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Abstract: Objective To establish a method for differentiating gelatinous Chinese medicines (GCMs) based on supramolecular
sensing technology. Methods An indicator displacement assay (IDA) strategy was employed where test sample solutions of GCMs
served as analytes and macrocyclic molecule-dye host-guest pairs with specific fluorescence signals were used as sensing pairs to
construct a sensor array. The fluorescence intensity changes resulting from the interaction between different GCMs and the sensing
units were detected and combined with pattern recognition methods for differentiation. Results Through screening host-guest sensing
units with selective fluorescence responses to GCMs from a supramolecular library consisting of cyclodextrins, cucurbiturils,
calixarenes, and biphen[n]arenes hosts combined with dyes, a quaternary supramolecular sensor array was constructed including
quaternary ammonium salt calix[5]arene (QAC5A)-eosin Y (EY) (0.4 pumol/L vs 0.5 pmol/L), quaternary ammonium modified
azocalix[4]arene (QAAC4A)-EY (1 pmol/L vs 1 pmol/L), dodecyl quaternary ammonium salt azo calix[4]arene (QAAC4A12C)-EY
(0.6 umol/L vs 1 pmol/L), and terphen[3]arene (WTP3)-fluorescein (Fl) (0.3 pmol/L vs 0.6 pmol/L). Principal component analysis
(PCA) demonstrated that Ejiao (Colla Corii Asini), Xin’ejiao (Colla Corii Suilli), Biejiajiao (Colla Carapacis Trionychis), Lugujiao
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distinguished within a 95% confidence interval. Conclusion This study developed a quaternary supramolecular sensor array

integrated with pattern recognition analysis which enables rapid discrimination of various GCMs.

Key words: gelatinous traditional Chinese medicine; supramolecular sensing; indicator displacement assay; sensor array;

differentiation; principal component analysis; Colla Corii Asini; Colla Corii Suilli; Colla Carapacis Trionychis; Colla Ossis Cervi;

Colla Carapacis et Plastri Testudinis; Colla Cornus Cervi
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Fig.1 Schematic diagram of sensor array
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Fig. 4 Fluorescence responses of GCMs test solutions to dyes EY (1 pmol-L!, A), Fl (0.6 pmol-L™', B), and host—guest
sensing pairs QACSA-EY (0.4 pmol-L™! vs 0.5 pmol-L™!, C), QAAC4A-EY (1 pmol-L™! vs 1 pmol-L7!, D), QAAC4A12C-EY
(0.6 pmol-L™! vs 1 pmol-L7', E), WTP3-F1 (0.3 pmol-L™! vs 0.6 pmol-L™!, F)
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N 3.90%. 3.32%. 2.78%- 1.70%, 4 MEKHETT 6
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BT RE S VEHEATAL I . ARG PAT G I, 3RAT 1A 4XTX 6 B R AR R AR B I AT B2
34, WHEEIE 2K GUHORERE F=  ERE GR2. 3D,

®2 RMREERE

Table 2 Matrix of fluorescence response

- PRI LB FH ke DR LU FIE
QAC5A'EY QAAC4A-EY QAAC4A12C-EY WTP3-Fl QAC5A-EY QAAC4A-EY QAAC4A12C-EY WTP3-Fl
Fifge  2.55 3.26 2.55 6.01 HEHRE 1.78 228 1.64 5.13
2.51 3.29 2.54 5.98 1.75 2.28 1.65 5.19
2.57 3.31 2.44 6.05 1.74 227 1.66 5.09
253 3.30 2.44 6.06 1.75 2.18 1.64 4.97
247 3.18 2.47 5.96 1.73 222 1.60 5.04
247 3.17 2.45 6.10 1.73 225 1.57 4.94
R 2.62 2.94 2.67 5.83 REEHE 274 3.60 2.57 6.18
261 2.94 2.68 5.81 2.74 3.60 2.56 6.01
2.57 2.98 2.66 5.97 2.84 3.59 2.51 6.12
2.59 2.93 2.68 5.97 2.86 3.54 2.46 5.96
2.68 2.96 2.57 5.88 2.85 3.50 2.58 6.06
2.67 3.00 2.57 5.84 2.87 3.52 2.56 5.96
REFE 1.47 1.78 1.50 3.93 BT 2.29 3.10 2.74 5.67
1.48 1.79 1.51 3.95 2.28 3.12 274 5.86
1.47 1.82 1.47 4.06 2.42 3.16 2.84 6.08
1.52 1.84 1.49 3.96 2.39 3.12 2.87 6.07
1.48 1.81 1.47 3.96 243 2.95 2.81 5.99
1.51 1.84 1.48 3.94 237 3.03 2.84 5.97
fBHR 1.57 1.87 1.43 3.93 FriEZ 0.509 8 0.652 1 0.5510 0.898 1
1.58 1.90 1.43 3.94
1.54 1.86 1.47 3.73
1.55 1.85 1.48 4.02
1.52 1.80 1.48 3.96
1.54 1.82 1.50 3.88

x3 BEMRE
Table 3 Significance test

Tukey% ELEHGL B3E PlH TukeyZ HILEHH BF  PHE Tukey % HEILEHGL B#%  PH
R Ji2vs B B I i 01726 | HEHRvsEFK £ <0.000 1 JE A I vs BT Ji & <0.0001
i fievis . £ s £ <0.0001 | FEIHRvsEFR £ <0.000 1 o F e vs B FR & <0.000 1
R Fie vis 1, F e £ <0.0001| EHRwESTRK & <0.0001 | fFRvsEER & <0.0001
R Fig vis 5 F e £ <0.0001 | R vsHR K i 0876 1 | FHRvsHIBTAL & <0.0001
RAT v i P2 £ <0.0001| JEMRvsEFR T >09999 | EFRvsEER & <0.0001
i sz vis 397 ] s 4 0876 1 | JEMKvsEE TR £ <0.000 1 B R vs BB IR & <0.0001
W vs 8 A1 £ <0.0001| EARvsEER £ <0.000 1 R IR vs BB i & <0.000 1

Rz R HE N Past 3 BAFEAT 00T, 4R WBRBXEAAEMDES, XWRET=4FEK
B 5 o e ZRAEFIR AT B ES 1A B, R AR SR BB AR AR B v, SR
ZETTHREE N 95.06%, 1E 95% B (E X [HVE R, A PR IRFES MR 5 X AN R A S 8 R
AR PP F . L R SRR EGEHRRIEARES, N d T EH S
(BB 5 bt dh SR H) SRR AOHITIE - 2RI, PB4 ol Rem R
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Fig.5 Linear discriminant analysis results (95%

confidence interval)
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Table 4 Confusion matrix of LDA model in response to

fluorescence of GCMs
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B 0 0 4 2 0 0 0
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3 g

AT TR IR T — P T o T O AR IR B
5| (QAC5A-EY. QAAC4AEY . QAAC4AI2C-EY.
WTP3-FD) IR I H 25 PR X 73 715 o AR R %S 7 Fl
LS AR SR IE R IR B 92.86%, N H
RIFHIX 7 RE T o AN TR 2 TA% R G 1t
ST IR A R A AT, BTN VR R
BRI, miRipuR . RBUE SRS, AhAR

PR 5 P S gt 7R I RN T
3.1 RRBEFIRE R M RE SIS

JBe 8 v 2 1 3 R o IR R B R K A e
Y CnZ Rk BERERE) BY, LGSR 77k i
15 RS R e oy Miridk mBE S — e R X 47
EAE AR THD I A B B AT A B S | AR 6 )
MDA 2 25 2 R BRI TR A IR 75 oK DRI, kR
— PR L N R L BRI R A 2 R )
B H e A R S ARSI Ak 32
BURT H A X AL . AN F SR Bk &
FL AT 20 AT (1) B A 4 Be W ik 3R M b 54k 5 i o K
RSSO B2 AT Ry AT A
PNAT T X Fh 7 A= R SRR 5 2% I R A &
AL BAL I Z 4EDO R, ARG T &S5
T 7 VR AE 55 ) 45 K6 FE U v 24 IS THT I ) 38 B 10 AN 2
6 i 2271,

AT FE K 52 (1) 43 A S 51 i T B e ()
A AT T8, X AL F AR T X6 3 —
SEAGEE AT RN, T A 2 T A B T S R A
2R (EENRIEE FKEE R Z R &
FERREE) 2 [a) 58 S 30T, AN [R) A I 1 e 24
Cangp e BT fie o 4 BB AR . fa RS REARIREE),
HR 5 AR T S FE R 2 e, &
PSRN 2 IR A YITE R FRE K AR
b BB AR 4300 AR T iR PR SR “RRAE
W5y FFAER LG, TR R T RE A
AR R B 23 B BE AR R SURFAIE

FEAWT T AR, LDA 40 M7 55— 5 1)
J7 ZE TR R IE 95.06%, Ui AT IE 1) 4 ML R
TCHTR IR “Ab2E4RE0” 22 0], BERA 2l 3R Ik
KA K 2 HR AL A B Bk 22 S o X A5 2 T AT
FATIE ) QACSA. QAAC4A. QAAC4A12C.
WTP3 R F A6 HA R E WS IE R RIS &
HLfT A0 AT, RERE 51X LL R 4R U 7 K A 22
ARSI EAE R (BRKIER . i) . S
S5, MNITREAE i ) B AR i O3 R AR e 4Ry 22 el
5%, @i LDA SEHRTRE . BB, WK, fE
e R R (BB AR WIS IX 70 o 1T V5
A, b, Aw kg STk, &
M SR ) SR PR A 7R LR, & T A
FRERITH S0 B oy VAl o (EEF XA R =1 ik
SRR R O3 25 St TRtk — 0 TF R e I (A S
R B1) 34 e R R R



» 5052 «

PED 2026578 B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

3.2 HFEMHMAEFREIRMERI R E 5T

IR TR 24k 2 1y R v BEAR AR, R 3 804
R ) ) R X (AR A SR R o R AR M AL S, A58
RS0 28 A R 5 T P /T BT S, D % G 1 P 5 R R 11
FIMAAFAE R PR o« AT FUR F 8 75 K S ik i) 46 A3
MV, 12T VE R R EUR S R B K
FBEAFE/Nr 2 ORI B 2 R IR0 A S
F 38 Ja i BRI, KSR B R o AR i B
FIORIRM IR S Z IR A, TR R v] §E &
FEIEAABO), 5 R 2 22 R MR IR B AR K BRI R & &
WA, RAEF=AE W2 22 I oem R, U “frss
RO (EARIRPES S ) h i 5 ES . MR (FED
SR (9D AEBEE O R = RE R, H
e SR B ) — g (FAERTHINARD AHRA
B R . KA TN A I 2 5N
KBRS SIHERR. MR, R RS
AR BTRE HIE =T, ARBEESI RS H
PR LS R BTG B o X A FEAS

ASTIE 5 AL FE 1) 7 D' A R BB A AR A T 3 Ak )
LA EAE, HxF B g B AT e 5
PEROL, X R TR T IR E ARG R, (H
AIREFEON L “PIFh S 7 BT R 5
(I 0IE] S AS 5 B 55 7E 2 BERR AT A5 5 2 R, A
BREAR T DX A 2 R v BE AT BAE S PRI BE 7T o RT LA
TR DRI SRR S1: (D ¥ AL R R ITE,
FINKTES T+ R B AE B2 R 2540 HAT B e %
PERET B RIR AR 51, DA s R i 1 o 1
IREES1: (2) Baar &y, SRR,
TRFI RN RRAL B A AR LR MO RIN A, IR
FEYZ IR s AR TR IR s (3D RIS T4
JEONT (4 WTP3-F1) % i S A 245 1 1 i 7 AL 5
LA AT ARSI S S A, R 3 B AR
Fhdy EMAB/RR) HIBHE 2 PG, R,
RRAFFTULEF LR 3 AT — A Wis
P Cand- R SRRSO, Wit R
(AR BRI ER A A, IR R X 15 O FF o 110 i) 7 R
s RAARHEIRAE R, S T
5 LC-MS/MS FFE KA IIE B EAMEARE R, BifE
JEEEH T )98, LC-MS/MS FT-HEiE, M5 4
T Hh AR e S 2 R AN S0 1 s — Rt — 2D
KEEREE, WCEEASE . ASEHER RS M N T
RSB OO RE A, B0 IR 77 ¥ B e {1 RN sl i 4

RBAR  FAVEH Y ERTAEFBA R

SE 3

[1]

[2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

RFe (b7 ) M2 %R [J]. H2i#4, 2007, 30(12):
1613-1615.

BIRIG, M. FURE S DRGSR (1], o E REYT
%, 2021, 29(23): 18-21.

TR 25 40 W OE R A 2. TP BR 255 44 1A)-2004 [M].
Jent: Bl RRAL, 2005: 171-173.

Wang DL, Ru W W, Xu Y P, ef al. Chemical constituents
and bioactivities of Colla Corii Asini [J]. Drug Discov
Ther, 2014, 8(5): 201-207.

bbb, Ewr, FEEE, & RIS BTk
RGP FE R [J]. 3T PR 2R 54k, 2015,
17(4): 71-74.

HPLE, TRErm, T, S RSP FTEIEHIAT T
J& [1]. "FEEZ, 2018, 49(13): 3166-3173.

Goodrum F, Theuri S, Mutua E, et al. The donkey skin
trade: Challenges and opportunities for policy change [J].
Glob Policy, 2022, 13(2): 304-309.

EC. BRAT ML 0 3P R AN A Rk [I]. R
KAk A& B B, 2016(9): 27-28.

B, KA, NN, 55 R Z I TR TV
WRFCHERE [J]. " E 225, 2019, 44(13): 2748-2752.
rENE, SRELEE. §TBITEGS K BRI EREE
7% )i # R LA 21 A0 Ot v R i S BT A2 (0], Ot
B R, 2025, 37(1): 123-128.

vrAR, AR, IVEREE, S CHEMESCASMGIEE S
I EAR R [J]. A HTHREE, 2005, 33(2): 221-224.

Li W L, Han H F, Zhang L, et al. Manufacturer
identification and storage time determination of “Dong’e
Ejiao” using near infrared spectroscopy and chemometrics
[J1. J Zhejiang Univ Sci B, 2016, 17(5): 382-390.

THEsE, FAKWE, AR, PR, AP R IR
FI R M i e S B [1]. (B3, 2009, 27(4): 447-
452.

HHE 288 [S]. —#5. 2025: 189.

Cheng X L, Wei F, Xiao X Y, et al. Identification of five
gelatins by ultra performance liquid chromatography/time-
of-flight mass spectrometry (UPLC/Q-TOF-MS) using
principal component analysis [J]. J Pharm Biomed Anal,
2012, 62: 191-195.

Zhang J J, Lu Y H, Zheng S N, et al. Identification of
donkey-hide gelatin and donkey-bone gelatin based on
marker peptides [J]. LWT, 2023, 182: 114881.

s, L, B, S BT RRE KB R I
PREIRP T [J]. &R, 2019, 40(16): 267-273.
W, BRI, BOT. DR SRR i R A ol
VRER [J]. Wb BE B AR, 2006, 8(4): 15-17.

Lv P, Zhao Y, Qi F, et al. Authentication of equine DNA



PED 20265£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

» 5053 »

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

from highly processed donkey-hide glue (Colla Corii
Asini) using SINE element [J]. J Food Drug Anal, 2011,
19: 123-130.

Tian J H, Zheng Z, Pan Y C, et al. Macrocycle-based
differential sensing: Design strategies and applications [J].
Responsive Mater, 2025, 3(1): €20240036.

Duan Q P, Wang F, Lu K. Recent advances in macrocyclic
arenes-based fluorescent indicator displacement assays [J].
Front Chem, 2022, 10: 973313.

Sedgwick A C, Brewster ] T, Wu T H, et al. Indicator
displacement assays (IDAs): The past, present and future
[7]. Chem Soc Rev, 2021, 50(1): 9-38.

Wu X X, Haruna S A, Lv N Z, et al. Rapid identification
of white tea based on colorimetric indicator displacement
assay (IDA) sensor array [J]. Food Control, 2025, 168:
110884.

JiaMY, PanY X, Zhou J B, et al. Identification of Chinese
teas by a colorimetric sensor array based on tea polyphenol
induced indicator displacement assay [J]. Food Chem,
2021, 335: 127566.

Tian J H, Hu XY, Hu Z Y, et al. A facile way to construct
sensor array library via supramolecular chemistry for
discriminating complex systems [J]. Nat Commun, 2022,
13:4293.

Tian J H, Lin Y L, Li J J, et al. Supramolecular
fluorescence sensing for quality evaluation of traditional
Chinese medicine [J]. Arab J Chem, 2023, 16(8): 104974.
Niu K J, Ye MY, Lyu Y, et al. Facile calixarene-based
sensor array strategy for quality evaluation of Yinxing
Mihuan oral solution [J]. RSC Adv, 2025, 15(28): 22460-
22468.

Wang D N, Li W H, Cheng W Q, et al. Guest adaptative

supramolecular sensing strategy for warning the risky

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

aflatoxins in contaminated cereals [J]. J Hazard Mater,
2024, 464: 133015.
Zhang Y P, Yu H J, Chai S W, et al. Noninvasive and
individual-centered monitoring of uric acid for precaution
of hyperuricemia via optical supramolecular sensing [J].
Adv Sci, 2022, 9(18): 2104463.
Zhang Z Z, Yue Y X, Xu L N, et al. Macrocyclic-
amphiphile-based  self-assembled nanoparticles for
ratiometric delivery of therapeutic combinations to tumors
[J]. Adv Mater, 2021, 33(12): 2007719.
Wang D N, Ye M Y, Yu H J, et al. Rapid detection of
zeranol contamination in cereals using a quaternary
ammonium-functionalized terphen [3] arene-based optical
sensor [J]. Foods, 2025, 14(5): 863.
XA, AR, 2o, . BRI SE S A T
FH S5 [9]. AR R4k BEEEAR, 2021, 56(7):
103-110.
Ewebh, BHER, T, & FRKEERS HPLC
ROt EHERF A [J]. LigREZ A&, 2008, 42(2): 66-
69.
Hassan M, Hussain D, Kanwal T, et al. Methods for
detection and quantification of gelatin from different
sources [J]. Food Chem, 2024, 438: 137970.
You L, Zha D J, Anslyn E V. Recent advances in
supramolecular analytical chemistry using optical sensing
[J]. Chem Rev, 2015, 115(15): 7840-7892.
TR FE. BRAM PR R EORRT 7T [D]. dbat:
EHFERZ R, 2014,
AIEE, FER. PTRL FE BB R B i S R
s (] WAREGELEZ, 2018, 14(6): 48-50.
B, RS e R D0 A R 7 il B BAOK SR
i AR T2 [7]. & &EE, 2013, 34(22): 101-
105.

(TRt #RALRE]



