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ABSTRACT

Objective To analyze the medication rules of traditional Chinese medicine (TCM) for malaria treatment.

Methods Statistical analysis was conducted on the basic attributes of TCM drugs with regard to property,
therapeutic methods, flavor, and meridian tropism. A complex network of TCM drug associations was
constructed. Cluster analysis was applied to obtain the core drugs for malaria treatment. The Apriori algorithm
was applied to analyze the association rules of these core drugs.

Results A total of 357 herbs were used 3,194 times in 461 prescriptions for malaria treatment. Radix
Glycyrrhizae (HE), Rhizoma Pinelliae (¥E), Radix Bupleuri (4£#f), and Radix Dichroae (% 1l]) were the
frequently used herbs through supplementing, exterior-releasing, heat-clearing, gi-rectifying, and damp-
resolving therapeutic methods. Such herbs had warm, natural, and cold herbal properties; pungent, bitter,
and sweet flavors; and spleen, lung, and stomach meridian tropisms. Cluster analysis showed 61 core drugs,
including Radix Glycyrrhizae, Rhizoma Pinelliae, Radix Bupleuri, and Radix Scutellariae (35%5). Apriori association
rule analysis yielded 12 binomial rules (herb pairs) and 6 trinomial rules (herb combinations). Radix Bupleuri
plus Radix Scutellariae was the core herbal pair for treating malaria. This pair could be combined with Rhizoma
Atractylodis Macrocephalae (F7R) for treating warm or cold malaria, combined with Pericarpium Citri Reticulatae
(BRRZ) or Radix Dichroae (#1#) for treating miasmic malaria, or combined with turtle shells (& ) for treating
malaria with splenomegaly.

Conclusions TCM can be used to classify and treat malaria in accordance with the different stages of

development. As the core herbal pair, Radix Bupleuri and Radix Scutellariae can be combined with other drugs to

treat malaria with different syndrome types.
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INTRODUCTION

Malaria remains a global public health problem
and continues to spread worldwide, posing a serious
threat to human health, particularly in African coun-
tries!”. In 2021, approximately 95% of global ma-
laria cases occurred in Africa, resulting in 602,000
deaths® !, The use of artemisinin-based combination
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therapies (ACTs), as recommend by the World Health
Organization, has significantly reduced the incidence
rate of malaria®™. However, over the past decade,
the resistance of Plasmodium falciparum to ACTs has
emerged in Southeast Asia and Africa' 7}, with a poor-
ly known mechanism®*%, which highlights the impor-
tance of searching for new antimalarial drugs.
Traditional Chinese medicine (TCM) has a long
history of treating malaria with different types of syn-
drome. Many TCM classics have described the origin,
syndromes, dialectical treatments, and empirical for-
mulas of malaria, providing rich evidence and data
sources for mining malaria treatment regimens and
drugs'!l. Based on the records of artemisinin against
malaria in the Elbow Reserve Emergency Prescription
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(«NE&2FY ), Tu Youyou (EHIH) successfully iso-
lated artemisinin from Herba Artemisiae Annuae (&
and saved millions of lives!'?. In the present study,
data mining methods such as statistical analysis, clus-
ter analysis, and association rule analysis were used to
summarize the medication patterns of malaria treat-
ment formulas, thereby promoting clinical practice,
research, and new drug development.

MATERIALS AND METHODS

Source and selection of prescriptions

The textual prescription provided by the Traditional
Chinese Medicines Integrated Database™* (http://
www.megabionet.org/tcmid/) was used as the original
data. A self-developed TCM text prescription-structured
design and implementation system (National Copy-
right Administration of the People's Republic of China;
soft copy registration number: 2020SR1166428) was
applied to decompose and structure the composition
of prescriptions. For the main types of malaria, we

”ow

searched the terms “malaria”, “warm malaria”, “cold
malaria”, “miasmic malaria”, “labor malaria”, and
“malaria with splenomegaly” in the indications of pre-
scriptions. Consequently, 483 prescriptions for malaria

treatment were obtained.

Exclusion criteria

The following records were excluded: records of incom-
plete prescription composition, records that cannot be
verified, and records of prescription composition errors.

Data pre-processing

Considering that many TCM drugs have different
names caused by the era of data source, region, and
medical schools, the data were pre-processed by us-
ing the standard names in the Chinese Pharmacopoeia
(2020 edition) and the Chinese Materia Medica.

Data analysis

Statistics of essential attributes of herbs

Essential attributes, such as the frequency of use,
property, therapeutic methods, flavor, and meridian
tropism of herbs used to treat malaria, were classified
and counted.

Complex network of herbs
The composition, property, flavor, and meridian tro-
pism of herbs were correlated using Excel, and the
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complex network of the prescriptions was constructed
and visualized using Cytoscape.

Cluster analysis

The MCODE plug-in for Cytoscape was used to cluster
the complex network of the herbs and to obtain the
core drugs for malaria treatment.

Analysis of association rules among drugs

The Apriori algorithm package in the R language was
applied to analyze the association rules, with a confi-
dence level of 0.6 and a support frequency set to 40.

RESULTS

Basic characteristics

Essential attributes of herbs

A total of 357 herbs were used 3,194 times in 461 pre-
scriptions for the treatment of malaria, among which
the frequently used herbs were Radix Glycyrrhizae (&
), Rhizoma Pinelliae (}¥&), Bupleurum chinense (4
#h), Pericarpium Citri Reticulatae (B5FZ), and orange
Cortex Magnolia officinalis (E4}) (Table 1).

The frequently used therapeutic methods of the
above mentioned 357 herbs included supplementing,
exterior releasing, heat clearing, qi rectifying, and
dampness resolving (Table 2).

The statistics of the four properties, five flavors,
and meridian tropisms of herbs are shown in Table 3.
Among the five flavors, the number of pungent, bitter,
and sweet herbs were the largest. Warm, mild, and
cold herbs had the highest frequency with regard to
the four properties, whereas spleen, lung, stomach,
and liver meridians had the highest frequency of me-
ridian tropism.

Complex network of prescriptions

The complex network of the herbs was established on
the basis of the composition of the prescriptions, proper-
ties, flavors, and meridian tropism of the drugs (Fig. 1).

Cluster analysis

After associating the five malaria syndromes and herbs
into the complex network, the MCODE plug-in of Cyto-
scape was used for cluster analysis (parameter setting:
degree cutoff: 2; node density cutoff: 0.1; node score
cutoff: 0.2; k-core: 5; and max depth: 100). The cluster-
ing results are shown in Fig. 2, which is divided into four
regions. The depth of the edge is colored to reflect the im-
portance of drug pairs, and the size of the nodes reflects
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Table 1. Statistical results of the frequency of herbal use

(top 40)

Medicine name Chinese name FISEREL

cy/times

Radix Glycyrrhizae Gan cao (HH) 200
Rhizoma Pinelliae Ban xia (&) 100
Radix Bupleuri Chai hu (4¢#8) 99
Radix Dichroae Chang shan (%LL) 99
Pericarpium Citri Reticulatae Chen pi (FREZ) 94
Cortex Magnoliae Officinalis Hou po (E#hk) 77
Poria Fu ling (8%) 69
Ginseng Ren shen (A%) 67
Fructus Tsaoko Cao guo (E%) 64
Radix Scutellariae Huang gin (%) 63
Rhizoma Atractylodis Cang zhu (BR) 57
5:;;:22 Atractylodis Macro- Bai zhu (EI) =
Cinnabaris Zhu sha (5kH#b) 56
Pericarpium Citri Reticulatae . .
Viride Qing pi () >
Semen Arecae Bing lang (#&#) 55
Cortex Cinnamomi Rou gui (%) 51
Rhizoma Anemarrhenae Zhi mu (xn#) 48
Radix Angelicae Sinensis Dang gui (13) 47
Fructus Mume Wu mei (21§) 46
Realgar Xiong huang (%) 41
Rhizoma Chuanxiong Chuan xiong (JIIE) 41
Carapax Trionycis Bie jia (£H) 37
Cablin Potchouli Huo xiang (&) 36
Radix Aucklandiae Mu xiang (AR%&) 36
Radix Et Rhizoma Rhei Da huang (X#) 30
Radix Paeoniae Alba Bai shao (B%)) 30
Moschus She xiang (B%&) 29
Rhizoma Cimicifugae Sheng ma (F+iF) 29
Dried ginger Gan jiang (F£) 28
Folium Perillae Zi su ye (£74MH) 26
Radix Aconiti Lateralis Praepa- .
rata Fu zi (FF) 26
Rhizoma Zingiberis Recens Sheng jiang (£%) 26
Fructus Aurantii Zhi ke (1R%%) 25
Rhizoma Et Radix Notopterygii  Qiang huo (&) 25
Arsenic Pi shuang (fit78) 24
Chinese date Da zao (K%E) 24
Arsenlite Pi shi (fitA) 23
Fructus Crotonis Ba dou (B=) 23
Semen Persicae Tao ren (#k12) 22
Bulbus Fritillariae Cirrhosae Bei mu (&) 20

September

2023

Table 2. Commonly used therapeutic methods of 357 herbs

Therapeutic methods Chinese term

Number

Therapeutic

of herbs methods, n(%)

Supplementing
Exterior-releasing
Heat-clearing
Qi-rectifying
Dampness-resolving
Blood-invigorating
and stasis-dissolving
Phlegm-dissolving
and cough-pant-
ing-relieving
Interior-warming
Urination-promoting
and dampness-per-
colating

Emetic
Poison-attacking,
insect-killing, and
antipruritic
Mind-calming
Purgative
Detoxifying and
muscle-activating

Digestant
Worm-expelling

Astringent
Wind-dampness-
expelling
Resuscitative
Liver-calming and
wind-extinguishing
Bleeding-stanching
Others

Total

Bu xu (#ME)
Jie biao (f#k)
Qing re (G5#)

Li gi (B2X)
Hua shi (1£i%)
Huo xue hua
yu GEIILHR)

Hua tan zhi ke
(b LE1%)

Wen li CBE)

Li shui qu shi
(FIKFEIR)

Yong tu (JAt)
Gong du sha
chong zhi yang
(BERAIEE)
An shen (£#)
Xie xia (;§ )
Ba du sheng ji
(RFJEM)
Xiao shi GH&)
Qu chong
(BxH)
Shou se (i)
Qu feng shi
(FERIT)
Kai giao (F¥%)
Ping gan xi
feng (SFFFEX)
Zhi xue (1E1)

43
26
44
15

9

29

13

12

20

17

15

13

14

10

18

13

9
21
357

572(17.91)
373(11.68)
296(9.27)
271(8.48)
258(8.08)

176(5.51)

171(5.35)
147(4.60)
125(3.91)
114(3.57)
106(3.32)
86(2.69)
83(2.60)
69(2.16)
61(1.91)
58(1.82)
57(1.78)
48(1.50)
45(1.41)

33(1.03)

14(0.44)
31(0.97)
3194(100)

the number of drugs that has been used. The specific in-
formation on the clustering region is shown in Table 4.
Based on the degree, weight, closeness centrality,
and betweenness centrality of nodes in the clustering
results, 61 herbs were selected as the core herbs for
malaria treatment (Table 5).
Different malaria syndromes are treated with

different herbs. The core herbs used for the treat-
ment of cold malaria include Fructus Mume, Rhizoma
Chuanxiong, Rhizoma Atractylodis, Cortex Magnoliae
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Table 3. Statistics of the properties, flavors, and meridian tropisms of 357 herbs in prescriptions for malaria, n (%)

. Wind-dampness-expelling medicine

‘ Mind-calming medicine

. Poison-attacking, insecticide and antipruritic drug
. Dampness-resolving medicine

Property

Channel

Warm 100 (34) Pungent 135 (30) Liver 116 (21)
Natural 62 (21) Sweet 114 (25) Lung 93 (17)
Cold 54 (19) Bitter 109 (24) Heart 75 (13)
Slightly cold 25 (9) Salty 36 (8) Kidney 67 (12)
Cool 21 (7) Sour 25 (5) Stomach 67 (12)
Slightly warm 14 (5) Light 12 (3) Spleen 63 (11)
Hot 9 (3) Slightly bitter 11 (2) Large intestine 41 (7)
Extremely hot 3 (1) Astringent 8 (2) Bladder 24 (4)
Extremely cold 2 (1) Slightly sweet 5(1) Small intestine 8 (1)
Extremely warm 1(0) Sanjiao 3 (1)
Total 277 455 (100) 557 (100)
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. Supplementing medicine . Phlegnm-dissolving and cough-panting-relieving medicine . Bleeding-stanching medicine
‘ Heat-clearing medicine ‘ Detoxifying and muscle-activating medicine . Resuscitative medicine
. Blood-invigorating and stasis-dissolving medicine . Interior-warming medicine . Astringent medicine
g . Exterior-releasing medicine . Purgative medicine . Worm-expelling medicine
? . Urination-promoting and dampness-percolating medicine ‘ Liver-calming and wind-estinguishing medicine . Emetic medicine

. Qi-rectifying medicine

Figure 1 Complex network of herbs of the prescriptions for malaria in TCM. Each node in the herb area represents a herb, and the node size represents

. Digestant medicine

Flavor

the number of drug citations. A larger node indicates more citations. The edge represents the formula’s typical citation relationship between the two

drugs. A darker color of the side represents more citations, and different colors represent different drug classes. The basic attribute area represents the

three essential attributes of herbs: property, flavor, and meridian tropism. The node size represents the number of drugs related to this attribute. A larg-

er node represents more drugs belonging to this attribute. The legend area describes the classes and essential attributes of the herbs.
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Figure 2. Results of cluster analysis for the complex network of herbs of the prescriptions for malaria in TCM

Table 4. Information of cluster analysis for the complex network of herbs of the prescriptions for malaria in TCM

Cluster Score (Density*#Nodes) Nodes Edges Seed node
1 45.000 59 1417 Ginseng (A%)
2 9.033 61 277 Resina Ferulae(i%k)
3 8.581 32 134 Carapax Trionycis(¥H)
4 8.579 39 173 Radix Clematidis (&= Al)

Officinalis, Fructus Tsaoko, Cablin Potchouli herb, Radix
Dichroae, and Radix Bupleuri. The core herbs used for
the treatment of warm malaria include Fructus Mume,
Rhizoma Chuanxiong, Rhizoma Atractylodis, Cortex
Magnoliae Officinalis, Fructus Tsaoko, Radix Dichroae,
Radix Bupleuri, Rhizoma Zingiberis Recens, and Rhizo-
ma et Radix Notopterygii. The core herbs used to treat
miasmic malaria include Radix Angelicae Sinensis,
Rhizoma Pinelliae, Radix Glycyrrhizae, Radix Bupleuri,
Pericarpium Citri Reticulatae, Radix Scutellariae, po-
ria, Rhizoma Atractylodis Macrocephalae, and Radix
Aucklandiae. The core herbs used for the treatment of
labor malaria include Radix Aucklandiae, Rhizoma Zin-
giberis Recens, Radix Angelicae Sinensis, Pericarpium
Citri Reticulatae Viride, Rhizoma et Radix Notopterygii,
Rhizoma Chuanxiong, and Rhizoma Cimicifugae. The

core herbs used for the treatment of malaria with sple-
nomegaly include Flos Caryophylli, Rhizoma Curcumae,
medicated leaven, cinnabaris, Carapax Trionycis, and
Cortex Moutan. The same herbs can also be used to
treat malaria with different syndrome types. The use
of core herbs for treating different malaria syndrome
types is shown in Fig. 3 (Venn diagram), and the list
of herbs is shown in Table 6.

Association rules
The Apriori algorithm was used to analyze the asso-
ciation rules of 61 core herbs, setting the “support”
frequency of 40 and a confidence level of 0.6 to obtain
core drug combinations, and the distribution of the
rules is shown in Fig. 4.

In maintaining high confidence and support, a
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Table 5. Core herbs (n=61) for the prescriptions for ma-

laria in TCM

ID Herb name

ID Herb name

1 Radix Glycyrrhizae (H%)

2 Cinnabaris (5REb)

3 Rhinoceros Unicornis L
()

4 Pericarpium Citri Reticulat-

ae (M%)

Rhizoma Pinelliae ($E)

Radix Aucklandiae (/R%&)

Radix Bupleuri (4#8)

Radix Et Rhizoma Rhei

(KH)

9 Cortex Cinnamomi (%)

0 N o un

10 Radix Scutellariae (&%)

11 Radix Dichroae (%1l)

12 Cortex Magnoliae
Officinalis (JE#h)

13 Radix Angelicae Sinensis
(H13)

14 Ginseng (A%)

15 Rhizoma Atractylodis
(BAR)

16 Poria (%)

17 Moschus (B¥&)

18 Carapax Trionycis (Em)

19 Pericarpium Citri
Reticulatae Viride (5X)

20 Rhizoma Atractylodis
Macrocephalae (ER)

21 Rhizoma Et Radix
Notopterygii (37&)

22 Rhizoma Chuanxiong
%)

23 Realgar (#%)

24 Semen Arecae (#&1#5)

25 Rhizoma Cimicifugae (%)

26 Frankincense (3L.&)

27 Rhizoma Anemarrhenae
()

28 Radix Paeoniae Alba (B%)

29 Dried ginger (F%)

30 Fructus Aurantii (117%)

31 Fructus Tsaoko (E£)

32 Radix Angelicae Dahuricae
(RI)

33 Fructus Mume (51§)

34 Cablin Potchouli (&)

35 Radix Aconiti Lateralis
Praeparata ([f{¥)

36 Flos Caryophylli (T%)

37 Rhizoma Cyperi (&)

38 Radix Puerariae (B1R)

39 Talcun

40 Rhizoma Zingiberis
Recens (#£%)

41 Semen Persicae (H{=)

42 Radix Ophiopogonis (%)

43 Radix Astragali ((=RE)

44 Folium Perillae (%75H)

45 Radix Saposhnikoviae
(G)
46 Medicated Leaven ()

47 Rhizoma Coptidis (i)
48 Herba Ephedrae (Fk#)
49 Rhizoma Curcumae (FR)
50 Chinese date (A®&)

51 Cortex Moutan (f+5)

52 Bitter Apricot seed (Z¥1=)

53 Fermented soya beans
()

54 Cassia Twig (F)

55 Gypsum Fibrosum (578)

56 Akebia Stem (/K#)

57 Common Burreed
Rhizome (=#%)

58 Herba Artemisiae Annuae
(B#®)

59 Linderae Radix (2%5)

60 Maire Sophora (2%2)

61 Bomeolum Syntheticum

(KF)

CM
LM
MWP L
s )
MM MM
110 cM
311
0
1 5 37 0
-
0 0 0 0
0 0
0 0
0,0
12 0
\ J
MWP

Size of each list

48

24

0
CM LM MWP WM MM

Number of elements: specific (1) or shared by 2, 3, ... lists
I N I
4 3 2(4) 1
Figure 3. Venn chart of core herbs of the prescriptions for treating

different malaria syndromes in TCM
CM: cold malaria; LM: labor malaria; MWP: malaria with spleno-

megaly; WM: warm malaria; MM: miasmic malaria

confidence level of 0.7 and a support level of 0.075
were selected to filter the conditions, which yielded 18
rules, including 12 binomial rules (Table 7) and six
tripartite rules (Table 8).

DISCUSSION

In our present analysis, herbs with the highest
frequency included Radix Rhizoma Glycyrrhizae, Rhizo-
ma Pinelliae, Radix Bupleuri, Radix Dichroae, Pericarpi-
um citri reticulatae, Cortex Magnoliae Officinalis, poria,
ginseng, Fructus tsaoko, and Radix Scutellariae. If ma-
laria is in Shaoyang, with the malaria gas stored half
in the surface and half in the interior (i.e., inside the
skin and outside the stomach), then the wind-heat-dis-
persing medicines(such as Radix Bupleuri) and heat-
clearing-and-dampness-drying medicines(such as
Radix scutellariae) , together with Semen Arecae,
Magnolia Officinalis, and Fructus Tsaoko are used to
reconcile Shaoyang. Warm malaria is hot inside and
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Table 6. Core herbs used for treating different malaria syndromes

Intersection

Count

Items

Labour malaria, cold malaria, mi-
asmic malaria, and warm malaria

Cold malaria and miasmic malaria
Cold malaria, miasmic malaria,
and warm malaria

Labour malaria, cold malaria, and
miasmic malaria

Miasmic malaria and warm malaria
Miasmic malaria

Malaria with splenomegaly

37

3

6]

Fructus Mume (518), Rhizoma Chuanxiong (JIl&), Rhizoma Atractylodis (), Cortex
Magnoliae Officinalis (IE#4}), Fructus Tsaoko (B£), Radix Dichroae (%1l), Radix Bu-
pleuri (4#8), Rhizoma et Radix Notopterygii (3i&), Rhizoma Zingiberis Recens (£%),
Herba Ephedrae (#k#), Rhizoma Cimicifugae (F+i#k), Cassia Twig (#4), Radix Scutel-
lariae (%), Herba Artemisiae Annuae (F%), Cortex Cinnamomi (8%E), dried ginger
(F%), Radix Aconiti Lateralis Praeparata (Mt¥), Rhizoma Pinelliae (&), Radix Platy-
codonis (#1&), Bulbus Fritillariae Cirrhosae (1), Radix Et Rhizoma Rhei (X#), Radix
Aucklandiae (7K%&), Pericarpium Citri Reticulatae Viride (&FR), Radix Angelicae Sinensis
(%13), ginseng (A%), Radix Glycyrrhizae (H%), Rhizoma Atractylodis Macrocephalae
(BAR), Radix Paeoniae Alba (A%5), Chinese date (X&), Radix Astragali (¥#%), Radix
Ophiopogonis (£%), Radix Rehmanniae Preparata (#i1#), poria (#k%), Radix Genti-
anae Macrophyllae (%), and Semen Arecae (1&#5)

Cablin Potchouli ( %7 ), Fructus Amomi (14~ ), and Rhizoma Cyperi ( %t )

Radix Puerariae (B1&), Radix Angelicae Dahuricae (H1t), Folium Perillae (¥7xH), Ra-
dix Saposhnikoviae (B5R), and Rhizoma Coptidis (¥%)

Radix Peucedani (Ri#H)

Herba Asari ({B3)

Herba Menthae (3%7)

Flos Caryophylli (T%), Rhizoma Curcumae (3AX), Fructus Foeniculi (/\N&%&), Medicat-
ed Leaven (##), Exocarpium Citri Rubrum ({&4L), Radix Angelicae Pubescentis (%),
Fructus Aurantii Immaturus (1R52), Cinnabaris (5%b), Carapax Trionycis (¥/), Cortex
Moutan (f+5), Fructus Crataegi (LL#&), and Concha Ostreae (4t4f)

as Cmnamomi Modulus, leaf of Henson bamboo, and
Gypsum fibrosum. Cold malaria is due to the combina-
tion of yang deficiency and malarial pathogen!*, and
it is treated by reconciling the exterior and the interior

i surfaces and warming the yang®! using drugs such as

- ’ 60
40
. 20

confidence

0.10 0.15

support
Figure 4. Scatter plot for 7,414 association rules of core herb dis-
tribution.
The rules are densely distributed in the support range of 0 to 0.05,
with low support but high confidence, and these rules are used

less frequently.

cold outside, and it is stagnated in Shaoyang. It is typ-
ically treated by heat-clearing and detoxicating medi-
cines as well as wind-heat-dispersing medicines such

Bupleurum, Cmnamomi Modulus, Radix Glycyrrhizae,
dried ginger, Radix Scutellariae, Radix Trichosanthis,
and Concha Ostreae. Miasmatic malaria is often caused
by the sensation of the toxic gas of mountain mist and
damp heat stagnation!*® ', and dampness-resolving
and qi-rectifying medicines (such as Fructus Tsaoko,
Radix Angelicae Dahuricae, Folium Perillae, Rhizoma
Chuanxiong, and Pericarpium Citri Reticulatae Viride)
are used to reduce dampness and regulate the spleen
and stomach. Labor malaria results in a deficiency
of Qi and blood caused by prolonged malaria. In ad-
dressing the rule of law for the deficiency of benefit,
supplementing medicines (such as Astmgali Radix,
Radix Glycyrrhizae, the twig and leaf of antifebrile di-
chroa, ginseng, Fructus mume, and Radix angelicae
sinensis) are used to make up for the deficiency of qi
and blood™® **!, Blood-activating medicines, such as
Carapax triptychs, Algae, Knoxia root, Rhizoma Cur-
cumae, and common burreed rhizome, are used to
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Table 7. Binomial rules in association rules of core herbs for treating malaria
1D From To Support Confidence Lift Count
1 Radix Scutellariae (£%) Radix Bupleuri ( 451 ) 0.11 0.81 3.77 51
2  Cortex Magnoliae Officinalis (E4h) Radix Glycyrrhizae (HH) 0.15 0.86 1.98 67
3  Poria Radix Glycyrrhizae (HE) 0.13 0.86 1.97 59
4 Rhizoma Chuanxiong (JIIZ) Radix Glycyrrhizae (HE) 0.08 0.85 1.97 35
5 Rhizoma Atractylodis Macrocephalae (BR)  Radix Glycyrrhizae (HE) 0.1 0.81 1.86 46
6  Pericarpium Citri Reticulatae (F&F) Radix Glycyrrhizae (HE) 0.16 0.8 1.84 75
7  Radix Scutellariae (£%) Radix Glycyrrhizae (HE) 0.11 0.79 1.83 50
8  Radix Bupleuri (%) Radix Glycyrrhizae (H) 0.17 0.78 1.79 77
9 Rhizoma Atractylodis (BR) Radix Glycyrrhizae (HE) 0.1 0.77 1.78 44
10 Ginseng (A%) Radix Glycyrrhizae (HE) 0.11 0.73 1.69 49
11 Fructus Tsaoko (E28) Radix Glycyrrhizae (H%) 0.1 0.72 1.66 46
12 Rhizoma Pinelliae (¥£) Radix Glycyrrhizae (H¥) 0.15 0.71 1.64 71
Table 8. Tripartite rules in association rules of core herbs for treating malaria
ID From To sup- Confie i count
port dence
1 Radix Glycyrrhizae (H®), Radix Scutellariae (%%) Radix Bupleuri (4£#8) 0.09 0.84 3.91 42
2 Cortex Magnoliae Officinalis (B4, Pericarpium Citri Reticulatae (F%5F2) Radix Glycyrrhizae (%) 0.09 0.89 2.05 40
3 Cortex Magnoliae Officinalis (E#l), Rhizoma Pinelliae (¥E) Radix Glycyrrhizae (H®) 0.09 0.88 2.02 42
4 Pericarpium Citri Reticulataee ([%E), Rhizoma Pinelliae (¥£) Radix Glycyrrhizae (H&) 0.09 0.87 2.00 40
5 Radix Bupleuri (¥#), Radix Scutellariae (%) Radix Glycyrrhizae (H¥) 0.09 0.82 1.90 42
6 Radix Bupleuri (4t8), Rhizoma Pinelliae (&) Radix Glycyrrhizae (H¥) 0.08 0.76 1.75 38

attack and supplement the rule of law simultaneously.
Given its incurability, malaria with splenomegaly is pri-
marily due to abdominal clumping™®. Thus, attacking
and increasing the rule of law is necessary, which is
composed of invigorating blood circulation, eliminating
stasis, and dissolving phlegm and panting cough using
herbs such as Carapax Trionycis, Knoxia, Rhizoma
Curcumae, and common burreed rhizome™!!. Consid-
ering that Radix dichroae, Radix bupleuri, and Fructus
tsaoko can prevent malaria, they are used frequently
in all kinds of malaria treatment!" 2%,

The statistics on the efficacy of herbs for malaria
treatment show that drugs are primarily used as sup-
plementing, exterior-releasing, heat-clearing, gi-rec-
tifying, and dampness-resolving medicines. Qi-sup-
plementing herbs include Radix Glycyrrhizae, ginseng,
Rhizoma Atractylodis Macrocephalae, Astmgali Radix,
Jujube, etc. Blood-supplementing medicines include
Radix Paeoniae Alba and Radix Angelicae. Exterior-re-
leasing medicines include Radix Bupleuri, Rhizoma
Cimicifugae, Rhizoma Zingiberis Recens, Rhizoma et
Radix Notopterygii, etc. Heat-clearing medicines include
Radix scutellariae and Rhizoma anemarrhenae. Qi-rec-

tifying medicines include dried tangerine peel and Peri-
carpium Citri Reticulatae Viride. Dampness-resolving
medicines include Cortex Magnoliae Officinalis, Fructus
Tsaoko, and Rhizoma Atractylodis.

The statistical results of the four properties, five
flavors, and meridian tropism of the herbs used to
treat malaria show that the four properties are primar-
ily warm, mild, and cold; the four flavors are primar-
ily pungent, bitter, and sweet, and meridian tropism
primarily occurs in the spleen, lung, and stomach.
The relationship between medicine flavors and merid-
ian tropism is described as follows: pungent acts on
the lung; bitter acts on the heart; sweet acts on the
spleen, and all flavors act on the stomach. Among the
medicines used to treat malaria, Rhizoma pinelliae,
dried tangerine peel, Cortex Magnoliae Officinalis,
Semen Arecae, Pericarpium Citri Reticulatae Viride,
Rhizoma Atractylodis Macrocephalae, Fructus Tsaoko,
Rhizoma Atractylodis, Rhizoma chuanxiong, Radix An-
gelicae Sinensis, and realgar have a warm property.
These medicines are mainly bitter and pungent, and
they act on the spleen, lungs, and heart channels.
Semen persicae, Radix Platycodonis, Rhizoma Cyperi,
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common burreed rhizome, black bean, Fructus Hordei
Germinatus, myrrh, Radix Gentianae Macrophyllae,
and other herbs are mainly sweet, and they act on the
spleen and stomach channels. Radix Bupleuri, Radix
Dichroae, Radix Scutellariae, Rhizoma Anemarrhenae,
Kaempfer Dutchmanspipe, Carapax Trionycis, Rhizoma
Cimicifugae, Radix et Rhizoma Rhei, Bulbus Fritillariae
Cirrhosae, Herba Artemisiae Annuae, and other cold
herbs taste bitter and pungent, and they act on the
liver, lung, stomach, and heart channels.

The cluster analysis show that 61 core herbs
can be used for malaria treatment. In addition, 37
herbs can be used for the treatment of cold malaria,
warm malaria, miasmic malaria, and labor malaria,
including Fructus Mume, Rhizoma Chuanxiong, Rhi-
zoma Atractylodis, Cortex Magnoliae Officinalis, and
Fructus Tsaoko. Twelve herbs can be used to treat
malaria with splenomegaly, including Flos Caryophylli,
Rhizoma curcumae, Fructus foeniculi, medicated leaven,
and Exocarpium Citri Rubrum. A turtle shell is primarily
used for treating malaria with splenomegaly, and Her-
ba Menthae is used for treating miasmic malaria.

Association rule analysis showed 12 binomial rules
and six tripartite rules for malaria treatment. Bupleu-
rum and Scutellaria are the core herb pair, combined
with other herbs or herb pairs to treat different malaria
syndromes. Therefore, Bupleurum and Scutellaria are
the core herb pair for treating malaria. The core herb
pair is compatible with Radix Glycyrrhizae is the core
combination for treating cold malaria, warm malaria,
miasmic malaria, and malaria with splenomegaly. The
core herb pair is compatible with dried ginger and cin-
namon twigs specializes in cold malaria. The core herb
pair is compatible with Pinellia specializes in warm ma-
laria. The core herb pair is compatible with Pinellia and
Rhizome Atractylodes specializes in miasmic malaria.
The core herb pair is compatible with turtle shells spe-
cializes in malaria with splenomegaly. The core herb
pair is compatible with Rhizoma Chuanxiong specializes
in labor malaria. Furthermore, The core herb pair is
compatible with Rhizome Atractylodes, Magnolia Offic-
inalis, Radix Glycyrrhizae, and Pinellia is used to treat
cold malaria, warm malaria, and miasmic malaria.

The treatment of malaria with medicines contain-
ing Bupleurum and Scutellaria has been extensively
recorded and discussed in ancient Chinese medical
texts, such as Zhang Zhongjing (3k{f5)’s “Treatise on
Typhoid Fever” ( «f5%&it» ) and Wu Qian’s (£3) “Re-
cord of Deleted and Supplementary Famous Formulas”
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( <Mx&EEFHLY ) in the Qing Dynasty. In addition,
Zhou Liping has studied the combination of Bupleurum
and Scutellaria as well as the characteristics of the for-
mula. Her research shows that Bupleurum and Scute-
llaria formulae are widely used to treat malaria™.
Furthermore, the medical case of Wang Mengying (£&
%), a famous doctor in the Qing Dynasty, showed that
Xiao Chai Hu Tang, which contains the herb pair of Bu-
pleurum and Scutellaria, was effective in treating and
preventing cold malaria in a short period!®®.

After searching the main components and targets
of Bupleurum and Scutellaria in the TCSMP database
and malaria targets in OMIM data, 18 common targets
of Bupleurum, Scutellaria, and malaria disease are
identified, namely, ADA, ADRB2, ATP2B4, CCL2, CD36,
EPO, G6PD, GNAS, ICAM1, IDO1, IFNG, IL10, IL4,
LCT, LILRB1, NOS2, TIRAP, and TNF. These common
targets in the STRING database are used to construct
the PPI network, which can be initially identified as
the critical targets of CCL2, EPO, ICAM1, IDO1, IFNG,
IL10, IL4, NOS2, and TNF. In addition, Radix Bupleuri
saponins, the main component of Radix Bupleuri, can
increase IL-10 and NO levels and decrease TNF-a lev-
els and TGF-B protein expression levels in the serum
of animal models of liver fibrosis, and IL-10 and TNF-a
are critical targets for malarial®’!. Furthermore, re-
search has shown that IL-10 has a protective effect on
severe malaria®®. TNF-a plays a vital role in the patho-
genesis of cerebral malaria, which suggests that the
local accumulation and activation of macrophages may
lead to the predominance of lesions in the central ner-
vous system™®!, By evaluating the cytokine profiles of
patients with different clinical outcomes of P. interna,
one study showed that IL-4, IL-10, CCL2, and TGF-B
might be developed as biomarkers for severe P. vivax
malaria®”. This evidence suggests that Radix Bupleuri
and Scutellaria pairs contain potential targets for treat-
ing malaria, and their critical components, mechanisms
of action, and indications must be further investigated.

This research has preliminarily revealed the rule
of prescription for malaria treatment by using the
complex network of drug association, fundamental at-
tribute statistical analysis, cluster analysis, and asso-
ciation rule analysis, which can provide a reference for
the research, clinical practice, and new drug develop-
ment of malaria treatment.
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