o1 [B [ 2 2 & Chinese Journal of Pain Medicine 2026, 32 (9) . 659 o

doi:10.3969/j.issn.1006-9852.2026.09.004

.'L/b\ %.

T T8 T R B A i 2 VA 3 5 I KBS PN
i U S TR &+

BHOoAY OAmE' K o' EF %' Ko om ARFFM
C R BRI RS 2 B ORI FU T, DR FCAERE, AR I 2 Ak 5 1P 2 AR M0 J 5 S0 =2, AR 3501225
PRREA L ERE R, ARE AR LIRREE b, 48N 3500015 ° B #BEE RS B B AL
EZ AL, EZEEFERBRIGREZET RO, 65 100053 * AR 4 1 H 13— E R R
HiH 351100)

W E BB %5 LM FERY (magnesium L-threonate, L-TAMS) * 77 % % 4% 44T (irritable bowel
syndrome, IBS) WA X UG 0 THAER . Fik: RAFEMEELHT KA ZE IBS KEEA, XL
604 mgkg'd" F| BKAK AT L-TAMS. i34 IE 8GR RATIF . FE A RHIUAL B, B8 F0T i P B v 4Rk
BRTFRE. UL BITEERAETN, BT ERIT AT s 0 A I i 3 K
MBS TR, Western blot # 3| 7] 3147 ] B JT (anterior cingulate cortex, ACC). % . F{-H+ N-H
H-D- K4 & B (N-methyl-D-aspartate, NMDA) %R & NR1. NR2B #y%& 5 &3, £R: IBS AR miF
EmEREE Mg BERK, HENREE8ESE. AlELEEx; L-TAMS Tk EZ4 % 7 KT,
ZRENEEERNY, REERGIMHEITY, H#E ACCH R ¥ A M NRI. NR2B RAK A EF.
Bit: Sz 5 IBS WIEB SR MK A KM K, L-TAMS @K 4 P ARERS. i ACC H
NMDA %k 5, %K& IBS JEHk.
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Magnesium L-threonate alleviates visceral hypersensitivity and negative mood in irritable
bowel syndrome rats *
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Abstract Objective: To explore the effects of magnesium L-threonate (L-TAMS) on visceral pain and
emotional disturbances in irritable bowel syndrome (IBS). Methods: An IBS rat model was established via neonatal
colorectal distension. L-TAMS was administered orally at 604 mg-kg'd" through drinking water. Visceral
hypersensitivity was evaluated by abdominal withdrawal reflex score and external oblique muscle electromyography.
Anxiety-like behaviors were assessed using the elevated plus maze and open field tests, and depression-like
behaviors were measured by the sucrose preference test. Serum and cerebrospinal fluid (CSF) Mg™ concentrations

were determined via spectrophotometry. Western blot was used to detect protein expressions of N-methyl-D-as-
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partate (NMDA) receptor subunits NR1 and NR2B in the anterior cingulate cortex (ACC), hippocampus, and

amygdala. Results: IBS rats exhibited significantly reduced free Mg?* levels in serum and CSF, which were

closely correlated with enhanced visceral hypersensitivity and negative emotional behaviors. L-TAMS treatment

effectively restored Mg”" concentration, alleviated visceral hypersensitivity, and improved anxiety-like and

depression-like behaviors. These behavioral improvements were accompanied by normalized expressions of

abnormally elevated NR1 and NR2B in the ACC. Conclusion: Magnesium deficiency is associated with visceral

hypersensitivity and negative emotional responses in IBS. L-TAMS mitigates these abnormalities, potentially

by restoring central magnesium homeostasis and regulating NMDA receptor signaling in the ACC.

Keywords irritable bowel syndrome; magnesium L-threonate; mood; visceral pain
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98 mg-kg'd", %% E KGR B TR MK R
IR IRIGIT Z A X (A

X R4 AN IBS ZH K BRIl 7K o A 1 AR
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-SRI e F LN 135° o A AR T A A
ML B KFLRIE CSF,  F ™ v i b LT 4
RIET-80C.
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b e, 0 52 4 550 £ 00 1375 AT CSF I 5 Mg™
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) X 1.0 mmol/L.
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(3) JEFEWLTFSL56 (sucrose preference test, SPT):
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{5/ TBM SPSS Statistics 23 11 GraphPad Prism 8.0.2
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Lone Z WA R H $ K 2 J7 2 9 B (one-way
ANOVA). £ 4 248 & sk WA 2= = 2 I & 5
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1. ¥M 78 L-TAMS £ 1F IBS K B I35 F1 CSF Hr i
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*F5 60 mmHg CRD HJ3# T AL EMG PRI 2
AR CIWE 10 , S5 IERE R 2 EAHC CILE
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7E EPMT 1, IBS + L-TAMS X f, % 3L H) I i
T 0E N OB TR TR 45 B A TR ZE K (LI 3D,
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RS (P =0.004, WL 3B) , IRMESFEAT NS



o1 [B [ 2 2 & Chinese Journal of Pain Medicine 2026, 32 (9) . 663 o
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(A) AR, KR + L-TAMS 4. IBS 41 IBS + L-TAMS 4 K R Mg™ W FE; (B) PUZH K R A E W (CSF)
Mg™ W EE; (C) L EE 4T s CSF Mg™ /K°F5 60 mmHg 45 B 7k (CRD) FAZAMRHILILE K (EMG) k1
AHDETE: (D) CSF Mg™ /K5 IR IR A DG s (E) CSF Mg™ /KP4 16 B 528 (EPMT) U 5
B RN K ARG M s (F) CSF Mg K5 BE Wl i -4 B AR S A
*P<0.05, **P<0.01, SXfMAMLL: P <005, 5IBS 4Lk
Fig. 1 Magnesium ion levels in serum and cerebrospinal fluid and their correlations with behavioral parameters (X =SEM)

(A) Serum Mg”" concentrations in the Control, Control + L-TAMS, IBS, and IBS + L-TAMS groups; (B) Mg”*
concentrations in cerebrospinal fluid (CSF) in the four groups; (C) Linear regression analysis showing the correlation
between CSF Mg™ levels and the amplitude of the external oblique muscle electromyography (EMG) under 60 mmHg
colorectal distension (CRD); (D) Correlation between CSF Mg”" levels and visceral pain threshold; (E) Correlation
between CSF Mg”* levels and time spent in the open arms in the elevated plus maze test (EPMT); (F) Correlation between
CSF Mg levels and sucrose preference index.

*P < 0.05, ¥*P < 0.01, compared with the Control group; "P < 0.05, compared with the IBS group.
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A B Control Control + L-TAMS
—0— Control —a— Control + L-TAMS W8S MBS + L-TAMS
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*P <0.05, ***P<0.001, SXTHEL4IALL; P <0.05, "P<0.001, 5 IBS 4L
Fig. 2 Effects of L-TAMS on visceral hypersensitivity in IBS rats (X =SEM)
(A) Time curve of L-TAMS effect on pain threshold difference in rats; (B) L-TAMS reduced the amplitude of external
oblique muscle EMG at 40 mmHg CRD in IBS rats.
*P < (.05, ***P < 0.001, compared with the Control group; P < 0.05, P < 0.001, compared with the IBS group.
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Fig. 3 Effects of L-TAMS on anxiety- like and depression-like behaviors in IBS rats (X £.SEM)

(A) Experimental timeline of behavioral tests; (B) L-TAMS increased the sucrose preference index in the sucrose
preference test (SPT) in IBS rats; (C-E) C: Representative images of the elevated plus maze test (EPMT); D, E: L-TAMS
increased the number of open arm entries and the time spent in open arms in the EPMT in IBS rats; (F-I) F: Representative
images of the open field test (OFT); G-I: L-TAMS increased the distance traveled and time spent in the central area in the
OFT, while total locomotor distance remained unchanged in IBS rats.

*P < 0.05, ¥*P < 0.01, compared with the Control group; "P < 0.05, P < 0.01, P < 0.001, compared with the IBS group.
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Fig. 4 Effects of L-TAMS on the expression of NMDA receptor subunits in the brain (X +SEM)

(A) Representative Western blot images and quantitative analysis of NR1 and NR2B protein expression in the anterior cingulate
cortex (ACC); (B) Protein expression levels of NR1 and NR2B in the hippocampus; (C) Protein expression levels of NR1 and
NR2B in the amygdala. Protein expression levels were normalized to B-actin as the internal reference.

*P < 0.05, **P < 0.01, compared with the Control group; “P < 0.05, compared with the IBS group.
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