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EXPERIMENTAL WORK AND RESEARCH

Effect of Acupuncture on Uncoupling Protein 1 Gene Expression for
Brown Adipose Tissue of Obese Rats*
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ABSTRACT Objective; To explore the effects of acupuncture on the expression of uncoupling protein 1
(UCP;) gene of brown adipose tissue (BAT) in obese rats.: Methods: The expression of UCP, gene of
BAT was determined with RT-PCR technique. The changes of body weight, Lee’s index, body fat, and
the expression of UCP, gene of BAT in obese rats were observed before and after acupuncture. Results;
The body weight, Lee’s index, body fat in obese rats were all markedly higher than those in normal rats,
but the expression of UCP; gene of BAT in obese rats was all lower than that in normal rats. There were
negative correlation between the obesity index and the expression of UCP; gene in BAT. After acupunc-
ture the marked effect of weight loss was achieved while the expression of UCP; gene of BAT obviously in-
creased in obese rats. Conclusion;: The abnormal reduction for expression of UCP, gene of BAT might be
an important cause for the obesity. To promote the expression of UCP, in obese organism might be an im-

portant cellular and molecular mechanism in anti-obesity effect by acupuncture.
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In recent years, studies showed that o-
besity involves a series of dietary controlling
and metabolic disorders caused by specific
biochemical factor, and its pathogenesis

process is very complicated. At present obe-

sity has already become the main killer
threatening human health in place of former
illnesses induced by malnutrition and infec-
tion. Therefore, its pathogenesis and treat-
ment has become the focus in the concern of
current world medicine and a hot point for
contemplation. There has been no break-
through in treatment on obesity, and ideal
non-toxic medicine without any adverse re-
action is still under exploration. The author
established an approach of acupuncture in
treating obesity and its complications, the
effect of which proved long-lasting, without
any toxic and adverse reaction, and was wel-
comed by the vast obesity patients‘”, This
study has explored the effect of acupuncture
on the uncoupling protein 1 (UCP;) gene
expression of brown adipose tissue (BAT)
in obesity organisms, and now is reported as
follows.

acupuncture, obesity, uncoupling protein, gene

METHODS

Experimental Obesity Rat Model Establish-
ment

SD rats, male, 1 month old and
weaned, body weight 50 —70 g, were pro-
vided by Experimental Animal Center of
Nanjing Military Region General Hospital,
and slightly modified referring to LIU s

method of experimental obesity modeling®.

Grouping of Animals

Rats fed with ordinary whole priced for-
age were used as normal control group (n=
6); and successfully established experimen-
tal model rats were randomly divided into
two groups: one group without any treat-
ment as model control group (control
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group, n=6), and the other treated with
acupuncture (acupuncture group, n==56).

Therapeutic Method

The acupuncture group rats were placed
in a fixed container, unilateral “Housanli”
(corresponding to Zusanli) and “Neiting”
points selected, 32 gauge 1 cun filiform nee-
dle applied to insert for 5 mm and 3mm in
depth, electroacupuncture (EA, compre-
hensive therapeutic device G6805-III type,
manufactured by Fujian Medical Instrument
Factory) connected, frequency 10 Hz,
strength 1. 5V continuous wave, 10 min/
time, once daily, for 14 consecutive days,
the point on left and right side used alterna-
tively,

Experiment Method

Each group of rats during experiment
period was fed freely with fresh ordinary
whole priced rat forage and fresh water ev-
ery day. While the acupuncture group were
undergoing needling, the normal and control
group were placed in the fixed rat container
for 14 consecutive days, 15 min/day for ad-
aptation, Before and after experiment the
rats were observed for their forage intake,
amount of drinking water, stool and urine,
body weight, body length and Lee’s index
[*/body weight (g)/body length (cm) X 10*], etc.

By the end of experiment, the rats were
fasted for a night, and on the next day the
rats were decapitated, fat of pericardium,
peri-renal and epididymis swiftly isolated,
weighed and recorded; at the same time
BAT between scapulae and located at the
neck-back part was swiftly isolated, washed
with pre-cooling phosphate buffer, cut into
small pieces in a ice bath of plate, liquid ni-
trogen poured on the tissue to coagulate it,
the coagulant transferred to labeled freezing
tube, and preserved in the liquid nitrogen
container. The next day place the frozen
brown adipose tissue in the mortar to pul-
verize it and provide it for extraction,
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Examination and Determination Method

For reverse transcription polymerase
chain reaction (RT-PCR) examination, refer
to method reported by Nisoli E, et al®™,

The extraction and purification of total
RNA: According to the instruction manual
of Tripure isolation reagent kit given by
German BM Company, a total of 50 pg
RNA was isolated from 100 mg BAT and
purified; ultraviolet spectrophotometry de-
tection revealed that the A260/A280 ratio of
RNA sample is greater than 2. 0; formalde-
hyde agarose gel electrophoresis determina-
tion showed the total RNA segment was
kept intact and has not been down-regula-
ted, and the 18s and 28s band were clear.

Reverse transcription (RT): 1 ug RNA
RT was taken to synthesize cDNA, RT re-
action should follow the instruction manual
of RT system reagent kit provided by Pro-
mega Company, USA for implementation,
The total volume of RT reaction system was
20 pl. The chief component concentration of
reaction system were: 25 mmol/L MgCl, 6
pl, 10 X RT buffer 2 pl, 10 mmol/L de-
oxyribonucleoside triphosphate (dNTP) 2
pl, 2.5 pmol/L Oligo (dT) 5 primer 0. 5 pl,
10 unit (U) RNAase inhibitor, 15 U avian
myeloblastosis virus (AMV) RT. RT reac-
tion was carried out in DTC 150 type PCR
reactor of M]J Research Company, USA.,
The procedure was: 42°C 15 min, 99°C de-
generation 15 min, 0—5°C and incubation 5
min. The RT product was preserved at
—70°C for use.

Design and synthesis of primer: Ac-
cording to UCP; cDNA sequence, the prim-
er was designed and synthesized for amplif-
ying UCP, ¢cDNA. The primer was synthe-
sized by Shanghai Shenggong Bio-engineer-
ing Co. Ltd. The sequence of primer was 5-
GAG TTC GGT ACC CAC ATC AGG-3;
UCP,; r5-GCA TAG GAG CCC AGC ATA
GG-3. The amplifying length was 1062 bp.
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In order to precisely detect expression level,
B-actin cDNA primer was selected for inter-
nal reference. B-actin f5-CGT AAA GAC
CTC TAT GCC AA-3’; B-actin r5-AGC
CAT GCC AAA TGT GTC AT-3; The am-
plification length was 473 bp.

PCR amplification reaction; It was car-
ried out following the PCR amplifying sys-
tem provided by Promega Company of USA
and its procedure. The PCR reaction sys-
tem; RT product 12 pl, upper and lower
reach of primer each 2 pl, dNTP 2 pul, 10X
PCR buffer 2 pl, 25 mmol/L MgCl, 6pl,
Taq DNA polymerase 2. 5 U, and the total
reaction volume was 30 pl. The amplifica-
tion was implemented according to following
procedure; 95°C 3 min, 55°C 40s, 72°C 1
min, 30 cycles, finally 72°C prolonged for 7
min,

Analysis of products: Take 5 pl PCR
reaction product for electrophoresis in 1. 2%
agarose aldehyde for 1 hr, the scanning
quantitation by GDS-800 gel imaging system
of Bio-Rad Company, USA and the grey of
video electrophoretic band were applied to
affirm the relative amount of amplifying
substance, For the analysis of UCP; ¢cDNA
expression UCP, cDNA/B-actin cDNA ratio
amplified under the same condition would
show the difference between the changes of
sample UCP; mRNA expression.

Statistical Analysis

SPSS software was used to analyze the
experimental data, for the comparison be-
tween groups ¢ test was adopted, and multi-
variate analysis was adopted for correlation
analysis.

RESULTS

Effect of Acupuncture on Obese Index of Ex-
perimental ‘Adipose Rats
See Table 1. From Table 1 we could

see that the body weight and Lee’s index of
model rats were all obviously higher than
the level of normal rats, and after the treat-
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ment of acupuncture, the body weight and
Lee’s index obviously reduced, the difference
being significant statistically (P<<0.01).

Table 1. Comparison between Body Weight,
Body Length and Lees Index (x+s)

Body weight Body length
() (cm)

Group Lees index

Normal BT 382.11+32.55 25.2540.76 299.181+4.01

(6) AT 398.66128.15 24,4610.71 300.8914.25
Control BT 516.17+29. 464 25.114£0.52 319.58+3.664
(6) AT 513.15+29.334 25.21+0.53 317.5843.754
Acupun BT 515.64128.494 25.064£0.51 319.99:+4.5348

(6) AT 442.36426.45*8 25.49+0.39 298.92+4.12%A

Notes; * P<C0. 01, compared with before treatment of the
same group; & P<C0. 01, compared with normal group; 4 P<<0, 01,
compared with control group; In () is the number of samples, BT
is before treatment, AT is after treatment

Comparison between Amount of Adipose of
Rats’ Different Locatlons by Acupuncture
Table 2 showed the adipose amount at
the 3 locations of control group rats were all
higher-than that of normal rats, and that of
acupuncture group rats were Significantly
lower than that of control, the difference
being significant statistically (P<C0. 01).

Table 2, Comparison between Adipose_Amount of
Various Groups and Locations (g, x+s)

Pericardium Peri-renal Epididymus
Group =n R . R
adipose adipose adipose
Normal 6 0.5410,21 3.52+2.17 2.61+1.07
Control 6 0.8210.14*+ 7.22+£2.67** 5.11+1,88**
Acupun 6 0.58%+0.09*2 4,331+0.75%4 3.3140.81%4

Notes: *P<C0. 05, **P<C0. 01, compared with normal
group; & P<<0. 05, compared with control group

RT-PCR Analysis of Varlous Experimental
Group BAT UCP, Gene Expression Level
Table 3 showed that the rats’ BAT
UCP, /B-actin ratio of control group was sig-
nificantly reduced, and when compared with
normal group, the difference was significant
(P<0. 01); acupuncture group rats” BAT
UCP, /B-actin ratio was obviously elevated,
and when compared with control group, the
difference was significant (P<Z0. 05); com-
pared with normal group, the difference was
also significant (P<C0. 05). It denoted that
the effect of acupuncture on obese organism
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BAT UCP, gene expression was up-regula-
ted.

Table 3. RT-PCR Analysis of Various
Experimental Group BAT UCP; Gene
Expression Level (x+s)

UCP; B-Actin

Group  n (grey value) (grey value) UCP1/Bactin
Normal 5 269,67%74.22 134,56:1+39.46 2.0440,27
Control 6 230.96+38.22 226.16480.97* 1.1040.28* *
Acupun 6 183.57+43.33 141.70:t“16.94A 1.4740. 308

Notes: One sample was erroneously manipulated in RT-PCR
test; * P<C0.05, ** P<C0. 01 compared with normal group; & P<C
0. 05, compared with control group

Correlation Analysis of BAT UCP, Gene Ex-
pression Level and Adipose index

The results showed that the rats’ BAT
UCP, gene expression level with body
weight, Lee’s index and amount of body fat
were — 0. 706, — 0. 559, — 0. 618 respec-
tively, all displaying negative correlation,
indicating that the more obese the organism,
the lower the BAT UCP, gene expression
level.

DISCUSSION

Recent study showed that the patho-
genesis of obesity is correlated with multiple
factors such as hereditary gene, environ-
mental factor, dietary structure, etc. A-
mong them, the chief' deciding factor is
gene'®., UCP is a specific expressed mito-
chondria intimal protein of BAT, with its
molecular weight as 32KD’. The function
of UCP is a transportation carrier of fatty
acid ion which carries, from inside the mito-
chondria to outside mitochondria, the fatty
acid ion that can not penetrate the mitochon-
dria intima. The fatty acid ion outside the
mitochondria would combine with H* and
re-enter the mitochondria, and is again re-
oxidized to fatty acid ion. Such repetition
would eliminate different concentration gra-
dients on both sides of mitochondria intima
induced by oxidation, so that ADP cannot
be phosphorylated to generate ATP. The fi-
nal results of respiratory and oxidized phos-
phorylation uncoupling would bring about
the transformation of energy production to
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heat production®, At present there have
been discovered 3 kinds of UCP. UCP,,
UCP;, and UCP;. UCP; is the earliest dis-
covered uncoupling protein, and in BAT ex-
pression in rodent animal, it is an important
uncoupling protein of non-shivering heat
production. UCP; not only exists in BAT,
but existed widely in various tissues and
cells, including white adipose tissue, lung,
liver, spleen and inside macrophage. UCP;
mainly exists in skeletal muscle, and also in
BAT. Studies showed that UCP, and UCP,
are uncoupling protein with the same func-
tion as UCP,“"_ It is well known that
UCP gene expression level plays the deci-
ding role in its own content and BAT heat
production, which is called the center of
BAT heat production. Heat production is
closely related with energy balance, metabo-
lism, and body weight regulation. The im-
portant protein participating in metabolism
under normal physiologic status, most like-
ly, also participates in the target protein of
patho-physiologic metabolic disturbance,
and therefore it is inferred that UCPs possi-
bly are related with obesity pathogenesis.

The results of the present study showed
that obese rats displayed characteristics of o-
vereating, overdrinking, and their heavy
weight, Lee’s index and body fat were obvi-
ously higher than normal. At the same
time, the obese rats” BAT UCP; gene ex-
pression level showed lower than that of
normal rats, which is to say, the obese rats’
BAT UCP; transcription level was abnor-
mally reduced. Correlation analysis revealed
that the obese rats' BAT UCP, gene expres-
sion level and body weight, Lee’s index and
amount of body fat showed negative correla-
tion. This result showed that BAT UCP
gene expression was abnormally decreased,
its heat production and energy consumption
weakened, which is sure to cause obesity.

It is known that UCPs gene expression
is regulated by multiple factors such as cer-
tain central nervous system nucleus group,
sympathetic nerve, endocrine factors etc.
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Noradrenaline, thyroxin, corticosteroid,
leptin (LP) and insulin (INS), etc. could
stimulate the fat of adipose cell to disinte-
grate and produce heat, This function main-
ly would be realized through B;-adrenergic
receptor (B;-AR). NA and B;-AR combined
together could precisely regulate UCP,; gene
expression and transform pro-adipose cell in-
to BAT cell. Owing to the increase of mito-
chondria and cell count, UCP; could in-
crease. NA’s promotion of UCP; gene ex-
pression also can elevate the synthesis of
cAMP related to G coupling protein, the lat-
ter could activate the proteinkinase (PKA),
which in turn acted on the target protein in-
cluding corticosteroid (CS) sensitive lipase.
When this enzyme was activated by phos-
phorylation, it could inhibit the storage of
triglyceride, so as to disintegrate the fat and
increase the free fatty acid; the target pro-
tein of PKA also includes cAMP reaction el-
ement protein, and it might promote the
transcription of UCPs gene to raise the heat
production and energy consumption?=%®,

Our previous research work revealed
that the balance index of vegetative nerve of
obese patients is abnormally reduced, with
their sympathetic mediator NA, adrenaline
and dopamine (DA) conhcentration extremely
low, and their parasympathic nerve function
index [ salivary amylase (S-Am) and blood
acetylcholinesterase (AchE) Jextraordinarily
elevated. At the same time, obese patients
plasma cAMP, thyroxin, corticosteroid,
noradrenaline, adrenaline, and adrenocorti-
cotropic hormone content were all very low;
and serum LP and INS content abnormally
raised. Animal experiments indicated that
the obese rats” BAT cell volume increased,
full, fatty drops large, mitochondria in the
cytoplasm obviously reduced in size, mito-
chondria matrix density increased, the crista
unable to be clearly displayed, and intersti-
tial capillary decreased, showing that BAT
heat production was abnormally decreased.

Another experiment displayed that the
serum LP and INS content of obese rats ab-
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normally increased, which denoted that
there existed leptinemia and hyperinsuline-
mia as well as leptin resistance (LR) and in-
sulin resistance (IR) in obese organisms. At
the same time the hypothalamic LP and INS
content of obese rats were abnormally low,
denoting that the LP blood brain transporta-
tion abnormality was likely to be one of the
important factors of LR. Experiment
showed that the number of RBCs insulin re-
ceptor (INSR) of high affinity and low vol-
ume and that of low affinity and high volume
in obese rats was all decreased, but the dis-
sociation constant in INSR of high or low af-
finity was abnormally elevated, which deno-
ted that obese organisms’ INSR abnormality
and INS blood brain transportation abnor-
mality were possibly one of the important
factors of IR“"'!®, The above-mentioned da-
ta showed that the abnormal lowering of
obese organisms’ BAT UCPs gene expres-
sion level was possibly related with above-
mentioned regulating factors.

The present study showed that after ac-
upuncture the obese rats’ body weight, Lee’s
index and body fat all markedly reduced, de-
noting that acupuncture does have beneficial
fat reducing effect. At the same time, the
BAT, UCP, gene expression level markedly
increased, 1. e. , acupuncture could up-regu-
late BAT UCP mRNA level, and elevate the
effect of UCP,, and therefore the energy
consumption and heat production increased,
finally obtaining the fat reduction efficacy.

In summary, abnormal decrease of bio-
logic organisms’ BAT UCP,; gene expression
level is possibly the important cause of obe-
sity, The promotion of obese organisms’
BAT UCP, gene expression by acupuncture
is possibly one of the cellular biological
mechanisms in weight-reducing by acupunc-
ture .
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Preliminary Study on Clinical Efficacy of Integrative Chinese and
Western Medicine in Treating Severe Acute Respiratory Syndrome
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Objective: To explore the treatment of
severe acute respiratory syndrome (SARS)
by integrative Chinese and western medicine
(ICWM), for elevating the clinical thera-
peutic level of SARS, Methods: By adopting
the randomized controlled method, the clini-
cal efficacy of treatment of patients with
SARS, hospitalized from April 10, 2003 to
May 20, 2003 in Ditan Hospital, Beijing
was evaluated. All the patients were treated
by western medicine according to the thera-
peutic program recommended by the SARS
Coordinating Group, the Chinese decoction
for clearing heat and removing dampness

was given additionally to the 35 patients in
the treated group, but it was not given to
the 30 patients in the control group. The
therapeutic effect in the two groups was an-
alyzed and compared. Results: The efficacy
of treatment in the treated group was supe-
rior to that in the control group, in apects of
promoting the absorption of pulmonarty in-
flammation and alleviating the inhibitory
state of lymphocytes. Conclusion: Efficacy
of SARS treatment with ICWM is better
than that with western medicine alone,
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