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1 OE:BH RE 11-RIE-p- 2 I AR (acetyl-11-keto-B-boswellic acid, AKBA) i /N B A8 i PP Bz ¢ Callergic contact
dermatitis, ACD) WIVEITIEM . A& 8 N TR RERIBY 25K BE S i3 = 1M 4% (drug deep bilinear attention network,
DrugBAN) Tiillll AKBA X ACD HIGITVERIFNEERN 20T FIH B TEeg 2/ ACD BE3Y, ¥4 AKBA HIVRTT AL
R, ELL3 dAT AKBARIT, DT /NRPOREIRE. B R @I 5 A TR P A e R R e R e C T 55N BRI B
JRIERAR A, S % S AL 7 A A3 Ar, SRE/IS BRI B bk 22 S R IA KR I qRT-PCR A1 Western blotting Il AKBA X /s
BRI 40 2 ok 2H 43 o = T 72 e B BRI () R I /K SF J A DI B GBI R4 255 DrugBAN Tl AKBA R F T-igadk
BERF5244 1 (tumor necrosis factor receptor 1, TNFR1), FHF-Til Janus -5 5% F L FBIEF T (Janus kinase-signal
transducer and activator of transcription, JAK-STAT). #&{b[K 755 58 IGIT ACD. )i kI, AKBA &EFK ACD
ANERAMBEARZR . G0 R (P<<0.05+ 0.01. 0.001); ¥R TR 169 NMEFEZERER, FEFERH2ZHE
WEE A (mitogen-activated protein kinase, MAPK) 255 5 il % . Western blotting 3 1IF 45 7k AKBA 8% 3% F#K ACD
/INBRETUES B R4 43 TNFR1 . BFR1E p38 MAPK. TEFRALANMI MG 5 AT I AE . BERR 1L c-Jun ZEK U IBE A BERR 1L STAT3
FAMEIE (P<0.05. 0.01. 0.001). qRT-PCR IiF4E R EIR, AKBA 23 T ACD /NREZIKAL TNF-on HANMEN E-18
Cinterleukin-1B, IL-18). IL-17. CXC EFF#atb R Tk 2 (C-X-C motif chemokine ligand 2, CXCL2). C-C X7tk R
A& 3 (C-C motif chemokine ligand 3, CCL3). CCL28 ] mRNA Fik/KF (P<0.05. 0.01. 0.001)., Z&if AKBA il i
LR RRER T2, 4% TNFR/MAPK Fil JAK-STAT 1553 % K 455 ACD /MR EEITAEH .
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Abstract: Objective To investigate the therapeutic effect of acetyl-11-keto-B-boswellic acid (AKBA) on allergic contact dermatitis
(ACD) in mice. Methods Drug deep bilinear attention network (DrugBAN) artificial intelligence model was used to predict the
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characteristics of AKBA for ACD treatment. A mouse ACD model was established using squaric acid dibutylester to evaluate the effect
of AKBA on ACD. AKBA was given on ACD mice for 3 d. The number of scratching times of mice was recorded, and the degree of skin
lesions was evaluated. The pathological changes in mouse neck skin were observed by hematoxylin-eosin staining and toluidine blue
staining. The differentially expressed genes in mouse neck skin were obtained by transcriptome sequencing and analysis. Furthermore,
the expression levels of main differentially expressed genes and the regulation of key proteins of related pathways by AKBA were
detected by qRT-PCR and Western blotting. Results DrugBAN analysis predicted that AKBA acted on effector molecules such as tumor
necrosis factor receptor 1 (TNFR1) and interfered with Janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway
and chemokine signaling pathways to treat ACD. The animal experiments showed that AKBA could significantly reduce scratching bouts
and improved neck skin damage in ACD mice (P < 0.05, 0.01 and 0.001). A total of 169 common differentially expressed genes were
obtained from transcriptomics analysis, which were mainly enriched to mitogen-activated protein kinase (MAPK) signaling pathway.
According to the results of Western blotting, AKBA significantly inhibited the expressions of TNFR1, phospho-p38 MAPK, phospho-
extracellular regulated kinase 1/2, phospho-c-Jun N-terminal kinase and phospho-STAT3 in skin tissues of ACD mice (P < 0.05, 0.01,
0.001). The results of qRT-PCR also exhibited that AKBA significantly down-regulated the expression levels of TNF-a, interleukin-1
(IL-1P), IL-17, CXC chemokine ligand 2 (CXCL?2), C-C motif chemokine ligand 3 (CCL3), and CCL28 in skin tissues of ACD mice
(P <0.05,0.01,0.001). Conclusion AKBA could exert a treatment effect in ACD mice by declining the expressions of various pro-
inflammatory cytokines and modulating TNFR/MAPK and JAK-STAT signaling pathways.
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Birdw. X [FJEAEY) B. bhaw-dajiana Birdw. B )5
MG, BEAWEIMEm. AN Tk, mTH
TR BT I 50, 11-Hk2E-B-
L FL A IR (acetyl-11-keto-B-boswellic acid, AKBA)
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2020-0001 . BhH1EIFE T H Fg R K 5 8 ) s 5s v
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R HES 2024-scuec-013).
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SADBE ({5 1003470919) W HEE Sigma-
Aldrich A%]; RNAisoPlus (it'5 AN93027A) T H H
K TaKaRa A #]; RNA Keeper Tissue Stabilizer ($it5
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7E740G3). ChamQ Universal SYBR qPCR MasterMix
(3t 5 TE0813GAIH H P st W MERR E IR IR A 7
REEFARFIE (kS P1279588) 1 H 35 [E Thermo 2
" BRI (B-tubulin) Fifk (k5 10004491),
B-actin Fii& (L5 10024215) Hiikly [H BRI =L Y)
BARA IR p38 L2288k 2 1 (p38 mitogen-
activated protein kinase, p38 MAPK) Fif& (#t'5 9).
p-p38 MAPK Hifk (it5 13). ERK1/2 Fipfk (L5 28D
p-ERK1/2 Hifk Git's 21) R 0 c-Jun 24
JE R i ¥ (stress-activated protein kinase/c-Jun N-
terminal kinase, SAPK/JNK) #ifk (#t5 17). p-
SAPK/INK #ifk (5 17). (554% 5 K s
¥ 3 (signal transducer and activator of transcription 3,
STAT3) Fifk (LS 17). p-STAT3 Hifk (k5 43) Iy
HEE CST = H -3 0 R i A B
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
Ptk (5 2610812) W ETLIERIEDWT T OF
FRAF]; MEIRFER +324K 1 (tumor necrosis factor
receptor 1, TNFR1) Fitfk (Jit5 5500033866) 1 H ik
DR EZE T VIR IR AR, SUERTRAECE Git
5 22101005) I [ REEe LA IR A W] ; AKBA (it
5 AFBI1101, 50N 98%) I H Ak 1Ak}
FABRAT, 42AEL 3.75. 7.50. 15.00mg AKBA, il
AN 0.5mL A R, EEEEE, DB, &N
FERERK 50 uL & AKBA [T BRI T30
13 1427

ML31 BRAD R (MBS BB AR
2] ; Multiskan GO A 4 K BEAR4X (5% [ Thermo
Fisher Scientific /A ] ); CXF Connect SZHY 2¢ )6 5€ &
PCR % ([ Bio-Rad 2 7]); 5200Multi 2 4x H 5
W RCEBR T 248 (Rl REEREARAR]D.
2 B
2.1 ETFTALEERE TN

M GEO #4f FEFRHL ACD &5 IR 3 A IE 5
B SRS e e 2L P it s AR N T R A i
B v XL M3 7 IR B 2SI HESE (drug deep bilinear
attention network, DrugBAN) ¥ 5-247)-48 y5 A0 H.AE
FH04, - TG AKBA 73 F5EAR, B # RS EEHE A
HEAT IR AR (gene ontology, GO) DhfgE HE1ERE.
SUHRHE DR B 2H B R4 F5 (Kyoto encyclopedia of
genes and genomes, KEGG) @& £ 7 HT-
22 FER. DERSRY

ANERE N PEBETR 1 RS, SRR/ BRI AT 2R

FERRALZ) 2 em? B, BRAHBRA/NR AL, 55 0 REL
20 pL 0.5% SADBE A B i T /0N BRIEHS 5616 1)
AL, SR 3 d; ARG 5 d fE, TH 8 R¥ 20
uL 0.5% SADBE A P2 VR 75 /)N BR S 561 =6 1) Aoz
B, BFEF3d. T8 11 RESCR/NR 1T h N
(RHEREREL, W IE R (1 /)N BRBE AL 23 A AL A
AKBA k. #. &ifllE (15. 30. 60 mg/kg) LAl
SAATIRS (1.7 ghkg) 4, B 6 H. TH 12K
FFAEAE /N SRR ) BB AL IR TR 50 nL AKBA ¥ EK,
SAGTT RS, X R A RIS TR 20 i R S AR AR B T
B, H4eh7i3d.
2.3 NRIRERRE KRR GITES

TOF/NREE 12~14 RINFEIENL, 425050 )5
KRB TEWREGT, FEILF/R 1 h A
PIEAT A, DU/NBRIGE 5 IS0 R k3 78O v
1R, B 14 RSFABUE X /N BRI B2 A5 1 1
DOPESY, HRIE BRI, Kb, 26 R V4 Fn & B
4T, %o, B, . BESHN O 1L 2,
3 MRIRVESY S 4 WU AR B kA5 VR0l
2.4 RLATRIBFSE

%14 K, FAMBIRNRRERELGE N, 28
INBRETER R IR, 2 4% % BRI RS E E . BEE 2
BERLKIG, BREA A, TR R
(HE) Jetafl 8L HE Yt . 1E BB N REREA
PR, i BH 95 B AOBOS I 2 o b R GEi B/ B R
FZJEFRE, NFH Tmage J AR IC A KR40 IR .
2.5 HRENF

/N BRE R R 27 T80T RNA RAFF,
PEEL RNA 47 Sl 2 skl iy, A3 210 clean
data 5 IR H AT HEXT . fHH DESeq2 X 2L [A]
FKIXHATE R, Phlog, 2 57540 (fold change,
FC) |=1 H P<0.05 Rk 2z RRE IR
(differentially expressed genes, DEGs), Jfi#t17 GO
1 KEGG 54T
2.6 Western blotting M8 X E B FRIX

HY 20 mg /] RS B BRZH 2, n N 25 2R L
41170 B PR T AT A6 77 ) RIPA. S0V, INNTIR BE Bk
WEEE, FUK E24% 30 min, 4 ‘C. 12000 r/min 5L
15 min, B L, BMEERE QR SET b
P B - 5 DA s Tk Jre s fie FELVK 70 25, % % PVIDF JiE, 0%
Bbi. 2oL, SR RGHRINNE AR ERIE KT
2.7 qRT-PCR #MHEXEFEFTIA

HY 20 mg /IR EIEE R B2, i\ TRIzol ik
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FFRHCE RNA, @ AR &S % cDNA, i Bk 2 (CXC chemokine ligand 2, CXCL2) .
1T qRT-PCR 7347, u B-actin NNZ, i 2740477 C-C EFEaLH TR 3 (C-C motif chemokine
BB R 4R AL R TSR SE R F-a (tumor  ligand 3, CCL3). CCL28 HIZik/KF. 31455 K.
necrosis factor-o, TNF-a)~ IL-18+ IL-17. CXC 7 * 1.
®1 3IMF7
Table 1 Primer sequences
[ iS5 (5°-37) U575 (5°-37)

IL-15 GCCACCTTTTGACAGTGATGAG CTGCCTGAAGCTCTTGTTGATG

TNF-a CAGAAAGCATGATCCGCGAC GGGAACTTCTCATCCCTTTGG

CCL3 CCAGCCAGGTGTCATTTTCCTG GGAATGTTCCGGGGCTCAAG

CcXCcL2 CCCAGACAGAAGTCATAGCCAC TGGTTCTTCCGTTGAGGGAC

CCL28 ATGAGAGCCTCAGAGGTAAAGA TGTTCTGTGCTCTCTCGTAGTG

IL-17 ACCGCAATGAAGACCCTGATAG AGCATCTTCTCGACCCTGAAAG

S-actin GTACTCTGTGTGGATCGGTGG AAACGCAGCTCAGTAACAGTCC

2.8 GitESH

f#i ] Graph Pad Prism #XPFHEIT ST M A14:
B, el DA X £ s Fow, RS R T Z 0 hidir 2
ZH ) BHEFEA L, 2 4H0R) P LL R ) Dunnett-¢
oo
3 &R
31 ETATERER AKBA ZA1B{ERATUN

JBIT DrugBAN HAYIZE%T AKBA #4774,
T 2] AKBA FITELERN 5> 97 A, £46 TNFR1 .
CXCL2. IL-17F %&. ¥ 97 DMUMo T FATEL
DAVID T H, #1T GO fl KEGG @ =%/ .

O 737 (B 1-A) KIL AKBA J&J7 ACD H1E =
Eiﬂéﬁéf SR e ONE 2 R R B 5 AR ) 2 1)

RESFAH RS, KEGG 70 (B 1-B) FE S

¥ (Janus kinase-signal transducer and activator of
transcription, JAK-STAT) 155 1@ B T(E 5
A IL-17 15 5 I8 HAF, X8 B AT AR RN
AKBA 7 ACD [igfe. DL LSRR T AKBA
BT ACD HIFL R .
3.2 AKBA 3} ACD /NRFER AR R AR 1545
B2

K 2-A B Js, GERER 11 R, SXE4
B, IR/ BRE BRI (P<<0.01), $2
/N ACD /NRIEREELD) . 45T AKBA BUEAG AT HIHA
TR /N RGBT 21 8 5 P I (P<<0.05.
0.01), H/NREBR#3 2GS ikl 2-C fiw,
E IR B, AR A /N BRI R JBR A5 405 17 23 R 2 T
1 (P<<0.001), %524 Ja/N R AR 170 5 25 1

TNF {5 58 Janus -5 51 7 MEERBPAER B (P<<0.001). BLESREN] AKBA A LLE ]
A 49983 g B
% T;ff, 5F " ; .monocyte chemotaxis [
= IL-17 signaling pathway-
b |:| inflammatory response —lIgP
. Th17 cell differentiation | 8
- response to cytokine 7
[l cellular response to tumor necrosis factor Toll-like receptor signaling pathway{ 6
5
|:| neutrophil chemotaxis TNF signaling pathway { 4
? = X S—— cell surface receptor signaling pathwa; K%
Lrac _ = . via JAK-ST, '[p Braling p o T cell receptor signaling pathway | i‘l.ﬁ
D immune response : 1(2)
JAK-STAT signaling pathway | ol4
. cytokine-mediated signaling pathway ®l6
cytokine-cytokine receptor interaction |
chemokine signaling pathway {s
6 8 10 12

enrichment

A-GO 2 Hii%E; B-KEGG #HEMHTSIE .

A-GO analysis string diagram; B-KEGG enrichment analysis bubble plot.

E1 EFATEEERTN AKBA JATT ACD $8aEE ST

Fig.1 Enrichment analysis of AKBA treatment targets for ACD based on artificial intelligence model prediction
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£ # & AKBA 15 mgkg™!
X 00d— + AKBA 30 mg-kg !
ﬁé e + AKBA 60 mg-kg™!
= 100 ¥ % x o AL
. e
11 12 13 14
AKBA 15 mg-kg™! AKBA 30 mg-kg! 15- t/d
C
& #itH
5 10 Hkk
:Lﬁ sk
X REEEE Y
& 3]
#

AN RIS R B/NRIMBGIRE G C-# 2 /N R B R 0 1 405 S0 HRALEL 4R

M "P<0.05 “P<0.01 P<0.001, FEI.
A-images of neck injuries of mice in each group; B-statistics of scratch
#P<0.01 *P<0.001 vs control group; “P<0.05 **P<0.01

Hk

2 AKBA 1% ACD /N B RRIRAAF IR ATRAT

0.
WG RERS 15 30 60 FALFTAIHA

AKBA/(mg-kg™)

#p<0.05 #Pp<0.01 *#P<0.001; SHEH

frequency in mice; C-neck skin injury score of mice in each group; *P < 0.05

P <0.001 vs model group, same as below figures.

K (Xts,n=6)

Fig.2 AKBA alleviates skin injury and inhibits scratching behavior in ACD mice (X + s, n=26)

il ACD /NREIRIEEAT N, 5038 B ARSE R
3.3 AKBA %f ACD /NRFER R BR4A A fRIB T HY
i

B/
FZH[o

Peta g1 (& 3-A) &, ACD /MNREK
o RE G A S, AKBA 8RS T IFA TG TT 40/ B

PEH MRS o A, WKl 3-B Fias, AR
KPR T ER N (P<0.01), AKBA s&fkn]
(R R V6 97 H I K 24 8 A T A R 2 5 3 gk o>
(P<<0.05. 0.01). £5542/R, AKBA RE//> ACD 5l
S IR 3R R S S A, ) A K 40 B R, S

R R R R B BT (P<<0.01. 0.001), H#%  ACD /MRZEAIE.
A X A AKBA 15 mg'kg'!
150
7 =
. = 100
AKBA 30 mg-kg™! AKBA 60 mg-kg™! R AN %
It
4 Cor o eage=s ® 50 ook
#®
0
100 um XJEE iR 15 30 60 M&TH’H
AKBA/(mg-kg™)
pagii AKBA 15 mg-kg™!
B A
; e oo 50
X N L Fe 'v,, & &> T8 40
R ? E
= 30
: L 3.::\[
AKBA 30 mg kg™ AKBA 60 mg kg™ AT K 20
e > Dol R
F 0TS B 15 30 60 Gk
AKBA/(mg-kg™)
100 um

A-/NRIRE K HE Bt A (X200) MRS ERZSEE: B-/N SRS B H R IR Qe (B 7 (X200, # kR IR ALK Estit.

A-HE staining images (x 200) and epidermal thickness statistics of mou.

cells) and mast cell count statistics of mouse neck skin.

3 AKBA &) ACD FRIRESE

se neck skin; B-methylamine blue staining images (x 200, arrows represent mast

B F RO REMBRIRE (Xts,n=4)

Fig.3 AKBA inhibits ACD-induced epidermal proliferation and reduces inflammatory cell infiltration (X £ s, n=4)
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342 GO 7#H15 KEGG /i 455 E7R GO 43#7

PSRy ] S R R Y NG <X F AP e N
B (KB 4-E). KEGG BE&EHT RN 10 541
KRG, FESRIEFR, BAEMRE -4 H 1
AR EAE AR 132K . MAPK 15 5182 |
TNF {55188 . BIE 75 58S (K 4-F), X
L6 R A0 A8 A 45 S0 2 4 I B8 AN RAEAS T TR
FEREER -
3.5 AKBA % ACD /MNREFEBE X TNFR/MAPK
1 JAK-STAT #ERHE X ERFRIEHFMN

PR A s 2 5 N TR e T 0 #r, — s
KEGG &3 7 L[ (15 5@ % a0 JAK-STAT 155
A TNF (551885 (B 5-A). 286701,
TNFR/MAPK F1 JAK-STAT 15 5l % ] fE /& AKBA
Tl ACD B FEZE =@ . S Western blotting
ISIF AKBA % TNFR/MAPK A JAK-STAT {5 5
FRIGIAEER . dRWE 5-B. C Fin, SiRA

= A Y N v H- J_L
EAEMThAGM M 5 R RN Z VIR, FEW B e, BREH/NRIE K TNFR1. p-p38. p-
A Xt v FAY B AKBA vs 157 c
’Flﬁ ﬁ%‘&'kuﬁ oI B if
& LB e AKBA vs B0 O vs %11
10 91
(1] y 8
8 L 7
Lok goee, ° .
6 FE g
% ot e ifb 5 2100
I 4 " 4 %
& 3 i ; [ ) )
2 ) Ak
1 %4 1 ki
0 - 0
-9 -6 30 3 6 9 -4 =2 2 4
log,FC log,FC
D = 3 g, F
[ er]33a Thg 1 3
. g L I 2 JJAKBA b cytokine-cytokine receptor interaction .
- Ctxn3 R i . .
5 (S:ll:(lgtz (1) R chemokine s?gnal?ng pathway K ~1gP
B Endes . MAPK signaling pathway o 3
E%i] |_2 Toll-like receptor signaling pathway 6
[l {é}f{f}z =3 NF-kappa B signaling pathway . 4
. L
[ - - Gerd JAK-STAT signaling pathway | -
“a . —‘-l Q?f&ﬁ"zs IL-17 signaling pathway | « FE R %
N Pladgdd TNF signaling pathway | - : 1(5)
: 810}’31 PPAR signaling pathway |« 015
; gé‘cle inflammatory mediator regulation of TRP channels {s €20
ﬂ ﬁrf:m 2 4 6 8
-_[ %%gﬂ . chemokine act1v1ty . cytokine activity enrichment
¥ HISEGCA; [C]CXCR chemokine receptor binding [[] eosinophil chemotaxis
i Hobe . . .
{ ¥ ggigg 0s [ chemotaxis [l neutrophil chemotaxis
ox - . | |
1 e [ cellular response to interleukin-1 2 0 2 log,FC

A-XFHRAFNEERIZH DEGs k1L ;. B-AKBA HAIEAIZH DEGs kLB C-22 44 BIE; D-AKBA A4 DEGs #4&; E-3L[F DEGs [

GO /r#5% ;s F-JL[A DEGs [ KEGG it

A-volcanic maps of DEGs in control group and model group;

B-volcanic maps of DEGs in AKBA group and model group; C-intersection Venn diagram;

D-DEGs heatmaps of AKBA group and model group; E-GO analysis string diagram of common DEGs; F-KEGG bubble chart of shared DEGs.

4 ACD /MRIEBKKHFERAF S

Fig. 4 Transcriptomic analysis of neck skin of ACD mice



- 4276 » F8 B 20255068 $£56% B12H  Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12
A ‘ A B
ST NLERE T
TNFR1 [ S B = 55X 10* p-SAPK/INK [ 0 M . |5

GAPDH | s s s = i 3.6 10
P-p38 | —— |38 10*
p38|-..... |3.8><104
PERK 12 [ S —— |13 1
ERK 1/2 | s s s . s |4 |0

SAPK/INK S S | 1
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