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Summary: Mechanisms of pruritus are implicated in the dysregulation of the metabolites in 
the spinal cord. We investigated pruritus behavioral testing in three groups of young adult male 
C57Bl/6 mice, including one group treated with normal saline, while the other groups intradermally 
injected with α-Me-5-HT (histamine-independent pruritogen), compound 48/80 (histamine-
dependent pruritogen) at the nape skin of the neck, respectively. Proton nuclear magnetic resonance 
spectroscopy (MRS) was used to compare spinal metabolites from the vertebral cervical among 
three groups, and to study the association of spinal metabolite ratio and pruritus intensity. The 
MRS-measured N-acetylaspartate-to-myoinositol ratio (NAA/Ins) was significantly correlated with 
the number of scratches between normal saline group and 48/80 group or α-Me-5-HT group (both 
P<0.0001), indicating that NAA/Ins may be a robust surrogate marker of histamine-independent/
dependent pruritogen. There was significant difference in Glu/Ins between normal saline group and 
48/80 group (P=0.017), indicating that Glu/Ins may be a surrogate marker of histamine-dependent 
pruritogen, while GABA/Ins was highly significantly different between normal saline group and 
α-Me-5-HT group (P=0.008), suggesting that GABA/Ins may be a surrogate marker of histamine-
independent pruritogen. MRS may reflect the extent of pruritus intensity elicited by α-Me-5-HT and 
compound 48/80 with sensitivity similar to the number of scratches, and above potential markers 
need to be further validated in pre-clinical and clinical treatment trials.   
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Emerging research indicates that individuals 
with unpleasant pruritus sensation, serving as a 
physiological self-protective mechanism, have an 
increased risk of life quality impairment resulting in 
a significant clinical problem[1–3]. The spinal cord is an 
important neural structure involved in pruritus[4], and 
alterations of gene expression and metabolic profiles 
in spinal cord are observed in different itch models[5–8]. 

To our knowledge, magnetic resonance spectroscopy 
(MRS) has not yet been used to assess the associations 
of pruritus intensity with positive correlates of spinal 
metabolite, and it remains relatively unknown whether 
spinal metabolite ratio predicts pruritus intensity. 

Recently, our laboratory has used the proton 
nuclear MRS to investigate specific patterns of 
spinal metabolites underlying histamine-independent 
pruritogen α-Me-5-HT-evoked pruritus compared with 
histamine and capsaicin[7]. Results from these studies 
provide a general strategy for the previously proposed 
method[9–12]. Proton nuclear MRS is a commonly used 
tool to measure levels of N-acetylaspartate (NAA), 
glutamate (Glu), creatine (Cr), myo-inositol (Ins), etc. 
An attractive feature of this neuroimaging technology is 
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its ability to offer valuable in-vitro neural information, 
which allows for the identification of chemical 
metabolite markers of central nervous system (CNS) 
activity in a given target tissue[12–14]. Furthermore, 
the use of MRS in different times can provide useful 
information about the hierarchical distinction of same 
target tissue. Previous applications of this technique 
have suggested the glutamate-glutamine/myo-inositol 
ratio (Glx/Ins) in the anterior cingulate cortex predicts 
high neuropathic pain impact after spinal cord injury[15]. 
Taken together, it is possible that a more refined analysis 
of the metabolic profiles of various target tissues helps 
reveal the nature of the interactions that give rise to 
specific behavior states.

Research suggests that the experience of pruritus 
is anatomically and functionally integrated in the 
spinal cord which can modulate sensory aspect of 
itching[16, 17]. We therefore hypothesized that there 
existed the association of pruritus intensity and spinal 
metabolite ratio obtained by MRS. This study aimed 
to describe the pruritus intensity measured by the 
number of scratches and the changes of metabolic 
concentrations in the spinal cord extracts after the 
injection of different pruritogen compounds, and to 
compare these spinal metabolite ratios with respect to 
pruritus intensity.

1 MATERIALS AND METHODS

1.1 Animals
Young adult male C57Bl/6 mice weighing 20–25 

g were purchased from Experimental Animal Center 
of Tongji Medical College, Huazhong University of 
Science and Technology. The mice were housed in 
plastic cages with no more than three animals per cage 
under a controlled 12/12-h light-dark cycle (light from 
7:00 AM to 7:00 PM), with the room temperature kept 
at 23±1°C and humidity at 55%±5%. The mice were 
given free access to water and food pellets. The study 
was approved by the Animal Care and Use Committee 
of Tongji Hospital, Tongji Medical College (No. TJ-
A20150803). 
1.2 Itch Model and Behavior Test

The 29 mice were randomly divided into three 
groups: normal saline (NS) group (n=9), α-methyl-5-
hydroxytryptamine (α-Me-5-HT, histamine-independent 
pruritogen) group (n=10) and 48/80 (compound 48/80, 
histamine-dependent pruritogen) group (n=10). Under 
isoflurane (2% in pure oxygen) anesthesia, the nape of 
the neck was shaved 3 days before the behavior test. 
On the 4th day, each mouse was habituated for 15 min 
and briefly removed from the container and quickly 
received subcutaneous injection of 50 μL, 0.6 g/L 
α-Me-5-HT, 100 μg/100 μL compound 48/80 or 50 μL 
NS at the nape skin of the neck, and the mice were 
immediately sent back to the container. As previously 

reported[7, 8, 18–20], video cameras were used to record the 
activities of the mice during the following 30 min post-
injection. The times of ticky were recorded, and the 
difference between the NS group and the experimental 
groups was obtained.
1.3 Sample Preparation of Spinal Cord for MRS 
Study

After the euthanasia with microwave method 
which was described in our previous work[7], the mouse 
spinal cords (C5–C8) were quickly removed from the 
vertebral cervicals to a 2 mL EP tube. These tissues 
were immediately weighed and stored at –80°C for 
further processing.

Protocols for spinal cord tissue extraction were the 
same as our previous study[7]. The extraction steps were 
repeated twice with 1200 μL 60% ethanol to extract the 
substance. All the supernatants were collected together 
and desiccated with the centrifugal drying apparatus 
(Thermo Scientific 2010, Germany). The dried product 
was successively dissolved with 60 μL phosphate 
buffer containing Trisodium phosphate (TSP) (120 
mg/L, 269913-1G, Sigma-Aldrich, USA) and 540 μL 
distilled water, and TSP was set as the internal standard. 
The solution was centrifuged at 14 000 g for 15 min, 
and the supernatant was withdrawn and transferred to 
NMR tube for MRS study.
1.4 MRS

All MRS spectra were acquired at 298 K on a 
BrukerAvance III 600 MHz NMR spectrometer equipped 
with an inverse cryogenic probe (BrukerBiospin, 
Germany). In order to assign the metabolites in the 
1H NMR spectra, a series of two-dimensional (2D) 
NMR spectra were collected according to our previous 
study[7]. All the MRS studies were completed using the 
commercial software TOPSPIN (V3.0, BrukerBiospin, 
Germany).
1.5 Statistical Analysis

Multivariate data analysis was performed with 
the software SPSS (Version 22) and home-made code 
NMRSpec in MATLAB. Behavioral data are expressed 
as the mean ± standard error of the mean (SEM). 
Analysis was performed using GraphPad Prism 6.0. 
Comparisons among the three groups were performed 
using the one-way analysis of variance (ANOVA), 
followed by post hoc Dunnett’s test. The P values of 
less than 0.05 were considered statistically significant.

2 RESULTS

2.1 Grouping and Evaluation
We examined the scratching behaviors in male 

C57BL/6J mice after subcutaneous injection of pruritic 
agent α-Me-5-HT, compound 48/80 and NS into the 
nape of the neck. As compared with α-Me-5-HT group, 
mice in compound 48/80 group exhibited a dramatic 
increase in scratching behaviors (fig. 1; Mann-Whitney 
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test; P<0.01). The pruritus intensity between NS group 
and compound 48/80 group was significantly different 
(P<0.001). The pruritus intensity between NS group 
and α-Me-5-HT group was also significantly different 
(P<0.001).

3 DISCUSSION

The present study investigated the changes of 
metabolic concentration in spinal cord during NS-, 
α-Me-5-HT-, and compound 48/80-induced pruritic 
behavior as assessed by MRS, and the association of 
pruritus intensity and spinal metabolite concentration 
ratios was compared. The principal findings were 
collected in the following: (1) as compared with the 
α-Me-5-HT group, the mice in compound 48/80 group 
exhibited a dramatic increase in scratching behaviors; 
(2) The MRS-measured NAA/Ins was significantly 
correlated with the pruritus intensity measured by the 
number of scratches. The pruritus intensity between the 
NS group and the compound 48/80 group or α-Me-5-
HT group was significantly different (both P<0.001), 
indicating NAA/Ins as robust surrogate marker of 
histamine-independent/dependent pruritogen. (3) Glu/
Ins was significantly different between the NS group 
and the compound 48/80 group (P=0.009), indicating 
Glu/Ins as a surrogate marker of histamine-dependent 
pruritogen, whereas GABA/Ins was significantly 
different between the NS group and the α-Me-5-HT 
group (P=0.004), indicating GABA/Ins as a surrogate 
marker of histamine-independent pruritogen.

The rapid advancements of MRS and 
computational frameworks enable the examination 
of biological processes in unprecedented detail and 
offer an excellent opportunity to quantify metabolite 
concentrations of specific brain regions and spinal 
cord for detecting neuronal activation induced by 
noxious stimuli. Zeng et al systematically analyzed 
the host brain proteomes after acute infection with 
the pseudorabies virus (PRV) and identified a series 
of potentially PRV-strain-specific regulated proteins 
with diverse biological functions, suggesting that this 
MRS study may provide new clues for understanding 
the neural response of infection and spreading of the 
virus[21]. A study by Wang et al provided evidence of 

Fig. 1 The total number of scratches during a period of 30 min
in response to subcutaneous injections into the nap of the 
neck of different compounds in a volume of 50 µL
Data represents means ±SEM. *P<0.01, **P<0.001

2.2 Metabolic Concentration Ratios in Spinal Cord 
Extracts

Normalized average MRS spectra of selected 
metabolites in the spinal cord are illustrated in fig. 2. 
The whole correlation matrix of these spinal metabolite 
concentration ratios is shown in table 1. In the current 
study, the MRS-measured NAA/Ins was significantly 
correlated with the pruritus intensity measured by the 
number of scratches. The pruritus intensity between 
the NS group and the compound 48/80 group was 
significantly different (P<0.001). The pruritus intensity 
between the NS group and α-Me-5-HT group was also 
significantly different (P<0.001). In addition, Glu/Ins 
was significantly different between the NS group and 
the compound 48/80 group (P=0.009), while GABA/
Ins was significantly different between the NS group 
and the α-Me-5-HT group (P=0.004).

Table 1 Selected metabolite concentration ratios in the spinal cord among three groups
Metabolite ratio NS (n=9) Compound 48/80 (n=10) α-Me-5-HT (n=10) P
Glu/Ins 1.240±0.045 1.268±0.097 1.157±0.072 #( 0.009), Δ(0.009)
NAA/Ins 0.825±0.011 0.867±0.056 0.828±0.059 *(0.043)
GABA/Ins 1.396±0.159 1.322±0.154 1.196±0.100 #(0.004), Δ(0.044)
Ala/Ins 0.517±0.038 0.490±0.041 0.463±0.034 #(0.004)
Lac/Ins 4.124±0.216 3.909±0.182 3.865±0.291 *(0.031), #(0.043)
Asp/Cr 0.500±0.022 0.494±0.032 0.468±0.041 #(0.050)
Gln/Cr 0.528±0.017 0.538±0.027 0.506±0.033 Δ(0.027)
Glu/Cr 0.960±0.051 0.994±0.073 0.880±0.112 Δ(0.015)
Glx/Cr 1.550±0.054 1.589±0.093 1.457±0.113 #(0.037), Δ(0.010)
GABA/Cr 1.074±0.053 1.034±0.091 0.909±0.121 #(0.001), Δ(0.018)
Ala/Cr 0.400±0.017 0.384±0.034 0.351±0.033 #(0.001), Δ(0.039)
Lac/Cr 3.194±0.251 3.069±0.224 2.924±0.241 #(0.028)
Ins, myo-inositol; Cho, choline; Asp, aspartate; Gln, glutamate; Glu, glutamine; Glx, glutamate and glutamine; NAA, N-acetylaspartate; 
GABA, gamma amino acid butyric acid; Ala, alanine; Lac, lactate; Cr, creatine
*P<0.05, compound 48/80 group vs. NS group; #P<0.05, α-Me-5-HT group vs. NS group; ΔP<0.05, α-Me-5-HT group vs. compound 
48/80 group
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Fig. 2 The difference of normalized spectra of metabolites in lower cervical spinal cord with different itch models in mice
A: alanine; B: aspartate; C: choline; D: creatinine; E: GABA and glutamate; F: glutamine; G: lactate; H: myo-inositol and 
glycine; I: N-acetylaspartate; J: taurine. The spectral line and the width of its shadow represent mean and standard deviation, 
respectively. NS group: pink line with shadow around; compound 48/80 group: red line with shadow around; α-Me-5-HT group: 
green line with shadow around
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persistent biochemical change of the hypothalamus in 
patients with episodic cluster headache by MRS, and 
found low levels of NAA/Cr and Cho/Cr, suggesting 
that cluster headache may be related to both neuronal 
dysfunction and changes in the membrane lipids in the 
hypothalamus[22].

Pain and itch are two distinct sensations, and 
share many similarities[16, 23]. Metabolomics can reveal 
a correlation between spinal N,N-dimethylsphingosine 
and neuropathic pain, providing new therapeutic 
target as a biomarker[24, 25]. In addition, previous 
report showed that metabolite concentrations in the 
anterior cingulate cortex by MRS might be a useful 
biomarker for severe neuropathic pain to predict the 
pain intensity[15]. Tremendous progress has been made 
in recent years unravelling spinal mechanisms in acute 
and chronic pruritus models[26–29]. We tried to seek the 
spinal biomarker to predict the intractable pruritus 
intensity, and hypothesized that MRS metabolomics 
could reveal that severe pruritus would be associated 
with metabolite ratios in the spinal cord, indicating 
neuronal and/or glial dysfunction. We found that the 
MRS-measured NAA/Ins was significantly correlated 
with the pruritus intensity measured by the number 
of scratches, suggesting that the combination of 
neuronal dysfunction and proliferation of glia (or glial 
activation) are underlying mechanisms contributing to 
the maintenance of severe pruritus. In addition, Glu/Ins 
was significantly different between the NS group and 
the compound 48/80 group (P=0.009), suggesting the 
increased glutamatergic metabolism in combination 
with glial proliferation or activation, indicating Glu/
Ins as a surrogate marker of histamine-dependent 
pruritogen. GABA/Ins was significantly different 
between the NS group and the α-Me-5-HT group 
(P=0.004), suggesting the decreased GABAnergic 
function in combination with glial proliferation or 
activation, indicating GABA/Ins as a surrogate marker 
of histamine-independent pruritogen.

In conclusion, this study demonstrated that 
intense pruritus in mouse affected the tissue levels 
of amino acids and their ratios in the investigated 
spinal cord segments, suggesting that alterations in 
the metabolisms of amino acids might be related to 
both neuronal dysfunction and glial activation in 
spinal cord. Three metabolite ratios were found to be 
associated with the pruritus intensity when stimulated 
with α-Me-5-HT and compound 48/80. Larger animal 
and human studies will be needed to validate these 
potential markers of pruritus intensity.
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