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Network Analysis of Herbs that are Frequently Prescribed for Osteoporosis with a

Focus on Oasis Platform Research
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Dept. of Korean Internal Medicine, College of Korean Medicine, Semyung University

ABSTRACT

Objectives: This study analyzed, through network analysis and data mining analysis., the relationship between herbs used
in osteoporosis prescriptions, diversified the analysis of osteoporosis-related prescriptions, and analyzed the combination of herbs

used in osteoporosis-related prescriptions.

Methods: The prescriptions used in osteoporosis treatment and experiments were established by conducting a full survey of
the papers published by the OASIS site. A database for osteoporosis-related prescriptions was established, herbs were extracted,
and the frequency of frequent herbs and prescriptions were investigated using Excel (MS offices ver. 2013). Using the freeware
R version 4.0.3 (2020-10-10), igraph, and arules package, network analysis was performed in the first second of prescription composition.

Results: Among the osteoporosis-related prescriptions, the most studied prescriptions are as follows.:

Yukmiihwang-tang

(\WRHE5) and Samul-tang (1941%). In the osteoporosis prescription network. herbs with connection centrality, proximity
centrality, mediation centrality, and eigenvector centrality appeared in the order of Rehmanniae Radix Preparata, Angelicae
Gigantis Radix, Poria Sclerotium, Paeoniae Radix, and Glycyrrhizae Radix et Rhizoma. After extracting the herbal combination
network. including the corresponding herbs. and clustering it, it can be divided into drugs of the Yukmijihwang-tang (7N

%) series and the Samul-tang (WU¥%).

Conclusions: This study could assist researchers in diversifyingy formula analysis in future studies. Moreover, the herbal
combination used in osteoporosis prescriptions could be used to search for osteoporosis prescriptions in other databases or to

create a new prescription.

Key words: osteoporosis, herb medicine, network analysis, prescription herbal network
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Screening «
Studies published between 2000 and 2021 that were searched for with the search term

“osteoporosis” in OASIS ¢

15t Enrollment Study n=148.

Matched exclusion criteria »

2 Enrollment Study n=80+

Experimental, clinical, and case studies on the effects of prescription <

Prescription +
(n=39)¢

Herbal combination «
(n=977)

Perform network analysis analysis in the first second of prescription configuration «

Fig 1. The study screening flow chart.
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Table 1. Prescription and Herb in Korean Medicine for Osteoporosis Studies from OASIS

Rank Prescription name Frequency Rank Herbal name Frequency
1 ARG 5 1 B 3
2 %5 3 ER 3
3 T HE 2 3 I 2
4 AR R R R R 5 1 i 2
LSRG R 1 5 AR 1
IS L 1 AR\ 1
P11 it T 1 Hiak 1
/I VA Sty 1 fliE Mg 1
[E] i - 1 HIZEH 1
BRI A LY 1 iES 1
HHEEEMNL 1 WAL 1
AL 1 K 1
BN 1 ZRIE 1
B AL 1 REK 1
FEREIR AT ) 1 Al 1
R 1 TR 1
RATCRL 1 Bt 1
RERT 1 flEE 1
TG A A 1 R 1
R EER 1 EE 1
B BRI N 1 N 1
i 1 ESUE 1
PR R 1 HEAR 1
=Rk 1 REEE 1
S 45 HIILAK 1 kT 1
$AFG AL Al 1 EER 1
SR 5 1 PR 1
LI 1 KLAEF 1
A% 1 BRY 1
Wil 18 1
AN 1
Tk 1
2. o7 T AR b B OHE RY £o=
1) H=EA velgtony ols AF9] ofdl: BAhE-ILZRE,
TS A= A S 0 oAk 8 Ak PR, BHE-ER, HE-EE T2 9%

bR 57, WUPE 371 o]l Table 1). F¢t % 72k (Table 2, 3).
L EREIETEEER 3

631



Table 2. Frequency on Medicinal Materials in Korean Medicine for Osteoporosis

[20| LIESIR B4 - 20|~ ZME Sho=

Rank Herbal name Frequency
1 A Rehmanniae Radix Preparata 29
2 = Angelicae Gigantis Radix 22
3 H = Glycyrrhizae Radix et Rhizoma 18
4 % Poria Sclerotium 17
5 kA Eucommiae Cortex 16

IIESS Corni Fructus 16

7 I Dioscoreae Rhizoma 15
8 A % Ginseng Radix 12
9 A% (H) Paeoniae Radix 11
10 HAHR Moutan Radicis Cortex 10
1 # 8 Alismatis Rhizoma 9
H it Atractylodis Rhizoma Alba 9

13 LN Achyranthis Radix 8
Fotd £ Lycii Fructus 8

15 A Cinnamomi Cortex 7
Jl & Cnidii Rhizoma 7

7 £ OE Zingiberis Rhizoma Recens 6
ESDED Hominis Placenta 6

Bkt Cuscutae Semen 4

i Platycodonis Radix 4

19 B OE Cervi Parvum Cornu 4
HhE Psoraleae Semen 4

AN Carthami Flos 4

#OK Astragali Radix 4

X E Zizyphi Fructus 3

i e Aconiti Lateralis Radix Preparata 3

PES Liriopis seu Ophiopogonis Tuber 3

i Asiasari Radix et Rhizoma 3

& Br Dipsaci Radix 3

95 % Bupleuri Radix 3
g Acanthopanacis Cortex 3

# Gentianae Macrophyllae Radix 3

B & Citri Unshius Pericarpium 3

e F Gardeniae Fructus 3

5B Juglandis Semen 3

A Phellodendri Cortex 3
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Table 3. Frequency on Herbal Combinations in Korean Medicine for Osteoporosis

Rank Herbal combination Frequency
1 PFE L% Rehmanniae Radix Preparata - Corni Fructus 18
2 B Ay Rehmanniae Radix Preparata - Poria Sclerotium 16

Pt B B Rehmanniae Radix Preparata - Angelicae Gigantis Radix 15

3 HEER Glycyrrhizae Radix et Rhizoma - Angelicae Gigantis Radix 15

NETAIES Corni Fructus - Dioscoreae Rhizoma 15

A AP Rehmanniae Radix Preparata - Eucommiae Cortex 13

6 P |4 Rehmanniae Radix Preparata - Dioscoreae Rhizoma 13

HIES Poria Sclerotium - Corni Fructus 13

9 RS Rehmanniae Radix Preparata - Alismatis Rhizoma 12

2R B Corni Fructus - Alismatis Rhizoma 12

HFF R RS Moutan Radicis Cortex - Poria Sclerotium 11

P FH SR Rehmanniae Radix Preparata - Moutan Radicis Cortex 11

1 RS Moutan Radicis Cortex - Alismatis Rhizoma 11

TRATILgE Poria Sclerotium - Dioscoreae Rhizoma 11

TREERE Poria Sclerotium - Alismatis Rhizoma 11

HAFRILZEHE Moutan Radicis Cortex - Corni Fructus 11

7 et Angelicae Gigantis Radix - Paeoniae Radix 10

A E Rehmanniae Radix Preparata - Glycyrrhizae Radix et Rhizoma 10

19 R Angelicae Gigantis Radix - Poria Sclerotium 9

20 & A Angelicae Gigantis Radix - Eucommiae Cortex 8
2 & 3) wA FAA

AZAFAE A (DE B9 AAEste 3o 5 AW 2 L so7
S AW FAEZEE dAFAA ] ¥ ¢ A Aesld S o, B, B RS S HE &
23l & W, P, B RS A% HE £2 ° 2 yepeh(Table 6).

2 JepdoH(Table 4). (4) 259 ZA1A (Eigenvector centrality)
(2) ZAZFAA THHE FAAS AAEsl FuaE Ad &

ZAFAAS A Q) F FEA Azt Foy 255 W FAAC =2 £ A 9,
S A B2ES 24 FAAe 22 o2 A P, BE RS HE A% £oE Jeiyd
2l W, b, EE RS A% HE o (Table 7)

2 Jepdeh(Table 5)
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Table 4. Top of Degree Centrality Analysis in Herbs used in Korean Medicine for Osteoporosis

Rank Herbal name Degree centrality
1 Bt Rehmanniae Radix Preparata 33
) % B Angelicae Gigantis Radix 32

R Poria Sclerotium 32
s g (H) Paeoniae Radix 30
H = Glycyrrhizae Radix et Rhizoma 30
6 N 2 Ginseng Radix 28
7 o Eucommiae Cortex 26
% Dioscoreae Rhizoma 26
9 NIESS Corni Fructus 25
10 HA K Moutan Radicis Cortex 23
H Atractylodis Rhizoma Alba 23
v 4 g Achyranthis Radix 22
HE Zingiberis Rhizoma Recens 22
14 % B Alismatis Rhizoma 21
15 A AE Cinnamomi Cortex 20
16 il * Cnidii Rhizoma 19
17 # M Phellodendri Cortex 18

Table 5. Top 20 of Closeness Centrality Analysis in Herbs Used in Korean Medicine for Osteoporosis

Rank Herbal name Closeness centrality
1 Pt Rehmanniae Radix Preparata 0.02857143
9 = Angelicae Gigantis Radix 0.02777778

R Poria Sclerotium 0.02777778
A H =E Glycyrrhizae Radix et Rhizoma 0.02631579
gk (1) Paeoniae Radix 0.02631579
6 A B Ginseng Radix 0.025
7 kLo Eucommiae Cortex 0.02380952
o g Dioscoreae Rhizoma 0.02380952
9 NES S Corni Fructus 0.02325581
10 HIHR Moutan Radicis Cortex 0.02222222
= Atractylodis Rhizoma Alba 0.02222222
19 4 Achyranthis Radix 0.02173913
B Zingiberis Rhizoma Recens 0.02173913
14 E 8 Alismatis Rhizoma 0.0212766
15 A kE Cinnamomi Cortex 0.02083333
16 JiI & Cnidii Rhizoma 0.02040816
17 # M Phellodendri Cortex 0.02
WO Astragali Radix 0.01960784
18 g Acanthopanacis Cortex 0.01960784
Ftd+ Lycii Fructus 0.01960784
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21 ESE Hominis Placenta 0.01923077

= Asiasari Radix et Rhizoma 0.01886792

2 B R Citri Unshius Pericarpium 0.01886792

LS Liriopis seu Ophiopogonis Tuber 0.01886792

ff Aconiti Lateralis Radix Preparata 0.01851852

% KLk Carthami Flos 0.01851852

i Platycodonis Radix 0.01818182

E-3 Gentianae Macrophyllae Radix 0.01785714

28 x & Zizyphi Fructus 0.01785714

e F Gardeniae Fructus 0.01785714

al & A Bupleuri Radix 0.01754386

[ Juglandis Semen 0.01754386

23 e Psoraleae Semen 0.01724138

BOFE Cervi Parvum Cornu 0.01724138

35 bkt Cuscutae Semen 0.01639344

Table 6. Top 20 of Degree Betweenness Centrality Analysis in Herbs Used in Korean Medicine for
Osteoporosis
Rank Herbal name Betweenness centrality

1 P Rehmanniae Radix Preparata 32.66
2 w O Angelicae Gigantis Radix 27.79
% Poria Sclerotium 27.79
4 gk (H) Paconiae Radix 22.92
5 R Glycyrrhizae Radix et Rhizoma 19.31
6 A H Ginseng Radix 18.60
7 I Dioscoreae Rhizoma 15.72
8 AUl Eucommiae Cortex 13.40
9 IIES Corni Fructus 13.30
10 H it Atractylodis Rhizoma Alba 9.10
11 Linagid Moutan Radicis Cortex 8.97
12 OB Zingiberis Rhizoma Recens 8.82
13 + B Achyranthis Radix 6.56
14 E 8 Alismatis Rhizoma 5.69
15 I & Cnidii Rhizoma 5.48
16 A ke Cinnamomi Cortex 3.42
17 ¥t -+ Lycii Fructus 3.30
18 ESUES Hominis Placenta 2.57
19 # M Phellodendri Cortex 2.54
20 WG Astragali Radix 2.12
21 #L e Carthami Flos 2.12
22 N Acanthopanacis Cortex 1.69
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Table 7. Top 20 of Degree Eigenvector Centrality Analysis in Herbs Used in Korean Medicine for

Osteoporosis
Rank Herbal name Kigenvector centrality

1 P Rehmanniae Radix Preparata 1
9 o O Angelicae Gigantis Radix 0.98363169

% Poria Sclerotium 0.98363169
4 H O=E Glycyrrhizae Radix et Rhizoma 0.95415671
5 gE(H) Paeoniae Radix 0.94183561
6 A % Ginseng Radix 0.83394183
7 iUl Eucommiae Cortex 0.85079889
8 I Dioscoreae Rhizoma 0.82948856
9 lIESS Corni Fructus 0.80805226
10 Linagid Moutan Radicis Cortex 0.77929076
11 H ot Atractylodis Rhizoma Alba 0.75289307
12 LN Achyranthis Radix 0.74539739
13 EOE Zingiberis Rhizoma Recens 0.72786409
14 % 8 Alismatis Rhizoma 0.72770909
15 A kE Cinnamomi Cortex 0.71270336
16 # M Phellodendri Cortex 0.64300861
17 I = Cnidii Rhizoma 0.63911322
18 # K Astragali Radix 0.61733873
19 g Acanthopanacis Cortex 0.61699016
20 Fokd 1 Lycii Fructus 0.60095598

F A9 A 8 HEYEE)
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Fig. 2. Network diagram for herbs used in Korean medicine for 0steoporosis.

Minimum support (.07, minimum confidence 0.9

Table 8. The Groups of Network Analysis for Herbs Used in Korean Medicine for Osteoporosis

Herbal composition Composition herbal classification

Groupl F&HE, BEE, &, &M%, Tonic medicine : 4

R, SR E ETL )IIE, Resolving phlegm, relieving cough and relieving asthma medicine : 1
PEF. KLAE, A promoting blood circulation and removing blood stasis medicine : 2
Antipyretic medicine : 2
anti-rheumatic medicine @ 1
diuresis and dampness medicine :1
Group 2 H®, K%, At 4%, Tonic medicine : 5
sedH, NZE PR, ®IE  anti-epidermic medicine : 2
Qi Regulating Medicine : 1
Group 3 FwAcf, #ith, #FHK,  Tonic medicine @ 8
fliE g, B, ILZEH,  Warm medicine @ 2
L%, e, Puths®, diuresis and dampness medicine : 1
Tng, 2B, ke 5% promoting blood circulation and removing blood stasis medicine : 1

B8, W4T, A8k Hepatic medicine : 1
anti-rheumatic medicine : 2
Antipyretic medicine * 1
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Table 9. Herbal Combinations by Association Analysis

lhs (Antecedent) Rhs (Consequent)
1 IIES Corni Fructus IES Dioscoreae Rhizoma
2 INE:S Dioscoreae Rhizoma IIES Corni Fructus
3 ILIZE B Corni Fructus #uh® Rehmanniae Radix Preparata
4 IES Dioscoreae Rhizoma #hE  Rehmanniae Radix Preparata
5  ILZEHE, [LZE . Comni Fruct.us #h® Rehmanniae Radix Preparata
Dioscoreae Rhizoma
6 ILZRH, P C.O Tl FmCtuS IE:S Dioscoreae Rhizoma
Rehmanniae Radix Preparata
7 ILEE PuhE Dlosgoreae Rhlzoma NIES S Corni Fructus
Rehmanniae Radix Preparata
8 HEE(H) Paeoniae Radix & Angelicae Gigantis Radix
9 Rk, Lz Eucommiae Cortex, Corni Fructus IIES Dioscoreae Rhizoma
10 A, (LE8 Eucommiae Cortex, Dioscoreae Rhizoma  [LIZRH Corni Fructus
IS Poria Sclerotium, Corni Fructus IES Dioscoreae Rhizoma
12 HAh, (L2 Eucommiae Cortex, Corni Fructus ¥  Rehmanniae Radix Preparata
13 R4, IhZEH Poria Sclerotium, Corni Fructus #h® Rehmanniae Radix Preparata
14 Fi, (1% Eucommiae Cortex. Dioscoreae Rhizoma  #iMi® Rehmanniae Radix Preparata
15 HE, i Glycyrthizae R?dlx et Rhizoma, #h® Rehmanniae Radix Preparata
Eucommiae Cortex
16 =5 Wl Angelicae Gigantis Radix, Eucommiae Cortex #uth# Rehmanniae Radix Preparata
Fih, Eucommiae Cortex, Corni Fructus - . .
i $;L -
17 LB |1 Dioscoreas Rhizoma FAMizE Rehmanniae Radix Preparata
Fh, ILZRH, Eucommiae Cortex, Corni Fructus, ” . .
18 Pt Rehmanniae Radix Preparata I Dioscoreae Rhizoma
TR, 1L, Eucommiae Cortex, Dioscoreae Rhizoma, .
13 Pt Rehmanniae Radix Preparata RS Corni Fructus
TRES, 2R, Poria Sclerotium, Corni Fructus, T . .
=h
20 L5 Dioscoreae Rhizoma FAMizE Rehmanniae Radix Preparata
I Poria Sclerotium, Corni Fructus, e . .
2l P Rehmanniae Radix Preparata I Dioscoreae Fhizoma
A, 1, Poria Sclerotium, Dioscoreae Rhizoma, " .
22 Pt Rehmanniae Radix Preparata IS Corni Fructus
23 e Cnidii Rhizoma 51 Angelicae Gigantis Radix
24 EE Alismatis Rhizoma IIES Corni Fructus
25 5 Alismatis Rhizoma MES Dioscoreae Rhizoma
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Fig. 3. Network diagram for herbs used in Korean medicine for osteoporosis using Apriori algorithm.

Minimum support (.07, minimum confidence 0.9

Table 10. The groups of Network Analysis Using Apriori Algorithm for Herbs Used in Korean Medicine for

Osteoporosis

Herbal composition

Composition herbal classification

Groupl — fR%5, A%, HE, AZ JIZ,
A, e, RSN 2%,
fEf. oL

Tonic medicine : 4

diuresis and dampness medicine : 1

promoting blood circulation and removing blood stasis medicine : 1
Antipyretic medicine : 2

anti-epidermic medicine : 2

anti-rheumatic medicine @ 1

Group 2 & 4E, Akt =it B,
iz

Tonic medicine : 4
anti-epidermic medicine : 2
Qi Regulating Medicine : 1

Group 3 FAMLE, i, [LEE 4K,
R, A, ILZEHE, B,
R, fokdv, B &ABk,
kRS

Tonic medicine : 6

Warm medicine @ 2

diuresis and dampness medicine - 1

promoting blood circulation and removing blood stasis medicine : 1
anti-rheumatic medicine @ 3
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