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Abstract:

Hyperl i pidaemia (HLP)

maj or risk factor for

with seed-sized moxa cone

of tot al chol esterol (TC), triglyceride
(LDC- C) in healthy controls (HC), HLP patien
after (AMT) moxi bust.i treat ment wer e
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a di sorder wi t h
various di seases. Thi s
amd Hh &t mway § helL & weé [

chromatograph- mass spectrometry (LC- MS)

met abol igafeer eame ntthheon e d
di fferenti al

moxi bustion treat ment,
51 di fferenti al
respectively, and 21

groups.
met abolites.
LDC-C and |l ow | evel s of

met abol

met abol ites i n HLP vs and AMT vs BMT
pat hways of Gl ycerophospholipid met abol i sm
concl usi on, moxi bustion with seed-sized moxa

be by affecting t he

Gl ycerophospholipid metabol
Key worhdysper |l i pi daemi a;

1. I ntroducti on

Hyperl i pidaemia (HLP)

high | evels of tot al chol esterol (TC), trigl
chol esterol (LDC-C) as along with a | ow |
(HDC-C) [1]. HLP increased the risk of many
di seases (CVD) [ 2] , di abetes mel |l itus [ 3, 4]
atherosclerosis [5], coronary heart di sease
[ 7], becoming a heavy burden for human healt
therapies is meaningful and i mportant.

Moxi bustion and acupuncture had been consi
hyperlipidaemia [8-10]. Moxi bustion with
protect heart function inhibiting the
can relieve myocardi al ischemia effectively
Moxi bustion with seed-sized moxa cone al so
caused by <cervical spondyl osis and del aying
[ 13, 14] However, t he effect of moxi bust.
hyperlipidaemia and relative metabolic profil

I n the present study,

healthy controls (HC)

evel s of TC and
i smand Sphingolipi

met abol omics; phospha

the disease with

performed the

HLP patients with

Pat hway anal y:
Resul ts reveal ed
HDC- C wer e
|l evels of TC and
ites wer e identified
common di fferent

measur ed
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chromatograph-mass spectrometry (LC-MS) techr
i n HLP and HLP patients with moxi bustion t|
pat hways that the differential met abolites el
study mi ght provide potenti al bi omar ker s an
hyperlipidaemi a.

2. Results
2.1 Clinical chemistry results

The <clinical data showed that, compared tc
significantly higher |l evel s of TG, TC and L
HDC-C (Fig. 1A). After treated by moxi bustic
weeks, the concentrations of TC (4.96 N 0.15
were decreased significantly in the AMT grou
significant differences in the | evels of LDC
BMT group, the |l evels of LDC-C (3.21 N 0.18
(1.23 N 0.07 mmol/L > 1.04 mmol /L) in the A

range.
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Figured fects of moxi bustion treatment on bl oo
(HLP) patients. A: The |l evels of total chol es
|l i poprotein cholesterol (LDC-C) and high-dens:c
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HLP patients (n=12) and healthy <control s
LDC-C and HDC-C in HLP patients with moxi
HLP patients without moxi bustion treat ment
p-value < 0.001.
2.2 Plasma metabol omics analysis

Samples comparative analyses were perfor mec
of OPLS-DA shown that there is a separation
group (Fig. 2A) and also a separation betweer
Al these results iIimplied that the metabol
comparison groups. Permut ation test for
generated Pnter&dxPptan®d®fQR5 (Fig. 2C). Permut s

OPLS-DA model of AMT and BMT0.gde7Oevaant@.dR3i nt er c
(Fi g. 2D) . These results implied that t he
ability and were not over-fitted.
AA M4 (OPLS-DA) ::EP B M7 (OPLS-DA) :@ml
oo | | A 20000
L A o ”'. ¢ Y
L “**7«0{36
aaoo] : & 2000 "
. "
c M4: R2=(0.0, 0.833), Q2=(0.0, -0.925) er2 D M7: R2=(0.0, 0.479), Q2=(0.0, -0.53) ¢ R2
s p "y "o
- e — N
m ] B [ ] = = =
w1 L= g
P I! .: ------- :
L |
L] . :
%0 permutoaAtions 1 co(;'mponem:sQB ° 5(2)0 permutna‘tions 1 cogmponentscs B
Fi gur®rt2hogonal parti al |l ease squares discri
permutation test for plasma samples of HLP,
pl ots between HLP and HC; B: OPLS-DA score
permutation test from OPLS-DA models of
OPLS- DA models of BMT and AMT.
2.3 Il dentification of differential met abol
Tot al 12611 metabolites were detected i
87 metabolites changed (34 metabolites decr e:
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3A) markedly in the HLP patients (VIP > 1, P
(Fi g. 3 A, 39 metabolites decreased and 12 m
AMT compared to BMT (VIP > 1, P-value < 0.
metabolites, 28 metabolites were shared by HI

21 out of 28 metabolites had the opposite r
increased in HLP vs HC, but decreased i n AMT

HLP vs HC, but increased in AMT vs BMT).
A 100 = B HLP vs HC_up AMT vs BMT_down
§80- m down
€
2
o 60 A
E
T 40 A
£
S
2 20 A
Q _
£
a o /
HLP vs HC AMT vs BMT HLP vs HC_down AMT vs BMT _up
Figur &&i Bferenti al met abolites i n HLP vs HC
di fferenti al met abolites numbers in HLP vs }
di agram of differential metabolites shared by
2.4 The <comparisons of 21 differential met akt

BMT vs AMT

The metabolites of CL(1'"-[22:1(13z)/22:1(1
Coenzyme Q10, DG(O-16:0/18:1(92)), Guanosi
PA(18:1(92)/22:4(72,102z2,132,162)),
pPs(18:1(92z)/22:2(13z2,162)), PS(20:0/22:2(132z,

SM(d18:0/22:1(132)), TG(15: 0/ 16:
TG(15:0/16:0/20:3(82,112z,142)), TG
TG(16:0/16:0/18:2(92,122)) , TG(16: 0/
TG(16:0/18:0/18:2(92,122)) and TG(16:1(92)
significantly increased in HLP vs HC, but S i
treat ment (Fi g. 4 A) . The met abol ites of 1-
(16:0/16:0), PS (17:0/22:2(132,162)) and S
decreased in HLP vs HC, but significantly i nc
4 A) . Additionally, FC of differential met abol
negative with that in HLP vs HC (correlation

Fig. 4B).
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FigurMethabol ic pathway analysis of differenti
and BMT vs AMT (B). The blue and red dotted
p-value < 0.01, respectively.

2.5 Pathway analysis of differential met abol i

The top 10 enriched pathways for the differ
AMT vs BMT were shown in Fig. 5A and Fig. 5
metabolites i n HLP VARS HC significantly e
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Gl ycerophospholipid met abol i sm, Sphingolipid

|l upus erythematosus, Lei shmaniasi s, Neuroact
Taurine and hypotaurine metabol i sm. The diff
mai nly enriched i n Pat hogenic Escherichia ¢
metabol i sm, Fatty acid bi osynt hesi s, Bi osyn
Gl ycosyl phosphatidylinositol (GPIl)-anchor bi
Met abolic pathways, Sphingolipid metabolism
pat hways of Gl ycerophospholipid metabolism &
shared by the differential met abolites i n H

di fferenti al metabolites of AMT vs BMT in tt
Phosphatidyl choline and phosphatidyl ethanol ar
moxi bustion treatment, involved in Glyceroph:i
sphingomyelin i n t he patients wi t h moXxi bust
Sphingolipid metabolism.

Tabl ePalt.hway terms for the differential met ab:i
Pat hway term Met abholuitedDiifrierenti al met abolites
e KEGG
Pat hogeni c Escher9i5cthh as pglodtii d PEétLBaBo¢bd, 92, D2B) / P-18:1(11
infection 03 mi ne Z)) 1
PC(14:0/22:4(7D,%¥02,13Z,162Z)
) 7
PC(15:0/16:0) 1.1
2
PC(18:0/P-18:0) 0.6
9
Phosphatidglcholine
3. 25E- ) C(14:0/24:1(152)) 0.6
Gl ycerophospholipid metabolism
03 4
PC(16:0/P-18:0) 0.1
8
PC(14:0/20:2(11Z,142)) 0.
9
Phosphati dPEéttBaBgo¢ba, 92, D2B)/ P-18:1(11
mi ne Z)) 1
Pal mitic acid 1.1
Palmitic acid
3. 68E- 7
Fatty acid biosynthesis ) )
03 . Stearic acid 1.1
Stearic acid
5
o Pal mitic acid 1.1
Palmitic aci
Bi osynt hesis of 4umsheaEt-ur ated fatty 7
acids 03 ) Stearic acid 1.1
Stearic acid 5

Gl ycosyl phosphatidylinositol (GPI) - 5. 85E- Phosphatidyl et ha
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anchor biosynthesis 03 mi ne
) Phosphati dPEétiBanBob @,
Regul ation of autophagy
mi ne Z))
3,4-Di hydr @xymdn deldr o
at e
o Pal mitic ac
Palmitic acid
PC(14:0/22:
)
PC(15:0/16:
PC(18:0/P-1
Phosphatidglcholine
C(14:0/ 24
PC(16:0/P-1
PC(14:0/20:
9. 73E-
) 03 Phosphati dPEétiBanBoOb @,
Met abolic pat hways )
mi ne Z))
TG(16:1(92)
122))
TG(16:0/16:
))
) TG(16:0/16:
Triacylglycerol
TG(16:0/ 16:
TG(16:0/ 18:
SM(d18: 0/ 18:
) SM(d18: 0/ 22:
Sphingomyelin
SM(d18: 0/ 22:
SM(d18: 0/ 18:
] o 4. 7T8E- _ ) SM(d18: 0/ 22:
Sphingolipid meotzaboISpshnnngomyelln
SM(d18: 0/ 22:
Linoleic acid metabolism 4. 97E-

Z))
9Z,D02B)/ P-18:1(11
1
xymandelic acid
3
i d 1.1
7
4(7R0,%70Z,132,162)
7
0) 1.1
2
8:0) 0.6
9
:1(152)) 0.6
4
8:0) 0.1
8
2(112,142)) 0.
9
9Z,D02B)/ P-18:1(11
1
/1601692)/18:2(92,
5
1(9b)hb18:2(92,122Z
7
0/18:2(92,122))
5
0/18:1(92)) 0.
2
0/18:2(92,122))
6
1(112)) 0.7
2
1(132)) 0. 8
1
0) 0.5
9
1(112)) 0.7
2
1(132)) 0. 8
1
0) 0.5
9

Phosphatidyl choline
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02 ) 7
PC(15:0/16:0) 1.1
2
PC(18:0/P-18:0) 0.6
9
PC(14:0/24:1(152)) 0.6
4
PC(16:0/P-18:0) 0.1
8
PC(14:0/20:2(11Z,142)) 0.
9
Fatty acid el obnglatE-on i n Palmitic acid 1.1
mitochondria02 Palmitic acid 7

FC: fold change.

3. Di scussi on

Hyperlipidaemia is a widespread disease an
di seases. Al though |1 ots of chemical drugs, i
treat ment of hyperlipi daemi a, mo st of t he dr
some negative &effects, such as <cognitive di
fibroids [15,16]. Moxi bustion and acupunctur
treatments for hyperlipidaemia [8-10]. Howe \
seed-si zed mo x a cone on hyperl i pi daemi a a
hyperlipidaemia are stild/l unknown. Thus, we
technique.

I n this research, high | evels of TC, TG ar
HDL-C were detected in the patients with HL
|l iterature [1,17,18]. Eight -week moxi bustion
significantly down-regulated the | evels of i
di fferences between the AMT group and BMT gro
of LDC-C and HDC-C in AMT group were both in
indicated that moxi bustion with seed-sized m
anti-hyperlipidaemia.

Based on the LC-MS technique, the plasma n
Tot al 87 and 51 differenti al met abolites wer

BMT, respectively. Meanwhil e, 21 differential
were shared by HLP vs HC and AMT vs BMT an
correlations between the two comparisons, i
progression of hyperlipidaemi a. The differen
significantly enriched in Il i pid met abol i st
met abol i sm, Fatty acid bi osynt hesi s, Bi osyn
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Sphingolipid met abol i sm and Linoleic acid
Gl ycerophospholipid metabolism and Sphingoldi
di fferenti al met abolites in HLP vs HC and AM
metabolites (phosphatidylcholine, phosphati d
the patients with moxibustion treatment might

Recent year s, pat hways of Gl ycerophospholii
metabolism had been found to be related to t
was accompanied by hyperlipidaemia [19]. The
Gl ycerophospholipid metabolism and Sphingoli
t hat di sturbed Il i pid met abolism plays i mp o
devel opment of hyperlipidaemi a. The pl as ma
concentration significantly increased in hyp
positively associated with TC and TG | evels
identified as an independent ri sk factor for
phosphatidyl choline prevented | ipid accumul a
hyperlipidaemia via decreasing the | evels o
cholesterol -fed rabbits, t he concentration
i ncreased significantly [ 25] . The alteratioc
composition, which were characterized by a d
were similar to the | ipid composition change:
content increased in apoEO mice and promoted
atherosclerosis [27]. Sphingomyelin inhibiti
TG and prevented atherosclerosi s i n mi c e [
determined as an independent risk factor for
study, the TC and TG | evels were significan
seed-sized mo X a cone treat ment . Thus, t he |
anti-hyperlipidaemia function by |l owering t

sphingomyelin, TC and TGG.

I n conclusion, based on LC-MS technique, W
HL P, HC, BMT and AMT and identified different
HLP vs HC and AMT vs BMT, respectivel y. Hi gh
were reversed by moxibustion with seed-sized

effect of anti-hyperlipidaemia. Moxi bustion v
l i pid met abolism pat hways, especially Gl yc
Sphingolipid metabol i sm, to against hyperlipi
treatment effects of moxibustion with seed-s
the metabolic profile of hyperlipidaemia. T
including moxa dosage, treatment time and tr

The further research of deep mol ecul ar me c h
required.

4 . Materials and met hods
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4.1 Sample collection

Primary HLP patients (n=23, 10 males and 1

and 8 females) were enrolled in this researc
to one or more of the following criteria: (1)
(3) LDL-C > 3.37 mmol/L and (4) HDL-C O1.04 r
ranged from 30 to 65. HLP patients didnot t
|l i pid-regulating drugs, but had been discont
patients, 12 patients were randomly selected
patients were treated by moxibustion with se
bil ater al cal ves, 7~10 cones at each acupoin
weeks. The blood samples (6 ml for each pers
HC and HLP patients with moxibustion treat men
was used for measurement of biochemical i nde:

at 3000 r/min at roomNtemperptasmaasdmplt es edc
bef ore moxibustion treatment and after moxi b
and AMT, respectively.

Al | the experimental protocols were appro
Jiangsu Province on Integration of Chinese a
2016LW14) and were performed in accordance Wwi
participants in this research had given a wri
4. 2 Measurement of biochemical i ndex

The concentrations of TG, TC, LDC-C and HD
automatic analyzer (Erba, Germany).

4. 3 Sample preparation for LC- MS

Before analysis, 200 el pl asma was thawed
Eppendorf tube. 12.5 ¢l cnidium | actoneji ae
standar d. After adding 400 ¢l ice-cold met hail
10 min and vortexed for another 20 min togel
Then, after adding 60¢l ultrapure water, it
AN. 900 ¢l upper | ayer of the | ipid solution
concentrator. After di ssolved with methanol/

was vortexed at 1N50Bi ngiml yora560m0 nelatl i4qui d
harvested for LC-MS analysis.

4. 4 LC-MS conditions

Liquid chromatography analysis was perform
c18) . Column tehMperTdteurceosndwern enb D f the posi
|l iquid chromatography was as foll ow: sol ut i«
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g 5 mM ammonium formate and 0.1% fo
/| acetonitrile (90:10, v:v) containing 5 mM ar
Gradient elution with a flow rate of 0.3 mL/
as foll ow: 0-4 min, 30% buffer B; 4-5 min, 4
22-23 min, 99% buffer B and 24-35 min, 15% bt

containin

ion sample |liquid chromatography was as follc
solution B: acetonitrile. The flow rate and
the same with that of the positive ion sampl e

Mass spectrometry was performed with elec

positive and negative ion mode. The anal yti
were as foll ows: i ONn;  ssopurracye vtoel mpaegreat u3dr.e5  K3\5; 0
flow velocity: 275 KPWMm;amdpalxiariyanryey mpier aver
KPa. The full mass scan range was set to 200

30000 dpi
4.5 Data preprocessing and statistical anal ys

The raw data acquired from LC-MS were analyz
(Waters Corporation, Mi |l ford, USA) with the p
fragment tolerance 10 ppm and retention ti me

data included m/ z, peak RT and peak intensi
identifiers for each ion. The combine data of
i nto t he SI MCA software package (version 1
Supervised orthogonal parti al |l ease squares
performed to visualize the alterations of met
4.6 ldentification of differential metabol ite
Met abolites were identified by the proggune
Mi |l ford, USA) based on Hu man Met abol ome
http:// www. himd®Pl. B aMARSt dat abwawel i(pndmaphe. or g/
sel f-built database of Shanghai Lu-Ming Biot
di fferenti al met abolites wer e screened by t
analysis and wunidi mensional anal ysi s. The th
for the projection (VI P) obtained from the
two-tailed Studentés test < 0.05.
4.7 Pathway analysis for differential met abol
I n order to identify the &effect of di stur be

pat hway enrichment anal ysi s for di fferentia
MBRo Il eht2t.p0: /(/ csbg. c)nbbased .ers/Kywaotod eBncycl opec
and Genomebt t(pKEGGyww. genome.) .p/ KB @&G/ppaathhwaayy . I
with p-value < 0.05 was identified as the sig
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4. 8

Al |
err
sof
was
t -t
si g
(*)

Au
c u
Me
Qi
Sh
Qi

:m:l-"—‘f_f

Fun
Pro

Statistical analysis
the experiment data of bi ochemical i ndex
or of me an. Statistical analysis of t he

t ware of SPSS 21.0 (I BM Corp Armonk, NY,

used to assess the comparisons between F
est were used to assess the contrast bet\
nificance threshold and extremely signifioc

and p-value < 0.001 (**), respectively.
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