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ABSTRACT

Effects of Ramie Leaves on Improvement
of Lipid Metabolism and Anti—obesity Effect
in Rats Fed High Fat-High Cholesterol Diet

By Park, Mi-Ran
Advisor : Prof. Lee, Myung—-Yul, Ph.D.
Department of Food and Drug,

Graduate School of Chosun University

This study was performed to investigate the effects of ramie(Boehmeria
nivea) leaves powder on improvement of lipid metabolism on serum, liver and
adipose tissue, and anti-obesity effect in rats fed high fat-high cholesterol diet
for 4 weeks to induce hyperlipidemic and obese model rat. It was also
conducted to investigate the major chemical components of dried ramie leaves.
The proximate compositions of ramie leaves powder as dry matter basis were
5.42% of moisture content, 28.15% of crude protein, 6.95% of crude fat, 15.27%
of crude ash, 39.66% of dietary fiber and 4.55% of carbohydrate, respectively.
The major free sugars were Iidentified as glucose, galactose and lactose.
Analysing total amino acids, 17 kinds of components were isolated from ramie
leaves. The essential amino acid contained in ramie leaves accounted for 44.65%
of total amino acid, while the non-essential amino acid accounted for 55.35%.
Analysing free amino acids, 25 kinds of components were isolated from ramie

leaves. The essential amino acid contained in ramie leaves accounted for 18.15%

_Vi_



of free amino acid, while the non-essential amino acid accounted for 81.85%.
Analysing fatty acids, only 2 kinds of caproic acid methyl ester and
pentadecanoic acid were detected. The contents of vitamin A, vitamin E and
vitamin C were 0.0194 mg%, 0.0184 mg% and 0.1833 mg%, respectively. The
mineral contents of dried ramie leaves were greater in order of
Cu<Zn<Fe<Mn<Na<Mg<K<Ca. Succinic acid was the major organic acids. The
results of effects of ramie leaves powder on improvement of lipid metabolism
on serum, liver and adipose tissue, and anti—obesity effect in rats fed high
fat-high cholesterol diet were as follows; Male Sprague-Dawley rats weighting
203~212 g, were assigned to four groups according to dietary fat levels (10%
or 20% of diet wt.), cholesterol level (0.1% of diet wt.) and ramie leaves
powder levels (5% or 10% of diet wt.). Experimental groups were normal diet
group (N), high fat-high cholesterol diet group (HFC), high fat-high cholesterol
diet with 5% ramie leaves powder group (HFC-RL) and high fat-high
cholesterol diet with 109 ramie leaves powder group (HFC-RH). The body
weight gain and FER were increased by a high fat-high cholesterol diet, but
gradually decreased in the ramie leaves powder fed groups compared with the
HFC group. Food intake was lower in HFC groups compared with N group.
The liver index of HFC group was the highest among the four groups,
although the difference was not significant compared with ramie leaves powder
fed groups. The adipose tissues weight of HFC group were heavier than that of
N group, whereas those of groups administered ramie leaves powder were
gradually decreased. The activity of ALP was no difference between HFC
group, but the serum ALT and LDH activities were significantly decreased after
ramie leaves powder administration. Levels of serum triglyceride, total

cholesterol, LDL-cholesterol, atherogenic index and cardiac risk factor tended to
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be decreased in the ramie leaves powder fed groups compared with HFC group,
while the serum HDL-cholesterol level decreased in the HFC group and
markedly increased in the ramie leaves powder fed groups. Levels of
triglyceride and total cholesterol in liver were significantly lower in ramie
leaves powder administered groups than in HFC group. Levels of triglyceride
and total cholesterol in adipose tissues were also lower in ramie leaves powder
administered groups than in HFC group. The activities of heparin-releasable
lipoprotein lipase (HR-LPL) and total-extractable LPL (TE-LPL) in adipose
tissues were increased in HFC group than that of N group, but those of ramie
leaves powder administered groups were significantly decreased. These results
suggest that ramie leaves powder may improve lipid metabolism of serum, liver

and adipose tissue and potentially reduce lipid storage.
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2. 783

T A2 Gancedo®t luh® WH (A Eshe] AAskAth A& 1 geoll 80%
ethanol 50 mLE 7}5}o] heating mentledl Al 75C= 5A17F 7}43F t}2 Whatman
filter paper(No. 2)% 335} o N8 rotary vacuum evaporatorol Al 7F - 5=

10 mL# &3k} Jon Chromatography(DX-600, Dionex, USA)® #4352

%
w BAMZAL Table 13 £t}



Table 1. Operating conditions of Ion Chromatography for free sugars

Item Condition

Instrument DX-600(Dionex, USA)

Column CarboPac TM-PA10 Analytical
Guard CarboPac TM-PA10

Eluent 18 mM NaOH

Flow rate 1.0 mL/min.

Inj. volume 20 uL

Detection EDS0 Intergrated Amperometry




3. T4 ofu w2t

TA olu|Ate] HAL Rago] AR 05 g2 18 mL test tubeol X #dle] 6
N HCl 3 mLE 7}8te] 79t W83l & 120C = setting® heatting blockol] 244 7F
ol F<t ZygEs]l AT b EElvE 2 AlEE 50TeA rotary  vacuum

evaporator® AtS- A|AS & 79t - w53F9] Sodium loading buffer® 10 mL2 A

=4

3l tH44). ol &9 1 mLE #H35}% membrane filter(0.2 nM)= o33+ L

)=

o] =2t AEH-A17])(S433-H, Sykam, Germany)® FA5tgoen BEAzAL

Table 29} 7t}

4. $9) ofvl

2] ofu]xAte] HBAL Alg 2 go] ethanol 20 mLE 7}3F ¥ homogenizer®
103 &<t wRkslel 1,900 xgollAl 2017 A8 shar, ZRAbel Al 75%
ehanol 10 mLE %7}l homogenizer® 10% FoF wuk3dt 5 1900 xgol| A 20+
AR edn AEdE el #AdeSHE T SRR &dAA
0 mge H7bsted ATE 1A7F &¢F A AIZ th5 oA 1,900
xgol| A 2047+ A E2 3 ¥, membrane filter(0.2 wm)%E o] HA] A o}w| At 2E

#417]1(5433-H, Sykam, Germany)® &4}l ew, £43%E Table 33 2t



Table 2. Operating conditions of Amino Acid Autoanalyzer for total amino

acids
Item Condition
Instrument S$433-H(Sykam Germany)
Column Cation separation column(LCA K06/Na)

Column size

Column temperature

Flow rate

Buffer pH range

Wavelength

46 x 150 mm

57 ~ 74T

Buffer 0.45 mL/min, reagent 0.25 mL/min

3.45 ~ 10.85

440 nm and 570 nm




Table 3. Operating conditions of Amino Acid Autoanalyzer for free amino

acids
Item Condition
Instrument S$433-H(Sykam Germany)
Column Cation separation column(LCA KO07/Li)

Column size

Column temperature

Flow rate

Buffer pH range

Wavelength

46 x 150 mm

37 ~ 74T

Buffer 0.45 mL/min, reagent 0.25 mL/min

290 ~ 795

440 nm and 570 nm




A HAE A8 AOACH (42 w8t AE 5 g8 warming blendere] %
il chloroform 10 mL$ methanol 20 mL& 7}38}al 283 #2335 oL
chloroform 10 mL& ¢ 7} = 30%7F 23} gt g3 = 30827 ¥x]3 &

A8 A ASEL FF NaSO.E 71ste] &3 t}2 rotary vacuum evaporator®

7+t - =359k AW 100 mge toluene 5 mLol #3182 Wungaarden®] ' (45)00
w2} BFs-Methanol® W2 3}&}e] Gas Chromatography(GC-17A, Shimadzu, Japan)®
BAsg o EA%AE Table 49 2T},



Table 4. Operating conditions of Gas Chromatography for fatty acids

Ttem Condition
Instrument GC-17A(Shimadzu, Japan)

SP"-2560 capillary column(100 mm length x
Column

Column temp.

Injector temp.

Detector temp.

Inj. volume

Split ratio

Analytic time

0.25 mm id. x 0.25 pm film thickness)

170°C(5 min.) to 250C(10 min.) at 4C/min.

230C

FID 270°7C

2 ulL

1:50

80 min/1 sample




6. ¥ E-Rl

HIERY] At HIEY] E9] 4L AEFFTHAHU6)Y AU HE 7so2 533
b A& 05 g, ascorbic acid 0.1 g % ethanol 5 mLE # s}l 80TCA 10%7H
7bEg £ 50% KOHE 9 025 mLe H7bstal 20827 7HE s b /T 24 mL

R4

9} hexane 5 mLE 7}8te] 1,900 xgoll A 20%7F YA gt AAdde e

sto] hexane 40 mLE 7hslal AR T vy AR NS ekl SFFE st
of 10&3F A7 F sh5& AT o #AF S 33 wEE v d &9 &
ko] NagSOs2 ©73}al rotary vacuum evaporator® hexanes 3 mL7bA] #2¢ - &
=% & HPLC(LC-10AVP, Shimadzu, Japan)Z 435 o, #4312 Table 5
o

HEY C g% 7 252 02 um membrane filter® o7&t HPLCZ #

Asigon, BAZAL Table 63 Zth EE42 L(+)-ascorbic acid(Shinyo
Pure Chemicals Co., LTD., Japan)& XAz AMEsto] HE wX7F 25, 50,

75 % 100 ppme] HEF EEFAL AYstel Axetsict.



Table 5. Operating conditions of HPLC for vitamin A and E

Item Condition

Instrument LC-10AVP(Shimadzu, Japan)

Column Shim-pack GLC-ODS(M) 25 cm

Eluent acetonitrile : isopropanol = 95 1 5

Flow rate 1 mL/min.

Inj. volume 10 ulL

Detection Retinol : SPD-10A(UV-VIS Detector 254 nm)

Tocopherol @ RF-10A(Spectrofluorometric Detector)

Table 6. Operation conditions of HPLC for vitamin C

Item Condition

Instrument Young-Rin Associates

Column uBondapak Cig (3.9x300 mm)
Mobhile phase 0.1%% phosphoric acid on water
Detector UV 210 nm

Flow rate 0.6 mL/min




72714 B AOACHWAD ugt ALstdnk A8 05 g, 20% HNO; 10
mL % 60% HCIOs 3 mLE #H3t F9sald w7z=] 7Fdst < 05 M HNOsS =

CHHAD wgt As 1 gl /5 50 mLE 7}8t4

80T FFol A 4A17F 7143 t}5 Whatman filter paper (No. 2)& o] 3}sla1, of o

S rotary vacuum evaporator® ¢t - ¥E53%% ¥ FHTE 10 mLE A £3549 Ion
=

Chromatography(DX-600, Dionex, USA)
)



Table 7. Operating conditions of atomic absorption Spectrophotometer

for minerals

Ttem Condition
Instrument AA-6501GS(Shimadzu)
Lamp Item Ca Fe K Mg Mn Cu Na n
Yevf;% (o) 4227 2483 7665 2852 2795 3248 3302 2139
Current(mA) 0 12 10 8 10 6 12 8

Slit Width(nm)

Lighting Mode
Burner
height(mm)

Fuel gas Flow
(mL/min.)

0.5 0.2 0.5 0.5 0.2 0.5 0.2 0.5

BGC-D;  BGC-D; Non-BGC BGC-D; BGC-D; BGC-Dz Non-BGC BGC-Ds

2.0 2.0 2.0 1.8 2.0 1.8 1.8 2.0




Table 8. Operating conditions of Ion Chromatography for organic

acids
Item Condition
Instrument DX-600(Dionex, USA)
Column TonPac AS11-HS Analytical, 4-mm
Eluent EGC-KOH Cartridge-38mM KOH
Reagent 5.0 mM tetrabutylammonium hydroxide
Flow rate 1.0 mL/min.
Inj. volume 10 nuL
Detection ED20 Conductivity




A3A In vivodl A ARAGA A 2L dnjat &3}

1. 23 717]

7}. Centrifuge : Combi-514R, Hanil, Inchun, Korea

+

Spectrophotometer : Shimadzu UV-1601PC, Kyoto, Japan
Deep freezer : MDF-U52V, Sanyo, Osaka, Japan
Shaking water bath @ JEIO-TEK SWBO3, Inchun, Korea

e

vl Freeze dryer : ED 8512, Ilshin, yangju, Korea

B}, Clinical chemistry analyzer : Fuji Dri-Chem 3500s, Fujifilm, Tokyo, Japan

2. In vivooll A AANA /1A 2 stajvt g3 A4

=

b ARER AR L Aol

X

F22 Sprague Dawleyl 5758 §/4 F 24vfg] & thEAFo] A 2 (F) oA

O

FEshel 2A SN APBERANA 15 3+ DFNFALIFARIZ H g

71 %, A AT 203~212 g9 AH-S I (randomized block design)ell wel Z+

(HFC-RL) ¥ uA®-adgdHE Holek 10% =AY ¢ H7br(HFC-RH) &
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Table 9. Experimental design

Groups Diet composition
NY Normal diet
HFC? High fat-High cholesterol diet
HFC-RL? High fat—High cholesterol diet + RL
HFC-RHY High fat—-High cholesterol diet + RH

1>’2>According to AIN-93 diet composition{47).
YHFC-RL: High fat—High cholesterol diet + 5% of Ramie Leaves Powder.
YHFC-RH: High fat-High cholesterol diet + 109 of Ramie Leaves Powder.



Table 10. Composition of experimental diet

(g/kg)
Diet composition Normal diet ii)glzstf::(_)lﬂ (ilgiclelt
Casein 200 200
L-methionine 3 3
Corn starch 500 390
Sucrose 100 100
Cellulose 50 50
Lard 100 200
Mineral mix" 35 35
Vitamin mix” 10 10
Choline chloride 2 2
Cholesterol - 10

L2 ATN-93-MX mineral mixture and AIN-93-VX vitamin mixture(47).
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g 943 A4 3 A

g4 F FAAWTGE), F2d28S(TC) ¥ HDL-Zd4~HE e dAA3)s
2 1AL AHEEA 7] (Fuji Dri-Chem 3500s, Fujifilm, Tokyo, Japan)& Al-&3fe] 2
Astdrt. LDL-Zd2HE ¢3S Friedwaldd {(FZ2d 8% - (HDL-Zd2HE
- A5 48)e] o5kl Attt AEBA A L B o] fHE T
2 7 81 4] <= (atherogenic index, ADT {((FZ#£HE - HDL-2# £ H Z)/HDL-Z 4

=

2HEH49)ol 9t Tt o, A8 AL H A5 (cardiac risk factor, CRF)(49)F F3F

f2H &2 HDL-Zd 2H &2 ro] Tkt

uh gkzA e Ad 4 %A
HxA o] FAANH FEUiHE T B4E #fske]l WA Folch ¥ (50)°l

oJsle] FFFR A A FA A2 FEIIAT A= x4 F 01 g2 HHSHY 6
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A& FRAgEAs PuaAgEAE Folch G0 WHom A%
F9 5 0249 A4 39 S4% FIS PHoR FTUANEG FAAY
B Fsg

Ab. AwzAel LPL 84 %4

LPLE 30 ass Eadquzse Ay 2 Axse] pio &)
@ mebd Awad Re
of QEAE Fobnr] fskel et Lo F A Wl olstel ZRsgth

LPL 24 % LPLo| AW=4 o] |97 #¥

(1). Heparin-releasable LPL(HR-LPL) &4

heparin-releasable LPL(HR-LPL) &4 & heparing 3H3t v gl Fo 2 "=
A Az e Aaxedel i LPLYHe &4L8 3= 3122, Nilsson-Ehle
o} Schotz W (53)2 343 Fried?t Zechner W (549l 28t FA4st vt AW
ZA(F 20~40 mg)e 1% BSA% heparin(10 mU/mL)E &% 05 mL
MI99(Hanks salts)ell ¥& 5 &FE&x 24Tol|A 4581 v dste] TAEHE

NaZ AFeslgY. g4 248 98 7122 *Htriolein®] phosphatidylcholine

O

trioleing ¥ WAZF flo]d wi7bx] Aavtas &9 mHe #olE F, glycerol
S H7Vete] 6% AN sonicationA A A X FANSE WU F FARAL

A& 150 uL$} *H-triolein emulsione 7] 2% WE 714 150 uLg &4 €& g&



37CAA 1AZE &t WFAA Fdeta L, olu] BEdE Fl AW AH{ree fatty
acid)®] radioactivity & B-counterg ©|-§3sto] A%k b HR-LPL &7 -& A4bs)
At

(2). Total extractable LPL(TE-LPL) &4

Arz2e] LPLS Axed Bk olyg M Exddelz HFEo] =dH
microsome SHl Q&= ZAAA Q] LPLS F33 =44 < LPL &A4& 233+ A

o] TE-LPL &4

o
o

Wrlelt), TE-LPL 84 32 lverius®t Brunzell®] w

(55) o&] et em, WA detergent? deoxycholate® LPL& 53 th

g

o

LPL &A4& 238t AA24(F 50 mg)e 0.5% deoxycholate® 3H-

&

ice—cold buffer(0.5% deoxycholate, 0.2M Tris, 0.25M sucrose, 1% BSA, 10 U/mL
heparin, 0.02% nonident P40, pH 8.3) 0.2~0.3 mLE& # 7}l glass homogenizer
2 #4833 & 62 5 #A sonication AIFT
Al 2E microcentrifuge® ©]43t] 12,000 xgolA 1587 (4T) f4lEe] A7l

% TE-LPL 4% £4317] 918l9 fat cake oFAFEQ] &54-& A, <] 3t

ofj

B2 deoxycholate® T34 &2 ice-cold bufferet 1:5= A8t AN

50

—
=

LE #7ste], 37CoA 1A1ZF E9F viekA] 7] & HR-LPL &4 =% W3

off
e
&

E

© % radioactivity® =% dled AlAralS]
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Table 11. Proximate compositions of ramie leaves

(% dry basis)

Items Ramie Leaves
Moisture 0.42
Crude protein 28.15
Crude fat 6.95
Crude ash 15.27
Dietary fiber 39.66
Carbohydrate" 4.55

1>Carbohydrate = 100 - (Moisture +Crude protein + Crude fat + Crude ash +
Dietary fiber).
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EAllel g e Table 129 2t & 3F9 fadel HAE¥ALH,
glucose”} 2,078.09 mg/L= 7173 o] A&F AL, galactose”’} 13257 mg/L, °1%
< lactose”} 191.24 mg/LE &= Atk
st Ay 4%F BT HdEd 9 fructose,

v

i

45 AN el e £
9 Jactose?] w02 AEFUTN HI(59)5FH S
#ol maltose’} ZAZEE kK 31(60)3)
| wel e Bl Zolrt ol AT

glucose

2 fructose®} glucose, ©|%

o) VER F& AT TR
e A7) e Aew gzdedt



Table 12. Contents of free sugars in ramie leaves

(mg/L)
Free sugar Content
Glucose 2,078.09
(alactose 132.57
Lactose 191.24




3. T4 ofwlwit #3

ZAQ e A obuAb $HeFe Table 133 2l & A olv|icibe] g
16455.17 mg%& F 17%9 ofn|ite] HEHUT. o] F aspartic acid $Ho]
243253 mg%® 7} #korw &0 = glutamic acid, leucine, histidine,
phenylalanine, valine, alanine =°|%lth. 74 olv|=A4t & HEH 8F <9 ol
AR 7,346.80 mg2%E leucine, histidine, phenylalanine, valine, lysine, isoleucine,
threonine, methionine <=olle™, & A olv| At 3t Ffolu=Ato] Ul &
& 44.60% = VIEFSTE

AR QD Whobgle] F ofm| ko] FREEL 13,011.22 mg%E 17E 9] ofn|mitol

A&¥% o™ glutamic acid, aspartic acid, leucine, lysine, phenylalanine, alanin

o2 yehga o] 5 "ol A2 leucine, lysine, phenylalanine, valine,
isoleusine 0.2 HAEAUHEL). E A8 o] waleloe] Hlolele] H|E}e] F ofu|i
Ab sheke]l o ko & ol At T FE olu|Atd Hfolu|wite] g £

g F2e] ofv| ke uhe Fd v BF=E de A 9lowm, o] & glutamic
acide 7202 J|AL aspartic acide= 2182 U= o] 7 7[R & o ofv| Ak

o] ZE o] 97t FolA M W FEQ 3~5 mg/dLelAE 1 gre] 7HA =

N

H

o2 A UArH62). B Matsushita®t Yamada(63)© 49 3%k ofw]

Aol glutamic acid, aspartic acid, serine, valine, alanine, proline 5 2.2 ©]& o}v]

whko]l A4e] wre] Fadh HEE Frial Hagh Bf glEd 2 AEe] FEAge



Table 13. Contents of total amino acids in ramie leaves

Amino acid 9% Content (mg2)

Essential
Valine 6.11 1,005.95
Leucine 9.10 1,497.01
Methionine 1.49 24476
Threonine 4.53 745.76
Lysine 5.14 845.86
Phenylalanine 6.51 1,070.72
Histidine 6.86 1,128.66
Isoleucine 491 808.08
Total EAAY 44.65 7,346.80

Non-essential

Glutamic acid 10.95 1,802.32
Arginine 517 850.94
Serine 4.46 733.92
Glycine 5.56 914.29
Alanine 5.78 950.63
Proline 4.55 748.53
Tyrosine 2.85 468.44
Aspartic acid 14.78 2,432.53
Cystine 1.26 206.78
Total AA? 100.00 16,455.17
EAA/AA(%) 44.65

UTotal EAA: Total essential amino acid.

Potal AA: Total amino acid.
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wAge f2 olulicat FEE Table 149 wrh % fEl olvlicate] g

flo

192243 mg%= & 25%9] ofw|=ito] HEHUT ©] F  asparagine©] 983.57
mgX%®E 7P Bol & frel ofn| Akl sheE T 5116%°l dl@ste] 2l ofw| =4t
o] vk o] 8 AAsEH o, 1 Q= aspartic acid, Y-amino-n-butyric acid,
valine, phenylalanine, alanine, threonine, phosphoserine < 2.2 YERJTth 2 o}
A o AEE 8% "Holu| 4k 34911 mg%®  valine, phenylalanine,
threonine, isoleucine, leucine, histidine, lysine, methionine =°|%lo™, & 2 o}
vl =ibe] wf gt Hgrobn| ko] WSS 1815% = VERRLT

Ahn¥ Yang(61)2 Woldl e 32 ofv|w=ilt £4E BA4sidled & 2 o
wAEe] Stk 17270 mg% R 16F 9] ol xAte] 7 Z%EUaL, histidine, serine,
glutamic acid, proline, alanine, aspartic acid, arginine, valine 2.2 WE o

o] & HoluwAtE 2191 meg%E histidine, valine, phenylalanine, leucine,

o]

isoleucine, lysine®] <olQuti H sttt 2 A&z Hlnste] FA]glo] Hboll
of wiste] F ] ofv|iAbe] e A vEbwew, F 8 oAt T FH
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Table 14. Contents of free amino acids in ramie leaves

Amino acid 9% Content(mg%)

Essential
Valine 5.99 115.22
Leucine 1.15 22.07
Methionine 0.03 0.60
Threonine 3.41 65.49
Lysine 0.31 6.02
Phenylalanine 4.85 93.30
Histidine 1.13 21.71
Isoleucine 1.28 24.70
Total EAAY 18.15 349.11

Non-essential
Glutamic acid 1.20 23.06
Arginine 2.21 42.50
Serine 1.81 34.77
Glycine 0.46 8.80
Alanine 4.10 78.64
Asparagine 5l1.16 983.57
y—amino—n-butyric acid 6.79 130.47
Aspartic acid 911 175.18
Cystine 0.14 2.68
Phosphoserine 2.48 47.68
Taurine 0.12 2.33
Phosphoethanolamine 0.10 1.93
a-aminoadipic acid 1.00 19.13
B-alanine 0.06 1.13
Anserine 0.71 13.57
Ornitine 0.08 1.56
Ethanolamine 0.33 6.32
Total AA” 100.00 1,922.43
EAA/AA(%) 18.15

UTotal EAA: Total essential amino acid.

Potal AA: Total amino acid.



BEA Qe Awkab 24 Table 169 &k 74 AwHAE 5 23R wAE shEke
caproic acid methyl ester(C6:0)7} 58.23%, Pentadecanoic acid(C15:0)7} 41.77% 7
ZHAon, EXSARAE SHEeR HEHAUAT.

4 A A3 A= linolenic acid 33.14%,

BN

Lee (298] EAlgle] AR
linoleic acid 30.39%, palmitic acid 11.78%, stearic acid 4.34% %2 ZALE ] B A
Aol @& Aol Ktk ol EAXAI vl Zolup FF AT,
ANHA 7] Fel zpolz 7IQld Aoz Atr¥olAH U @2 A7l 2o sloew
LRSS

Ahn3# Yang(6l)o] B.aighk wholgle] R ulAl 242 linoleic acid”?} 35.45%=% 7}
A wokal 1 vl palmitic acid, lauric acid, linoleic acid, oleic acid ¢ 2.2 &
Hlom, meigde] AAat gheke B X A4Sl linolenic acid’b 53.32%% 7F
Stom 1 th2-2F linoleic acid 20.29%, palmitic acid 14.55%, ¥-linolenic acid
6.122%% A=HJAtL BLBE)H o] B Ao ®Algle] AWt 243 thE

A = g AUSdTh

a2



Table 15. Compositions of fatty acids in ramie leaves

Fatty acid Composition (%)
Caproic Acid Methyl Ester (C6:0) 58.23
Pentadecanoic acid (C15:0) A1.77

Saturates 100.00
cis—11, 14-FEicosadienoic acid (C20:2) tr
Linolenic acid (C18:3n3) tr

Polyenes tr

Total 100.00

Ytr : Trace



EAQle] vElY A E B Co e BA4F A= Table 169 2tk @4hs)

I
o
r d
ro
g
=
plaS
@
o
%
of
flo
N
N
-

0194 mg%, 0.0184 mg%, 0.1833 mg%= #
F¥lew, Hesl Cof o] 7Hd =4 WEkt

Lee 5(29)2 EAI)e] HEgtY E gt #4205 Uy E9 &4& 7HAs =4
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mg%, B-tocopherol 0.18 mg?%, y-tocopherol 1.44 mg%$% 2™, a-tocotrienol 0.11
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Table 16. Contents of vitamin A, E and C in ramie leaves

(mg2%)
Vitamins Content
Vitamin A 0.0194
Vitamin E 0.0184
Vitamin C 0.1833




wAle] 74 ShekS BAF AT Table 177 2t F 8% F7]4 4%

o] AEHALeH, o] F Ca o] 313520 mgXk= 7P Bokom, Kol 1,434.60

of%

mg2%%al 222 Mg, Na, Mn, Fe, Zn, Cu 2% #AEH L Znd Cud o
=

Lee 5(29)0] B¢ A F714 ke Caol 1,874.83 mgk® 7 @k

o K 1,433.86 mg%, Mg 362.52 mg2%, Fe 16.81 mg%, Na 15.64 mg%, Zn 4.15

mgd, Cu 079 mg%= AZAUT B Adel mAde F714 st v asiel
£ v Ca @9l b e Rox dunon, ¥4 #3ed e JEEd

oM = FAFSHAl WER T

AR F Wolele FrlE e K 769.66 mg2%, Mn 450.32 mg2, Mg 404.52
mg%, Ca 322.47 mg%, Cu 46.38 mg%, Fe 1664 mg%, Zn 6.74 mg%= X 31(61)
Hol ¥ Ad e wAgloe] Wrolgle] Hlgte] Ca, K, Mg, Fed] $&o] %9kt Mn,
Zn, Cu®] FHEF2 ok 53 Lee (60)7F Bargh F-sltiele] 77 $harel 4
& Kol 2,135.03 mg%= 7 ®ekar, Ca 916.47 mg2%, Mg 393.35 mg2, Mn 2.97
mg%, Na 264 mg¥% So8 A&EAon Aol tyjg shako] 7 9= Ko
3,205.02 mg% & 7FF Etal 1 & o2 P, Ca, Mg, Fe, Mn 22 yEpsttlar
Ha(72)¥ ] Sl



Table 17. Contents of minerals in ramie leaves

(mg2%)
Mineral Content

Ca 3,135.20

Fe 25.72

K 1,434.60
Mg 607.10
Mn 33.38
Cu 0.74
Na 51.86

7n 3.15
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Table 18. Contents of organic acids in ramie leaves

(mg/L)
Oragnic Acid Content
Succinic acid 3,016.06
Citric acid 848.42
Maleic acid 536.50
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Table 19.

Changes of the body weight of the rats fed high fat—high

cholesterol diet containing ramie leaves powder for 4

weeks

Initial body wt.

Final body wt. Gained body wt. Gained body wt.

Groups” (g) (g) (g) (g/day)
N 20750£584°N59 397 40+7.59™ 189.90+2.08™ 6.78+0.07"
HEC 206.31+3.32 426.40+5.35" 220.09+2.717 7.86+0.107
HFC-RL  206.38+2.45 409.25+8.05" 202.88+6.21%° 7.25+0.22%
HFC-RH  205.83+5.63 384.00+6.05° 178.17+9.40° 6.36+0.34°

YSee the legend of Table 9.

Values are mean + S. E. of 6 rats per each group.

NS : not significantly different among groups.

YValues with different

(p<0.05) among groups by Tukey's test.

superscript in the same row significantly different



Food intake (g/day)
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Food intake of rats fed high fat-high cholesterol diet
containing ramie leaves powder for 4 weeks

Abbreviations: See the legend of Table 9. FER(food efficiency
ratio) . total weight gain/total feed intake. Values are mean = S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey’'s test.
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Fig. 2. FER of rats fed high fat—high cholesterol diet containing
ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. FER(food -efficiency
ratio) : total weight gain/total feed intake. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Liver index (g/100g body wt.)

Fig. 3.
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Liver index of rats fed high fat-high cholesterol diet
containing ramie leaves powder for 4 weeks

Abbreviations: See the legend of Table 9. Liver index: liver
weight/100g body weight. Values are mean £ S. E. of 6 rats per
each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 4. Mesenteric adipose tissue weights of rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean += S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 5. Epididymal adipose tissue weights of rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean += S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 6. Serum activity of AST in the rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean £ S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 7. Serum activity of ALT 1in the rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean £ S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean £ S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 9. Serum activity of LDH in the rats fed high fat—high
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cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean £ S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 10. Contents of glucose in the rats fed high fat-high cholesterol
diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean += S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 11. Contents of triglyceride in the rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Contents of total cholesterol in the rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 13. Contents of HDL-cholesterol in the rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 14. Contents of LDL-cholesterol in the rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 15. Atherogenic index of rats fed high fat—high cholesterol diet
containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 16. Cardiac risk factor of rats fed high fat—high cholesterol diet
containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 17. Contents of triglyceride in the liver of rats fed high fat—high
cholesterol diet containing ramie leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Contents of total cholesterol in the liver of rats fed high
fat—high cholesterol diet containing ramie leaves powder for
4 weeks

Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 19. Contents of triglyceride in the mesenteric adipose tissue of
rats fed high fat-high cholesterol diet containing ramie
leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 20. Contents of triglyceride in the epididymal adipose tissue of
rats fed high fat-high cholesterol diet containing ramie
leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 21. Contents of total cholesterol in the mesenteric adipose tissue
of rats fed high fat—high cholesterol diet containing ramie
leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 22. Contents of total cholesterol in the epididymal adipose tissue
of rats fed high fat—high cholesterol diet containing ramie
leaves powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean *
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Table 20. Effect of ramie leaves on HR-LPL activity in adipose tissue of rats
fed high fat—high cholesterol diet

HR- LPL activity(Units)

Group Mesenteric adipose tissue Epididymal adipose tissue
N 4.06+0.17° 8.48+0.19°
HFC 7.74£0.13" 16.04+0.26"
HFC-RL 5.83+0.09" 12.18+0.27
HFC-RH 4.50%0.11° 11.41£0.22"

Abbreviations: See the legend of Table 9.
Values are mean £ S. E. of 6 rats per each group and different superscript

letters indicate significant differences at p<0.05 by Tukey’s test.



Table 21. Effect of ramie leaves on TE-LPL activity in adipose tissue of rats
fed high fat—high cholesterol diet

TE- LPL activity(Units)

Group Mesenteric adipose tissue Epididymal adipose tissue
N 7.82+0.25° 16.79+0.15"
HFC 14.56+0.29" 30.19£0.12°
HFC-RL 9.17+0.34 24.99+0.21"
HFC-RH 8.49+0.14™ 20.19+0.19°

Abbreviations: See the legend of Table 9.
Values are mean £ S. E. of 6 rats per each group and different superscript

letters indicate significant differences at p<0.05 by Tukey’s test.
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