J Korean Soc Appl Biol Chem (2014) 57(5), 639—-645
DOI 10.1007/s13765-014-4193-y

Online ISSN 2234-344X
Print ISSN 1738-2203

ARTICLE

Effects of Ramie Leaf Extract on Blood Glucose and

Lipid Metabolism in db/db Mice

Hyun-Joo Lee - Ah-Ra Kim * Jae-Joon Lee

Received: 17 June 2014 / Accepted: 30 July 2014 / Published Online: 31 October 2014
© The Korean Society for Applied Biological Chemistry and Springer 2014

Abstract Hypoglycemic and hypolipidemic effects of ramie leaf
ethanol extract (RLE) on C75BL/KsJ-db/db mice were determined.
The db/db mice were divided into diabetic control group (C), two
experimental groups orally treated with low dose (200 mg/k,
RLEL) and high dose (400 mg/kg, RLEH) of RLE. After 6 weeks,
fasting blood glucose, serum insulin, and glycosylated hemoglobin
levels decreased in RLE groups compared to those in the control
group. The glucose levels in the oral glucose tolerance test and
area under the curve for glucose in the RLE groups were also
significantly lower than those in the control group (p <0.05). The
serum total cholesterol and low-density lipoprotein cholesterol
levels were significantly decreased in the RLEH group, whereas
the serum HDL-cholesterol level was significantly increased in
the RLEH group (p <0.05). These data suggest that RLE may
improve blood glucose and lipid metabolism in mice with type 2
diabetes.

Keywords anti-diabetic effect - blood glucose - db/db mice -
ramie leaf - serum lipid

Introduction

Diabetes is a chronic metabolic disease with the highest reported
prevalence in the world. According to the International Diabetes
Federation, 366 million people aged 20—79 years are known to be
afflicted with this condition worldwide (International Diabetes
Federation, 2012).

H.-J. Lee
Department of Nutrition and Culinary Science, Hankyong National
University, Anseong, Republic of Korea

A.-R.Kim - J.-J. Lee (P<)

Department of Food and Nutrition, Chosun University, Gwangju, Republic
of Korea

E-mail: leejj80@chosun.ac.kr

In Korea, 3 out of 10 people are believed to have a risk of
hyperglycemia. Recently there is an increasing trend of earlier
development of this disease in younger generation (20-30 years
old) and mostly would be prevalent after middle age. Diabetes is
also associated with high mortality and is ranked as the 5" cause
of death (NSOK, 2011; KDA, 2012). Type 2 diabetes that
comprises most of the diabetic population in Korea is also known
as non-insulin-dependent diabetes (NIDD), and it occurs due to
the dysfunction of beta cells in pancreas and decreased insulin
sensitivity. Type 2 diabetes has been known as disease of the
Western population, but recently its occurrence has increased in
Asian countries. This is largely attributed to the influence of
Western diet and lifestyle. Furthermore, type 2 diabetes is an
important risk factor of cerebrovascular and cardiovascular
diseases, which are ranked as 2™ and 3™ leading causes of death,
respectively. About 3/4 of cases with cardiovascular mortality are
known to have type 2 diabetes as a concomitant disease, and it has
been reported that type 2 diabetic patients have about 2-fold
higher risk of cardiovascular disease (Schneider et al., 1998).

Presently, many types of hypoglycemic agents are approved for
the treatment of diabetes, but these agents have limitations such as
risk of lactic acid accumulation, exacerbation of renal failure
symptoms, hepatotoxicity, and cause weight increase (Bailey,
1999). Therefore, there is an unmet need for hypoglycemic agents
with a better benefit/low risk profile, which has led to studies on
natural agents that have similar effects compared to patented drugs
that can safely control blood glucose.

Ramie (Boehmeria nivea L.) is a flowering plant belonging to
the family Urticales and has been widely used as a folk remedy
or an emergency food (Institute of Drug and Plant, 1998). Roots
and leaves of ramie are used as medicine, and the stem is used to
make traditional clothes called Mo-shi. The young and soft parts
of ramie leaves are used in dishes such as blanched and seasoned
vegetables (namul), pickles, Kimchi, and rice cake. Leaf of ramie
is a rich source of fiber, amino acids, vitamin C, calcium,
potassium, and magnesium (Yoon and Jang, 1998), and has a
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number of polyphenol and flavonoids that are antioxidants (Kim,
2010). In addition, chlorophyll is reported to have a strong
inhibitory effect on free radicals (Kim et al., 1994). The studies on
biological activity of ramie leaf include; antimicrobial activity
(Son, 2007), antioxidant and anticancer effects (Kim et al.,
2009b), preventive effect on constipation induced by loperamide
in rats (Oh, 2012), improvement of lipid metabolism and anti-
obesity effect in rats fed a high-fat/high-cholesterol diet (Lee et al.,
2011). Many biological activity studies of ramie leaf have been
reported from in vitro and in vivo trials; however, there has been
no study on the anti-diabetic effects of ramie leaf.

Therefore, in the present study, ramie leaf ethanol extract was
administered to db/db mice for 6 weeks to determine its effect on
the lipid profile and change in blood glucose level, as well as to
find out the applicability of ramie leaf as a functional food source
for the improvement of dyslipidemia and as a hypoglycemic
agent.

Material and Methods

Sample material. Ramie leaves were purchased from Ramie
Association, Jeonam, Korea in August 2011. The leaves were
washed three times with tap water in order to remove the sand and
dust attached to the surface. The leaves were then rinsed carefully
with fresh water and excess water was removed using a salad
spinner (Caous, WINDAX, Korea). The rinsed leaves were dried
for 40 min at 60°C by using a heat drier (GNO12, Hanil GNCO
Co., Ltd., Korea). Finally, the dried leaves were triturated with a
grinder and kept in a deep freezer at —70°C.

Preparation of ramie leaf extracts. Powdered ramie leaves
(100 g) were added to 1,500 mL of 80% ethanol. The powder was
extracted three times for 3 h at 65°C with heating mantle and
reflux cooler, and then filtered with Whatman filter paper (No. 2,
GE Healthcare, UK). The solvent was removed from the
remaining extract in a 40°C water bath using a rotary vacuum
evaporator (EYELA VACUUM NVC-1100, Japan). The extract
was then decompressed, concentrated, followed by lyophilization,
and stored at —70°C.

Determination of total polyphenolics, flavonoids and
chlorogenic acid contents. Total polyphenolic content was
determined with Folin-cicocalteu’s reagent and tannic acid as an
external standard (Folin and Denis, 1912). The results were
expressed as mg tannic acid equivalent (TAE) per gram of sample.
Contents of total flavonoids were measured according to the
Davis method with slight modifications (Chae et al., 2002) with
rutin as an external standard. The results were expressed as mg
rutin equivalent (RE) per gram of sample. Total chlorogenic acid
content was measured according to the Coseteng method (1987)
with slight modifications with chlorogenic acid as an external
standard.

Animal experiments. Thirty male C75BL/KsJ-db/db mice were
purchased from Central Laboratory Animal Inc. (SLC Inc.,
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Japan). The animals were housed in individual stainless steel
cages under controlled conditions at temperatures between 21—
3°C with a 12:12 h light-dark cycle (08:00-20:00 h light). Five-
week-old db/db mice were provided with unrestricted access to rat
chow and water in our animal facility for at least 2 weeks prior to
the experiments. The db/db mice were randomly divided into
three groups (n==8): control group, treated with vehicle (distilled
water); RLEL group treated with RLE low dose, 200 mg/kg/day;
and RLEH group treated with high dose of RLE, 400 mg/kg/day.
Animal diets were formulated based on AIN-93G (Reeves et
al.,, 1993). The experimental groups were treated daily by oral
administration of the same volume of RLE for 6 weeks. Food
intake and body weight were measured on a daily and weekly
basis. All experiments involving mice were performed according
to the guidelines for the care and use of laboratory animals
approved by Chosun University.
Collection of blood and organ. After 6 weeks of treatments, all
mice were fasted for 12h and then sacrificed under light
anesthesia in carbon dioxide (CO,)-saturated chamber. For whole
blood and serum biomarker determination, the blood sample was
withdrawn from the inferior vena cava. The blood was centrifuged
at 3,000 rpm for 20 min to separate serum, which was then stored
at —70°C. Liver and adipose tissues from subcutaneous, epididymal,
retroperitoneal, and mesenteric adipose tissues were removed,
washed in saline buffer, weighed, and immediately stored at —70
°C until further analysis.
Serum parameters. The levels of serum triglyceride (TG), total
cholesterol (TC) and high-density lipoprotein cholesterol (HDL-
C) were measured by using Fuji Dri-Chem 3500 analyzer (Fuji
Photo film Co, Japan). Serum low-density lipoprotein cholesterol
(LDL-C) was calculated using the Friedwald formula (1972)
{total cholesterol — (HDL-cholesterol — TG/5)}. Serum insulin
level was measured by using the insulin radioimmunoassay kit
(EIKEN Chemical Co., Ltd., Japan). The blood sample was added
with anticoagulant and then hemolyzed. HbAlc (glycosylated
hemoglobin) level was analyzed with MicroMat™ IT Hemoglobin
Analyzer (Bio-Rad Laboratories, USA).
Blood glucose level, oral glucose tolerance test (OGTT) and
area under the curve (AUC). Glucose levels of the animals were
measured after a 12-h fasting period at week 0 (before treatment),
week 2, week 4, and week 6 (last day of treatment). Blood glucose
levels were determined from vein blood of tails and analyzed with
Glucose Analyzer (Accu-Chek Active, Roche, Germany). The
oral glucose tolerance test was performed at the last week of the
experiment. The mice were given oral administration of glucose
(2 glkg of BW). After glucose administration, blood was taken
from the tail vein at intervals of 0, 30, 60, 90, and 120 min to
measure the blood glucose level. From the OGTT value, the AUC
was calculated using the following formula: AUC =[(M2+M1)/
2HM3+M2)/2+(M4+M3)2+(M5+M4)/2], where M1 is blood
glucose level at 0 min, M2=30 min, M3=60 min, M4=90 min, and
M5=120 min. This procedure was performed as suggested by
Pruessner et al. (2003).
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Statistical analysis. The statistical analysis was carried out using
Statistical Package for the Social Sciences (SPSS Inc., USA,
version12.0). All data were expressed as the means + standard
error (SE). Statistical analysis was performed using an analysis of
variance followed by Tukey’s test. Student’s t test was used to
confirm comparisons between the groups. Statistical significance
was considered to be at the p <0.05 level.

Results and Discussion

Total polyphenolics, flavonoids, and chlorogenic acid contents.
Phenolic compounds such as flavonoids and chlorogenic acid are
considered to be the major contributors to the antioxidant ability
of plants (Ong et al., 2013). Thus, the flavonoids and chlorogenic
acid of RLE were evaluated. Total polyphenolics, flavonoids, and
chlorogenic acid contents in RLE were found to be 132.50+2.76
TAE, 119.00+1.15 RE, and 15.24+0.65 mg/g, respectively (Table
1). In the study of Lee et al. (2009), total polyphenol content in
RLE was149.58+1.62 TAE mg/g DW), similar to the results of the
present study. However, total flavonoid content of RLE was
49.2440.38 TAE mg/g DW (Lee et al., 2009). A higher content of
total flavonoids was shown in the present study. It was reported

Table 1 Contents of total polyphenol, total flavonoids and chlorogenic
acid of 80% ethanol extracts of ramie leaf

Samol Total polyphenol Total flavonoids Chlorogenic acid
ample
P (TAE mg/g DM) (RE mg/g DM) (mg/g DM)
RLE 132.50+2.76 119.00+1.15 15.2440.65

that RLE had the highest antioxidant capacity, due to being rich in
total polyphnolics, flavonoids, and chlorogenic acid. Furthermore,
chlorogenic acid is the major phenolic compounds in RLE (Tan et
al., 2014) and has many biological effects such as antioxidant,
antidiabetic, and antilipidemic (Ong et al., 2013).
Body weight, food intake, and water consumption. We studied
the changes in body weight, food intake, and water consumption
after RLE administration for 6 weeks in db/db mice (Table 2). The
body weight increased gradually during the 6-week experimental
period. There were no significant differences in body weights
between the treatment groups and the control group. The food
intake and water consumption were slightly lower in the treatment
groups than in control group, but the difference was not found to
be significant. These results were similar to the ones reported by
Kim et al. (2009a), which showed that body weight, food intake,
and water intake were not significantly reduced by the administration
of loquat leaf methanol extract to db/db mice.
Weights of liver and adipose tissue. The weight of liver of db/
db mice are shown in Table 3. Kim et al. (2012) described that the
surface of liver tissue of diabetic db/db mice was noticeable less
shiny with low elasticity. This was due to fat disposition in this
organ. In a severe case of diabetic, high fat disposition, hepatocytes
necrosis, and sedimentation of inflammatory cells in portal vein
were increased. In accordance with that, Lee et al. (2010) reported
that the weight of liver in diabetic db/db mice increased by 3.36
times than that of normal non-diabetic mice. In the present study,
the weight of liver from treatment groups (RLEL and RLEH) was
slightly lower than in control group, but the difference was not
significant.

The db/db mice are known to suffer with obesity due to the

Table 2 Weight gain, food intake, and water consumption of db/db mice after treated orally with ramie leaf ethanol extract (RLE) for 6 weeks

Groups” Body weight (g) Food intake Water consumption
initial final gain (g/day) (mL/day)
Control 31.57+0.212N9) 36.12+0.38N8 4.55+0.18™ 6.66+0.54N8 9.01£0.47"8
RLEL 31.57+0.23 35.97+0.41 4.46+0.25 6.40+0.43 8.85+0.24
RLEH 31.59+0.34 35.56+0.16 4.17+0.28 6.15+0.25 8.70+0.19

DRLEL: Ramie leaf ethanol extract-low (200 mg/kg/day), RLEH: Ramie leaf ethanol extract-high (400 mg/kg/day).

DValues are mean = SE of 8 rats in each group.
9NS: not significantly different among groups.

Table 3 Weights of liver, subcutaneous, mesenteric, epididymal, retroperitoneal, and total adipose tissue in db/db mice after treated orally with ramie

leaf ethanol extract (RLE) for 6 weeks

Liver Subcutaneous Mesenteric Retroperitoneal Epididymal Total adipose tissue
Groups” wt. wt. wt. wt. w. wt.
(g/100 g body wt)
Control 5.98+0.052N59 1.62+0.12N8 1.15£0.05*) 0.610.08™ 1.75+0.13N8 5.13+£0.07*
RLEL 5.82+0.07 1.55+0.11 0.94+0.03% 0.49+0.06 1.48+0.15 4.46+0.08°
RLEH 5.67+0.07 1.52+0.13 0.85+0.04° 0.47+0.12 1.41£0.13 4.25+0.16°

DSee the legend of Table 1.
IThe results are mean = SE of 8 mice in each group.
9NS: not significantly different among groups.

HValues with different superscripts in the same column are significantly different (p <0.05) between groups by Tukey’s test.
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Table 4 Change in fasting blood glucose level in db/db mice after treated orally with ramie leaf ethanol extract (RLE) for 6 weeks

week-0 week-2 week-4 week-6
Groups"
(mg/dL)
Control 325.65+12.12288) 412.75+6.54N8 454.65+8.09*Y 48221£13.27°
RLEL 318.23+10.07 404.36+7.53 421.13+10.43% 408.33+9.54°
RLEH 322.26+11.54 391.86+11.70 387.08+13.11° 391.34+10.21°

DSee the legend of Table 1.
DThe results are mean + SE of 8 rats in each group.
9NS: not significantly different among groups.

DValues with different superscripts in the same column are significantly different (p <0.05) between groups by Tukey’s test.

metabolic disorders related to diabetes and resistance to leptin
(Considine et al., 1996); hence, the effect of administration of
RLE on the weights of white adipose tissues including subcutaneous,
epididymal, and retroperitoneal as well as mesenteric adipose
tissue was investigated (Table 3). The weights of subcutaneous,
epididymal, and retroperitoneal adipose tissues were decreased in
the RLEL and RLEH groups as compared to control group, but
there was no statistical significance observed. The weight of
mesenteric adipose tissue, decreased in a dose-dependent manner
in relation to the administration of RLE (p <0.05). Furthermore,
administration with RLE effectively reduced the weight of total
adipose tissue (p <0.05). In another study by Lee et al. (2011),
obesity-induced rats were fed high-fat/high-cholesterol diet with
ramie leaf powder for 4 weeks. They reported that mesenteric and
epididymal adipose tissue weights in treatment group decreased
significantly compared to that of control group.

The observations presented above indicate that the administration
of RLE does not have a considerable effect on the reduction of
liver weight; however, there was a significant decrease in
mesenteric adipose tissue and total adipose tissue weights. This
suggests that the ramie leaf inhibits the accumulation of adipose
tissues and therefore is effective in reducing obesity.

Levels of glucose in whole blood. The alteration of fasting blood
glucose levels after administration with RLE are presented in
Table 4. The result revealed that the blood glucose levels of RLEL
and RLEH groups decreased similarly to that of control group,
although up to 2 weeks, and there were no significant differences
among groups. However, from week 4 onwards, there was a
significant decrease of glucose levels in the RLEH group
compared to that of the control group (p <0.05). On week 6, both
RLEL and RLEH groups showed significantly lower blood
glucose levels compared to the control group. There was a slight
increase of the final blood glucose levels in all groups compared
to its initial values. Interestingly, the increasing rates were
becoming lower in longer treatment period, thus the longer RLE
administration, the lower of blood glucose levels (p <0.05). Lawes
et al. (2004) reported that there was 21% decrease in the risk of
seizure and 23% decrease in the risk of ischemic heart disease per
mM/L decrease in fasting blood glucose level. This clearly suggests
the importance of blood glucose management in diabetes. Also,
the oxidative stress due to high blood glucose levels plays an
important role in the prevalence of diabetic complications and
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causes diabetic retinopathy, neuropathy, and nephrosis, hence the
blood glucose management is an important factor in the treatment
of diabetes (Mullarkey et al., 1990). Study of Kim et al. (2006)
had results similar to those of our study. They administered pine
leaf extract to db/db mice for 6 weeks, and found no difference in
blood glucose levels up to week 2, but from week 3 onwards, they
observed significant decrease in blood glucose levels in pine leaf
extract high concentration group compared to that in control
group. At weeks 5 and 6, there was a significant decrease in blood
glucose levels in both the low and high concentration groups
compared to that in the control group. They suggested that the
reason for this decrease in blood glucose level could be due to the
increase in serum leptin levels, which may have affected the
insulin-related sensitivity. Similar study was reported by Lee et al.
(2012). They administered chlorogenic acid, which is rich in
ramie leaf, to high-fat diet and streptozotocin-induced diabetic
mice for 6 weeks. Although the blood glucose level between the
test groups was comparable at the start of the study, treatment
groups showed a significant decrease of blood glucose levels
compared to control group. Blood glucose levels decreases were
also reported by Jung et al. (2006) on caffeic acid treatment to db/
db mice and Jeon and Choi (2010) on naragin 0.02%, a type of
flavonoid, to mice fed a high fat diet. Polyphenols and flavonoids
are known to be therapeutically useful in diabetic rats due to their
ability to act on multiple targets associated with the pathology of
diabetes (Chang and Jhonson, 1980; Shanmugasundaram et al.,
1990). These reports suggest that polyphenolic compounds and
flavonoid are responsible for the hypoglycemic effects of ramie
leaf extract (Kim, 2010). However, it is not clear whether the
mechanism of action is affected by increasing insulin secretion or
by overcoming insulin resistance. Even though the mechanism is
not yet clear, our study has found that the RLE inhibits the
increase in blood glucose.

Levels of insulin and HbAlc. Serum insulin and blood HbAlc
levels are shown in Table 5. NIDD patients are the most common
of type 2 diabetics, which is associated with hyperinsulinemia that
results from insulin resistance. NIDD is primarily caused by
several factors such as obesity, overeating, lack of exercise, age,
alcohol intake, mental stress, and genetics. It also causes glucose
intolerance and hyperinsulinemia, which play important roles in
the etiology of lipid metabolism dysfunction, high blood pressure,
and coronary artery disease (Choi and Koo, 2000). Our study
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Table 5 Serum insulin and blood HbAlc levels in db/db mice after treated
orally with ramie leaf ethanol extract (RLE) for 6 weeks

Groups" Serum insulin Blood HbAlc
P (uIU/mL) (%)
Control 57.98+1.252%) 9.51£0.15°
RLEL 48.37+1.83" 9.1240.13%
RLEH 45.98+0.89" 8.65+0.17°

DSee the legend of Table 1.

IThe results are mean + SE of 8 rats in each group.

9Values with different superscripts in the same column are significantly
different (p <0.05) between groups by Tukey’s test.

Table 6 Oral glucose tolerance test of db/db mice after treated orally with
ramie leaf ethanol extract (RLE) for 6 weeks

Time Control RLEL RLEH
(min) (mg/dL)
0 489324122392 416.02+8.98" 404.12+11.34°
30 632.21+15.58° 581.87+10.29" 561.76+14.24°
60 578.24+10.20° 51535+13.76°  495.23+10.62°
90 546.21+11.05° 480.1449.45" 45722412320
120 529.45+12.43° 447.86+11.98° 417.64+9.27°
AUCogr”  2,266.05£67.87°  2,009.30£87.05°  1,925.04+76.25°

DThe results are mean + SE of 8 rats in each group.

DValues with different superscripts in the same row are significantly dif-
ferent (p <0.05) between groups by Tukey’s test.

YAUCqrr: the area under the curve of glucose.

showed that serum insulin levels were significantly lower in the
RLEL and RLEH groups than those in the control group
(p <0.05). The levels of blood HbAlc was significantly lower in
the RLEH group than control group (p <0.05). Park et al. (2007)
administered crude polysaccharides from Grifola frondosa for 8
weeks to type 2 diabetes model (KK-Ay) mice. They reported that
levels of both serum insulin and HbAlc were significantly
reduced in the test group than the control group, suggesting that
hypoglycemic effect was attributed to the administration of
polysaccharides, which would increase insulin sensitivity despite
the low level of insulin in diabetic mice. In alliance to Park et al.
(2007), our result showed a decreased level of serum insulin and
blood glucose as well as HbA 1c after administration of the RLE,
which suggested that RLE is effective in improving insulin

sensitivity, thereby showing hypoglycemic effect.

Oral glucose tolerance test and area under the curve Changes
in the levels of blood glucose and AUC after glucose administration
during OGIT are shown in Table 6. OGIT measures the
postprandial changes in blood glucose levels. The blood glucose
levels of mice in the RLEL and RLEH groups were significantly
lower than those of the control at 30, 60, 90, and 120 min after
glucose administration (p <0.05). The RLE treatment significantly
improved glucose tolerance over the entire OGTT monitoring
intervals in the db/db mice. The AUC for both RLEL and RLEH
groups were significantly decreased compared to the control
(p <0.05). They were 11.33 and 15.05% for RLEL and RLEH,
respectively. Similar result was reported by Lee et al. (2012) on
diabetic mice after treated with chlorogenic acid in ramie leaf
accompanied by high fat diet. Plant derived phenolic compounds
were known to inhibit the activation of glycolytic and fermentation
enzymes such as o-amylase, sucrase, and a-glucosidase in the
small intestine, resulting in a decrease in blood glucose and insulin
levels (Matsumoto et al., 1992). The improvement on OGTT and
AUC status on db/db mice after RLE treatment could be attributed
to ramie leaf’s phenolic contents, chlorogenic acid and soluble
fibers. This was supported by reports of Jenkins et al. (1977),
Albrink et al. (1979), Kim et al. (1994) and Kim (2010). Jenkins
et al. (1977) reported that the feeding of water-soluble fibers, such
as guar gum and pectin, reduced the serum levels of insulin,
whereas Albrink et al. (1979) stated that increased administration
of dietary fiber for the treatment of diabetics would reduce the
insulin requirement as well as decreased the glucose levels in
urine. Therefore, it can be implied that the hypoglycemic effect
observed in our study after administration of RLE is due to the
presence of phenolic compounds and soluble dietary fiber in the
ramie leaf (Kim et al., 1994; Kim, 2010).

Levels of serum TG, TC, HDL-C and LDL-C. The changes in
serum TG, TC, HDL-C, and LDL-C levels after administration of
RLE are shown in Table 7. An imbalance in the lipid metabolism
is an important indicator in the treatment of diabetes. In the
present study, although the level of TG in serum decreased in both
RLEL and RLEH groups compared to the control, there was no
significant difference. The levels of TC in serum decreased in a
dose-dependent manner in both treatment groups. A significant
decline was observed in RLEH group (p <0.05); however, the

Table 7 Contents of triglyceride, total cholesterol, HDL-cholesterol, and LDL-cholesterol in serum of db/db mice after treated orally with ramie leaf

ethanol extract (RLE) for 6 weeks

Triglyceride Total cholesterol HDL-C LDL-C
Groups"
(mg/dL)
Control 64.87+6.322N9) 138.76£5.94*) 24.36+0.52° 73.98+1.22%
RLEL 154.76£6.70 127.64+7.65% 26.98+0.47 64.90+2.07°
RLEH 143.45+7.23 108.32+5.87° 31.26+0.72* 60.14+1.59°

DSee the legend of Table 1.
DThe results are mean + SE of 8 rats in each group.
9NS: not significantly different among groups.

DValues with different superscripts in the same column are significantly different (p <0.05) between groups by Tukey’s test.
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decrease in RLEL group was not significant compared to the
control group. The serum LDL-C levels were significantly lower
in both RLEL and RLEH groups compared to the control group
(p <0.05), and there was a significant difference between both
treatment groups (p <0.05).

Generally, the diabetic mice are known to inhibit the HDL-C
formation due to a low activity of lipoprotein lipase that reduces
the breakdown of lipoproteins, mainly the TG (Betteridge, 2001).
In the present study, the serum HDL-C level increased in a dose-
dependent manner after administration of RLE compared to the
control group, with significant difference observed in RLEH group
(p <0.05). In a similar study by Lee et al. (2011), administration of
5 and 10% ramie leaf powder for 4 weeks to rats fed a high fat/
high-cholesterol diet were found to decrease the serum TG, TC,
and LDL-C levels, whereas the level of HDL-C was significantly
increased. This result was also confirmed by Roberfroid (1993),
who stated that in terms of bioactive compounds related to the
improvement in lipid metabolism, the consumption of dietary
fiber decreased serum TG and TC levels. On the other hand, study
of Jeon and Choi (2010) showed that administration of naringin to
mice fed a high fat diet has no effect on the level of serum TG in
contrast there was a significant decrease in the serum TC level as
well as a significant increase in the serum HDL-C level. Chlorogenic
acid is found as an anti-lipoperoxidant agent that significantly
reduces lipid peroxidation in liver tissues and red blood cells of
diabetic mice (Shanmugasundaram et al., 1990). In the present
study, RLE administration attenuated the serum TC and LDL-C
levels and increased serum HDL-C level. This could be due to the
presence of major flavonoids namely chlorogenic acid or dietary
fiber (Roberfroid, 1993; Yoon and Jang, 2006; Kim, 2010; Lee et
al., 2012). Based on our results, RLE would be effective in
reducing dyslipidemia in diabetes; therefore, it will help in
lowering the risk of cardiovascular disease in patients with
diabetes.

In conclusion, the administration of RLE would suppress the
raise of postprandial blood glucose, HbAlc, serum insulin, and
fasting blood glucose levels. It was also discovered as an effective
way to improve serum lipid profile and reducing adipose tissue
weight in the db/db mice. These results suggest that ramie leaf has
the potential as a functional food ingredient to prevent and/or
manage type 2 diabetes. However, further studies will be required
to elucidate the mechanism underlying the hypoglycemic and
hypolipidemic effects of ramie leaf.

References

Albrink MJ, Newman T, and Davidson PC (1979) Effect of high and low
fiber diets on plasma lipids and insulin. Am J Clin Nutr 32, 1486-91.

Bailey CJ (1999) Insulin resistance and antidiabetic drugs. Biochem
Pharmacol 58, 1511-20.

Betteridge J (2001) Dyslipidaemia and diabetes. Prac Diabetes Intern 18,
201-7.

Chae SK, Kang GS, Ma SJ, Bang KW, Oh MW, and Oh SH (2002) In

@ Springer

Standard food analysis, Jign-moonwha Sa, Korea.

Chang MW and Jhonson MA (1980) Effect of garlic on carbohydrate
metabolism and lipid synthesis in rats. J Nutr 110, 931-6.

Choi JM and Koo SJ (2000) Effects of B-glucan from Agaricus blazei Murill
on blood glucose and lipid composition in db/db mice. Korean J Food
Sci Technol 32, 1418-25.

Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stepens TW, Nyce
MR, Ohannesian JP, Marco CC, McKee LJ, and Bauer TL (1996) Serum
immunoreactive-leptin concentrations in normal weight and obese
humans. N Engl J Med 334, 292-5.

Coseteng MY and Lee CY (1987) Changes in apple polyphenoloxidase and
polyphenol concentrations in relation to degree of browning. J Food Sci
52, 985-9.

Folin O and Denis W (1912) On phosphotungastic phosphomolybdic
compounds as color regents. J Biol Chem 12, 239—49.

Friedwald W, Levy R, and Fredrickson D (1972) Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 18, 499-502.

Institute of Drug and Plant (1998) In Details of drug and plant (Revised
version). Jimmeong Publish, Korea.

International Diabetes Federation (2012) In IDF Diabetes Atlas, (5th ed.),
International Diabetes Federation, Belgium.

Jenkins DJA, Gassull MA, Cocher B, and Alberti KG (1977) Decrease in
postprandial insulin and glucose concentration by guar and pectin. Ann
Intern Med 86, 20-3.

Jeon SM and Choi MS (2010) Comparison of the effects of cyclodextrin-
naringin inclusion complex with naringin on lipid metabolism in mice
fed a high-fat diet. J East Asian Soc Dietary Life 20, 20-9.

Jung UJ, Lee MK, Park YB, Jeon SM, and Choi MS (2006)
Antihyperglycemic and antioxidant properties of caffeic acid in db/db
mice. J Pharmacol Exp Ther 318, 476-83.

Kim AJ, Yoo HS, and Kang SJ (2012) Ameliorative effect of black ginseng
on diabetic complications in C57BLKS/J-db/db mice. Korean J Food &
Nutr 25, 99-104.

Kim E, Kim MS, Rhyu DY, Min OJ, Back HY, Kim YJ, and Kim HA
(2009a) Hypoglycemic effect of Eriobotrya japonica (E. japonica) in db/
db mice. Korean J Food & Nutr 22, 159-65.

Kim HJ, Choi JH, Kim HD, and Park CC (1994) A study on the improvement
of antimicrobial activity and increase resistance of Korean traditional
Hansan ramie fabrics. J Kor Soc Dyers and Finishers 6, 285-92.

Kim IS, Park KS, Yu HH, and Shin MK (2009b) Antioxidant activities and
cell viability against cancer cells of Adenophora remotiflora leaves. J
East Asian Soc Dietary Life 19, 384-94.

Kim MJ, Ahn JH, Choi KH, Lee YH, Woo GJ, Hong EK, and Chung YS
(2006) Effects of pine needle extract oil on blood glucose and serum
insulin levels in db/db mice. J Korean Soc Food Sci Nutr 35, 321-17.

Kim OS (2010) Physiological and quality characteristics of bakery products
added with mosi leaf powder. PhD Thesis, Sejong University, Korea.

KDA (2012) Diabetes fact sheet in Korean 2012. Korean Diabetes
Association, Korea.

Lawes CM, Parag V, Bennett DA, Suh I, Lam TH, and Whitlock G (2004)
Blood glucose and risk of cardiovascular disease in the Asia Pacific
region. Diabetes Care 27, 2836-42.

Lee J, Seo KI, Kim MJ, Lee SJ, Park EM, and Lee MK (2012) Chlorogenic
acid enhances glucose metabolism and antioxidant system in high-fat
diet and streptozotocin-induced diabetic mice. J Korean Soc Food Sci
Nutr 41, 774-81.

Lee JJ, Park MR, Kim AR, and Lee MY (2011) Effects of ramie leaves on
improvement of lipid metabolism and antiobesity effect in rats fed a high
fat/high cholesterol diet. Korea J Food Sci Technol 43, 83-90.

Lee SH, Lim SW, Lee YM, Hur JM, Lee HS, and Kim DK (2010) Anti-
diabetic effects of Triticum aestivum L. water extracts in db/db mice as
an animal model of diabetes mellitus type . Kor J Pharmacogn 41, 282—
8.

Lee YL, Nho JH, Hwang IG, Kim WJ, Lee YJ, and Jeong HS (2009)
Chemical composition and antioxidant activity of ramie leaf (Boehmeria



J Korean Soc Appl Biol Chem (2014) 57(5), 639—-645

645

nivea L.). Food Sci Biotechnol 18, 1096-9.

Matsumoto N, Ishigaki F, Ishigaki A, Iwashima H, and Hara Y (1992)
Reduction of blood glucose levels by tea catechin. Biosci Biotechnol
Biochem 57, 525-17.

Mullarkey CJ, Edelstein D, and Brownlee M (1990) Free radical generation
by glycation products: a mechanism for accelerated atherogenesis in
diabetes. Biochem Biophys Res Commun 173, 932-9.

NSOK (2011) Annual report on the cause of death statistics. National
Statistical Office of Korea, Korea.

Oh SH (2012) Effects of ramie leaf on the loperamide-induced constipation in
rats. MS Thesis, Chosun University, Korea.

Ong KW, Hus A, and Tan BKH (2013) Anti-diabetic and anti-lipidemic
effects of chlorogenic acid are mediated by ampk activation. Pharmacol
85, 1341-51.

Park KJ, Oh YJ, Lee SY, Kim HS, and Ha HC (2007) Anti-diabetic effect of
crude polysaccharides from Grifola frondosa in KK-A* diabetic mouse
and 3T3-L1 adipocyte. Korean J Food Sci Technol 39, 330-5.

Pruessner JC, Kirschbaum C, Meinlschmid G, and Hellharmmer DH (2003)
Two formulas for computation of the area under the curve represent
measures of total hormone concentration versus time-dependent change.
Psychoneuroendocrinology 28, 916-31.

Reeves PG, Nielson FH, and Fahey Jr GC (1993) AIN-93 purified diets for

laboratory rodents: final report of the American institute of nutrition ad
hoc writing committee on the reformulation of the AIN-76A rodent diet.
J Nut 123, 1939-51.

Roberfroid M (1993) Dietary fiber, inulin and oligofructose: A review
comparing their physiological effects. Cri Rev Food Sci Nutr 33, 103—
48.

Schneider SH, Kim HC, Khachadurian AK, and Ruderman NB (1988)
Impaired fibrinolytic response to exercise in type diabetes mellitus:
Effect of exercise and physical training. Metabolism 37, 924-9.

Shanmugasundaram ER, Gopith KI, Radha SK, and Rajendran VM (1990)
Possible regeneration of the islets of langerhans in streptozotocin-
diabetic rats given Gymmnema sylvestere leaf extract. J Ethnopharmacol
30, 265-9.

Son MH (2007) The physicochemical properties and antimicrobial activity of
Boehmeria nivea (L.) Gaudich. MS Thesis, Sunchon National University,
Korea.

Tan Z, Wang C, Yi Y, Wang H, Li M, Zhou W, Tan S, and Li F (2014)
Extraction and purification of chlorogenic acid from ramie (Boehmeria
nivea L.) leaf using an ethanol/salt aqueous two-phase system. Sep Purif’
Technol 132, 396-400.

Yoon SJ and Jang MS (2006) Characteristics of quality in Jeolpyun with
different amounts of ramie. Korean J Food Cookery Sci 23, 636-41.

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


