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Identification and Quantitation Assays for Chinese Medicines
Containing Pangolin Scales Using Near Infrared Spectroscopy
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Identification and Quantitation Assays for Chinese Medicines
Containing Pangolin Scales Using Near Infrared Spectroscopy
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ABSTRACT

Near Infrared (NIR) Spectroscopy was used to scan Chinese medicines
containing pangolin scales; identification and quantitation models were developed,
and a library of NIR spectra was constructed. Four prescriptions of Chinese medicines
taking pangolin scales as the principal constituent were examined in this study.
Identification analyses were conducted by using correlation in wavelength space
(CWS), maximum distance in wavelength space (MDWS), Mahalanobis distance in
principal components space (MDPCS) and residual variance in principal components
space (RVPCS); and three grouping schemes were investigated: Mahalanobis
Distance (MhD), Maximum Distance (MD) and Random Selection (RS). Two models
including multiple linear regression (MLR) and partial least square regression (PLSR)
were used in quantitation analyses. The best qualitative results indicated that RVPCS
model with MD grouping scheme reached a discrimination rate of 100% with 1%
accuracy in the randomly assigned background constituents of the same prescription,
and RVPCS model with RS grouping scheme gave a discrimination rate of 86% ~
96% with 2% accuracy in the randomly assigned background constituents of 4 mixed
prescriptions. The best quantitative result indicated that PLSR model reached a
determination coefficient of 0.999 with standard error of calibration (SEC) of 0.082.
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0.997 » SEP=0.179 » RSEPC% =5.74% » RPD = 18.7 » 4 & sk p th b 4% K2
FLYSEHELE (EFEHL) -
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ARAREBRAHRELY ERMZ [N BT ERABA  BFH LT 8
FREGHFLTFHADZAEN ETRAFLFHBEDAETET 2 EEFTH 1L
4F-

EEEIH A & ERUHFEAD T > AEKESE (MhD) HSab X
Ry X ER 2L ¥R TMEX (RVPCS) #Epr#kiFi4 4 (Probability
Level) 0.8751 8% » A& R R FA4FLFHA RPN Z kAR ESaY
EE 100% AP MEF LTS DBRNZINRABE L AZHBRAHES
B By 98% 5 92% » PHBR SM EE 1% -

BEARZWH T FRIT T > ARk AESE (MD) par X kA ERGEM2
BREBRETMBKA (RVPCS) #Eeyri¥Piiga (Probability Level) 0.9 #4342




ﬁﬁ’X%?m?%H%ﬁﬂﬁ@?m?%ﬁ%ﬁwzm@ﬁﬁ&%ﬁ%éﬂ
100%38 M % > AWM RS EE 1% -

EREH KA ZAAHNRF 47+ » AHKIESE (MhD) - & AsE& (MD)
BMH(RS) ey X470 R ik K2 M2 & KSR MM K (MDWS)
& B P48 £ (Match Value )% %1 % 10.5~5.23 & 11.825 % 5 A{B%5.%]( Ino-
2n0 ~ 3no ~ 4no ~ lyes ~ 2yes ~ 3yes & 4yes) & 100%a4 3% B o & PR S
K& 2%

ERFFRBRBTZRERFH# Y » RH# (RS) p@aFX > Baxa ik
WERMZZLE R T MK (RVPCS) HEpmkri@ (Probability Level ) 0.84
TEIRELER FEFLFHADBHZINRABE S QWBRAEH 2B
88%4L 86% > S F L FHANBEINZIRARIES AHBADEN B 96%5H
93% » PRI 5 3 2% o

EXEFH A& AR MR X BITEEIH » UKD L2 o &
R4 1] =0.997 > SEC=0.186 » RSEC% = 5.20% > > =0.997 » SEP =0.196 -
RSEP% =6.44% » RPD=17.1 » s f k2 T EH X o

#IF PLSR # X AT & 447 0 A — R H % 3 3 82 1100nm ~ 2498nm #7453
BRBRAE > 1] =0.999 SEC =0.082 > RSEC%=331% > r? =0.997 » SEP=
0.179 » RSEPC% =5.74% » RPD = 18.7095 > (e sk Ptk T BAE K2 ¥ |, P4
WEE (EFEH)-

MR LRI Z EMARERX HHTERO TSR ELPIHL L T
BHERATEFREZLAFLISAD DAL RETFAGMHAB L -

N B O#
ARRAEBAM G ELE2HE (3 E %% - NSC91-2313-B-002-345)

RET LG EIRBZ T L FRE 5 BHM - AL BN SR AL £
FRETHLR 405 TRELABEZ BB AT K -

+ ~ 2F K
I EXBH-EAH  FEHA 2001 c Ao BNKEAHENZBR - £ A

TR ARKMERANBEEALSERAINERERF B E” P
O1-8- &b : MM EAR ¥MBILARTBER T -
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1 ZBRBELHFT F Rzt &

px 2O | px olksm g B, gl AN gl FLTF. g FLTIEA LS |ME, g
1 5 5 5 5 2.22 10% 22.22
2 5 5 5 5 1.74 8% 21.74
3 5 5 5 5 1.51 7% 21.51
4 5 5 5 5 1.28 6% 21.28
5 5 5 5 5 1.05 5% 21.05
6 5 5 5 5 0.83 4% 20.83
7 5 5 5 5 0.62 3% 20.62
8 5 5 5 5 041 2% 20.41
9 5 5 5 5 0.20 1% 20.20
10 5 5 5 5 0.00 0% 20.00

k2 ZEMYPR RO T FaRrzhrhdel &

gy SETER e ol EsE, g0, glem, g FLF, g BLTAEALG|ME, g
1 6 5 4 3 2.00 10% 20
2 5 4 3 6 1.57 8% 19.57
3 4 3 6 5 1.35 7% 19.35
4 3 6 5 4 1.15 6% 19.15
5 3 4 5 6 0.95 5% 18.95
6 4 5 6 3 0.75 1% 18.75
7 5 6 3 4 0.56 3% 18.56
8 6 3 4 5 0.37 2% 18.37
9 5 4 3 2 0.14 1% 14.14
10 2 3 4 5 0 0% 14
n 15 10 10 5 3 6.98% 43

HOCEBMBRRE T ZARERS
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(k| XX el ks pinS plemel e FLTF ol thin [¥, g

1-1] 75 5 5 25 1.5 16.98%] 21.50

1-2 sy o #20g 0.41 2% | 2041

13] 725 [ s [ 5] 25 0 0% 20

A% gl it H.g| A¥g| Hi- g (st g 0¥ p|FLP. gl Wi | 0¥ 8|

2-1] 5 5 5 5 s 3 1.5 s 14.49% | 34.50

22 sy 3£295g 0.60 0 30.10

23 s T s ] s T s T s [ 3 115 0 0 29.50
k[ mit gl glai el #iR.g| WR.g | FY.p|EW. gl ¥ g |pgleaM gl ol Al gl FLP gl i (8, g
3-11 375 | 25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 075 | 075 ] 075 1.5 [7.89%[20.50
3-2 Aae o #£19% 0.39 2% [ 19.39
33[375 T 25 [ s T 1s T s [T isTis] 1s 1 15 ] 075 Jors|ors 0 0 19
wk[tw e[k elkt ol okg| o g[ARe[u¥ plenn kg p[F0F o] wtd [0%
41 ALfisy - 320g 2.22 10% | 22.22

4-2 ALgtac ¥ - #20g 0.41 2% | 2041

4-3 sy - 320g 0 0% 20
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MhD grouping scheme

Model Product{Threshol P Tr;mlng% PAcc;ptan;;
Py 0
v o [efufocto oo
0 0
MDWS ;:S 4+ 583 T SZ«Q 225 ? 32‘;:
o 0
MDPCS —— 0.84% 183 441 SZQ : 222 fg"//:
Y\MD grouylné‘;cﬂheme
Model Product{Threshold P Tr;lnlnlg)% PAch?ptanl;:;
Py o
ows o] 85 i TaeT o5 To Ta0] o
o o
MDWS ;eos 3.3+ 41;; (1) 19020;, 139 i ;(5)‘2
o o,
MDPCS ;e‘; 0.84* 182 343 g;;: 3 133 ggfﬁ
o 0,
RVPCS ;e"s 0.7865* ;; : zzf;: 168 (1) 19(:)2/?
RS grou ing scheme
Model  |Product|Threshol P Tr;mml%% PAcc;ptanl;:;
o )
ows e s [alBE ool e
o ()
MDWS | 33 e s T
Py 0
. 0 9
RVPCS ;e"s 0.8* ;3 (1) 19(;(1/?’ 263 ; 330//2

3 @ * % Probability Level » "% Match Value -
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S AELBIFEARmZERESHER

MhD grou ing scheme

Model | Product | Threshold |— Tr;ining% Bk
v o o ptE el
e e B Ty N A T T )
RVPCS ;‘eos 0.8776* ;g 8 }8333 236 % 32;‘1
MD w_i_r}_g_scheme
Model | Product | Threshold P Tr;inin;g’% PAcc;ptar;)c;)
WS ] 98 [Tl ow ol o
MDWS ;e‘; 327+ 5’ (1) 19%(3;? 128 (5) 12090‘2,
MDPCS 12— 0.947" 4112 g lé):l;f’ 178 8 188;:2
RS grouping scheme
Model | Product | Threshold {— Tr;mmﬁ% T e
CWS ="~ 085" o Teol 0% 1o 30l 0%
MDWS —2— 324+ ;2 3 '19%01;? 217 g égz;
MDPCS ;’e"s 0.95* ;3 1% IS%OZ’ 265 § 223;’
RVPCS ;‘e"s 0.924* ég 8 igggi’ 238 ; 3§Z§

3£ @ * % Probability Level » *# Match Value -
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£6 REF EAMSZEIEF LM ER

MDWS model
. Training Acceptance
Grouping Scheme | Product | Threshold 5 TFl P% 1PTEI po
4yes 13]0]1100%] 6 0] 100%
3yes 131]0]100%{ 7] 0] 100%
2yes 13]0]100% | 6 0{ 100%
MhD lyes 10.5+ 13101100%| 6| 0 100%
4no 7 10]100% | 3]0]100%
3no 710]1100%] 3] 0] 100%
2no 710[100%]|3]|0]100%
1no 710]100%] 3| 0 100%
4yes 13]0]100%{ 71 0] 100%
3yes 1310(100%| 7] 0 100%
2yes 141 0)100%]) 5§ 0] 100%
lyes 15/0]100%] 4] 0 100%
MD 4no 523+ 810]100%(2[0]100%
3no 1010[100%} 0|0
2no 10{01100%[ 0] 0
Ino 10 0]100%[ 0] O
4yes 1310]100%| 7] 0] 100%
3yes 13{0]100%] 7] 0] 100%
2yes 1310]100%| 7] 0 100%
lyes 13]0]100% | 7 0] 100%
RS 4no 11825+ 6 10]100%] 4] 0] 100%
3no 6 10]100%|4f0]100%
2no 6 10]100%] 4|0 100%
Ino 6 10([100%( 40| 100%

3t : "4 Match Value °
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MhD grouping scheme
Model | Product | Threshold {2 ninl‘(f% SAreeparee
S el "' FoTsTos ToTal o8
MOWS (a1 [55T0 oo e 0 ioon
wores| e 0w [l EE TRl e
RVPCS o] %6 [T o [T 4 oo
MD grouping scheme
Model | Product| Threshold P Tr;mlnﬁ% PACC;ptar;)c;
evs | o (B fOT
MDWS ;e(; 4 553 2o2 11090?; 257 (7) 1%%2
MDPCS ;e"s 0.84* 2 i? i?:;z 2 5 101?70,,
wres o] s o [o 3 s
RS grouping scheme
Model | Product | Threshold P Tr;i ning% PAcheptaI;:;
VS el " FoTsTos Tolor o
e g SR
MDPCS y“eos 0.84* i 4213 182.;&’ f 52 1449?
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%8 MLREXZZESHER

log(1/R)
Calibration Set ( 130) Predition Set (130 )
Numbers of Wavelengths Selected Wavelengths (nm) ".-,z SEC |RSEC. % "nz SEP |RSEP, %] RPD
1 2180 0.511 {2342 ] 110.77 } 0.515{ 2.334 | 104.91 1.4
2 219442310 0.912 | 0.991 44.08 0.913 { 0.988 | 4391 34
3 2160+2306+2140 0987] 0381} 1722 |0986}0.391] 17.85 | 8.6
4 2164+2302+2126+2290 0.991 | 0.312 11.89 0.991 ] 0.318] 11.3] 10.5
5 2158+2302+2128+2296+2002 0.992 | 0.295 13.16 0.992 ] 0295 | 12.43 114
6 2158+2376+2138+1974+1998+1892 0.99 | 0.214 8.12 0.995 | 0.226 8.09 14.8
Dlog(1/R)
Calibration Set (130) Predition Set ( 130 )
Numbers of Wavelengths Selected Wavelengths (nm) rc, SEC |RSEC, %] 12 SEP |RSEP, %| RPD
1 2150 0.956 {0.703 | 3236 0954 |0.720 | 33.19 | 47
2 2150+1726 0.989 |0.351 16.56 [0.988 10364 | 17.83 | 9.2
3 2150+1726+1550 0.992 {0.301 10.64 (0.992 ]0.307 | 13.23 |10.9
4 2150+1726+1684+2140 0.994 {0.256 8.41 0.994 10.255 8.61 13.1
5 2150+1726+1684+2140+1802 0.995 {0.226 6.44 0.995 10230 | 835 14.6
6 2150+1726+1684+2140+1800+1846 | 0.996 } 0.207 7.35 0.996 | 0.224 773 15.0
D2log(1/R)
Calibration Set ( 130) Predition Set ( 130 )
Numbers of Wavelengths Selected Wavelengths (nm) "cz SEC |RSEC. % "nz SEP |RSEP, %| RPD
1 2164 0.960 | 0671 | 2536 |]0.957 [ 0.691 | 26.00 | 4.8
2 2164+1716 0.993 | 0.276 840 10994 [0.257 | 9.33 13.0
3 2164+1716+1952 0.995 | 0.228 | 6.51 0.995 | 0232 | 8.05 14.4
4 2164+1716+1952+2436 0.996 | 0.211 6.18 0.996 {0219 ] 7.71 15.3
5 2164+1716+1954+2438+1510 0.9% |0.199 _10.996 10215 | 804 15.6
12164+1716£1956+42186+1348%1366: 3 [0.997:1.0:186}::5:20+ 1.0:997:].0:196° g
%9 PLSREAZEEHHER
Calibration Set ( 130 Predition Set ( 130
Spectrum Wavelength Range Factors ( ) ( )
p (nm) r. | SEC |RSEC,%| r,’ | SEP |RSEP,%|RPD
1100 ~ 2498 nm 11 10998 10.158 | 56.41 ]0.997 10.197 5.68 ]17.0
log(1/R
g(I/R) 400 ~ 2498 nm 7 0991 ) 0313] 12.00 {0991 0318 13.82 ] 105
- :71100~2498nin 0999 0.997:10:179:| © 574 [18.7
Dlog(1/R
g(1/R) 400~2498nm 0216 5.51 099510241 739 |139
1100~2498nm 0.177 5.36  10.997 10.195 522 172
Dlog(1/R
/R 400~24980m o162 576 |0997]0179| 534 |187
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B1 FLFSAH

F Rk Kyes
e F L F %

EB myes

A% Kno
FEF LT

i & @4 no

Wik ayes

B myes

4 Amno

E X #Emno

Bl 2 THstzomidse
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FHEAE K Match Value 1

Pl 4k fayes

P4k 4 yes H R Eyes

| 4 gAno

2 #k #2no H F# Eno

Match Value 2

—p B .éﬂyes

AR

_p| #HZfano

B 3 TSP idR

Threshold : 7

Match value 2

Match value 1

O

ki
e — — ot — — — — — — — — —

0 1 2 3 4 5 6 7 8 9 10 11 12

i © *3542 A Match Value & Probability Level
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Threshold : ??

Match value 1

Match value 2

RAFKRK

4 5 6 7 8 9 10 11 12

B 5 A

¥ *J54% A Match Value & Probability Level

I
3

¢

A = Spectral Data

C = Constituent Concentration Data
S,U = Spectral, Conc. Scores

Fa, Fc = Spectral, Conc. Factors

39,.37,... -
, P A A

U Fc

n = Number of spectra

p = Number of data points

m = Number of constituents

f =Number of principal components

B 6 PLSRARX7&E (AR ' PLSplus/IQ User‘s Guide, P.59)
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ARARRRRNEZRERHERT  FARYBEE (1) TR T ERHKRA
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PP ERMBRAZGLIIRENREETHEX  TREHEAR
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