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Abstract: Objective To establish the characteristic chromatograms analysis method of Typhae Pollen from two origins (Typha

angustifolia and Typha orientalis), which combined with entropy-weighted TOPSIS method for the quality evaluation, and clearly
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identify the markers of the quality difference between the two origins by chemical pattern recognition. Methods HPLC method was used
to establish the characteristic chromatograms of different origins of 24 batches of Puhuang (Typhae Pollen). The “similarity evaluation
system for traditional Chinese medicine chromatographic fingerprints” software (2012 version) was used to determine the common peaks
of the two origins and the cross common peaks between its two origins, whose peaks were accurately identified by chemical reference
substances. Based on the peak area, the entropy-weight TOPSIS method was used to calculate the relative proximity degree to obtain the
comprehensive quality ranking of the two origins and the weights of each characteristic peak. Meanwhile, principal component analysis
(PCA) and partial least square discriminate analysis (PLS-DA) were employed to screen and confirm the the quality difference markers of
the two origins. Results A total of 13 and 16 characteristic peaks were recognized from the characteristic chromatogram of 7. angustifolia
and T. orientalis, respectively. Among them, peaks 8, 9 and 12 were unique to 7. orientalis, and the relative peak heights between peak 7,
11 and 13 could visually distinguish the two origins. Comparative analysis of the characteristic chromatogram revealed that it was more
reasonable to choose peak 13 (narcissin) for the index of content determination in 7. orientalis. Entropy-weighted TOPSIS analysis showed
that the characteristic peaks could be stably transferred between the sample batches in each origin, and the C; of all the samples of 7.
orientalis were higher than that of T angustifolia, which implied that the quality of the two origins varied. The four principal components
were extracted by PCA, and the cumulative variance contribution could reach 89.008%. The nine quality difference markers, such as
kaempferol-3-O-rutinoside, were screened by PLS-DA, among which seven quality difference markers, including kaempferol-3-O-
rutinoside, isoquercitrin, and isorhamnetin-3-O-glucoside, and so on, were proposed for the first time. Conclusion The established
analytical method could differentiate the two origins of Typhae Pollen and specifically identify the differential components between them,
providing a basis for the differential identification of different origins and quality control of Tiphae Pollen.

Key words: Typha angustifolia L.; Typha orientalis Presl; characteristic chromatogram; entropy-weighted TOPSIS method; chemical
pattern recognition; quality evaluation; protocatechuic acid; p-hydroxybenzoic acid; vanillic acid; quercetin-3-O-(2G-a-L-rhamnosyl)-
rutinoside; quercetin-3-O-neohesperidoside; kaempferol-3-O-(2G-a-L-rhamnosyl)-rutinoside; typhaneoside; rutin; isoquercetin;
kaempferol-3-O-neohesperidoside; isorhamnetin-3-O-neohesperidoside; kaempferol-3-O-rutinoside; narcissin; isorhamnetin-3-O-

glucoside; naringenin; isorhamnetin
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analysis, PCA) . s & /N —- 31205 73 M7 (partial least
square discriminate analysis, PLS-DA) 5% # i1
NEHEIR 2 FhJE S B 1) 22 A oy, DA A
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Thermo Ultimate 3000 ¥ AH i (DAD Kl 2% )
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K CEEBAGERMX AR AR A R]D; XSR105/A +
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3-0-FiHE A ('S5 RDD-Y07502106011). 111 Z5)-
3-0-ZEFFEE (HitS RDD-S0650240019). 7KAlEF
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Table 1 Sample source information

%45 [l %5 i) %45 [l
SZ-01 IWFREEEN Sz-09" LA I SZ-17 TEHEEREHIREX
Sz-02" JTRAE]T MR X SZ-10 = EA TEXURANEEIR B B SZ-18 WZHEHHIAKX
SZ-03 WZT HIEX EE /R IRGX SZ-11"  wRA =M DF-1" T HRAT IR X
SZ-04" WP HKIRT Sz-12 ks DF-2" J RAET MHTHEERX
SZ-05" [ B4 AR T SzZ-13  THEEEHEKX DF-3" | R M
SZ-06" T E [ E B X AW L RS & Sz-14 it DF-4" [ ZR&) M
SZ-07 LHAE Sz-15  #HA DF-5" S/ SiBAT R B X
Sz-08" LK Sz-16  THEFEEIRX DF-6" SRR FX

SZ-/KJE; DF-ARITE; - EH R
SZ-T. angustifolia; DF-T. orientalis; *-Samples collected by self.

2 FAEEHR
2.1 BEXH

Kinetex EVO Cjs (250 mm X 4.6 mm, 5um) f&
WA O (B) -0.1%F /K (A) Fiahtd, BhEEs:
it (0~10min, 6%~15%B; 10~25min, 15% B;
25~40 min, 15%~35% B; 40~50 min, 35%~48%
B); A E 1.0mL/min; FE 30 C; HEFER 10
uL; Al K 254 nm.
22 iEEREHIE
221 WREERIIHS o BIBUR ) LAER . xR
FORHR . HEIR . M R-3-0-(2G-a-L- R A I)-
ZEPEL L MY 2R -3-0-8T 8 . 1L 2 -3-0-(2G-
o-L-FRZHESL)-ZE AR . BT 2T L
. IEm-3-0-FBEH . FRER3-0-HB K
. 2 my-3-0-ZFEF . KAFH . RREER-3-0-
WA ME R, RREZNEMEE, BEK
S, ET 2 mL AR ET, I EEA AR
BEEZIE, BeHR Eid 16 AN BRI E 55N
0.8000. 0.7600. 0.7100. 0.6400. 0.6200. 0.5700-
0.5500. 0.5400. 0.5700. 0.5900. 0.5500. 0.6650-
0.7900. 0.6050. 0.3195. 0.306 0 mg/mL %} 5
it W

Iy G SRR LR . SRR R . Ml
FXF IR AE SV 1.0 mL, K% R RZERNE

MBI 0.8 mL, Ay 12 SR S S o kG
FEE0.5mL, BT 10mL AFGOEmT, g
PR ZIRE, BoH RS R LASR R =ik N 80.00
pg/mL. XK IR i 2 LA 76.00 pg/mL. 7
TR R B N 35.50 pg/mL. #i i & -3-0-(2G-a-L-
BR S WH I )- 25 A B IR FE N 32.00 ng/mL. #i
F-3-0-F i e IR A 31.00 pg/mL. 1l Z3/)-
3-0-2G-o-L- R ZEWEIE)- = HHEH R EIR N 28.50
ng/mL. AT H R EIKE N 27.50 pg/mL. T
HIREEN 27.00 pg/mL. 4 5 IR N 28.50
ug/mL . 1L 25 -3-0- %7 16 B 1 i =K 2N 29.50
ng/mL. 522K -3-0-H 8 L H R EN 27.50
pg/mL. LM -3-0-ZF W & KE N 33.25
pg/mL. ZKALE SR EE N 39.50 png/mL. 5 iR 45
K-3-O-HEFEH R IR N 30.25 ng/mL. il &R
FiERE AN 3195 yg/mL. FREXFEIKREN
24.48 pug/mL PR AT HE IS

222 HHAMEREIE BUEER R 0.5 g, K%
R, BHRIEHEEMA, A 70%HE S0mL, %
FEREL], FRERE, PR 1h, BUANE, Bk
TERGE 0.22 pum TALIERE, BRI,

23 FEFER

231 FEEERE R (DF-5) FEiEiE “2.2.27
TR 5 2 R A, R 2.1 TR A g%
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10, 11, 13~16; W& 8. 9. 12 N IT & THIMIEA 1%,
AT T X4 2 AR o ik o) b A R A U 5 56 FE Ay
PR AR [E] . SRAMEIE L, 16 MNRFIEIE W HERT G
N, LK 2.
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1) 2 ANEr il EFa bR, 7RI T REAE B A 7
PIWEE RN 242, 272, WETHEITEM (4.01,
1.60), T 7KAWH 7£ 2R 777 7 vl e ik P il b )~ 2506 1y
812, mE T /KA (5.90). HAbh, KA
FRAEEE g 7. 11 50§ 13 Py m i tuE 20 51
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B
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123 4seqol i LIS s
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1 il i Jobicax

Lt 1 ! TS |1 1.';,;'

48 e i W Lk ~S1
0 10 20 30 40 50

1-JE LM 2-RH IR R 3-F Rl 4-Mi 2 3:-3-0-2G-0-L-
RS HEAE)-25 B AT 5-Hi K 3R-3-O- 0TI K3 : 6- 1L 253-3-0-(2G-
o-L-FREEFERL)-ZEH/WEF; 7-F a8 T 9-SMbEr; 10-
HIZR-3-0- i B s 11-5 2ER-3-0- BB B H s 12-10 28 1-3-
O-EFMEE ; 13-7KAIH s 14-5 A R-3-0- M EWEH; 15-HhE %R
l6-FRER.

1-protocatechuic acid; 2-p-hydroxybenzoic acid; 3-vanillic acid; 4-
quercetin-3-0-(2G-a-L-rhamnosyl)-rutinoside; 5-quercetin-3-O-
neohesperidoside; 6-kaempferol-3-O-(2G-a-L-rhamnosyl)-rutinoside;
10-kaempferol-3-O-
11-isorhamnetin-3-O-neohesperidoside; 12-

7-typhaneoside; ~ 8-rutin;  9-isoquercetin;

neohesperidoside;

kaempferol-3-O-rutinoside; ~ 13-narcissin;  14-isorhamnetin-3-O-

glucoside; 15-naringenin; 16-isorhamnetin.

1 KMEHE (A) MRAEH (B) B HPLC $HEEE
Fig.1 HPLC characteristic chromatograms of 7.

angustifolia (A) and T. orientalis (B)

(& EAEEZE bk, 16 7. 11 506 13 fA R s m]
PLELWLIX 73 2 i Ji R 7 3

18 HEAKHF T FIRFAE B R 13 AN S WA X
B} 18] RSD A 0.13%~0.67%, XTI FL RSD
7 12.5%~98.0%; 6 LRI A IRHE RIS 16
AN WG R B ) 1) RSD N 0.04%~0.46%, #
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13
7S
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0 0 20 30 40 50
t/min
L-JRUASTR s 2-W R K R 3-F R 4-Hit i 3-3-0-(2G-0-L-

BRAEWI L )- 25 A W s 5-M B 3R -3-0- 9T B8 K2 5 6-1L1 453 -3-0-(2G-
o-L- B WERL)- AW T- R 8- T 9-RM R 10-
Ll R -3-0-HH8 Bt 11- AR -3-0-88 B 12-1L1 8 )-3-
O-ZFWEH; 13-KA0H; 14-F RAR-3-0- M wHEH ; 15-fh B3R
16-7REH.

1-protocatechuic acid; 2-p-hydroxybenzoic acid; 3-vanillic acid; 4-
quercetin-3-0-(2G-a-L-rhamnosyl)-rutinoside; 5-quercetin-3-0-
neohesperidoside; 6-kaempferol-3-0O-(2G-a-L-rhamnosyl)-rutinoside;
10-kaempferol-3-O-

11-isorhamnetin-3-O-neohesperidoside; 12-

7-typhaneoside; ~ 8-rutin;  9-isoquercetin;

neohesperidoside;

kaempferol-3-O-rutinoside; ~ 13-narcissin;  14-isorhamnetin-3-O-

glucoside; 15-naringenin; 16-isorhamnetin.

2 KHEHE (A FHEHE B) MEAXER®R (O
HPLC [
Fig.2 HPLC chromatograms of T. angustifolia (A), T.

orientalis (B) and mixed reference substances (C)
SHETR RSD A 17.2%~79.0%; &M SFFAFIE LR
B I TRDX . R, IR TR A e i AR AL S P
FasE, (HIEHAA R, EREZERER. Bl
DURFAIE WA (R U T AR R 45 & 5L TOPSIS %7K
WhEH S AT BT BRI, JER ARy
e 0 BT 2 PR SR 2 AR Y.

2.5 J@Et TOPSIS JE53 47
251 BOETFERE  WH m DFEG, B

n MR PP fEAR, R R
WHRE Xy (i=1,2-+, m; j=1,2+, n; ABFFRF
m=24, n=16). 16 MFEGEINIEFTEES, EA
[FIFEIR A BN AGE —, WOk g AR (BRI IE
AL 0 THED, MR A (1D (2) #ATRIFk &
RGP R AL BN, 13RI AE B S ARERE (Y. FEARYE
AR (3 (D, ) IHHEERREEM (E). BUE
(Wp, ZERNEK 2.
*2 HANEERENE

Table 2 Information entropy and weights of Typhae Pollen

g Ej Wi g = Ej Wj
8 0.580 0.150 7 0.912 0.031
12 0.610 0.139 5 0.913 0.030
9 0.621 0.135 6 0.921 0.028
13 0.658 0.122 10 0.927 0.026
14 0.794 0.079 15 0.937 0.023
1 0.875 0.044 4 0.945 0.019
16 0.885 0.041 2 0.950 0.018
11 0.907 0.033 3 0.953 0.017
. [Xij—min(XJ)] D
’ [maX(Xj)—min(Xi)]
¥ =|min(X., )| +0.01 &)
P =— Y ‘” 3
' Zi"‘:lY ‘ii
E. :—izm PInP 4
J In m i=1 0 i
wo_ t°E (5
] n
ijl(l_ EJ)

E; IRIRIRFR VB HORE L, Ej RO, FRARI Bk
FERERR/N, w2, 2 2 SR 16 MBI W)
FAMEICRIE 8 > 12~k 9> 13>1F 14> 1K 1~
I 16> 11~ 7T~15 5> 6~ 10~ 1§ 15>14
4~V 2~14 3, RT3 AMFRFIE (I 8. 12, 9) &R
T E IR I, U 13 WX S 2 PR R T
BERIRZ—

2.5.2 TOPSIS LA ML FEE K “2.5.17 4
FE (Y H—teab® (AKX 6), BEFERE (Up,

%A Ur=max (Uy) B U7 =min (Uyp) TiErsHE
FEFE Uy IEFARME (U MAAEAEM (U, A
X (D, @) HEFHMXNERYS U U MEIKEE S
(Di*~ D7), A3 CG=Di/ (D#+D7) HHEIEN
XSS AR A MEFREE (CH, SR IE 3.
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*x3 HEED' DiMG
Table 3 Di*, Di and C;of Typhae Pollen
FE i Di* Di- Ci Hr FE i Di* Di- Ci HEF
DF-3 0.185 0.469 0.718 1 SZ-06 0.483 0.127 0.208 13
DF-2 0.220 0.414 0.653 2 SZ-13 0.480 0.120 0.200 14
DF-1 0.228 0.359 0.611 3 SZ-08 0.486 0.117 0.194 15
DF-4 0.264 0.297 0.529 4 SZ-14 0.482 0.113 0.190 16
DF-5 0.377 0.187 0.331 5 SZ-03 0.487 0.112 0.186 17
DF-6 0.395 0.155 0.281 6 SZ-18 0.490 0.110 0.184 18
SZ-12 0.466 0.168 0.265 7 SZ-15 0.479 0.106 0.181 19
SZ-16 0.476 0.144 0.232 8 SZ-05 0.496 0.099 0.166 20
SZ-07 0.471 0.138 0.227 9 SZ-09 0.490 0.093 0.159 21
SZ-01 0.487 0.139 0.222 10 SZ-04 0.492 0.088 0.152 22
SZ-02 0.491 0.134 0.215 11 SZ-10 0.495 0.079 0.138 23
SzZ-17 0.473 0.125 0.210 12 Sz-11 0.503 0.054 0.097 24
Y SRAEEI IR A E N1 i £7 T AR BRCER (1) AR T A 1l
U. = ' N Ve N
v o BRI X
jo [OYSITTRIITON
: 2.6 WERNXIRANTH
¥4 16 MEFAER T LS
o - JZLW,- -0} 7 2.6.1 PCA #1641 *ﬁ@ A IRETHIA A\ SPSS 26.0
A, KMO F1 Bartlett BROEZFERIRINIZE H[0.531 (>
- . Ny B s y: Ihk NN \E—FP
o =S WU, U] ® 0.5+ 0.000 (<<0.001) T BHRFEIE L )77 AER .25 AH

Ci K, BRI VPA RS, HE 4R EE AT,
gE RN T B IO HE R SRR, G T 0.28~
0.72, HIE T /KM (0.09~0.27), 1B HE AN
BRI R EA TR, eSS E. 1e8

KM, IEHT PCASI, DURHIE(E>1 AbsifE, PCA #2
BRI 4 AN E R BT ZETTER RN 89.008%, 1T LA
S WL SRR B G 5 2., SOIGET 4 ANEFER L
DRI (B R, BT 225 T e, 19310
G R EATERE (R 4.

%4 ERSOETHAEE

Table 4 Load matrix of principal component factors

FRAE g FAC1 FAC2 FAC3 FAC4 FRMEVE FAC1 FAC2 FAC3 FAC4
1 -0.394 0.042 0.491 0.608 9 0.852 -0.351 -0.315 -0.002
2 -0.457 0.194 0.827 0.054 10 -0.393 0.832 0.044 -0.031
3 0.052 -0.035 0.872 -0.055 11 -0.412 0.860 0.239 -0.047
4 0.281 0.892 -0.281 -0.132 12 0.872 -0.336 -0.338 -0.015
5 -0.334 0.914 0.065 -0.092 13 0.911 -0.276 -0.252 -0.041
6 0.501 -0.032 -0.584 0.135 14 0.841 -0.340 -0.173 0.087
7 -0.413 0.875 0.194 -0.083 15 0.905 -0.017 0.133 -0.019
8 0.904 -0.28 -0.248 -0.066 16 0.137 -0.238 -0.200 0.866
PAR FAR i > 0.5 SR, 32 sy 1 adE 7 4 PP - AL PN

FRAEWE (% 130 154 84 124 9. 14 6), FTZETTHR  2.6.2 PLS-DA N MK IAI 25, KuEHr

R 55.082%; LRI 2 BLFE S AMRHIENE (1§ 5. 4.
7 11, 10), JFZETIHRE 18.204%; F s> 3 L1
U 3.2, FFZETTHRE 9.258%; TS 4 AI%IE 16.

1, JZETIRE 6.463%. DL RS vT B A 52 7K
HH RAEHAMBREMNEERZE, BEHS 1

2 FREEJEIH S TR 2 b, B IEmEALE . SIMCA
13 B, 34T PLS-DA R0 HT. 24 HEFE & B B2
22 (K 3-A. B), PLS-DA 7 R2%=0.782, R%y=
0.971, 0*=0.892, ¥>0.5, UiHIBALE RIF, I
BA R rTiee 77 . BALIGE CE 3 58 n=200)
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Fig. 3 PLS-DA score plot (A), 3D plot (B), permutation test plot (C) and VIP value plot (D)

R ER RUEGHEL Y AR 0201<03, &
B AT 3 1) PLS-DA #4E BLAT 5 02 L& B2k Y il
B H-0.449<0, VLIARBBIAFIES EMEIS, T
Mge 55 (E3-0).

PLVIP>1 NEIE, ikt 9 NEEREZ Fbr
EW (K 3-D), 43590 12 QLZERY-3-0- =5,
VIP=1261 92). W 9 (it #, VIP=1.243 59).
U 13 (KA, VIP=1.181 61). & 6[ 1L Z:M3-3-0-(2G-
o-L-FRAHERD)- 25T, VIP=1.169 46]. W% 8 (F
T, VIP=1.16535). & 11 (FREER-3-0-H1B 1T,
VIP=1.11174). V& 14 (3 RAFK-3-0-HE M, VIP
=1.10422), Vg7 (Fyil#, VIP=1.089 12) g
2 CHERERHRR, VIP=1.066 69).

3 g
3.1 BITRMAMMRK

AW AEE T ARRNAEER (FEE-0.1%

HIRAK . CHE-0.1%FBRAKSE), A EH I3 K
(210~400 nm), A [F % [Kinetex EVO Cis
(250 mm X 4.0 mm, 5 um). Agilent Eclipsel XDB

C13(250 mm X 4.6 mm, 5 pm) |55 X €0 15 06 % &

R Ay B BRI, R ARIE W “2.17 TR

il 2%

3.2 REREMHRMIK

e 7RO GHEFS | B FREUE T (70%
HEE. FEE. S0%MHEE). $REUAE (1. 2. 3 h).
WEFIARFR (154 25, 504 75+ 100 mL ) 321 [a] (0.
6+ 12, 18, 24 h) . AR “HFAE IS I A/ ARAE 2
BUE BRI, feZftik it “2.2.27 T F A%
£ T
33 FAEENERVESI R

B R TR, B TR B 2
3P /INGR « PLAE LTV 5 T IR Ge D “ b 1l ”
—FyUO), AR T ST R RRAE R AT S B 2 3 2
RO L, XTI 20 B R @R
ﬁ@ T EL AT R, 7 S CRRERTED M1 S

(R R-3-0-88 ) 1EKME T I~
ﬁwﬁﬁﬁﬁﬁ**M75%,%aﬁ% LAk,
LzAmAE<¢I%ﬁ»mm$mﬁﬁﬁTzA
FRENE PR, WA, X 2 MR TE 18 #it
TR e g PR B 38 v T RUE Y 0.5% PR FE AL, T AE
6 AR TT Al R BT 0.5%. i — X5y
FrRII, 13 Sl GKALE D #2877 25 3l -1 15y
AR KA T 1) 20.3 £, AKALE AR 9 2R J7 23l 1)
EENETRFRE AR, AU T R R
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A AU R PN TE TR AT TPV S R R &, LA
o EAM R 2R REENEENSEER.
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SIHT Y HPLC 5%, F¢ BTS2 REAE B
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I AS 7 226 T 9 3 11 32 AN 2 1 00 1) 5 B AT A 22
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