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CLINICAL STUDY

An magnetic resonance-based plasma metabonomic investigation
on abnormal Savda in different complicated diseases
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Abstract

OBJECTIVE: To provide potential evidence for the
existence of abnormal Savda, we assessed host
metabonomic responses and dynamic changes oc-
curring in various diseases using 'H nuclear mag-
netic resonance (NMR)-based metabonomics.

METHODS: Plasma samples taken from patients
with complicated diseases with abnormal Savda (n=
140, including 35 cases each of diabetes, asthma,
breast cancer, and cervical carcinoma) and from
healthy controls (n=35) were analyzed by 'H NMR
(600 MHz), and the spectral profiles were analyzed
by multivariate analysis using orthogonal projec-
tion to latent structure with discriminant analysis.

RESULTS: Supervised modeling of the data provid-
ed very good discrimination between patients and
healthy controls. Compared with the healthy con-
trols, the patient groups with different disease con-
ditions displayed similar metabolic changes, char-
acterized by lower creatine, creatinine, lactate, and

amino acid levels (including isoleucine, leucine, va-
line, alanine, and 1-methylhistidine) and higher lip-
id levels (very low-density lipoproteins and unsatu-
rated lipids). Additionally, cancer patients (breast
and cervical) showed decreased myo-inositol,
a-glucose, and B-glucose, and increased pyruvate
and carnitine in plasma.

CONCLUSION: The data indicate that decreased ox-
idative defense, liver function abnormalities, amino
acid deficiencies, and energy metabolism disorders
are common characteristics of complicated diseas-
es, which may be related to the formation of abnor-
mal Savda.
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INTRODUCTION

Traditional Uighur medicine holds that there are four
kinds of humors (body fluids) in the human body,
namely Savda, Belghem, Sapra and Kan, which are as-
sociated with the fundamental elements of earth, fire,
water and air, respectively. Humors are in balance
when a person is healthy. However, excess or deficiency
of one of the four humors, called "abnormal humor,"
may result in disease. With a history spanning 2500
years, traditional Uighur medicine has developed a
unique system for the diagnosis and treatment of ill-
nesses. The body fluid theory in traditional Uighur
medicine suggests that body fluid is the basic substance
of vital life and physiological activity. Physiological ac-
tivity is produced and used continuously, which pro-
vides energy for vital activities. In addition, there is a
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corresponding balance, inter-restriction, and comple-
mentary system between the different kinds of body
fluids. When abnormal changes occur in the body flu-
ids, the normal body fluids in turn have certain abnor-
mal characteristics and are termed "abnormal body flu-
ids," forming the basis of various diseases."” According
to the degree of the abnormal change and disease symp-
toms, abnormal body fluid is divided into abnormal
Savda, abnormal Belghem, abnormal Sapra, and abnor-
mal Kan. Uighur medicine considers diseases with ab-
normal Savda as a special syndrome, which is the foun-
dation of complicated diseases, such as tumors, diabe-
tes, and asthma.”” Abnormal Savda is a pathological
product resulting from the combustion of different
body fluids, namely Belghem, Sapra and Kan. Abnor-
mal Savda often occurs in complicated diseases; there-
fore, diseases caused by abnormal Savda are usually in-
tractable, and generally considered a special syndrome."**
According to the theory of traditional Uighur medi-
cine, the complicated diseases may have similar bio-
chemical foundations, and this is the key to disease pre-
vention and treatment."”’

Metabonomics is a quantitative measurement of the dy-
namic and multiparametric metabolic responses of liv-
ing systems to pathophysiologic stimuli or genetic
modification.” Nuclear magnetic resonance (NMR) is a
new, efficient, reproducible, and non-destructive meth-
od that is widely used in metabonomic studies for ac-
quiring the metabolic profiles of biological specimens
without extensive sample preparation. Compared with
other analytical techniques, NMR has shown promise
in the identification of disease biomarker profiles with
diagnostic and prognostic values.”"

The plasma of a patient principally contains all the in-
formation about the pathological changes in metabo-
lite content, which in turn reflects abnormalities in the
functions of multdiple organs and tissues, and provides
insight into the underlying molecular mechanisms. We
believe that if abnormal Savda results from a metabolic
abnormality, abnormal metabolic products will appear
in body fluids, such as blood plasma. Hence, in the
present study, we investigated metabonomic changes in
blood plasma using 'H NMR spectroscopy with multi-
variate data analysis. The main purpose was to define
host metabonomic responses to dynamic changes un-
der different disease conditions, and to identify the
metabolic signatures of some complicated diseases.
This information may prove valuable for finding com-
mon characteristics shared by different disease condi-
tions, potentially establish evidence for the existence of
abnormal Savda, and aid in better understanding the
pathophysiology of abnormal Savda described in tradi-
tional Uighur medicine. Plasma samples taken from pa-
tients with complicated diseases (=140, including 35
cases each of diabetes, asthma, breast cancer, and cervi-
cal carcinoma) and from healthy controls (7=35) were
analyzed by 'H NMR, and the spectral profiles were an-
alyzed by multivariate analysis.

MATERIALS AND METHODS

Reagents

Analytical grade Na,HPO; - 2H,O and NaH,PO; -
12H,O were purchased from Guoyao Chemical Co.,
Ltd. (Shanghai, China). Deuterium oxide (D,O) con-
taining 0.05% sodium 3-trimethlysilyl [2,2,3,3-"H.]
propionate acid was purchased from Sigma-Aldrich
Inc. (St. Louis, MO, USA).

Sample preparation

A total of 140 cases of complicated diseases with abnor-
mal Savda syndrome, including 35 cases each of diabe-
tes, asthma, breast cancer, and cervical carcinoma, were
enrolled in the study. Diagnosis of each disease condi-
tion was clinically made at the First Affiliaced Hospital
of Xinjiang Medical University during the period from
June 2010 to June 2011. Abnormal Savda syndrome
was confirmed by the theory of traditional Uighur
medicine."’ Thirty-five healthy volunteers were selected
based on their medical examinations and served as the
control group. Patients with cardiovascular disease, he-
patic disease, renal disease or inflammatory disease,
and pregnant women were excluded. The average age
of participants was (46+12) years, ranging from 20-65
years. Blood samples were collected from study partici-
pants before breakfast. Plasma was obtained by centrif-
ugation of blood samples at 3500 x g for 5 min, and
then immediately stored at - 80°C until used for
NMR spectroscopy.

The study protocol was approved by the Ethics Com-
mittee of Xinjiang Medical University. All participants
gave written informed consent to participate in the
study.

'H NMR spectroscopy of plasma

Plasma samples for NMR analysis were prepared by
mixing 200 L plasma with 400 pL saline buffer solu-
tion (0.045 M NaH,PO,+0.045 M K,HPO; in 20% v/
v D,O and 80% v/v H.O, pH 7.4). The plasma-saline
mixture was kept at room temperature for 10 min, and
then further centrifuged at 10 000 xg for 10 min. The
clear supernatant (550 wL) was transferred into a
5-mm NMR tube for spectroscopic analysis. The plas-
ma 'H NMR spectra of each sample was recorded un-
der the Carr-Purcell-Meboom-Gill pulse sequence [RD
- 90° - (7 - 180° - 7),-AQ)] using a Varian Unity Ino-
va600 NMR spectrometer with an ID probe operating
at a proton frequency of 599.95 MHz. For each sam-
ple, 128 scans were obtained from 32 768 data points
over a spectral width of 10 000 Hz, which resulted in
an acquisition time of 1.64 s and relaxation delay of 2 s
at 298 K. For assignment purposes, selected samples
were subjected to two-dimensional NMR, including
the 'H-'H homonuclear correlation spectroscopy (CO-
SY) test, the total correlation spectroscopy (TOCSY)
test, and the J-resolved (J-Res) test."”"

Data analysis
Before Fourier transformation, free induction decays
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