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[ Abstract] Objective: To investigate the clinical efficacy of Longmu Ningxin Formula (LMNXF) in treating

children with attention deficit hyperactivity disorder ( ADHD ) and to explore its potential mechanism of action
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through animal experiments and proteomics. Methods: A total of 80 children with ADHD were randomly divided
into a western medicine group (n =40) and a Chinese medicine group (n =40). The western medicine group was
treated with methylphenidate hydrochloride extended-release tablets ( MPH ), while the Chinese medicine group
received LMNXF. The treatment lasted for 12 weeks. The scores of the Swanson, Nolan, and Pelham-IV Rating
Scale (SNAP-IV, parent version) , the Weiss Functional Impairment Rating Scale ( WFIRS, parent version) , the
Conners’ Parent Rating Scale (CPRS) , and the Chinese medicine syndrome scores were compared between the two
groups before and after treatment. Safety was also evaluated. For the animal experiment, the spontaneously
hypertensive rat (SHR) , a classic ADHD model, was used. A total of 18 4-week-old male SHRs were randomly
divided into a model group, a Chinese medicine group, and a western medicine group. A total of 6 Wistar-Kyoto
rats served as the control group. The Chinese medicine group received LMNXF at 38.00 g-kg '-d ', the western
medicine group received MPH at 4.22 mg-kg '+d ', and the control and model groups were administered an equal
volume of saline by gavage. Treatment lasted for 4 weeks. Behavioral tests were conducted to assess the rats’
performance. After the experiment, prefrontal cortex tissues were collected for quantitative proteomic analysis, and
Western Blot analysis was performed to validate differentially expressed proteins. Results: After treatment, the
scores of the SNAP-IV, WFIRS, CPRS, and the primary and secondary Chinese medicine syndrome scores in the
Chinese medicine group were significantly decreased compared to those before treatment (all P <0.001). The
improvements in the WFIRS and CPRS scores and the Chinese medicine syndrome scores in the Chinese medicine
group were greater than those in the western medicine group (all P <0.05). No serious adverse reactions related to
the study drugs were observed in any child during the treatment period. LMNXF significantly ameliorated hyperactivity/
impulsivity and spatial learning/memory deficits in SHRs (all P <0.05). Proteomic analysis of the prefrontal
cortex identified 273 differentially expressed proteins between the model group and the Chinese medicine group.
These proteins were primarily involved in seven pathways, including the NOD-like receptor signaling pathway,
FoxO signaling pathway, and intestinal immune network for IgA production. Western Blot results showed that
LMNXF reversed the upregulation of Ripk2, Tabl, and IL-6 in the prefrontal cortex of SHRs. Conclusion:
LMNXF demonstrates favorable efficacy and a high safety profile in treating children with ADHD. Its mechanism of
action may involve modulating Ripk2, Tabl, and IL-6 expression in the prefrontal cortex, thereby inhibiting NOD-
like receptor signaling pathway-mediated neuroinflammation.
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2t Mann-Whitney U K55, 22 R K428 L (P =
0.61) , KB 2541 () SNAP-IV & E P4 T B i
SV, Lk 3,

x3 PHAHETLHHIBITHIG SNAP-IV & L5328 4k M(P25,P75)
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UHREAGEH 72257 (P =0.096)  BRALH BFRRIR B (P 2 <0.05) , F br 5 BR 4 3 bk BE 25 2 2% 4%
15 B I TR] 5 s G BR 90 kB RS IR T X BRZH (P 4 < (P <0.01), WLIE 3. 42 KRR 25 ) #5256
0.01) ; SRR AL, P M ST s RSB LA 4,

8- 45 600
b
b

s = 30T & 400}
= BE a =
= i by
@ = &
i & 15| =

2 & 200¢
m 04
m

0 0

YPHR4L BRI 2G4 eG4l AR BRI hZh4l pEZH4L AR BRI hZh4l pEZH4L

S5 A ,a:P <0.01; 5EERIH A ,b: P <0.05,c:P <0.01
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B4 25K Morris 7K 8 7 2% ] #8258 52 0 AR iz 3 Bk
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Biological process Cellular component Molecular function

BEMHEME: P<0.05
7 GO &HESHTE

2.5 RHTOATRMEERREZADN KEGGE B AL ATP KBGO E S FoxO {551l
BEESN B CEAZ AR W v B R R AR W S R B 2R AL Y O-
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NOD-like receptor signaling pathway b

P
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0.02

ATP-dependent chromatin remodeling . 0.01
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@
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| X
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@
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5 10 15 20
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0
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Chinese Journal of New Drugs 2026,35(17)

ZHAH I, BE A 2H Tabl  Ripk2 | 1L-6 & [ % ik & T+
B (P<0.05.P<0.01 P<0.01); 58RI 4, p
244 Tabl , Ripk2,IL-6 #& [1 %5 W & % (P <
0.001 .P<0.01.P<0.05), L& 9,

2.51 151

2F

—_
U
T

Ripk2/GAPDH

Tab1/GAPDH

=
n

0 0
X RRAL MR A X RRAL MR A

S5 AL ,a:P <0.01,b:P <0.05; S AIA A ,c:P <0.05,d:P <0.01,e:P <0.001
B9 K4 K IL-6 Ripk2 5 Tabl £ [ A X K 8 L (n =4, 137 3KGE )

5] it
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AN 5 A H 2 R AN I TG I 1% Y 30 A ol B A
B, HHAEEE ), BETHBE R, ORI BRE ko, i 45
A IV RN I ASTE 5 26 B R, R B TS 46 IR L TR
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BB FE 2, O BE A0, A0S T, SR 2R BV P 4 o
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ARG, T4t T 0 IR T B AN 2 L0 BH A RE
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TP EFRYIERMY B TR, B AR E ERAER
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)24 2] e AL B A IR A e ks . i — Py E R
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ZSFE AW GO &AL WoR, 4t T 0I5
TR 325 5 8 1) 552 R 4% SOD i 4 (IL-6
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T B RS AR, 32 2 AR AL ) [ A
A 45 20 0255 A7 it L T3 3 5 5 A R A B P S A
EAE . G IR FTIEYE 22 8, ADHD 55 20 i Py 45 25 -+
FRASRINA G, Hoh SHR K EUME 8 ADHD & H 3l

1863 @7
PEHMBRG 2026 F35 35 E5 17 4 ‘



Chinese Journal of New Drugs 2026,35(17)

WIREIED | B BE S A7 7 i 2H 280 5 4 s - 45 ML T g
24 T I5I7 ADHD B9—Ff o2A W IR 22
AR 30 90 T 5 2 A A0 R ML AR 22— 68 3 3 40 ) 2
TR 4 N 78 45 5 G U 20 5 B T AU e R A 2
B 152 0 o R, B S A R AR T
Jife' . SOD B AN EE ML —, TR
W1, SHR J AT 4 2 b i) SOD 3 5 42 ik 7k
8 WA, 7 R Aok R R R T A
SOD /K5 1 1, $2 i 40 M B B AL R 0, BRI —
T T 1 4 25 X 0 T I 45 4 1) W O 5 R Ak B
JEIRYT ADHD Mg 2 — . IL-6 & —Fh B A WL
A (0 S/ S E R G A, B AR A 4 IR
TL-6 J2& 5 BOM 2 4 % 19 2 B 0K 2y R 7, i b 28 T 9
TR RANTE AL . 5 WKY kBRI EE , SHR & R
A DAL T 5 4 TL-6 K SE L O ELTE I R B
Fer & B ADHD H L HA Hefd e L # 5 & 9 1L-6
AT R, GO A3 BT R B e 0 T A

J7AE 5 WA B B RS 2SR Y PSR IRE g B e
22 RAEM B A K

i ik KEGG i i & 5 70 A A B, e 470 7 19
RIT VR 2 5 500 NOD RE A2 A5 538 1 40 e
& ATP U6 G €0 5T 8 9 FoxO {5 5 % LA A=
Yy AR A= 6 i A 2R B A O-WE 55 A= W) 5
I e 2% 5 TgA FRAF T AR K. H
Hh NOD 32 A5 S ad B A 2t o 32 A HAT R
13 i 2 ( receptor-interacting protein kinase 2, Ripk2) |
W0 5 [ T3 AR 6 7 19 1 Ctransforming growth
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