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Abstract. The aim of the present study was to investigate
the hypolipidemic and antioxidant potential of ephedra
extractions in diet-induced hyperlipidemic mice. Mice were
fed a diet high in fat to establish the hyperlipidemic model.
A total of 48 mice were randomly divided into six groups,
which included the normal control, model control, posi-
tive control, ephedra alkaloid, ephedra polysaccharide and
ephedra non-alkaloid groups. Intragastric administration of
the respective treatments was provided continuously for four
weeks and the body weight was recorded weekly. The total
levels of cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C) and malondialdehyde
(MDA), and the activity levels of superoxide dismutase
(SOD), alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) in the serum were recorded. In addition,
changes in liver morphology and organ coefficients (ratio
of organ to body weight) were evaluated, while the acute
toxicity reactions of ephedra extractions were investigated
using the modified Spearman-Karber method. Compared
with the mice in the model control group, the weight, liver
coefficient, serum levels of TC, TG and MDA, and activities
of ALT and AST were significantly lower (P<0.05) in the
mice in the ephedra non-alkaloid group. However, the level
of HDL-C and the activity of SOD were markedly higher
(P<0.05). Fatty degeneration of the liver in the ephedra
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alkaloid and non-alkaloid groups was notably improved
compared with the model control group. The mean lethal
dose (LDs,) of ephedra alkaloids was 610 mg/kg, and the
maximum tolerated dose of oral ephedra non-alkaloids in
the mice was 367.5-fold larger than the clinical dosage in
humans. In conclusion, ephedra non-alkaloids have thera-
peutic potential for the treatment of hyperlipidemia, since
they are able to improve lipid metabolism and are relatively
safe for use under the maximum tolerated dose.

Introduction

Hyperlipidemia is defined as an abnormal lipid metabolism or
the presence of elevated levels of fats in the blood, including
total cholesterol (TC), triglycerides (TG), free fatty acids,
high-density lipoprotein (HDL), very low-density lipoprotein
(VLDL) and low-density lipoprotein (LDL). The increased
levels of blood-fats change the density and flow of the blood,
which may result in arteriosclerosis (1). VLDL and LDL are
easily oxidized, and oxidized VLDL and LDL (OxLDL)
promote the production of oxygen free radicals and reduce
the mRNA expression of nitric oxide synthase (2,3), which
are the causes for the accelerated adhesion of monocytes to
endothelial cells (4). OXLDL is able to increase endothelial
permeability, inhibit secretion and lower metabolism, leading
to vascular endothelial cell apoptosis (5). The elevated levels
of lipids also lead to pathological changes in the tunica
intima and a disturbance in microcirculation. Diabetes and
cardiovascular disease have been shown to be associated with
hyperlipidemia (6). Therefore, lowering the levels of blood
lipids has important significance for the prevention and treat-
ment of diabetes and atherosclerosis.

Currently, lipid-lowering drugs, particularly
3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors
(statins), can effectively lower the levels of TC and LDL choles-
terol, reducing the incidence rate of cardiovascular events and
mortality (7). A consensus has been reached that statins are
the first-line agents for the treatment of hypercholesterol-
emia (8,9). However, the adverse reactions of statins, including
myopathy and rhabdomyolysis, should be considered (10,11).
Furthermore, the hepatotoxicity of statins has been reported in
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anumber of clinical cases (12). Thus, there is a requirement for
the development of novel lipid-lowering drugs.

Ephedra has been used as a medicine in China for thou-
sands of years (13). Ephedra plants, including Ephedra sinica
Stapf, Ephedra intermedia schrenk et C.A. Meyer and
Ephedra equisetina Bge, may be used to treat colds, hay
fever, allergies, pneumonia, asthma and bronchitis (14-16).
Since ephedra or ephedrine used alone or in combination with
other herbs or caffeine produces an average weight loss of
0.9 kg/month, ephedra and ephedrine have been widely used
as dietary supplements to enable weight loss (17). However,
an increasing number of adverse reactions to ephedra have
been reported. Dietary supplements containing the ephedrine
alkaloid are associated with mortality as a result of adverse
reactions, including myocardial infarction, cardiac arrhythmia,
hypertension and stroke (18,19). The U.S. Food and Drug
Administration (FDA) have banned the use of non-prescribed
drugs containing ephedra or ephedra alkaloids, which has
lead to difficulties for the use and development of ephedra
drugs. To resolve this problem, novel pharmacological effects
of ephedra should be investigated. In addition to ephedrine
alkaloids, there are other substances in ephedra, such as poly-
saccharides, organic acids, flavonoids and tannins (20-22).
These substances are anti-free radical and may lower blood
pressure and sugar to affect fat metabolism (23-25). Therefore,
the current study investigated the impact of ephedra extrac-
tions, including ephedrine alkaloids, ephedra polysaccharides
and ephedra non-alkaloids, on hyperlipidemia and evaluated
the safety of the different extractions from Ephedra sinica
Stapf.

Materials and methods

Preparation of extractions from Ephedra. Ephedra samples
(batch no. 0909013; Xianning Kangjin Chinese Herbal
Medicine Co., Ltd., Xianning, China) were ground into a
coarse powder and fully dissolved in 1% sodium hydroxide
solution for 30 min, followed by reflux-extraction with dichlo-
romethane. Subsequently, the dichloromethane extracting
solution and residue were obtained. The dichloromethane
extracting solution was then further concentrated and extracted
using an equal volume of 2% hydrochloric acid, followed by
separation of acidic aqueous solution and dichloromethane
solution. The acidic aqueous solution was adjusted to neutral
and concentrated, in order to obtain ephedrine alkaloids by
freeze drying. In addition, the dichloromethane fraction was
concentrated to obtain the lipophilic non-alkaloid product.
The residue was extracted with double distilled water and
precipitated with 95% alcohol to obtain ephedra polysaccha-
ride. The recovered alcohol was freeze-dried to obtain ephedra
non-alkaloid, which was then merged with the lipophilic
non-alkaloid product for later use as ephedra non-alkaloid.
Sodium hydroxide, dichloromethane and hydrochloric acid
were all purchased from the 3rd Branch of Tianjin Chemical
Reagent Co., Ltd (Tianjin, China).

Experimental animals and design. A total of 48 male
Kunming mice, weighing 18-22 g, were purchased from the
Wuhan Institute of Biological Products (Wuhan, China). All
the animals were acclimatized to laboratory conditions for
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seven days, during which they were fed a commercial pellet
diet and provided with water ad libitum. Experiments were
conducted under specific pathogen-free conditions. The
animal care and use procedures applied in the study were in
accordance with the guidelines established by the Animal
Ethics Committee of Wuhan Hospital of Traditional Chinese
Medicine (Wuhan, China).

The 48 mice were randomly divided into six groups, which
included the normal control (G1; n=8), model control (G2;
n=38), positive control (G3; n=8), ephedrine alkaloid (G4; n=8),
ephedra polysaccharide (G5; n=8) and ephedra non-alkaloid
(G6; n=8) groups. Animals in the normal control group
were fed a standard basal diet, while the mice in the other
five groups were fed a high fat diet (78.8% basal diet, 10%
egg yolk, 10% lard, 1% cholesterol, 0.2% bile salt) for three
consecutive weeks to establish the hyperlipidemic model.
Successful model establishment was confirmed by measure-
ment of the lipid levels.

Mice in the positive control group were administered
6.7 mg/kg simvastatin daily (batch no. 08048; Hangzhou
MSD Pharmaceutical Co., Ltd., Hanghzou, China) for four
consecutive weeks. Mice in the ephedrine alkaloid, ephedra
polysaccharide and non-alkaloid groups were orally admin-
istered 1.26 mg/g respective extractions, once per day for four
consecutive weeks. Mice in the normal control and model
control groups were administered an equal volume of normal
saline. The animals were weighed weekly. After four weeks
of administration, blood was collected from the eyeballs of
mice following fasting for 12 h, and the serum was separated
by centrifugation at 2,200 x g for 15 min at 4°C. The mice
were euthanized by cervical dislocation, without the use of
anesthetic. Organs, including the heart, liver, spleen, lung and
kidney, were excised and frozen until required for analysis.
Organ coefficients (ratio of organ to body weight) were
calculated according to the following formula: Organ coef-
ficient = organ weight (mg)/body weight (g).

Determination of the serum lipid levels. Serum concen-
trations of TC, TG and HDL cholesterol (HDL-C) were
measured by TC Assay kit, TG Assay kit and HDL Assay
kit (Shanghai Mingdian Biological Engineering Co., Ltd.,
Shanghai, China) respectively, according to the manu-
facturer's instructions, using an RT-9600 semi-automatic
biochemical analyzer (Shenzhen Leidu Life Science Co., Ltd.
Nanning, China).

Evaluation of antioxidant capacity and liver function. Activity
levels of superoxide dismutase (SOD), alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST), as well as
the level of malondialdehyde (MDA) in the serum, were evalu-
ated by SOD Assay kit, ALT Assay kit, AST Assay kit and
MDA Assay kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) respectively, according to the manufacturer's
instructions.

Observations of liver morphology. Liver morphologies in
the animals from the six groups were observed. The largest
lobe of the liver was fixed with neutral formalin, embedded
in paraffin, divided into sections (4-5 ym) and stained by
routine hematoxylin and eosin (H&E). The morphological
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Figure 1. Changes in (A) body weight and (B) organ coefficients in the mice at week four following drug administration in the normal control (G1), model con-
trol (G2), positive control (G3), ephedrine alkaloid (G4), ephedra polysaccharide (G5) and ephedra non-alkaloid (G6) groups. "P<0.05 and “P<0.01, vs. normal

control group; “P<0.05 and **P<0.01, vs. model control group.

changes in the hepatic tissue were observed under a light
microscope (BX51; Olympus Corporation, Tokyo, Japan).

a6
Acute toxicity. A total of 100 male Kunming mice (18-22 g of %14
weight) were used for the acute toxicity study, with 20 mice in g 12
each of the ephedra polysaccharide and non-alkaloid groups, and ;" 10
60 mice in the ephedra alkaloid group (10 from each dose group g
are shown in Table I). Initially, nine mice were randomly divided %

into three groups and orally administered ephedrine alkaloids,
ephedra polysaccharides and ephedra non-alkaloids, respec-
tively. The mice were monitored to record any clinical signs of
toxicity, the time taken to the onset of these symptoms and the
time period until mortality. Results from the initial exposure
were used to select the subsequent dose, and the up-and-down
procedure was used to estimate the lethal dose (26). The
selected dosages of ephedra alkaloids were 289, 413, 590, 843,
1,204 and 1,720 mg/kg, the dosage of ephedra polysaccharides
was 800 mg/kg and the dosage of ephedra non-alkaloids was
4,168 mg/kg. The mean lethal dose (LDs;) was calculated using
the modified Spearman-Karber method (27). At 0 and 2 h after
oral administration, the mice were externally prewarmed for
5 min at 39°C, and the systolic blood pressure (SBP) and heart
rate (HR) of the mice were measured using the tail-cuff method
(BP98A; Softron Co., Ltd., Tokyo, Japan).

Statistical analysis. Results are expressed as the mean + stan-
dard deviation, and statistical comparisons were performed
using the Student's t-test. P<0.05 was considered to indicate
a statistically significant difference. All statistical tests were
performed using SPSS 16.0 software (SPSS., Inc., Chicago, IL,
USA).

Results

Effects of the extractions on the weight and organ coefficients.
No statistically significant differences were observed in the
body weight between the normal control group and the other
groups (P>0.05). Compared with the model control group,
the weight of the mice in the positive control (P<0.01) and
non-alkaloid groups (P<0.05) was significantly lower after
four weeks of drug administration (Fig. 1A).

[ A S - -
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Figure 2. Differences in the serum lipids, TC, TG and HDL-C, among the
normal control (G1), model control (G2), positive control (G3), ephedrine
alkaloid (G4), ephedra polysaccharide (G5) and ephedra non-alkaloid
(G6) groups. "P<0.05 and “P<0.01, vs. normal control group; “P<0.05 and
"P<0.01, vs. model control group. TC, total cholesterol; TG, triglycerides;
HDL-C, high-density lipoprotein cholesterol.

The liver and spleen coefficients in the model control
group were significantly higher compared with those in the
normal control group (P<0.05). In addition, compared with
the model control group, the liver (P<0.01), spleen (P<0.01),
lung (P<0.05) and kidney (P<0.01) coefficients were markedly
reduced in the ephedra non-alkaloid group. In addition, the
spleen (P<0.05) and kidney (P<0.01) coefficients were notably
reduced in the ephedra polysaccharide group compared with
the model control group. The spleen (P<0.01) coefficient was
also significantly lower in the ephedrine alkaloid group when
compared with the model control group (Fig. 1B).

Effects of the extractions on the levels of serum lipids.
Statistical analysis of the differences in the levels of serum
lipids among the mice in the six groups was performed
(Fig. 2). The administration of ephedrine alkaloids, ephedra
polysaccharides and non-alkaloids resulted in a significant
decrease in the levels of TC (P<0.01) and TG (P<0.01), and an
increase in the level of HDL-C (P<0.05), when compared with
the model control group. The same changes were observed
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in the levels of TC and HDL-C in the positive control group.
Compared with the normal control group, the level of TC was
significantly higher in the other five groups (P<0.01), whereas
the level of TG was significantly lower in the ephedrine
alkaloid, ephedra polysaccharide and non-alkaloid groups
(P<0.01). The level of HDL-C was markedly reduced in the
model control group compared with the normal control group
(P<0.01).

Effects of the extractions on antioxidant capacity and liver
Sfunction. Changes in the MDA content, and the activity levels
of SOD, ALT and AST among the six groups are shown in
Fig. 3. Compared with the model control group, the ephedra
polysaccharide and non-alkaloid groups revealed a signifi-
cantly increased activity of SOD and a reduced content of
MDA (P<0.05). Compared with the normal control group, the
activity of SOD was significantly enhanced and the content
of MDA was decreased in the ephedra polysaccharide and
non-alkaloid groups (P<0.05).

Compared with the model control group, the non-alkaloid
group demonstrated a decrease in the activity levels of ALT
(P<0.05) and AST (P<0.01), whereas the simvastatin (positive
control) and ephedrine alkaloids significantly increased the
activity levels of ALT (P<0.05) and AST (P<0.01), respectively.
The activity levels of ALT and AST were significantly higher
in the other five groups compared with those in the normal
control group (P<0.01).

Morphology of the liver and biopsy of the liver tissue.
Macro-morphologies of the livers in the six groups are
shown in Fig. 4. The liver in the normal control group was
pinkish-brown, soft and elastic with a sharp edge, smooth
capsule and cut surface. In the model control group, the livers
of the mice showed a varying degree of fat infiltration (liver
appearance was cream-colored and greasy with a blunt edge)
and hepatomegaly. Compared with the model control group,
fatty degeneration of the liver in the other four groups was
improved to varying degrees, particularly in the ephedra alka-
loid and ephedra non-alkaloid groups.

The H&E staining results (Fig. 5) showed that the structure
of the hepatic lobule in the normal control group was clear and
there were no significantly degenerated cells, inflammatory
cells or lipid droplets present in the tissue. However, in the
model control group, the structure of the hepatic lobule was
disordered and there was marked swelling of the liver cells,
focal necrosis and widespread distribution of lipid droplets. In
the other four groups, there was no significant swelling of the
liver cells, enlargement of liver cell volume, fatty degenera-
tion or necrosis. Although sections of the lobular structures
in the liver cells were unclear, the livers in these four groups
revealed less fatty degeneration of the liver cells and smaller
lipid droplets.

Acute toxicity. All the mice survived in the 800 mg/kg ephedra
polysaccharide group (n=20) and 4,168 mg/kg ephedra
non-alkaloid group (n=20), and no abnormal behavior was
observed. The acute toxicity of ephedra alkaloids to the
mice was assessed by determination of the seven-day LDj,
value. The calculated LDy, was 610 mg/kg with a 95%
confidence interval of 499-745 mg/kg (Table I). No abnormal
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Table I. Mortality rate of the mice treated with graded doses of
ephedra alkaloids.

Dose Animals Mortality
(mg/kg) Route (n) (n)
289 Orally 10 0
413 Orally 10 3
590 Orally 10 6
843 Orally 10 7
1,204 Orally 10 8
1,720 Orally 10 10
100 |
90 | [
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Figure 3. Effects of ephedra extractions on the antioxidant capacity and liver
function in the mice from the normal control (G1), model control (G2), posi-
tive control (G3), ephedrine alkaloid (G4), ephedra polysaccharide (G5) and
ephedra non-alkaloid (G6) groups. ‘P<0.05 and “"P<0.01, vs. normal control
group; “P<0.05 and “P<0.01, vs. model control group. SOD, superoxide dis-
mutase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
MDA, malondialdehyde.

clinical symptoms were observed in the mice administered
289 mg/kg ephedra alkaloids; however, one mouse adminis-
tered 413 mg/kg ephedra alkaloids died, and all mice exposed
to 843 mg/kg ephedra alkaloids showed hyperactive behavior.
The HR and SBP of the mice orally administered 289, 413,
590 and 843 mg/kg ephedra alkaloids, 4,168 mg/kg ephedra
non-alkaloids, or 800 mg/kg ephedra polysaccharides at 0
and 2 h after administration are shown in Fig. 6. A significant
increase in the HR was observed in the 843 mg/kg (P<0.01)
ephedra alkaloid and 800 mg/kg (P<0.05) ephedra polysac-
charide groups at 2 h following administration. In addition,
the SBP of the mice in the 590 mg/kg (P<0.01), 843 mg/kg
(P<0.05) ephedra alkaloid and 800 mg/kg ephedra polysac-
charide groups (P<0.01) were significantly increased at 2 h
following administration.

Discussion

Currently, there are various hypolipidemic drugs available,
including statins, fibrates and bile acid sequestrants; however,
they all exhibit numerous side effects. Therefore, there is an
urgent requirement for the development of hypolipidemic
drugs from natural resources. In the present study, ephedra
extractions were demonstrated to improve lipid metabolism in
a diet-induced hyperlipidemia mouse model.
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Figure 4. Macro-morphologies of the livers in the normal control (G1), model control (G2), positive control (G3), ephedrine alkaloid (G4), ephedra polysac-
charide (G5) and ephedra non-alkaloid (G6) groups.

Figure 5. Morphological changes in the hepatic tissues of mice in the normal control (G1), model control (G2), positive control (G3), ephedrine alkaloid (G4),
ephedra polysaccharide (G5) and ephedra non-alkaloid (G6) groups following hematoxylin and eosin staining (magnification, x100).
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Figure 6. Mean HR and SBP of the mice orally administered 289, 413, 590 or 843 mg/kg ephedra alkaloids, 4,168 mg/kg ephedra non-alkaloids, or 800 mg/kg
ephedra polysaccharides at 0 and 2 h after administration. "P<0.05 and “P<0.01, vs. 0 h. HR, heart rate; SBP, systolic blood pressure.
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Compared with the model control group, ephedra extrac-
tions significantly reduced the levels of TC and TG, and
increased the level of HDL-C in the serum. Compared with
the positive control group, ephedra polysaccharides and
non-alkaloids had the advantage of lowering the TG level.
A low level of HDL-C has been documented as an indicator
of high risk for cardiovascular disease, and an increase in
the level of HDL-C may potentially contribute to anti-athero-
genicity, inhibit LDL oxidation and protect endothelial cells
from the cytotoxic effects of OxLDL (28,29). Therefore,
the present results indicate that ephedra non-alkaloids may
protect against cardiovascular disease by increasing the level
of HDL-C.

The livers in the model control group revealed a varying
degree of fat infiltration and hepatomegaly; however, this
condition was improved in the other four groups, particularly
the ephedra alkaloid and non-alkaloid groups. The liver
coefficient of the non-alkaloid group was markedly lower
compared with the other groups, which indicated that the
hepatomegaly had improved significantly. The lipid droplets
were smaller and less intensive in the ephedrine alkaloid,
ephedra polysaccharide and non-alkaloid groups, which
suggested that ephedra extractions lowered the lipid levels.
Ephedra polysaccharides and ephedra non-alkaloids may
scavenge lipids and reduce the absorption of fat to decrease
the levels of lipids.

In hypercholesteremia, the activity of SOD is decreased and
the levels of free radicals and MDA are increased. Polyphenols
and flavonoids may scavenge free radicals, including hydroxyl
and superoxide anions, to inhibit lipid peroxidation and
improve lipid profiles (30-33). These drugs are also known to
stimulate catalase and SOD gene transcription, and decrease
the MDA concentration (34,35). In the current study, ephedra
polysaccharides and non-alkaloids significantly increased the
activity of SOD and decreased the level of MDA, which indi-
cated that ephedra polysaccharides and non-alkaloids were
able to remove free radicals. Lipid peroxidation, in the form
of increased MDA production, has been observed in previous
studies, and serum levels of MDA have been shown to corre-
late with the severity of chronic hepatitis, indicating increased
oxidative stress in patients with nonalcoholic steatohepa-
titis (36,37). Not only the cell membrane lipids, but also the
cell membrane proteins, can be oxidized by free radicals (38),
which are responsible for the damage of hepatic cell structure
and function and lipid metabolism disorder in the liver. SOD
is the first line of defense against oxygen-derived free radicals,
converting superoxide anions into H,O, and reducing the
destruction of hydrogen and lipid hydroperoxides (39). The
results of the present study revealed that ephedra polysac-
charides and ephedra non-alkaloids are able to remove free
radicals to protect the liver. In the ephedra polysaccharide and
non-alkaloid groups, there were no significantly swollen liver
cells and fatty degeneration of the hepatic cells. In addition,
the lobular structure of the liver cells was clearer compared
with that of the model control and positive control groups.
Therefore, ephedra non-alkaloids may exhibit protective
effects on the liver.

The liver plays a critical role in the normal metabolism
of energy substrates, particularly lipid metabolism. AST and
ALT are the main indicators for evaluating liver function
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and the response to liver injury (40). Compared with the
normal and model control groups, simvastatin and ephedrine
alkaloids significantly increased the activity levels of ALT and
AST (P<0.05), indicating that these compounds had side effects
on the liver. However, ephedra non-alkaloids were shown to
decrease the activity levels of ALT (P<0.05) and AST (P<0.01),
which indicated that ephedra non-alkaloids may restore liver
function.

Since the administration of ephedra non-alkaloids is limited
by the solubility and dose volume, the LDy, was unable to be
measured, indicating that the toxicity of ephedra non-alkaloids
is extremely low. In the acute toxicity study, the maximum
tolerated dose of oral ephedra non-alkaloids in the mice was
367.5-fold larger than the maximal dosage in humans, as
specified in the Pharmacopoeia of the People's Republic of
China (41) (9 g crude drug). In addition, the SBP and HR of
the mice did not notably change and no abnormal behavior was
observed. However, the SBP and HR of the mice administered
high dosages of ephedra polysaccharides and alkaloids were
significantly increased. These results demonstrated that ephedra
non-alkaloids may not induce cardiovascular side effects and
are safe for use.

In conclusion, ephedra non-alkaloids are relatively safe and
have the potential to improve hyperlipidemia. The protective
effects of ephedra non-alkaloids may be due to the prevention of
free radical generation, as well as recuperation of liver function
during liver damage.
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