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Abstract: Objective To reveal the dynamic evolution of the global innovation cooperation network in the field of pentacyclic
triterpenoids, and analyze the collaborative evolution mechanism of network structure, national innovation strategies and individual
behaviors at different stages of the technology lifecycle. Methods Based on global patent data from 1945 to 2025, social network
analysis method is used to construct and analyze the innovation cooperation network in this field. According to the theory of technology
lifecycle, four development stages are divided for dynamic comparison. Results The cooperative network structure presents a phased
evolution, from a closed “core small world” in its infancy to a long-term expansion, ultimately converging into a “strategic focused”
tight structure; The national innovation strategy is divided into three types of paths: “sustained openness™first rising and then
falling”“low-level stability”. The intensity of international cooperation decreases in an “inverted U-shape” as technology matures;
There is a significant “structural fragmentation” among micro entities, with the industry forming a high-density collaborative closed
loop, while key academic institutions are often in a “bilateral isolation” state at the edge of the network, leading to an ecological
imbalance of “industry academia decoupling”. Conclusion This study systematically reveals the dynamic evolution mechanism of
innovation cooperation networks in the field of pentacyclic triterpenoids from three levels: network structure, national strategy, and
subject behavior. It deepens the theoretical understanding of cooperation and competition relationships in the technology lifecycle and
provides empirical evidence and policy implications for building a more resilient innovation ecosystem.
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Fig.1 Comprehensive analysis of patent cooperation trends



F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

* 3915

[
EH 1574
EEN 534
| 365
;3 200
P 173
Gk 166
VUYL 141
IS 137

2 Hi 79
0 1000

3052

2 000 3000

M R RO/

2 Top 10 EREFIRIFHE

Fig. 2

5HA (534 4F) 5515 2. 340, MBS 2 JZH.
ERE (365 1) EIEE (200 £F). R (173 ).
BEE (166 4. FUHEF (141 1F) B T4 3 B
MmE (137 1) 58P (79 1) BHiE R
fiKe BR¥dRR A EEH 2 LRaE ERAZ
M, HE. H. SEEFPER— A S S
TEESETT

FLER =5 A A VBRI 1) 4 BR O E 4 T
M “PETT R 2R B R, X
17, BEEARN CARE T8, ZARET RIRZIAR
i (B 3). fERARWZFH, GEEslmEES T

3000
2000

1]

=

He

E 1000

e

R

iEzR
(1945—1982)
i

HBE Hre-smE o HA

(1983—1998)

Number of patent applications by top 10 countries

HALGREGRE, SEE. El. HREMSZG, H
AL (A 55, 45 I 5K T R R B A
e BEANEAW, E£. HXERERYILER, PIE
LR O, kB e AL, P
EOFRARE H, bEEBARYT a3 EHR
MR, A% R A ERAEIRE o E S
W, BHEEREE AL, 5 HERIRIRTHE 19.4%;
SRHERFFameh ™ ;R EIEESEENEIGE; 1M
SEy RERE PR R, RV RGN OIS
et o KRB MAIY, i st At — D L,
HAREES 5 SR, I a5

JRA S
(1999—2010)
EE O RE T 3E

KM
(2011—2025)

HIFE A

3 Top 10 EIREFHIEHELL TN

Fig. 3 Trend changes in patent application volumes for top 10 countries



* 3916 «

F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

A S EYERFIUR S 2 8 & bl TR0E IR
SR SCFE . B REAE A E B B E Ik B U,
N ZE AL MRS SR AR AegrimE W H A, fEE
(RIARRT o PR IR

T3k = RA S WIS E SRS H M 2
ANUEREIAZIE : —REIEA, Wik E L P
[ 5 5 E WA &1, H LARAL G 2h 1) S R 0T
BESUMERRE; —RANE SRR, EAGIER
74, RETEME AR RREER T, ML
1l TR 2 [ BN BRI R 2% . W gl [ B iR
i H IR S

Ul 4 Bl i) 4 B SRR AR, Tk =0
AL W AR 1) G0 B Bl 2 B 2 AR AL A TR B
o FREKAANN 3 FIAS R AA LA -

R

100
90
80
70
60
50
40

EERY%

30

10
p A
0 R
i 25 HAS
(1945—1982) (1983—1998)

| EE - £

% i i [

/ (&)
Wesecessscs=s=of /s === 1B = o= e e e SmamE =N PHETE: 19.1%
5,

RREEIF OV, DASREMPEIEF L, HE1ER
BER AR B AR PR T IR e oL, R SeTH e R
A, WAASHE, SERERKBMREETA
JE R Al = RARAPRIERS, A EAE
AL, G VERAE A BOR A A S e RF 2
29 15%I7KF, BB

N T SRS VB R A A FE RN 4 BRI R 45 1
FER, SN “HMNEERY f5b5, UKEENA A1
RIS, SRAE TS E AR B I B AT AR . 1Z 40U
75 [ S AE AR A R 25 B U B B, i
tH S A X BT SR (1 5D, B4R b i
SR AEHC I 5 R IPIE B, AEBOR BN K
JEWIRG R TEIR , o SRR T 7 5 507 A
SEF IS AR . S EAE K SRR 8 75%,

== =

11/66%, 14:53%

JA A K e
(1999—2010) (2011—2025)
YEF o B

HA B =

B4 Top 10 EIRAEFMH LML

Fig. 4 Trend changes in cooperation rates of top 10 countries

100

75

BETEE/%

VI

50

25

KM
(2011—2025)

JRAK S
(1999—2010)

R
(1945—1982)

(1983—1998)

| e EE - PEHT WE
WP R HE T HA - BE T hE

5 Top 10 EIRIMNPEIEREE T
Fig. 5 Trend changes in external cooperation rates of top 10 countries



F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

* 3917 »

SIS AR BRAR, A I P R S
ARG PArh, SRR LR 3 3 E 46
LR AER CREIAET 2%), RMPHXE
DL H F vl R AR ) “ o = 87 A
BrEgAR . IRk P ) AR A 3R I A AR i
WA ST o B, FIRESE S B 0R, &
VEBN JILEAL T 7= AU BE 22 R AE 42

MR AR = bR AR L FIEy 2 B F 5
23 QIFHEHRBRESE S

I AHT E AR R I B R Sk S
H5Z g E I AE” ME MR E (Bl 6). Reata
Pharmaceuticals Inc DA 268 4% Fl| 5 B 24510, T

R SR, R AV AR F R T W) B
5 JE LRI R 5 S SR £ DL Bristol-Myers Squibb
Company. Viiv Healthcare Uk (No.5) Limited At
(15 [E] 24 41 & Pola Chem Ind Inc 25 E VAR
JIER 2 BRIN, LR SCHEER b S ) B8 AR R
HEZRERS . MR EERUSE 89 . 88
5 SR, SRy WL REFEEARYA &
THOTHRE 3 SO R A, o S A AR R SR R
) LA

AR L R S IR an B 7 B o o E 2R
KELL 620 IR 51 2 & 405G, HIRES 1 BEEA; Reata
Pharmaceuticals Inc (367 {X)+ Meleain (341 {X)+

University-Industry Cooperation Group of Kyung Hee University 26
Rhone Poulenc Rorer Sa 27
Dabur Research Foundation 27
BB 20 ] 28
RHER2 28
Children’s Medical Center Corporation; The General Hospital Corporation 29
Pfizer 29
Panacos Pharmaceuticals Inc 31
Korea Research Institute of Bioscience and Biotechnology 33
Amorepacific Corporation 33
R SN 36
HHL K2 39
B 46
Colgate-Palmolive Company 50
Pola Chem Ind Inc 62
K2 88
rh [E 258K 89
Viiv Healthcare Uk (No.5) Limited 98
Bristol-Myers Squibb Company 98
Reata Pharmaceuticals Inc NI 268
0 100 200
LR RE R

6 Top 20 GBI EXRRIFEFHELE LN

Fig. 6 Trend changes in patent application volumes by top 20 innovation entities

Zheng Liu

Sing-Yuen Sit

Nicholas A. Meanwell

Jie Chen

Jacob Swidorski

Alicia Regueiro-Ren

The Nisshin Oillio

Univ llinois

Visnick Melean

A

Research Development Foundation
Unilever Nv

Dabur Research Foundation
Pola Chem Ind Inc

Xin

Jiang

Visnick

Melean

Reata Pharmaceuticals Inc

205
205
205
205
205
205
211
230
237
238
240
241
251
256
323
328
341
341
367

T E 2Ry I 2.0

0

200

400 600
By B

7 Top 20 FRIFEAEF S A I50K

Fig. 7 Citation frequencies of patents from top 20 applicants



* 3918 «

F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

Visnick (341 %)+ Jiang (328 &%) K Xin (323 70D,
FIRCES 2 BERA, B SIRAT 320~370 iX; HoR
FARME G AR T 260 X, R2IHER “Hi-14
%7 plRsit . WEREEE, HEATHT 6 frHiEA
BT IR GET 20 ALRTELEIEE I 40%, B
51 B B R T HCREN A, R AR 2
SRR A = A . TR E R R EZG 8RR
o MmEMKRT) 5EEZ 4 (Reata Pharmaceuticals
Inc. Unilever Nv %) I:[a] G485 a1, %
AR S AR B Rl TR ARFAE
3 SIS IERENHSEL 2
3.1 BFREHAINER

A6 ) BEAA P £ R AR R LS 1 B A
SPIRE. CPRIIMBLEE . MR PR R
PR KT . fER M FH, F7 8 (node)
RN S FE AL TT, 14 (edge) NARFET AilH]
PIRIER R TR GEN n) BN REEAR

WANSH, TR NI AT A EAR RS Bk
PRt EA KXW 1 Fow.

BT BARGAE W2 I NS M AL BT (3R
20, FIR = A A A BT B X 2% S I
BB As Ak . 7ZERZE ] (1945—1982 4E), R
RN, BN 12, BECN 9, PHRERE
KL CPEIBAAKE R (1.167). HENED IS K
KA (1983—2010 ), ML SURIP 9K, 55
O 135 352 1270, AH 291 385 5566, 11
FEM 4311 F+5 8.765; BB 45 % 2 N 0.032 17
FREL N IEZE 0.006 91, “FIBRAAKEM 1.568 &3
WA 2.846. EREH (20112025 ), ML
RS ERE LR I A, 17 AR 1011, W3k
%42 2599, “FHIFERITESE 5.141; WEEEHE—H
B Rk A (0.005 09), “FH4EKIE R fa e
(2.747), “FIRFEREAE S W BUALYERF(E 0.9 D
SO

®1 WBERSITIERR

Table 1 Network structure analysis indicators

EL AR EES

T4 hl” 25 SR 100 25 P AEANH AT O A, I I £ P R U T AR AR P
n "n
i=1

44 AL k%liyulnn»w S IIRLI2 ch fR C PR AR, 5 RS A B S R R, B
nb okl g ORI R TIARAARR MR

o 2% 2 i donsity=— 50 o SRR A LE B RS BB b AT R AELE (R B AR b, BETT R W 2% P i

n(n—1) I AR, U VG R AT 0 B 1 2.

T A RK R Q@Jizzw A 0 2 b R AT AR B RO, T e 2 5
néin(n—1) R, BUAVEEERE AN T 0 3 1 21,

TR mL—L—Zﬁw 5 5 o A4 42 S 2 (PR, T P SR 21 X 45 1 368
n(n—1)

®2 BESEMBIER

Table 2 Overall collaborative network metrics

i RS L PHE CPEIBUE REE3 FHRERMC PR
1945—1982 4 12 9 1.500 1.667 0.136 36 1.000 1.167
1983—1998 4 135 291 4311 5.363 0.032 17 0.915 1.568
1999—2010 4 1270 5566 8.765 13.294 0.006 91 0.936 2.846
2011—2025 4 1011 2599 5.141 8.633 0.005 09 0.911 2.747

32 EREEMNHISAHABEST

Y ZFH (1945—1982 4F), H KA 1EM LRI
WoNEBR, FS%ch 11, 80N 26 (8 8). #ifh
PR R A 23 B X 4 2 I E P RR B R 2 [R] (lal
ML VAR, EEL BRR WD, TEEREENE

TEM % [RINSEE 5 H A Z AR R 1 2% A XL
Wik

A (1983—1998 4F), i it 24, 4
I 140 (B 9, HIMNEEREERERELEK
W CngeE . #EE. w2, ORI, Bid. puEE



F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

* 3919 -

T 1 B 26

B 30 2w 513

8 1945—1982 FEIRA1EMLE
Fig. 8 National cooperation network from 1945 to 1982

WA 24 0%: 140

B 10 1999—2010 FERE1EMLE
Fig. 10 National cooperation network from 1999 to 2010

A 46 aH: 110

B9 1983—1998 FEERAIEMLE
Fig. 9 National cooperation network from 1983 to 1998

Fo BKED S5W (REL BA, HE. .
RED ZiH, FENFEAE. RIS N R, B
R R A TE I RS XU BB 1 5 2 W 2%
SEH .

BACH (1999—2010 4F), 75 mi% 39 4, 4%k
513 2% (100, REIH A2l % B E bR
HAEM R BRI TEE SR, DARRI . RIFEEE
FRIZOTE AR GAEERE, it X — I A 1% 40
ARG R A AR DU Tk 5 B X IR PMERAL .

RIEH (2011—2025 4£), T MO8 % 46 4,
WHEE 710 4 (B 11, KM S S1E%EY)
WM B EEY 5K, M EEEENE. FmM
B AR EAEME SR . LAFRSE AR OMR AL, R
R ZRE. FEMERRER Z22Y, BXE

B 11 2011—2025 FERE1EMLE
Fig. 11 National cooperation network from 2011 to 2025

EAEBCARKIRIG 58, S e 1% e L R ) 4 Bk
M ENIRALIT B o
3.3 SLEERIBEAFEIERENTEL

7 B 3 B 2% 2 AR B =i R S H &
YEM 2 B M 0 5 ERHIEfE . OW )2 TH 6
B FARAT R TR A B A% U BT AR A ) O B
WA AR T — P RET LR RiEE R 4 4
BT AR, HEIEML - IE 12~15 Fix.

TSR AH AR S W28 B Fh A48 BR 20 B
(R 3), LM =mERAEDBI GH 4 R 2HH
B “ 45 3 ME”. DL Reata Pharmaceuticals Inc
A1 Pola Chem Ind Inc AR Ak A4 MG 2 Hh s 2%
FE BRI N AR MEM 2%, I 2% Sy



= 3920 « F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

Reata Phayngoeulvcal
/

Caprathe Bradley William

PUT3 amacyTukn

EREHRER 50 =100 150 200 TRFEE PoEfE EEPE &S 25 50 75
THH . . . .

12 Reata Pharmaceuticals Inc &{EM%%
Fig. 12 Collaboration network of Reata Pharmaceuticals Inc

Pola Chemigal Industries Inc.

FREE Y )L NSRRI

B o
Yoko)/(\a}va Yuklko - 7 P4
A e

I,/ _—

Higashishizuoka Yakuruto Hanbai Kk

Fujiwara Norio

A erpL g o A ENLI ?*UEFU?E. 10 .20 .30 . 40 AR — ] =3 ==5um7
— 2 =4 =6

B 13 Pola Chem Ind Inc A 1EM4KE
Fig. 13 Cooperation network diagram of Pola Chem Ind Inc



F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

* 3921 -
MERERNSEHARNERATO
‘i‘i
EWIX"?‘
Resr R
Rk @5 @0 @15 . 20 . 25 st F ke BIEHLIG 1.0 1.5 = 2.0==25 =30
14 HNIRFE1EMLE
Fig. 14 Collaboration network of Zhejiang University
PMRBTFRESXRBARATe
wm’xa‘
BfERH CRI
WEEH LR SR 10 —1.5 =20 =2.5=30 0@+« @ o
B 15 $hEHRAFEIEMLEE
Fig. 15 Collaborative network of China Pharmaceutical University
*3 LA EAESIEMEIERR
Table 3 Collaborative network metrics for leading innovation entities
BURT F Ak TR A Sk FHEE PRV MIESREE CFHRERY CPHREKE
ReataPharmaceuticals 43 454 21.116 43.163 0.502 77 0.907 29 2217
Pola Chem Ind Inc 15 58 7.733 15.067 0.552 38 0.930 89 2314
SHEE e PN 2 4 4.000 32.000 4.000 00 0.000 00 1.000
WK 3 5 3.333 14.000 1.666 67 0.000 00 1.333
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