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Y. Chen et al./ Journal of Pharmaceaical and Biomedical Analysis 43 (2007) 98-104.

tion. The products were finally verified by Mass spectrum and
'H- and C NMR.

23. LC-ESEMS/MS

Identification and quantification of the analytes were car-
ried out using a Varian LC-MS/MS system (Palo Alto, CA,
USA) equipped with a ProStar 410 autosampler, two ProStar
210 pumps, a 1200 L electrospray
tandem mass spectrometer. Firstly, a solution of phenolic alka-
loid sample (10 pg/ml) was infused into the electrospray source
at a constant flow-rate of 30 l/min to tune the mass spectrom-
eter parameters, using a Harvard Model 11 Plus syringe pump.

101

calibration curve, five different concentrations were used. The
contents of them in the quality control (QC) samples including
the crude extract and processed sample (the phenolic alkaloids)
were calculated with the respective calibration curves.

The following criteria were used to evaluate the method:

sensitivity. linearity (), repeatability. accuracy and stability.

y
Measurement of intra- and inter-day variability

JLOQ values.
was utilized to

determine the repeatability of the method. The intra- and inter-
assay precision was determined by the RSD obtained on one
day and on different days at three levels. Accuracy experiments
‘were carried out using standard addition method. The recov-

ery of the added standard alkaloids was studied by

the

‘Then, the analysis using a MonoChrom C18 col-
umn (4.6 mm x 200 mm i.d., 10 um, Varian Inc., USA) and the
‘mobile phase of acetonitrile-water (containing 0.2% acetic acid
(v/v) and 0.1% triethylamine (v/v)) (16:84, v/v) at a flow rate of
1.4 mi/min (the column effluent was split: 0.2 ml/min to MS and
1.2 mi/min to DAD) with the column temperature kept at 30°C
i 20 1. The D, IV spectra
in the range from 190-400 nm with HPLC chromatogram mon-
itored at 282 nm. The electrospray capillary potential was st to
55 V. Nitrogen was used as a drying gas for solvent evaporation.
The API housing and drying gas temperatures were kept at 50
and 300°C. The spectra over the mass range of m/z 350-800
spectra of the phenolic alkaloid solution was collected with the
scan time 1's and the detector multiplier voltage 1090 V.
For lab-scale preparative chromatography experiments,
Varian prep-HPLC system consisting of a manual injector with
4 10-ml loop. two PrepStar 218 pumps, a 325 UV-vis dual

sample with ar three dif-

ferent mass concentrations. Triplicate experiments at each level

were performed. The recoveries for the three alkaloids

ere

herbextra
racy was expressed as the percentage of alkaloids recovered by

the assay.

subtracting the f non-spiked
g internal standard linear regression. The accu-

ince the three alkaloids were relatively stable when
storedat4 °C [43]. the sta

iy was tested with the standard solu-

tion of three different concentrations that were stored at room
temperature and analyzed every 2 h within 12h.

3. Results and discussion

(28 1] &nEs 2 o[o|X]|

—

(1) Chen
alkaloids

chg

el

system :
cou lumn

. flow rate

<.

|iensinine,
Z0| LC/MS/MS =41 ZIsl

water

injection volume : 20puL
1.4 ml/min
column temperature: 30C

22 L WILEY-

isoliensinine, neferines X|

mobile phase : acetonitrile, 0.1% triethylamine % 0.2% acetic aci

Varian LC-MS/MS system (Palo Alto, CA, USA)
: Varian MonoChrom C18 (4.6 mm X 200 mm i.d., 10um)

3.1. Optimization of LC-ESI-MS/MS parameters ©
biain better sensitivity and detection, the ESI parameters FIGURE 2 (a)she P of
Lttty o e Sl e Ll e i pnlamusonl - e
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1n this study, we analyzed flavonoids n various edible and ined-
ible lotus tissues, including young leaves, mature leaf pulps, mature
leaf veins, leaf stalks, flowers (stalks, petals, stamens, pistils), fruit
coats and seed (coats, kemels), with some modified and improved
procedures. The objective was fo establish suitable and efficient
HPLC-DAD-ESI-MS" methods to analyze flavonoids in various lotus.
tissues, and fo determine the characteristics of flavonoid compo-
sition and content. The methods described here may be useful for
quality control of the lotus used in traditional Chinese medicines
and could make valuable to the clear

The fruit coat was chosen for detection of the aglycone com-
positions, since it contained the most flavenoid peaks during HPLC
eparation. A
|25] and carried out as follows: first, 10g of powdered fruit coat
was dissolved in 300 mL 70% MeOH and extracted at 4°C for 36h.
Then, the solution was centrifuged at 20, 000 x g for 10 min. The
stpernatant was purified using a solid phase cartridge as shown
in Section 2.2, dried in a rotary evaporator (35°C) and finally re-
dissolved in 30mL 2 M HCl in a methanol-water solution (50:50,

of the medical values of different tissues of lotus.

2. Experimental

2.1 Plant material

Plants of the lotus cultivar i-1' were grown ina pool in Wuhan
Botanical Garden, the Chinese Academy of Sciences, Wuhan.
Twelve different tissues including young leaves. mature leaf pulps,
mature leaf veins, leaf stalks. flower stalks, flower petals, flower
stamens, flower pistils. fruit coats, seed coats, seed kemels. and
seed embryos (known as plumula nelumbinis) were manually
collected in mid-July from three individual plants, comprising
three replicates. Seed embryos were picked when the color of seed
coats turned into black.

Except for seed embryos, approximately 50g of fresh tissues
were powdered immediately in liquid nitrogen with an analytical
mill (IKA A11 basic machine, German) and then stored at —40 C
far later analysis. The seed embryos were frozen and lyophilized,
and then stored at room temperature ina closed desiccator for later
analysis.

2.2, Extraction

One of the most important experimental variables during
flavonoid extraction of fresh and dry materials is the ratio of salu-
tion 1o tissue. A preliminary study showed that a dry lotus sample
should be extracted ata high ratio of solution to tissue. Through the
comparison of different ratios, it was determined that about 0.5g

v/}, Th as heated in a capped tube at 105 C for 90 min.
‘The hydrolyte obtained was purified before HPLC analysis.

2.5. HPLC methods

All the reagents were HPLC grade from Sigma-Aldrich (St. Louis,
MO, USA). Extracted and hydrolyzed solutions were analyzed by
HPLC-UV (Agilent 1260 series; Agilent, Palo Alto, CA. USA). Calumns
of Waters Sunfire Cig (150 mm x 46mm, 3.5 um, Waters, USA),
reverse-phase Xbrige Amide Cy (150mm » 46 mm, 3.5 um) and
Atlantis® T3 (150 mm » 4.6 mm; 3.5 pm, Waters, USA) were com-
pared in this study. In the solvent system, eluent A was Milli-Q
water (Millipore, Billerica, MA, USA) containing 0.5% (v:v) formic
acid, and eluent B was CH;CN containing D.1% (v:v) formic acid.

‘The separation of flavonoids from seed embryos was accom-
plished using the Adantis® T 3 column at 30°C with a linear
elution gradient protacol of 0-5 min, 10% B; 5-37min, 10-20% B,
37-45min, 20-30% B; 45-48 min, 30-60% B, and 48-53 min, 10%
B, ata flow rate of 0.6mLmin"'. The separation of flavonoids in all
other tissues was dane as described by Chen et al. [25].

For aglycone analyses from all tissues, the Waters Sunfire Gis
column was used at 30°C with a gradient program of 0-25 min,
20-40% B; and 25-26min, 40-20% B, at a flow rate 1.0mLmin~",
Chromarograms were acquired at 350nm and photodiode array
spectra were recorded from 210 to 600 nm.

26, Identification of flavonoids

Structural elucidation of flavanoids was based on mass spectral
data. HPLC-UV was used for separation, and HPLC-MS was used for

dry seed embryos should be extracted with 25 mL

(70:30, v/vl. and g of the other fresh tissues should be extracted
with 30 mL methanol-water (70:30, v/v)at4 Cfor 36 h The extract
was centrifuged at 20,000 » g for 10 min, the supernatant was col-
lected, and the tissues were re-extracted as above two additional
times. The combined supernatant solutions were evaporated to

(1) Chen &(2012)2 zhu S(2016)2] &2 2
2 XExez sEFZoz XHE. ci=2n 2
of EMs EAM[IE 14]

290 and 6460 triple quad mass spectrome-
try series; Agilent, Palo Alto, CA. USA). Electrospray ionization (ESt)
was performed in both positive (P1)and negative (NI) modes for MS
analyses. Nitrogen auxillary gas was provided.

The identification conditions were confirmed with available
standards, with the positive mods

[O8 14] Hn=2d 2 o[ofX|

af the links between food and

of

1, 2015 e 2016). The
., carbohydrates, unsaturated fatty acids, and
anally the main indicators for the quality of
1 ul, 2015), However, lotus seeds are mainly
foods in recent years, and the kinds and
ids (Chen et al,, 2012s) and alkaloids (Chen
dually the im portant indicators of the quality.
oids and 10 alkaloids were identified in lotus
ables Land 2, tively, and their contents

johanningsmeier et al

Lotus Seeds
Human selection and breeding of lotus seeds have been more
than a 1000 years (Li et al, 2010), The breeding programs

have been intensified in recent decades, and metabolomic

strategy is gradually applied to facilitate strategic breeding

TABLE 1 | The flavonoids identified in otus seeds.

1 in various lotus seed samples. Chen «t al
lavonoid-O-glycosides (rutin, hyperoside,
plerol 3-O-robinobioside, isorhamnetin 3.
lotus seed embryos by HPLC/DAD/ESL
easured their contents by UV. The total
ids in lotus seed embryos was 73095 mg
t, and the contents of these five flavonoids
i, 6378, 140.78, and 64.74 mg
More recently, the flavonoids from
n five stages of growth were identified and
C-DAD and HPLC-ESI-MS". As a result,
identified in all samples. Most importantly,
seed plumules differed significantly from the
sues. Thirteen C-glycosyl flvonoids and six
ds were identified in lotus seed plamules, in
| flavoncids and five O-glycosyl flavonaids in
re discovered for the first time in lotus (Lt
otal flavonoids increased in seed plumules,
ats and kernels, or remained constant in lotus
es developed. In addition, it was reported
arp was also rich in flavonoids (Chen et ol
1to black (full ripening stage) from green
ge) during ripening (Liu ct al, 2015), Liu
gated the polyphenols of lotus seed epicarp
ig stages by HPLC-ESI-MS/)
inds were identified, including two flavan-
epicatechin) and two quercetin glucosides
Juercitrin). The polyphenols contents of lotus
+ green ripening stage, half ripening siage
1ge are 13,08, 10.95, and 6.73%, respectively.
wan-3-ols decreased, and that of quercetin
las the sced ripened. Liensinine, isoliensinine
b are the predominant alkaloids in lotus
ind of biologically active ingredients in lotus

tivel

and four

A
= i

No Gompounds

Hypsroside

Luterin &C olucoss 8-C-per

Apigan 6.C-guense 8 C-rhamnose 1ol
Apigeni6.C-armnose8-C-ghicosa ol

TABLE 2 | The alkaloids identified in otus seeds.

Alze| Hzd =tet=

_15_




(1) HPLC 2MZT, Chrst Blsd 31518 25 ¥ SOIN 3t3t2 HESAUS
oM sholsiolg

[
) AIR 732 HPLC A Z0lEOY SUM &
A

10266
flie

o
He

12040

£
10 a g
: AL ¥, |
2 10 1 1 s B 3 P
w0
e
“ L}OFR
a o
] 4
30 N
P
101 R

12033

10 T T T T T T T
25 It 125 & 2 i

[Z28 15] 320 nmoll A X|E dXts FEZEL2[ HPLC AZ0tE I

_‘]6_




.
0 : ‘ ‘
5 2] 7 : % s 3 u
-
] )
ol
“1 I
3
R
Lo |

104 j
o

" : 2

T T -
128 18 175 = ze

2%9o| HPLC A Z0lETH

_‘]7_



231
2747

7
& FAE
] g
10 = i g 2 &

2 b 12 1 175 A s

2300
a6

T=J DADY F, Sg=350 % Refeaff (VIVVJY 20221007 0962 041006 P2 DA NY1 raw

o

0428
Qe

w0
]
o]
o]
04
]
w© B

o -

1283

T
2z

T
16

T T T
125 1 1

T
E

[28 17] 350 nmoll A X|HE AXSF FEF

2ol HPLC A 20lEIH

_‘]8_




(=] _A._o| |EAH .H.Ig X~ gl 3I-E.g: sloj i u&'
HE &9 XEHE , A8 A B &el: Fatty acid &
A5l Hied
o
7 |> S o -
Journal of Agricultural and Food Chemistry
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Table 4. Fatty acid composition(%) of lipid from lutus seed(Nelumbo nucifera Gaertner)
Fatty acid Palmitic Stearic Oleic Linoleic  Linolenic Arachidonic  Behenic
18 ABSTRACT: The purpose of this study was to investigate the fatty acid and Content(%) 202" 07 119 583 13 07 69
"Mean value of triplicate
19 contents in ethanol extracts of lotus seeds and rhizomes. These ethanol extracts were
Table 5. Amino acid composition(%) of protein from lotus  qH(<141)€] b ¥3h {2454 9 S o) ofvl et
20  extracted with hexane. The hexane extracts were hydrolyzed in a microwave reactor and total (Nelumbo nucifera Gaertner) 4 A @ AAe] FAE Lisg WO 2
% P % : ”
s aci 2449} 992 Mgl A A FAL) 374%E
21 fatty acids and phytosterols were analyzed. The hexane extracts were also subjected to silica Amino acid —(yyighyy  Amino acid oy ,q%% 1‘3:‘ sl = M‘PM :“o r:“j S14E 4
Bpiliond 3% Figline p ShaL 8- 626% g DAL ¥ 128%, 22
22 gel column ct Nonpolar (triglycerides and steryl-fatty acid esters) Serine 11 Treptophan b4 1 239, Z5H9 2] 195%, 43 Eo) 61.3%, 4F 21%,
Glutamic acid 45 Valine L1 3] 4.1%30ch D 49 ek 9792 F7]Fe]
23 were hydrolyzed and then the contents were analyzed. Polar components (diglycerides, Glycine 10 Methionine 02 o 2 Eacke o 2gs A s vsssc
e o e w 4 AL linoliec acid o) 5B3I%E 7 ERE
i . " < rginine 19 Isoleucine 09
24 monoglycerides, fatty acids, and phytosterols) were analyzed directly. Seeds contained higher e o b E5h o S AHHALE) W82 20970191912 behenic
Alanine 09 Phenylalanine 09 acid?] ekl 69% chE B4 1B Aol 3l
25  concentrations of fatty acids and phytosterols compared to rhizomes. Linoleic acid, palmitic mw;m’ S ict. qlh g & 16%9] of):cAbe 2 TSI T glu-
- — . " p— - e tamic acid®] §HaFe] 7Hg fgot 4.5%¢ o] 23 Hro}v]
26 acid, and oleic acid were the main fatty acid components in seeds and rhizomes, and most of 58392 743 3k el palmitic acid2 2029%, oleic A YR ol xAE B1%E AN stach
27 them in seeds were in the ester form. In seeds, phytosterols existed mainly in the free form acidz} 11.9%2 ©)5 A|uate] 2 A] 90.4%ol @3kl
7h o FE AA sk Ak 8ol LAY 2 @8
28 rather than in steryl-fatty acid esters form. f-Sitosterol was the most abundant phytosterol in Abe] Hl&-& 209:79.12 #E3} A gAre] w|Fo] =A
29 seeds and rhizomes.
=1 X
(23 18] &

(1) Shin S(1999) 1t Zhao &(2013)0fl 2lot™ X2 2 EZSHX| L4t HIE0| ATHA
oR =1, ABOIME IRl 2l A2 o SRS Hoz 2IE.
BHH, O 22 AR AYMNES CHUBOM e MElBNS LEllE He
2 DD US. OlF THE 510 2 dTolME RIS MRe ANESH F
2Foz xgie AH, GOE &85t 24 [y

L, Ao

(1) 2MZA AXFHM= & 57HK[2| X|ehAH(Octadecadienoic acid, Palmitic acid,
Oleic acid, Behenic acid, a-Linolenic acid)ol ZAHA&EYeod 11 =
Octadecadienoic acid O 7}& =2 &2 HFS[E 8]

(2) z[BXoZ AXE YME, dAg FEELY, dXs UEFEELAHA XEx2F
2 (Qctadecadienoic acidol HAEEHUS. T2 2 AT JeolA X EEHZE M
Yot 2

(3) £t o] R EEES F&. 5. Wa 28 o cHHMo| HEEUS

Chromatogram
P-2211188-1 P-2211188-1.ged
Intensity
10000 = — =3
30600~ § ?g i i
i) t i i ’ e
L R i/ | N ) (Mol LA ] P I AL ) | L Rt S B (N R S 3R
10 15 20 25 30 35 40 45 50 55 60
min
Chromatogram
STD-1 STD-1.ged
Intensity
50000 |1E ¥ OEF 3 Z 38 BET 3
25000+ (|12 i ; £5 22 ;;. §
AL T * i
—_— , e
10 20 30 45 50 55 60
min
[O8 19] dXige xF=Ze F=Z20lE0H
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x| dh&t g/100g x| ghat g/100g
Butyric acid - Octadecadienoic acid 0.5841
Caproic acid - Arachidic acid 0.0168
Caprylic acid - y-Linolenic acid -
Capric acid - Eicosenic acid 0.0059
Undecanoic acid - a-Linolenic acid 0.0605
Lauric acid - Heneicosanoic acid 0.0036
Tridecanoic acid - Eicosadienoic acid -
Myristic acid 0.0061 Behenic acid 0.0755
Tetradecenoic acid - Eicosatrienoic acid(20:3n-6) | 0.0447
Pentadecanoic acid Docosaenoic acid
Palmitic acid 0.2694 | Eicosatrienoic acid(20:3n-3) -
Hexadecenoic acid - Arachidonic acid 0.0026
Margaric acid - Tricosanoic acid -
Margaroleic acid - Docosadienoic acid -
Stearic acid 0.0215 Lignoceric acid 0.0200
Elaidic acid - Eicosapentaenoic acid -
Oleic acid 0.1197 Nervonic acid -
Linolelaidic acid - Docosahexaenoic acid -
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o] 80COllAM 10.33%, 90C 14.81%,
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16.23%2 100C =& 257} 718 £80| =/ &eol=e
(2) 50% =X FZo| A [E 12]2F &o| 50C 9.91%, 60T 10.43%, 70C 12.37%2
= FEHECt =80 W LEYS
(3) =8 =2l Ao, £ 20f 2 25 MM U 82 13 il 2, 2
T 90C FEzHoZ & T XEMHMES 205193
] 8 £ 254 8
. FE 2(1085=, 4A2ZE, 13])
= T=E
80T 90°C 100°C
T=2(%) 10.33 14 .81 16.23
12] 50% =8 F& 28 8
_ F& 2 (1085, 4A|ZH, 13])
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50COllM Z+ 30, 1AlZE, 2A|1ZF X2 & =88 H|uwslHS
L =8Z ot
(1) 30CcollM &AX 2| Al ofeHel [F 13]zf Zo| 3020|A 7.3%, 1AIZF 8.1%, 2A|ZF
8.%2 2A|ZF EAaX 2| Al JIE =42
(2) 40CollM EAX 2| Al ofeHel [F 14]zf Z+o| 30=20|AM 8.4%, 1AIZF 9.2%, 2A|ZF
9.4%2 2A|ZF X2 Al 71 =4S
(3) 50COIAM EAX 2| Al oteHel [E 15]nF Z0o| 3020lA 8.1%, 1AIZF 8.8%, 2A|ZF
8.%2 2A|ZF EAaX 2| Al JIE =42
(4) =8 =l Z, 24xE 2%, Az dXHM 2 =88 12{5l0f 40C 2A|Zt
HMe|=zez &g & XFHES gelsis
[E 13] EaX2| 30C &
= 2 E}olA| AMel AlzE
30T 308 1A| 2 2A| 2}
T=2(%) 7.3 8.1 8.9
[E 14] E4K2| 40C £=8
I 2 E}o}A]| AMel Alzk
40C 30& 1412 2A| 2t
=2(%) 8.4 9.2 9.4
[Z 15] E2X 2l 50C $=8
= 2 Elo}A| XMe| AlZE
50°C 308 1A| 2 2A| 2}
T=2(%) 8.1 8.8 8.9
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0O sEx=H(s52x, ¢H)oll w2 N T8
7t gk
(1) Hek 2xfel sHEx=HeS sty s FEHE 2+ 40T, 50T, 60Tt
50mbar, 70mbar, 90mabr Z=Z0fAM 30brix 5= F 8 I AQA|ZIS H|LFIF =2
L, AT
(1) 40CollM &= Al ofallel [E 16]mt Z0| 50mbarollA 95.2%/22=, 70mbarOilAf
96.2%/27=, 90mbarollAl 96.5%/31222 =M EAS
(2) 50COlM s& Al ofallel [E 17]zF Z0| 50mbarollA 95.7%/20=, 70mbarOilAf
95.4%/26=, 90mbarolM 95.9%/202 22 SHE|AUS
(3) 60COlM =& Al ofellel [E 18]zt Z0| 50mbarollA 95.3%/17=, 70mbarOilAf
95.0%/19=2, 90mbardlM 95.8%/222 22 SHEUS
(4) =8 =l 23, =AY Xjto|7} IA X fteni AMM 2 AIZEE 12{5+0]
60°C 50mbar =2 &2 T X FMES HosI¥ S
[E 16] 5= 40T 8 & Azt
C¥ XMal Azt
40°C 50mbar 70mbar 90mbar
T=2(%) 95.2 96.2 96.5
A2AZHE) 22 27 31
[E 17] 35 50C =8 2 Azt
== Xzl Azt
50C 50mbar 70mbar 90mbar
T2(%) 95.7 95.4 95.9
22AIZHE) 20 26 29
[E 18] 5= 60C 8 L AlZ}
== XMe| AlZE
60°C 50mbar 70mbar 90mbar
T=2(%) 95.3 95.0 95.8
QA ZHE) 17 19 22
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=
(1) A& 2 AAMS D2sto] HAER 50% 28 222 22519 S
26H vgd 2ERAx 22 H|w
30% 50% 70% 100%
[O8 21] 28€A Hg8d 2EFHx 22
[4] ARl FE2=9 wg sH &g
O dXE FEES ZESI= AEHA =M &E: AT MAE Y AKX FEE H=
JF. sl gb
(1) 2 A77lol AtEst FF:= MAZX
AE MME|Z0|EA WKI2E AIRSIF =2
(2) 2 Aol ALESH AR FEEZ HiX=
2. dXS3 2o FEH|= Age =

o2 121TCollA 158

\J

()

FRALAS HUHZ0[EA

(Leuconostoc mesenteroides)

[0 22] 48 R & AXs F

Tl Z 1t

(1) |0 BEILAE HAMEZ0|=A WK322| = AMujUgxzAS Hx[ufjt ZHofA
35~370Al & X2l , thi=Z2A17|(exponential growth phase)= 16~20A|Z2+ .
et 2 AP E dAXE wa s fldiA |FAD2 MRk =3 s ef
2% 36T Z=HoA sitstF S

(2) Rt 2EE ISt AR FEE X M= ct31 22 33 S st
=38 23]. 2 AFHLolM AlZuiX| =HMEE sHM AXF FZE i X[of
Etxelnl o|ZAAE HIEE E§4KE 28 5 IS0 AR5 S
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S E El2F Ol 24y
|
par| Bl
|
CHHE 25 T4 &
|
A o LH7f
|
Sit HE
|
B - =1
|
Skt Ha=
[28 23] AXF FEE X M=3HE
@ dXEg FTEES S ASuiX| =& &7 ASHIX|(MRS,YPD) 2} ¢iAlE F&HE HifX|
oMol o M] EM Al
b F¥dH
(1) MZ2diX|= MRSH{X|2} YPDHHX|E AlESI¥ D, AXE FEZ HfX|= YPDHX| =4
= & AA|Ql Peptone} Yeast = HAlg O =Z i sto] ALSSIUS
(2) YPDHHX|R} HXlE FE = HiX|= ol 0.2% KHPO,E HIKSIRS[E 19]
[E 19] HiX|E =ME
TE Zd=
MRS Hi X]| MZ%: Difco Lactobacilli MRS Broth(=|lAH :BD) &1
YPD Hfi K| 1% Yeast, 2% Peptone, 2% Dextose(Glucose)
AKX FE= HiA 3% AXFEL, 0.2% Dextrose,
L A m
(1) M ZIX] viX|oiMe] M5 EMS Z=ASH| UsHAl vl A|ZE 1243} 220 Fof MIF
=& =olsiu S
(2) BiQF 1Y Fo| M= MRSHHX|2| A< 13.5 X 10° CFU/mL, YPD HiX|2o| &<
5.5 X 108 CFU/mL, PXAE FZE diX|e] B 0.9 X 10° CFU/mL OlAS. HH L
22 Zo| M= M IJHX| HiX[AM EF ZASIS. H2tM dAXs FEES
2250 FAtd wgel JisMdE olsIRS[E 20]
[ 20] of X[ vjF A
= MRS HHX]| YPD ulf X| HXIF FE= HiX|
ik 12 M3 13.5%10° 5.5x108 0.9%10°
gk 22l M 2.0x10° 0.9x108 0.4x10°
(3) YEtMoz o|MEZ dj2str| 2siM= MEo 28t dAES MAS| df&hshod
Sootojof g §35| MASFAM o|MES L Alodl= zAFHe| H[E0| AH|
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(5] HALS ME(FEEY, YESEED) MM =A
© UAS FEEY YN = HY: 535
b s

AO o

z BAdE 2 =82

(1) AALZE 273F 20kg, 200kg,

700kg F&7| [O8 28]

=

o

0| &35t0d scale-up &

20kg F&7|

200kg F&7|

700kg =&~

L, 3z}

(1) Lo FEHT BHE 82 zH FEZHIAM MY 5—.“’_% sl 23]
HtE ZASIHRD, =E =82 [E 24]2 Z0| 20kg FE7I0M 21.87%, 200kg
24.31%, 700kg 25.15%2 HXI Z7l5t9 e

(2) A el scale-up & F=ZEH T scaled| TIIE4-ZE 8% ZIISI o0,
MA Aol 2XM7F gl Aoz MZHE

[E 24]) £&5Y3 SE =8

F&7|
scale-up
T2 20kg 200kg 700kg
13| 21.22 24.50 25.34
T2(%) 23] 22.51 24.12 24.96
average 21.86 24 .31 25.15
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EEE:
T ¥ e [ 1amwn | O sl
D 3
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(1) Xtz aitstadd s =AlsHY| sl AAs (HAME)s H=xE AXSES EMSHA
EUSIEE AE AIESt¥ L, dAlg FEEUS BFH=(spray drying, SD)3s}0d
E2UsEE AWE AERR ALSsSI¥E. o9 Ettzt &4 DPPH radical
scavenging activityE &Solff &Agh. S 3 ALMA2 ofeliet 23

i . sample 3|A{% 0.1 mL + 0.041mM DPPH 0.9 mL E%t
i . A20lA 20min etS

iii. 12,000rpmAll M 25°C, 20min '?‘._Jé!%ﬂ
iv. 45 23| T 517mmollA] EEE =

A ((Uv-1601; Shimadzu, Kyoto, Japan)
v. YMO=T : ascorbic acid, MU=+ : D.W

(341 1)
A—B
C

DPPH radical scavenging(%) = (1— ) <100

-A: Sample S&HE
-B: Blank &%
|

L, A D}
(1) AXIS (| Z) 22| DPPH ZiC|Z AHEM S EMSH ZIt, AR 759 RIS
2 1 mg/mLel sZolM =L 570 X[do| HXIFE 23~~25%2| 2iC|Z 2Hs5S 2
¥ 22 HEYDL Z2 X|Ho| X2 2H3uet 2H6%2 ZiC|Z AHSE 29
(2) RIS FZ& 2ol DPPH 2iC|Z AHEM S EMSH Anp, Zuf 570 X[ AHX}
g 25 10 mg/mLel SZolM 80% o|Aate| =3t 2lC|Z AHsS E[IE 40].
10 mg/mLel sEMdME= U 5 A2 25 FAFSH ZE E¥ 30 1 mg/mLollAM =
®olojgt XIE 2o 77} J1E 2o 2lEZ AHEAHE BES. AXSg £5
22 of7oF 71E 25 shitstatd s HoZ LIEtGten, e e &haf
of X

H o
o

mah, st oEMez 2|z 2 Edol S7tetol 2felE. ¢

[l

-

H,

2l HEEHY S=2f AXE F& 222 =W AAS oiH] 20~40% ol H2 2t
Z aHgde 2S[O 4]
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100

DPPH radical seavenging sctivity(w)
& B8

=

oo

DFF racdatal acavernyrg actaly (%)
5 B

| Img/ml
B¢ OF Y WES JE may 82
X9 2K R
LIRS
-tﬁm

g a3 8w
om ux

[ 40] 2 X8 IRt L oix

HE#F HE wWEw g2
RE@soM¥

1% %% SDELe| DPPH 2lc|Z 27

5 8 8 8

P
[=]

DPPH radical scavenging activily (%)

0o 025
T4 QAX}R SD (mg/mL)

B 30%
" 50%
= T0%
005

Q.50 1.00 10.00

(O3 41] 7 AX| FZ SD=2L2| DPPH 2|2 &2 &N

=3
=

M
S
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Z Ejis &
7t =&k
(1) Xtz & Efjms &HS =AMsH?| 26l dXtlg (RME)E HA=E dAASE 2
Msto E2LUSISE HES AIBSIAUL, AKX FEEUS EF=(spray drying,
SD)5t0] EUSISH HE AISSIF D, dHAg WUSFERUR2 SZUZ (freeze
drying, FD)5t0d 22s5lst ZdE AMEZR AIZSIRS. 0|lES & E|H= & &
HMutH2 ofef el Zon{ A A2 gallic acid(GA)E AlIEs EEsESMHCZ 5 EH
A GA ERE(GAE/mL) 22 AHE
i BlABH ARIS 22 B 0.5+ 2% NaC0s 1 nl M7t F AL 38 ghg
ii. 50% Folin-Ciocalteu A2k 0.2 mL EJ} & 2087+ A2, 22
ii. 12,000rpmol A 1022+ A2
iv. Asd 22| F 750nmilM SEE 53X
b, sz}
(1) AXs(AME) 2Ll & E2lHs SFHS 24 21, AR 789 dXs2
14~~18 mg GAE/g2 E¥ X O = 77t 18.17 mg GAE/g 22 & =U=
(2) 2t XA dAXls FEELUS F Ezjds 2 A 2o, 771 65.61 mg
GAE/g 22 Jt& =denf, I 2 IY XH=2 Hlxst =Fo| SHS XS
[ 30]. stH, HEYD F=2 AXSF AEs I HAXS A|ZECH Atixe
2 Hs ggol ¥ Ho= FeolE
(3) nYE o wWE 7 AXE FTEELUL wUEFE 2L F Z2|i=
Hats [E 312 22
[E 30] & X|HEH AKXty Y AKXy FZE D 229 & Z2|H=
Total polyphenol content of MNe/umbo nucifera Seed powder
PN ALt o=+ akok ok 4= H EE =
mg GAE/g 15.16 18.17 15.23 16.30 16.24 15.06 14.56
Total polyphenol content of MNe/umbo nucifera Seed SD powder
PN PR o = 2hak =g = H EE ==
mg GAE/g 39.86 65.61 40.79 46.45 42.71 31.49 35.21
[ 31] I7XY AXE F& DY 2 dXg &s FDEYUe & ZEo|=s =
Total polyphenol content of MNe/umbo nucifera Seed SD powder
e e 30% 50% 70% 100%
mg GAE/g 11.61 18.55 25.73 38.82
Total polyphenol content of Me/umbo nucifera Seed FD powder
Iy ot 30% 50% 70% 100%
mg GAE/g 6.54 12.74 18.62 23.84
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(8] /B2 EZF3}
O XN Zo st XIZ
7h. 8 g
(1) 2= JUHLA AXSS ALSE
(2) YAMFED X EMHE2 SAAMEEMT| 2ol o2&t
L, siE T}
(1) eM=zel 7|elof 2t ME
[F 32] HAXts
A=Y AX=F
st Nelumbo nucifera
=N cH stel = (ch =)
ALEE S MOk
7|EtH & = A|EE st A2 52
ge, ¢
Ne lumbo % (std),
- ?1, Sacred Lotus, , vt
A7H 25200 oz , nucifera Z(Fs),
East Indian Lotus
Gaer tner M OF(AH )
¥ (AR)
(2) 27z M2
i . 2JtZ0|=(alkaloid) : Liensine, Neferine, Isoliensinine &
i . Z2|H =(polyphenol) : Quercetin BHEA, Myricetin BHEA, Kaempferol HiE

i . XA fatty acid)

[H# 33] AXFol P2

H S

> Paimitic acid, Linoleic acid, Oleic acid &

FA]

[=]
[LE

e c>OO1OOg = fE H= 100g & &&
= ZF(Kcal /100g) 364.7 Kcal NI 2.7 4

LIEE 23.2 mg Egf AX[gt 0.0 g

EtstE 64.4 g Z 35X g 0.8 ¢
=& 6.3 ¢ S 2HE 0.0 mg
= ELES 20.7 g

[F 34] AKXtz X|EFME: Octadecadienoic acid
QI e 2EMH|7icto] =2 A Octadecadienoic acid)
O

T= HAG(HoG) S~ oc,

=At4] C1gH3202

= A 280.4 g/mol

CAS No 2566-97-4
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F

0O Xy WSFEFU =4 2 Jof zE XK=
b, S uy
(1) AMZ(AXE)= 242 ¥ =gt E@F, S5, A=, EMsto] M=
Lt S8z
(% 38] M=2™=
(1) - . @ (5)
i (2) M=3% (3) 8, AE, AEHIIE lsmzse
H = A mEsngy & o (KQ)
Nelumbo nucifera
= ALEE2] - Mok - 100
CH A, A=
J
224 1 40 mesh - 100
J
k=S =1 z 2 ElobA| - 101
J
AR5
s HIAEZA
=2 K,HPO, - 1000
A
GINES I T
e o|M ’ c
HA25: 121°
[=] o === _
(GMP& 2 = RA|ZE 305 1000
CHstol =,
REAH Z) !
Leuconostoc mesenteroides
He2r: ‘C+
at s 2 36C+2 _ 1000
ES A|ZE 24A| 2L
gtg =7 M X[Hf F
J
A= SZZHAZ=(FD) - 100
J
24 2 60 mesh - 96
J
2= 11 96
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[9] T =74

0 ZA+Y S2RY Mg E5 HAS &2 I24M a3 AS
b, ey up
(1) AlZ : @i

(2)

&

MeIAHO|Mo 2R HFREESE AAS FEIZLUS MU
sta

k

ATy

of, 1y F oo wE 30% 50%, 70%, 100%2 ¢Ats FZEELS Zb NS30,

NS50, NS70, NS1002 2 Hodstoy AEol| Al
AMHAEE : 658H 4 ICR mouse(Daehan Biolink Co., Ltd., Chung- buk,

NESEN|

=
(light- dark cycle)= 12A|ZF F7|2 =HSIY I, AR (=CHedZ

Korea) & Fstod 17 =ot AdAl o HEAZ & Alds Falsh
C [m]

Z=712 conventional systemL =2 2% 22+2°

X8k 5.0% olA, =M 5.0% Olst, =3|& 8.0% O|sl, Z

0.85% O|at, ZE 0.55% O|&, LIEE 0.25% olalt, ofauls 0.15% OfAk;
NIH-41, Zeigler Bros, Inc., Gardners, PA, USA)2t 22 £&35| =s5&
2T s I U duz2 g5 HIt

= 22| ¥ 2= Fo . AFETE ofF M2 T SHX| %= H (Normal), &

>
i
m
2
o
)
P
Y
I3
S
§
f”“” Ol
>
e
Tk

= A7
MEBE 200 ng/keE FOIT YMYED
0428k NS30, NS50, NS70, NS100+

2 2 2 onf2| 4 & YELEE = 7 5tH0 A'a% et gddE Melst
o

220z olf Gz Y AP
=

(7+§ 120 cm, MZ 70 cm,

z'\_ = 0 o I:II-
g 5 =& FAM 7 SO ¢4E R = MASEC AMEA FHZ st
T, o381 k= E MESI] Al dE|Ago dAFD Z42o BAHE B
Hol¥s. AMES U2 10272 |AEE] (4,000 rpm, 4° C)5t0f EHZ2 ¥
ooy, €& L glutamic oxaloacetic trans- aminase(GOT), glutamic pyruvic

transaminase(GPT), blood urea nitrogen(BUN), ammonia, lactate dehydro-

(LDH), D-lactate, triglyceride(TG), free fatty acid(FFA) levelZ} 25

genase
=23 Zb=A | guz 2E Hio|olHE EME

EHENM @ AMEsXs EA EEQXE EAISIY S0, SPSS program for
windows version 26 (SPSS Inc., Chicago, USA)E AFE35H0d one-way analysis of

varian

2 AIFHES AAlsHod
p<0.01,

ce (ANOVA) testE AIA|SH = least-significant differences (LSD) test
Zt ol " Xtolo oist SAHX™ RwReMHE p<0.05,

Z
S

p<0.0010fl A HZ et
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=
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—
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=13

o
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=
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=
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[10]

M
In vitro @28 2% Xslls "ot
Ih Saay

(1) Az @ @4

50% ARt

1, dAts €aFEEL20(0, AR

M
i
=
\I
S
2
pal
Ho
rr

[E 41] Sample Name

Sample ..
No. Sample Description
Name
1 30% 30% AR FTEEL( D E30%)
2 50% 50% XIS FTEELU(DEHE50%)
3 70% 70% GRS FEELH DEHET70%)
4 2a AXE HAME EMEL(EHEY)
5 Hh 5 1 MRl WEFSEaH
o disg=x=dHdao}
5 t'e"§_2 ) 0|_=II|-:::|— IeFE=E= 2 ]
(Era Al BT 27|97 FHI})

(2) AleF : X235 AMEof| AF2SH A2F2 fibrinogen from human plasma, thrombin

(3) &A4m : HEo =fSMOZEE venipunctures S5 &2 M€ 8 mlE 1 L

from human plasma, plasmin from human plasmag SigmadlMd FstH
phosphate-bufffered saline(PBS, pH 7.4)2 Gibco(Grand Island, NY,USA) A&
2 AM2351%s. 21ERol AF2El calibration plasma, normal control, low
abnormal control, PT-fibrinogen HS, SynthASil, calcium chloride 0.020 M,
reference emulsion Al2F2 Instrumentation Laboratory(Milano,ltaly) 2FE
st AlZBsiRs. E2ESE FEUH=EZ @l adenosine  diphosphate(ADP) =

I =
Chrono-Log(Havertown,PA, USA)2S| MEZE A3 S

o T —

citrate phosphate dextrose solution (CPD: 90 mM Na3C6H507 - 2H20, 14 mM

(platelet-rich plasma, PRP)E F|5t0{ 1200 x gollAl 722+ A& F2[st0d
HZ2 HMAHSHUS. CPD solution MEE MHAHst2 E2mg 22|57 ¢/5H0q,
PRPE 3500 xgollAM 1027t A Ee|stod &AME EAE2 Tyrode buffer (137 mM
NaCl, 12 mM NaHCOs;, 5.5 mM glucose, 2 mM KCI, 1 mM MgCl,, 0.3 mM NaHPQO,, pH

7.4)00lM 10%/mlel sE2 =HM5l0] Al=25ES

Y MEZS 1700xgolM 7EZ AR o] ASUel A HREM
S|
xy

ihd
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(5) ADP release &4 : adenosine diphosphate (ADP) releases EHdstF=d, &

ek

YAUSAAMED AY  AKS 63 53

&
100 ug/mL) 2 EZH(10%/mL)oll 227+ 37°COollA
(collagen 2.5 ug/mL, thrombin 0.1 U/mL, ADP (10 uM)

0|0

stirringstHA 5827+ HESA7{ a4 SEAMsE2 5F AL EsSE2
Aggregometer (Chrono Log, Havertown, PA, USA)E O|&5t0{ SHsI%S. dant

SXoH =AM2 FEE= aggregation (%)2 HWEZR(A)LE
£2 X2l & FEE aggregation (%)= MAEF(B)2Z 5t0 IS AHAtAlof w2t
XNollg (%) 2 HEIHAUS

Inhibition (%) = Af x 100

oS 37COolM 327 200 ug/ml sEo HRXls EYU FEE 65
10 uM Adenosine diphosphate (ADP) )& 7}sto] 527t B S 2 &
22 AEHS Fsto] 2Mo| ALZSI¥S. ADP release= ADP assay Kit
(Biomedical Research Service Center, Buffalo, USA)E AFS35t0] |uminometer
(GloMax 20/20, Promega, Madison, USA)Z2 EH3IES. th=T=ZA ADP release
oM &7F LHZE ASA (OFAIZI)E 100 ug/ml AF2EIE S

(6) ZE A2 3-53 = Ad=Fen], A= Yo +0EM 2= SDE HHEHR 20,

5 18 Alole] ®oXt= unpaired Student ‘s t-testoll 2|30 p<0.05 F=Z0iA
Vs
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| 27.5+1.3%2 LIELG
o, 30% VAE FTEEUS X2|sh ADP LS o= CHH| 71.945.6 %=
LIEFGS . 50% QXS FZEo2 Ha|sh ADP ¢eizfe ofx=2 thd| 70+1.3
%, 70% AXF F US X2|Sh ADP LIS =7 CHH| 74.4+2.3%, AKXt
g 2LUsS Xa|st AP + 3.9%= L}EtL} J4E 23t
7b EX| £}, AXS LU FTEEWMES X2ITH ADP LTS = ChH|
75+3.3%2 LIEIGon | Xl LUEFEEU2E X2[sh ADP L2 =

ChHH| 75.6£1.7%2 LIEHGS

Ty
Ao

ES)

120 ADP (10uM)
100 =
80
60
40

20

CT 30%  50%  70% = a1l #H82 ASA

%I:

A
o

o
Ao

[O8 51] AXF A|22| ADP &
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i . AX=: 65 AlRE 400 uxg/mL, 200 uxg/mL, 100 wxg/mL SEZ XE|A|, B2t
T MMHEES HISIFS. HAS 63 AIRE 400 w/nl sE2 X2lst &, 2
2t 27 MAMEE "@olst 2o, 30% MRS FHEELUS X2lst 22 237
MM=e Of=a ofd| 61.7£3.4%2 LEIGS. 50% HXs FTEEES HMels
ot 27 MAMEEe tHxEF CHH| 83.941.6%, 70% 1At F=E22U=2 a2l
Zold 27 MAMfe ofx=7 hd| 96.1+£2.3%, QAIS 222 xz|st Z24A
S MMEFe fxEF fjd] 92.241.9%2 LIEIG2. dXls wasFsz2oHs
XMelst St 82 dMZ2 = tiH| 82.6+1.2%2 LIEIGSn | HAXS
HeFEE2U2E X2l St %E.' MMk EHIFL CHH| 95.7+1.2%% L}E}
H2. AXE 65 ARE 400 w/ml sEZ2 X2l Zol, 30% HXs FEES
MeElAl St YAMEfo| JHE M LHEHED#, HXtg W FEEI Ml
o] I ct2 Zatdl MAM2ko| M, 50% HAIE FEE2L XA ZE2tA MM
ZFo| M| LEtGS

120

collagen (10 ug/ml)

100

80

60

40

20

0

30% 50% 70% 2ot HFE HF52

[O& 52] XIS 65 AIE 400 ug/mL XMHEA| St MM ZF

El
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ii. HAXT 685 AERE 200 w/ml sEZ2 Me2lst =, 21 ST MMZTFS Hotst
21l 30% YHXts FEELUS AMelst EeHd S MMdEE2 iz o]
66.1+£5.3%2 LIEIGS. 50% HXtg FEELUZ2 AMelgh 20 S 4432
=T CHH| 74.8+1.9%, 70% QAIs FEEUS X2l 221 ST HM2
CH=F CHH| 84.4%+1.2%, ¥Xg 22 Xolst 22t 87 dMZ2 o=
CHH| 93.52+0.4%2 LIEIGS. HdAlg Y FEEUS HMelsr 22440 2 A
NS T CfH] 86.1+0.8%2 LIEIGOD, XS waixizEa2s XHals
i 27 MMEke fx=7 tHH| 98.7+3.0%2 LIEIGHS. XS 65 ARE
200 ug/mL SEZ XMelst 23, 30% AXF FEE2Y XM2A| 221 M Zo|
7H& M| LiEtRen] | 50% HXtE FEEY MelTFo| I ot Setd MAME
of My, 70% AX=E FEEY ME(A S2id dM 0| HMA LIEIGS

120
collagen (10 ug/ml)
100

80

60

40

20

0

CT 30% 50% 70% =ar EE=R 532
[O3 53] AX=F 65 AlE 200 wg/mL ME[A E24d HMHZF Hlw
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i. XS 65 AIRE 100 w/nl sT2F ofAmI2l (ASA)S 100 ug/ml SEZ X2
St =, 2t ST MHAZS Hotst 23, tMoix=ekEel ofAmEl X2lZ2el
ot 27 MAMZEe fxE cfH| 29.1 £ 2.4%2 JHE He2 $£X|E LIERN
oof, 30% AE FEELUS HM2IE = ST MMTFE dix=F o]
85.22+£5.3%2 LIEtGS. 50% Ats FEE2LUS Xe2lsh S22 ST MMHE2
CH=Z CHH| 88.7+£2.0%, 70% V1Ats FZEEUS XMelst S2Hd S M2
Ci=F CHH| 92.2+0.4%, YA 222 XHz|sh 22t S MM8TF2 =
CHH| 93.5+0.4%2 LIEIGS. Al HaFE2IS Aalst 22td S8 M
M-S =3 CHd| 87.410.8%2 LIEIGSDn], Xl UEFEEU2Z2 Xelst
22t S& MMZS =7 oid] 100+1.2%Z LER} O MU=

Atol= LHELLX] % E. AXls 65 ARE 100 w/m sE=2 X2le Zof,
F X

30% AAXE FEELY MEIA St dMZo| JHE MA| e, XS
HEFEEW Mol I ctg Sekd MMl MU, 50% HAXE FEE
L MelAl 2t 48 =0l M LEHSGS

120

collagen (10 ug/ml)

100

80

60

40

20

0
CT 30% 50% 70% =ar 531 882 ASA

T

[28 54] HAF 65 AR 100 wo/mL XM2|A| S2HA ddZ vlw
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42] AlZ Sample name
Sample name
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110
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olo
83
1o
KH

oln
l

g

—_—
110

=

P ]

224=S 500 mg/kg SEZ F0f

old
= —

i=3
[

=
=]

=
=

Hw

=
e

Treatment

o]

o

=

=]
Normal chow control group

paE=

&

[

High fat diet control group

i 7Ex] |
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RS2 F 3T).
High fat diet group treated with Nelumbinis Semen powder S1

High fat diet group treated with Nelumbinis Semen powder S2
High fat diet group treated with Nelumbinis Semen powder S3

)

Con
S2
S3

o = 20| of
St

500 mg/kg
43] Group
Group




OF RIBE AW AR AN HF F LS AR S MeED 2 2
of HF MolMzFE Fn MBe ZUS vlmstol Ao|a8ES MBS X
o gre Eol LS

Food efficiency rate (FER)= Weight gain (g) / Food intake (g)

(4) €4 2 2k &Y32 &Y 2 =X

i. Alsl B8 Al avertin (2,2,2-tribromoethanol, SigmaAldrich Co., St. Louis,

MO, USA)2 2 oiF|sh F ctelifd W2 Sdf EUS MF ULl ol 381
M2l 3.8% sodium citrate (Sigma-Aldrich Co.)2F 9:1 H|E2 40 Edo|
IEX LAEE SIS, AH=sE2 35t AU 2Y[e HEIF A=K F0t
o=z golstl F FU|e| RFAE FHst 7[Fe H & 2 7oA xo|Tt
[U=K| EolstRct, ESH ZH2 phosphate buffered saline (PBS)oll A& stod
Az st MASE F zHF oo Moo AU x| =X2H S0 X &St
[=Z

(5) HHM3IEIY HM
i, BHA e A2 AMEE|SIF 0], ALT, AST 2 Creatinine & 7|E

(6) €Z&2| coagulation factor ViRt X Il =X
i, gZbe| EMZIQIXM= ELISA kitS AbEstod ZFXsI =0, coagulation
factor VI= Mouse Coagulation Factor VII(F7) ELISA Kit(Sincere Biotech
Co., Beijing, China)2 Ol23l¥ X, coagulation factor XIE Mouse
Coagulation factor XI(F12) ELISA Kit(Sincere Biotech Co.)S 0|25t S
ii. S2=+< Microplate Reader M220-proZ EXsI¥on] Z1f gt8 dell=2 LiE}

Lt S
(7) @amo2RE YEE = serotonine £
i . €% serotoning SEE 7| st Aoz I ZEHEON U= ELISA kit

AF235IES. Serotonin ELISA kit(Abnova, Taipei, Taiwan)= O|235I%F 11
2= = Microplate Reader M220-proE Sl £d™stn 1 Z3E ==z o}
O

=
EfLH A=

Doi mjo
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(8) Thromboxane B22|
i. "&s olsst AEo=zE ELISA ghal9

kKit(Enzo Life Sciences, Inc., Farmingdale, NY, USA)S ©O
Microplate Reader M220-proE S3f =XsI32

o

> _||)||

o 0%

kit2 AtEsl ZESHACt. TXB2 ELISA

(9) Z=2EEH AlZt (Protrombin time)Z} M3l REEFHEIZIAE AlZ
(activated partial thromboplastin time) &3
HZo=Z PT (Protrombin time)2F aPTT (activated partial
time)S =H™5I¥=d, PT  Z=ZXol=  HemosIL  ReconbiPlasTin 26
(Instrumentation Laboratory, Orangeburg, NY, USA)E A}SsIRI, aPTT&
APTT-SP-0020006300 (Instrumentation Laboratory) Al2kS ALZSIRS. Aleknt
HES HESAI7] E€H3T E47| ACL9000 (Instrumentation Laboratory)oll ¥

20| SE= AltE SHSIUS

thromboplastin

[==|
=
1 e

et

(10) EAxz2]

-

i, 2 AFM YojR 2E M N2 BEH+EZLX (mean*SE) == EEH
X (meantSD)E LiEtfASny, F ZF FelM HZ2 SPSS (Statistical

sti
Package for Social Science, version 22.0. SPSS Inc., Chicago, IL, USA) &
AZZMO| Student's t-test EAHES AAISI0] P<0.05 F=ZFolM BB

=2
=
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(1) Aolgg & HE Bt
i . Table 19 Zxtet Zo| AMol¢FHE2 4 =& 7oA
HE STt Aolga&8(FER)2 Lt oot =
oflM AN Foldol HERS
i Zazol dHlsi nX|gAo] izl MBS0l FAMUA SIHEHUL2D (x+p <
0.01), 30% ¢AXAts FEZL(S1)Z PXF LEFEZLU(S3) Folze ME2
th=zofl dlol FoldUA H2=HAZ (#p 0
i, AMlolgF 2 daT, tHET 3
=1

EgA2Lt, Aoz

tolZF Lhxl g4

L%E
ARG ZEES S0P

!

HAlE e FEELU(S3) FoiZe |
0.05)

= (#p <

[E 44] HMSS7tE, Mold#E & Aol=&s

Group Weight gain" Food intake? FERY

N 16.83+2.13 3.59+1.42 0.1640.06
Con 26.91+3.76x%x 3.37+1.31 0.25+0.02%*
S1 23.15+3.28" 3.29+2.03 0.19+0.03"
$2 25.35+4.03 3.42+1.86 0.2440.02
3 24.85+3.56" 3.31+1.54 0.22+0.03"

YWeight gain (g)=final body weight—initial body weight.

PFood intake (g)=food intake (g/d).

YFER=weight gain/ food intake.

Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder S1

Group S2: High fat diet group treated with Nelumbinis Semen powder S2

Group S3: High fat diet group treated with Nelumbinis Semen powder S3

Each result represents the mean+SE. *+p < 0.01 compared with the normal chow control group. "o < 0.05

compared with the high fat diet control group.
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(2) &7 =

i 24 B AT BAE LIERH Table 29 Z3E HM, FYH EU|el FAH ®
O|& Xfo|7f LENFX] iti1, ddbAlo| OFnb IX|gkAlol OF Atolof ofH™
ol FetA ol of& fESH WZASHK| RIS, & AFUA IXEES wEsH|
5101 45% fat2 EZste LX|gHA0|E MF|stEF oifie=d, €5 SA4X|EHo|
Lt SHAHE X771 Reld2 S7iet A2 IXE30| wWHIct=s AS
gholstQict, HhHoll 2H &7[|el AHZo|Lt 2F S0 Aol OFe MU=
Tt Xo[7} gicts ZotE Soff 1X[EE 2o ctE HEe| REv =X 22
AeE & 5 UAgS

[E 45] 8¢ F7|127 H|1 (g)

Group Hear t liver Kidney Spleen

N 0.23+0.03 1.68%0.11 0.66+0.03 0.1240.01

Con 0.21£0.02 1.65%0.1 0.64%+0.04 0.1340.02

S1 0.22+0.03 1.66+0.13 0.65+0.02 0.1340.03

S2 0.22+0.02 1.65%+0.08 0.65+0.03 0.1240.01

S3 0.2140.01 1.67+0.13 0.65+0.05 0.1240.02

Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder S1

Group S2: High fat diet group treated with Nelumbinis Semen powder S2

Group S3: High fat diet group treated with Nelumbinis Semen powder S3
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(3) M M5 2N
i . AST &4 &t
- Aminotransferase= ZHMIZ JAtS| HEE JI& SIUSHA LIEHN == HAALR 74
M=ol A MEE HIISH| flsi 712 &35 A== AAlZ 223X Aon
ALTE ZF Eo0|ME JIX|Z YD ASTE Ztn} ChE Z7| &4 Aol O X7 &
7t
- €& L AST &&k2 UM O|E MEstes HATOA 14.1+£2.2 mU/mLE LIEFSG
oo, DX|EA0|E MB5ts thxEe €& uf AST S22 19.2+4.2 mU/nLE
FolXMol X0|E HO|X| £US
- 30% MXE FTEEZ(S1) Foiel EFH | AST &2 17.6+3.5 mU/mL, 50%
A FEHEEIU(S2) FoiZel &€& L AST &&2 19.3+2.1 mU/mL, XIS
B xEE29H(S3) FoiFe €& | AST g2 18.4+3.1 mU/mLE LtEILL O
S22 & | AST &2 FolMo| S
I AST
20 [ \
15 I \
10 A
0
N Con S1 2 S3
[O8 56] €& L AST a4 o

Group N: Normal chow control group
Group Con: High fat diet control group
Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2

Group S3: High fat diet group treated with Nelumbinis Semen powder S3
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- @3 U ALT e AHMo|E M3 Ste HAFOA 50.4+19.1 mU/mLE LHEFG
oof, OX|4A0|E HMISsts ix=Ze & uf ALT S22 61.8+11.9 mU/mL
2 FelXel Xto|E HO|X| UL}, 22.7% SIIEUS

- 30% AE FTEE2L(S1) FoiFel EH uf ALT S22 56.6+12 mU/mL, 50% 2
Ag FEREU(S2) Foize| & uf ALT &2 54.9+12.5 nU/mL, XIS &
EFE2U(S3) FoiFe| X U ALT S22 61.2+14.4 mU/nLZ LIEILE OF
Zhel €& ) ALT &2 oMol S
4 1 ALT
70
60 - [

-TU - 1
40 A
30 |
20 -
10
0
N Con S1 S2 s3

[O8 57] && W ALT &
Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2
Group S3: High fat diet group treated with Nelumbinis Semen powder S3

_73_




ii. Creatinine &4 &#&f
- @& W Creatinine &2 YgHAO|E HMEst= MATOIA 0.45+0.04 mg/dL
2 LiEtgen], IX[HA0|E HMZstes hxZel €3 W Creatinine &2
0.47£0.07 mU/mLE Fl&el XI0|E HO|X| AUS
- 30% QAE FEEL(S1) Foizel X Ul Creatinine 2 0.50+0.1
mu/mL, 50% QX FEE2LU(S2) Foize EFH W Creatinine 2
0.45+0.08 mU/mL, ®Xtg e FE22(S3) FoiFe| €& Ul Creatinine &
=2 0.48£0.08 mU/mLZ2 LIEIL OF2+e] @& W Creatine &2 72lA0|
MNA=
0.7 Ciregfini
reatinine
0.6 -
P | |
0.4 - l \ \
0.3 -
0.2 -
0.1 4
0
N Con 51 82 53
(08 58]E€& U creatinine &2
Group N: Normal chow control group
Group Con: High fat diet control group
Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2
Group S3: High fat diet group treated with Nelumbinis Semen powder S3
- EEPEW UMY FAM AE HIPHCE nX|gA0] =07 HAXts 22 3
2 500 mg/kg SE2 MEHV|ZF S Rt 21 S40| gle A2 el
9195'4, olz{st ZIE HIEHCSZ AlZto| 38 dAls FEEUS S2o1¥92 W
2HETL AlEo| SA 2 LB X 22 Aol2f A
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(4) E&2 coagulation factor VIR} XI =&

i ZEtEAIAM 23 aet 2E =Ho J[=Hez Adst /A aPTT HAts U
oI AZo| ol RFE YotEE HAROIL, PTE 224 HZE2o| olat RFE
LotE= Aoz, 2t Zzof FiA gdE otEY| fgt AyE TAS
(o2 K=
=]

ii . @%&9| coagulation factor VI &3

- "% W coagulation factor VI #FEFS EAMe Zi, MaFE €E€F Y
coagulation factor VI &2F2 45.1+3.0 ng/mLQl HhHoll, IX|gtAlo| Cf=F
of 7t L coagulation factor VIl €22 55.84+3.9 ng/mL2 RIMUA S7t
A S (**p < 0.01).

- "o, dAls FEEY MF AT E& W coagulation factor VIl &HE2
25 =29 X Wl coagulation factor VIl EZEHECI ZAEAS. E9,
30% YAXtE FEELU(S1) FoiT —I 2 W coagulation factor VIl &
49.84+4.7 ng/mL2 =2 &2& W coagulation factor VI &ZECl Fo|AM

/\Aj-” F-/\El /\A|:| (#p < 0. 05)

LN Factor VII
* %
60 4
=
_ T w
50 o I
i | L |
I
40 4
30 -
20 -
10 4
0
N Con S1 S2 S3

[2& 59]& & W coagulation factor VI &&

Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2
Group S3: High fat diet group treated with Nelumbinis Semen powder S3
**p < 0.01 compared with the normal chow group. #p < 0.05 compared

group.

with the high fat diet control
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iii. @22l coagulation factor XI &%

- &2 Wl coagulation factor XI gHs =AMl
coagulation factor XI &ZF2 22.3+2.1 ng/mLol gt
o] €% uf coagulation factor XI €22 34.5+3.0

=A== (*p < 0.05)

- ghoof|, dAXs FEEY MF MEFe EZ Wl coagulation factor XI
D5 ix=ze &ZF W coagulation factor XI StzHCE ZAaZ(ACt,

0

W

30% AXS FTEEL(S1) Foize EZF L coagulation factor

31.0£3.1 ng/mLZ2 o=zl €& U coagulation factor XI &rzFEcCl
(

U H2=AS

40 1 ”
* Factor XII
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40 p&
1o
0z rlo

0

N Con S1

[28 60] €& W coagulation factor XI &%
Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder
Group S2: High fat diet group treated with Nelumbinis Semen powder
Group S3: High fat diet group treated with Nelumbinis Semen powder

St
S2
S3

S3

*p < 0.05 compared with the normal chow group. #p < 0.05 compared with the high fat diet control

group.
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{

(5) Eauo2RE YEE|= serotonin®t thromboxane B2l =X

i . Serotonin €& &AM

- 25 ST ost "a =52 njilists g3 =HEZEZE= serotoninzf
thromboxane A2(TXA2)Z7} 7t& tiEAel 222 2™ US. Serotonine HH
oM EE amol 2lsll uptake =0 MEEQJCHE aHo] 2MetEH
FElEo EAame| 5-HT F=3Ho =85l SEZ2 FEAIZ|7] 2o EE &
Aste| "io|2otHZE AIZEE

- €% Ul serotonin EH=S =AMst Znf, ™A E@F Wl serotonin ©EE
16.4+1.6 ng/mLel HHol|, ZDX|gbalo] oix=zel €2 W serotonin &2
20.8%+2.3 ng/mLZ2 FMUH BII=EIAS (*»*p < 0.01)

- HtHo| | HAXE FEELY MF MEFel E€F U serotonin BH2 ZF =
o & W serotonin &HEHECH ZAEAoL Fo|lHE2 HO|X| 2}tS

25 - :

= * Serotonin

20 - I [ W\

15 - J

10+

0

N Con S1 S2 S3
[22 61] Serotonin &

Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2
Group S3: High fat diet group treated with Nelumbinis Semen powder S3

*p < 0.05 compared with the normal chow group.
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ii . Thromboxane B2 (TXB2) &tzk £AM
- TXA2 8tZt2| 7 oF 37 ME=2 FU|I| 20| OEcl ot Xol &

o
XB2o| ZH|FHO| E7te+5

B2 (TXB2)E F=Z Zd™stH EF T
2

- &2z Wl Thromboxane B2 (TXxB2) etzkg =2EAMsE ZH1}
Thromboxane B2 (TXB2) &&= 71.7+4.1 ng/mLel HtHo|
of &%t L Thromboxane B2 (TXB2) &H2k2 103.7+7.1 ng/mL

- Hhol|, dAXts FEEY MF AEFel €2 W Thromboxane
P (
X

81.1£7.8 ng/mL, ©X=H
B2 (TXB2) &&= 84.2+
I_

TXB2) &HECt Za=en, 53|
& Wi Thromboxane B2 (TXB2) &&e
=L (83) Foize = &
7.7 ng/mLE2 ZA=O0f tHEFS| EZ W Thromboxane

U
0 0
lo
0x
0
>

B2 (TXB2) et&2

F Ll Thromboxane

B2 (TXB2) HHECt FAMUA ZA= RS (#p < 0.05)
100 -
# [ i
80 - T l
T J !
1
60 -
40 A
20 -
0
N Con S1 sS2 S3

[ 62] TXB2 &2k

Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2
Group S3: High fat diet group treated with Nelumbinis Semen powder S3

x*p < (0.01 compared with the normal chow group. #p <0.05 compared with the hi
group.

gh fat diet control
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(6) =2 EEH| A|Z} (prothrombin time) X
ZEZYl A2t (prothrombin time; PT)S 2A{st Z1f, HAAS ZZESF
7

AlZt2 27.1+1.6X2 L}ElGond, TIX[gkAlo]
24 0+2 122 FOMUA ZAEAS(*+p < 0.01)

i . gtHoll, X8 FTEELY MF AEHe TZZEEH AZI2 =49 ZZEE
gl A|ZHRCE 2% BILEACt. £3], 30% XIS FEE(S1) Foie ==
ESH A|ZH2 26.9+2.56F 2 LIEIL} e ZZEFH A|ZtHCE RofMU
H B7I=IAS (#p < 0.05)

35 4

PT (sec)
30 - ¥
T *ok [ [ T

25 4 ! T l J |

20 A

15 -

10 -
5 -
0

51 s2 S3

Z,
o)
=)
=

[O8 63] ZTR2EEYH A2t 5F

Group N: Normal chow control group

Group Con: High fat diet control group

Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2
Group S3: High fat diet group treated with Nelumbinis Semen powder S3
**p < 0.01 compared with the normal chow group. #p <0.05 compared with the high fat diet control

group.
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AL}

AEL A2

i

activated partial thromboplastin time)

=X

g5 7 ( =3

i . M3t RREEEHEZIAE AIZF (activated partial thromboplastin time;
aPTT) S =2AMst Z3f, HaFe &Mst FREESEEEIAE A[ZF2 32.5+1.4
=2 LiEtgen| nX|gAlo| o=+ FREZSEEZEIAE AZE2 28.1+2.0
Z2 FoYMUA HAEAZ (*p < 0.05)

i, ghEol, dAXEs FEEY MF AT FEREESHEEIAE A2 O=F9
BEREEEEEZ|AE AZIECE 25 SIIIEHJAS. E5l, 0% Ay FEEE
(S1) FoiFel EEEEEEZSIAE A|ZF2 30.4+2.4F2 LIEIL} Oix=Fo &
EEEEEZIAE AZHECE FodUA SIIEHUS (#p < 0.05)

40 1 aPTT (sec)
35 4 #
T *
1
30 1 [ T |
[ |
25 4
20 -
15 -
10~
5 -
0
N Con S1 52 S3

[0 64] EA5t REESRZ2IAE A7 57
Group N: Normal chow control group
Group Con: High fat diet control group
Group S1: High fat diet group treated with Nelumbinis Semen powder S1
Group S2: High fat diet group treated with Nelumbinis Semen powder S2
Group S3: High fat diet group treated with Nelumbinis Semen powder S3
*p < 0.05 compared with the normal chow group.

group.

#p <0.05 compared with the high fat diet control
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