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To investigate the anti-thrombotic activities of the lotus (Nelumbo nucifera Gaertner), various hot-water
extracts were prepared from the leaf, pod of seed (PS), seed, embryo of seed (ES), root, and the node
of root (NR) of the lotus. The highest extraction ratio was found in the NR (20.3%), followed by the
seed, root, leaf, ES, and PS. These extracts had pH and acidity levels ranging from 5.6~6.5 and 0.06~
0.20%, respectively. The seed extract showed 70% brix, whereas the leaf and PS extracts showed less
than 0.1% brix. The highest contents of total polyphenol (179.7 mg/g), total flavonoids (161.4 mg/g),
and reducing sugar (161.4 mg/g) were observed in the leaf extract, and the highest total sugar content
(873.0 mg/g) in the seed extract. Anti-coagulation assay of the extracts of NR, leaf, and PS showed
strong activities. In particular, at a concentration of 5 mg/ml, the PS extract had 15-fold extended
thrombin, prothrombin, and activated partial thromboplastin times. However, only the ES extract
showed activities inhibitory to platelet aggregation, with treatment with 0.25 mg/ml of ES extract de-
creasing platelet aggregation to 25.1%, a reduction comparable to that effected by aspirin. The extracts
other than the seed extract showed no hemolysis activities against human RBC at treatments of up
to 1 mg/ml. These results suggest that the NR, PS, seed, and ES, all byproducts of the lotus agri-
culture industry, have high potential as novel sources of anti-thrombotic agent.
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Fig. 1. Photography of different parts of Nelumbo nuciferan Gaertner. A: root, B: node of root, C: leaf, D: pod of seed, E: seed and

F: embryo of seed.
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Table 1. Physico-chemical properties of the hot water extracts prepared from different parts of Nelumbo nucifera Gaertner

Part H Brix Acidity Color differences
arts
P (%) (%) 0 % % A

Root 6.1 30 0.06 69.58+0.00° 1.74+0.07° 14.03+0.18" 26.20£0.09°
*NR 6.0 2 0.07 59.87+0.03" 3.18+0.06° 11.35%0.01° 34.26+0.02"
Leaf 5.6 <0.1 0.09 38.42+0.17° -3.97+0.00" 11.60%0.07" 55.04+0.18"
5P 56 <01 013 28.91+0.30° 8.6620.07 10.56£0.02" 64.69+0.30"
Seed 6.4 70 0.18 59.91+0.78" 0.78+0.21° 9.94+0.27" 33.56+0.68"
’ES 6.5 25 0.20 26.42+0.22° 3.33+0.04" 1151017 66.83+0.20"

'L: degree of lightness (white +100~0 black), “a: degree of redness (red +100~-80 green), b: degree of yellowness (yellow +70~-80

black), “AE: overall color difference (AE = /(AL)? + (Aa)? + (Ab)?). °NR: Node of Root, °PS: Pod of Seed, and "ES: Embryo of Seed.
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Table 2. Yields of the hot water extracts prepared from different parts of Nelumbo nucifera Gaertner and their components analysis

Content (mg/g)

Parts Extraction yield (%)
Total polyphenol

Total flavonoid

Total sugar Reducing sugar

Root 163 152+04°
'NR 203 102.4+1.6°
Leaf 155 179.742.9°
’Pg 35 11.1+7.1°
Seed 131 12.4+0.1°
’ES 186 36.3+0.0°

71£02° 662.2+4.1" 7536.9"
45+01" 212.248.0° 136.6+14.0°
68.5+3.1° 215.040.5° 161.4431.2°
1.240.1° 6.4+0.4" 6.140.4°
23+01% 873.0+4.2° 12.9+7.9°
25.9+0.3" 20.0£0.1° 17.7423°

Data are means*SD of triplicate determinations. INR: Node of Root, *PS: Pod of Seed, and ’ES: Embryo of Seed.
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Table 3. Anti-coagulation activities of the hot water extracts prepared from different parts of Nelumbo nucifera Gaertner

) Concentration Anti-coagulation activity*
Samples/Chemicals

(mg/ml) PT aPTT
DMSO - 1.0040.02° 1.00%0.03" 1.00+0.02"
Aspirin 15 1.38+0.03° 1.29+0.00° 1.49+0.11°
Root 5.0 0.89+0.02" 0.96+0.01° 1.07+0.13°
NR 5.0 1.27+0.11° 8.57+2.40°
Leaf 5.0 0.98+0.01° 151£0.15°

P 5.0 >15" >15¢
Seed 5.0 1.28+0.18" 0.82+0.00" 0.85+0.04"
’ES 5.0 1.19+0.10° 1.0420.04™ 1.02+0,04°

"Anti-coagulation activity is calculated on the clotting time of sample divided by the clotting time of solvent control in blood coagu-
lation assay. The thrombin time (TT), prothrombin time (PT) and activated partial thromboplastin time (aPTT) of solvent control
(dimethylsulfoximide) were 36.7 sec, 20.4 sec and 103.95 sec, respectively. Data are means + SD of triplicate determinations. 'NR:

Node of Root, *PS: Pod of Seed, and °ES: Embryo of Seed.
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Table 4. Platelet aggregation inhibitory activities of the hot water extracts prepared from different parts of Nelumbo nucifera Gaertner

Samples/ Concentration

Chemicals (mg/ml) Amplitude (?)  Slope (2/min)  Lag time (sec) Area under PAR* (%)
DMSO - 17 2 69 97.1 100.0
Aspirin 0.25 5 1 157 231 18.0

0.125 6 1 50 39.5 308
Root 0.25 28 6 16 2324 161.6
'NR 0.25 19 6 6 172.2 1341
Leaf 0.25 18 4 2 148.9 1159
P 0.25 24 7 3 2149 167.3
Seed 0.25 19 6 2 165.2 128.6
’ES 0.25 9 2 316 36.1 251

'PAR: Platelet aggregation ratio. Data are presented as a representative result relative of independent three determinations. Amplitude
is expressed as ohms by maximum extent of platelet aggregation, and slope (rate of reaction) is determined by drawing a tangent
through the steepest part of curve. Area under curve is a calculated area in descent drawing during platelet aggregation. 'NR:
Node of Root, >PS: Pod of Seed, and °ES: Embryo of Seed.
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Fig. 2. Diagram of impedance changes during platelet aggregation after addition of aspirin and the hot water extracts of different
parts of Nelumbo nucifera Gaertner in whole blood aggregometer. (A) DMSO, (B) aspirin (0.25 mg/ml), (C) aspirin (0.125
mg/ml), the hot water extract of (D) root, (E) node of root, (F) leaf, (G) pod of seed, (H) seed and (I) embryo of seed.
Aggregation was induced by addition of 2.5 ul of collagen (1 mg/ml) into cuvette containing 50 pul of washed PRP and
measured the impedance change for 12 min. The sample concentrations used were 0.25 mg/ml, respectively.

3 4L dBni4] #98 d G5 FER A, A o3 A2 100% D 026% $F FHE GEpIATh A%
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dg, A B AAFY dF FEEL 025 mg/ml FEC Table 5. Hemolysis activities of the hot water extracts prepared
A Ead RS AdletA gon, o8y A 2 A from different parts of Nelumbo nucifera Gaertner
F2E9 7S S waA $3o] e on(Fig 2), 37t against human red blood cell
Toll Ha) 1.eW ol 4o AW SHET A4S YEIT Samples/Chemicals ~ Conc. (mg/ml)  Hemolysis (%)
(Table 4). Root 1.0 11:2.2°
'NR 1.0 0.9+0.4"
Cigfet Rold of o4 220 HET 28 oY Leaf L0 2608
. - . PS 1.0 2205
Hold o 2= Z=ZH] &3 ;Qi AAA o]yl
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A2 &85ty = AAolt, HA Y 2TE AL triton Amphotericin B 0.05 92.6+1.4°
X-100 2 amphotencm B+ 1 mg/g 2 005 m mg/g 5 =T Ay NR: Node of Root, °PS: Pod of Seed, and °ES: Embryo of Seed.
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