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Abstract: Objective Based on the distribution characteristics of supramolecular “imprinting template”, the fingerprint component

clusters of Houttuynia cordata Injection (HCI, fJE% {3 575]) were divided, and the suspicious components forming supramolecular
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structure in HCI were discussed by spectral thermal study. Methods The fingerprints of 11 batches of HCI were established by GC-
MS method. The “imprinting template” component clusters were divided by matching frequency method and segment total statistical
moment method, and a new fingerprint was constructed. The heat release of mutual titration of volatile oil components in 11 batches
of HCI was determined by isothermal microcalorimetry. According to the principle of superposition of the exothermic effect of
supramolecular “imprinted template”, the linear regression of the total peak area and the self-exothermic heat of HCI was carried out.
The spectral thermal equation was established and the contribution rate of component clusters was analyzed. The key component
The GC-MS fingerprints of 11 batches of H.
cordata volatile oil could be divided into 26 “imprinting template” component clusters, and 10 variables with high correlation were
retained after linear regression of total peak area and heat: V2, V10, V15, V17, V19, V20, V21, V22, V23, V26. The regression
coefficients of the 1—12 “imprinting templates” clusters were —1.12 x 1074, 5.93 x 1076, 7.58 x 1075, 9.32 x 1074, —1.14 x 1073, 4.97 x
104,526 x 1073, —=1.16 x 1074, =5.66 x 1073, —2.08 x 1075, respectively. A total of 17 suspicious components forming supramolecular

structure was screened according to the key component cluster information. Results

structure were screened, which were camphene, f-myrcene, 4-methyl-3-(1-methylethylidene)-cyclohexene, 3-(4-methyl-3-pentenyl)-
furan, etc. Conclusion Based on the theory of supramolecular “imprinting template”, the matching frequency method was used to
classify the volatile oil of HCI. The contribution and ranking of each component cluster to the exothermic value were obtained by linear
regression, and the key components forming the supramolecular structure were obtained, which provided a direction for the subsequent
research on the sensitization of HCI (class).

Key words: isothermal titration calorimetry; Houttuynia cordata Thunb.; imprinting templates; spectral thermography; component

clusters; supramolecular structure; camphene; -myrcene; 4-methyl-3-(1-methylethylidene)-cyclohexene; 3-(4-methyl-3-pentenyl)-
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Fig. 1 Schematic diagram of principle of isothermal titration calorimetry
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Table 1 Retention time and peak area of new fingerprint of 11 batches of volatile oil of H. cordata after “imprinting template

R N MBEEIRLH “ENERIR” B IER 7 R e S B RO AR B R B R E AR

2

component cluster division

g5 fr/min

UE T AR
S1 S2 S3 S4 S5 S6 87 S8 S9 S10 S11

—_

4.266 1.51 X106 1.15X 106 1.18 X 106 1.32X 106 1.24X 10° 1.37X 106 1.50X 10° 1.15X 106 1.97X 10% 4.91 X 105 1.23 X 10°

2 4.683 2.72X105 1.92X 105 1.91X 105 2.26 X105 2.17X 105 2.38 X 10° 2.43X10° 1.94X 10° 3.67X 10° 1.31 X 10% 1.96 X 10°
34956 1.21X10° 1.03X10° 9.49X10% 9.50X 10% 1.04X 10° 4.05X 10° 1.20X 10¢ 8.79X 10° 8.01 X 10° 7.13 X 10* 8.86 X 10°
4 5.099 2.66X10°1.94X 106 2.03X 106 2.51X 106 2.20X 106 2.41 X 10% 2.81X 10 2.21 X 10° 3.60 X 10° 7.96 X 10° 2.15X 10¢
5 5220 1.15X10° 7.46X10° 7.76 X 10° 1.02X10° 8.67 X105 1.23 X 10° 1.18 X 10° 9.13X 10° 1.76 X 10¢ 5.71 X 10° 8.11 X 10°
6 5.5989.26X10* 7.21X10* 7.08 X 10* 9.58 X 10* 9.18 X 10* 4.74X 10* 1.27X 10° 7.34X 10* 2.02X 10* 2.39X 10* 6.95 X 10*
7 5.879 1.08X 106 7.24X10° 7.72X10° 1.16 X 10 9.01 X105 1.12X 10° 1.23 X 10° 9.57X 10° 1.51X 10 2.28 X 10° 8.60 X 10°
8  6.194 1.91X10* 1.11 X 10* 1.18 X 10* 1.05X 10* 1.77X 10* 2.61 X 10* 2.88 X 10* 1.22X 10* 2.03 X 10* 1.45X 10° 7.89 X 103
9 6.5722.05X10° 1.28X10° 1.46 X 10° 1.69X10° 1.71X10% 1.10X 105 2.51 X 10° 1.35X 10° 5.56 X 10* 1.94X 10* 1.58 X 103
10 7.3451.24X10° 5.26 X 10* 1.10X 10° 9.44X10* 7.67X10% 1.17X 105 1.23X10° 7.80 X 10* 1.03 X 10° 1.72X 10° 9.25X 10*
11 8.499 7.54X10% 3.39X 10% 2.63 X 10* 7.48 X 10* 4.22X10* 4.28 X 10* 1.07 X 10° 2.87X 10* 7.85X 10* 1.08 X 10 5.58 X 104
12 9.279 2.62X10* 7.28 X103 1.12X10* 1.32X10* 2.28 X 10* 1.84X 10* 4.41 X 10* 1.76 X 10* 3.22 X 10* 2.46 X 10* 2.27 X 10*
13 9.481 1.28X10° 8.06 X 10* 1.02X 10° 5.98X10% 1.13X 10 6.03 X 10* 1.49X10° 6.02 X 10* 5.14 X 10* 4.71 X 10* 1.14X 103
14 9.607 2.66 X 10* 9.92X 10° 2.04 X 10* 2.10X 10* 2.45X10% 3.72X 10* 3.60X 10* 1.50 X 10* 5.10X 10* 2.73 X 10* 1.81X 10*
15 9.791 6.08 X 10° 3.33 X 10° 429X 10° 597X 10° 5.27 X 10° 4.69 X 10° 8.35X 10° 4.04 X 10 3.57X 105 1.92X 105 5.67X 10°
16 10.019 1.11 X103 7.46X10* 9.69X 10* 1.32X 105 1.16X10° 2.12X 10° 2.25X 10° 8.50 X 10* 1.33X 103 2.25X10° 1.10X 10°
17 10.578 6.75X 10* 4.60X 10* 5.21 X 10* 6.99X 10* 7.66 X 10* 3.72 X 10% 1.03 X 10° 4.59 X 10* 4.24 X 10* 8.20X 10* 5.14X 10*
18 11.490 6.64X10° 3.67X10° 4.10X 10 6.62X 103 5.19X10° 7.93 X 10° 6.14 X 10° 5.56 X 10° 1.07X 10° 6.05X 103 4.61 X 10°
19 11.936 5.23X 106 3.45X 106 3.48 X 106 4.58 X 10¢ 4.05X 10° 4.32X 106 6.21 X 10° 4.01 X 10¢ 4.70X 10 3.77X 10 3.96 X 10°
20 12317 6.12X10* 1.56 X 10* 1.90X 10* 8.58 X 10* 4.53 X 10* 7.44 X 10* 6.80 X 10* 9.12X 10* 1.24X 10° 7.81 X 10* 5.60X 104
21 13.023 1.15X10° 5.84X10* 9.75X 10* 1.05X 10° 5.74 X 10* 1.06 X 10° 1.13 X 10° 1.48X 105 1.94X 105 1.11X10% 1.17X 10°
22 13.8352.07X10° 2.31X10° 2.67X10° 4.96X10° 3.44X10° 5.46 X 10° 3.82 X 10° 3.58 X 10° 4.18 X 103 4.26 X 103 3.62X 10°
23 14420 8.79X10° 5.68X 10° 7.04X10% 2.76 X105 7.81 X105 3.42X 10° 1.34X 10° 5.84 X 10° 3.60X 10° 9.25X10° 9.03 X 10°
24 17.239 696X 10° 5.24X10° 3.61 X 10° 7.71 X 10° 429X 10° 9.16 X 10° 6.80 X 10° 5.64 X 10° 1.08 X 10° 3.67X 10° 4.36 X 10°
25 24.108 3.92X10° 4.04X 10° 473X 10° 8.02X 105 4.28 X105 7.33 X 10° 6.50 X 10° 5.61 X 10° 6.87X 10° 1.07X 10° 5.88 X 10°
26 32.707 6.98X10° 1.02X 106 5.18 X 10° 1.30X 10° 7.26 X 10° 1.05X 10° 8.58 X 10° 1.12X 106 8.14X 105 1.28 X 10 1.49X 10°
F2 NHRBEEIHRELREBHRAETNE
Table 2 Heat change value of volatile oil in 11 batches of HCI
o ik MR IR AR Fm ik ik PR WA REARMN
fE/W /) B/ fH/pJ fH/ud fH/wd
1 YXC01 YXC02 -114.36 —34.99 —=79.37 7  YXC07 YXC08 —15521 —40.45 -114.76
2 YXC02 YXCO03 —445.46 —69.43  —376.03 8 YXCO08 YXC09 -189.56 —4887 —140.69
3 YXC03 YXC04 —278.65 =57.75  —220.90 9 YXC09 YXCI0 —240.78 —6634 —174.44
4 YXC04 YXCO05 -56.38  —112.56 56.18 10 YXCI0 YXCIl —254.18 -3.61 25057
5 YXC05 YXC06 —118.60 -37.33 —81.27 11 YXCIl YXC01 —491.19 -7586  —41533
6 YXC06 YXC07 55483 —127.97 —426.86

JBCREIZHT IR/ SRR E(E, DRDRUERS T8O K DRI EALIZHD, 7 A4 A AR R e R
AR S R AtE i AR DA e [y < It D B SEA RO TE 12 RUUE GEARMIMA R R T
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4 BREECESTIEL RN 0.17% T80 HIRAERZ
Fig. 4 Exothermic value curve of volatile oil dripping into
0.17% T80 of HCI

24 uL ), T80 ik (FAMksr¥) MG e 4
WHER M (BRI FREETHEBIMALRE, #
ROSARIZ TR/, CET BRI A, R A
fESE, PAERGETFEONMREA. B3] T80 CIF
FRGIf 8 73— VR P R [ BV Ik B35 v BT i RO . 24
R R PR B sk 20 pl I, 24K R IR S
IR EERBIARE, 0B By G ) (R4 R ol Rl 7 4
T80 M4 J5 o U o T4 (A, #E R o373
RO, BRI, WP IAL . X FRE > T A5
SEAN T S R R PR AR X 431 o A
ROEE, BE5R T RN S S A e .
R AT R HERT, T8O 5 R B R I BT TR R
Vst AR R Pl ES € G e I S
34 ERERFENEL

SR AR A 4 R IGIE T R R R S
JS5 T SRR o AR T e, RN R AT T
7 T80 5 I FLFE Rk 4y TR RIVTE G, REAE N
IR SE FARUE “ RN A B AR T, B
R A FAL R R BGE F
FRr A 07 R BE N, BRI AE L,
BEAEFAN MRS, 1B IR T Bk 4y 1 4
PR SRBRA2F FA3 » AR 11 NV 1 £ 2 B B )
A R PV SR e IR RV G R b % B A LA
PEAERREIARE, s 2 e BRI R A
T

BT P 24 o e BB AL L I I K
il S R 2R (R R, ST A5 LA 7 i R 2R 5 e A
TEBNZS ZREVERO, SRTT TR 2584 2 s 2 00 “ BN TR
B ” A VAN PR RE I 1 A I R, AT T
“ B TR R A3 A R A T VS T AR AR AT B3 A BT
PEVE 3 MR (8] FR S Bk — AR B0 (R AR B W
B, BIEHRBGEK, XA & A R E AR
B ARTINE], BBRAS BRI o R K

PR ERORBUR NSRBI, T 1R A R b itk
ZERJRAE W “ERASERR 7 oy A 2 RA3 (A
FEEE . Rl R B o i s W TR R R AL SR
PRI R R A 25 3@ MR /INBY, B RS R I 1
RN, B EE RECS g (B AUCT)
(AR T IR %« ENEARAR ™ B 53 0T H2 J HEE
TR REN R L, ATERAE H R oy IR BN 2/
KN TR R IEAAARER « ENEARAR ” B o3 1%
T R 7 TR F o« BB B A A
77w, AIRAEH AR DT, R & 1AR
#HE 72 ] DLRAE B R B BE AR R BR

BB B R Excel 4, HEdE TN SPSS
26.0 #At, 3G AN IENA T FR A B R A O,
Rt R R PO RIS 10 4, 3R 110 4
AR ERE, DIBGAEIE AR R, 26 /> “EPE
R B RS AR SEE N B AR, T4
15, @ EVASHTATHERR 16 ANAHCE N AR &
V1. V3. V4. V5. V6. V7. V8. V9. V11, VI2.
V13, V14, V16. V18, V24. V25, {#% 10 ™
FAER AR V2. V10, V15, VI7. V19, V20.
V21, V22, V23, V26, ka7 o8 55 K i
B TR . Q= 24199 — 1.12X 10 A, +
5.93X107° Ajp+7.58 X105 Ais+9.32X107* Ajy—
1.14X 1075 A1g+4.97X 10 Ayp~+5.26X1075 Ay —
1.16 X 1074 Ap — 5.66X1075 Ay — 2.08X10°°
Azs, R=0.958, P<<0.001.

X AT FE AR 10 AN “BIEEBLAR 7 s A ]
HARE R R A S AR IRARR =] 5 R BT O
ST HER, AR WA 3. Rk, “ENR AR
FRATIE 17 BB IR B B AR e oK, “ EZRSEAi 7
FRAT IR 10 R0 g5 /N s < ENIRREAR 7 i 17 7R fa e
PR R 2 B R FR ) B ASEAR ” A K
CERIREAR " o5 10 MR RN R A R R R
W Z R &g, “EIERR 7 194 22, 23, 2.
26 A BEAR D IR B R A R I RO AR, T
CENIERERR " RN EE 17, 154 204 21, 10 AT RERAE
T B B R TSR B B AN ) < ELVEEARAR ” o 7

I KR RS B S GC-MS R i AR,
i 39 HH U Y A 7R P B ALURE 2 T S MR R A, 3K
17 Fipcy, HARRS HiMEEnR 4 Pos.

I3 T IERAMEFE L (molecular connectivity, MCI)
ALK P T EAR Aok % B AR
MORIRE . AR 755) B2, A RESLIUE X IRES
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&3 10 “ENEARIR” ORISR EERK. ERERINEE

Table 3 Contribution rate, regression coefficient, action amount and standard deviation of 10 “imprinting template”

component clusters

D% 35 1EFH /% DTHRE /% BRTTIRE/% EPEE¥ 44 5] U R b i 22 1B Ehr i
17 57.090 17.095 17.090 9.316X 107 6.06 X107 3.715
19 ~49.440 14.803 31.900 ~1.139X10°5 2.14X10°6 9.310
22 ~42.510 12.730 44.630 ~1.158X 107 9.29%10°6 3.409
23 ~39.370 11.789 56.420 ~5.656X 1075 3.60X 107 2.503
15 36.650 10.973 67.390 7.581X107 7.55%10°6 3.648
20 32.470 9.723 77.110 4.972X10* 6.62X 107 4321

2 ~25.230 7.553 84.670 ~1.124X 107 1.99% 1075 4.464
26 ~20.550 6.152 90.820 —2.077X10°3 2.57X10° 2.544
21 5.852 1.752 92.570 5.264% 107 416X 107 4.623
10 0.616 0.184 92.750 5.929X 107 2.72X10° 2.820
B (% %0) 24.200 7.246 100.000 24.200 6.753 6.753

x4 17 MBS TR TR Y R E S FERMEER

Table 4 Seventeen suspicious components, structures and MCI for supramolecular structures

G PR AR S Ny
1 camphene =y 6.983 4314 4.454
2 B-myrcene B- A K 6.983 3.601 2.683
3 4-methyl-3-(1-methylethylidene)-cyclohexene 4-FR-3-(1-F B 2, ) -3 Ol 7.146  4.055 3.336
4 3-(4-methyl-3-pentenyl)-furan 3-(4-F L3-8 0 2 )- R MR 7.593 4.194 3.148
5 3,7-dimethyl-1,6-octadien-3-ol 3,7- "W HE-2,6-7F -3 7.723 3971 3.381
6  4-methyl-1-(1-methylethyl)-3-cyclohexen-1-ol 4-FRIE-1-(1-FA3E 23838 -3- IR - 1-|F 7723 4.425  4.013
7  l-cyclohexyl-2-propen-1-ol 1-3F OV 5E-2- TR -1 -1 6.422 4.150 3.124
8  (LR-cis)-1-(1,2,2,3-tetramethylcyclopentyl)-ethanone  1R-1-(1.2.2.3-4 FF ZL 35 [ 55 ) 2. F 8.900 4.832 5.050
9  cis-bicyclo[4.3.0]-3-nonen-8-one IR AN IR [4.3.01-3- T J-8 - 6.046 4.027 3.410

10  2-undecanone 2+ 8.565 5.265 3.573
11 tricyclo[5.2.1.0(1,5)]decane-8,9-diol ZIR[5.2.1.0(1,5)1 2 45¢-8,9- I 7239 5101 4.958
12 4-(1-methylethyl)-benzenemethanol 4-(1-F R 23 K H i 7.041 3.935 3.054
13 a,0,4-trimethyl-3-cyclohexene-1-methanol acetate o,0,4- = H -3 A G- 1-H B 2R ES 9.593 5268 4.719
14 trans-2-pinanol S A -2- AR 7723 4.668 5.202
15 (E)-3,7-dimethyl-2,6-octadien-1-ol acetate I L TR g 9.593 4.944 3.673
16  n-decanoic acid 2R 8.012 4.988 3.265
17  tetrahydro-4-hydroxy-6-pentyl-2 H-pyran-2-one 2 H-PHE g -2 DU S -4- 55 2k -6- TR ik 8.161 5.096 3.701

Iy HIERA PR FS Qb rs AKEEL TK S R
TAREERE  VERRIESE) I AR RO B435) CpRie
WEVES BEEREE . UETETE. FEESE) BUIMR.
MCI IR AE—E R BT DL WAL & ) 45 K 474
—ERAE AR A E RER 2T HSEE, K
AHSREIMRE R, X5ERED TEHKE
Wl Bk HRHIFR A&, 45X 17 MK
DRI LERIRE , K2 S AR A A B

JE 5 BREE R T A RIEHT 10T, TN VR 2 OB
RN AL AR, W T8O P AR BN 45
B BRI U A AE T R A R S, I 4l
T HZ 17 RRRE AR R A i AT AR A
RE 80T Z I8 455 M G 7 1 451 . (A
MCI BAAAE—E AL, W TIERNERTH T 24
B4 TEAFER R IF R T LR, R BERIE D 70—
YIS G S, ARERAL D T IR R AN
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LTS5 H S B LA S 2 B S I 45 S T iR 2 1
R
4 e

G TR VPN T 2 S R i e Ak, &
VR 2 10 B SRS B R I O 25 T R R 2 A
FUF o T G5 MR AE AR AR, AN BRI A 24
HHOMUR 1 22 B BUBUR AL o HR 233 5 7R R4k 2
YIRS R RSN A, AR AT R Ay
FRRAE BEMARTIEZER, H 1 W F 2
W R 25 5 R R AR I U SR R — R 4 R
165 X LB i 2437 S 7)o A0S R R A A B TE ML
o B R R T BBV TS0 DA A AR
P A 5 BRI R R S A R S A P AR I
T BEEE AR T e A 5| AR U B AR A iR A
H G SO 58 BT T 2R B
WS T R/INy FRIRR R i B4 il e 43 3 [ 7
R A AT 1 DL 52

T IS/ BT AE S (AU . #
5177 nem HERRGE) IRBN T, B R IEETE AR R
RS> T, RIS SR A0 A . Wi, AR SRS
PEERA AT X 5)B36381, A S a A Bh A 6 B
PR T RS 2P EOREE, UESE T T4
FAITITE e 25 D AE S P OV A R TR e Py et
FEOON, gbabh, A ST FU3R B h 25 1 2 P R
G T RBORL AT LB R 24 S M OVl AR B 1) IR R
PLRAR/IN Gy 7R B0 22 S S MU 41 (¥ 45 FA gt
SN A FRE PR . XSG SRR T LR A -
FEOY TGN =B AR F SR,

R, AT 7 “EBR” Hit,
N R R S 5 (R ) T S5 A RFAE R 7T R, AR
RS> T« EIASAR ” AF R Som e 53, G
SRR E R GC-MS A, BIERCATA
Jiid, BRI T« EREAR 7 R o)
0 34 HH 0 R R R 7R R A RT RE T R T 45 R I
ATBERLSY, I A B G R ) T e RO
Y BE, BTEMGE TR FH 2 THI K [ W £ B 3 5 5
MOECRBE RSy, A i b 241 S AR A 1) 22 4
P I Sy v 24 5 70 0 R o DA R T 2R R (S
2 ASHIEFE N 11 Fk £ R R B SR 3l 0 e 49 T
10 N REER 5, MHPYDRB IR S 17 Nl ETE
B o T A5 R AT BE R SY, K 2 0 B B AN T A
U R T RIS R R TR, XA
TR RIR G T SRl . (H ARSI R I T 1 R

B A Ry AT (R TR AHEI o T R R
PR R AT B 1550 5 S e 15 22 7 R AR SL )
G T BURPE, LA RS 5 18053 T R ) 73 45
FrEA () B 2 il Rk — P i 2 P A B AL
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