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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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>
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SRZ W T W, 22 XU 3R A B D7 22 0 B, R A 41 (P¥<0.05), %7,
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F' 0.291 3.872 15.412 9.113 8.450
P 0.832 0.025 <0.001 0.001 0.001
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i) 87 2280 187 43 B9 A 960 9 3 ik

ZEER LR, S AN BRHANT S BEWMZ (P <0.01), HARRRAY (8 i E 225
UHREAGETH 72257 (P =0.096)  BORALH) AFRRIR BN (P 2 <0.05) , [ bn 4 BR 4 9 bk BE 25 2 2% 4%
15 B I TR] 5 B G BR 90 kB S IR T X IRZH (P 4 < (P <0.01), WLIEN 3. 4% 20 KRR 25 ) #5256
0.01) ; SEIRIIANLL, P2 SPH AL s RIS BL WA 4.

8- 45 600
b
b
w
< = 30 & 400}
Sy g 4 H
= i %
q = &
i & | =
hd 15 & 200+
m =
m
0 0
YHR4L BRI 2G4 4L XHR4 BRI i P XH4 BRI ZHA P

S5 A ,a:P <0.01; 5EER A A ,b: P <0.05,c:P <0.01
B3 SARMYEEFERLELS R (n=6)
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B4 SR Morris 7K 8 5 23 (8] R 5L AU A iz 3 Lk

2.3 DIAEEZEBARAZHH

2 PCA 43 B7 , KEA T B P b, TLIEL 5 28 1 HhEvHL vs R

O 22 R IR e i 15 B AR B 10 628 A, 5% Wl
TS L, R 4 2 S 1 364 A, Ho b 1 1 Bl
181 4, T 28 11 183 A~ 15 4050 4 LU e, P 2 4 22 2sl
SEE 2734, Hob & 82 A4, FIEEE 191 a |

AL 6, F; .
1.3F
300 QA 1r
sQB 0.5

200 QcC

100

log2FoldChange

PC2
<

LI Foldchange > 1.2 5§ <0.83 P <0.05 N[ {A
6 ERRILEHXILE

-100

=200

ol . 2.4 AHTFOFTREERRAZEAN GO 54
-200 P(c):1 200 ﬁ*ﬁ'

Q_A I, QB HUAL,Q_C.oh 2520 PCA 447y EF AL o REANERRAED, &1

T A S R 10—k 3351 PC1 = 19. 46% | GO HAE LM A YL 71 4.5 FU6e 78

PC2=11.51% 2% ANMELH 4 20 5, ¥E$E P <0.05 iy 5 H 47 nl #

5 PCA SpHrss i fbo AR TH, ZERREIEAFTES 5

BT SR G Y s | W E A T R -

Bl va BiHAR (1 B 325 A7 MM 5 88 P 0 R R TR

o . iz HLUE A BH B 10 5 IR A S T AL FH B i B TR

st . iz X B RN % 8 MY R, 7R T U hE

al <. J7 IR ST 51 DNA 256 W e % 1 R - Wl 15 I 7 iz

oue FHWE ML B E ALY B AL B (superoxide dismutase,

3 SOD) it P BUER B T« T % 32 1O M IL-6 32 1k

4G IRES G S EEN (IRNA) HJREEFL [ 15 M %

A2 T il T3 1 s B AW R 7358 1 5 10 4y 3y

AEdl W W AR MM 45 55 H P 34 >0.05, K it
TR, WK 7,
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w
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Biological process Cellular component Molecular function

BEMHEME: P<0.05
7 GO &EHENHTE

2.5 BRHTUOATHEERREEAMN KEGGE B A% ATP R I (4 i & 91 FoxO {55 i
BEENT e ELA A R AR AR A S L A S ALY O-

T d os AT E R FRIBEA, T FEEAEDE N B IE RS gA &5 7 408
KEGG &84 Hradb k15 125 JLil g, £ P <0.05 et F 4 (WA 8) . Hd ,NOD FEZ A {5 5 il
M4 BHEFT Tk, 55 0%, NOD REZ IR (S 5l BRI Mo,

NOD-like receptor signaling pathway b

P

0.04
Cellular senescence ' 0.03
0.02

ATP-dependent chromatin remodeling . 0.01

count

FoxO signaling pathway . e 1

Qo >

@

Ribosome biogenesis in eukaryotes . . 4
| X

Other types of O-glycan biosynthesis | o . 6
@

Intestinal immune network for IgA production L
5 10 15 20

Enrichment

BEMEME: P<0.05
8 KEGG i i & % Hr < K
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FRATHEREIE # = R AT b B 2 ) NOD A

ZARAF 5 38 B #E AT Western Blot 43 7, JK JiE {H £

GAPDH H—ALJ5 AT e 20 b7, 45 1 TR, 5 4 1R

)
IL-6 24 kDa

GAPDH * 36 kDa

AR BRI A

25F

IL-6/GAPDH

0
X HRAL MR Al
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ZHAR L, BB 2 Tabl (Ripk2 \IL-6 & [ 3 ik I % Ft
B (P<0.05 P<0.01 P<0.01); 584 4, b
244 Tabl , Ripk2,IL-6 #& [1 %5 W & % (P <
0.001 .P<0.01.P<0.05), L& 9,

251 151

2F

—_
2
T

Ripk2/GAPDH

Tab1/GAPDH

=
n
T

0 0
X RRAL R Al X HRAL MR Al

S5 AL ,a:P <0.01,b:P<0.05; SR A L ,c: P <0.05,d:P <0.01,e:P <0.001
B9 K4 K IL-6 Ripk2 5 Tabl £ FAH Xk & L (n =4, 137 3KGE )

5] it

HRYE ADHD B il JR 2 B, o B 27 0 0 R0 &
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TR ECLR 22 A AR O A e ML O AE T B 5
ME BRI TE, O B R IE, Pl 055 ol R SR B0
BANE Zahhgh BT, R ] A T

BRBIR AL HE DK BAE . 6T L
B, Ze M g2 B 7 I ARAS Rk T T 0 T7 P Bt
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(B R % - A B A EIRE S BN T £
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RN E R I TR LN S N7 | el R A TS
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MR U2 M - 25 DU ) 5 AT 22 o LT ORORS T
L PO A SRy A, — b — R, VAT £ R SR, S0 P A
B R B2 o R T AN % BIRE K
Jrk BEBD R 250 MM K 2 A EALHTE , K T3¢
OB W OB BRIV s TS, B3RO B R
WEZ 0 BH T B LB A 25 60K s 8 il e A OT
75, WA A R, RETT 0 55 2 S, (A AT I 5 ey
EPEIR, BE LA EE R A POT S R REIE L B 2R,
S K BTG BEPUBRD R B 25 IR BT A
AR o R T R, WE D RO AL, SO BR
W5 TR TR H L, 4 SCAE A AN T MBI

WE BE Bl % B, SRR IR SUAE Bz O b 55 I W 5 A o o
URE W PR, 25 B A0, B R 25 s SR 2 BH (22
FERR AR Z T 5 L2 R L ES il RN DL R
AN 5 A H 2 R AL TG I 1% Vi 38 A 8 B A
B, HHAE R R ), BETHBE R, BORTBHE &, i 45
A IV, RN ASTE 5 26 B R, R B 1RS48 IR, TR
TF B, PR T B 4 O o TR R R, 0
AR T T K R AR TS 2 AR
B BT, O BE A0, A0S T, SR 2R BV P 2 o
M2,

ARG, e 4t T 0 IR B IS 2 L0 BH A RE
R ADHD (B LE A 845 097 58, 1697 )5 SNAP-IV
WE 3K\ Weiss I RE Gk 5t 35 \Conners JL# 1T H i
P EFYIERY B TR, B AR E ERAER
53 Weiss THEEBLIE 1K 5 Conners JL B 4Ty 2 £ IF
YRR E LT ARRRVR . ESh SR AT N
2K b e 4t 0 J5 X SHR K RS £ 8 sl 5 58
] 24 S C AL B G I A s s . B E B
R 2E S5 5 woR, o4t 70 F U 51 SHR KR
AR b 82 AR L 191 FRER (A T,

ZEEN GO A S R, KA T O
TR 25 5 8 1 1) 5552 R 4% . SOD i 4 (1L-6
TG HA K BEFENT RS R G h 2R
T B RS AR, 2 2 AR AL [ A
A 45 20 0255 A7 it L T S 55 DA R A B P A A
EAE . G IR FTIEYE 22 8, ADHD 55 20 i ) 45 25+
FRASRINA G, Hob SHR K EUE 8 ADHD & H 3l
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WKL B BE S A7 7 i 2 280 O 4 s T 45 MU g
247 M TIEI7 ADHD B9—Ff o2A W | IR 22
AR 30 0 T 5 2 A A JE ML A 22— e S 3 5 40 41 2 ik
TR 4 N 780 45 5 3, U /0 B B T AU, ke R AR 2
B bR 2 A R, B I ok R R B BT
Jifet . SOD & AMKNTEE WP A L —, TR
FW SHR K RURT 20 12 5 g SOD i 1 5 ik 7k
- B AR A R Lok R B A G a9
SOD /K5 1 1, $2 & 40 M e B AL R 0, BRI —
T T 1 4 25 X 0 I I 45 4 1) W O 5 R Ak 1
JEIRYT ADHD fy Mg 2 — 0, IL-6 & —Fh H A WL
AN I SR/ S e R G AR, 3 B 7 AR A S8 Y T
IL-6 J&: 5 BOM 2 4 % 19 2 B 0K 2y K 7, i b 28 T 9
o R R AL 5 WKY & BUM G, SHR K R
A DAL B T 5 0 TL-6 KOE L O EL7E I R B
Ferh % B ADHD 3L HA Hefd e L # 5 &5 9 1L-6
AT BRI, GO 43 HT R B e 0 T A

J7AE 5 A A B RS SR Y PRI RE T B e
22 RAEM A K

i ik KEGG i i & 5 70 A & B, e 470 7 19
A 2 S R0 NOD FE A2 1R {5 5 38 B 40 it 3
& ATP U G 0 57 8 9 FoxO {5 5 % A% A=
Yrb B RORAR A 5 B A S T B O-BEBE A= &
B i e % TgA FRAF T AR B K. H
Hh NOD 2 A5 Sl B A 2t o B2 A HAT R
F1 I Jiff 2 ( receptor-interacting protein kinase 2, Ripk2) |
B RFE [H F Z Ik #H 22 & 1 ( transforming growth
factor B activated kinase 1 binding protein 1,Tabl) 5
IL-6 & NOD HEZ K5 Sl ik Eim X EREHEH,
Ripk2 J& T 22 & 1R/ /3 AR 3 H M 5% , Tabl J& T
TAKL 255 8 A Z M, A 5 A B Jme 6 1k, 32208
IR E S5 B TAKL 4545 R B3 5E RS TAKL
Ripk2 fEf% LAHAZ. L 254 (CARD S5 4938 g Rl 5
NOD1/2 Z54& , T 1% Ripk2, #0i% B9 Ripk2 41 5%
JF#E TAKL 5 Tabl \Tab2/3 {95 & &, # — 4 #
WAL 1B ol 2 & A IxB R, 42 BE 2% [ 1-«B
(nuclear factor-kappa B, NF-kB) & , F 8 K&
{2 e X - 4 TL-6 By o e ik 0L BEAE BF ST &
B, Ripk2 J& 677 28 90 i T BE40 50 Horhi 4
FRELIL/N L NOD2 F1 Ripk2 & DR B 7 R fE #% 238
PR 2, T BE DR A A 175 ) 1 28 R RE SN,
KA % K F 7K OF 2. TAKL 5 Tabl &4 ¥ 19 JE 1
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