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Abstract: To study the material basis of cold and hot properties of traditional Chinese medicines (TCMs) in
Lamiaceae and to establish a cold and hot properties identification model, a database of material components of
TCMs in Lamiaceae was established. A three-level classification system of material components was used to obtain
the material basis of cold and hot properties of the Lamiaceae family by using data mining methods such as
frequency analysis, association rule analysis, logistic regression, and feature selection. Several identification
models were established to recognize the cold and hot properties. The chi-square test results showed that the
material composition ratios of cold and hot properties were significantly different at the first-level, second-level,
and third-level classification (P < 0.05), and the differences varied as the levels of substance classification changed.
The average coefficients of variation were 42.30%, 79.07%, and 91.51% at the first-level, second-level, and third-
level classification levels, respectively. In other words, in terms of the percentage differences in material
composition ratio, the first-level was smaller than the second-level, and the second-level was smaller than the third-
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level. The results of the association rule analysis showed that under the third-level classification, there were many
effective association rules, and 27 core groups and 34 specific groups of chemical components were obtained based
on these rules. 15 decisive groups were obtained from the feature selection results. Multinomial logistic regression
analysis was used to successfully establish a cold and hot properties identification model with an overall accuracy
of 89%. The material basis of cold and hot properties of TCMs in Lamiaceae is different and intersect with each
other. Twenty-seven groups of chemical components, such as bicyclic diterpenes, are the core groups of cold and
hot properties, of which 15 groups are the decisive groups. The cold and hot properties are often characterized by
the interaction of multiple classes of substances, and a single class of substances often cannot be used to
characterize the properties. The organic combination of multiple classes of substances is the material basis of cold
and hot properties.
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Table 1 Three-level classification system of material components
First-level Second-level Third-level
Quinones Benzoquinones p-Benzoquinone; o-benzoquinone
Naphthoquinones 1,2-Naphthoquinones; 1,4-naphthoquinones; 2,6-naphthoquinones
Phenanthrenequinones o-Phenanthrenequinones; p-phenanthrenequinones

Anthraquinones

Phenylpropanoids Simple phenylpropanoids

Anthraquinone; bianthraquinone
Phenylpropylenes; phenylpropanols; phenylpropyl aldehydes; phenylpropionic acids; other

simple phenylpropanoids

Simple coumarins; furanocoumarins; pyranocoumarins; isocoumarins; other coumarins
Simple lignans; monoepoxylignans; lignanolides; cyclolignans; cyclolignolides;

bisepoxylignans; dibenzocyclooctenes; biphenyl-neolignans; benzoheterocyclic-neolignans;

Coumarins
Lignans
other lignans

Flavonoids Flavones Flavones; flavonols
Flavanones Flavanones; flavanonols
Isoflavones Isoflavones; isoflavanones
Chalcones Chalcones; dihydrochalcones
Flavanols Flavan-3-ols; flavan-3,4-diols
Aurones Aurones
Anthocyanidins Anthocyanidins
Bisflavones Bisflavones
Other flavanoids Other flavanoids

Terpenoids Monoterpenoids

Acyclic monoterpenes; monocyclic monoterpenes; bicyclic monoterpenes; tricyclic

monoterpenes; iridoides
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Continued
First-level Second-level Third-level
Sesquiterpenoids Acyclic sesquiterpenes; monocyclic sesquiterpenes; bicyclic sesquiterpenes; tricyclic
sesquiterpenes; tetracyclic sesquiterpenes; other sesquiterpenes
Diterpenoids Acyclic diterpenes; monocyclic diterpenes; bicyclic diterpenes; tricyclic diterpenes;
tetracyclic diterpenes
Sesterterpenoids Acyclic sesterterpenes; monocyclic sesterterpenes; bicyclic sesterterpenes; tricyclic
sesterterpenes; tetracyclic sesterterpenes
Triterpenoids Acyclic triterpenes; monocyclic triterpenes; bicyclic triterpenes; tricyclic triterpenes;
tetracyclic triterpenes; pentacyclic triterpenes
Tetraterpenoids Carotenoids
Steroids Cardiac glycosides Cardenolides; scillanolides
Steroidal saponins Spirostanols; isospirostanols; furostanols; pseudo-spirostanols
C-21 steroids C-21 steroids
Phytosterols Phytosterols
Bile acids Bile acids
Insect moulting hormones Insect moulting hormones
Other steroids Other steroids
Alkaloids Ornithine series Pyrrolidine alkaloids; tropane alkaloids; pyrrolizidine alkaloids
Lysine series Piperidine alkaloids; quinolizidine alkaloids; indolizidine alkaloids
Phenylalanine/tyrosine series Amphetamine alkaloids; isoquinoline alkaloids; benzylphenethylamine alkaloids
Tryptophan series Indole alkaloids; tryptamine-indole alkaloids; hemiterpene-indole alkaloids; monoterpene-
indole alkaloids
o-Aminobenzoic acid series  Quinoline alkaloids; acridone alkaloids
Histidine series Imidazole alkaloids
Terpene alkaloids Monoterpene alkaloids; sesquiterpene alkaloids; diterpene alkaloids; triterpene alkaloids
Nucleic acid bases Nucleic acid bases
Steroid alkaloids Pregnane alkaloids; cholestane alkaloids
Other alkaloids Other alkaloids
Tannins Hydrolyzable tannins Gallotannins; ellagitannins; hydrolyzable tannin oligomers; C-glycosidic tannins;
caffeetannins
Condensed tannins Flavan-3-ol tannins; flavan-3,4-diol tannins
Complex tannins Complex tannins
Cerebrosides Cerebrosides Cerebrosides
Saccharides & Saccharides Monosaccharides; disaccharides; oligosaccharides; polysaccharides
glycosides
Glycosides O-Glycosides; S-glycosides; N-glycosides; C-Glycosides

Fatty acids

Amino acids & proteins

Others compounds

Saturated fatty acids
Unsaturated fatty acids
Amino acids
Monoamides
Oligopeptides
Cyclopeptides
Proteins

Benzene derivatives

O-Containing compounds
Acyclic hydrocarbons
Alicyclic hydrocarbons

Heterocyclic compounds

Benzo heterocycles
Naphthalenes
Anthracenes
Phenanthrenes

Fluorenes

P-Containing compounds
S-Containing compounds
Si-Containing compounds
N-Containing compounds
Halogenated hydrocarbons

Saturated fatty acids

Unsaturated fatty acids

Amino acids

Monoamides

Oligopeptides

Cyclopeptides

Proteins

Phthalic derivatives; protocatechuic derivatives; salicylic derivatives; gallic derivatives;
phenolic derivatives; benzyl derivatives; phenylethyl derivatives; other benzene derivatives
Esters; organic acids; alcohols; aldehydes; ketones; ethers

Alkanes; alkenes; alkynes

Tricyclic hydrocarbons; cyclobutanes; cyclopentanes; cyclohexanes; cycloheptanes;
cyclooctanes; bridged compounds; spiro compounds; other polycyclic hydrocarbons
Pyrans; furans; pyrazines; propylene oxides; spiro-heterocyclics; dioxetanes; dioxolanes;
lactones; thiazoles

Benzopyrans; benzofurans; benzothiophenes; benzodioxoles; benzothiazoles
Naphthalenes

Anthracenes

Phenanthrenes

Fluorenes

P-Containing compounds

S-Containing compounds

Si-Containing compounds

N-Containing compounds

Halogenated hydrocarbons
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Figure 1 The material composition ratios for three levels of
classification. A: The first-level classification; B: The second-level
classification; C: The third-level classification. Only the top 15

items are shown in the figure
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Table 2 Effective association rules with redundant rules

Antecedent Confidence Rule

Antecedent Consequent Support/% % support/% Lift
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes Cold 22.67 71.79 16.28 1.27
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 22.09 71.05 15.70 1.26
monocyclic monoterpenes
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 18.60 71.88 13.37 1.27
bicyclic sesquiterpenes
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 18.02 70.97 12.79 1.26
bicyclic sesquiterpenes + monocyclic monoterpenes
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 18.60 71.88 13.37 1.27
bicyclic sesquiterpenes + acyclic monoterpenes
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 17.44 73.33 12.79 1.30
bicyclic sesquiterpenes + phytosterols
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 19.77 70.59 13.95 1.25
acyclic monoterpenes
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 18.60 71.88 13.37 1.27
acyclic monoterpenes + phytosterols
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 21.51 72.97 15.70 1.29
phytosterols
Phenylpropionic acids + pentacyclic triterpenes + bicyclic monoterpenes + Cold 20.93 72.22 15.12 1.28

phytosterols + monocyclic monoterpenes
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Table 3 Results of logistic regression models
. No. of Sig. Nagelkerke Percent correct/%
No. Independent variable . 5

variables  (P-value) R° value Cold Hot Neutral Total

1 Core groups + specific groups 61 0.000 0.762 88.7 72.7 74.2 82
2 Core groups 27 0.000 0.507 82.5 40.9 54.8 66.9
3 Core groups (single interaction) 165 0.595 0.984 97.9 95.5 96.8 97.1
4 Core groups (all 2-way interactions) 165 0.927 0.95 96.9 97.7 96.8 97.1
5 All groups in the third-level 142 0.006 0.997 100 97.7 100 99.4
6 Core groups + intermediate variables 75 0.000 0.872 92.8 84.1 77.4 87.8

7 Intermediate variables + specific groups 82 0.005 0.722 100 47.7 355 75
8 Core groups + intermediate variables + specific groups 109 0.000 0.924 99 88.6 87.1 94.2

Core groups

Bicyclic diterpenes [J26.74
Pentacyclic triterpenes [J22.67
Phenylpropionic acids []22.67

Cold/hot properties

PRE T IR
4 REMVEIEBES

Specific groups

2.33@ Chalcones
2.33@ Other sesquiterpenes
1.74a Cyclobutanes

PATERRZG 1L B bR, X bR %0288 b 27 A5

Flavonols [18.02 Cold i;:- g)t,l:lopeﬁﬁdesl‘ fvtiocath
.74m Other polycyclic hydrocarbons N N S N N N
16.86 =] Y H
Protosatachu :l(.ieht){des 5157 1.16m Diterpene alkaloids %"éﬁlj (%%%ﬁ%’éﬁxﬁﬁﬁ‘ﬁ, lgl 2) ﬁi%“mfli?%, TE
fotocatechuic dertvatives . L16m Indolizidine alkaloids . o . , .
s Bz B 52 PE R, I FLLAR RO K, 73 1M P
Bicyclic monoterpenes I8_72 1.16= Other simple phenylpropanoids
1162 Dib looct V= =
B—-— o b, (AT 0.8, #4515 AR AR, 4550 WAk 4.
Monocyclic monoterpenes Igi’.,g9 0.58= Oligopeptides
I P 035 0.58= Tropane alkaloids .
Bicyclic sesquiterpenes [[§ 0.58= Acridone alkaloids Table 4 Results of feature selection based on core groups
Monocyclic sesquiterpenes I§0ﬁ5 0.58= Isospirostanols
Acyelic monoterpenes [[R035 T Emplellipngns No. Variable P-value of 1-probability
Flavones [J§%77 g-gg' (T:ll;lalm:z; N 1 Bicyclic diterpenes 1.00
¥ n P 2 . J8= lolestane alkaloids .
Tricyclic Ses‘l“"e‘Pel?es IS u L.16m Cerebrosides 2 Monocyclic monoterpenes 1.00
L o 1-162 Spiro compounds 3 Bicyclic monoterpenes 0.99
Phthalic derivatives B8.72 L16a E—Comailning compounds ¥ P :
L16m i i i ivati
Phenylpropylenes B8.72 | B;r:gl:l ;; :f:squnﬂpenes 4 Phthalic derivatives 0.99
Unsaturatedel’atty acids :g:i 0.58= Ellagitannins 5 Phenylpropylenes 0.98
AVANONES; 0.58= Pyrrolizidine alkaloids .
Benzyl derivatives B8.14 058 Dyio"xemes 6 Acyclic monoterpenes 0.97
Acyclic sesquiterpenes ®8.14 0.58= Spim-heterocycl@cs 7 Aldehydes 0.96
Simple coumarins =2.33 Neutral 8:2' Flavan-3-ol tannins . . .
EESHE 3 58= Pyrazines 8 Tricyclic sesquiterpenes 0.93
g ] 0.58= Amphetamine alkaloids
O-Glycosides =233 P A 3 .
yeosid g 1:16m Monoterpene-indole alkaloids 9 Other alkaloids 0.92
Other alkaloids =233 0.58= Dihydrochalcones 10 P li : 0.91
Indole alkaloids =233 0.58= Isoflavanones entacyclic triterpenes .
. . 11 Phytosterols 0.91
Figure 2 Core groups and specific groups of cold and hot proper- 'y . .
o ) . 12 Bicyclic sesquiterpenes 0.87
ties in Lamiaceae family 13 O-Glycosides 0.87
14 Monocyclic sesquiterpenes 0.83
15 Protocatechuic derivatives 0.82

2 HAE FE, G215 2 97.1% B HUIN IE % (154 3.4),
XYL B, B A% O SR R AR A7 R A FE R M
T 3 56T T I S BRI 43 BT 1) 8 AT [0, R B LT
JIT AT A% 0 T L5 R P I 53 SRR A, AR B — )
FhE o DAL, DARZ O AR B Al A5 A% O T T i
A AR B, HEAT I8 8 [l A L, 15 315 o [ A% 6 1) JE 4
WA (1Y 6~8). 5 R W, DA% O 28+ )
A EAR A N BN, R FR Ik 87.8%, R 1A SE H
RIS RUF o IX TR0 UE B T A% 0 B e % AR I b iR 1) 98
NG, A% A TT A2 FE RV I U PR T R
H2, B—Y R PR TV e 251k, €M R— 2
S A o ) e s 1, BIY, IR 2R IS TR 4 5 3R

Table 5 Logistic regression results based on 15 variables

EREIXAN 15N &, DUIFEM M B AR, R i
NIEESLZ 0 R R E B, 0 AR B AT VP . 3L
o, TR E A R AR LR I, A R B M A A
Wald £ 56, 48L& 0L 1 4 ] Nagelkerke R* A VR 36 0 FE (1)
HERA M R B . 45 R L 5. R A AR B X0 ) 28 B
(R 3), 49 3 [ 4F i TR B BY ) 75 A2 2 35 M PR/ T
0.05, Nagelkerke R* {4 0.919, 1 14 89%, F& 1 v
[ 94.8%, M 79.5%, “F1E 83.9%. HEMI, bk 15448
A DLFR Oy “oE YEREEY, T RRJE SR T R 25 58 2
PE P PEY I -

. No. of Sig. Nagelkerke Percent correct/%
No. Independent variable K X
variables (P-value) R” value Cold Hot Neutral Total
1 Decisive groups 15 0.000 0.368 85.6 40.9 29 64
2 Decisive groups (single interaction) 127 0.261 0.919 99 72.7 80.6 89
3 Decisive groups (all 2-way interactions) 112 0.023 0.919 94.8 79.5 83.9 89
4 Decisive groups (all 3-way interactions) 127 0.261 0.919 95.9 77.3 83.9 89
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