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CCMP

To Construct An Image Recognition Platform to Identify the
Fingerprint of Chinese Medicine

Wen, Kuo-Ching

China Medical University

ABSTRACT

The aim of this project is to establish a rapid and accurate technique platform for
identification of Chinese herbs based on fuzzy theory of image recognition and
principal analysis of multiple variances method. Chinese herbs, whose origins being
identified by morphology and microscopic examination, were extracted by solvents
and the extracts were analyzed by high performance liquid chromatography (HPLC)
and nuclear magnetic resonance spectroscopy {NMR) to obtain the HPLC and NMR
fingerprints, respectively.

The characteristic informations of HPLC and NMR fingerprints were extracted
using the technique of image treatment, and the image libraries of HPL.C and NMR
fingerprints of herbs were thus established. The fingerprint imagines obtained were
recognized by the comparison model using coarse to fine matching. In the fine
matching stage, multiple membership functions were constructed for constituents of
Chinese herbs, which have been reported in the literature or identified previously in
our laboratory, and multiple grades of membership were obtained. Then, the degree of
similarity will be determined according to the multiple grades of membership in the
fingerprints. In multiple variances analysis, the NMR spectra were analyzed and
calculated statistically by principal component analysis (PCA) method.

Qur results showed that, the recognition of HPLC linking with fuzzy theory is
very precise. The recognizing ability of NMR with the multiple variances method
regarding the entire ingredient analysis of Chinese medicine is also good and may
guarantee the use of raw material.

The present technique platform of imagine recognition can be used to clarify
unknown or suspected Chinese herbs. It is anticipated that misuse of Chinese herbs
will thus be avoided and the quality assurance of crude drugs will also be provided.
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PHREFERKRN—ART BBAGEARL  ARREARERR
B et B RHARRSEAEERT MG YR ZENERF 2 F
MEORRELERERBABCRF 1] RAFRBHHEBR S RRAR
EwBEHLHEERTEAEMEE FARLEY RIMRLAR  THLENA
UBHLE - REAENEL BHETFRELS YHERASL - BRFRES
REEBRRA[2]- Bt  BTHRFRERGR2HE RETRHAT S
—3 M Ry —HEE R RO RRARABILN T ERE-—ERZ
G

ERWMAE REHABHZEERE  REENATHTRENZS
R BEHOIREKRIZSIERFOHERRIL - B FERERLA X
REZFH - BMENERZRAABENEREEH AN TALBHRE - @RTRK
RENAWaEE AREREHGAS 3] adfFREAGRERASES
PR EERN D BB MO ORI RBEERE > BRFHAFA -

HRFSTEAREHA MRS BFSRAFRIZANE > KB AL
BBEMEHBZEAKCZT L ploRBREHNCER R ENE - RAAR
VB HRRiaBRSE) - ABBEHNCRS b BR - RTRU -2
BtR - B X-HR%4E) (4] 2BRGEDHFRANENRE L2 A
3] ( Guidance for Industry Botanical Drug Products ) [5]+ R H#» L B2 4& |

SAMKN A HKAEB#E (WUV, IR, FTIR,MS) A& ## &L B #% (wTLC,
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2D-TLC, HPLC, GC ) » #5487 & 48 8k 75 3% % sb B 45 SABE AR AR 4 M 8 &5 M B AR,
Sz —sh [6)-

Ll kb kBB EE EBEZIWEAT WL ZHBMANE
BEAAH 2 Cho Rk n BT EE > REHZEAE > BARRENA
HABRBEH SRS ARIF 2N BANEHLESARILTAZRHE -
S B ME 2 0k A8 B A 4 AU E B AR R A XBRRE (7]

NMR B #7F SBEM2 58 - LRES A RIESE SRR - Bundy
%w]ﬁmﬂmmWEm%zNMRqﬁ%ﬁ%~%i%&éﬁzm%%ﬁo
HERMBEAEF A NMR I XEHEH B4 285 [9-12) BRAELAGHAN
A8 87 HPLC 45 & B 3% 8 KR % HPLC 2 # #148 Ei%@%ﬁ@?ﬁzei%%&k%&;?

LA BHOBERELS NI ZIERO VAR BH
BHAEAFR—RZER - A A & RRAE AR R AR RONMRM A - £— R
B FARAMGZE S m LB RSB RAT SNRE FEoREHNE
H1 Rz A (1310 B0 B B2 B - RO i)
BL R REBHAKCZELEE  A0XBEFERTEERAKN R
Mo Bl BEENERR T o LA TR{EBHABCZSE I FTRARN
BRI BH > AN FEEBFLDRE BN RBRRTABRBRE
s iﬁi@ﬂﬁfﬁ%%ﬁ%ﬁﬁﬁié}éﬂﬁi%&&ﬁki’ UEEFBHBGSEEHNA K
Bz [14-17) B HKXBRBEHBAOERARANRHERK > ST

FIARS B4 RAo# A RAH SR MRAE T 8 2 BRI ik [18,19]
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z¥ 7 [19-21]-
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AHEZHRSFE - RE AT REA - Ba¥r48B824 0P H=8
EANREOETHRBBITEH  RRABEREZSEET A4 AR
g2 KR
Sz B
(—) # HPLC s KB # 247 2 b — K M Bl b 2 B4

WHAERBIR G EM 5.0 AR % 100 cc z%\:fkﬂuﬁ%&iﬁﬁ% ' i AR
HAPNKBERE > ZEHEH LN S0ccr UYHLRBELERLEE 50cc
BR-30CARBEHER -

RS 3mL A TmL FERERA 0 2 14000 rpm & 15 248
BRE LR 045 pm B FLiBIE B®E 2 - B 20-50 uL #47 HPLC 545 » 2

R P ROR AT R AT B -

(=) 4t 'HNMR 5 &L B &2 4 24 &

BHoBngEa R120 %88 HYmE B afFER250mg &
K% 2.5 mL D,0 # B A FHR 250 mg B A K 2 mL D,0 X AR R
100mg %44 KX 2mL D0 £ I A A ehi L AR EA E & 30 48 - HEAK
&2 & 3% jw Trimethylsilane propionic acid sodium salt (TSP) 2% M42 > 4 'HNMR

R E e



(Z) &%kt 4 RHPLC)Z 547 ##4
1. B # 4 : Cosmosil waters 5C-18-AR-II (4.6*150mm)

2. #pia 4 AR 0 5 B4 A acetonitrile (ACN) i — R K(H,0) 1 A4 &)

#8 0 tb e T
Time 0 10 11 13 14 17 18 22 23 30
A 20 | 20 | 50 | 50 | O 0 60 | 60 | 20 | 20
(ACN)
B (H,0) 80 | 80 { 50 | 50 | 100|100 40 | 40 | 80 | 80

3. #ik: 0.9 mL/min

4. #Rl#k £ 220 nm (4 photodiarary 87 i & 190~370nm #F4% > & & 220nm &5

EHR %)

(v9) 'H NMR 35 & B 3% 2 B &

D0 $RZEHSFH AT HE 'HNMR 2 B R #1588 2 8% -
NMR # % : Bruker AV-400 ; 1% 400.13 MHz ] % -

TSP 48 % 0 ppm & M 4% > BRIk 2 S 4R B (B4 5 2L 64 scan number £ 1T
A E IS A28 1L 128 scan number 4T 2 B TR AT A M B HE A XWIN
NMR (version 3.5, Bruker)#k 8 7] € -
(£)HPLC B #9338
1.9 3% (Recognization)

¥4 #4732 35 (Fuzzy Theory) [22-24]) £ 1965 4 & % B iw M 46 5L R A £ 69 Zadeh
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KGRt o % A (fuzzy set)fm R 4p e 4 (crisp set) R E B E RN » B
W4 A P gy 44 B 578 R $(membership function)sd 2% 3+ T 4743 55 B ML &

& #4255 B #2 & (grade of membership) A B B [0,1]M B 22— F 8 £ 51K
TRERYHFRANERESABINE  RAEALHKAMBMELSS » RZITK
MARGAESBHRGOTDHE -

KB F B M #7040 (cognize) 0 RARIZE > TH Kb BHiEITH
ey 4k - 21 T Coarse to Fine Matching ; # X [25] #4T b ed$y4k » BT 48
s B 8 % 2 ¥4 A T Fine Matching | B £ » #4& " Fine Matching | P¥# ¥ % —
BMAREL  FRA SRR KsoF B HFoig A " Fine Matching | M & F 418
PEMzAAMES Y SRERER LBEAKKETHRARGELEATF
FHALMZER WwREZLALETBRAEHERILELEZSFMA SR
R—thiFR  HFF— BB ER > REAHEF -

f& TFine Matching ) PYf% & sx3H 138 3% 12 i % K P4 £ F % (universe of
discourse)X L Z Z MM ELARBHRETEY L2 HHE S B §4E—K P2
Ex - GHEyHEANEHESA B SHEAHFE AL L AX)A LB(y) (it
—AAAHEMIOI]) S REX - yHPMEHMESA-BXHFARE  AAR
HREARABM MAKRSUZELRLE L THBES A -Bxiifia - f(a
+B=1) - F&&IK o F PAX)A B F pB(y)X Ao B (sumME K & k& AR MUK

FE 35— 183 4 0 & A AR 81 32 3 (Fuzzy theory) F # 8 # & #% & (Fuzzy

clustering)#) Possibility C-Mean (PCM)4k & %49 #8a0 A - m PCM & # T &
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e PCMBAZ & R

A {1.U)= ii{;; Yds o+ gq,f:(l -u ) (OHR

izl kal dal
£ ﬂ,ﬁﬁf&ﬁ m: #4098 F(fuzzifier)
g €[00} Wik L=(vy, vyo.ovy, V)
N ’ ",% FiggtyPoo
0 < ; u, SN, VI U3t 35 488 4 B

# ssanple YAR B HTH
1

max g, = 0.7k
¥

(2)=4
¥ #  #) Udmember update equation &

- d Asample Yoy 89 LjnIE 8

&4 ¥ & dicenter update equation A7#F

v, = Mﬁ Vi (4)5%
i(&ux F

k=l
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AV ER o)

8 ABRSLRES  HMBWELERS

AT - ABHFHN BB ESEEART IS APNE=0
GRAVZENBEZR LR

B2 s M B A RS R4S

(X) NMR B % 547 82 43t

NMR 3% i AMIX (v. 3.7, Bruker Biospin)ft 2% #t & #% 3% » 4u [5] HPLC 3f
S EHBEETHMETRAG B OR 1 B4R ARG AMIX &gt
T A3k & TSP &% % % 10000 45 Ak 5 1R 8 - @ K tb ey ik 82 BRI R oL TSP 4
B2 m A48 HN 10000 &8 5 b 3o 4% > AF B %4 0.4 ppm 2] 10 ppm i
BA4E 0.04 ppm &R Rg » LAFE -89 B AE 45 El - B P % 4.7 ppm 2] 4.8 ppm &9
KEBRERABRAELVEATLER - BEBATHHEARER LIER » KB
SIMCA-P #:2(v. 10.0, Umetrics, Umed) i 47 principal components analysis
(PCA)° b H ik BT L ER £ — SRR AR &5(26) ~ Strychnos (27) ~ B4
FHE41(9) ~ Symphoricarpos albus ¥ # secologanin R & (28) ~ 48 % B ¥ 4y4R F

HoE( 2R ERTREBRSEHRLE0)-
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%~ BEREHNH

— + HPLC #4

HUBHEREAHEEA AT EL  BA-THRRERBRELRIH > A —T @
PEETHRABHUBRAEHEERBFHRGREN - AP LB RFERE

v ¢B HPLC BN TR T BASmM AR GAREL S 24 §4 LEEM®E

OREREWE 1-1 2 FHEBRESHSERBRGELER 12 XHTRER-H
S B A EEF 0 B IR A 1A Relative Retention Time (RRT) A& Relative
area(RA)SA PCM B At 2 F Ris BB AR F & AT 440 Bt F
LA E HEUARSGERDBRRAELHSA S GR P ROBMBIERT LR

o AR MEEARRIGE —EEELSALE0E 1-3 AT

HERAIRE LG RZE KRB LT AR A4KER
B BCREE  RERYHRILARIERRILE) -

UFEA  EHEMREwE 2 AT TEREA 6 BRE 12808
ul%&%%%%&*ﬁﬂ#ﬁ%%k’%%26ﬁ%&&@ﬁ%%mﬁﬂ%1
ke bl RS ZRYHHMRAERAL R R 1 HEMRERZIHHGOE
Ak 2o
(—) 24HFET EHAABBRAR

ERTRETY  RANFREHFEHA > AARERECEMNBEH TR
ROBAERBS  BENEA3] %K 1 R%BR 2 E 0 M&3-1 94KK 3
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Bk 0RAFRAESABARS THRERGH R 31k 3-1 AT A%k
HELASRTEM T SABLE  EEGE | SGR 26088 55 RKGHF
JBTHM 0.0356 £ 0.1102 HR BB L L4A%K 3 245K 10 9F LEER
ERSAEE 09 AL EHHBTHN - ANHRTC AFAZRBALNYG
AT FRHOBRFOHBAWE 32 /7l -dk 32 THE HRISTEH
BEmAABRGHRY  RAKHNFREIRTEM S A B RN A RENHES
MHER -
(2) A%HERTBHHBBAR

ARTHRETY  RANRBERFEHR  AASBRALCHRINEH TR
BRABATHRAR  LENEK4] %% 1 R4HB%K 2 £E 0 Mk 41 %K 3
% 0RAARRERRBRD  FRERGH R 418K 4-1 Fi7 2%
HEREBTREHTLF BRI EAKR | B4R 2090 F > 2 A RBRNHE
BT 03997 £ 03738 AR BAR > HAHKRK 3 24K 10 ARRESR
AR GLAEE 09 REGSHBTHRME - HNBEFC AFBAIREAINE
AT BEOHRPOHBERE 42 F7l-dk 42 THEL BHEFOAEH
BLMARBEOKLYE HALRHNARRIRT B S A BN BF RTFNESH
HEX -
(E)A4HRT FBHGBIAR

ALEHRET  ROANMRTERTEHA - RARBRLCHH B FRER

BRGEAERBL EENE 51 %K 1 R%BIK 2 ME MR 5-1 H%KR 3
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2% 0RRRTERXERL TRERE U A S5-1-dk 51 fid 24
HEFEBTEHFLEALE ALK | 4% 2098 F 23 BROHF
B THM 0.0364 £ 0.1028 AR AL HBRHK 3 £4% 10 iRTLER
RRGAMAE 09 UEMHSEHEETHEMS HABRT E%‘%a‘a&%%n‘%éﬁ%
AT BEOHERFOHBAR 52 7k S2THE  BHEFCRGH
BAREMERABHAYE BAKLUNRETEHRTEHSAART 7 RFHEH
Mg K-
()% LR &+ B4 a9 Rl

HLEBRETY RPN REABERTEHAN  AAREBERELCHENREH FHEM
BROAEAERBAL EENEK 6-1 %K 1 R&%BI%K 2 E > Mk 6-1 9%35K 3
Pk 10 MAREESHZBRS  FREREU 0K 6-1- kS AT A&
HREERPEM TS EBLE  EEGHK | BHR2OME - 25 B IKeH 5
BTt 0.1352 S 0.0992 MR G AR A&R 3 2HI 10 RAES X
HALRMA 09 UL SR TR - HNHERF S EABLREALSE
AT REGHEFOHBRER 62 i -k 622THE  HEFORTH
BLMmEABENUY  c LAKUPREIRTBHSABLE £ RTFHFE
HER -
() A %HiFae T BH B HER
LWTRE T RANBLTHTEH N AARBRECHENBH FREARY

BALRBL LENE 71 %K | R%G%R 248 Wk 71 H%K 3
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245 10 M RBLEEDRERDL  TRERG VLR T-1- &K T-1 A7
AHHBLEBRETEMFLABASE  BEKT | BBIK2OME 25 SRR
By 8RB T AETE 03380 £ 0.1965 ARIHB S 0 K%K 3 24K 10 i iE
BEABRLAEE 09 REHBHHFE TN - HAHRFC > AFBEREASL
BEAT BB RTOHRBREAE 72 A - R T2THE  HRP R
GRBEMAERBHNE HAGHNBCERTEM S ABLE ' F RF®
EHRER - |
=+ NMR # 4%

NMR B 8% #2 HPLC #auz 5i LRASGARGEAE S RELTE -
Bundy % [8] R AH MMM ERSZ NMR T MY - MAEMREFZAE
SR ERMBMAF A NMR S X EENBEH 28 E [9-12] BAXLEE
A e HPLC 35 B 8 AL HPLC 2 S $ B Tz u
BHEREE - BLA b % S B M 6 Sk B T WAL SR 424 data base &) 4F DU TF HA A 14E
Bty BT SR
(—) + &4 8 NMR B %

B o A B RS 0 3B 120 &M - A DO BB 0 45 A BrukerAV400 -
$8 % % 400.133 MHz #47 2 B 3% 69 # 4 » 418 sample 2X 64 scan number (F2 4%

B yh > An 4 % 128)4#7 3t 2A Trimethylsilane propionicacid sodium 4% % 0 ppm #)
internal standard > 77 # & NMR spectra 48 3 #2 R e Bl 1% 12 A PCA 547 -

NMR 8 4o TR A& (8 3) - (8 4) ~ 28 5) - RAE 6) > RE@E ) -

24



(=) NMR B 3% %3t 82 547
A PCA W BAR > PCA A S BUSH G — oWk 8BS L5050
LR R 5 o ey BR5A - RIBILDATH R A A 51 B (score plot) -
REGTENTHREEHEE RSB %K EL - L PCAZBN &

BERETEHGE BB RME g EA o PC 7T 1L score plot ﬂi;ﬁ

TR 0 2L loading plot BE = B i ey T #1438 - ME 4 NMR #14 &1t %

LB 8k > 3T LA loading plot H 4843 5135 % 516 6h 4L S 4L 5 $ 48 o

& B # 44 score plot £ loading plot & B4 F: % & (B 8-1 ~ 82+ 9-1 ~ 9-2
9-3)~ AH4c (B 10-1~10-2~ 11-1~ 11-2~ 11-3)~ F (B 12-1~ 12-2~ 131 ~ 13-2 ~

13-3) ~ RA(E 14-1 ~ 14-2 > 15-1 ~ 15-2 ~ 15-3) ~ 32K (B 16-1 ~ 16-2 ~ 17-1 ~

17-2+17-3) -

- BRE D PCL T L& K 72.68%89 344 » 1 PCL, 2 T 8% 5 92.37%M 2dk - &
score plot of PC1,2 TTIAA R A S MM AWBH LAA MR A S KLY L
ZIMREN R AR o R4k & RIMRIER K o

2. #h&x - PCI 7T 2l & 82.72% ) $45 » @ PCL2 T 10i&k B 93.80%u) 45 - &

RAb#4e 1-3 A A fho & score plot of PC1,2 Tl & HAbAE 4 1-3 BR L 4b

MEREKR  FoldbBigimEtiti o

3. FE CPCLTRURE 54.12%uy 83 » @ PCL 3 T ok % 92.23%M#38 « &

score plotof PC1,3 TUREHF H 6 EARBBH LR X -

4. R PClTelid & 68.43%A # 4k - ™ PCL, 2 T ok 4 81.92% 89 4k »
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PC1,3 T4k % 89.83%uy#L3K o & score plot of PC1,3 T u4& & #4X-KD &2
HwBHEEK > @ ST SC-RX 4 BHER-HTELAER - HigyRR
RIARFER K -

5. % PC1 T o4& % 83.13%#9 304K » M PC1,2 T BAik & 88.43%89 $3K >
PC1,3 ST L% B 92.73%69 #t3% - o score plot of PC1,3 TTRAE HRE 9 ki
RESHRAELBHEZRK

(Z) "B P ELPHEREEBEPRIBETE ) WATHELR

KEAFEEEHRER 1L A 30 a%ﬁé‘%/&@ﬁ%ﬁmﬁ@%ﬁ ' AT R
APE > MAwmy 0 A H 260 45R % S 21 4 @ikEk 80.77% - FAE
HEFPHE NABHBAR - RMBHABRAMALM(LE 18)

2WAEY  HFTAYEEEMHPLC 10 A ERB -2 BB ABUR 11 4
2 # BAi®HPLC (R E 19)

20T A2 AEEERANMR -6 AEAB 2 ABRABUR 1] 2R

# F & NMR(R,H 20)

21 A% 0 & 10 Adx HPLC A7 45 #6048 83 2 8F % (Fuzzy clustering) F 89

Possibility C-Mean(PCM)E A #.4& » 11 ARAEBS(RE 21)

21 Ak d o A 7T AHN NMR et Ak 0 % % #4547 (Multiple variance
analysis) ¥ #) Principal component analysis(PCA)#) #t3t 7 A R AL 0 14 ANEEBW

SRR 22)

21 A% ¥ 8 A% HPLC &4 b PCM a3k 2k » # F 8 ) 35 BUE 39
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WRAZ IOAERBAAFS 2AE/AEN | AHEAA(RR 23)

21 A8 ¥ 0 16 AE43 HPLC &4 L PCM 943t Fi A B BERB T | A
BHREFRT 4 ARE EEBA(RE 24)

21 AE P 0 7 AR5 NMR &t PCA 843t Fik > i B agds sUE it
BRAS SARFRBIEAAS TASHARAEN | ASEES 4 AT E0ER
B 25) ;

2LAEP OAHMNNMR ESMBEEARESN  BANGETH 3 AL
BARTT  IAEHFEAALE 26) » X2 XFF NMR R SH4EES B E
BB

20 AEF 2 ABBEREBUNAUEHAR/TRBBARAE L SARFRE
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