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[ Abstract] Based on the holistic regulation and multi-target characteristics of TCM, this study investigated the mechanism of
Panlongqi Tablets (PLQT) in ameliorating rheumatoid arthritis (RA) by regulating key proteins, including glycogen synthase kinase-
3B (GSK-3B), phosphatidylinositol 3-kinase catalytic subunit alpha ( PIK3CA), and protein kinase B3 ( AKT3), within the PI3K-
AKT signaling pathway. An adjuvant-induced arthritis ( ATA) rat model was established by intradermal injection of type I collagen-
Freund’s complete adjuvant into the right hind paw, and rats received different doses of PLQT for intervention. Pharmacodynamic
effects were evaluated by monitoring changes in body weight, measuring paw swelling, observing ankle synovial tissue pathology via
hematoxylin-eosin ( HE) staining, and detecting serum levels of inflammatory cytokines, including tumor necrosis factor-a ( TNF-a) ,
interleukin-6 (IL-6) , and interleukin-18 (IL-18), using ELISA. Targets identified through prior network pharmacology screening were
integrated with therapy-related biomarkers from untargeted metabolomics for key pathway enrichment and identification of critical
targets. Western blot and RT-qPCR were subsequently used to validate the expression of these key targets. Animal experimental results
showed that, compared with the model group, all PLQT dose groups significantly improved weight loss, reduced paw swelling,
inhibited synovial tissue fibrosis hyperplasia and inflammatory cell infiltration, and decreased serum levels of pro-inflammatory
cytokines such as TNF-a, IL-6, and IL-18 in RA rats, exhibiting a partial dose-dependent manner. Metabolomics analysis revealed
that PLQT exerted regulatory effects on 179 of 276 RA-related biomarkers. Enrichment analysis revealed that GSK-38, PIK3CA, and
AKTS3 proteins in the PI3K-AKT signaling pathway were the key targets for PLQT intervention in RA. Validation by Western blot and
RT-qPCR demonstrated that PLQT significantly modulated the expression of these three proteins. In conclusion, the therapeutic effects
of PLQT on RA are likely associated with regulation of GSK-38, PIK3CA, and AKT3 within the PI3K-AKT signaling pathway.
Panlongqi Tablets ; rtheumatoid arthritis; PI3K-AKT signaling pathway ; GSK-38; PIK3CA; AKT3
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Fig. 1 Trends in body weight changes and paw swelling in RA rats treated with Panlongqi Tablets(x+s,n=6)
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Fig. 2 HE stained sections of knee synovium in RA rats treated with Panlongqgi Tablets (x20)
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Fig. 3 Differential metabolomic analysis of Panlongqi Tablets in intervention in RA rats

#*=2

L0 RA R BRI A hn G SN 3R 7 229047 (x5 ,n=16)

Table 2 One-way ANOVA of biomarkers associated with the effects of Panlongqi Tablets in RA rats(x+s,n=6)
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Ko S HEA hnic ¥ PIP3 BYE KK, WA 4,

a. IL-17 signaling pathway; b. Th17 cell differentiation: c. theumatoid ar-
thritis; d. MAPK signaling pathway; e. PI3K-AKT signaling pathway;
f. VEGF signaling pathway,

P4 b T30 RA KRR 4R

Fig.4  Enrichment of metabolic pathways associated with Pan-

longqi Tablets in intervention in RA rats

3.4.3 SCHUEIPRCY E T BE AL,
IRV KR PIP3 & i 25 4, SRR A L
et s AR R T PIP3 i
Wb LR 3, R R BRI RAE KN PIP3
IR I AKT 85 1 LA RS2 R W AT

3 fRe- LI RA KEOCHAYWARIC Y PIP3 Y%L
(xxs,n=3)

Table 3 Validation of PIP3, a key biomarker regulated by Pan-
longqi Tablets in RA rats(x+s,n=3)

451 FH/mg-kg ™! PIP3/pg-mlL ™"

Z=H - 106. 42+5. 73
sl - 186. 18+4. 56"
lkth 640 132. 85+6. 48
320 160. 94+4. 66
160 176. 54£15. 16

N FA 9.4 183.80+9. 83
Ik 4.5 191.30+17. 39
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3.4.4 Western blot 1 RT-PCR #:illl 52544 b
A, R AL A R RS T 4H 21 GSK-38., AKT3 K
PIK3CA & [IFRik i i F T, Hrf AKT3 Rk d ]
BT SRR A L, B0 E R b AR A
GSK-38.AKT3 F1 PIK3CA & [ & ik 15 5 7 & K #i
P & SRR, HL SRR A SRR ok 2 A e
AT L S mIESEE I Rl R R A L
BAR, o i e b i 4] S W e 4 R R
BT, WK 5 K4,

Bl 5 EGEEEIESMHT GSK-38.PIK3CA 5 AKT3 FE[H#EA
Fig.5 Western blot analysis of GSK-338, PIK3CA, and AKT3

protein expression

525 (4 At B0 4 GSK-38., PIK3CA Al
AKT3 mRNA ik 3 Fi, 8- A& K
S T RE ) RO P b B0 ) GSK-38, AKT3 mRNA
F3k M PIK3CA mRNA B9MHI/E AL T &
FlEdl, HABEZ H A X GSK-38, PIK3CA , AKT3
mRNA Y45 T IEAEF 1 0] M 55 2 i i 7 A I 25 1
ik GSK-38 5 PIK3CA mRNA /K-, W3 4, bk
SRUESE, #4081 R 38 ik 790 o O 1 10 i) PI3K-AKT
{5510 % C B ) GSK-38 . PIK3CA & AKT3 fy%%
S5 BPE, RSB RAEM .

4 it

NI AT RO )28 SO aC R SR i i K 1571 S ]
R BRI O i Ji | T R A i T 4R 4% DRl R
R AR A 2 A BT o, £ B R 2 L 99 A
R DT RAH AR, Frb S R WLRE B AR 1
WY PIP3 RYREARIL A Sl I & 45 R R,
PI3K-AKT i % 2 & v L iR 7 RA A9 SC B %
GSK-38.PIK3CA Fl1 AKT3 J& PI3K-AKT i % 1 1) 5%
i YO e P e RNA B/ =Y TATIEA e T VAN ) e
FReRIE T e i B ZH 44 rh PIK3CA | AKT3 J GSK-
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# 4  Western blot #l RT-PCR #:1%E K BB I+ GSK-38,AKT3 5 PIK3CA ZE 1 & mRNA ik (x+s,n=3)
Table 4 Protein and mRNA expression levels of GSK-38, AKT3, and PIK3CA in rat synovial tissue determined by Western blot and

RT-PCR analysis(x+s,n=3)

g1l ﬁU%,l GSK-:sp AKT; PIK3QA GSK-38 mgNA AKT3 mRNA PIK3CA mRNA

/mg-kg /B-actin /B-actin /B-actin X F ik MR IR FHXTFEIk

ZH - 0. 460. 03 0. 63+0. 02 1.00£0. 02 1. 000. 05 1. 0020. 08 1. 00+0. 03
HHY N 0.55+0. 03" 0.78+0. 02" 1.19+0. 02" 2.08+0.29" 2.22+0.30" 1.30+0. 06"
#let R 640 0. 12+0. 01V 0.12+0. 017 0.510.02% 1.030. 13% 1. 09+0. 10* 0. 89+0. 04
320 0. 24+0. 02¥ 0.23+0. 01> 0. 66+0. 03> 1.12£0.17¥ 1. 0820. 04> 0.95+0. 05>

160 0. 34x0. 03% 0. 34x0. 02% 0. 86+0. 02% 1. 65+0. 13% 1. 17£0. 08” 1.25+0. 05
TEAMZAT R 9.4 0.15+0. 02¥ 0.23+0. 02% 0. 67+0. 02 1. 77+0. 04> 1. 71+0. 09% 1.120.05%
W51 3 S AV 4.5 0. 3420. 03V 0.36+0. 01 0. 86+0. 02 1. 80+0. 07" 1.95+0. 18 0.99+0. 05

BHEHEHSHEKEKRE, BT PIP3 HEEDYH
PIK3CA Fih4 5 35 IE A5G, bl WAkt
F ] RE 4] PIK3CA /S0 PIP3 A= 40& i, iF
IMBHLIT AKT3 155,

PI3K-AKT {5518 M 7£ RA % B E 72 v K $5 #%
OIEAEH], PI3K B F 3o F- 05 , 15461 PI3K ff
LA AR 3,4 — W 2 W As IBE LIS ( PIP2) %4k H
PIP3, W W2 AL 183 AKT* ) i GSK-38., PIK3CA
H1 AKT3 25 A7E PI3K-AKT {5 51 5 ol %5 56 B4
FH, AKT3 REA% I N7 R 5 28 FAE K I+ PR3 A AR
ST, S 5 ZMA YRR ARG EE oAk
T MR R A2 GSK-3B J2 PI3K-AKT {553 i
O 13 e R BURSTE 2 L =R e Ao p L A S Bl
RN 85 A, S5 A M o Ak X A7 TS AN DA
7=, PIK3CA J2& T 57 Rk /Y PI3K & H,
FEANMIGTE | s | SN S R b R AR AR
16 RA J HUIR AR, PI3K-AKT 3 B 5 5 1% 1k 5 5
PIK3CA 4519 AKT B2 fk . AKT3 7 R 7 5 55 2
LT A0 L v 8 980 B HE T Wi OGBS GSK-3B
48 4 JLRIBKEN T NF-«B %555 5 N 1 1 15 4k
PR 9 A AL IR - (g asd B2 7 2R i PG A R 4 L S
b, B2 FEOT IR A ST i A AR 1
PRI 24307, Tk ) PIP3 45 4 AR 509 & PI3K-
AKT {5538 BEAE R £8 £ B T W KR 7 R
MIA%OVE SR . AR B i sl S AR AL R IR R WX
5205 R] I 2 RA AR AL, AR Rt
WESE, 7R 7K mRNA KO | 808 H 3
fit 2 2 [M1E PIK3CA (AKT3 K GSK-38 ¥ 55 09 5%
ik, AP ZHE A HIVEFHBEET T PIK3CA 451y
PIP3-AKT3 {f b gk, i #0  GSK-38 17 %1% %,
PR RA 585000 ¥ B A6 J S0 O, (AR Y

Je , BT R X O BT A5 A DI ] 9 4 2 D)
TG R 56 S 25 PG 24 1) AR R R TR 2 Ry
EZ Vi Seu RRINELEST NN

BT 1 % BT PISK-AKT-GSK-38 i [} it 3%

PR, B 25 B~ 1 B R 1 48 e B < T ML
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