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Abstract

Obijective: To investigate the effects of moxibustion on the serum metabolism in healthy human body based on the
'H nuclear magnetic resonance (*H NMR) metabolomics technology, and to find the differences in metabolites, as well as to
elucidate the effects of moxibustion on healthy human body from the viewpoint of global metabolism.

Methods: Sixty subjects of healthy young men from the enrolled students were randomly divided into a moxibustion group
and a control group using random number table, with 30 cases in each group. Subjects in the moxibustion group accepted
mild moxibustion on the right Zusanli (ST 36), once a day, 15 min for each time, and continuous treatment for 10 d; those in
the control group did not receive any intervention. There were 28 cases in the moxibustion group and 23 cases in the
control group after interventions. On the 1st day, 5th day and 10th day of the intervention, serum samples were collected
from subjects of the two groups, and metabolic spectra were obtained by the 'H NMR technology.

Results: Before and after the intervention, serum "H NMR of the moxibustion group was significantly different, while
the difference was insignificant in the control group. Metabolite changes in the moxibustion group were mainly in low
density lipoprotein (LDL)/very low density lipoprotein (VLDL), valine, isoleucine, leucine, lactic acid, glutamine, citric acid,
polyunsaturated fatty acids, creatine, glycine, glycerol, glucose, tyrosine, histidine, formic acid, alanine, lysine, acetic acid,
and glutamic acid.

Conclusion: Moxibustion can cause changes of serum metabolic patterns in healthy human by influencing the
concentrations of branched-chain amino acids, polyunsaturated fatty acids, and other metabolites to strengthen body's
metabolisms of amino acids and fatty acid.
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Metabolomics (metabonomics), an important branch
of research in the field of systems biology after the
genomics, transcriptomics and proteomicsm, as well as
a type of global, high-throughput, and unbiased
analytical technology for the study of metabolic
pathways in vivo, it can reflect the body's early subtle
metabolic changes after external stimuli, and reflect the
body's global health by high-throughput metabolomics
analysis[z's] Moxibustion, one of the commonly used
external therapies of traditional Chinese medicine
(TCM), is an approach to disease treatment, disease
prevention and health care by acting on the body's
meridians and acupoints through the thermal
stimulation during burning moxa. Moxibustion has a
unique role which is different from acupuncture and
drugs. Previous clinical and mechanism researches
mainly concentrated upon studies of moxibustion on

. A 4-5
disease vectors, such as irritable bowel syndrome[ ],

primary osteoporosis[e], osteoarthritis of the kneem,
and asthma'®. However, few studies conducted the
global explanation of the role of moxibustion from the
perspective of metabolomics.

We believe that the effect of moxibustion on the
human body is a multi-angle and multi-target effect.
Given that, from metabolite levels, metabolomics can
globally reflect the effects of external stimuli on human
bodies, we used 'H nuclear magnetic resonance
(*H NMR) metabolomics technology to study the
influence of moxibustion on healthy human, which are
as follows.

1 Clinical Information

1.1 Inclusion criteria

Males aged 18-30 years old; usually in good health,
regular dietary; without smoking, alcohol, tea, and
coffee; normal sleep, moderate build [body mass index
(BMI) >18.50, <<23.91]; did not receive acupuncture
therapy in the last one month; signed the informed
consent; no hemophilia and other contraindications of
acupuncture.

1.2 Exclusion criteria

Those who failed to cooperate with the test (such as
refusal to sign an informed consent, and unreasonable
rejection of the tests); not feeling well within one week;
those who could not complete because of
consciousness, severe vision, hearing and aphasia
disorders, and other health assessments; with surgical
history; physical examination of circulatory system,
respiratory system or nervous system was abnormal;
with severe primary diseases in liver, kidney,
hematopoietic system and endocrine system; psychosis,
epilepsy, diabetes or cancer patients; heavy alcohol
drinking or drug abusers.

1.3 Subjects

A total of 60 subjects were included, who were all
2014 class healthy male undergraduate or graduate
students in Hunan University of Chinese Medicine. All
subjects signed the informed consent, and were
randomly divided into a control group and a
moxibustion group using a random number table, with
30 subjects in each group. Nine subjects dropped out
during the intervention, 2 cases in the moxibustion
group, and 7 cases in the control group.

2 Intervention Methods

2.1 Moxibustion group

Those in the moxibustion group received
moxibustion during fixed time period (18:00-19:00).
Moxibustion was operated by trained professionals of
the project members.

Acupoint: Zusanli (ST 36) on the right side.

Methods: Ignited one end of the pure moxa stick
(Huatuo Brand) and kept 2-3 cm from the skin to
perform the mild-warm moxibustion, to make the
subjects have tolerable warm, sour, numbness,
distension or pain. Once a day, 15 min for each time,
and continued for 10 d.

2.2 Control group
Those in the control group didn’t receive any
interventions during the observation process.

3 Results

3.1 Test items
3.1.1 Collection and pretreatment of serum samples

Blood of subjects in both groups were collected at
the university hospital by professional nurses during the
fixed time period (7:00-8:00) on the 1st day, 5th day and
10th day of the intervention. On the day before blood
collection, subjects were asked for fasting of water and
food from 21:00 to the time of blood collection,
prohibiting alcohol or coffee, chocolate, tea and other
stimulating beverage or spicy foods. Subjects in both
groups avoided strenuous exercise within 10 d of the
test. Blood collection tubes were dry tubes without any
additives. Centrifuged for 10 min at 4 C and
3 000 r/min after agglutination at room temperature.
Time between sampling and centrifugation was
controlled within 2 h. Upper layer serum was collected
and keptat —80 C for preservation.

The serum samples stored at —80 ‘C were thawed
and centrifuged (10 000 r/min, 4°C, 10 min). Took out
300 pL serum and added in 200 uL PBS (0.1 mol/L
K;HPO, and NaH,PO,) prepared by the heavy water
(D,0), and added into the NMR tube of 5 mm in
diameter after centrifugation.
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3.1.2 'H NMR data capture and processing

Serum one-dimensional hydrogen spectra of nuclear
magnetic resonance was captured by the Bruker AV600
IIT NMR spectrometer. The molecular signals of
macromolecular and other restriction molecular motion
were filtered out using Carr-Purcell-Meiboom-Gill
[RD-90-(t-180°-t) n—ACQ (Bruker Biospin Pulse Program
Library, Germany)].

The t of the spin-echo was set to 500 us, cycle
number was set to 20, so the total spin-echo time was
20 ms. Pre-saturated water peak pressing was
conducted to eliminate the wide packet signal from
proteins and other high molecular weight substances
during relaxation delay (RD). Time domain (number of
raw data points, TD) was 64 K, the spectral width (SW)
was 20 part per million (ppm), the number of scans (NS)
was 128, and number of dummy scans (DS) was 16
times.

MestReNova 6.1 software was used for correction of
the baseline and phase of NMR spectra, peak alighment
and calibration. Segment integration was carried out for
the region from 0.002 ppm to 0.60-8.50 ppm, the
aberrant area due to pressing water peak was excluded.
The integration of the chemical shift 64.52-6.00 was set
to 0, the remaining integral values were normalized.
The resonance signals of metabolites were identified
using NMR Suite software by combining with the
published data for the compound chemical shift.

SIMCA software was used to process the segment
integrated NMR spectra, firstly conducted the
unsupervised principal component analysis (principal
component analysis, PCA) to confirm the classification
of samples, remove the extreme point, and identify the
change trends of metabolic patterns. Then the
supervised orthogonal partial least-squares discriminate
analysis (OPLS-DA) method was used for model
orthogonal correcting process, to maximally highlight
the internal model differences among groups, and find
the important metabolites which have contributed
significantly to differentiate the metabolic patterns.
Seven-fold cross-validation method was used in the
PLS-DA analysis. Used the robustness (robustness) of
the discriminant model established by arrangement
experimental verification with 200 cycles and analyzed
the correlation coefficient combining the importance
ranking value of variable weigh to summarize the
statistically significant variables (Bin), and identify
specific metabolites with significant differences.

3.2 Test results
3.2.1 Serum samples

Eighteen, 19 and 21 blood samples without
hemolysis were selected respectively on the 1st day, 5th

day and 10th day of the intervention in the moxibustion
group. And 22, 23 and 22 blood samples without
hemolysis were selected respectively on the 1st day, 5th
day and 10th day of the observation in the control
group. There were 28 cases in the moxibustion group
and 23 cases in the control group after interventions.
Selected numbers of samples without hemolysis at
three time points were showed in Table 1.

Table 1. Comparison of the detection results for serum
samples without hemolysis from subjects in the two groups
(sample number)

Group n Ist day Sth day 10th day
Moxibustion 28 18 19 21
Control 23 22 23 22

3.2.2 'H NMR spectra and metabolite identification of

serum from subjects

Typical *H NMR spectra of serum samples at 3 time
points in the two groups was shown in Figure 1.
Metabolites were identified by the metabolite chemical
shift (ppm), valine: 1.05; isoleucine: 1.02; leucine: 0.95;
lactic acid: 1.36; alanine: 1.48; lysine: 1.72; acetic acid:
1.92; glutamic acid: 2.05; glutamine: 2.45; glucose: 3.92;
polyunsaturated fatty acids (PUFA): 2.75; creatine: 3.01;
glycine: 3.57; histidine: 7.08.
3.2.3 PCA analysis

1A and 2A, 1A and 3A could be better distinguished
when the samples were pairwise compared at 3 time
points (moxibustion intervention for 1 d, 5 d, 10 d) in
the moxibustion group. The results showed that
different time of moxibustion therapy could significantly
alter the serum metabolic patterns of healthy human;
2A and 3A could also be better differentiated, which
indicated that long time moxibustion intervention could
further affect the changes of metabolic patterns, as the
extension of treatment (Figure 2).
3.2.4 PLS-DA model validation

Based on PCA analysis, we used PLS-DA method to
analyze the metabolic patterns serum samples at the 3
time points in the moxibustion group, which showed
that 1A and 2A, 1A and 3A, 2A and 3A were able to be
better distinguished. Eventually, we performed model
validation for the results. Cross-validation was
conducted using arrangement experiment with a cycle
of 600 times. The established discriminant model was
reliable according to the plot features of PLS-DA score
and model validation. It can be seen that the metabolic
pattern changes caused by different moxibustion
intervention time are reliable (Figure 3).
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Figure 1. Typical '"H NMR spectra and metabolite identification of serum samples (Note: 1A, 2A and 3A represent moxibustion for
1d,5d, 10 d in the moxibustion group; 1C, 2C and 3C represent the corresponding time in the control group)
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Figure 2. PCA analysis score plot of serum '"H NMR data at
the 3 time points in the moxibustion group (Note: 1A, 2A and
3A represent moxibustion for 1 d, 5 d, 10 d, respectively)

3.2.5 Difference of metabolites

Moxibustion interfered with the healthy human body
could cause changes of metabolism patterns, and
moxibustion intervention for 5 d or 10 d had some
differences on serum metabolites. Five days after the
moxibustion, metabolite concentrations of valine,
leucine, isoleucine, alanine, lysine, acetic acid,
glutamate, glutamine, glucose, creatine and glycine
were significantly increased; concentrations of lactic
acid, histidine and unsaturated fatty acid were
significantly reduced. Ten days after moxibustion,
concentrations of low density lipoprotein (LDL)/very low
density lipoprotein (VLDL), lactic acid, unsaturated fatty
acid, tyrosine and histidine were significantly increased,
while metabolite concentrations of valine, leucine,
isoleucine, glutamate, citric acid, creatine, glycine,
glycerol, glucose and formic acid were significantly
reduced (Figure 4 and Figure 5).
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Figure 3. PLS-DA and model validation at three time points in the moxibustion group
(Note: 1A, 2A and 3A represent the moxibustion for 1d, 5 d, 10 d, respectively)
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Figure 4. OPLS-DA correlation coefficient loading plot of serum "H NMR data of moxibustion for 5 d, 2A vs. 1A (Note: The yellow
and red value on the color column was the critical value of the correlation coefficient absolute at P=0.01 and P=0.05, respectively)
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Figure 5. OPLS-DA correlation coefficient loading plot of serum "H NMR data of moxibustion for 10 d, 3A vs. 1A (Note: The yellow
and red value on the color column was the critical value of the correlation coefficient absolute at P=0.01 and P=0.05, respectively)

4 Discussion

Moxibustion therapy, one of the most unique TCM
therapies, and a commonly used method to prevent
disease, maintain health and achieve longevity, it is an
important component of acupuncture therapy. Studies
have shown that the effectiveness of acupuncture is a
multi-path, multi-link, multi-level and multi-target
global regulation. The overwhelming majority of studies
currently only stay on the research levels of certain
substances, some parts and some paths; it cannot
commendably interpret the characteristics and
mechanisms of acupuncture action. The metabolomics
is a science to reveal the metabolic nature of body's life
activities by extracting the relevant biomarkers, which
can more accurately reflect the states at metabolic level
after the biological systems experience the external
disturbance. The metabolomics also has the dynamic,
complete and holistic characteristics which are
coincided with characteristics of acupuncture action
and adapt to the need of acupuncture study[gl. In this
study, serum metabolite changes of healthy young men
caused by moxibustion at Zusanli (ST 36) were
measured using 'H NMR metabolomics technology. This
study found that the 'H NMR spectra was significantly
different before and after moxibustion treatment, and
serum metabolites had also undergone significant
changes with the extension of treatment time. This
study also found that concentrations of 11 kinds of
metabolites increased on the 5th day of moxibustion,
while concentrations of 3 kinds of metabolites
decreased; concentrations of 6 kinds of metabolites
increased on the 10th day of moxibustion, while
concentrations of 10 kinds of metabolites decreased. As

could be seen from the metabolites being influenced,
5 d of moxibustion mainly affected the ammonia
recycling, propanoate metabolism, biotin metabolism,
and lysine degradation pathways; and 10 d of
moxibustion mainly affected propanoate metabolism,
valine/leucine/isoleucine degradation, protein
biosynthesis, and citric acid cycle metabolic pathways.

Judged by the two time points of moxibustion
intervention, metabolite concentrations showed the
opposite trend with 5 d of moxibustion and 10 d of
moxibustion. Eg., valine, leucine, isoleucine, glutamate,
glucose, creatine and glycine showed a increasing trend
on the 5th day of moxibustion, while showed a
decreasing trend after 10 d of moxibustion; lactic acid,
histidine and unsaturated fatty acids showed a
decreasing trend on the 5th day of moxibustion, while
showed an increasing trend after 10 d of moxibustion. It
could be seen that different intervention time played
different role in the human body.

Valine, leucine and isoleucine are the most important
metabolites that showed differences. Because all of
them have branched structures and are called
branched-chain amino acids, and belong to the
essential amino acids 2. Majority of amino acid
metabolism is in the liver in vivo, and branched-chain
amino acid is the only amino acid that its degradation is
not limited in the liver. Studies have shown that adipose
tissue possesses dissimilation of circulating branched-
chain amino acids and coordinate regulation of
branched-chain amino acid enzymes in adipose tissues,
which can regulate the level of circulating branched-
chain amino acids™. Moxibustion intervention could
cause increase of branched-chain amino acid, which
suggested that moxibustion was associated with the
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metabolism of adipose tissue, or could promote skeletal
muscle protein degradationml. Another study showed
that supplement of branched-chain amino acid could
reduce the activities of muscle-damage-associated
enzymes (such as creatine kinase and lactate
dehydrogenase), thereby could improve the muscle
damage caused by overtiredness™. Supplement of
branched-chain amino acid in vitro also can promote
liver albumin synthesis by mammalian target of
rapamycin (mTOR) signaling pathway[m], and also can
promote glucose metabolism of skeletal muscle,
adipose tissue, and liver tissue™ ™. A low level of
serum branched-chain amino acids due to 10 d of
moxibustion intervention may be caused by promoting
the use of branched-chain amino acids in the body with
moxibustion, and thus it is one of the mechanisms
playing a certain role in enhancing the metabolism and
protecting the body. Polyunsaturated fatty acids are also
important metabolites that showed differences, and the
body's essential substances. Many studies have shown
that polyunsaturated fatty acids had potential anti-
inflammatory effects on the human body, as they could
commendably balance the pro-inflammatory cytokines
and anti-inflammatory factors in the bodym], and could
inhibit the inflammatory response of many chronic
degenerative diseases, and thus played a protective
role®®". Low level of polyunsaturated fatty acids on the
5th day of moxibustion indicated that polyunsaturated
fatty acids involved in the anti-inflammatory response
induced by moxibustion in the early stage of
moxibustion intervention; while the increased
concentrations after 10 d of moxibustion intervention
may also indicate that moxibustion can improve the
unsaturated fatty acid concentrations in the body, which
reflected the protective effect of moxibustion on the
body.

This study found that the changes of metabolite
concentrations showed a reversal phenomenon during
moxibustion. Analysis revealed that changes in
metabolite concentrations after 10 d of moxibustion
tended to benefit the body, while whether the changes
in metabolite concentrations, appearing on the 5th day
of moxibustion, are related to the body’s reaction to
thermal stress needs to be further studied. More
importantly, even the body showed a significant benefit
on the 10th day during moxibustion intervention,
however, continued development of metabolite
concentrations in one direction will inevitably lead to
the body's metabolic disorder, while in clinic, the
healthy population who used long-term moxibustion
therapy for health care did not show the disease state
of metabolic disorders, how the metabolite
concentrations maintain continuous benefits without
causing pathological phenomenon during moxibustion
intervention and whether this is related to the body’s

feedback regulatory mechanism also needs to be
further verified by tests.
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