 722 723
776 774 777 877 872 873 580 573 573 693 691 693
719 712 713 730 729 728 546 553 546 649 650 647
635 637 638 617 617 617
a NRS ; b: SERS ; c: SERS

a: Raman spectra of standards; b: SERS spectra of samples; c: SERS spectra of standards.

References

1 XU Qi MIAO Gang GU BingRen. Chinese Journal of Modern Drug Application 2010 4(9): 1-2
CPEARGHEIA, 2000 4(9): 1-2

2 SHENGuo-Fang LI Jiong QIU YidJing ZHU Jian. J. Pharm. Anal. 2014 31(1): 146-150

LB adiE, 2014 31(1): 146-150

Henson M J Zhang L. Appl Spectrosc. 2006 60( 11) : 1247-1255

ZHANG Xue-Bo MA JinJin CAO Li-Mei. Chinese Journal of Spectroscopy Laboratory 2013 4(30): 2010-2015
KL IE, 2013 4(30): 2010-2015

Alcala M Leon J Ropero ] Blanco M Romafiach R J. J. Pharmac. Sci. 2008 97(12) : 5318-5327

ZhaoY Ji N Yin LH Wang J. AAPS Pharm. Sci. Tech. 2015 4( 16): 914-921

LiL ZANGHC LiJ ChenDJ LI T WangF S. Specirochim. Acta A 2014 6 ( 127): 91-97

Zhang R Xu BB Liu X Q Zhang YL Xu Y Chen Q D Sun H B. Chem. Commun ( Camb). 2012 48(47):

5913-5915

9 Halvorson R A Vikesland P J. Environ. Sci. Technol. 2010 44( 20) : 7749-7755

10 LI Dan WANG Bing LI Xiao ZHANG ZhongHu GONG LiPing LU Feng CHU Ke-Dan. Journal of Pharmaceutical

Research 2015 34(4) : 202-205

N

0 N AN W

S BEHR, 2015 34(4): 202-205

11 QU Gan ZHANG Guan-Nan SU Yan XU Hui-Chun ZHOU Xiao-Dong SHEN Ai-Guo HU Ji-Ming. Chinese J. Anal.

Chem. 2014 42(7): 1022-1027

LA, 2014 42(7) 0 1022-1027

12 de Veij M Vandenabeele P de Beer T Thomas Remon Jean Paul Moens Luc. J. Raman Spectros. 2009

40( 3) : 297-307
13 LI XiaoLing JIA Hui-Ying XU WeiQing ZHANG Jun-Hu ZHAO Bing. Journal of Light Scatting 2004 16( 1) : 27-30

L RBST IR, 2004 16( 1) : 27-30
14 Tee P C Meisel D. J. Phy. Chem. 1982 86( 17): 3391-3395
15 QIN Jian-Hong. Journal of Pharmaceutical Practice 2014 32( 3) : 206-230
LA, 2014 32(3): 206-230
16 Athalin H Lefrant S. J. Raman Spectros. 2005 36( 5) : 400-408
17 YANG Xin WANG Jun MIAO Hong ZHOU PingPing. Journal of Food Safety and Quality 2014 5( 10): 3219-3222
LRSI, 2014 5(10) @ 3219-3222



1742 43

Rapid Detection of Active Pharmaceutical Ingredients in Weak Active
Pharmaceutical Ingredient Signal Drugs by Paper Substrate-Surface
Enhanced Raman Scattering Spectrometry

LI Xiao' CHEN Meng Yun® WANG Lei’ ZHANG Qian Qian’ FANG Fang’ MIAO Li* LU Feng™'
"( Fujian University of Traditional Chinese Medicine Fuzhou 350122 China)
*( Second Military Medical University Shanghai 200433 China)

Abstract A rapid detection method of active pharmaceutical ingredients( API) in weak API signal drugs by
surface enhanced Raman scattering ( SERS) technology combined with paper substrate was established in this
work. By soaking the filter paper in silver nanoparticles solution ( Ag NPs) to synthesize Ag NPs-paper as the
substrate and then the sample solution was dropping on the substrate with SERS detection. On the basis of
strengthen ability of Ag NPs—paper result of SERS detection and optimal preparation conditions the fast
identification method of weak API signal drugs was established. In this case the SERS spectra of weak API
signal drugs and their standards SERS spectra were obtained where the correlation coefficient of weak API
signal drug SERS spectra and its standard was more than 0.9. The result showed that by this method the low
content API in weak API signal drugs could be well investigated and the deficiencies of the normal Raman
spectroscopy efficiently was also overcome. In conclusion the synthesize method of Ag NPs—paper was simple
and the strengthen effect of this Ag NPs—paper on the intensity was obviously observed. Paper substrate-SERS
method was simple rapid and sensitive and could be used to detect weak API signal drugs presenting broad
application prospects in the rapid detection of weak API signal drugs.

Keywords  Silver nanoparticles-paper; Surface enhanced Raman scattering; Weak active pharmaceutical

ingredient signal drugs; Correlation coefficient
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