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Effect of Mulberry (Morus alba 1.) Extract on Blood Flow Improvement

Youn-Sil Parkl, Seong-Sun Kangl, Hyoung-Ja Choil, Sung-Jun Yangl,
Ho-Hyeong Shon? Hyeong-Ho Seo? and Jong-Moon Jeongxr

JAgricultUﬁal Development & Technology Center of Buan—-gun, Jeonbuk 579-833, Korea
“Research Center of Ben's Lab Co., Ltd., Gyeonggi 445-743, Korea

ABSTRACT The objective of this study was to investigate the beneficial effects of mulberry extract (MBE) on blood
flow improvement. The SCsy value for the DPPH radical scavenging activity of MBE was 89.36+5.46 pg/mL. Analysis
of the cellular toxicity of MBE on RAW 264.7 and HepG2 cells showed no toxicity under a concentration of 2,500
pg/mL. We found that MBE inhibited the enzyme activity of cyclooxygenase (COX)-2 as well as oxidation of human
LDL. Western blotting analysis showed that MBE inhibited protein expression of COX-2 and 5-lipoxygenase in RAW
264.7 cells. In addition, MBE inhibited protein expression of intercellular adhesion molecule-1 and vascular cell adhesion
molecule-1 in human umbilical vein endothelial cells. Furthermore, MBE reduced the serum levels of total cholesterol
and C-reactive protein in a concentration-dependent manner. These results both in vitro and in vivo suggest that MBE

can be employed for the improvement of blood flow.
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Table 1. Ingredient of diet

Diet % (w/w)

Ingredient Normal diet High-cholesterol diet
Casein (from milk) 20 20
Corn starch 15 15
Sucrose 49 49
Cellulose 6 4.5
Corn oil 5 5
Mineral mixture 35 3.5
Vitamin mixture 1 1
Choline bitartrate 0.2 0.2
DL-Methionine 0.3 0.3
Cholesterol 0 1
Cholic acid 0 0.5
Total 100 100

Table 2. Classification of groups

Diet Groups Intake of sample/day (14 days)
Normal diet Sham -
(-)Control -
High- (+)Control Lovastatin 20 mg/kg body weight
cholesterol MBE-100 MBE 100 mg/kg body weight
diet MBE-200 MBE 200 mg/kg body weight

MBE-400 MBE 400 mg/kg body weight
MBE: mulberry extract.
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Fig. 1. DPPH assay of MBE. Data were obtained from three
independent experiments and are expressed as the mean=SE.
Slgnlﬁcantly different from the negative control at P<0.05.

Table 3. DPPH radical scavenging effects of MBE (unit: pg/mL)

DPPH radical scavenging activities SCso"

MBE 89.36+5.46
EGCG? 6.24+1.10
Vitamin C” 4.51+0.96

Results were represented as meantSEM of three independent
experlments

)SC50 half maximal scavenging concentration.

"positive control.
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Fig. 2. COX-2 activity assay of MBE. Data were obtained from
three independent experiments and are expressed as the meant
SE. “Significantly different from the negative control at P<0.05.
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Table 4. Inhibitory effect of cyclooxygenase-2 by MEB
(unit: pg/mL)

COX-2 ICs"
MBE 215.94+41.37
Tbuprofen” 43.78+3.43
Aspirin” 80.56+18.15
Results were represented as meantSEM of three independent
experlments

IC50 half maximal inhibitory concentration of cyclooxygenase-2.
"Positive control.

Table 5. Inhibitory effect of human LDL oxidation by MBE
LDL oxidation (%)

Final concentration

MBE 100 pg/mL 94.68+3.20
MBE 200 pg/mL 90.03+3.92"
MBE 400 pg/mL 76.48+5.55"

Results were represented as mean+SEM of three independent
experlments
"Significantly different from the positive control at P<0.05.
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Fig. 3. Effect of MBE on the cell viability of RAW 264.7 and
HepG2 cells. RAW 264.7 and HepG2 cells were treated with
various concentrations (5,000, 2,500, 1,250, 625, 312.5, 156.25
pg/mL) of MBE for 24 hours. Cell viability was measured by
MTT assay. Data were obtained from three independent experi-
ments and are expressed as the mean+SE. Slgmﬁcantly differ-
ent from the negative control at P<0.05.
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Fig. 4. Western blot analysis of ICAM-1 or VCAM-1 in HUVECs.
The ICAM-1 or VCAM-1 protein expression was induced by TNF-
a only (10 ng/mL, lane 2), TNF-a and MBE 400 pg/mL (lane
3), TNF-a and MBE 200 pg/mL (lane 4), TNF-0. and MBE 100
pg/mL (lane 5), respectively. The total protein was fractionated
by 10% SDS-PAGE, and the blotted membrane was reacted with
anti-ICAM-1 or VCAM-1 IgG. Anti-IgG-HRP was used as secon-
dary antibody and immunoreactive protein was detected by chem-
iluminescence. Data were obtained from three independent experi-
ments and are expressed as the mean+SE. Slgnlﬁcantly different
from the TNF-a and PBS treatment group at P<0.05. * “Different
letters denote statistically significant differences at P<0.05.
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Fig. 5. Western blot analysis of COX-2 or 5-LO in RAW 264.7
cells. The COX-2 or 5-LO protein expression was induced by LPS
only (1 pg/mL, lane 2), LPS and MBE 100 pg/mL (lane 3), LPS
and MBE 200 pg/mL (lane 4), LPS and MBE 400 pg/mL (lane
5), respectively. The total protein was fractionated by 10% SDS-
PAGE, and the blotted membrane was reacted with anti-COX-2
or 5-LO IgG. Anti-IgG-HRP was used as secondary antibody and
immunoreactive protein was detected by chemiluminescence. Data
were obtained from three independent experiments and are ex-
pressed as the mean+SE. Slgmﬁcantly different from the LPS
and PBS treatment group at P<0.05. ““Different letters denote
statistically significant differences at P<0.05.
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Table 6. Reducing effect of total cholesterol by MEB
(unit: pg/mL)

Diet Groups Total cholesterol
Normal diet Sham 0.56+0.15
(-)Control 1.5240.12
High- (+)Control 0.75+0.10
cholesterol MBE-100 1.41i0.10*
diet MBE-200 1.31+0.04,
MBE-400 1.15+0.05

Data were obtained from animal experiments and are expressed
as the mean+SE (n=5).
"Significantly different from the negative control at P<0.05.
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Table 7. Reducing effect of C-reactive protein by MEB
(unit: pg/mL)

Diet Groups C-reactive protein
Normal diet Sham 12.604:4.08
(-)Control 39.79+4.81
High- (+)Control 38.48+2.00
cholesterol MBE-100 36.76+3.56
diet MBE-200 35.37+5.81
MBE-400 33.85+6.51

Data were obtained from animal experiments and are expressed
as the mean+SE (n=5).
Slgmﬁcantly different from the negative control at P<0.05.
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