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Simultaneous Quantitation of Neurotransmitters in Multiple Brain
Regions and the Intervention Effect of Shenhu Xihonghua Formula
Against Sleep Deprivation Based on UPLC-MS/MS
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Abstract: This study established an ultrahigh-performance liquid chromatography—tandem mass
spectrometry method for the simultaneous quantitation of neurotransmitters (NTs) in microdissected
hippocampal, cortical, and hypothalamic tissues of mice. The results showed that dopamine, nor-
epinephrine, 5-hydroxytryptamine, v -aminobutyric acid, acetylcholine, and glutamate exhibited
excellent linearity within the concentration range of 0. 1-10 pwg/mL(7>>0. 995), with limits of detec-
tion and quantification being 5-50 ng/mL and 100-250 ng/ml., respectively. After 96 h of sleep de-
privation, dopamine in the hypothalamus, vy-aminobutyric acid in the hippocampus, and acetylcho-
line in the cortex showed compensatory increases. By contrast, the remaining NTs in these three
brain regions were generally downregulated, and the interregional correlation network was significant-
ly disrupted. Treatment with the Shenhu Xihonghua formula significantly reversed these NT abnormal-
ities, restoring them to near-normal levels. Principal component analysis and correlation analysis fur-
ther demonstrated that the treatment shifted the sample profiles back toward those of the control group
and restored the interregional correlation network. These findings suggest that the Shenhu Xihonghua
formula regulates neurotransmitter levels in key brain regions through multiple targets, restores the
excitation—inhibition balance, and combats central nervous system fatigue by nourishing the heart

and calming the mind.
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- Table I  Mass spectrometry parameters of six neurotransmitters
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Fig. 1 UPLC-MS/MS extracted ion chromatograms of six neurotransmitters in brain tissue extracts
A.NE; B.GABA; C. Ach; D.Glu; E.DA; F.5-HT
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0.999 8, IR AIE 2 FR 2514 5~50 ng/mL Al 100~250 ng/mL, {5 /& BURTE [l A AY B 2 i 2H 2046 )
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Table 2 Linear equations, linear ranges, coefficients of determination(*), LODs, and LOQs of six neurotransmitters

Compound Linear equation Linear range/(pg-mL™") r LOD/(ng-mL™")  LOQ/(ng-mL™")
NE Y=122 578X+852 824 0.1~10 0.999 8 50 100
GABA Y=155 169X+1 656 465 0.1~10 0.9958 5 250
Ach Y=9 140 658X+340 845 034 0.1~10 0.997 5 5 100
Glu Y=52 116X+241 716 0.1~10 0.996 8 50 100
DA Y=472 202X+2 395 536 0.1~10 0.999 7 50 100

5-HT Y=413 312X+2 178 238 0.1~10 0.999 6 5 100
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SLE ARG RIF SR PR AT BIF EHUSI, ZRGRNAMEIES, ARINXEETZE 5L 0
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Table 4  Levels of six neurotransmitters in the hypothalamus, hippocampus, and cerebral cortex (n=3)w/(ng-mg™")
Brain region Group NE GABA Ach Glu DA 5-HT

] NXGE 0. 602+0. 131 58.507+6.315  0.942+0. 038 594.768+19. 510 0. 067+0. 025 0. 850+0. 073
HRAY L 0.325+0. 107" 48.057+1.007* 0.418+0.217" 355.807+17.908"* 0.215+0. 060" 0.430+0. 081"

SMIPELIAEL] 0. 550+0. 033 56.322+4.065 0.817+0.024° 582.907+19.857""  0.191x0.003  0.720+0. 159"

gy EH A 0. 027+0. 003 29.808+2.934  0.591+0. 069 688.362+15.017 0. 082+0. 051 0. 238+0. 040

FR AL 0.013+0. 007"  38.885+4.537" 0.392+0. 056" 422.191+124. 524" 0. 012+0. 004 0. 127+0. 054

ZMIVELIAEZH 0. 035+0. 0017 34.455+2.544  0.501+0. 064 728. 025+33. 566" 0. 015+0. 004 0. 348+0. 061

K2 IEH 4 0. 029+0. 002 26.161+£0. 690 0. 352+0. 056 736. 169+32. 643 0. 631+0. 054 0. 385+0. 034
FRAIL] 0. 012+0. 002" 17.559+0. 395" 0.517+0. 072" 468.341+68. 922"* 0. 453+0. 128 0.272+0. 011"

SHIPELAEA] 0.028+0.0017" 22, 118+1. 145" 0.398+0.012 708. 554+7. 193" 0.381+0.077  0.408+0. 059"

#P<0. 05, ##P<0.01 and ###P<0. 001 vs normal group; *P<0.05, *%P<0.01 and ***P<0. 001 vs model group (5 1E % 4 L4, #P<0.05,
#P<0. 01, ###P<0.001; SHEALEL, #P<0.05, ##P<0.01, *##P<0.001)

T A B R — i R U A A OB DX, T 88 S K AR A B R B R SRS o 4296 h B
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S TR T RE R T LA RSB IR AR A A A AR N, (HA 1T 5 T RE IR 2 2R % Th RE IS
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PR R RE T

3T S A SR DX, H A A P AR T RE 4 Fs B EE . 496 hIEIRFZFE, 5
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BEMZER(P<0.001), Glu b HA IR BEMER(P<0.01) . M4ATPHEE T Glu A8/ 55 30 1 56 it
GABAWMEZ | W3R T i L X 2445 AN P-4, X v 8L SD 5 802 21ic i s i 4> F 35 il . SHX 7
J&i, NEFIGlu &2 b T, GABA MM IER 1k, $31% 7 ] e 5 e A ) 25 9% 57 7 85000 2 2] ie 12 it
BRRARITHRE TR, FWHUATER SRS T NRIRCR, SMIANAUZ 55 R, SEENRIThEE .

B B 2 ST TIIRE, HE A AL SR TR . YRR YIME . 4896 h EAR R
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0.001), Achf)EEEE EFH(P<0.05); SHEAIHAME, SHXHPNREMH FZH NE, GABA, Glu. 5-
HT )& % FFH(P<0. 05, P<0.001), HHNEAIGlu B BEEER(P<0.001), GABAFI5-HT
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Fig. 2 PCA plots and heatmaps of six neurotransmitters in different brain regions (n=3)
A. hypothalamus; B. hippocampus; C. cerebral cortex (A. FMN; B. #5; C. %))
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